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Abstract

A number of studies have implicated disruptions in prepulse inhibition (PPI) of the startle
response in both schizophrenia patients and animal models of this disorder. These disruptions are
believed to reflect deficits in sensorimotor gating and are ascribed to aberrant filtering of sensory
inputs leading to sensory overload and enhanced “noise” in neural structures. Here we examined
auditory evoked potentials in a rodent model of schizophrenia (MAM-GD17) during an auditory
PPI paradigm to better understand this phenomenon. MAM rats exhibited reductions in specific
components of auditory evoked potentials in the orbtiofrontal cortex and an abolition of the graded
response to stimuli of differing intensities indicating deficient intensity processing in the
orbitofrontal cortex. These data indicate that aberrant sensory information processing, rather than
being attributable to enhanced noise in neural structures, may be better attributed to diminished
evoked amplitudes resulting in a reduction in the “signal-to-noise” ratio. Therefore, the ability for
sensory input to modulate the ongoing background activity may be severely disrupted in
schizophrenia yielding an internal state which is insufficiently responsive to external input.

Keywords
MAM; schizophrenia; prepulse inhibition; auditory evoked potentials; intensity processing

Introduction

Among the multiple alterations observed in schizophrenia patients, deficits in prepulse
inhibition of the startle response (PPI) has long been reported and evidence suggests that PPI
abnormalities may correlate with the thought disorder associated with this disease (Braff et
al., 2001). PPI refers to a sensorimotor gating phenomenon in which the prior presentation
of a weak stimulus (pre-pulse) attenuates the response (startle reflex) induced by a sudden,
intense stimulus and represents a particularly useful behavioural measure since the
phenomenon has been reported across a large number of species (Kumari et al., 2003; Li et
al., 2009; Swerdlow et al., 2001). These disruptions are believed to reflect deficits in
sensorimotor gating and are ascribed to aberrant filtering of sensory inputs leading to
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sensory overload and enhanced “noise” in neural structures. PPI deficits have been reported
across all commonly measured sensory modalities in humans although auditory paradigms
dominate in rodent research. In addition to significant behavioral disturbances,
schizophrenia patients also exhibit significant disruptions in the generation (Buchsbaum,
1977; Boutros et al., 1993; Ford et al., 1994) and gating (Freedman et al., 1991) of auditory
evoked potentials. As such, schizophrenia is associated with both structural and functional
disturbances at the level of the primary auditory cortex (Leitman et al., 2007) and it has been
suggested that the hippocampus, also heavily implicated in the pathophysiology of
schizophrenia (Malaspina et al., 1999), plays a crucial role in the generation of auditory
potentials (Freedman et al., 1991; Bickford-Wimer et al., 1990). In addition, the ventral
hippocampus is heavily implicated in the regulation of PPI, a regulation which appears to be
independent of the ventral striatum (Wan et al., 1996). Thus there is great potential for
overlap between the behavioral manifestation of PPI deficits and the impaired generation of
auditory evoked potentials which remain unexplored.

Rats born to dams administered with the mitotoxin methylazoxymethanol acetate (MAM)
during gestation (day 17) display behavioral and neural abnormalities consistent with those
seen in schizophrenia, including structural (cortical thinning), oscillatory (diminished
gamma rhythmicity) and behavioral deficits (PPI and latent inhibition) (Flagstad et al., 2004,
2005; Moore et al., 2006; Lodge et al., 2009; Hradetzky et al., 2012). We have previously
reported diminished auditory evoked potential amplitudes during an inhibitory gating (1G)
paradigm in which the amplitude of the second response is diminished (gated) with respect
to the first during delivery of equal amplitude, paired auditory stimuli (Ewing and Grace,
2013). IG and PPI are believed to be subserved by different mechanisms (de Bruin et al.,
1999, 2003). Thus, in the present study, we expand on our previous findings by assessing
auditory evoked potentials to stimuli of different intensities during a standard PPI paradigm.
The anatomical loci involved can be grouped into those which mediate PPI through brain
stem nuclei; including the inferior and superior colliculus, pedunculopontine tegmental
nucleus, laterodorsal tegmental nucleus, substantia nigra pars reticular and caudal pontine
reticular nucleus and those which regulate PPI1 through forebrain nuclei; including the
prefrontal cortex, thalamus, hippocampus and ventral striatum (Kumari et al., 2003;
Swerdlow et al., 2001). The regulatory circuit - striatum, hippocampus and thalamus - is
commonly implicated in the pathophysiology of schizophrenia and is more greatly activated
during PPI in healthy subjects than in schizophrenia patients (Kumari et al., 2003). Thus, we
examined auditory evoked responses in brain regions involved in the regulation of the PPI
response - those most commonly implicated in the pathophysiology of schizophrenia.

Materials & Methods

Animals and surgery

Timed pregnant female Sprague-Dawley rats were obtained at gestational day 15 and housed
individually with free access to food and water. A DNA methylating agent
(methylazoxymethanol (MAM) in saline) or vehicle (saline) was administered (20mg/kg,
1ml/kg, i.p.) on gestational day 17. Male pups were weaned on post-natal day 21 and housed
in groups of two or three with free access to food and water. Experiments occurred no earlier
than 12 weeks of age. All animals were handled according to the guidelines outlined in the
USPHS Care and Use of Laboratory Animals and all protocols approved by the Institutional
Animal Care and Use Committee of the University of Pittsburgh.

Under isoflurane anaesthesia (induction: 5%, maintenance: 2% in oxygen), rats weighing
between 560-610g (n(MAM) = 10, n(SAL) = 8) were anesthetized, mounted in a sterotaxic
frame, a rostral-caudal incision made, the skull exposed and bregma identified. Burr holes
were drilled and wire electrodes (125um, polyimide insulated, stainless steel (Plastics 1))
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implanted bilaterally into the prelimbic (RC2: +3.4, ML: +0.7mm, DV: —4.0mm),
infralimbic (RC: +3.4, ML: £0.7mm, DV: -5.0mm) and orbitofrontal cortices (RC: +3.2,
ML: £3.4mm, DV: -5.0mm, PrL, IL and OFC respectively), the core (RC: +1.2, ML:
+2.0mm, DV: =7.2mm) and shell (RC: +1.2, ML: £2.0mm, DV: —-8.0mm) of the nucleus
accumbens (AcbC, AcbSh respectively), the mediodorsal thalamic nucleus (RC: —-3.3, ML:
+0.7mm, DV: -5.5mm, MD), the ventral tegmental area (RC: -5.3, ML: £0.7mm, DV:
—-8.5mm, VTA) and ventral hippocampus (RC: -6.0, ML: £4.5mm, DV: —=8.2mm, vHipp).
Two ground screw electrodes (Plastics 1) were affixed at either side of lambda and 6
additional stainless steel screws fixed in the skull. All electrodes and connectors (E363,
Plastics 1) were secured with dental cement and the incision sutured tightly around the
implant. Carprofen (Rimaydyl™) was administered for analgesia (5mg/kg s.c.) and body
temperature maintained with a small heating pad during surgery (Fintronics Inc.). Animals
were housed singly following surgery, given free access to rat chow softened with
Children’s Tylenol for the first 2 days and allowed to recover for at least a week before
beginning recordings.

Data acquisition

Animals were tethered to the recording system (RHA2000-EVAL board, Intan
Technologies, LLC) via a custom-made 11 channel cable and commutator (Plastics 1). All
recordings were made against a ground screw affixed above the cerebellum. Signals were
amplified (gain = 800), high pass filtered at 1Hz, low pass filtered at 7.5kHz and sampled at
25kHz. Animals were habituated to the recording apparatus over 3 days before beginning
data acquisition. Auditory evoked potential event markers were recorded via one of the
auxiliary inputs on the RHA2000-EVAL board. Recordings were made while animals were
loosely restrained within a 4l glass jar inside a sound attenuated chamber (SR lab, San Diego
Instruments) and auditory stimuli presented via a speaker mounted in the roof of the
chamber.

Prepulse inhibition

Animals were presented with auditory stimuli identical to those presented during a typical
prepulse inhibition paradigm (Egerton et al., 2008). Once loosely restrained within the
startle chamber, animals were given 5 minutes to acclimate to a 60dB background of white
noise. Three blocks of trials followed in which the inter-trial interval varied between 8 and
23 seconds. The first and last blocks consisted of 6 startle-stimulus (120dB white noise
presented for 40ms) alone trials. The central block consisted of 52 trials presented in a
pseudorandom order. Of the 52 trials 12 were startle-stimulus alone trials and 10 were trials
in which no-stimulus was presented. In the remaining trials the startle-stimulus was
preceded by a “pre-pulse” of white noise, 20ms in duration, presented 100ms before the
startle-stimulus. The pre-pulse amplitudes were 4, 8 and 16dB louder than the background
volume with 10 trials at each pre-pulse intensity.

Electrode localization, exclusions and statistical analysis

Electrode locations were marked, under anaesthesia, by driving a 200L/A constant current
through each electrode for 10s. Brains were removed and fixed in 8% paraformaldehyde
with added potassium ferrocyanide to aid in electrode localization. Animals with incorrectly
placed electrodes were excluded on a region by region basis leaving final group sizes of >7
per region, per treatment.

2abbrev. RC, rostrocaudal; ML, mediolateral; DV, dorsoventral
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The amplitude and latency of auditory evoked potentials were seen to be volume dependent
with earlier occuring peak amplitudes occurring at 22, 26 and 30ms (29, 34 and 39ms for the
ventral hippocampus only) and later occuring peak amplitudes occuring at 46, 57 and 68ms
for prepulse intensities of +4dB, +8dB and +16dB respectively (Fig. 1). The effect of
prepulse intensity and treatment were tested via a two-way ANOVA with LSD post-hoc
tests where appropriate over these peak amplitudes for each brain region for potentials
evoked to the prepulse stimuli. The effect of prepulse intensity and treatment were tested via
a two-way ANOVA for potentials evoked to the startle-stimulus for peak amplitudes
occuring at 22ms following presentation of the startle-stimulus. The significance level was
corrected using an FDR method (false discovery rate (Benjamini and Yekutieli, 2012)) for
the 16 brain regions yielding a significance level of 0.01479. All analyses were performed
using GNU Octave and all values are reported to either 3 significant figures or 3 decimal
places as appropriate.

Frontal Cortices

In the left orbitofrontal cortex a significant reduction in the graded response to pre-pulse
stimuli of different intensities was observed in MAM animals when compared with saline-
treated controls, indicated by the significant effects of prepulse intensity (16, 8 and 4dB
above background, F; 2g = 6.32, p = 0.005), treatment (MAM vs. SAL, F1 25 =11.8,p =
0.004) and the interaction between them (F 2g = 4.04, p = 0.010, Fig. 1). Significant
reductions in the maximum amplitude of the evoked response to prepulse stimuli were seen
at intensities of 8dB (p = 0.012,t = 2.9, Fig. 1) and 16dB (p = 0.0015, t = 3.9, Fig. 1).
Presentation of a prepulse had a significant, intensity-dependent effect on the amplitude of
the P20 component of the potential evoked in response to the startle-stimulus, indicated by
the significant effect of prepulse intensity (F3 25 = 8.61, p = 0.001). However, no differences
due to treatment were noted for this effect (F g = 2.89, p = 0.111, Fig. 1). Despite
seemingly apparent similarites in the right orbitofrontal cortex (Fig. 2) comparable effects
during responses to the prepulse were not found to be statistically significant (intensity, F» g
=2.02, p = 0.151; treatment, F1 g = 5.87, p = 0.030; interaction, F; »g = 2.40, p = 0.109,
Fig. 1). However, presentation of a prepulse had a significant, intensity-dependent effect on
the amplitude of the P20 component of the potential evoked in response to the startle-
stimulus, indicated by the significant effect of prepulse intensity (F3 2g = 7.07, p < 0.001,
Fig. 1).

In the prelimbic cortices intensity-dependent effects were observed during later components
of the prepulse evoked potentials (46, 57 and 68ms for intensities of 16, 8 and 4dB above
background respectively) being statistical significant in the left hemisphere (F5 28 = 9.66, p
< 0.001; right hemisphere, F5 »g = 3.65, p = 0.039, Fig. 2). Similarly, presentation of a
prepulse had a significant, intensity-dependent effect on the amplitude of the P20 component
of the startle-evoked potentials, indicated by the significant effect of prepulse intensity (left,
F328 =6.74, p<0.001; right, F3 53 = 15.3,p  0.001, Fig. 2). No differences were
attributable to treatment during responses evoked to the prepulse or the startle-stimulus.

In the infralimbic cortex presentation of a prepulse had a significant, intensity-dependent
effect on the amplitude of the P20 component of the potential evoked in response to the
startle-stimulus, indicated by the significant effect of prepulse intensity (right, F3 25 = 15.5,
p  0.001; left, F3 08 = 7.87, p < 0.001, Fig. 2). However, no differences due to treatment
were observed during responses evoked to the prepulse or the startle-stimulus nor were any
intensity-dependent effects detected in response to the prepulse itself.
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In summary, MAM-treated rats exhibited a deficit in the generation of a graded response to
auditory stimuli of differing intensities in the orbitofrontal cortex during early phases of the
evoked potentials. The prelimbic cortex also appears to be involved in amplitude processing
at greater latencies although no differences were detected as a consequence of treatment.
The orbitofrontal, prelimbic and infralimbic cortex all demonstrate a graded reduction in the
amplitude of the potential evoked by the startling stimulus although again no differences
were detected as a consequence of treatment.

Ventral Striatum

Thalamus

In the core of the nucleus accumbens intensity-dependent effects were observed during early
components of the prepulse evoked potentials (22, 26 and 30ms for intensities of 16, 8 and
4dB above background respectively) being statistical significance in both hemispheres (left,
F2 28 =7.62, p=0.002; right, F, 25 = 9.24, p = 0.001, Fig. 3). Similarly, presentation of a
prepulse had a significant, intensity-dependent effect on the amplitude of the P20 component
of the startle-evoked potentials, indicated by the significant effect of prepulse intensity (left,
F328=151,p 0.001; right, F3 28 = 11.6, p < 0.001, Fig. 3). No differences were
attributable to treatment during responses evoked to the prepulse or the startle-stimulus.

In contrast with the core no significant effects of either treatment or prepulse intensity were
observed in the left or right accumbens shell in response to the prepulse (left, F5 25 = 1.64, p
=0.21; right, Fp 25 = 1.51, p = 0.23, Fig. 3). However, presentation of a prepulse yielded a
simlar intensity-dependent reduction in the amplitude of the P20 component of the startle
evoked potentials (left, F3 25 = 7.29, p < 0.001; right, F3 25 = 5.07, p = 0.004, Fig. 3). No
differences were attributable to treatment during responses evoked to the prepulse or the
startle-stimulus.

The accumbens core, a major recipient of cortical afferents, appears to be involved similarly
to the orbitofrontal cortex during early auditory intensity processing. However, in contrast
with the orbitofrontal cortex the accumbens core displayed no deficits in generating
responses to the startle stimulus in MAM-treated rats.

In the mediodorsal thalamic nucleus intensity-dependent effects were observed during later
components of the prepulse evoked potentials (46, 57 and 68ms for intensities of 16, 8 and
4dB above background respectively) being statistical significant in both hemispheres (left,
F228 =125, p<0.001; right, F, 25 = 15.6, p  0.001, Fig. 4). Similarly, presentation of a
prepulse had a significant, intensity-dependent effect on the amplitude of the P20 component
of the startle-evoked potentials, indicated by the significant effect of prepulse intensity (left,
F3 28 =6.87, p<0.001; right, F3 23 =9.16, p  0.001, Fig. 4). No differences were
attributable to treatment during responses evoked to the prepulse or the startle-stimulus.

The mediodorsal thalamic nucleus, a major recipient of basal ganglial output and major
input to the frontal cortices, appears to be involved similarly to the prelimbic cortex during
later stages of auditory intensity processing.

Hippocampus & ventral tegmental area

In the ventral hippocampus intensity dependent effects were observed during the early
components of the prepulse evoked potentials (42, 26 and 30ms for intensities of 16, 8 and
4dB above background respectively) being statistical significant in both hemispheres (left,
Fo028=34.3,p 0.001; right, Fp 53 = 16.6,p  0.001, Fig. 4). Similarly, presentation of a
prepulse had a significant, intensity-dependent effect on the amplitude of the P20 component
of the startle evoked potentials, indicated by the significant effect of prepulse intensity (left,
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F328=12.7,p  0.001; right, F3 8 = 5.2, p = 0.004, Fig. 4). No differences were
attributable to treatment during responses evoked to the prepulse or the startle stimulus. No
significant differences were observed in the ventral tegmental area (data not shown).

The ventral hippocampus, which projects heavily to the frontal cortices and ventral striatum,
appears to be involved in auditory intensity processing on a timescale which bisects the
processing latencies seen in the orbitofrontal cortex/ventral striatum and the prelimbic
cortex/medial thalamus.

Discussion

Alterations in the generation of evoked potentials in response to auditory stimuli in a
common PPI paradigm were observed in the MAM-model of schizophrenia when compared
with saline treated controls. Further, we have provided evidence for impaired sound
intensity processing in the orbitofrontal cortex. In rats exposed to MAM during gestation,
there were deficits in auditory intensity processing when compared with saline-treated
controls during a standard PPI paradigm. These deficits were brain region specific, with
deficits in intensity processing in the orbitofrontal cortex occuring at latencies of 22—-30ms.
These deficits in the processing of the prepulse do not appear to induce further deficits in the
processing of the subsequent startle stimulus in the orbitofrontal cortex, ventral striatum,
mediodorsal thalamus and ventral hippocampus.

The ventral hippocampus is implicated in the regulation of PPI, a mediation that has been
suggested to be independent of the ventral striatum (Wan et al., 1996). Our results indicate
different roles for these loci in PPI responses. Striatal involvement in PPI regulation occurs
earlier than does the peak response of the ventral hippocampus (Fig. 3 and 4). Further, the
peak response of the mediodorsal thalamic nucleus appears to occur later still suggestive of
a specific processing route through this circuit. The orbitofrontal cortex appears to be
heavily involved in both the processing of the startle-stimulus and in the processing of
intensity information in the pre-pulse stimuli (Fig. 1) with peak responses occuring at
latencies similar to those observed in the striatum and it appears that it is dysfunction within
the orbitofrontal cortex that may underpin aberrant intensity processing in MAM-treated
rats.

Intensity perception in healthy subjects allows for a greater response to louder sounds and its
failure suggests that MAM rats may, as suggested in schizophrenia patients, fail to extract
meaning from intensity information (Bach et al., 2011). Here we have shown that rats
exposed to MAM during gestation fail to generate the graded response to prepulse sounds of
different intensities. The amplitude and latency of auditory evoked potentials was seen to be
intensity-dependent with louder sounds occurring sooner and evoking a larger amplitude
response (Fig. 1). This may suggest that louder sounds may be perceived as being closer and
more relevant (Bach et al., 2011). The latency of the peak amplitudes for each prepulse
intensity were not found to differ between MAM- and SAL- treated rats which may indicate
that the perception of the sound intensity remains intact in MAM animals. However the
graded amplitude of responses evoked to these differing intensities is abolished in MAM-
rats indicating that, although the sound may have been perceived as louder (or closer), it is
then not assigned due relevance via the generation of a sufficiently large response. This may
relate to MAM rats having impairment in utilizing this information and ascribing relevance
to sounds of different intensities. It is unlikely that this deficit reflects a simple dysfunction
in hearing since no differences were detected in any brain region during startle-alone trials
and intensity perception (defined by the latency of peak response) remained intact.
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It has been argued that a deficit in the extraction of meaning from sensory information in
schizophrenia may be underpinned by enhanced noise in neural structures (Bach et al.,
2011). Despite the noise-like frequency distribution (1/f”) of neural oscillations (Bédard et
al., 2006; Bédard and Destexhe, 2009) the notion of “noise” is easily misinterpreted.
Spontaneous activity is by far the greatest contributor to ongoing neural activity: activity
evoked by sensory inputs is minor by comparison, often being barely detectable above
ongoing background activity which has lead some to suggest that “wakefulness is a dream
modulated by the senses” (Llinas and Paré, 1991) a notion that is supported by
contemporary electrophysiological evidence (Destexhe, 2011). Thus, although neural
oscillations appear noise-like, they are anything but, instead reflecting continuous internal
processing (Destexhe, 2011). We have found no evidence for an increased amplitude of this
ongoing activity (Ewing and Grace, 2013) but significant evidence for a reduction in the
amplitude of sensory driven oscillations. Thus aberrant sensory information processing,
rather than being attributable to enhanced noise in neural structures, may be better attributed
to diminished evoked amplitudes resulting in an reduction in the signal-to-"noise” ratio.
Therefore, the ability for sensory input to modulate the ongoing “dream” of wakefulness
may be severely disrupted in schizophrenia yielding an internal state which is insufficiently
responsive to external input.

It has been suggested that schizophrenic patients, while capable of discriminating between
sounds of different intensities, are impaired in utilizing this information in an adaptive
manner (Bach et al., 2011). Here we identify remarkably analagous deficits in the MAM
model of schizophrenia. These animals appear to be capable of discriminating between
sounds of different intensities (latency to peak response) but fail to evoke graded amplitude
potentials in response to the different stimulus intensities. This may relate to MAM-rats
having an impairment in utilizing this information and ascribing relevance to sounds of
different intensities. PPI is thought to be a result of diminished attention to the startle
stimulus due to the ongoing processing of the prepulse. Thus PPI deficits in MAM animals
may occur as a consequence of this failure to accurately process the prepulse. It has been
suggested that an ability to appropriately filter sensory input may be a core deficit in
schizophrenia. Here we propose an alternative view whereby the activity evoked by sensory
input, rather than being poorly filtered, is simply insufficient to modulate the processing of
ongoing background activity. Thus, while both hypotheses propose a diminished signal-to-
noise ratio in neural circuits we suggest that this is a consequence of a reduction in the
“signal” rather than by an increase in the “noise”.
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Figure 1.

MAM treated animals exhibited deficits in auditory information processing in the
orbitofrontal cortex. Specifically, the graded response to graded sound intensities (16,8 and
4dB above background) seen in SAL treated animals was abolished in MAM animals. This
reduction in gradient was driven by significantly reduced amplitudes of the potentials
evoked to prepulse intensites of +8dB and +16db. (Top traces of each subfigure) Grand
averaged AEPs for SAL and MAM treated animals respectively. (A,D) Earlier occuring
maximum evoked potential amplitudes and (B,E) later occuring maximum evoked potential
amplitudes for the prepulse intensities. (C,F) Evoked potential amplitudes of the P20
component of the potentials evoked to the startle-stimulus during both prepulse and startle
alone trials (+0dB). * indicates a significant effect of treatment between SAL and MAM
animals. # indicates a significant effect of prepulse intensity. Data are plotted as the mean +
SEM.
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Deficits in auditory information processing seen in the orbitofrontal cortex of MAM rats was
not seen in the prelimbic and infralimbic cortices. However, the prelimbic cortex appeared
to play a role in intensity processing at a greater latency than that seen in the orbitofrontal
cortex. Both the prelimbic and infralimbic cortices display a prepulse intensity-dependent
modulation of the response to the startle stimulus. (Top traces of each subfigure) Grand
averaged AEPs for SAL and MAM treated animals respectively. (A,D) Earlier occuring
maximum evoked potential amplitudes and (B,E) later occuring maximum evoked potential
amplitudes for the prepulse intensities. (C,F) Evoked potential amplitudes of the P20
component of the potentials evoked to the startle-stimulus during both prepulse and startle
alone trials (+0dB). * indicates a significant effect of treatment between SAL and MAM
animals. # indicates a significant effect of prepulse intensity. Data are plotted as the mean +
SEM.
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No deficits in auditory information processing were seen in the ventral striatum of MAM
rats when compared with SAL treated controls. However, the core, a major recipient of
cortical afferents, appeared to play a role in intensity processing at a a similar latency to that
seen in the orbitofrontal cortex. Both the core and the shell display an prepulse intensity-
dependent modulation of the response to the startle stimulus. (Top traces of each subfigure)
Grand averaged AEPs for SAL and MAM treated animals respectively. (A,D) Earlier
occuring maximum evoked potential amplitudes and (B,E) later occuring maximum evoked
potential amplitudes for the prepulse intensities. (C,F) Evoked potential amplitudes of the
P20 component of the potentials evoked to the startle-stimulus during both prepulse and
startle alone trials (+0dB). * indicates a significant effect of treatment between SAL and
MAM animals. # indicates a significant effect of prepulse intensity. Data are plotted as the
mean + SEM.
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Figure 4.

No deficits in auditory information processing were seen in the mediodorsal thalamic
nucleus or ventral hippocampus of MAM rats when compared with SAL treated controls.
However, the mediodorsal thalamic nucleus, a major origin of cortical efferents, appeared to
play a role in intensity processing at a similar latency to that seen in the prelimbic cortex.
The ventral hippocampus also appeared to play a role in intensity processing. Both the
mediodorsal thalamus and the ventral hippocampus display an amplitude dependent
modulation of the response to the startle-stimulus. (Top traces of each subfigure) Grand
averaged AEPs for SAL and MAM treated animals respectively. (A,D) Earlier occuring
maximum evoked potential amplitudes and (B,E) later occuring maximum evoked potential
amplitudes for the prepulse intensities. (C,F) Evoked potential amplitudes of the P20
component of the potentials evoked to the startle-stimulus during both prepulse and startle
alone trials (+0dB). * indicates a significant effect of treatment between SAL and MAM
animals. # indicates a significant effect of prepulse intensity. Data are plotted as the mean +
SEM.
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