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ABSTRACT 

Recent morphological studies in schizophrenia sug-
gest atrophic changes in the neuropil of the prefrontal 
cortex. Most recently, we showed a schizophrenia- 
associated decrease in MAP2 in schizophrenia, which 
we believed is not due to neuroleptic exposure. MAP2 
is a very important protein in the assembly of micro-
tubule in neurons; therefore, it plays a major role in 
neuronal processes like dendrites, spines and syn-
apses. Additionally, recent studies from our lab 
showed decreases in dendrites in area 32 and area 9. 
In this study we examined the dendrites and spines in 
area 9 and 17 to determine if neuroleptic drugs play a 
role. Huntington’s patients take neuroleptics similar 
to schizophrenics; therefore, by comparing the two 
groups to controls we can determine if neuroleptics 
play a role in the deficits reported in schizophrenia. 
Our results showed a significant decrease in both 
basal dendrites and spines for both layers III and V 
in area 9 in schizophrenia compared to controls. The 
Huntington’s brains, on the other hand, showed no 
significant difference compared to controls. In area 
17, there was also no significant difference when 
comparing the three groups. The data suggest that 
neuroleptic drugs may not be responsible for the 
changes observed in schizophrenia.  
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1. INTRODUCTION 

The neuroanatomical basis of schizophrenia is still a 
mystery to researchers. However, much research over 
past few decades were designed to examine various cor-

tical areas looking at blood flow in the brain; differential 
neuronal counts and density; neuronal size and volume; 
dendritic architecture; spine counts; transmitter systems; 
and several structural and synaptic proteins [1-16]. As a 
result, much is known about the cortex of the brain. 
There are two types of neurons in the cortex, pyramidal 
and non-pyramidal neurons. The pyramidal neurons con-
stitute approximately 70% of the cortical neurons and the 
non-pyramidal neurons account for about 25% [17]. The 
pyramidal neurons are named for their pyramidal shape 
cell body; they have an apical dendrite extending to-
wards the pial layer as well as basal dendrites on the base 
of the cell body. Spines are protrusions of the neuronal 
membrane consisting of a head connected to the neuron 
by a thin spine neck (Figure 1). They can be found on 
the dendrites, the soma and on the axon hillock [18].  
 

 

Figure 1. Micrograph showing spines on the basal dendrites of 
a pyramidal cell. Scale bar = 0.01 mm. *Corresponding author. 
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Spines are the site of synaptic transmission and about 
90% of the synapses on spines are excitatory [18]. There 
are three types of spines: mushroom, stubby and filo-
podium [19]. In the DLPFC in schizophrenia, structural 
imaging studies suggest a decrease in volume in this part 
of the brain [20,21]; whereas, most neuron density mea- 
surements showed an increase in neuronal density with-
out a change in the total number of neurons [21]. Thus, 
researchers theorized that there are changes within the 
neuropil. Loss of spines, dendrites and axons would 
strongly suggest altered connectivity in patients with 
schizophrenia. Previously we reported a decrease in 
MAP2 in area 9 and 32 in schizophrenics, which we be-
lieve is not due to neuroleptic exposure [11,15,16]. We 
believe that this decrease in MAP2 in schizophrenia will 
result in consequences reflected in the cytoskeletal proc-
esses of the pyramidal cells, like the dendrites and spines. 
Our lab had previously reported decreases in dendrites in 
area 32 of the prefrontal cortex [14] and the issue of 
neuroleptic exposure remains unanswered.  

This study employs Golgi silver Impregnation to ana-
lyze the dendrites and spines of the pyramidal cells in 
area 9 of the PFC. We employed a modify Golgi-Cox 
method by Armstrong and Parker and counted basal den-
drites and spines on pyramidal cells in area 9 layers III 
and V in cohorts of Huntington Chorea, schizophrenia 
and control. Both Huntington’s patients and Schizo-

phrenics take similar neuroleptic drugs; therefore, by 
comparing the two groups’ one can begin to see if neu-
roleptics play a role in the changes observed in schizo-
phrenia.  

2. METHODS 

2.1. Subjects and Tissue 

Postmortem brain tissues from 5 subjects diagnosed with 
Huntington’s chorea, 5 subjects diagnosed with schizo-
phrenia and 5 controls were collected from The Harvard 
Brain Tissue Resource Center (HBTRC). Tissues from 
all three groups were matched for age, sex and postmor-
tem interval (Table 1). All tissues were collected at the 
time of autopsy in accordance with Partners Healthcare 
System Institutional Review Board protocol. Diagnoses 
conformed to DSM-IV criteria and were established ret-
rospectively by reviewing medical records and inter-
viewing knowledgeable individuals. Tissue was not in-
cluded in the study if there was evidence of neuropa-
thology (e.g. Alzheimer’s disease) or substance depend-
ence as determined by the HBTRC. The brain bank 
coded the tissues and the codes were maintained by one 
of the authors who did not conduct quantitative assess-
ment (L.J.) until quantitative procedures had been com-
pleted. 

Blocks of 1 cm thick sections were dissected in the  
 
Table 1. Demographic data for the matched brains used in the Golgi projects. 

Brain # Distributive Diagnosis Medication Age Sex PMI 
Storage 

Time 

5039 Huntington Haldol 54 F 14 29 months 

5662 Schizophrenia Thioridazine 52 F 16 15 months 

5734 Control None NR NR NR NR 

5344 Huntington No medical report Grade 4* 69 F 26 17 months 

5656 Schizophrenia No psych. Med. 73 F 29 15 months 

5805 Control None NR NR NR NR 

5464 Huntington No med. report Grade 4 61 M 21 20 months 

5785 Schizophrenia Depakote, Zyprexa, Neurontin 63 M 15 9 months 

5715 Control None NR NR NR NR 

2161 Huntington Haldol 59 F 14 109 months 

4942 Schizophrenia Zyprexa, Luvox, Humibid 61 F 14 16 months 

4810 Control None 62 M 16 12 months 

4292 Huntington No medical report Grade 4 56 M 5 38 months 

3013 Schizophrenia Chlorpromazine, Fluphenzarine 62 M 6 86 months 

4932 Control None 67 M 22 8 months 

NR = No medical report; *All Grade 4 Huntington brains had both behavioral and movement disorders, therefore they took neuroleptics at some point in their 
fe. li  
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coronal plane by a qualified neuropathologist at the 
HBTRC and formalin-fixed in a consistent manner for 
shipment. The accuracy of the dissections was confirmed 
by examining thionin-stained sections prepared from 
each block. Specimens from area 9 were taken from its 
dorsolateral extent, which is found on the middle third of 
the superior frontal gyrus. Compared with the medial 
region, the lateral region of area 9 is more differentiated. 
In addition to having a distinguishable layer IV, it has a 
Layer II with a distinct upper margin and the supra-
granular cell density is conspicuously higher than the 
infragranular cell density. Area 17 is situated on the 
banks of the calcarine sulcus and is unambiguously iden-
tified by the presence of the line of Genari which can be 
seen with the naked eye.  

Layers III and V in both areas 9 and 17 were selected 
to be studied. Layer III pyramidal neurons are the corti-
cocortical projections; they play a critical role in infor-
mation processing such as working memory. Layer V 
pyramidal neurons are the main projection cells from the 
cortex to other subcortical and cortical areas; therefore 
changes in information in one cortical area could affect 
many brain regions. 

2.2. Golgi Silver Impregnation 

The brains were processed in groups (control, schizo-
phrenia and Huntington). The tissue was cut into 2 mm 
slabs then wrapped in gauze. All of the glassware used in 
this experiment was acid washed. The tissue was first 
placed in a solution containing 100 ml dH2O, 3 g potas-
sium dichromate, 12.5 g sucrose, 5 ml 37% formalin, and 
7.5 ml of 3% H2O2 and incubated in an oven at 55˚C for 
6 hours. The tissue was removed from the oven and 
placed in fresh solution and left at room temperature 
overnight. The following day the tissue was placed in a 
second solution containing 100 ml dH2O, 3 g potassium 
dichromate and 12.5 g sucrose and incubated in an oven 
at 55˚C for 6 hours. Following the incubation, the tissue 
was placed in fresh solution and left again at room tem-
perature overnight. The tissue was then rinsed in 0.75% 
silver nitrate and placed in fresh 0.75% silver nitrate so-
lution. Because silver nitrate is light sensitive, the jars 
were wrapped in aluminum foil and left at room tem-
perature for 5 days. Finally the tissue was serially sec-
tioned on a vibratome into 150 μm thick sections and 
collected in 70% alcohol. The sections were dehydrated 
in graded alcohol starting at 70%, defatted in xylene, 
mounted onto slides and coverslipped with permount 
solution. 

2.3. Quantification of Dendrites and Spines 

The material was analyzed using a Bioquant Image 
Analysis System interfaced with an Olympus AX70 mi-

croscope connected to a Ludl Motorized stage and a 
Sony 3-chip camera. Three measurements were per-
formed on Golgi material, 1) number of primary basilary 
dendrites, 2) number of secondary basilary dendrites and 
3) spine density along the primary and secondary basi-
lary branches. Fifty cells per brain were chosen randomly 
to be analyzed for dendritic measurements and ten cells 
per brain for the spine measurements. The cells must 
meet the following criteria to be analyzed: the cell body 
must be easily seen with no secondary branches being 
obscured by background or by another cell and the apical 
dendrite must be visible from the soma to the pial surface. 
All measurements were made using stereologic methods. 
The Bioquant system comes with a stereologic package 
that was used to make measurements. The total area, that 
contains cells, was traced. A 100/100 grid was placed 
within the contour. The computer randomly marked grids 
to be measured, a counting box with a set z range was 
placed inside the marked grids and the cells within the 
grid which meet criteria were measured. Two different 
measurements were made for each cell at one time. The 
numbers of primary and secondary basilar branches were 
counted and an average for each brain was determined. 
The counting of spines along the primary and secondary 
basilary dendrites was done at 100× under oil. Ten cells 
per brain were chosen randomly. Dendrites whose cell 
meets criteria were measured for their length in microns 
at 60× under oil and have their spines counted manually 
at 100×. By moving through the focal plane we counted 
all of the spines visible along the dendrite using a hand 
counter. In addition, the numbers of spines counted were 
entered manually into the Bioquant to keep track of the 
number of spines counted. The data was expressed as 
average number of spines per millimeter of dendrite in 
each lamina in the different brain regions. 

2.4. Statistical Analysis 

Standard descriptive statistics were used in all analysis. 
Calculations and data analysis were carried out using 
StatView (V5.0) for Windows (Abacus Concepts Soft-
ware/SAS). Dendritic and spine data were taken from 
layers III and V of areas 9 and 17 and were expressed as 
means for each of the Huntington, schizophrenia and 
control groups. A one-way analysis of variance (ANOVA) 
was used to test for differences between groups at 95% 
confidence limit. All of the tissues were prepared and 
analyzed in matched groups; therefore, we believe that 
the ANOVA is a more sensitive test for intergroup com-
parison. Additionally, a power analysis of the spine data 
showed that a minimum sample size of five was enough 
to yield levels of significance with a 95% confidence 
limit. Similar studies by [5] for spine density measure-
ments used a sample size of four schizophrenics and a 
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MAP2 study by [22] used only six brains. 

3. RESULTS 

3.1. Dendrites and Spines in Area 9 

The number of dendrites and spines were obtained from 
5 Huntington, 5 schizophrenic and 5 controls in both 
layer III and V. The data is expressed as average number 
of dendrites per brain. Compared to controls the schizo-
phrenic brains showed a 33% decrease (P-value 0.007, 
SD ± 0.5) in the primary dendrites in layer III and a 32% 
decrease (P-value 0.01, SD ± 0.67) in layer V (Table 2). 
Compared to controls the Huntington brains showed no 
significant changes in the primary dendrites in both lay-
ers III and V (Table 2). For the secondary dendrites, both 
layers III and V in schizophrenia showed a trend towards 
a decrease compared to controls. There were no signifi-
cant differences seen in Huntington’s brains compared to 
controls in the secondary dendrites for both layers III and 
V. 

The spine data is expressed as number of spines per 
millimeter of dendrite. 

Compared to controls the schizophrenic brains exhib-
ited a 37% decrease (P-value 0.0001, SD ± 32) in pri-
mary spines in layer III and a 38% decrease (P-value, SD 
± 31) in layer V (Table 3). The Huntington brains 
showed no significant changes in primary spines in both 
layers III and V compared to controls (Table 3). For the 
secondary spines, the schizophrenic brains the exhibited 
a 37% decrease (P-value, SD ± 39) in layer III and a 
37% decrease (P-value, SD ± 58) in layer V compared to 
controls (Table 4). The Huntington brains showed no  
 
Table 2. Golgi data showing means and P-value for primary 
dendrites in layers III and V in area 9 (n = 5). 

MEANS P-value 
DIAGNOSIS 

III V III V 

Huntington 2.6 3.0 0.68 0.89 

Schizophrenia 1.8* ± 0.5 2.1* ± 0.67 0.007* 0.01* 

Control 2.7 3.1 1.0 1.0 

 
Table 3. Spine counts showing means and P-value for primary 
spine counts per millimeter of dendrite in layers III and V in 
area 9 (n = 5). 

MEANS 
Counts/mm dendrite 

P-value 
DIAGNOSIS 

III V III V 

Huntington 529 553 0.516 0.558 

Schizophrenia 363* ± 0.32 367* ± 0.32 <0.0001* <0.0001*

Control 578 540 1.0 1.0 

Table 4. Spine data showing means and P-value for secondary 
spines counts/mm dendrite in layers III and V in area 9 (n = 5). 

MEANS 
Counts/mm dendrite 

P-value 
DIAGNOSIS

III V III V 

Huntington 557 582 0.16 0.621 

Schizophrenia 366* ± 0.39 382* ± 0.58 <0.0001* <0.0001*

Control 585 567 1.0 1.0 

 
significant changes for secondary spines in both layers 
III and V compared to controls (Table 4). 

3.2. Dendrites and Spines in Control (Area 17) 

The number of primary and secondary basilary dendrites 
was obtained from five Huntington, five schizophrenic 
and five controls in both layer III and V in area 17. The 
data is expressed as number of dendrites per brain. In 
both layers III and V there were no significant difference 
for primary and secondary dendrites in Huntington and 
schizophrenia compared to controls. Similarly, there was 
no significant difference in primary and secondary spines 
in both layers for Huntington and schizophrenia com-
pared to controls. 

4. DISCUSSION 

The primary dendritic data in area 9 in both layers III and 
V showed a significant decrease in schizophrenia com-
pared to controls; whereas, there was a trend towards a 
decrease in the secondary basilary dendrites. We believe 
that these data support what was reported in area 32, 
where a decrease in primary and secondary basilary den-
drites was reported [11]. Furthermore, this decrease in 
dendrites directly correlates with the decrease in MAP2 
[11]. Because MAP2 is involved in the cytoskeletal 
processes of the cell, a decrease will most likely impact 
the dendritic processes of the pyramidal cells. The Hunt-
ington’s brains on the other hand, did not show any sig-
nificant difference in their dendritic processes compared 
to the control brains. Similarly, the spine data suggest 
that there is a schizophrenia-associated decrease in 
spines in area 9, which support what was reported by [5, 
8]. There was also no significant difference in spine 
counts in the Huntington brains compared to controls. 
Together, because we are not seeing any difference be-
tween Huntington and controls suggest that neuroleptic 
drugs might not be responsible for the dendritic and 
spine alterations seen in schizophrenia.  

Neuroleptics drugs, because of their mode of action on 
metabotropic neurotransmitter receptors, can phosphory-
late proteins like MAP2 [23]. Thus, they have the ability 
to alter neuronal processes such as dendrites and spines. 
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Both Huntington and Schizophrenic patients take com-
parable dosages of about 407 chlorpromazine equivalents 
per day and for at least two years of continuous use, 
which is consider long term usage [24]. We believe that 
this data support the hypothesis that neuroleptic drugs 
are not responsible for the dendritic and spine alterations 
seen in schizophrenia and that they are due to the dis-
ease.  

The loss of dendritic spines on pyramidal cells in 
schizophrenia has several implications. The pyramidal 
cells in the PFC are glutamatergic and they project be-
tween various cortical regions; whereas, layer V py-
ramidal cells project to various cortical areas as well as 
subcortical areas. A loss of spines reflects a loss of exci-
tatory input to these neurons; therefore, it is expected 
that cognitive information processing might be disturbed 
as seen in schizophrenia. This is consistent with previous 
reports of decrease synaptophysin, a 38-kd integral mem- 
brane protein of small synaptic vesicles, which is impor-
tant in calcium-dependent synaptic transmission [4]. 
Moreover, the spines of basal dendrites receive both do-
pamine and glutamate afferents [25]; thus, this give cre-
dence to possible disturbances in these transmitter sys-
tems in schizophrenia. Additionally, the basal dendrites 
are the site for afferents from the MD nucleus of the 
thalamus, an area of the brain that has consistently 
shown neuroanatomical deficits in schizophrenia [26-33]. 
The data further support the hypothesis that neuroleptic 
drugs might not be responsible for the decrease in spines 
seen in schizophrenia since there were no significant 
differences in the Huntington spine counts and the con-
trol spine counts. Moreover, in area 17, there were no 
changes seen in dendritic or spine measurements in 
Huntington and schizophrenia compared to control in 
both layers III or V. Together, these data provide addi-
tional insightful information for both Huntington’s dis-
ease and schizophrenia. 
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