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Objective: The mediodorsal and an-
teroventral/anteromedial nuclei of the
thalamus are brain regions of interest in
the study of mood disorders because
they connect subcortical limbic system
structures such as the amygdala with the
prefrontal, cingulate, and temporal corti-
ces. Anatomical abnormalities have been
observed both in the amygdala and in the
aforementioned cortical regions in affective
disorder patients. Neuroanatomical studies
of the thalamus have rarely been con-
ducted in patients with mood disorders.

Method: Postmortem tissue from the
Stanley Foundation Brain Bank was ob-
tained from subjects diagnosed with major
depressive disorder, bipolar disorder, and
schizophrenia as well as a nonpsychiatric
comparison group (N=10-13 per group).
The optical disector stereological proce-
dure was used to count neurons in the me-

diodorsal and anteroventral/anteromedial
nuclei of the thalamus in each brain.

Results: There were significantly more
neurons in the mediodorsal (37%) and an-
teroventral/anteromedial (26%) nuclei in
subjects with major depressive disorder
relative to the nonpsychiatric comparison
subjects. Neuron numbers and volumes in
these limbic thalamic nuclei were normal
in the schizophrenia and bipolar subjects.

Conclusions: The data indicate that there
is an elevation in total neuron number in
the limbic thalamus that is specific for ma-
jor depressive disorder. This represents the
first report of a neuropsychiatric disorder
being associated with an increase in total
regional neuron number. The present find-
ings, along with recent data, indicate that
significant anatomical and functional ab-
normalities are present in limbic circuits in
major depressive disorder.

(Am J Psychiatry 2004; 161:1270-1277)

’I:le anterior and mediodorsal thalamus are important
components of the limbic system, which plays a role in the
expression and experience of emotion. Reciprocal con-
nections between the mediodorsal thalamus and the dor-
solateral prefrontal, orbitofrontal, cingulate, and insular
cortices influence the limbic system by integrating and re-
distributing emotionally relevant stimuli to the frontal
lobes (1-3). The anteroventral and anteromedial thalamic
nuclei also play a role in this circuit by connecting fronto-
hippocampal structures with the anterior cingulate and
entorhinal cortex (4). Furthermore, the thalamus, particu-
larly the mediodorsal thalamus, is a major target for out-
put from the amygdala (5), an important temporal lobe
limbic structure mediating emotional responses (6). To-
gether, the mediodorsal and anteroventral/anteromedial
nuclei play important roles in connecting subcortical lim-
bic structures to the limbic cortex.

Anatomical changes have been observed in several sites
in the limbic system of patients with mood disorders, in-
cluding the medial orbitofrontal cortex, hippocampus,
amygdala, and prefrontal cortex (7-10). White matter ab-
normalities have also been identified in major depressive
disorder and bipolar disorder in regions containing
thalamocortical axons (11, 12). Microscopic anatomical
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studies of the mediodorsal and anteroventral/anterome-
dial nuclei have not been reported in mood disorders (13).

In the present study, we estimated neuronal cell num-
bers and volumes of mediodorsal and anteroventral/an-
teromedial thalamic nuclei in subjects from the Stanley
Foundation Brain Bank. Four groups were studied: sub-
jects with major depressive disorder, bipolar disorder, and
schizophrenia, and an age-matched group of nonpsychi-
atric comparison subjects.

Method

Data were obtained from either the left or right thalamus of
both male and female subjects who had been diagnosed with
major depressive disorder, bipolar disorder, schizophrenia, or no
psychopathology. The collection and diagnosis of subjects in the
Stanley Foundation Brain Bank has been described in detail pre-
viously (14). Sixty specimens (15/group) were originally obtained.
However, some of the specimens were not counted because ei-
ther they could not be appropriately stained (N=3), they had
missing tissue (anteroventral/anteromedial: N=5; mediodorsal:
N=8), or they exhibited evidence of gross thalamic pathology
(congenital defect in the region of the medial thalamus, plaque-
filled lesion in the globus pallidus, loss of staining in anteroven-
tral neurons, or neuronal hyperpigmentation in surrounding tis-
sue). Because of the differing number of specimens affected by
missing tissue, there are different numbers of subjects in the an-
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TABLE 1. Postmortem Characteristics of 49 Brain Specimens From Subjects With Major Depressive Disorder, Bipolar Disorder,

Schizophrenia, and No Psychopathology

Nonpsychiatric

Major Depressive

Bipolar Disorder Group Schizophrenia Group

Characteristic Comparison Group (N=11) Disorder Group (N=13) (N=13) (N=12)
Mean SD Mean SD Mean SD Mean SD
Age (years) 49.2 8.5 46.1 9.6 40.3 1.3 45.8 12.7
Postmortem interval (hours) 239 8.7 26.6 10.5 33.0 16.9 32,5 14.2
Brain weight (g) 1537 173 1479 138 1422 169 1467 111
Time in formalin (months) 4.9 3.4 8.7 6.5 9.1 3.6 10.1 8.8
N % N % N % N %
Left thalamus examined 6 54 7 54 6 46 8 67
Female 4 36 6 46 6 46 4 33

teroventral/anteromedial (N=49) and mediodorsal (N=46) analy-
ses. Data in Table 1 outline the postmortem characteristics of the
four subject groups.

Histology

For each brain, three coronal blocks containing the entire thal-
amus were embedded in paraffin by the Stanley Foundation. No
sections were taken from the paraffin blocks. In order to save all of
the tissue sections and use the tissue for stereological analysis, the
thalamic blocks were subsequently deparaffinized. Prior to cut-
ting, the blocks were immersed in cryoprotectant (20% sucrose/
10% formalin solution for 2-3 weeks) and serially sectioned on a
freezing microtome at 60 pm. After Nissl staining every 20th sec-
tion with cresyl violet, the regional boundaries of the two thalamic
nuclei were delineated at low magnification according to neu-
roanatomical boundaries defined by Jones (15). Darkfield exami-
nation of unstained sections aided in the identification of the neu-
roanatomical borders of the two nuclei. Figure 1 illustrates the
borders of the anteroventral/anteromedial nuclei in unstained
sections from two representative brains. The neuroanatomical
boundaries of the anteroventral/anteromedial and mediodorsal
nuclei have been described previously (16). The deparaffinization
and re-embedding process resulted in a final section thickness in
all specimens ranging from 9 to 14 pm. There was no difference in
section thickness for any of the four groups according to analysis
of variance (ANOVA) (F=0.56, df=3, 45, p<0.67).

Stereology

Cell counting was performed blind with respect to the identifi-
cation of the brains. In each thalamic region, 6-11 sections were
analyzed. Using more than 100 counting frames (50x75 pm sys-
tematically placed throughout the entire rostral-caudal extent of
each nucleus, the average density of neurons in the counting
frames was determined using a 100x oil immersion objective (nu-
merical aperture=1.4). A 2-pym upper guard zone, a 2-pm lower
guard zone, and a 7-um thick counting frame was used for cell
counting. One specimen had a thickness of 9 microns, and in this
brain there was no lower guard zone (removing this specimen had
no effect on mediodorsal or anteroventral/anteromedial neuron
number statistics). Two hundred to 500 neurons containing a nu-
cleolus clearly in focus within the counting frame were counted in
each specimen. Figure 2 depicts a Nissl-stained section of the an-
teroventral thalamus, illustrating high and low power images. Ste-
reolnvestigator software (MicroBrightfield Inc., Williston, Vt.) was
used to calculate thalamic nuclear volumes from planimetric
data using the outlined borders of the nuclei and to estimate total
neuron numbers using a grid-ratio fractionator approach. The
coefficient of error was lower than 0.07 for each of the nuclei
counted (mediodorsal: mean=0.061, range=0.04-0.08; anteroven-
tral/anteromedial: mean=0.068, range=0.04-0.10). In addition,
the overall volume of the thalamus for nonpsychiatric compari-
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son subjects and subjects with major depressive disorder was es-
timated using the reticular nucleus as the lateral border but ex-
cluding the lateral geniculate nucleus.

Statistics

ANOVA followed by post hoc Dunnett’s tests for group compar-
isons with the nonpsychiatric comparison group was used to test
for differences in cell number and volume. Chi-square analysis
was performed for categorical data (e.g., right versus left hemi-
sphere, male versus female). In addition, analysis of covariance
(ANCOVA) with age, postmortem interval, gender, and laterality
was performed with neuron number as the dependent variable.

Results

The four subject groups were matched for several clini-
cal variables. According to ANOVA, the groups did not dif-
fer in terms of age, postmortem interval, time in formalin,
or brain weight. Chi square analysis indicated that the
groups did not differ in terms of gender or laterality (i.e.,
side of the brain analyzed) (Table 1).

There were more neurons in the mediodorsal and an-
teroventral/anteromedial nuclei in subjects with major
depressive disorder compared with the nonpsychiatric
comparison group. Mediodorsal neuron number was sig-
nificantly different among the four groups of subjects (F=
3.42, df=3, 43, p<0.03) (Table 2). Dunnett’s test indicated
that only the major depressive disorder group was signifi-
cantly different (37% higher) from the nonpsychiatric
comparison group. With ANCOVA, the main effect of diag-
nosis remained significant after accounting for age, post-
mortem interval, gender, and laterality covariates (F=3.43,
df=7, 38, p<0.03), further validating the ANOVA finding of
elevated neuron number in the mediodorsal nucleus in
major depressive disorder. For anteroventral/anterome-
dial neuron number data, there was not a significant dif-
ference among the four subject groups according to the
ANOVA (F=1.60, df=3, 45, p<0.20). However, ANCOVA with
covariates of age, postmortem interval, gender, and later-
ality revealed a significant effect of diagnosis on an-
teroventral/anteromedial neuron number (F=3.15, df=7,
41, p<0.04). The ANCOVA post hoc test (least squares
means Students contrast t test) indicated that only the
major depressive disorder group had significantly more
anteroventral/anteromedial neurons (26%) than the non-
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FIGURE 1. Darkfield Photomicrographs of Anteroventral/Anteromedial Thalamic Nuclei From Representative Brain
Specimens of a Subject With No Psychopathology and a Subject With Major Depressive Disorder?
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psychiatric comparison group. The ANCOVA improve-
ment was due in part to correcting the data for laterality
and gender effects (right hemisphere structures are larger
than left, and females structures are smaller). Figure 3 il-
lustrates the distribution of mediodorsal and anteroven-
tral/anteromedial cell counts for the four subject groups.

The history of psychiatric drug usage during the sub-
jects’ lifetime was obtained from medical chart review
(14). In order to determine whether antidepressant drug
usage influenced the number of neurons in the two tha-
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Subject With Major Depressive Disorder

800 pm

lamic nuclei, we examined mediodorsal thalamic cell
number in patients with schizophrenia who were treated
(six of 11) versus not treated, and in bipolar cases that
were treated (nine of 12) versus not treated with anti-
depressant medication. Antidepressant treatment did not
influence mediodorsal thalamic neuron number in schizo-
phrenia subjects (mean=4.25 million cells [SD=0.55] and
4.32 million cells [SD=0.33], respectively) or bipolar sub-
jects (mean=4.46 [SD=0.86] and 4.23 [SD=0.46]) and did
not influence anteroventral/anteromedial thalamic neu-
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ron number in the schizophrenia subjects (mean=0.91
million [SD=0.05] and 0.84 million [SD=0.20]) or bipolar
subjects (mean=0.88 million [SD=0.32] and 1.0 million
[SD=0.32]). Cumulative lifetime antipsychotic drug treat-
ment in fluphenazine equivalents computed from medical
records was not significantly correlated with mediodorsal
or anteroventral neuron number or volume according to
Pearson’s correlation analysis for the schizophrenia (N=
11/11), bipolar (N=9/12), or combined (N=20) groups. For
the entire cohort, utilization of neuroleptics at any point
during the subjects’ lifetime did not have a significant ef-
fect on either neuron number or nucleus volume for either
thalamic region.

The density of neurons in mediodorsal nuclei did not
differ among the four groups of subjects according to
ANOVA (nonpsychiatric comparison group: mean=24,654
neurons/mm?3 [SD=4880]; major depressive disorder
group: mean=27,324 neurons/mm? [SD=2555]; bipolar
group: mean=25,200 neurons/mm?3 [SD=6409]; schizo-
phrenia group: mean=25,522 neurons/mm? [SD=2142]).
Similarly, there was not a significant difference in the den-
sity of anteroventral/anteromedial neurons among the
four groups (nonpsychiatric comparison group: mean=
35,408 neurons/mm?3 [SD=6232], major depressive disor-
der group: mean=37,542 neurons/mm? [SD=8597]; bipo-
lar group: mean=33,619 neurons/mm3 [SD=5165]; schizo-
phrenia group: mean=35,348 neurons/mm3 [SD=4800]).

There was a tendency for the volume of the mediodorsal
nucleus to be different among the four groups (ANOVA F=
2.67, df=3, 43, p<0.06). Post hoc testing (Dunnett’s) indi-
cated a significant difference (22%) between the major de-
pressive disorder and nonpsychiatric comparison groups
(p<0.05). However, the ANCOVA analyses with covariates
of age, gender, laterality, and postmortem interval did not
reveal volume differences among the four groups (F=0.76,
df=7, 38, p<0.54). The anteroventral/anteromedial nu-
cleus was not statistically different among the four groups
(ANOVA F=1.66, df=3, 45, p<0.19; ANCOVA F=1.95, df=7,
41, p<0.14). We also examined the volume of the total thal-
amus in major depressive disorder and nonpsychiatric
comparison subjects to see if the entire thalamus was
larger in major depressive disorder cases. The mean total
thalamus volume was 16% greater in the major depressive
disorder group versus the comparison subjects, although
the result was not significant at the p<0.05 level (compari-
son group: mean=3878 mm?3 [SD=105]; major depressive
disorder group: mean=1020 mm?3 [SD=186]; t=1.78, df=22,
p<0.09).

Discussion

In the present study, the mediodorsal and the antero-
ventral/anteromedial nuclei of the thalamus had signifi-
cantly more neurons in major depressive disorder cases
relative to nonpsychiatric comparison subjects. This is the
first study of neuron number in the thalamus of major de-
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FIGURE 2. Anteroventral Thalamic Tissue Nissl-Stained
With Cresyl Violet?

3 The low-power photomicrograph (image A) illustrates the neuroan-
atomical boundaries of the anteroventral nucleus in a nonpsychiat-
ric comparison brain. The border of the nucleus is outlined with
dots. The higher-power photomicrograph (image B) illustrates the
quality of the tissue and Nissl-staining and the morphology of neu-
rons. Neurons with a nucleolus were counted when the nucleolus
was in focus within the confines of a three-dimensional counting
box. The insert within image B illustrates a neuron with a nucleolus
(arrow) in focus.

pressive disorder subjects, and our findings are unique be-
cause increases in total neuron number have not previ-
ously been observed in psychiatric conditions. Contrary to
previous studies, the number of neurons in the mediodor-
sal and anteroventral/anteromedial nuclei were normal in
schizophrenia subjects.

The present data are consistent with other reports of ab-
normalities in subcortical limbic structures in major de-
pressive disorder (13). In a structural magnetic resonance
imaging study of first-episode depression patients, Frodl
et al. (17) found a bilateral enlargement of the amygdala,
and two additional studies report that the amygdala is en-
larged in subsets of patients with depressive symptoms
(18, 19). The pituitary gland is also enlarged in major de-
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TABLE 2. Neuron Number and Volume of Thalamic Nuclei in 49 Brain Specimens From Subjects With Major Depressive
Disorder, Bipolar Disorder, Schizophrenia, and No Psychopathology

Neuron Number (x106)

Volume (mm3)

Anteroventral/

Anteroventral/

. Difference ) Difference . Difference ) Difference
Mediodorsal From Anteromgdlal From Mediodorsal From Anteromgdlal From
Nucleus  comparison Nuclei Comparison Nucleus Comparison Nuclei Comparison
Group Mean SD  Group (%) Mean SD Group (%) Mean  SD Group (%)  Mean SD Group (%)
Nonpsychiatric
comparison
(N=11) 3.69 0.81 0.841 0.251 151 15.2 23.6 4.9
Major depressive
disorder (N=13)2 5.04 1.07 137 1.060 0.290 126 184 31.9 122 29.1 6.55 123
Bipolar disorder
(N=13)2 442 1.38 120 0.904 0.285 107 177 37.4 117 26.7 6.43 113
Schizophrenia
(N:’IZ)b 4.29 0.51 116 0.887 0.199 105 168 21.7 111 25.6 6.63 108

aN=12 for neuron number and volume of mediodorsal nucleus.
b N=11 for neuron number and volume of mediodorsal nucleus.

pressive disorder (20). In the hypothalamus, there are sev-
eral reports of increased numbers of immunoreactive cells
(e.g., arginine vasopressin, vasopressin, corticotropin-
releasing hormone) in major depressive disorder (21-23).
These immunohistochemical studies differ from the
present study because they report changes in subsets of
immunoreactive cells rather than the total number of neu-
rons. Both the hypothalamus and amygdala are highly in-
terconnected with the mediodorsal and anteroventral/an-
teromedial thalamus, prefrontal cortex, and cingulate
cortex (5, 24, 25). On the other hand, the caudate nucleus,
putamen, and other basal ganglia structures are not in-
creased in volume in major depressive disorder subjects
(26), suggesting that anatomical changes are selective for
subcortical structures with limbic connections. Finally,
metabolism is increased in subcortical limbic structures
in major depressive disorder, including the amygdala and
medial thalamus (27, 28). Increased output from the amyg-
dala to the thalamus, suggested by these previous find-
ings, is particularly interesting since an increase in amyg-
dala metabolism occurs both during episodes of severe
major depressive disorder symptoms and after depressive
symptoms have resolved (27). These observations suggest
the presence of both structural and functional abnormali-
ties in subcortical limbic structures in major depressive
disorder.

All but one of the major depressive disorder subjects in
the present study received antidepressant drugs. In ani-
mals, treatment with antidepressants increases the rate of
neurogenesis, migration, and differentiation in the sub-
granular zone of the hippocampus and in the marginal
ventricular zone (29). These adult-born neurons can form
functional connections (30). However, the thalamus has
not been observed to be a site of antidepressant-induced
neurogenesis. Furthermore, approximately 50% of the
schizophrenia subjects in the present study had a history
of antidepressant treatment, and neither mediodorsal nor
anteroventral/anteromedial neuron numbers were ele-
vated in these patients. These data suggest that it is un-
likely that antidepressant-induced neurogenesis is re-
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sponsible for the increase in neuron number in the limbic
thalamus in major depressive disorder.

The increase in limbic thalamic neuron numbers in ma-
jor depressive disorder may be caused by an abnormal
neurodevelopmental process. Elevations in mediodorsal
and anteroventral/anteromedial neuron numbers could
reflect a developmental problem such as an accentuated
neuronal birth rate or, alternatively, the survival of excess
numbers of neurons. Our data provide no information
about which thalamic neuron population (projection neu-
ron or interneuron) is abnormal in major depressive dis-
order. An elevated number of projection neurons could re-
sult in an excess of excitatory glutamatergic output from
the thalamus to the cortex in major depressive disorder.
Conversely, if numbers of inhibitory interneurons in the
limbic thalamus were elevated in major depressive disor-
der, greater than normal inhibition of thalamic output to
the cortex might be present. In humans, many thalamic
interneurons are generated in the ganglionic eminence of
the telencephalon. Some of these neurons subsequently
migrate into the thalamus to become GABAergic interneu-
rons (31, 32). Further studies are needed to determine
whether the “projection” or “interneuron” population is
abnormal in the thalamus of major depressive disorder
patients in order to better understand the developmental
implications and potential pathophysiological effects of
thalamic abnormalities in this disorder.

Previous studies have documented abnormalities in the
limbic cortex in major depressive disorder, including de-
creased volume of the medial orbitofrontal cortex (33), hip-
pocampus (9, 10), and prefrontal cortex (7). Also, there is a
decreased density of glial cells in the dorsolateral prefrontal
cortex (34) and a decrease in glial cell numbers in subgen-
ual cingulate cortex area 24 (35). These anatomical abnor-
malities in the cortical target areas of the mediodorsal and
anteroventral/anteromedial nuclei may be the result of a
decreased cortical input from the thalamus caused by ex-
cessive GABA interneuron inhibition of thalamocortical
neurotransmission. Decreased input to the cortex could
minimize the need for glial support of cortical neurotrans-
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mission, affecting cortical glial populations. Alternatively,
cortical pathology may be the result of an elevation of exci-
tatory input to the cortex from the thalamus caused by ex-
cess numbers of glutamatergic projection neurons. Excess
input to the cortex could promote excitotoxicity to cortical
cells, including glia. Determination of which populations of
thalamic neurons are abnormal in major depressive disor-
der will be an important goal for future studies.

It has been proposed that a lack of coordinated activity
within the limbic system is responsible for some of the
symptoms of major depressive disorder (27, 28, 36). Be-
cause the thalamus is a critical connection between the
amygdala and the prefrontal cortex, it is well positioned
for involvement in major depressive disorder pathophysi-
ology. In particular, GABAergic neurotransmission in the
thalamus has a substantial effect on prefrontal cortical
metabolism (37). Excess GABAergic inhibition in the me-
dial thalamus results in decreased frontal cortical metabo-
lism and behavioral deficits such as attention neglect and
learning deficits, behaviors consistent with the cognitive
symptoms of severe depression. The present data support
the hypothesis that thalamic anatomical abnormalities
are involved in limbic system dysfunction in major de-
pressive disorder.

In the schizophrenia group, mediodorsal neuron num-
ber was normal. These data differ from previous studies in
which mediodorsal neuron number was reduced in
schizophrenia subjects (16, 38-40). The number of neu-
rons in the comparison subjects in the present study is
similar to our previous study (16), and similar to estimates
reported by others (39-42). This observation indicates that
the present nonpsychiatric comparison group is not differ-
ent from other comparison groups with respect to me-
diodorsal neuron number. In the four previous studies (16,
38-40) in which mediodorsal cell numbers were reduced in
schizophrenia brains, the average age of the subjects was
over 60 years. In the present study, the mean age of subjects
was 46 years. Because the present data indicate a normal
number of limbic thalamic neurons in schizophrenia, ad-
ditional studies will be needed to investigate the effects of
age on thalamic neuron numbers in schizophrenia.

The number of neurons and the volume in the medio-
dorsal and anteroventral/anteromedial nuclei were nor-
mal in subjects with bipolar disorder. Exclusion of four
subjects diagnosed with bipolar IT disorder, or exclusion of
subjects without psychotic features, did not change the
overall results. However, it is notable that several bipolar
subjects had highly elevated mediodorsal and anteroven-
tral/anteromedial neuron numbers similar to major de-
pressive disorder subjects. Additional studies may identify
clinical subgroups of bipolar disorder patients that share
some of the anatomical characteristics of major depres-
sive disorder.

The present results should be interpreted with certain
limitations in mind. The thalamic tissue blocks were pro-
cessed in a unique manner consisting of deparaffinization
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FIGURE 3. Thalamic Nuclei Neuron Numbers From Brain
Specimens of Subjects With Major Depressive Disorder,
Bipolar Disorder, Schizophrenia, and No Psychopathology
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2 Analysis of variance (ANOVA) indicated that neuron number dif-
fered among the four groups, but post hoc Dunnett’s tests showed
that only the major depressive disorder group significantly differed
from the nonpsychiatric comparison group. Analysis of covariance
(ANCOVA) showed that the main effect of diagnosis remained after
age, gender, laterality, and postmortem interval were entered as
covariates.

b ANOVA indicated that neuron number did not differ among the
four groups. However, ANCOVA (with age, gender, laterality, and
postmortem interval as covariates) followed by post hoc contrast
tests revealed a significant difference between the major depres-
sive disorder group and the nonpsychiatric comparison subjects.

before cryoprotection and sectioning, which may have
contributed to a z-axis shrinkage. However, we did not ob-
serve significant differences in z-axis thickness between
the four subject groups, and our conclusions are unlikely
to have been biased by this variable. All anatomical find-
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ings, including those of the present study, need to be rep-
licated to verify the uniformity of experimental findings.
In particular, volume measurements of the mediodorsal
and anteroventral/anteromedial nuclei and of the total
thalamus need to be performed with an increased sample
size to investigate the tendencies observed in the present
study. In the present study, a strength was the inclusion of
different neuropsychiatric groups to allow investigation of
disease-specific effects. Although the present study repre-
sents one of the largest neuropsychiatric cohorts analyzed
by rigorous stereological techniques (N=45), the sample
size was still not large enough to provide sufficient sta-
tistical power to fully characterize potentially important
variables such as age, gender, and laterality. The Stanley
Foundation brain collection provides a history of drug
treatment for all subjects, allowing modest, but still lim-
ited, insight into whether the experimental findings of the
present study are related to disease or drug treatment. Ad-
ditional studies will be needed to fully characterize the in-
fluences of drug and other therapies. It is thus critical that
the present findings be replicated in other cohorts of de-
pressed patients to determine whether the current major
depressive disorder population is representative of the
disease.

In conclusion, the present study provides evidence for
an elevation in neuron number in the limbic thalamus in
major depressive disorder, and a normal number of neu-
rons in schizophrenia and bipolar cases. These findings
add to the evolving consensus that there is substantial
brain pathology in major depressive disorder (43). The
causes and implications of this novel neuroanatomical
finding remain to be elucidated.
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