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Abstract
Animal models of tinnitus rely on interpretation of behavioural or reflexive tests to determine the presence of this 
phantom perception. A commonly used test is the gap prepulse inhibition of acoustic startle (GPIAS), which is often 
combined with prepulse inhibition (PPI) to ensure that reduced GPIAS suppression is not due to hearing loss caused by 
the acoustic trauma commonly used to trigger tinnitus development. In our laboratory GPIAS and PPI are routinely used 
on two colonies of outbred tri-colour guinea pigs. However, our results show that these colonies show divergent results 
even before any tinnitus-inducing treatment, which impacts their suitability in tinnitus models. Although colony 1 and 
2 show similar results in PPI (~95% of animals showing significant suppression), only ~30% of colony 2 also shows 
significant suppression in GPIAS compared to ~75% of colony 1. Cochlear sensitivity measured using compound action 
potentials showed no significant differences between colonies. Therefore, peripheral threshold loss was excluded as a 
possible factor. Our results show that similar strains of laboratory animals can show highly divergent results and GPIAS 
testing for tinnitus will not work for every animal strain. In addition, our data support the notion that PPI and GPIAS 
responses may rely on different neural circuitry. 
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INTRODUCTION

The physiological processes underlying tinnitus, 
a phantom auditory perception, are still not well 
understood1. Although studies in humans provide vital 
clues regarding the network of neural structures involved 
and the relationship between specific features of tinnitus 
and altered brain activity2,3, it is near impossible to 
study the cellular and molecular mechanism of tinnitus 
generation and maintenance in humans. Hence much of 
the research into mechanisms of tinnitus development is 
performed using animal models1,4,5.

In animal models of tinnitus a variety of assessment 
paradigms have been used (for review see5). Earlier 
tinnitus models relied on behavioural assessment and 
training paradigms that were essentially based on an 
animal distinguishing silence from non-silence6,7 but in 
2006, Turner and co-workers proposed a paradigm that 
relied on an acoustic reflex8. The gap prepulse inhibition 
of the acoustic startle (GPIAS) test they proposed is a 
variant of the commonly used prepulse inhibition (PPI) 
of acoustic startle. In PPI an acoustic startle response 
(elicited by a brief, loud tone) is inhibited by a non-
startling prepulse, presented just before the acoustic 
startle tone9. The GPIAS utilizes a brief silent gap in an 
otherwise continuous background noise as the “prepulse” 
which results in inhibition of the acoustic startle response 
similar to PPI10. Animals with tinnitus show reduced 
inhibition in the GPIAS test when their tinnitus resembles 
the background noise and it has been suggested that 
this is due to the tinnitus “filling in” the gap8,11,12, though 
this is still under debate13. Because GPIAS has been 
validated against behavioural tests of tinnitus in animals8 
and is a convenient tool to quickly screen animals, its 
use has become widespread amongst research groups 
investigating tinnitus14. Studies have shown that GPIAS 
can be used in rats8,15,16, mice17-20 and guinea pigs11,21,22. In 
addition, it has been used after a variety of tinnitus-inducing 
methods such as after salicylate or quinine15,23 as well as 
after acoustic overexposure16. Specific parameters, such 
as the frequency of the background noise and intensity of 
the startle stimuli used by the different research groups, 
vary dependent on the natural audiograms of the species 
used and on the method used to induce tinnitus15,16,24. 
In addition, the timing of tinnitus development differs 
between the different studies though it is unclear whether 
this is due to species or strain differences or the variety of 
methods used to induce tinnitus. 

In our laboratory we use guinea pig models to 
explore the neural substrate of tinnitus21,22. Before any 
tinnitus inducing treatment we always establish stable 
baseline suppression in the GPIAS and PPI test for each 
animal. The PPI test is conducted together with the GPIAS 
test as it establishes that the animal can hear both the 
prepulse and the background noise (we use background 
noise in the GPIAS test with the exact same characteristics 
as the prepulse in the PPI test). This is essential because 
an animal may show reduced suppression in the GPIAS 

test not only due to the presence of tinnitus, but also when 
it cannot hear the background noise and hence would be 
unable to detect a silent gap11,21,22. The guinea pigs used 
in our laboratory are derived from two tricolour outbred 
guinea pig colonies. Our data suggested that the animals 
from these colonies showed very different responses 
in the GPIAS and PPI test. One of the colonies showed 
robust PPI and GPIAS before any tinnitus inducing 
treatment whereas the other colony showed robust PPI 
but only occasionally robust GPIAS. We therefore collated 
data from animals from multiple experiments over a 
period of 18 months to further investigate this difference 
and determine whether any difference could be attributed 
to hearing loss or other factors in these colonies.

GENERAL METHODS

Animals

The data from 90 adult pigmented guinea pigs 
(57 males and 33 females) weighing 200-250 g at the 
beginning of behavioural assessments were analysed. 
Data were taken from animals used in different 
experiments taking place in our laboratory over a period 
of approximately 18 months. Animals which showed good 
PPI and GPIAS (see section 2 for details) were used for 
tinnitus inducing experiments by acoustic trauma22 and 
manuscript in preparation. The guinea pigs were derived 
from 2 different colonies bred at the University of Western 
Australia. 45 animals from colony 1 and 45 animals were 
taken from colony 2. Both colonies are tricolour, outbred 
strains. Nine of the animals (5 colony 2 and 4 colony 1 
animals) were used to assess hidden hearing loss and 
did not undergo behavioural assessment. Experimental 
protocols complied with the Code of Practice of the 
National Health and Medical Research Council of Australia 
and were approved by the Animal Ethics Committee of 
the University of Western Australia.

Behavioural assessment: PPI and GPIAS

Behavioural assessments used in this study were 
PPI and GPIAS. In both assessments a loud startle 
pulse elicited a startle response measured via a force 
transducing platform. In PPI a weaker pre-stimulus 
(prepulse) inhibits the reaction to the stronger startle 
stimulus. GPIAS is a variation of PPI, utilising a gap in a 
continuous background noise instead of a prepulse. 

Guinea pigs were tested in a sound proof room, in 
batches of four or less, and were not mixed with guinea 
pigs outside their initial testing group. Guinea pigs were 
mildly restrained in polycarbon animal holders which were 
placed on one of four custom made force transducing 
platforms. Each animal was always allocated to the same 
platform for all following experiments. Platforms were 
located in a cross like formation with the speakers placed 
just above the level of the animal holders in the centre 
and guinea pigs facing each other. The room was dark 
during experimentation and animals were allowed to 
acclimatize for five minutes before testing commenced. In 
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order to minimise potential habituation bias, guinea pigs 
were never tested on consecutive days and never more 
than 3 days per week.

The PPI test consisted of 50 trials with a randomised 
duration of 20 to 30 seconds each. Each trial contained 
a narrow band startle stimulus presentation (1 kHz 
centre frequency, 0.5 kHz bandwidth; 106 dB SPL; 50 
ms duration). Half of the trials25 contained a prepulse 
(50 ms duration; starting 100 ms before startle stimulus 
presentation). Prepulses were presented as a narrowband 
noise centred at either 8 kHz (10 dB bandwidth 2.2 kHz) 
or 14 kHz (10 dB bandwidth 1.6 kHz). A single prepulse 
intensity was used for each test (66, 70 or 73 dB SPL). 
The remaining 25 trials were “no-prepulse” trials; trials 
presented with only the startle stimulus. The order of 
prepulse and no-prepulse trials was randomised. One 
speaker generated the startle stimulus (Radio Shack 
401278B) and prepulses were generated by a separate 
speaker (Beyer DT 48). 

The GPIAS test also consisted of 50 trials 
(randomised length 20 to 30s similar to PPI test). Each trial 
contained a startle stimulus presentation identical to the 
PPI test but which was embedded in a constant wideband 
background noise. The background noise characteristics 
(centred on either 8 kHz, 10 dB; bandwidth 2.2 kHz, or 
14 kHz 10 dB; bandwidth 1.6 kHz) were identical to the 
prepulse characteristics in the PPI test. Half of the trials25 
contained a brief silent gap (50 ms duration) inserted in 
the background noise 100 ms before the startle stimulus 
presentation (“gap” trials). The other 25 trials had no gap 
in the background sound (“no gap” trials). The order 
of gap and no gap trials within the GPIAS session was 
randomised. The background noise was generated by 
the same speaker used to generated prepulses in the PPI 
test.

The startle responses generated by the animals 
during the PPI and GPIAS tests were recorded by a force 
transducer and processed by custom written software in 
LabView (N. Yates) to calculate acoustic startle response 
as the ratio between the root mean square (RMS) of the 
force produced during the startle response and the RMS 
of baseline force for each trial. The first 4/50 trials were 
not included to avoid habituation bias. 

Surgery for CAP audiogram and input-output 
functions

Because the animals described in this paper 
were used in different experiments, measurement of 
CAP audiograms took place under anaesthesia either 
with a protocol that allowed recovery or a non-recovery 
anaesthetic protocol. All CAP audiograms were measured 
after the PPI and GPIAS testings were finalized. Recovery 
protocol: Animals received a subcutaneous injection 
(s.c.) with 0.1 mL atropine (0.6 mg/ml), followed by an 
intraperitoneal injection (i.p.) with diazepam (Pamlin, 5 
mg/kg). After twenty minutes, Hypnorm (1 ml/kg; 0.315 
mg/mL fentanyl citrate and 10 mg/mL fluanisone) was 

administered by intramuscular injection (i.m.). Lignocaine 
s.c. (20 mg/ml) was used as local anaesthetic at incision 
site. Non-recovery protocol: Animals were anaesthetised 
by s.c. administration of 0.1 ml atropine (0.65 mg/ml 
Atropine sulphate), followed by an i.p. injection of 30 
mg/kg of sodium pentobarbitone and 10 minutes later, 
an i.m. injection of 0.15 ml of Hypnorm (0.135 mg/ml 
Fentanyl citrate, 10 mg/ml Fluanisone) was administered. 
Lignocaine was administered s.c. to the incision areas. 
Once full anaesthesia was obtained as assessed using 
the foot withdrawal reflex, animals were placed on a 
heated platform with blanket in a soundproof room. 
The non-recovery anaesthesia protocol is followed by 
a tracheotomy and the animals artificially ventilated on 
carbogen (95% O2, 5% CO2). 

For surgery animals were mounted between hollow 
ear bars and the bulla was exposed. A small opening was 
made in the bulla to enable placement of an insulated 
silver wire onto the round window to record a compound 
action potential (CAP) audiogram for frequencies 
ranging from 4 to 24 kHz as performed routinely in 
our laboratory25-27. Sound stimuli were presented in a 
calibrated closed sound system through a ½” condenser 
microphone driven in reverse as a speaker (Bruel and 
Kjaer, type 4134). Pure tone stimuli (10 ms duration, 1 ms 
rise/fall times) were synthesized by a computer equipped 
with a DIGI 96 soundcard connected to an analog/digital 
interface (ADI-9 DS, RME Intelligent Audio Solution). 
Sample rate was 96 kHz. The interface was driven by 
a custom-made computer program (Neurosound, MI 
Lloyd). CAP signals were amplified (1000x), filtered (100 
Hz-3 kHz bandpass) and recorded with a second data 
acquisition system (Powerlab 4SP, AD Instruments).

In 9 of the animals (5 colony 1 and 4 colony 2 
animals) detailed input-output (I/O) functions were 
recorded at 20 kHz at 5 dB intensity increments. Averaged 
waveforms (32 presentations) were recorded using a 40 
kHz sampling rate (AD Instruments Powerlab 4ST and 
Scope software) and amplitudes were analysed off-line. 
CAP amplitudes were measured as the N1-P1 peak-to-
peak amplitude.

Analysis

The startle response ratios were compared between 
the two trial conditions (gap vs. no-gap for GPIAS tests 
and prepulse vs. no-prepulse for PPI tests) in each test 
using a Mann Whitney U test. A statistically significant 
difference (p < 0.05) between trial conditions indicated 
a “pass” for that test. The animal was deemed to have 
failed the test when there was no significant difference 
between the gap and no gap condition (GPIAS test) or 
between the prepulse and no prepulse conditions (PPI 
test) (p>0.05). For each test the average “suppression” 
of the startle reflex caused by the pre-startle gap (or 
prepulse) was calculated and converted to a percentage. 
To compare the overall percentages of animals passing 
and failing GPIAS and PPI tests from each colony a Fisher 
exact test was used. To test for statistically significant 
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differences in GPIAS and PPI acoustic startle reflex 
percentage suppression a one-way ANOVA with a Sidak’s 
multiple comparisons test was used. To investigate 
whether startle reflex suppression differences were due to 
differing characteristics of the force transducing platforms, 
baseline responses (i.e. no gap trials/no prepulse trials) 
were compared across platform and colonies using a 
two-way ANOVA with Holm Sidak’s multiple comparisons 
post hoc tests. In order to compare CAP audiograms 
between colonies, a two-way ANOVA with Sidak’s multiple 
comparisons post hoc tests was used.

RESULTS

PPI and GPIAS tests

Figure 1A shows that the percentage of animals 
passing the PPI test (showing a significant difference i.e. p 
< 0.05 between no-prepulse and prepulse trials) was very 
similar in the 2 colonies at both the prepulse frequencies. 

Thirty-seven of the 40 colony 1 animals (92.5%) passed 
at 8 kHz and 38 animals (95%) at 14 kHz. Results were 
very similar in colony 2 with 39 of the 41 animals (95.1%) 
passing at 8 kHz and 40 (97.6%) at 14 kHz. 

Figure 1B shows that this was very different when 
the animals were tested in the GPIAS test. Although the 
majority of animals from colony 1 also passed the GPIAS 
test this was not the case for the colony 2 animals. Thirty-
one of the colony 1 animals (77.5%) passed at 8 kHz 
and 36 animals (90%) at 14 kHz, but only 12 (29.2%) and 
13 (31.7%) of the 41 colony 2 animals passed at 8 kHz 
and 14 kHz, respectively. A two-sided Fisher’s exact test 
was used to compare the percentage of animals passing 
at either frequency in the PPI and GPIAS test and this 
revealed no significant differences in the PPI test but in 
the GPIAS test a significantly higher proportion of colony 
1 animals passed both at 8 kHz (p < 0.0001, Fishers 

Figure 1. Bar graphs (Mean ± SEM) showing differences between colonies in percentage of animals passing PPI and GPIAS trials. A, B: Percentage 
of animals passing tests separated by frequency with pooled intensities for PPI (A) and GPIAS (B) trials. C-F: Percentage of animals passing 
separated by intensity for PPI at 8 kHz (C) and 14 kHz (E) and GPIAS trials at 8 kHz (D) and 14 kHz (F). *p < 0.05; **p < 0.01; ***p < 0.001. Numbers 
in bars represent number of animals.
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exact test) and at 14 kHz (p < 0.0001, Fisher’s exact test) 
compared to colony 2 animals. 

It was then further investigated whether the pass/
fail ratios in the GPIAS test were affected by the intensity 
of the background noise as this could have been a 
confounding factor in the pooled data shown in Figures 
1A and 1B. Results of comparisons of the different 
intensity levels used in our tests at 8 kHz and 14 kHz are 
shown in Figures 1C-1F. The same trends as observed in 
the pooled data were visible when data were separated 
according to the intensity of the background noise or 
prepulse. Percentages of animals passing the PPI test 
were fairly similar between the 2 colonies (Figures 1C 
and 1D) independent of the intensity level of the prepulse 

and varied between 80 and 100% for both colony 1 and 
2 animals. However, percentages of animals passing the 
GPIAS test were consistently lower in the colony 2 animals 
(Figures 1E and 1F) (50% and 91% in the colony 1 animals 
and between 0% and 45% in the colony 2 animals). In 
addition, there seemed to be a small effect of intensity 
for colony 1 as the percentage of animals passing the 
tests seemed to be inversely related to the intensity of 
the background noise or prepulse, and this effect was 
especially visible at 8 kHz. A two-sided Fisher’s exact test 
was used to compare the percentage of animals passing 
at either frequency at various intensities in the PPI and 
GPIAS test and this revealed no significant differences in 
the PPI test, the 8 kHz GPIAS test at an intensity level of 
73 dB or the 14 kHz GPIAS test at an intensity of 70 dB. 

Figure 2: Bar graphs (Mean ± SEM) showing differences in percentage suppression between colonies during PPI and GPIAS trials. A,B: Percentage 
suppression of pooled intensities separated by frequency for PPI (A) and GPIAS (B) trials. C-F: Percentage of suppression separated by intensity 
collected during PPI trials at 8 kHz (C) and 14 kHz (E) and GPIAS trials at 8 kHz (D) and 14 kHz (F). *p < 0.05; **p < 0.01; ****p < 0.001. Numbers in 
bars represent number of animals.
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However, a significant difference was observed between 
colony 1 compared to colony 2 in the animals passing 
the GPIAS test for 8 kHz at intensity levels of 66 dB (p = 

0.0059, Fishers exact test) and 70 dB (p = 0.0108, Fishers 
exact test) and for 14 kHz at 66 dB (p = 0.0294, Fisher’s 
exact test) and 73 dB (p = 0.0386, Fishers exact test).

Although the ratios of animals passing or failing 
the PPI test were similar between the 2 colonies, it was 
investigated whether the percentage inhibition was 
different. Using pooled data from different intensities of the 
prepulse, one-way ANOVA Sidak’s multiple comparisons 
post test showed that the percentage suppression was 
significantly lower (p < 0.001) in colony 2 (30-35%) as 
compared to colony 1 (43-48%) both with the 8 kHz or 
14 kHz prepulse (Figure 2A). This was the case when 
all animals of each colony were included in the analysis 
(Figure 2A) but also when only the “passing” animals from 
both colonies were compared (Figure 3A). Therefore, 
even though the prepulse has a significant inhibitory effect 
in the majority of animals in both colonies (Figure 1A), the 
effect size differed between the colonies. This reduced 
effect size in the PPI test in colony 2 animals could also 
be observed when the data were separated according to 
intensity of the prepulse at the lower intensities used (66 
and 70 dB SPL) but not at the higher intensity (73 dB SPL) 
(Figures 2C and 2D, 3C and 3D). Note that this trend was 
observed both when analysing all animals (Figure 2) or 
only the “passing” animals (Figure 3). 

Similar analyses were then performed for the 
percentage suppression in the GPIAS test. When all 
animals and data points (some animals were tested 
at multiple intensities of the background noise) 
were included in the analysis the suppression was 
significantly less (p < 0.001) in the colony 2 animals (14-
17%) compared to the colony 1 animals (32%) at both 
frequencies of background noise (Figure 2B). This trend 
remained evident at all intensities of the background 
noise when data were separated according to intensity 
(Figures 2E and F), although this did not always reach 
significance possibly as a result of the lower group 
sizes. When the groups were separated into pass and 
fail animals in the GPIAS test, one-way ANOVA analysis 
revealed no difference in GPIAS suppression between 
the colonies for the passing animals (Figure 4A) but a 
significant decreased suppression at both 8 kHz (p = 
0.0413) and 14 kHz (p < 0.001) in the failing colony 1 
animals compared to the failed colony 2 animals (Figure 
4B). Animals were not further subdivided according to the 
different levels of intensity of background noise used as 
group numbers were too small for a meaningful analysis. 

CAP audiograms and I/O functions

Bilateral CAP audiograms were collected from 24 
animals from colony 1 which passed GPIAS and 5 that 
failed GPIAS and from 14 animals from colony 2 that 
passed GPIAS and 9 that failed GPIAS. From each animal 
the audiogram with the worst (highest) thresholds was 
selected for further analysis. This was done to ensure 
that even a unilateral hearing loss would be detected in 
analysis. Mean CAP threshold audiograms are shown in 
Figure 5. Although CAP audiograms of the colony 2 animals 

Figure 3. Bar graphs (Mean ± SEM) showing percentage suppression 
in pass only animals during PPI trials. Percentage suppression of pooled 
intensities (A), pass only animals collected during 8 kHz trial (B) and 14 
kHz (C) separated by intensity. *p < 0.05; **p < 0.01; ****p < 0.001. 
Numbers in bars represent number of animals.
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seemed to show overall somewhat lower thresholds and 
less variability than colony 1 animals, a two-way ANOVA 
followed by Sidak’s multiple comparisons showed no 
significant differences at any frequency between the 
colonies or between the animals within each colony that 
either passed or failed the GPIAS test. CAP I/O functions 

Figure 4. Bar graphs (Mean ± SEM) showing differences in percentage suppression between colonies during GPIAS trials separated by pass fail 
groups. Percentage suppression of pooled intensities separated by frequency for pass (A) and fail (B) groups. *p < 0.05; **p < 0.01; ****p < 0.001. 
Numbers in bars represent number of animals.

Figure 5. CAP Audiograms (Mean ± SEM) showing differences in 
average CAP thresholds at varying frequencies between colonies 
separated by pass or fail in the GPIAS test. Number of animals in each 
group: Failed gap colony 2 n = 9; failed gap colony 1 n = 5; passed gap 
colony 2 n = 14; passed gap colony 1 n = 24.

Figure 6. I/O functions (Mean ± SEM) showing CAP N1-P1-amplitude 
against sound intensity for colony 1 (n = 6) and colony 2 (n = 6) animals.

measured at 20 kHz from 5 colony 1 and 4 colony 2 
animals are shown in Figure 6 and these revealed no 
differences at supra-threshold levels. Therefore, none of 
the colonies showed evidence of hidden hearing loss. 

DISCUSSION

The data in the present paper clearly demonstrate 
that seemingly similar strains of outbred guinea pigs 
can show very different baseline results in the GPIAS 
test even though they perform similarly in the PPI test. 
Almost all animals from both colonies showed significant 
suppression in the PPI test (described as pass PPI) and 
the number of animals passing PPI was independent 
of the frequency of the prepulse (8 or 14 kHz centred 
bandpass noise) or the intensity of the prepulse. 
However, the percentage of animals showing significant 
suppression in the GPIAS test (described as pass GPIAS) 
was significantly lower in colony 2 compared to colony 1. 

One possible explanation for the results is that a 
large proportion of animals in colony 2 have pre-existing 
idiopathic tinnitus as a passed PPI with a failed GPIAS 
result is the criterion generally applied to identify the 
presence of tinnitus in animal models8,11,21,22. However, 
we consider this to be unlikely for several reasons. 
First, a major risk factor for the development of tinnitus 
is hearing loss1,28-31 and we could not detect any sign 
of hearing damage in colony 2 compared to colony 1. 
Peripheral hearing thresholds measured by recordings 
of the compound action potential directly from the round 
window showed no differences between the colonies or, 
even more telling, between animals that passed or failed 
the GPIAS test. Secondly, no relationship could be found 
between absolute startle size and animals passing or failing 
GPIAS. An elevation of the startle response could suggest 
the presence of hyperacusis, an increased sensitivity 
to sound, which would also have been suggestive of 
some hearing damage16,32. Another possibility is that the 
animals could have hidden hearing loss which would 
show up as no change in auditory thresholds but instead 
as a decreased response at supra-threshold sounds. This 
may indicate some specific loss of the low spontaneous 
rate, high threshold auditory nerve fibres and could lead 
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to tinnitus33-36. However, a comparison of the CAP input-
output function at 20 kHz revealed no difference between 
the two colonies, revealing no signs of a hidden hearing 
loss. 

An alternative explanation for our data is that 
although a prepulse and a gap both inhibit the startle 
response, they do so via different circuitry. Circuitry 
involved in PPI and GPIAS is actually a combination 
of acoustic startle response circuitry and pathways 
responsible for inhibition of the acoustic startle response37, 
which may differ between the two tests. Previous studies 
have shown that different strains of laboratory animals 
can show distinct differences in acoustic startle response 
and PPI37,38. In addition, several studies provide evidence 
that the neural circuitry underlying PPI and GPIAS is not 
identical, for example showing involvement of auditory 
cortex in the inhibitory effects in GPIAS but not in PPI39-41. 
However, as the complete neuronal circuitry underlying 
GPIAS has yet to be elucidated in contrast to PPI circuitry37, 
exactly which elements are different in the colony 2 
animals cannot be determined at present. In addition, as 
the percentage inhibition in the PPI was smaller in colony 
2, even in the animals that passed PPI, it is likely that 
there are also some differences in the common circuitry 
of PPI and GPIAS between the colonies described in this 
paper. Previous studies describing differences in PPI or 
acoustic startle circuitry within animals or humans show 
this may be associated with differences in dopaminergic 
systems37,42,43. 

The present paper is not the first to show that GPIAS 
testing protocols have to be applied with appropriate 
controls and may require optimization in order to provide 
a robust tool to detect tinnitus in animals (for example 
see24). PPI is required alongside GPIAS testing to ensure 
that the animal can still hear the background noise/
prepulse after any treatment causing a hearing loss11,16,22. 
In addition, caution is necessary when interpreting 
the outcome parameters. It has been shown that the 
absolute startle size can vary after hearing loss, which 
can potentially affect outcomes18,44. Therefore, it has been 
suggested by Lobarinas and colleagues that the startle 
stimulus could be replaced by a non-auditory stimulus 
such as an airpuff stimulus44, which is also used in human 
studies using PPI45, or that statistical comparison should 
be performed not only on gap suppression but also on 
the absolute startle amplitudes44. It should be noted that 
absolute startle stimulus was not a confounding factor 
in our data as no significant differences were detected 
between the two colonies.

Some limitations of the present study include the 
fact that the data were obtained retrospectively from 
animals used for a number of studies in our laboratory 
and this was not a prospective study. Hence, some of the 
group sizes, especially once animals were separated into 
different intensities used for the prepulse or background 
noise, were not homogenous and in some instances 
group size was relatively small. In addition, CAP 

audiograms were not obtained for all animals described. 
Nonetheless, our data strongly suggest that establishing 
stable baseline data is paramount when selecting animals 
for tinnitus models when using the GPIAS test to establish 
the presence of tinnitus. The GPIAS test, though fast and 
convenient may not be suitable to be used in all animals. 
However, further prospective studies using a larger group 
size for all parameters explored should be conducted 
in a range of animal species and strains to investigate 
whether the results described in our guinea pig colonies 
can be replicated and can be observed in all laboratory 
animal species used in tinnitus research. 
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