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Abstract
The typical symptoms of schizophrenia (SZ) are psychotic symptoms (hallucinations, delusions,
disorders of thought or speech, grossly disorganized behavior) as well as cognitive impairments
and negative symptoms. Not all patients respond to treatment and in those who do, only psychotic
symptoms are usually improved. Imaging studies have shown that SZ subjects with high striatal
dopamine release are far more responsive to antipsychotic drugs than those patients who have
dopamine levels lower than or comparable to that of normal controls. In the present study we
hypothesized that there was a link between psychosis and the number of dopaminergic synapses in
the caudate nucleus in SZ. We examined dopaminergic synapses at the electron microscopic level
in postmortem caudate from cases obtained from the Maryland Brain Collection. SZ were
subdivided based on treatment response or resistance. The tissue was processed for the
immunocytochemical localization of tyrosine hydroxylase (TH), the synthesizing enzyme for
dopamine, and prepared for electron microscopy. The density of all TH labeled synapses was 43%
greater in treatment responders than in controls and 62% greater in than in treatment resistant SZ.
Axodendritic, but not axospinous, TH-labeled synapses showed this increase. TH-labeled
axodendritic synapses in treatment responders were elevated in density (1.95±0.093/10μm3)
compared to treatment resistant SZ (0.04±0.017/10μm3) and controls (0.11±0.044/10μm3). The
results of the present study suggest that one anatomical underpinning of good treatment response
may be a higher density of dopaminergic synapses and support a biological basis to treatment
response and resistance. Moreover, these data have important implications for linking specific
neuropathology with particular symptoms.
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INTRODUCTION
Schizophrenia typically manifests itself in early adulthood with psychotic symptoms
(hallucinations, delusions, disorders of thought or speech, grossly disorganized behaviour)
as well as cognitive impairments and negative symptoms. Risk factors for schizophrenia
suggest a developmental and genetic basis. Neuropathology and abnormalities in multiple
neurotransmitter systems have been reported throughout the brain (Harrison, 1999; Powers,
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1999). Not all patients respond to treatment and in those who do, only psychotic symptoms
are usually improved (Conley and Kelly, 2001; Meltzer, 1997).

Disruption of dopamine transmission in the striatum is likely to be an important component
of the pathophysiology of schizophrenia. The striatum is rich in dopamine receptors and all
known effective antipsychotic medications are known to block dopamine D2 receptors
(Creese, et al., 1976; Lahti et al., 2003; Seeman et al., 1975). Brain imaging studies show
that the striatum of subjects with schizophrenia displays augmentation of presynaptic
dopamine function, indicating an increase in dopamine synthesis capacity and/or an increase
in presynaptic dopamine stores (Abi-Dargham et al., 1998, 2000; Breier et al., 1997; Dao-
Castellana et al., 1997; Hietala et al., 1995, 1999; Laruelle et al., 1996, 1999). Specifically,
there is an increase in the release of dopamine (Abi-Dargham et al., 1998; Laruelle et al.,
1996, 1999) and in the density and occupancy of the D2 receptors (Abi-Dargham et al.,
2000; Wong et al., 1986) in the striatum. In addition, caudate dopamine D2 receptor density
is higher in the unaffected monozygotic co-twins of SZ compared to unaffected dizygotic
co-twins and healthy control twins (Hirvonen et al., 2005). This suggests that dopamine
transmission dysfunction confers a genetic risk for schizophrenia. Studies of patients with
SZ have shown that those with high dopamine release are far more responsive to
antipsychotic drugs than those patients who have dopamine levels lower than or comparable
to that of healthy volunteers (Abi-Dargham et al., 2000).

Dopaminergic nigral inputs to the striatum have profound and complex effects on striatal
neurons and function. Dopamine modulation depends on a number of factors such as the
receptor subtype, the receptor location at pre or postsynaptic sites (Cepeda et al., 2001;
Leveque et al., 2000; Onn et al., 2000; West and Grace, 2002), the concentration of ambient
dopamine and the activity state of the spiny neuron (Cepeda and Levine, 1998).
Considerable evidence indicates that endogenous dopamine modulates the membrane
activity of the spiny neurons differentially via local dopamine D1 and D2 receptor activation
(West and Grace, 2002). While activation of D1 receptor facilitates the depolarization and
enhances the evoked activity of striatal neurons, activation of D2 receptor does the opposite.
Dopaminergic axons form predominantly symmetric synapses (Bouyer et al., 1984;
Descarries et al., 1996; Freund et al., 1984; Hattori et al., 1991; Pickel et al., 1981; Smith et
al., 1994) yet have differential effects on striatal neurons (Gerfen et al., 1991).
Dopaminergic and glutamatergic inputs converge on the same spines of medium spiny
neurons (Bouyer et al., 1984; Smith et al., 1994) suggesting that a major function of
dopaminergic inputs to the striatum is the regulation of glutamatergic pathways. The general
pattern of dopamine terminals, as identified by tyrosine hydroxylase (TH) immunoreactivity,
in human is similar to that of other species. For example, the synaptic arrangement of both a
TH-labeled terminal forming a symmetric synapse and an unlabeled terminal forming an
asymmetric synapse often occurs on the same spine (Kung et al., 1998).

Antipsychotic drugs act primarily to relieve positive symptoms (hallucinations, delusions)
with little or no effect on negative (social withdrawal, avolition) and cognitive symptoms.
The reported rate of treatment response can vary from 25 to 70% (Brenner, et al., 1990).
Although numerous neuroimaging studies suggest a biological basis to treatment response/
resistance, to our knowledge, no postmortem studies have addressed this issue. In the
present study we sought to determine if there was a link between psychosis and the density
of TH-labeled synapses in the caudate nucleus in SZ. Therefore we examined TH-labeled
axon terminals and the synapses they formed at the electron microscopic level in
postmortem caudate from SZs as a group and subdivided based on treatment response or
resistance as defined by Kane (1988) and revised by Conley and Kelly (2000). Various
aspects of this work have been presented in preliminary form (Roberts et al., 2001, 2005a,
2007).
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Methods
Postmortem brain samples

Postmortem human brain tissue was obtained from the Maryland Brain Collection (MBC).
The tissue was collected with family permission within 8 hours of death from subjects with
schizophrenia (SZ) (n=13) and normal controls (NC) (n=6). The NCs had no history of
central nervous system or neurological diseases and were matched to the SZ subjects for
age, gender, postmortem interval and race when possible. Drug therapy, duration of illness
and other medical details were obtained from hospital charts, autopsy reports and family
interviews. The diagnosis of schizophrenia was made by two research psychiatrists
according to the DSM-IV criteria using the Diagnostic Evaluation After Death (DEAD)
(Salzman et. al., 1983) and the Scheduled Clinical Interview for the DSM III-R (SCID)
(Spitzer et. al., 1992). The diagnoses of treatment response versus treatment resistance was
made according to the following criteria (Conley, 2001; Conley and Kelly, 2000) which is a
modification of the Kane criteria (1988): 1) Presence of a drug-refractory condition, which
is defined as at least two prior drug treatment periods of 4 to 6-weeks duration at 400 to 600
mg/day of chlorpromazine (or equivalent) with no clinical improvement; 2) Persistence of
illness, defined as at least a 5-year period with no period of good social or occupational
functioning; and 3) Presence of persistent positive psychotic symptoms (e.g., hallucinations,
delusions, suspiciousness, unusual thoughts) throughout the person's life. People are rated
for presence of absence of these three items. If all are present, a diagnosis of treatment
resistance is made. If item one is not present and one or no items are present from 2 and 3, a
diagnosis of treatment responsive is made. These criteria identify subjects who did not
respond to repeated trials of additional antipsychotic drugs but can respond to clozapine.
Table I shows individual demographic and diagnostic information for each case. Table II
shows the average demographic and diagnostic information for the cases comparing controls
to SZs and controls to treatment responsive SZs and treatment resistant SZs. Treatment
resistance/response was able to be diagnosed in 9 of the 13 subjects with SZ.

Tissue processing
Coronal blocks from the head of the caudate were dissected from fresh human brain and
immersed in a cold solution of 4% paraformaldehyde and 1% glutaraldehyde in 0.1M
phosphate buffer (PB), pH=7.4 for at least one week at 4°C. The tissue was cut with a
Vibratome (at a thickness of 40 μm) and 6-8 free floating sections (240μm apart) were
processed from each case for the immunohistochemical localization of tyrosine hydroxylase
(TH) as described previously (Kung et al., 1998). Briefly, the sections were incubated in
normal horse serum, followed by mouse anti-TH (Boehringer Mannheim, Mannheim,
Germany) at a dilution of 1:1,000 for 60 hours. Then the tissue was treated with reagents
from the avidin-biotin peroxidase kit (ABC standard kit) using recommended dilutions and
times. Then sections were incubated in diaminobenzidine (6 mg/10 ml PB) containing
0.03% hydrogen peroxide for 5 to 10 minutes to visualize the reaction product. Controls
consisted of eliminating the primary antibody but otherwise processing the tissue in an
identical fashion; control sections did not exhibit any specific staining.

Tissue samples were embedded using standard techniques. Briefly, the sections were rinsed
in PB (3×10 minutes), immersed in 1% osmium tetroxide for 1 hour, dehydrated in ethyl
alcohol, stained with uranyl acetate for 2 hours, further dehydrated in ethyl alcohol,
embedded in resins on glass slides and heated at 60 °C for 72 hours. For each case at least 3
samples from different sections were randomly selected from dorsal or ventral regions of the
caudate for electron microscopic analysis. The blocks were serially thin-sectioned on an
ultramicrotome at a thickness of 90nm. The average length of each ribbon was six serial
sections.
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The pH of a sample of cerebellum was determined from several of the cases according to
published techniques (Harrison et al., 1995; Johnson et al., 1996; Johnston et al., 1997). A
sample piece of tissue (a 1.5 - 2.0 cm block) was dissected from the frozen brain with a
Stryker autopsy bone saw. The tissue was homogenized for approximately one minute using
an Omni PCR Tissue Homogenizing Kit; then the pH was measured. The pH value is often
used as a marker of tissue integrity, especially in studies utilizing RNA (Harrison et al.,
1995; Johnston et al., 1997; Preece and Cairns 2003; Tomita et al., 2004). Although a short
postmortem interval is the primary measure of tissue integrity for electron microscopy, we
have included pH information as well.

Data Collection and Analysis
Quantitative analysis was performed in the caudate in all six control and thirteen
schizophrenic cases. In each sample, 6 photomicrographs (at a magnification of 10,000x)
were taken that formed a montage. The montages were printed (final viewing magnification
was approximately 25,000x), and a counting box (approximate are of 100μm2) was drawn in
each. Sigma scan software was used to calculate the volume of each montage. The disector
sterologic technique (Geinisman et al., 1996; Sterio, 1984) was utilized and described in
more detail elsewhere (Perez-Costas et al., 2007; Roberts and Knickman 2002). All synapses
appearing in the first montage in the series and all synapses that crossed the exclusion lines
(top or right borders of the counting frame) in any of the series were excluded. Any synapses
that appeared for the first time in subsequent montages, that met criteria, were numbered and
followed in this three-dimensional reconstruction method. All synapses as well as TH-
labeled synapses were quantified. TH-labeled synapses were then subcategorized as
symmetric axospinous or symmetric axodendritic. Synapses were identified by the presence
of parallel pre-and post-synaptic membranes with a discernable synaptic cleft and a
postsynaptic density. Reaction product obscured the presence of synaptic vesicles, so this
criterion was not used for the TH-labeled synapses. Over 100 synapses were counted for
each case and data are reported as the mean ± standard deviation per 10μm3.

Statistics
Group means and standard deviations for demographic data were obtained for each group or
subgroup (Table II). Unpaired t-tests were used to determine whether the density of TH-
labeled synapses was different between the controls and the entire SZ group. To determine
whether the density of TH-labeled synapses was different between the controls, treatment
responsive SZs and treatment resistant SZs, an ANOVA followed by a posthoc t-test for
multiple comparisons (least significant difference, LSD) was used. ANOVAs followed by
the posthoc LSD t-test were used to determine if there were any group differences in age,
PMI, race or gender between the three groups. Unpaired t-tests were used to compare
parameters occurring between treatment responsive SZs and treatment resistant SZs- (but
not applicable to controls) such as age of onset, duration of illness, or antipsychotic drug
use. Since there was a significant difference in antipsychotic drug use between the treatment
responsive SZs and the treatment resistant SZs, we performed a correlation analysis between
fluphenazine equivalents and TH-labeled synapses. A Pearson bivariate correlation was used
with a 2-tailed significance level.

Results
The features of TH-labeled structures were qualitatively similar between NCs and SZ
subjects (Figure 1). TH-labeled axons were often in close proximity to large unlabeled
terminals that formed asymmetric synapses (Figure 1A,B). Synapses were formed by TH-
labeled axon terminals (Figure 1A-C) and boutons en passant (Figure 1D). TH-labeled axon
terminals formed short symmetric synapses with spines and dendritic shafts (Figure 1A-D).
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While the majority of TH-labeled axons were small and unmyelinated (Figure 1D,F), some
were myelinated (Figure 1E).

In both control and SZ subjects, TH-labeled synapses accounted for 12% of total synapses
(Table III). In both groups approximately 60% of the TH-labeled synapses were with spines,
while 40% were on dendritic shafts. While the proportion of TH-labeled synapses to total
was equivalent between groups, the SZ group had a 25% greater (albeit insignificant)
density of TH-labeled synapses in comparison to that of the controls. The larger density of
synapses was similar between synapses on spines and dendritic shafts.

The total density of TH-labeled synapses was larger in treatment responsive SZs than either
the controls or the treatment resistant SZs (Figure 2). This represented a 43% larger density
in the treatment responsive SZs versus the controls, and a 51% larger density in the
treatment responsive SZs versus the treatment resistant SZs. TH-labeled axodendritic
synapses were higher in density in treatment responsive SZs compared to treatment resistant
SZ and the controls (p<0.055). This represented an 80% higher density in the treatment
responsive SZ versus controls and a 169% higher density in the treatment responsive SZ
versus the treatment resistant SZs. The number of TH-labeled axospinous synapses was
similar among all groups. Thus, the percentage of TH-labeled axospinous synapses in the
treatment responsive SZs versus controls and the treatment responsive SZs versus treatment
resistant SZs was 106% and 93%, respectively.

While both our subgroups were composed of cases on varied antipsychotic drugs, the
proportion of cases on typical antipsychotics was significantly greater in the treatment
responsive SZS than in the treatment resistant SZS group. Therefore we tested to see if there
was a correlation between fluphenazine equivalents and any of the synaptic measures in
which we found significant differences. We found no correlations.

Discussion
The results of the present study show that treatment responsive SZs have more dopaminergic
synapses, as identified by TH-labeled terminals, than do treatment resistant SZs or controls.
These changes were specific for the axodendritic subtype of TH-labeled synapses. These
data have important implications for linking specific neuropathology with particular
symptoms. The lack of replication data that is common in schizophrenia research may be
due, in part, to the examination of cohorts of subjects with different antipsychotic drug
histories (Roberts et al., 2005b), symptoms (Roberts et al., 2008) or, as suggested by the
results of the present paper, treatment response. Our postmortem results are consistent with
in vivo studies suggesting a biological basis to treatment response and resistance. The larger
number of dopaminergic synapses in treatment responsive SZS may account for the higher
levels of striatal dopamine in treatment responsive SZ patients shown in vivo imaging
studies.

Potential confounds
The use of antipsychotic drugs to treat SZ imposes certain limitations on postmortem studies
in SZ. For instance, any results found in a cohort of subjects may be caused or masked by
the medications. Some medications cause a small (5-8%) enlargement of the striatum
(Chakos et al., 1994; Gunduz et al., 2002; Gur et al., 1998; Shihabuddin et al., 1998). Our
results, that there is a higher density of TH-labeled synapses in treatment responsive SZs as
compared to controls, would probably be amplified rather than negated as discussed in more
detail in our previous publications (Roberts et al., 2005b,c). Moreover, imaging studies show
that the size of the caudate nucleus is the same in SZ subjects with good versus poor
response (Buchsbaum et al. 2003), greatly reducing the size issue as a potential confound
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and substantiating our results. Another potential concern was that the proportion of cases on
typical antipsychotics was significantly greater in the treatment responsive SZs than in the
treatment resistant SZ group. We do not think this impacts on our results for several reasons.
There were no correlations between fluphenazine equivalents and any of the synaptic
measures in which we found significant differences. Moreover, the striatum of rats treated
chronically with the typical antipsychotic drug, haloperidol, shows no increases in the
number of TH-labeled axodendritic synapses (Roberts et al., 2002). In addition, chronic
treatment with the atypical antipsychotic drug, olanzapine, produced no changes in density
of any type of striatal synapse in rat (Roberts, 2001). Importantly, it has demonstrated that
with the exception of clozapine, first- and second generation antipsychotic drugs alleviate
positive symptoms to the same extent (Kane et al., 2008; Lieberman et al., 2005; McEvoy,
2006; McEvoy et al., 2006). Therefore, even though the SZ subgroups were composed of
different numbers of subjects on typical versus atypical antipsychotic drugs the possibility
that the difference in results between the groups is related to medication seems unlikely.

Another issue in postmortem SZ research is the reliability of the diagnosis. Fortunately it has
been shown that the postmortem diagnosis of SZ using the diagnostic evaluation after death
(DEAD) and the scheduled clinical interview for the DSM-IV (SCID), the instruments used
in the present study, are highly accurate (Deep-Soboslay et al., 2005). The diagnosis of
treatment response/resistance is novel in postmortem collections and does not correspond
entirely to the categorization of good versus poor responders used in many of the imaging
studies. It is usually well accepted that treatment response to APD is best defined along a
gradient. One end is characterized by a very poor response also referred as treatment
resistant. Postmortem brains were characterized using treatment resistant criteria to ensure
correct classification in the absence of objective clinical ratings. Treatment resistant criteria
included: lack of response to two drug treatment periods of adequate length, persistence of
poor social and occupational functioning, and persistence of positive symptoms (Conley and
Kelly, 2000, 2001, 2003; Kane et al., 1998). The diagnosis of treatment response/resistance
in Maryland Brain Collection tissue was no more challenging or problematic than accurately
subgrouping the SZ cohort in other ways such as the presence of the deficit syndrome
(Kirkpatrick et al., 1999, 2003), different DSM-IV diagnostic subgroups (Roberts et al.,
2008), or antipsychotic drug use (Kung et al., 1998; Roberts et al., 2005b). The results of the
present study and of preliminary work (Roberts et al., 2005a; Somerville et al., 2003) show
that there are neuroanatomical changes that differentiate treatment responsive SZs from
treatment resistant SZs. However, differential response to treatment is not limited to
schizophrenia. We would predict that if increased synaptic density of TH-labeled synapses is
related to treatment response, we may find the same result in other psychotic disorders in
which the subjects responded favorably to dopamine receptor blockade.

Structural, neurochemical and metabolic correlates of treatment response/resistance
Numerous neuroimaging studies have shown a relationship between pathophysiology and
the degree of treatment response in SZ (Altamura et al., 2005; Arango et al., 2003; Beerpoot
et al., 1996; Sheitman and Lieberman, 1998). MRI studies have shown that treatment
resistant SZ subjects have greater cortical atrophy and larger cerebral ventricles than do
treatment responsive SZs (Bilder et al. 1994; Staal et al., 2001; Stern et al., 1993). For
example, decreases in volume in the posterior cingulate and retrosplenial cortices have been
detected in poor compared to good-outcome patients (Mitelman et al., 2005). Lower
pretreatment metabolic rate in the striatum is predictive of good treatment outcome, and
good responders showed greater striatal response compared to poor responders (Buchsbaum
et al., 1992).

Several imaging studies have demonstrated enhanced dopamine release in response to an
amphetamine challenge in drug free SZ subjects (Abi-Dargham et al., 1998; Breier et al.,
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1997; Laruelle et al., 1996, 1999; Lindstrom et al.,1999) or neuroleptic naïve SZ subjects
(Laruelle et al., 1999) compared to controls. Importantly, drug free patients who eventually
responded to antipsychotic drugs had elevated dopamine release compared to those subjects
who did respond to treatment (Abi-Dargham et al., 2000). The higher density of
dopaminergic synapses in treatment responsive SZs may explain the results of in vivo
studies that have measured dopamine content in live patients. However, more dopaminergic
synapses may not relate to higher tonic dopamine levels. There could be several other
explanations for these data, including but not limited to: differential affinity for dopamine
receptors, different postsynaptic mechanisms, and/or different amounts of dopamine.
Differential blockade of D2 receptors does not appear to be responsible since treatment
resistant SZs have 95% D2 receptor occupancy (Coppens et al., 1991). The results of the
present study suggest that one anatomical underpinning of good treatment response may a
higher density of terminals synthesizing dopamine. There may also be more dopamine per
terminal, but this measure was not performed in the present data set. An important issue still
unresolved is whether treatment responsive SZ have more TH-labeled terminals before
treatment of if they respond to treatment by making more terminals.

Significance from the synaptic perspective
As substantiated by ultrastructural studies in animals, the main striatal targets of
dopaminergic inputs are the medium spiny projection neurons (Freund et al., 1984; Kubota
et al., 1986a,b; Pickel et al., 1992). Inputs from the substantia nigra and glutamatergic
afferents converge on the same spines of medium spiny neurons (Bouyer et al., 1984; Smith
et al., 1994). This suggests that a major function of dopaminergic inputs to the striatum is
the regulation of the glutamatergic pathways. It has long been known that cortical
glutamatergic afferents and dopaminergic inputs converge on the same spines. Most
thalamic inputs, except those from centromedian and parafascicular complex, also end on
dendritic spines and therefore could also be modulated by dopaminergic afferents (Dube et
al., 1988; Lapper and Bolam,1992; Meredith and Wouterlood, 1990; Raju et al., 2006;
Sadikot et al., 1992b Sidibe and Smith, 1999; Smith et al., 2004). It is surprising therefore
that the higher density of TH-labeled synapses in the treatment responsive SZs versus
treatment resistant SZs was onto dendrites rather than spines. The targets of the axodendritic
TH-labeled synapses are likely to be formed with interneurons as dopamine afferents form
axodendricic synapses onto the various aspiny interneuron populations, including
cholinergic (Chang, 1988; Dimova et al., 1993), GABAergic (Kubota et al., 1987), and those
neurons containing neuropeptide Y/NADPH-diaphorase (Aoki and Pickel, 1988; Fujiyama
and Masuko, 1996; Kubota et al., 1987; Vuillet et al., 1989). The targets of the TH-labeled
synapses could also be the shafts of medium spiny neurons.

Taken together, our data suggest that difference in dopaminergic transmission in treatment
responsive SZs versus treatment resistant SZs and controls may be present at sites not as
tightly linked to glutamate inputs as the synaptic triad (glutamatergic and dopaminergic
synapses on the same spine) described in most species studied, including human (Kung et
al., 1998). Interestingly, dopaminergic transmission appears to be more complicated than
simple synaptic interactions (Descarries et al., 1996). The relationship among striatal
dopaminergic terminals, transporters and receptors suggests additional anatomical substrates
for a control of glutamate release by dopamine, or the reciprocal. For instance, TH-labeled
terminals are often adjacent to unlabeled axon terminals that form asymmetric axospinous
synapses in human (present paper; Kung et al., 1998) and other species (Bouyer et al., 1984;
Pickel et al., 1981; Roberts and Anderson, 1979). Most varicosities, at least in rat
(Descarries et al., 1996) do not form synapses. The dopamine transporter is found at both
synaptic and non-synaptic sites, consistent with the possibility of dopamine release from
sites other than typical synapses (Descarries et al., 1996; Nirenberg et al., 1996). Moreover,
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the D2 receptor has been found in a small proportion of both TH-labeled and unlabeled
striatal terminals, suggesting interactions between dopaminergic terminals and between
dopaminergic and nondopaminergic terminals (Sesack et al., 1994).

In summary, the present results show an anatomical variation in dopaminergic synapses in
the postmortem caudate nucleus that distinguishes treatment responsive SZs from treatment
resistant SZs subjects. These results are consistent with that of imaging studies showing that
SZ patients with high levels of striatal dopamine are treatment responsive. It is of course
possible that there may be other factors that contribute to higher dopamine levels in
treatment responsive SZs subjects in addition to a higher density of TH-labeled terminals
and further studies are warranted.
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Figure 1.
Electron micrographs of TH immunocytochemistry. A,B) Serial sections showing several
synaptic arrangements. TH-labeled axons (straight white arrows outlined in black) are
adjacent to unlabeled axon terminals (at) that are forming asymmetric synapses (black
arrows) with spines. TH-labeled terminals make symmetric synapses (curved white arrows
outlined in black) in both micrographs. C) Boxed area in panel A is enlarged to show the
symmetric synapse (curved white arrow outlined in black). D) TH-labeled axon makes a
symmetric synapse (arrow) en passant with a dendrite (den). E) Examples of TH-labeled
myelinated axons (arrows). F) Example of a small caliber unmyelinated axon (arrows).
Scale bars = 0.5μm (A-E) and 1.0 μm (F).
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Figure 2.
Graph of the density (per 10μm3) of TH-labeled (TH+) terminals forming synapses are
shown for controls (NC), treatment responsive (TR) and treatment resistant (TNR) subjects
with schizophrenia. Total refers to all TH-labeled synapses regardless of subtype. SS,
symmetric axospinous; SD, symmetric axodendritic. Error bars = standard deviation.
ANOVA results: TH-labeled Total, p<0.057; TH-labeled SS, p<0.888; TH-labeled SD,
p<0.017. Posthoc LSD t-tests show significant (*) results comparing TR to NCs or to TNR.
There were no differences between the NCs and the TR-. *, p<0.05.
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