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The mediodorsal nucleus of the human thalamus is in a crucial position that allows it to establish connections with diverse cerebral struc-
tures, particularly the prefrontal cortex. The present review examines existing neurobiologic studies of the brains of people with and with-
out schizophrenia that indicate a possible involvement of the mediodorsal nucleus in this psychiatric disorder. Studies at synaptic and
cellular levels of the neurobiology of the mediodorsal nucleus, together with a better anatomic understanding of this diencephalic struc-
ture owing to neuroimaging studies, should help to establish a more deep and solid pathophysiologic model of schizophrenia.

Le noyau dorsomédian du thalamus humain se trouve a un endroit crucial qui lui permet d’établir des liens avec diverses structures
cérébrales, et en particulier le cortex préfrontal. La présente synthése porte sur des études neurobiologiques existantes du cerveau de
personnes atteintes ou non de schizophrénie qui indiquent que le noyau médiodorsal peut jouer un réle dans ce trouble psychiatrique.
Des études aux niveaux synaptique et cellulaire portant sur la neurobiologie du noyau dorsomédian, ainsi qu'une meilleure compréhen-
sion anatomique de cette structure du diencéphale découlant d’études de neuro-imagerie, devraient aider a établir un modéle patho-

physiologique plus profond et solide de la schizophrénie.

Neuromorphology of the mediodorsal nucleus
of the thalamus

The anatomic location of the thalamus in humans is crucial to
its principal function: interconnecting different cerebral struc-
tures, particularly to the cerebral cortex. The thalamus sends
and receives projections from multiple regions in the cortex
and the brainstem, and it has traditionally been assigned a fun-
damental role in the process of filtering nervous information.!
The thalamus comprises a large number of neuronal
groups involved in a wide range of cognitive, sensorimotor
and limbic functions. The external medullary lamina, a layer
of myelinic axons, covers the lateral face of the thalamus, and
the medial thalamic surface abuts on the third ventricle.” The
classic separation between the dorsal and ventral thalamus is
determined in part by the fusion between the thalamic fas-
cicle and the external medullary lamina and between the

thalamic reticular nucleus and the zona incerta.”

The main cell groups of the dorsal thalamus are limited by
the internal medullary lamina.” The mediodorsal nucleus
(MD) is part of the medial nuclear group (Fig. 1). In humans,
as in most other mammals, this nucleus is generally divided
into 3 subnuclei. Thus according to Jones’ extensive review
on the thalamus,” the MD can be parcellated in a magnocellu-
lar or medial region (pars fibrosus) composed of large cells; a
parvocellular or central and posterior region (pars fasciculo-
sis) consisting of smaller neurons; and a multiform or lateral
region (subnucleus caudalis) with cells of mixed sizes, in-
cluding a paralaminar area or nucleus that would probably
be better placed in the central lateral intralaminar nucleus.”
However, other authors have claimed that this subnuclear
division of the MD is not clear and have suggested that the
subdivisions are based on myeloarchitectonic differences,**
which implies the MD is a single entity.”
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Connections

Afferent projections to the magnocellular, parvocellular
and multiform regions of the MD

Olfactory impulses from the entorhinal cortex, the prepiri-
form cortex and adjacent regions such as the olfactory tu-
bercle reach the MD magnocellular subdivision, indicating
the existence of a route that carries olfactory impulses
through the thalamic MD to neocortical regions.”® The same
MD subdivision also receives projections from the amyg-

dala.? The prepiriform and entorhinal cortices and the
amygdala project to the same cerebral areas as the magno-
cellular subdivision of the MD, thus forming a circuit that
is not found in the other 2 subdivisions (Fig. 2).> Other
GABAergic projections from the ventral pallidum, globus
pallidus and pars reticulata of the substantia nigra reach all
3 subdivisions of the MD.>***

The parvocellular and multiform subdivisions receive
abundant projections from the brainstem. The projections to
the parvocellular subdivision from the superior colliculus,
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Fig. 1: (A, B) Photomicrographs of 2 sections of the human thalamus stained for acetylcholinesterase (AChE), illustrating the
anatomic location of the mediodorsal nucleus (MD). High-power views of some neurons stained for (C) calbindin, (D) parval-
bumin and (E) calretinin neurons in the human MD. Scale: 3 mm (A, B) and 25 um (C, D, E). AV = anteroventral nucleus;
CM = central medial nucleus; CN = caudate nucleus; GPL = globus pallidus lateral segment; GPM = globus pallidus medial
segment; IC = internal capsule; LD = lateral dorsal nucleus; LGd = lateral eniculate nucleus; Put = putamen; R = reticular nu-
cleus; VA = ventral anterior nucleus; VLa = ventral lateral anterior nucleus; VLp = central lateral posterior nucleus;

VPM = ventral posterior medial nucleus.
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pars reticulata of the substantia nigra, medial vestibular nu- parvocellular region to the dorsolateral region and those from

cleus, dorsal tegmental nucleus and other tegmental regions the multiform subdivision of the MD are directed to the

have received little attention, which is surprising since pro- frontal ocular area.” These connections with the prefrontal cor-

jections from this subdivision occupy a large cortical area.>" tex are the main source of efferent MD connections."" How-
Nonetheless, the cortical projections, particularly in zones ever, studies have shown that the MD also sends projections

receiving projections from the different MD subdivisions, to other cortical regions in macaques, including the cingular,

other thalamic nuclei and the hypothalamus, are very im- insular, parietal, premotor, inferior premotor and supplement-

portant in controlling MD function. This thalamic nucleus, ary premotor cortices and the supplementary motor area.”

similar to most thalamic nuclei, can be considered a subcorti- Studies in rats have also indicated that the MD has connec-

cal step in corticocortical communication."* tions with the caudate nucleus,”” although some authors do

not agree.” These projections are also controversial in cats™*

Efferent projections from the magnocellular, parvocellular and primates.”

and multiform regions of the MD

The comments that follow focus on the cortical connections Chemical anatomy of the MD

(Fig. 2) and the connections with the basal ganglia. Studies in-

volving nonhuman primates have indicated that the patterns Histochemistry and immunohistochemistry

of innervation between the different MD subdivisions and the

prefrontal cortex are highly organized and bidirection- Acetylcholinesterase enzyme

al>"#17 Thus projections from the magnocellular subdivision Acetylcholinesterase enzyme (AChE) staining in the MD is

are directed to the orbital region; the projections from the not homogeneous;* it is weaker at anterior than at posterior
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Fig. 2: Schematic drawings illustrating the connections of the different subdivisions of the mediodorsal nucleus (MD) with the amygdala and
the cerebral cortex (A) in the rat and (B) monkey. Reprinted with permission from Jones EG. The thalamus. 2nd ed. New York: Cambridge
University Press; 2007. p. 1189.2 AC = anterior cingulate area; Acc = nucleus accumbens; Ald = dorsal agranular insular area; Alv = ventral
agranular insular area; BL/BLA = basolateral nucleus of the amygdala; BM = basomedial nucleus of the amygdala; Ce = central nucleus of the
amygdala; CN = caudate nucleus; | = lateral segment of the mediodorsal nucleus; L = lateral nucleus of the amygdala; LO = lateral orbital
area; m = medial segment of the mediodorsal nucleus; MDc = central part of the mediodorsal thalamic nucleus; MDm = medial part of the
mediodorsal thalamic nucleus; OB = olfactory bulb; P = putamen; Pc = prepiriform cortex; PL = prelimbic area; PrCm = medial precentral
area; Rs = retrosplenial area; VP = ventral pallidum.
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levels. Also, the posterolateral zone adjacent to the internal
medullary lamina is more intensely stained than the other
areas of this thalamic nucleus. In addition, there are irregular
patches of AChE staining throughout the MD.

Nissl staining shows that the heterogeneously distributed
patches of AChE in the MD can be correlated with different
cell populations. The magnocellular medial region, which is
composed of large cells, stains very strongly with AChE.> The
ventral region, which has different sizes of cells, corresponds
to the multiform subdivision and shows less AChE staining
than the magnocellular subdivision. Lastly, the dorsolateral
region, which is composed of small cells, corresponds to the
parvocellular subdivision and shows stronger AChE staining
than the other 2 subdivisions.?

Intracellular calcium-binding proteins: calbindin,
parvalbumin and calretinin

Calbindin (CB), parvalbumin (PV) and calretinin (CR) are im-
plicated in intracellular storage and transport and in the regu-
lation of various enzymatic systems.** They have been used
as neurochemical markers to delineate the functional terri-
tories in different regions of the human brain, including the
thalamus (Fig. 1).

Calcium-binding proteins make excellent markers for the
study of cellular morphology and the different nuclear sub-
divisions of the MD.* In fact, it has been proposed that the
thalamic distribution of CB- and PV-immunoreactive neur-
ons may be useful in the identification of different anatomic
and functional types of thalamocortical projection neurons.®
Thus CB-immunoreactive neurons would project diffusely to
the superficial cortical layers and be involved in multiple as-
pects of sensorial experience, and PV-immunoreactive neur-
ons would project in an orderly manner to deeper cortical
layers and be involved in perception processes.” Moreover,
CR-immunoreactive neurons would be interneurons or pro-
jection neurons and would be implicated in modulating mo-
tivational and emotional states.”

Three studies involving humans have described the distri-
bution of CB-, PV- and CR-immunopositive neurons in the
MD.*>7? All 3 report different findings, perhaps because they
used different antibodies or fixation processes.** Miinkle
and colleagues® concluded that MD neurons were immuno-
reactive for CB, PV and CR but showed different degrees of
staining intensity: PV-positive neurons stained heavily, CB-
positive neurons stained with medium intensity and CR-
positive neurons stained with the weakest intensity.” Their
results differed from those of Morel and colleagues,” who
concluded that only weakly labelled PV-positive cells ap-
peared in the MD. Finally, the study by Fortin and col-
leagues,” which was centred only on the distribution of CR-
immunoreactive neurons, concluded that the MD contained
neurons of different sizes that were uniformly distributed
throughout the entire nucleus. The moderately CR-positive
cells, which are of medium and large size, were the more
abundantly observed cells in the MD.

Substance P and enkephalin
Throughout its anteroposterior extension, the MD contains

numerous fibres positive for substance P and met-enkephalin.

Substance P mediates biological actions through a G pro-
tein that bonds to the tachykinin receptor.* In primates, the
distribution of substance P is more dense and widespread
than that of other peptides such as somatostatin, neuropep-
tide Y or cholecystokinin.” In both human and nonhuman
primates, the thalamic nuclei with the most substance P-
positive innervation are the anterior, medial and intralaminar
nuclei; the epithalamus; and the reticular nucleus. This obser-
vation concurs with evidence reported in a radioimmuno-
analysis study, which found that the medial regions of the
human thalamus present greater levels of substance P than
the other thalamic regions.* This peptide has been assigned
an important role in pain, anxiety and depressive disorders.*

On the other hand, met-enkephalin has been described as
an endogenous opioid and p-opioid receptor agonist impli-
cated in the suppression of the affective quality of painful
stimuli, in the regulation of different emotional aspects of
memory and in the regulation of behaviour and thermal pain
perception.*# The distribution of met-enkephalin in the hu-
man thalamus is virtually identical to that of substance P,
which suggests the possibility that both neuropeptides collo-
cate in the same fibres.*

Dopamine

Studies involving different in-situ hybridization, immuno-
histochemical and neuroimaging techniques have reported
the presence of dopamine in the human thalamus.** How-
ever, these reports are contradictory. Different authors, in-
cluding Jones,* have reported that dopaminergic innervation
in the thalamus is not substantial and is restricted mainly to
epithalamic regions.” More recent papers have noted the con-
trary: in both human and nonhuman primates, the MD is one
of the thalamic nuclei with the heaviest dopaminergic inner-
vation, showing that the MD has a moderate density of
dopamine D,-like receptors.“* These studies have noted that
the MD innervation pattern is heterogeneous and quite dense
in the medioventral zone and that density gradually decreases
along the medioventral to laterodorsal axis.* The dopaminer-
gic fibres proceed from a thalamic innervation system with
multiple origins in the hypothalamus, periaqueductal grey
matter, ventral mesencephalon and parabrachial lateral nu-
cleus.*¥ Interestingly, as we have noted above, the MD has
numerous connections with the prefrontal cortex — a region
that is profoundly affected in schizophrenia — so it is possible
that it is influenced indirectly by the action of dopamine in the
MD and directly by dopaminergic terminations within the MD.

Serotonin

The serotonergic fibres that reach the thalamus come from
the nuclei of the mesencephalic raphe.”* The density of the
serotonergic innervation in the human thalamus is relatively
high,* with the anterior nuclei (anteroventral, anteromedial
and anterodorsal) presenting the lowest levels of serotonin
(5-HT).* The levels of this neurotransmitter rise in the more
posterior regions where the intralaminar nuclei are located.”
The pattern of serotonergic distribution also extends to the
lateral ventral nucleus and the MD.” These reports confirm
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the results of neuroimaging and postmortem human brain
material studies that found that the latter thalamic nucleus
has high concentrations of 5-HT as well as a high density of
serotonergic receptors, high levels of 5-HT,; receptor mes-
senger RNA expression and 5-HT, receptors. The MD is also
one of the principal sites where selective serotonin reuptake
inhibitors (SSRIs) accumulate.* Moreover, numerous reports
have described maniac conditions of patients with damage
around and within the MD, suggesting that the neuronal
activity of this nucleus is involved in affective behaviour.*
Overall, these data suggest that the MD is implicated in the
pathophysiology of affective disorders and in the thera-
peutic actions of SSRIs.

Mediodorsal nucleus and cognitive functions

In the performance of tasks in which short-term memory is
evaluated, there is an increase in the glucose metabolism in
the MD, which suggests that this thalamic structure could be
involved in the first phases of information processing for
memory and learning.?

Studies of lesions in the MD in nonhuman primates have
evaluated the involvement of this nucleus in different cogni-
tive processes or domains and in behaviour. For instance,
lesions in the MD produced a deficit in association and visual
object recognition as well as in processes associating stimulus
and reward.?

In humans, lesions in the medial part of the thalamus
have been associated with alterations in memory.> How-
ever, the role of the MD in amnesia has not been defined
clearly and is controversial. The first neuropathologic study
by Victor and colleagues” noted damage in the MD among
all patients with diagnosed Korsakoff amnesia, although the
authors also noted damage in other regions of the patients’
brains.”* Conversely, other studies have proposed that
Korsakoff amnesia occurs without any alteration in the
MD.” More recently, Graff-Radford and colleagues® have
noted damage to the MD among patients who did not have
amnesia, whereas still other researchers have argued the
contrary,” generating doubts about the true role of the MD
in diencephalic amnesia.”

Different studies involving alcoholic patients have found a
correlation between the presence of a lesion in the anterior
nuclei of the thalamus and amnesia. This finding is consist-
ent with the well known involvement of the hippocampus-
fornix-mammillary body circuit in memory because these
thalamic nuclei are the main target of the projections from
the mammillary bodies.” These observations do not exclude
the role of lesions in the MD in amnesia, particularly among
patients with some additional cerebral dysfunction.”

The MD is part of the cerebral circuits underlying the neur-
onal network for executive control — one of the cognitive do-
mains that is impaired in schizophrenia.* This network makes
it possible to exercise voluntary control on processing in situa-
tions that require the initiation, planning, sequencing and mon-
itoring of complex behaviours directed toward a particular goal
and in the inhibition of automatic responses and the develop-
ment of strategies or conflict resolution among stimuli.””

Cerebral cognitive circuits

Three types of cerebral circuits have been identified: the dor-
solateral prefrontal, orbitofrontal lateral and anterior cingu-
late circuits.

Dorsolateral prefrontal circuit

The corticofugal fibres reach the dorsolateral region of the
caudate nucleus, which also receives projections from the
posterior parietal cortex and the premotor cortical region.
The connective circuit continues with the innervation of the
dorsolateral region of the globus pallidus and the rostral
zone of the pars reticulata of the substantia nigra, continuing
into the parvocellular region of the MD and the ventral anter-
ior nucleus of the thalamus. The circuit is closed with the
efferent thalamocortical projections toward the dorsolateral
prefrontal cortex. Lesions in this circuit produce alterations in
several higher cognitive functions such as selecting object-
ives, planning and sequencing the generation of an answer
set, and memory of verbal and spatial tasks.**”

Orbitofrontal lateral circuit

The cortical projections reach the ventromedial region of the
caudate nucleus, which also receives projections from other
associative cortical areas such as the superior and inferior
temporal gyri and brainstem regions (reticular formation).
The projections continue into mediodorsal regions of the
medial globus pallidus and rostromedial areas of the pars
reticulata of the substantia nigra, ending in the magnocellular
division of the MD and in the ventral anterior nucleus of the
thalamus. The circuit closes with the thalamocortical projec-
tions toward the lateral orbitofrontal cortex. This circuit is im-
plicated in the inhibition of inappropriate behavioural re-
sponses and in the evaluation of risk.®**

Anterior cingulate circuit

This cerebral circuit connects with the accumbens nucleus
and the olfactory tubercle in the ventral striatum, which re-
ceive projections from the anterior temporal pole, entorhinal
cortex, hippocampus and amygdala. The circuit continues
with the innervation of the ventral pallidum and the ros-
trodorsal regions of the pars reticulata of the substantia nigra
and the MD, and it ends in the anterior cingulate cortical
zone. The circuit is involved in monitoring behaviour and
correcting errors.®

Mediodorsal nucleus and schizophrenia

Several lines of investigation have focused on the study of
prefrontal and temporal cortical dysfunction in schizophre-
nia, suggesting that these cortical alterations underlie the
cognitive abnormalities seen in the disease. However, more
recent attention has focused on the thalamus, the brain’s cen-
tral sensory switchboard, implicating this structure in the
pathophysiology of schizophrenia.

Regarding the role of the MD in schizophrenia, the fact
that this structure is a key in the communication between dis-
tinct associative cortical areas indicates that alterations in this
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thalamic nucleus could lead to dysfunctions in corticosubcor-
tical and corticocortical connections, which supports the
schizophrenic disconnection hypothesis.”

From the anatomic point of view, one of the most repeated
findings in neuroimaging studies of patients with schizo-
phrenia is the dilation of the lateral and third ventricles,”
suggesting that ventricular size increases as the disease pro-
gresses.”! Nevertheless, studies of the possible variations in
thalamic volume in patients with schizophrenia have yielded
different results, probably owing to the difficulty of identify-
ing the distinct nuclei on magnetic resonance images.” There
are studies that find no difference in thalamic volume be-
tween patients with schizophrenia and healthy controls,”*
whereas other studies have found statistically significant dif-
ferences.”* The main finding in one of the most comprehen-
sive meta-analyses on the size of the thalamus in schizophre-
nia was that the size of the thalamus relative to total brain

size was smaller among patients with schizophrenia than
among healthy controls.® However, this finding should be
tempered by the evidence that the effect sizes were quite
variable across studies.

There are analyses that have implicated the MD in schizo-
phrenia, and they have used neuroimaging techniques™”7*
as well as postmortem material (Fig. 3 and Table 1).**” These
reports have noted the existence of anatomic abnormalities in
the brains of patients with schizophrenia, although the data,
particularly from the postmortem studies, present contradict-
ory results. Some papers have suggested statistically signifi-
cant reductions either in the volume and cell number*'® or in
the volume only," whereas other studies have not found
these decreases in the MD.**' The disparity in these results
may be explained by the difficulties in establishing the neuro-
anatomical limits of the MD, the study of only one of the
cerebral hemispheres, the size of the samples and age of the

Fig. 3: Three-dimensional significance probability mapping of the thalamus in healthy controls and patients with schizophrenia using positron
emission tomography (PET) superimposed on magnetic resonance imaging (MRI) scans. Note the significantly decreased glucose metabolic
rate, located bilaterally in the region of the mediodorsal nucleus (MD) in patients with schizophrenia. For more details about methodologic ap-
proaches, see reference.” Reprinted with permission from the American Journal of Psychiatry,” © 1999 American Psychiatric Association.
AV = anteroventral nucleus; CeM = central median nucleus; MD = mediodorsal nucleus; Pul = pulvinar nucleus; VA = ventral anterior nucleus;
VL = ventral lateral nucleus; VPL = ventral posterior lateral nucleus.
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participants, and the characteristics of patients in the study
and the control groups."”

The relation between dopamine and schizophrenia has
been the subject of many investigations over the last 50 years,
and current opinion is that dopaminergic neurotransmission
is impaired in the thalamus in schizophrenia."** The first
formulation of the dopaminergic hypothesis in schizophrenia
proposed that the symptoms characterizing the disease were
caused by the hyperactive transmission of catecholamine, al-
though no explanation about the appearance of the negative
and cognitive symptoms was given. This hypothesis was
based on the effects of antipsychotic drugs, all of which were
antagonists of dopaminergic D, receptors, which are mostly
expressed in the striatum."

The current hypothesis on the relation between dopamine
and schizophrenia is a reformulation of the former theory. The
hypothesis proposes that an imbalance exists between subcor-
tical excess and an acute cortical deficit of dopamine at certain
levels, specifically in the prefrontal cortex,"'® a region that is
the main nodal point in the cortical relations with the MD.*"
However, in relation to the cognitive symptoms, the only con-
clusion to date is that, although it is possible that the dopamine
in the prefrontal cortex is important for cognition, it cannot be
claimed that a deficit of this neurotransmitter will cause the
full cognitive deterioration characteristic of schizophrenia."®
Regarding these cognitive symptoms, some authors have
noted that the MD shows a decrease in dopamine D, receptors
at subcortical levels;'” this decrease could contribute to an im-
proper sensory gating function in schizophrenia, resulting in
difficulties focusing on relevant information (i.e., thought dis-
order, confusion and hypersensitivity to stimuli)."”

The relation between schizophrenia and 5-HT was first
proposed based on the efficacy of second-generation anti-
psychotic drugs developed in the early 1990s that interact
with serotonergic receptors like 5-HT,,."” The blockade using
receptor-specific antagonists of the 5-HT,, receptors, together
with the D, receptors, increases the level of dopamine in the
prefrontal cortex.®"® The modulation of prepulse inhibition
by agonists of the 5-HT,; receptor and the inverse agonist ac-
tivity of some antipsychotics suggest that the 5-HT,; receptor
antagonist may have antipsychotic properties. In addition,
the 5-HT),; heteroreceptors are localized in ventral striato-
pallidal regions, projections from the MD and the bed nu-
cleus of the stria terminalis, all of which are circuits impli-
cated in the pathophysiology of several psychiatric disorders,
including depression, obsessive-compulsive disorder and
schizophrenia.""

Future directions

We believe that factors associated with the synaptic and cel-
lular neurobiology of subcortical structures will be at the
forefront of basic neurobiologic research into schizophrenia.
Further study in these areas could, first, give us important
data directed toward establishing more precise correlations
with the different clinical aspects of the disease and, second,
allow a more targeted and effective treatment at the synaptic
or cellular level.

The contradictory results from diverse research groups re-
garding MD volume and the number of cells in the brains of
both healthy controls and patients with diagnosed schizo-
phrenia make it necessary to continue working on this ques-

Table 1: Postmortem studies reporting the volumes (cm°®) of either the entire thalamus or the mediodorsal nucleus in patients with schizophrenia

and healthy controls

Sample size, no.

Volume, cm®,

Anatomic
classification of the
thalamus used for

Study patients/controls Nuclei patients/controls delineation Findings
Rosenthal and Bigelow® 10/10 Right thalamus 6.01/5.41 NA Volume of the MD not decreased in patients with
schizophrenia
Lesch and Bogerts* 15/11 Left thalamus 6.50/7.11 NA Volume of the MD not decreased in patients with
schizophrenia
Pakkenberg® 14/12 MD 0.63/0.81 Eidelberg and Pronounced reductions of the number and volume of
Galaburda® neurons in the MD of patients with schizophrenia
Cullen et al.* 22/18 Left MD 0.67/0.60 NA Volume of the MD not decreased in patients with
Right MD 0.61/0.64 schizophrenia
Popken et al.” 6/6 Left MD 0.79/0.86 Hirai and Jones® Pronounced reductions of the number and volume of
neurons in the MD of patients with schizophrenia
Young et al.*® 8/8 Left MD 0.18/0.24 Jones™ Pronounced reductions of the number and volume of
neurons in the MD of patients with schizophrenia
Byne et al.*” 14/8 Right MD 0.56/0.68 Dewulf” Pronounced reductions of the number and volume of
neurons in the MD of patients with schizophrenia
Cullen et al.” 21/27 Left MD 0.71/0.69 Dewulf” Volume of the MD not decreased in patients with
Right MD 0.71/0.66 schizophrenia
Danos et al.”' 12/13 Left MD 0.88/0.98 Hirai and Jones™ Pronounced reductions of volume in the left MD of
Right MD 0.89/1.00 patients with schizophrenia
Dorph-Petersen et al.” 11/9 Left MD 0.93/0.91 Dewulf*” Volume of the MD not decreased in patients with
Hirai and Jones® schizophrenia
Danos et al.*® 20/18 Left MD 0.88/0.95 Hirai and Jones™ Pronounced reductions of volume in the left MD of
Right MD 0.90/0.96 patients with schizophrenia

MD = mediodorsal nucleus; NA = no anatomic criteria reported.
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tion to resolve the controversy and provide accurate neuro-
morphologic information.

Research similar to that undertaken by Lewis and col-
leagues'” to our further our understanding of the cortical
interneurons of the dorsolateral prefrontal cortex is required
to analyze the interneurons in the thalamus. Lewis and col-
leagues found a decrease in glutamic acid decarboxylase
(GAD)-67 expression in cortical interneurons using in-situ
hybridization techniques. These interneurons may play a
very important role in synchronizing activity with pyramidal
cells during task memorization, a process that is clearly af-
fected in schizophrenia.'

We believe that thalamic interneurons may play a funda-
mental role in information processing in the subcortical struc-
tures, integrating and processing the information flow
toward the cerebral cortex and organizing complex micro-
circuits that allow thalamosubcortical and corticothalamic
transmission."*'**

Another area that requires further research is the analysis of
the glutamatergic or GABAergic neurotransmission in the
thalamus. For example, such research could include the analy-
sis of the expression and distribution of the different subunits
as well as synaptic proteins related to the alpha-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA),
N-methyl-D-aspartate (NMDA) and y-aminobutyric acid
(GABA) receptors in the distinct thalamic nuclei in both
healthy controls and patients with schizophrenia. Ibrahim
and colleagues'® observed lower levels of ionotropic gluta-
mate receptor expression (primarily involving the NMDA
receptor) in the thalamus of patients with schizophrenia,
although these results are restricted to limbic nuclei."* Regard-
ing the metabotropic glutamate receptor expression in the
thalamus of schizophrenic patients, Richardson-Burns'® and
colleagues described a normal expression of these receptors,
although they suggested that their results did not mean that
these receptors are not involved in the pathophysiology of
schizophrenia. Although these studies have given us some
valuable information about neurobiologic aspects that are af-
fected at the cellular, synaptic and molecular levels in schizo-
phrenia, more synaptic research is needed.

Finally, we believe that, despite the great advances in the
study of schizophrenia that have resulted from different
neuroimaging techniques, it is still necessary to have a better
neuroanatomical analysis of the relations between cognitive
functions and the underlying anatomic structures.
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