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Abstract

Schizophrenia is a severe mental illness with neuropathology in many regions, including the 

striatum. The typical symptoms of this disease are psychosis (such as hallucinations and 

delusions), cognitive impairments and the deficit syndrome. Not all patients respond to treatment 

and in those who do, only psychotic symptoms are improved. Imaging studies support a biological 

distinction between treatment response and resistance, but postmortem examinations of this issue 

are rare. The present study tests the hypotheses that abnormalities in mitochondria, the energy 

producing organelles in the cell, may correlate with treatment response. Postmortem striatal tissue 

was obtained from the Maryland Brain Collection. The density of mitochondria (in various 

neuropil compartments) and the number of mitochondria per synapse (all types of synapses 

combined) were tallied using electron microscopy and stereology in striatum from schizophrenia 

subjects (rated treatment responsive or not) and normal controls. The number of mitochondria per 

synapse was significantly different among groups for both the caudate nucleus (p<0.025) and 

putamen (p<0.002). Compared to controls, treatment responsive schizophrenia subjects had a 

37-43% decrease in the number of mitochondria per synapse in the caudate nucleus and putamen. 

In the putamen, treatment responsive subjects also had decreases in this measure compared to 

treatment resistant subjects (34%). Our results provide further support for a biological distinction 

between treatment response and treatment resistance in schizophrenia. Since treatment responders 

have fewer mitochondria per synapse than controls, while the treatment resistant subjects have 

similar results to that of controls, fewer mitochondria per synapse may be related to treatment 

response.
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Introduction

Schizophrenia (SZ) is a severe mental illness affecting approximately 1% of the population. 

The illness has varied symptoms including hallucinations, delusions, cognitive deficits, 

disorganization and negativity (DSM-IV). There appears to be several risk factors for the 

disease, the etiology is unclear, and neuropathological findings are often nonreplicated 

(Lewis and Lieberman, 2000; Harrison and Weinberger, 2005). Pathologies associated with 

SZ are found throughout the brain and are often subtle (Harrison, 1999; Powers, 1999; 

Harrison and Weinberger, 2005). Among the many anomalies in SZ are those related to 

mitochondrial function (Ben-Shachar, 2002; Ben-Shachar and Laifenfeld, 2004; Karry et al., 

2004). Evidence of mitochondrial dysfunction in SZ includes genetic (Marchbanks et al., 

2003; Kvajo et al., 2008), metabolic (Prabakaran et al., 2004), enzymatic (Prince et al., 

1999, 2000; Maurer et al., 2001) and anatomic abnormalities (Kung and Roberts, 1999; 

Kolomeets and Uranova, 2009).

Mitochondria are responsible for essential cellular functions including producing 95% of 

cellular energy using the electron transport chain (Wong-Riley, 1989), buffering 

intracellular calcium (Gunter et al., 1994; Duchen et al., 2008), producing reactive oxygen 

species (Chang and Reynolds 2006), regulating apoptosis (Susin et al., 1999) and 

modulating synaptic activity (Li et al., 2004; Miller and Sheetz, 2004). The production of 

ATP and calcium buffering are essential in maintaining synaptic strength and abnormalities 

in these processes could lead to decreased metabolism and defective synaptic activity (Ben-

Shachar and Laifenfeld, 2004; Chang and Reynolds, 2006; Duchen et al., 2008).

The focus of the present study is the striatum because it is a region of convergence of 

glutamate and dopamine, two transmitters implicated in SZ (Carlsson and Lindqvist, 1963; 

Carlsson, 1978; Krystal et al., 1994; Goff and Coyle, 2001). Investigation of the striatum in 

SZ has shown neurochemical alterations (Carlsson, 1978; Laruelle et al., 1996, 1999), 

metabolic abnormalities (Wiesel et al., 1987; Resnick et al., 1988; Buchsbaum et al., 1992; 

Shihabuddin et al., 1998) and ultrastructural anomalies (Roberts et al., 1996; 2005a,b, 2008, 

2009; Uranova et al., 1996, 2001). Several mitochondrial electron transport enzymes are 

affected in SZ. For example, there are reports of decreases in complex I and III activity, 

protein and/or mRNA levels (Prince et al., 1999; Maurer et al., 2001; Ben-Shachar and 

Karry, 2008), and differential changes in complex IV in the caudate nucleus and putamen 

(Cavelier et al., 1995; Prince et al., 1999).

Our previous studies have found an increase in synaptic number in the caudate nucleus and 

putamen striosomes in postmortem SZ subjects (Roberts et al., 2005a,b). In a later study we 

examined the relationship of striatal dopamine terminals and treatment response and found 

more labeled terminals in treatment responders than controls or treatment resistant subjects 

(Roberts et al., 2009). These results were consistent with numerous neuroimaging studies, 

which have shown a relationship between pathophysiology and the degree of treatment 
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response in SZ (Beerpoot et al., 1996; Sheitman and Lieberman, 1998; Arango et al., 2003; 

Altamura et al., 2005). In the present study we sought to determine if there was a link in the 

striatum between treatment response and mitochondria. Therefore we examined 

mitochondrial number in postmortem striatum from SZ subjects subdivided based on 

treatment response/resistance as defined by Kane et al. (1988) and revised by Conley and 

Kelly (2000, 2001). This study has been previously presented in preliminary form 

(Somerville et al., 2003).

Materials and Methods

Subjects

Postmortem human striatum was obtained with family permission from the Maryland Brain 

Collection. The tissue was collected within 8 hours of death from adult subjects with SZ 

(n=13) and normal controls (NCs) (n=8). The NCs had no history of brain disease and were 

matched to SZ subjects for age, gender, postmortem interval and race, when possible. These 

protocols were approved by the Institutional Review Boards at the University of Maryland 

and the University of Alabama. Table I shows group means for demographics, tissue and 

psychiatric information.

Diagnoses

Drug therapy, duration of illness and other details were obtained from autopsy reports, 

psychiatric records, and family interviews using the Scheduled Clinical Interview for the 

DSM IV (SCID) (Spitzer et al., 1992). The diagnoses were made by two research 

psychiatrists according to the DSM-IV criteria using the Diagnostic Evaluation After Death 

(DEAD) (Salzman et al., 1983). Subjects and results were divided by treatment response 

into three categories: 1) normal controls, 2) treatment responsive and 3) treatment resistant. 

Two off drug subjects were included in the study in a separate group for the purpose of 

comparing fluphenazine equivalents to the number of mitochondria per synapse. The 

diagnoses of treatment resistance or responsiveness is not a standard feature diagnosed in 

postmortem collections, however we have previously done so and methods are described in 

detail in Roberts et al., (2009). Briefly, treatment resistance was diagnosed based on the 

criteria described by Conley and Kelly (Conley and Kelly 2000, 2001), which is a 

modification of the Kane criteria (Kane et al., 1988). These criteria are: 1) presence of a 

drug-refractory condition, defined as at least two treatment periods of adequate length and 

dosage with no clinical improvement; 2) persistence of the illness for at least five years with 

no periods of good social or occupational function; and 3) the presence of persistent positive 

psychotic symptoms (e.g., hallucinations, delusions) throughout the person's life. If all 

criteria were present, a diagnosis of treatment resistance was made.

Tissue Processing

Coronal blocks from the anterior caudate nucleus and putamen were immersed in a cold 

solution of 4% paraformaldehyde and 1% glutaraldehyde in 0.1M phosphate buffer (PB), 

pH=7.4 at 4 °C. Six series of sections, cut on a vibratome at 40μm, were collected in cold 

PB. One series of samples was flat embedded using standard techniques (Perez-Costas et al., 

2007). Briefly, the sections were rinsed (3×10 minutes) in PB, placed in 1% osmium 
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tetroxide (1 hour), dehydrated in ascending concentrations of alcohol, stained with uranyl 

acetate (2 hours), further dehydrated in ascending concentrations of alcohol, mixtures of 

propylene oxide and resin. Finally, the tissue was embedded in resin on glass slides and 

heated at 60 °C for 72 hours. Samples were excised from ventral and dorsal striatal regions 

from several of the embedded sections per case, mounted on beem capsules, then serially 

thin-sectioned on an ultramicrotome at a thickness of 90nm. The average length of each 

ribbon was 15 serial sections.

Although a short postmortem interval is the most crucial measure of tissue integrity for 

electron microscopy, we performed pH measurements as a marker of general tissue 

integrity. Previous studies have shown that the pH of the cerebellum is an acceptable and 

reliable measure of overall brain pH (Stan et al., 2006). To determine pH, a sample piece of 

cerebellum (a 1.5 - 2.0 cm block) was dissected from the frozen brain with a Stryker autopsy 

bone saw. After the sample was thawed out, it was homogenized with an Omni PCR Tissue 

Homogenizing Kit, and the pH was measured according to published techniques (Harrison et 

al., 1995; Johnson et al., 1996; Johnston et al., 1997).

Data Collection and Analysis

Regions were selected for photography and the disector stereology technique (Sterio, 1984) 

was used to tally the number of mitochondria. Synaptic density was obtained from the same 

cases and micrographs by the same methods and has been reported previously (Roberts et 

al., 2005a). In each section, 3-4 photomicrographs (at a magnification of 10,000×) were 

taken that formed a montage. These montages were printed (final viewing magnification was 

approximately 25,000×), and a counting box (with an area of approximately 100μm2) was 

drawn in each. To obtain volume measurements, the area of the counting box was multiplied 

by the thickness of the disector height (90nm) and the number of disectors as described in 

Geinisman et al., (1996) and in Perez-Costas et al., (2007). Mitochondria were tallied only in 

the neuropil and glial processes, but not in the somata. At least 2 blocks were analyzed per 

region, per case, yielding at least 100-200 mitochondria analyzed per region per case. The 

analysis of synaptic and mitochondrial number was performed with the experimenter blind 

to the case identity.

The criteria for identifying mitochondria were the presence of distinctive cristae and a 

double membrane. Neuropil structures were identified as axon terminals (presence of three 

or more synaptic vesicles), dendrites (postsynaptic to a synapse or having an attached spine), 

myelinated axons (presence of a myelin sheath), or astroglial processes (presence of fibrils 

and watery cytoplasm). Some neuronal processes had no distinguishing features and were 

unidentifiable; the mitochondria in these structures were included in total neuropil counts 

but excluded from the subcellular analyses. Synapses were identified by the presence of 

three or more synaptic vesicles at the synapse in the presynaptic terminal, parallel pre-and 

post-synaptic membranes with a discernable synaptic cleft, and a postsynaptic density. For 

this analysis all synapses were counted but the number of mitochondria per synapse was not 

differentiated by synaptic subtype. Both the number of mitochondria in axon terminals and 

the number of mitochondria per axon terminal forming a synapse (hereafter called 

mitochondria per synapse) were measured because the number of mitochondria in axon 
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terminals does not take into account whether the terminal is forming a synapse or whether 

the total number of axon terminals varies.

Statistics

Group means and standard deviations (SD) were obtained for each group. Analysis of 

variance (ANOVA) followed by LSD post-hoc tests were used for between group 

comparisons. Diagnostic characteristics were compared between treatment responders vs. 

treatment resistant SZ using a Students independent t-test. Since there was a significant 

difference in the type of antipsychotic drugs used between the treatment responsive SZs and 

the treatment resistant SZs, we performed a linear regression and correlation analysis 

between fluphenazine equivalents and mitochondria per synapse. For this analysis we 

included the off drug SZ subjects. A Pearson bivariate correlation was used with a 2-tailed 

significance level. Mitochondrial density is reported as the number ± SD of mitochondria 

per 100 μm3 or the number ±SD per synapse.

Results

The electron micrographs demonstrate that the integrity of the tissue was equivalent between 

normal controls and cases with SZ in both the caudate nucleus (Figures 1-2) and the 

putamen (Figure 3). Mitochondria are evident in the neuropil in various structures including 

dendrites, axon terminals, and myelinated axons (Figures 1-3). Axon terminals contain 

variable numbers of mitochondria, usually ranging from zero to three or four.

Table I shows group means and statistical analyses of demographic and diagnostic 

characteristics. The three groups did not differ significantly from each other in terms of 

group composition of race, gender, pH, postmortem interval or age. Moreover, neither SZ 

subgroup differed from each other in terms of the distribution of DSM-IV subtypes, age of 

onset or length of illness. The composition of the two SZ groups was different in terms of 

antipsychotic drug (APD) treatment. The treatment resistant subjects were all on atypical 

APDs, while the treatment responsive subjects were on either typical or atypical APDs. 

Therefore we tested to see if there was a correlation between fluphenazine equivalents and 

the mitochondrial measures in which we found significant differences (mitochondria per 

synapse in the caudate nucleus and putamen). For this analysis we included two off-drug 

cases to increase the number of cases in which fluphenazine levels were known. We found 

no correlations, suggesting that the group difference in APDs did not affect the results. 

Individual values are shown in Table II.

The density of mitochondria throughout the neuropil, in dendrites and in axon terminals was 

not significantly different among the three groups in either the caudate nucleus or the 

putamen (Figure 4). However, the number of mitochondria per synapse showed significant 

differences in both regions (Figure 5). In the caudate nucleus, there were significant 

differences in mitochondria per synapse across groups (ANOVA, p<0.025). The treatment 

responsive group had fewer mitochondria per synapse than did the controls (a 37% decrease, 

p<0.008), and a non significant decrease compared to the treatment resistant group (a 28% 

decrease). A regression analysis and Pearson correlation within the SZ group between 

fluphenazine equivalents and mitochondria per synapse showed no significant correlation 
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(n=6, Pearson correlation= −0.247, R=0.247, R2 =0.061, and p<0.637). In the putamen, 

significant differences in the number of mitochondria per synapse were observed across the 

groups (ANOVA, p<0.002). Treatment responsive SZs had significantly fewer mitochondria 

per synapse verses controls (43% decrease, p<0.001) and SZs that were treatment resistant 

(34% decrease, p<0.031). A regression analysis and Pearson correlation within the SZ group 

between fluphenazine equivalents and mitochondria per synapse showed no significant 

correlation (n=4, Pearson correlation= 0.046, R=0.046, R2 = 0.002, p<0.954).

Discussion

The main results of the present study show fewer numbers of mitochondria per synapse in 

treatment responsive SZs vs. NCs in both the caudate nucleus and the putamen. In addition, 

treatment responsive SZs had significantly fewer mitochondria per synapse than that of the 

treatment resistant subjects in the putamen. Our results are consistent with in vivo studies 

suggesting a biological basis to treatment response and resistance. The observation that the 

treatment responders have fewer mitochondria per synapse compared to treatment resistant 

SZs suggests that fewer mitochondria per synapse may be important for treatment response.

There are limitations of postmortem studies in SZ, which need to be addressed. Reliability 

of postmortem diagnoses in SZ research is a worry, but the use of structured instruments 

diminishes this caveat, as we have discussed previously (Roberts et al., 2009). The use of 

antipsychotic drugs (APDs) imposes certain confounds such as results being altered, caused 

or normalized by medication. Some APDs cause a small enlargement of the striatum 

(Chakos et al., 1994; Gur et al., 1998; Shihabuddin et al., 1998; Gunduz et al., 2002), which 

could confound density measurements. However, imaging studies have shown that the size 

of the caudate nucleus is similar in good and poor responders (Buchsbaum et al., 2003). 

And, the number of mitochondria per synapse is a measurement in which striatal size 

variation should have no impact. Another potential concern was that the proportion of cases 

on typical vs. atypical APDs was significantly different between the treatment responsive 

and resistant SZ groups. Importantly, with the exception of clozapine, first- and second 

generation antipsychotic drugs alleviate positive symptoms to the same extent (Lieberman et 

al., 2005; McEvoy, 2006; Kane et al., 2008). Also, there were no correlations between 

fluphenazine equivalents and the number of mitochondria per synapse (Table II), though the 

number of individuals where this information was known was small. Therefore, even though 

the SZ subgroups were composed of different numbers of subjects on typical versus atypical 

APDs, the possibility that the difference in results between the groups is related to 

medication seems unlikely.

Numerous studies indicate abnormalities of mitochondria in SZ (see Introduction), yet there 

are few electron microscopy studies with which to compare the current results. Uranova et 

al. (1996, 2001, 2007) reported decreased numbers of mitochondria in cell bodies of 

astrocytes in the caudate nucleus and in neurons in the prefrontal cortex. Their studies are 

not comparable to the present study as they reported on glial cell bodies and we examined 

neuronal processes. A previous study from our laboratory that did not examine mitochondria 

per synapse or treatment response showed lower numbers of mitochondria in striatal 

neuropil of SZs compared to NCs (Kung and Roberts, 1999). Technical considerations 
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probably account for differing results since we used simple profile counts in our first paper 

(Kung and Roberts, 1999) and stereology in the present paper. Notably, stereology is 

considered superior to two dimensional counting techniques (Sterio, 1984; Geinisman et al., 

1996). Moreover, both the amounts of mitochondrial DNA (Cavelier et al. (1995) and 

estimates of mitochondrial mass (Maurer et al., 2001) are similar between SZ and NCs, 

supporting the results of the present study.

The reason for treatment resistance is poorly understood but appears to have a biological 

basis (Beerpoot et al., 1996; Sheitman and Lieberman, 1998; Altamura et al., 2005). A 

relationship between pathophysiology in SZ and the degree of treatment response has been 

shown in several neuroimaging studies (Rodriguez et al., 1997; Stall et al., 2001; Arango et 

al., 2003). MRI studies have shown that treatment resistant SZ subjects have greater cortical 

atrophy in certain regions (Mitelman et al., 2005), smaller putamen volumes (Mitelman et 

al., 2009) and larger cerebral ventricles than do treatment responsive SZs (Stern et al., 1993; 

Bilder et al. 1994; Staal et al., 2001). SPECT shows differential values for cerebral 

perfusion, an index of neuronal activity (Gemmell et al., 1990; Turkington et al., 1993), in 

treatment responsive vs. resistant SZs (Rodriguez et al., 1997). APD naïve SZ subjects who 

eventually respond to treatment have elevated dopamine release compared to those subjects 

who did not eventually respond (Laruelle et al., 1999; Abi-Dargham et al., 2000). 

Importantly, treatment resistance does not occur because of a failure of D2 receptor blockade 

by APDs as these subjects show a 95% blockade of striatal D2 receptors following typical 

APD treatment (Coppens et al., 1991). Neurobiological differences between treatment 

response and treatment resistance in SZ are rarely studied at the microscopic level in 

postmortem tissue, but provide a strategy for trying to link psychosis with particular 

neuropathologies (Roberts et al., 2009). Our results provide support for a biological 

distinction between treatment responsive and treatment resistant SZ.

Surprisingly, treatment resistant SZ subjects presented normal numbers of mitochondria 

while the treatment responsive subjects showed the anomaly. This suggests that fewer 

mitochondria per synapse may be related to treatment response. Treatment responders may 

have fewer mitochondria per synapse and somehow this feature permits response to APD, or 

the reduction of mitochondrial number may be a possible mechanism of action of APDs. 

Our previous studies have shown an increase in synaptic density in the caudate nucleus and 

in the putamen patches of schizophrenia subjects (Roberts et al., 2005a,b). If too many 

synapses in the striatum play a role in the symptoms of schizophrenia, perhaps fewer 

mitochondria per synapse may be a compensatory mechanism to normalize overall synaptic 

activity, which may facilitate treatment response. Fewer mitochondria per synapse in 

treatment responsive schizophrenia may indicate a loss or decrease in number of 

mitochondria from one or more sources of axon terminals. In future studies the identity of 

the terminals, the types of neurons, and the striosomal compartments can be determined with 

immunohistochemistry to determine which populations of inputs and neurons are involved.

Although there is abundant evidence for mitochondrial malfunction in SZ, the role of 

mitochondria in the symptoms of SZ is still unclear. In the caudate nucleus of SZs, COX 

activity (complex IV) is decreased by 30-60% (Cavelier et al., 1995; Prince et al., 1999), 

suggesting diminished mitochondrial function. Psychostimulants, which cause psychotic 
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symptoms in normal subjects and exacerbate psychosis in SZs (Tomiyama, 1990; Jentsch 

and Roth, 1999; Lahti et al., 1995, 2001), reversibly decrease COX staining in rats (Prince et 

al., 1997). Imaging studies have shown that SZ subjects off medication have decreased 

striatal metabolism, which improves when symptoms are alleviated be APDs (Buchsbaum et 

al., 1992). Taken together these studies imply that fewer or less functional mitochondria are 

correlated with psychosis. However, other findings suggest that an increase in mitochondrial 

number and /or function is linked to psychosis. Ben-Shachar (2002) showed using platelet 

analysis that SZs exhibiting psychotic symptoms have an increase in the level of complex I 

activity while SZs with residual symptoms had a decrease in activity of this enzyme. Still 

other studies do not support a direct link between mitochondrial abnormalities and psychosis 

(Maurer and Moller, 1997) but show a relationship with decreased cognition (Prince et al 

2000). Clearly further studies are necessary to elucidate the relationship between SZ 

symptoms and the role of mitochondria.

Mitochondria change location in response to cellular energy demands and the stage of their 

own life cycle (Mjaatvedt and Wong-Riley, 1988; Isaacs et al., 1992; Ligon and Steward, 

2000; Miller and Sheetz, 2004). It is unclear if the decrease in number of mitochondria per 

synapse, seen in the present paper, is a reflection of failure of the mitochondria to move 

from the cell bodies of origin or overall decreased function and return to the soma. In the 

same cases as those in the present paper we have shown an increase in the density of 

synapses in the caudate nucleus and putamen patches (Roberts et al 2005a,b). Synapses need 

energy to form and to function properly (Wong-Riley, 1989). The decrease in density of 

mitochondria in terminals forming synapses may be an adaptive response to normalize 

overactive neurotransmission. Future studies will address if the number of mitochondria is 

decreased in particular populations of synapses. Based on our data, mitochondrial density is 

differentially affected in SZ according to treatment response. Understanding the role that 

mitochondria might play in SZ could lead to better comprehension of the mechanisms of 

APDs to alleviate psychotic symptoms and alter brain metabolism, and what goes awry in 

treatment resistance.
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Figure 1. 
Electron micrographs of human postmortem tissue from the caudate nucleus of A) a normal 

control and B) a treatment responsive subject with schizophrenia. These micrographs were 

selected to show mitochondria (m) in various subcellular locations, not to depict average 

density of profiles. Abbreviations: s, spine; at, axon terminal; den, dendrite; ma, myelinated 

axon; solid arrows, synapses; dotted arrow, spine emerging from dendrite. Scale bars= 

0.5μm.
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Figure 2. 
Electron micrographs of human postmortem tissue from the caudate nucleus of A) a normal 

control, B) a treatment resistant subject with schizophrenia, and C) a treatment responsive 

subject with schizophrenia. Abbreviations: m, mitochondria; spine; at, axon terminal; den, 

dendrite; solid arrows, synapses. Scale bars= 0.5μm.
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Figure 3. 
Electron micrographs of human postmortem tissue from the putamen of A) a normal control 

and B) a treatment responsive subject with schizophrenia. Abbreviations: m, mitochondria; 

s, spine; at, axon terminal; den, dendrite; ma, myelinated axon; solid arrows, synapses; 

dotted arrow, spine emerging from dendrite. Scale bars= 0.5μm.
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Figure 4. 
Graphs showing location of mitochondria in the caudate nucleus and putamen. The number 

of mitochondria is shown for the neuropil, in dendrites and in axon terminals. ANOVA did 

not show any significant group differences for any of the measures.
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Figure 5. 
Graph comparing the number of mitochondria per synapse in the caudate nucleus and 

putamen. ANOVA showed significant group differences for both the caudate nucleus 

(p<0.025) and the putamen (p<0.002). In the caudate nucleus, treatment responsive SZ 

subjects had fewer mitochondria per synapse than that of the NCs. In the putamen, there are 

significantly fewer mitochondria per synapse in treatment responsive SZ subjects compared 

to both NCs and treatment resistant SZ subjects. Asterisks indicate results of LSD post-hoc 

t-tests:* p< 0.05, ** p<0.01, ***, p<0.001 and are placed over the group when comparing 

with NCs and over the bar comparing treatment responsive to treatment resistant SZ 

subjects.
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Table I

Demographic and Diagnostic Chart

Controls (n=8) SZ: Treatment Responders (n=8) SZ: Resistant (n=3) df (t or F)p value

Age in years 43±17 52±11 43±10 16 (1.020) p<0.383

Race 3AA, 5C 4AA, 4C 3C 16 (1.881) p<0.185

Gender 5M, 3F 5M, 3F 2M, 1F 16 (0.008) p<0.992

PMI in hours 5.4±1.6 4.8±1.5 6.7±1.5 16 (1.849) p<0.189

pH 7.03±0.29 6.97±0.26 (n=6) 7.1±0.2 12 (0.264) p<0.773

DSM-IV diagnosis NA 4CUT, 3 P, 1unk 2CUT, 1P 8 (0.253) p<0.807

Antipsychotic drugs NA 6 typ, 2 atyp 3 atyp 9 (4.583) p<0.003)

Fluphenazine ~ NA 9.50±7.78 (n=3) 8.00±0 (n=1) 1 (−.0157) p<0.901

Age of onset years NA 24.0±5.6 (n=4) 21.5±2.1 4 (−0.582) p<0.592

Length of illness years NA 22.5±12.8 (n=4) 28.0±1.4 4 (0.573) p<0.597

The mean ± SD is shown for NCs, and SZs divided by treatment response. Antipsychotic drug status reflects the last six months before death: typ, 
typical; atyp, atypical. Degrees of freedom for the ANOVA are shown for within groups. Fluphenazine equivalents, age of onset, and length of 
illness were known only in some cases. Abbreviations: NC: normal control. SZ: subject with schizophrenia. PMI: postmortem interval. AA: 
African American. C: Caucasian. M: male. F: female. DSM-IV: diagnostic statistical manual subtype. CUT: chronic undifferentiated type. P: 
paranoid. unk: unknown. NA, not applicable.

Synapse. Author manuscript; available in PMC 2015 July 16.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Somerville et al. Page 20

Table II

The number of mitochondria per synapse is shown individually for controls, and schizophrenic subjects 

divided into responsive, resistant or off drug cases.

Mitochondria per Synapse Caudate Nucleus Mitochondria per Synapse Putamen

NC Responsive Resistant NC Responsive Resistant

0.99 0.71 T 1.58 A 0.97 0.98 T 1.07

1.16 1.01 T (4) 0.94 A 1.32 (4) 1.25 T (4) 1.62

1.92 1.18 T 1.67 A (8) 1.59 0.96 T 1.30 (8)

2.14 0.99 T 1.93 0.79 T

1.70 1.01 T (15) Off drug 1.77 (15) * Off drug

1. 77 1.29 T 1.14 (0) 1.45 0.62 T 1.26 (0)

0.88 0.74 A 1.57 (0) 1.60 1.03 A 1.15 (0)

2.15 1.07 A 1.58 *

The two off drug cases were included in this analysis to provide examples of SZ subjects with fluphenazine equivalentsequal to zero. Both subjects 
were African American females (ages= 33,58) with pHs of 6.8 and PMIs of 3 hours. Numbers in ( ) denote the fluphenazine levels. APD status is 
listed as (T) for typical or (A) for atypical.

*
indicates that samples of the putamen were not available.
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