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Abstract
Background—Disrupted neuroplasticity may be an important aspect of the neural basis of
schizophrenia. We used event-related brain potentials (ERPs) to assay neuroplasticity after
auditory conditioning in chronic schizophrenia patients (SZ) and matched healthy control subjects
(HC).

Methods—Subjects (15 HC, 14 SZ) performed an auditory oddball task during
electroencephalogram recording before and after auditory tetanic stimulation (Pre/Post Blocks).
Each oddball block consisted of 1000-Hz and 1500-Hz standards and 400-Hz targets. During
tetanic conditioning, 1000-Hz tones were presented at 11 Hz for 2.4 min. We analyzed the
standard trials, comparing the ERPs evoked by the tetanized stimuli (1000 Hz tones: TS+) and
untetanized stimuli (1500 Hz tones: TS−) in the Post Blocks with ERPs from the Pre Blocks
(averaged into Baseline ERPs).

Results—In Post Block 1 in HC, TS+ tones evoked a negative shift (60–350 msec) at right
temporal electrodes relative to Baseline. No pre-/post-tetanus effects were found in SZ. In Post
Block 2 in HC, TS+ tones evoked a positive shift (200–300 msec) at bilateral frontal electrodes. In
SZ, TS+ tones evoked a positive shift (100–400 msec) at right frontotemporal electrodes. No pre-/
post-tetanus effects were found in either subject group for the TS− tones. The right temporal Post
Block 1 and 2 effects were correlated in SZ, suggesting a trade-off in the expression of these
effects.

Conclusions—These results suggest that stimulus-specific auditory neuroplasticity is abnormal
in schizophrenia. The electrophysiologic assessment of stimulus-specific plasticity may yield
novel targets for drug treatment in schizophrenia.
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Abnormalities in the structure and function of the auditory cortex figure prominently in
schizophrenia. The volume of gray matter in primary and secondary auditory cortical areas
is reduced (1,2), and neuropathologic studies have documented abnormalities in the
microcircuitry of auditory cortex (3,4). Functionally, the amplitudes of auditory event-
related brain potentials (ERPs) are reduced (5,6), schizophrenia patients have deficits in
auditory perception (7), and auditory hallucinations are a hallmark symptom of this disorder
(8). However, to our knowledge, the plasticity of auditory cortical circuits has not yet been
examined in schizophrenia.

Plasticity is a fundamental property of neural systems that enables them to alter their
structure and dynamics in response to changes in their inputs and hence underlies learning
and memory (9). Disturbances of plasticity-related mechanisms could thus underlie the
abnormal development, structure, and function of neural circuits in neuropsychiatric
disorders such as schizophrenia (10,11). For example, the induction of cortical plasticity
through long-term potentiation (LTP) is dependent on the integrity of N-methyl-D-aspartate
receptors (12), which are also implicated in the patho-physiology of schizophrenia (13–15).
Consistent with this hypothesis, reduced motor cortex plasticity in schizophrenia patients
has been found using transcranial magnetic stimulation (16,17).

We examined the plasticity of auditory cortex in schizophrenia by measuring event-related
brain potentials (ERPs) in a stimulus-specific plasticity (SSP) paradigm based on the study
of Clapp and colleagues (18). Investigations of SSP in mouse visual cortex (19) have
demonstrated that this phenomenon shares the same cellular and molecular substrates as
LTP, so SSP may serve as a noninvasive measure of LTP-associated plasticity mechanisms
in humans. In our SSP paradigm subjects performed an oddball task with two standard tones
of different frequencies presented in each block. One of these tones (the tetanized stimulus
or TS+) was also presented during a tetanic stimulation block. Tetanic stimulation is the
presentation of a train of stimuli at a high rate (typically ≥10 Hz) and is used to induce LTP.
For example, in classical studies of LTP in the hippocampus, tetanic stimulation consists of
a train of electrical pulses and results in increased neuronal responses to a test stimulus. In
SSP studies, tetanic stimulation consists of a train of brief sensory stimuli (e.g., tones or
visual stimuli) that results in response enhancements that are specific to the TS+ compared
with an untetanized stimulus (TS−). In this study, we assessed the ERPs to an auditory TS+
and TS− before and after tetanic stimulation in healthy control subjects (HC) and chronic
schizophrenia patients (SZ). We report evidence that the plasticity of auditory processing
mechanisms is abnormal in schizophrenia.

Methods and Materials
Subjects

This study was approved by the Institutional Review Boards of the Veterans Affairs Boston
Healthcare System and Harvard Medical School. After a complete description of the study
to the subjects, written informed consent was obtained. All subjects were paid for their
participation.

Seventeen chronic SZ (aged 21–54 years; mean age = 42) and 15 HC (aged 21–54 years;
mean age = 42) participated in the study. The SZ subjects were diagnosed according to
DSM-IV criteria. Subjects were selected without regard for ethnicity and met our standard
inclusion criteria: 1) aged between 18 and 55 years; 2) right-handed (so that possible
hemispheric lateralization effects would not be obscured by left-handers with reduced or
reversed functional laterality); 3) no history of electroconvulsive treatment; 4) no history of
neurologic illness, including epilepsy; 5) no history of alcohol or drug dependence or abuse
within the past year, nor long duration (>1 year) of past abuse (DSM-IV criteria); 6) no
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present medication for medical disorders that would have deleterious electroencephalogram
(EEG), neurological, or cognitive functioning consequences; 7) verbal IQ above 75; 8) no
alcohol use in the 24 hours before testing; and 9) English as a first language.

The data from 3 SZ were excluded because of technical problems, bad channels, or
excessive artifacts, resulting in a final sample of 14 SZ and 15 HC. Demographic and
clinical data are presented in Table 1. Schizophrenic symptoms were assessed using the
Scale for the Assessment of Positive Symptoms (SAPS) (20) and the Scale for the
Assessment of Negative Symptoms (21). The final SZ and HC groups did not differ in
gender (all male), age, parental socioeconomic status (22), nor handedness (all right-handed)
(23).The diagnostic composition of the SZ group was 7 paranoid, 4 undifferentiated, 2
schizoaffective, and 1 disorganized. Information on antipsychotic medication at the time of
the experiment was available for 11 of the 14 SZ. Of these 11 patients, all were receiving
atypical antipsychotics, and 1 patient was also receiving a typical antipsychotic.
Antipsychotic medication dosages were converted to chlorpromazine equivalents using the
values from Stoll (24) for typical and Woods (25) for atypical antipsychotics.

Stimuli and Experimental Design
The structure of the SSP paradigm is diagrammed in Figure 1. Subjects performed an
auditory oddball task while seated in a quiet room in a comfortable chair in front of a
computer monitor. Stimuli were presented binaurally through headphones (50-msec
duration, 70-dB sound pressure level, 800-msec stimulus onset asyn-chrony [SOA]). In the
oddball task, subjects were instructed to look at the fixation cross on the monitor and to
press a button with their right hand to target tones (440 Hz, 24 trials per block), which were
embedded in a sequence with 1000 Hz (TS+) and 1500 Hz (TS−) standard tones (120 trials
each per block). Subjects performed 2 pretetanus oddball blocks (Pre Blocks 1 and 2) before
the tetanic stimulation block. During tetanic stimulation, 1000-Hz tones were presented at
11 Hz (91 msec SOA) for 2.4 min (1560 stimuli total) while subjects looked at the fixation
cross on the monitor. Subjects then performed an oddball block immediately after the tetanic
stimulation block (Post Block 1). After performing a visual discrimination task for ~20 min,
subjects performed a final oddball block (Post Block 2).

Electrophysiologic Recording and Processing
The EEG was recorded (.01 –100 Hz, 500-Hz digitization) with a Neuroscan Synamp
amplifier using sintered Ag/Ag-Cl electrodes in an electrode cap at 64 standard scalp sites
(26), nosetip, and left mastoid, referenced to the right mastoid, and grounded at AFz.
Electrode impedances were < 10 kΩ. Bipolar vertical and horizontal electro-oculograms
were recorded from electrodes above and below the right eye and at the left and right outer
canthi, respectively. Because of electrode problems, 11 channels were excluded from further
processing (F7/8, FT9/10, T9/T10, CP5/6, P9/10, and nosetip), leaving 54 scalp channels.
Single-trial epochs were extracted from −250 to +772 msec relative to stimulus onset and
corrected for ocular artifacts with independent component analysis (27). Next, epochs
containing other artifacts were removed. The artifact criteria were as follows: 1) greater than
± 90 µ,V change in one time point and 2) amplitude range within an epoch exceeding 200
(µV. These criteria were visually tested and verified. Finally, the retained artifact-free single
epochs were re-referenced to the average reference. The number of epochs retained per
subject was (mean ± SD) 227 ± 10 for HC and 223 ± 9 for SZ, resulting in more than 100
trials for each standard (TS+ and TS−) on average.

Average ERPs were computed for the TS+ and TS− trials in each oddball block. Because the
ERPs in Pre Blocks 1 and 2 did not differ (see Figures S1 and S2 in Supplement 1), these
ERPs were averaged together into a single Baseline ERP for each tone condition. Difference
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waves for each tone condition were computed for each posttetanus block ERP minus the
Baseline ERPs (Post Block 1 − Baseline, Post Block 2 − Baseline).

Statistical Analysis
Separate statistical analyses were conducted for each Post Block because visual inspection
revealed that the ERP effects in each Post Block had very different spatial and temporal
characteristics. Average ERP amplitudes were computed at channels and latency windows
for effects of interest following visual inspection of the grand average ERPs. These
measures were analyzed in mixed-design analyses of variance (ANOVAs) with the general
design Group × Tone (TS+/TS−) × Pre/Post-Tetanus × Electrode (relevant electrodes) ×
Hemisphere. Significant interactions involving the factor Pre/Post in the omnibus ANOVAs
were decomposed further in follow-up ANOVAs. The same analysis strategy was used for
the task performance data (error rate and median reaction time). The Green-house-Geisser
correction for inhomogeneity of variance (28) was applied for factors with more than two
levels and is reflected in the reported p values. The nonparametric Spearman’s ρ was used
for correlation analyses (two-tailed).

Results
Task Performance Data

The error rate and median reaction time data are presented in Table 1. In the Post Block 1
and Post Block 2 comparisons versus Baseline (average of Pre Block 1 and 2 data), SZ made
more errors overall than HC [F(1,27) = 6.076, p < .05], but there were no plasticity effects
(main or interaction effects involving the Pre/Post-Tetanus factor). For median reaction
time, there were no significant between- or within-subject effects. One SZ was identified as
an outlier because of excessive error rates (> 2 SD), but exclusion of this patient’s data did
not alter any of the task performance results.

Baseline ERPs
The Pre Block 1 and 2 ERPs for each tone condition were characterized by the typical
sequence of auditory ERPs (P50, N100, and P200 components), which did not differ
between tones or blocks (see Figures S1 and S2 in Supplement 1). Therefore, the Pre Block
1 and 2 ERPs were averaged together into Baseline ERPs.

Post Block 1: Initial Plasticity Effects
In Post Block 1, the ERPs evoked by the TS+ in HC were characterized by long-lasting
shifts relative to the Baseline ERP (Figure 2). These shifts were positive at left
frontotemporal electrodes and negative at right temporal electrodes and were not present in
SZ (Figures 2 and 3A) nor in either group for the TS− (Figure 4). To assess these effects,
ERP average amplitude was measured in the 60- to 350-msec period at frontotemporal
(FT7/8), central (C5/6), temporal (T7/8), temporoparietal (TP7/8), and mastoid (M1/2)
electrodes. In the omnibus ANOVA, there was a significant four-way interaction [Group ×
Tone × Pre/Post × Hemisphere: F(1,27) = 5.84, p < .05]. Decomposing this interaction for
each tone condition, we found a significant interaction of Group × Pre/Post × Hemisphere
for the TS+ [F(1,27) = 4.26, p < .05], but there were no significant interactions involving the
Pre/Post factor for the TS−.

The three-way interaction for the TS+ condition was then separately decomposed for each
group in two-factor ANOVAs. There was a significant Pre/Post × Hemisphere interaction
for HC [F(1,14) = 7.10, p < .05] but not SZ [F(1,13) = .130, p = .724], who did not have any
significant effects involving the Pre/Post factor. The main effect of Pre/Post was significant
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for HC at right hemisphere [F(1,14) = 5.20, p < .05] but not left hemisphere [F(1,14) = 1.21,
p = .291] electrodes.

In the topographic maps of the Pre/Post effect in Figure 3A, a positive effect was apparent in
SZ at the Fp1 electrode. To assess the significance of this effect, ERP average amplitude
was measured in the 60- to 120-msec period at frontopolar (Fp1/2) sites. This effect,
however, was not significant [Pre/Post in SZ: F(1,13) = .660, p = .431].

These results demonstrate that soon after tetanic stimulation, a plasticity effect appeared in
HC that was not present in SZ. This plasticity effect occurred only for the TS+ and not the
TS−, indicating that it was stimulus-specific. The topography of this SSP effect is consistent
with a source in the right lateral temporal cortex.

Post Block 2: Delayed Plasticity Effects
In Post Block 2, SSP effects with positive polarity and later onsets than the Post Block 1
effect were observed in both HCand SZ for the ERPs evoked by the TS+ (Figure 5). In HC,
an effect was present at frontopolar sites, whereas in SZ, an effect was present at right
frontotemporal sites (Figure 3B). No plasticity effects were apparent in the ERPs evoked by
the TS− (Figure 6).

ERP average amplitude was first measured in a set of frontopolar (Fp1/2), frontal (F1/2,
F3/4, F5/6), and frontocentral (FC1/2, FC3/4, FC5/6) electrode sites in the 200- to 300-msec
period. The omnibus ANOVA yielded a significant two-way interaction [F(1,27) = 4.83, p
<.05; Tone × Pre/Post]. Decomposition of this interaction revealed a significant Pre/Post
effect for theTS + [F(1,27) = 7.56, p < .05] but not the TS− [F(1,27) = .010, p = .921 ]. The
Pre/Post effect for TS+ was significant for HC [F(1,14) = 6.60, p < .05]. For SZ the Pre/Post
main effect on the TS+ was not significant [F(1,14) = 2.12, p = .17] but a Pre/Post ×
Hemisphere interaction approached significance [F(1,13) = 3.62, p = .079].

Because the largest voltage differences in SZ were lateralized, ERP average amplitude was
next measured in both subject groups in a SZ-optimized subset of lateral electrodes (FC5/6,
FT7/8, C5/6, and T7/8) in the 100- to 400-msec period in which this effect was maximal.
The omnibus ANOVA revealed a four-way interaction [Group ×Tone × Pre/Post ×
Hemisphere:F(1,27) = 6.181, p < .05]. For the TS+ but not the TS−, there was a significant
interaction of Group × Pre/Post × Hemisphere [F(1,27) = 7.158, p < .05]. This interaction
was further decomposed, revealing a significant Pre/ Post × Hemisphere interaction for SZ
[F(1,27) = 8.453, p < .05] but not for HC [F(1,27) = 1.215, p = .289]. In SZ there was a Pre/
Post effect at right hemisphere electrodes [F(1,13) = 8.587, p < .05] but not left hemisphere
electrodes [F(1,13) = .217, p = .649]. (We note that this pattern of results remained
significant when the SZ with the most positive effect was excluded as a potential outlier.)

These results demonstrate that approximately 20 min after tetanic stimulation, HC expressed
an SSP effect that had a frontal topography, contrasting with the right temporal topography
of their initial SSP effect. Although this frontal effect was not significant in SZ, the absence
of a significant interaction with Group prevented us from concluding that this effect was
absent in SZ.The SZ group did demonstrate an SSP effect at right frontotemporal electrodes
that was absent in the HC group.

SSP Effect Correlations
Next we examined whether any of the SSP effects could be correlated with demographic
variables or clinical measures: age and parental socioeconomic status for the HC and SZ
groups; age of onset and medication dosage (in chlorpromazine equivalents) for SZ; and
total Scale for the Assessment of Positive Symptoms (20) and Scale for the Assessment of
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Negative Symptoms (21) scores for SZ. There were no significant correlations for HC nor
were there any correlations with clinical symptom ratings for SZ. Because SZ had a higher
error rate than HC, we examined correlations between SSP effects and error rate in SZ, but
none of these were significant (ps < |.497|,ps > .071).

Finally, we asked whether the SSP effects in Post Blocks 1 and 2 might be related to each
other within the subject groups. Within each group, we examined correlations between 1)the
right temporal Post Block 1 and 2 effects, 2) the right temporal Post Block 1 and frontal Post
Block 2 effects, and 3) the frontal and right temporal Post Block 2 effects. In HC, none of
the correlations reached significance. In SZ, however, there was a significant correlation
between the right temporal Post Block 1 and 2 effects (ρ = .723, p < .05 Bonferroni-
corrected). Inspection of the scatterplot (Figure S3 in Supplement 1) revealed that SZ with
Post Block 1 values in the HC range had the lowest Post Block 2 values and vice versa.
Thus, across SZ there appears to have been a tradeoff in the expression of right temporal
SSP effects in Post Blocks 1 and 2. (Note that the polarity of the Post Block 1 effect in HC
was negative, rendering the trade-off a positive rather than negative correlation.)

Discussion
Our findings suggest that auditory neuroplasticity is abnormal in chronic schizophrenia. In
HC, we found two phases of SSP effects: 1) shortly after tetanic stimulation (Post Block 1),
an initial SSP effect appeared at right temporal electrodes with an onset of ~60 msec. 2)
Approximately 20 min after tetanic stimulation (Post Block 2), a later SSP effect was found
with a bilateral frontal topography beginning at ~200 msec. In SZ, different patterns were
observed: 1) no SSP effects were apparent in Post Block 1. 2) In Post Block 2, an SSP effect
appeared at right frontotemporal electrodes, similar to the HC Post Block 1 effect. This
effect had a somewhat later onset (~100 msec) and opposite polarity compared with the
initial HC effect. These patterns suggest that in SZ, auditory SSP detected at right temporal
electrodes took longer to develop than in HC. The right temporal SSP effect in SZ differed
in latency and polarity from HC. It is not known whether the late frontal SSP effect found in
HC might have appeared later in SZ.

Neuroplasticity effects have been observed in humans with different methodologies in a
variety of experimental paradigms, including classical conditioning (29–31), perceptual
learning (32,33), paired associative conditioning using transcranial magnetic stimulation
(34), and tetanic stimulation (18,35–39), the latter of which is commonly used in the study
of LTP in animal models (40). Tetanic stimulation has been shown to increase the amplitude
of sensory- evoked activity in the visual (36–38) and auditory (18,41) modalities in humans
(see Kirket al. for review [42]). In the visual modality, SSP effects on sensory-evoked
activity have been reported for gratings of different orientations (37) or spatial frequencies
following tetanic stimulation (43). To our knowledge, the present results are the first human
ERP findings of auditory SSP following tetanic stimulation, because previous studies of
neuroplasticity in humans using auditory tetanic stimulation (18,41) did not include a TS– as
a control condition.

The auditory plasticity effect due to tetanic stimulation found by Clapp et al. (18) consisted
of an increase in N1 amplitude. In contrast, the SSP effects observed here did not closely
coincide with either the timing or the topography of classical auditory ERP components, so
these effects cannot be clearly attributed to modulations of auditory evoked responses.
Although our experimental paradigm was designed to detect SSP effects, we would have
been able to observe the same posttetanus N1 amplitude enhancement as did Clapp et al.
Because our study and Clapp et al. (18) are the only ERP studies of which we are aware to
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examine plasticity in the auditory system as a result of tetanic stimulation, the discrepancy
between our HC findings and those of Clapp et al. needs to be explained.

The most obvious difference between the two studies is the addition of the TS− in our
paradigm. One possibility is that the TS− interacted with plasticity mechanisms affecting the
representation of the TS+, perhaps influencing changes to auditory cortex tono-topic
representations, but we are not aware of any evidence that might address this hypothesis.
Additionally, there were differences in sample size (15 HC here vs. 6 subjects per group in
Experiment 1 of Clapp et al.), subject age (our HC were 42.1 years of age, the subjects of
Clapp et al. were 28.6 years), tetanus frequency (11 Hz here vs. 13 Hz in Clapp et al.), SOA
in the oddball blocks (800 msec here, 2200 on average in Clapp et al.), and SOA
randomization (SOAs were constant here but randomized from 1800–2200 msec in Clapp et
al.). Both studies used the average reference, but differences in the electrode montage from
which this reference is computed could in theory result in different plasticity effect
topographies. Further research is necessary to fully characterize the effects of tetanus-
induced plasticity on auditory ERPs.

The functional significance of the SSP effects we observed is not clear and needs to be
investigated in future studies. One question is the degree to which these effects are related to
auditory perception. Several studies have found that the auditory P2 component is
modulated by perceptual learning (33,44–46), and the frontal Post Block 2 effect in HC
bears similarity to some of these P2 effects in terms of direction, latency, and topography.
Also, we cannot exclude the possibility that tetanic stimulation influenced the salience of the
TS+ to the subjects, possibly leading to differences in the allocation of attention to the TS+
and the TS−, although the SSP effects did not resemble any attentional effects of which we
are aware.

The right temporal Post Block 1 and 2 SSP effects were correlated across SZ, showing
evidence of a trade-off: patients with normal-range Post Block 1 effects had small Post
Block 2 effects and vice versa. No such pattern was found for HC. Thus, the degree to which
SZ showed a delayed right temporal plasticity effect with reversed polarity in Post Block 2
varied depending on the degree of “preservation” of their Post Block 1 effect. No such
pattern of individual differences was found for the frontal Post Block 2 effect, which was
not significant in SZ.One interpretation of these findings is that the delayed right temporal
Post Block 2 effect in SZ represents a compensatory plasticity mechanism, perhaps invoked
by homeostatic plasticity processes.

Some limitations of this study are immediately apparent. First, the sample size was relatively
small and did not include any women. The present findings need to be replicated with a
larger sample size and more balanced sample with regard to gender. Also, the use of data-
driven and randomization-based analysis approaches would be helpful to increase sensitivity
in detecting plasticity effects, because this is a novel paradigm.

Rapidly induced and noninvasively measurable from the scalp, ERP measures of SSP may
be useful for studying and assessing neuroplasticity in schizophrenia (47– 49). Abnormal
neuroplasticity has been hypothesized to be an important substrate of schizophrenia (10,11),
and neuropathologic evidence points to disturbed plasticity at the synaptic level (50), but to
date there have been relatively few methods available for assessing neuroplasticity
mechanisms directly in living patients. The present study demonstrates that auditory SSP
may be impaired in schizophrenia and that auditory SSP effects may be useful biomarkers of
not only neuroplasticity mechanisms but also antipsychotic treatment efficacy. Furthermore,
these data add to the considerable body of evidence of auditory system abnormalities in
schizophrenia.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Experimental paradigm. In each block, an auditory oddball task was performed in which the
standard stimuli consisted of tetanized (1000 Hz, TS+) and untetanized (1500 Hz, TS−)
stimulus tones. Two blocks were performed both before and after the tetanus block. During
the tetanus block, TS+ tones were presented at a rapid rate. Subjects performed an irrelevant
visual discrimination task during the period between Post Blocks 1 and 2. The event-related
potentials (ERPs) from Pre Blocks 1 and 2 were averaged into Baseline ERPs.
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Figure 2.
Grand average event-related potentials evoked by the TS+ tones in Post Block 1 and the
Baseline in healthy control (HC) and schizophrenia (SZ) subjects. The shaded area (60–350
msec) indicates the latency range and electrodes in which the plasticity effect was analyzed
(see also Figure 4).
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Figure 3.
Difference waves and topographic maps of stimulus-specific plasticity effects. (A) Tetanized
(TS+) Post Block 1 minus Baseline difference waves for healthy control (HC) and
schizophrenia (SZ) subjects at the right mastoid electrode (M2). (B) TS+ Post Block 2 minus
Baseline difference waves for HC and SZ, plotted for the HC effect (left; F5 electrode) and
the SZ effect (right; FT8 electrode).

Mears and Spencer Page 13

Biol Psychiatry. Author manuscript; available in PMC 2013 September 07.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
Grand average event-related potentials evoked by the untetanized tones in Post Block 1 and
the baseline in healthy control (HC) and schizophrenia (SZ) subjects. The shaded area is as
in Figure 2.

Mears and Spencer Page 14

Biol Psychiatry. Author manuscript; available in PMC 2013 September 07.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5.
Grand average event-related potentials evoked by the tetanized tones in Post Block 2 and the
Baseline in healthy control (HC) and schizophrenia (SZ) subjects. The narrow and wide
shaded areas represent the latency range and electrodes at which the respective HC (200–
300 msec) and SZ (100–400 msec) plasticity effects were measured.

Mears and Spencer Page 15

Biol Psychiatry. Author manuscript; available in PMC 2013 September 07.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 6.
Grand average event-related potentials evoked by the untetanized tones in Post Block 2 and
the baseline in healthy control (HC) and schizophrenia (SZ) subjects. The shaded areas are
as in Figure 5.
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Table 1

Demographic, Clinical, and Task Performance Data and Between-Group Comparisons for the Healthy Control
(HC) and Schizophrenia Patient (SZ) Groups

HC (n = 15) SZ (n = 14) Statistic p

Age (Years) 42.1 ± 9.7 42.6 ± 10.6 t[027] = −.14 .89

Parental Socioeconomic Status 2.1 ± 1.2 2.9 ± 1.1 t[25] = −1.6 .13

Age of Onset (Years) 23.7 ± 5.7

Positive Symptom Total (SAPS) 9.5 ± 3.7

Negative Symptom Total (SANS) 10.9 ± 7.2

Medication Dosage 257 ± 184

(Chlorpromazine Equivalents) Range: 50–650

% Error

  Pre Block 1 3.9 ± 4.9 17.0 ± 25.3

  Pre Block 2 5.0 ± 5.9 21.4 ± 24.0

  Baseline 4.4 ± 4.9 19.2 ± 23.3

  Post Block 1 3.3 ± 4.2 22.0 ± 28.4

  Post Block 2 4.4 ± 10.0 16.1 ± 20.1

Reaction Time (ms)

  Pre Block 1 372 ± 61 397 ± 69

  Pre Block 2 374 ± 64 423 ± 93

  Baseline 373 ± 61 410 ± 76

  Post Block 1 381 ± 59 412 ± 83

  Post Block 2 381 ± 70 419 ± 67

Mean ± SD are given for each variable.

SANS, Scale for the Assessment of Negative Symptoms; SAPS, Scale for the Assessment of Positive Symptoms.
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