
Korbinian Brodmann (FIG. 1) started his 
work in the late nineteenth century (tIme-

lIne). In the early nineteenth century, the 
phrenologists Gall and Spurzheim had 
claimed a correlation between differ-
ent, localizable psychic “faculties” in the 
brain and the protuberances of the skull1. 
However, the real breakthrough came with 
the discoveries of Broca2 and Wernicke/
Lichtheim3, who identified language-
related regions in the cerebral cortex and 
proposed an underlying cognitive theory. 
They demonstrated for the first time that 
lesions of circumscribed regions of the 
brain are responsible for the loss of  
different language functions like speech 
production or comprehension in apha-
sic patients. The rise of neurophysiology 
led to controversial discussions between 
scientists arguing for a holistic interpreta-
tion of the cortex and those supporting 
the localization paradigm. Whereas the 
followers of a holistic concept emphasized 
the role of the entire cerebral cortex in the 
execution of any brain function (one of the 
most prominent being John Hughlings-
Jackson4), those in favour of the localiza-
tion paradigm were convinced that these 
functions are localizable to specific corti-
cal areas. Brodmann started his cytoar-
chitectonic studies in the middle of this 
battle. He was influenced by Darwinism 

and fascinated by the attempt of Oskar 
and Cécile Vogt5 to parcellate the cerebral 
cortex into microstructural and functional 
units. During the next three decades, 
Otfried Foerster6, Alfred Walter Campbell7, 
Grafton Elliott Smith8, Constantin Freiherr 
von Economo and Georg N. Koskinas9 
argued for localizable anatomical and func-
tional correlation and the segregation of 
cortical entities (FIG. 2).

One of Brodmann’s greatest merits was 
to integrate evolutionary ideas and the 
histological analysis of the cortex with 
functional localization. The centenary of 
Brodmann’s publication10 (FIG. 1) is a timely 
opportunity to remember his pioneering 
concepts and their fate.

Cytoarchitecture: more than localization
It seems that the theory of evolution was 
intensively discussed between Brodmann 
and Oskar Vogt, who founded the largest  
brain research institute of this time 
in Berlin (the Neurobiologisches 
Laboratorium; FIG. 1). This resulted in 
comparative studies of human and non-
human primate brains and the brains of 
other mammals11, and led to the concept 
of phylogenetically old (paleocorti-
cal and archicortical) and more recent 
(neocortical) subdivisions of the cerebral 
cortex. Paleo- and archicortical areas (the 

histologically defined allocortex) differ 
from the canonical six-layered structure of 
the neocortex (the histologically defined 
isocortex) by having fewer or more layers. 
The distribution of cell bodies in the grey 
matter of the forebrain, the formation of 
cortical layers, the presence of particular 
cell types and the arrangement of cells 
in clusters and columns were among 
the features that enabled Brodmann to 
parcellate the cerebral cortex into ‘areas’ 
(BOX 1; FIG. 1). The microscopical struc-
ture and classification of these areas are 
in parallel to the evolutionary distinction 
between old and new cortical subdivi-
sions. Based on this integrative concept 
(histology with phylogeny), Brodmann 
indicated through his numbering system 
homologies between the cortical areas 
of different mammals. This underlines 
the meaning of cytoarchitecture and 
topography as important arguments in 
comparative neuro anatomy. Implicitly, 
Brodmann demonstrated that the archi-
tectonic parcellation of the human cortex 
can be understood only by comparison 
with different mammalian brains. He also 
speculated about anthropological aspects 
of his findings and criticized the gener-
alization made by Huxley in his famous 
Pithecometra principle, which states that 
all differences between humans and great 
apes are less than the differences between 
the great apes and lower primates12.

Brodmann’s map of the human cortex10 
displays 43 cytoarchitectonic areas, whereas 
monkeys and great apes have only around 
30 areas (see Supplementary information 
S1 (fig)). Each cortical area of his human 
map is labelled by a number between 
1 and 52, but areas with the numbers 
12–16 and 48–51 are not shown in his map. 
Brodmann explained these ‘gaps’ with the 
fact that some areas are not identifiable in 
the human cortex but are well developed 
in other mammalian species. This holds 
true particularly for the olfactory, limbic 
and insular cortices. The insular cortex is 
segregated into areas 14–16 in Old World 
monkeys (for example, Cercopithecus) and 
into areas 13–16 in prosimians (for exam-
ple, Lemuridae). Brodmann could not find 
homologous areas in the human brain.
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Centenary of Brodmann’s map — 
conception and fate
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Abstract | Rarely in the history of neuroscience has a single illustration been as 
influential as the cytoarchitectonic map of the human brain published by 
Korbinian Brodmann in his monograph from 1909. The map presents the 
segregation of the cerebral cortex into 43 areas, as visible in cell body-stained 
histological sections. More importantly, Brodmann provided a comparative 
neuroanatomical approach and discussed ontogenetic and pathological aspects 
as well as structural–functional correlations. One hundred years later, a large 
number of neuroscientists still use Brodmann’s map for localizing neuroimaging 
data obtained in the living human brain.
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Brodmann assumed that the poly-
morphism of cells and the connectivity 
between cells and areas is more complex 
in the human brain than in the brains of 
monkeys and great apes. He also speculated 
about cytoarchitectonic differences between 
different human races, matching the ideo-
logical prejudices of his time13,14.

In the 1909 monograph, the chapter on 
the functional meaning of his cytoarchi-
tectonic and localization studies is surpris-
ingly small (only 36 of the 324 pages). Five 
years later, however, he published a large 
review15, in which he tried to reconcile the 

cytoarchitectonic parcellation with electro-
physiological observations in animals and 
with lesion studies in pathologically altered 
human brains. He summarized findings 
about various neurological and psychiatric 
diseases caused by pathological events dur-
ing the formation of the cerebral cortex, and 
further emphasized that regionally specific 
architectonic disturbances are important for 
understanding brain disorders.

mapping beyond Brodmann’s map
The fate of Brodmann’s map reflects chang-
ing neuroscientific concepts during the past 

100 years. After the publication of his mono-
graph, Brodmann emphasized the impact of 
his cytoarchitectonic approach on neurology 
and psychiatry. The clinical relevance of 
cytoarchitecture was already a major topic in 
the Vogts’ Neurobiologisches Laboratorium, 
where Brodmann carried out his studies. 
The Vogts used myelin-stained histological 
sections to study brain architecture (that is, 
myeloarchitecture). Their myeloarchitectonic 
map has many more areas (a total of 200 
according to ReF. 5) than that of Brodmann, 
because the Vogts further subdivided 
the Brodmann areas on the basis of the 

Figure 1 | Korbinian Brodmann and his work. a | Korbinian Brodmann.  
b  | The cover page of Brodmann’s seminal monograph from 1909.  
c | Brodmann in the Neurobiologisches Laboratorium of cécile and Oskar 
vogt in Berlin. d | One of Brodmann’s cytoarchitectonic micrographs, show-
ing the border (indicated by the arrow) between Area 4 (primary motor cor-
tex; left side) and Area 3 (primary somatosensory cortex; right side). The 
handwritten inscription in the upper right corner reads (in translation):  

“transition between type 4 and type 3; anterior wall of the central sulcus”.  
e | Another of Brodmann’s cytoarchitectonic maps, showing the border (indi-
cated by the asterisk) between area 17 (primary visual cortex (v1)) and  
area 18 (secondary visual cortex (v2)). The handwritten inscription in the 
lower left corner reads (in translation): “human brain: calcarina type with tran-
sition”. The images are reproduced, with permission, from the archive of the 
c. & O. vogt-institute of Brain Research, University Düsseldorf, Germany.
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regionally more differentiated architecture of 
intracortical nerve fibres. The principal sub-
divisions of major cortical areas, however, 
are comparable between the cyto- and mye-
loarchitectonic maps. The Vogts envisaged a 
multimodal atlas of the cerebral cortex that 
could be made by combining Brodmann’s 
cytoarchitectonic map with their own.

Von Economo’s and Koskinas’ (1925) 
monumental description of the cytoarchitec-
ture of the human cerebral cortex is not only a 
further development of this research but also 
a tribute to Brodmann’s scientific achieve-
ments9. Both authors identified more cortical 
areas than Brodmann (FIG. 2) and introduced 
a new ontology after those of Brodmann and 
the Vogts5. Von Economo’s and Koskinas’ 
classification system consists of a letter for 
the respective lobe of the forebrain in which 
the area is found, a second letter (or pair of 
letters) indicating the major type of cytoar-
chitecture, and a third or more letters for areal 
or subareal specifications. In the first half of 
the twentieth century, Brodmann’s approach 
was also the basis for the studies of the whole 
cerebral cortex by the russian school16 (FIG. 2). 
All these maps provide similar overall parcel-
lation schemes, but they differ considerably in 
the precise configuration, number and extent 
of the cortical areas.

Parallel to these studies, a strong 
opposition was formed by other research-
ers17,18 (FIG. 2). Bailey and von Bonin, for 
instance, described how they came to doubt 
Brodmann’s map after having accepted this 
type of research in their earlier work. They 

made photographs of over 300 sites in the 
cerebral cortex, “pasted them on cardboards 
and shuffled them like playing cards. Only 
those whose provenience we could recognize 
were retained”17. They failed in most cases 
and came to the conclusion that most brain 
areas cannot be distinguished from each 
other by pure cytoarchitectonic criteria. 
Furthermore, they argued that the cerebral 
cortex was probably over-parcellated by 
Brodmann and in the myeloarchitectonic 
studies of the Vogts and their followers, in 
particular. Bailey and von Bonin noted that 
“the efforts of all these authors were meticu-
lous to the point of hair splitting”17. Thus, 
they highlighted one of the inherent prob-
lems in Brodmann’s approach — the lack of 
observer independency, reproducibility and 
objectivity. recent advances in image analysis 
have helped to overcome the subjectiveness 
of the parcellation of histological sections19–22.

A further major problem with 
Brodmann’s map was identified by Lashley 
and Clark: “there is significant individual 
variation in the architectonic structure of 
areas similarly located in different specimens 
of the same species.”18 In fact, the lack of  
data on intersubject variability of cytoarchi-
tectonic areas is a major drawback of  
the Brodmann map and a challenge for  
contemporary researchers23.

the comeback of the map and its fate
In the 1980s Brodmann’s map gained 
unexpected popularity with the introduc-
tion of novel functional and structural 

neuroimaging techniques. These tech-
nologies address another of Bailey’s and von 
Bonin’s criticisms of Brodmann’s cytoarchi-
tecture: by imaging the living human brain 
during the performance of defined experi-
mental tasks and registering functional and 
architectonic data in a common reference 
space it became possible to link architectonic 
units and their function. Consequently, 
Brodmann’s map turned out to be integral 
to various sterotaxic atlases and software 
packages. In this context, it was necessary to 
‘translate’ the two-dimensional information 
of the original map into a three-dimensional 
representation. As the original map did not 
contain data on the intrasulcal surface, these 
atlases have had to guess where the areal bor-
ders are located in these parts of the brain. 
This is a major problem because the inter-
sulcal surface occupies two thirds  
of the whole cortical surface24. The stereo-
taxic atlas of Talairach and Tournoux25 is 
probably the most popular example of the 
revival of Brodmann’s map in stereotaxic 
atlases and a demonstration of the inher-
ent problems. The impression of a match 
between sulcal landmarks and areal borders 
may lead to the wrong conclusion that land-
marks are sufficient for the localization of a 
cytoarchitectonic border. Brodmann already 
pointed to this misconception (BOX 2). Semir 
Zeki correctly stated: “In fact, this type of 
localization is simply an approximation  
of the Talairach atlas, not of cytoarchitecture, 
which requires histological studies, analyses 
of intersubject variability, objective methods 

Timeline | the life and work of Korbinian Brodmann

1868 1880 1889 1895 1898 1901 1903 1909 1910 1911 1913 1916 1918

starts secondary 
school 
(‘gymnasium’).

Undertakes medical 
studies at the 
universities of Munich, 
Würzburg, Berlin and 
Freiburg, Germany.

Becomes a scientist at 
the Neurobiologisches 
Laboratorium of Oskar 
vogt in Berlin.

Works as a physician in 
Lausanne, Munich and 
Alexanderbad, Germany.

Meets Oskar vogt, who 
convinces him to work in 
Psychiatry and Neurology. 

Publishes the 
monograph 
Localization in the 
Cerebral Cortex.

Granted venia legendi 
in Neurology and 
Psychiatry.

Appointed Prosector in 
the asylum for psychiatric 
patients in Nietleben near 
Halle, Germany.

Appointed Head of the 
Department of 
Topographical Anatomy 
of the German Research 
institute for Psychiatry 
in Munich.

starts a series of 
publications on the 
cytoarchitecture of 
the cerebral cortex.

Works as a physician at the 
University Hospital for 
Psychiatry in Jena, 
Germany, and at the asylum 
for psychiatric patients in 
Frankfurt, Germany

completes his dissertation 
Chronic Sclerosis of the 
Ependyma.

Appointed head of 
the anatomical 
laboratory of the 
University Hospital 
of Neurology and 
Psychiatry, 
Tübingen, Germany.

Appointed Associate 
Professor in 
Tübingen, Germany.

Dies 22 August after sepsis caused 
by the failed treatment of an 
infection acquired while 
conducting an autopsy.

Born 17 November 
in Liggersdorf, 
Germany.
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of defining cortical borders, and a direct reg-
istration in 2D- or 3D-space to cortical sur-
faces or volumes of actual brain” (translation 
from ReF. 26 by K.A. and K.Z.).

modified versions of Brodmann’s map, 
frequently based on the Talairach and 
Tournoux atlas, are extensively used in  
the neuroimaging literature to describe the 

localization of activations as ‘Brodmann 
areas’ (BAs). This procedure, however, can 
be misleading without knowledge of the text 
that accompanies the drawing of the map. 

Figure 2 | Lateral views of the cortical maps of campbell, smith, von 
economo and Koskinas, sarkisov, Bailey and von Bonin, and Brodmann. 
Differences between the maps are apparent and may be caused by inter-
subject variability but may also be caused by problems of observer-

dependent parcellation techniques and different concepts of cortical 
organization. colour similarities indicate similarities in structure. The origi-
nal letters and numbers used to label the different areas are shown. images 
are modified from ReFS 7,8, 9,16,17,27.
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bFor example, the map presents the primary 
auditory cortex (area 41) on the free sur-
face of the superior temporal gyrus (FIG. 2), 
but Brodmann described in the text of the 
monograph the extent of the primary audi-
tory cortex as hidden in the lateral fissure. 
Some recent articles reproduced or cited 
Brodmann’s map of 1909 when referring to 
the orbitofrontal area 12, but this area is not 
mentioned in this map. It was introduced 
by Brodmann in a later modification of the 
map27 by which he tried to ‘harmonize’  
the monkey and the human brain maps.

Brodmann’s map, when used as a pure 
localizational tool and source of signposts 
of BA labels, can generate misleading archi-
tectonic localizations of functional imaging 
data, because the map does not reflect the 
intersubject variability of cortical areas. 
The localization of activation foci can be 

expressed only in terms of probability, as the 
cytoarchitectonic borders and the activation 
foci are highly variable between subjects. 
Consequently, cytoarchitectonic maps as 
structural references for functional studies 
must be probabilistic28–31 (FIG. 3).

With neuroimaging developments and 
new applications for neuroimaging, the 
limitations of Brodmann’s pioneering map 
and the need for further cytoarchitectonic 
research became apparent. This had been 
envisaged by Brodmann (BOX 2). recent 
research focused on intersubject variability, 
registering cytoarchitectonic data in a com-
mon reference space, developing reproduc-
ible and observer-independent definitions 
of cortical areas and borders, and including 
connectivity, molecular and functional 
aspects (for an overview see ReFS 32,33). 
Brodmann’s cytoarchitectonic approach has 

 Box 1 | An introduction to Brodmann’s brain map

 Box 2 | A fictive interview with Korbinian Brodmann

Are cytoarchitectonic areas sharply delineable? Or are there broad transition zones that indicate a 
continuous shift in cytoarchitecture?

Brodmann: “The transition between two neighbouring types, that is, the laminar differentiation 
between these types occurs more or less in a circumscribed manner, at some points so suddenly, 
that a sharp linear border is present between the neighbouring fields.”11

Does your map of the cortical surface precisely reproduce the topographical position of cortical 
areas and their borders?

Brodmann: “It must be stated that the projection of the spatial cortical centres onto the 
hemispherical surface is always a humble attempt, and that the schematic drawing carries with it in 
many respects anatomical imprecision and even mistakes. Borders between neighbouring fields, 
which are found in the depths of sulci, must be omitted or projected to the free surface; this condition 
leads in many cases (areas 2, 3, 5, 6, 18, 19, etc.) to a shift of the borders from the wall of a sulcus to the 
crown of a gyrus. […] Any person, who wants to learn about the precise borders of particular fields and 
about their extent in detail, must invest efforts to study these borders in the original sections.”11

Do macroscopical landmarks predict the position of the borders of cytoarchitectonic areas?
Brodmann: “The borders do not match, with a few exceptions, sulci and gyri of the cortical 

surface, or any other external morphological features.”11

Does your brain map provide a complete picture of cortical segregation?
Brodmann: “Only the basic organizational plan of the cerebral cortex […] was the aim of my 

attempt, and I confess without any hesitation that using a detailed histological analysis, namely 
the novel methods […] further differentiations and, probably, delineations of histologically 
differing fields will be found. I hope, however, that I achieved a preliminary result of the 
histological localization of the cerebral cortex within the constraints of my work.”11

Figure 3 | Probability maps of the human cortex 
based on quantitative cytoarchitecture and 
statistical tests for the localization of borders 
between areas. The Jülich–Düsseldorf cytoarchi-
tectonic probabilistic brain atlas is based on 
o b s e r v e r- i n d e p e n d e n t  m a p p i n g  o f  
cortical areas in ten post-mortem brains34,41.  
a,b | cytoarchitectonic probabilistic maps of (a) 
area PF of the inferior parietal lobule (correspond-
ing to a part of Brodmann’s area 40) and (b) the 
primary visual area (v1) (corresponding to 
Brodmann’s area 17) in standard reference space 
of the MNi42,43. Red indicates regions of high over-
lap (low intersubject variability); blue–green indi-
cates regions of low overlap (high variability).  
c | Lateral view of the MNi reference brain with 
maximum probability map, illustrating the current 
status of the Jülich–Düsseldorf atlas. The maxi-
mum probability map30 has been generated on 
the basis of cytoarchitectonic probabilistic maps 
in standard reference space; it assigns each voxel 
of the reference space to the area with the high-
est probability. Grey regions are not yet mapped. 
Published maps are available at: http://www.fz-
juelich.de/inm/spm_anatomy_toolbox. Part b is 
modified, with permission, from ReF. 32 © (2006) 
Macmillan Publishers Ltd. All rights reserved.

The Brodmann map is a drawing of a lateral and a medial view of a 
schematized human brain (FIG. 2). It displays the segregation of the 
cerebral cortex into 43 cortical areas belonging to 11 regions. Each of 
the areas is characterized by a particular cytoarchitecture. Brodmann 
wrote: “Only those regional differentiations of the cortical structure 
had been taken into account, which are apparent in the laminar 
organization of a cross-sectioned gyrus, in the positioning, size, 
packing density and distribution of cells, that is, in the 
cytoarchitectonic differences. Histological differences sensu strictu, 
that is, details of single cells, appearance of fibrils and tigroid substance 
as well as details of the structure of cell nuclei, etc., are not used 
topographically.”11 Brodmann analysed the cytoarchitecture in cell 
body-stained, horizontal sections of human brains (he never stated how 
many). The first area that appeared in the most dorsal horizontal 

section was labelled Area 1; the following areas were labelled by 
consecutive numbers corresponding to the sequence of their 
appearance in the more ventrally located histological section. 
Brodmann was convinced that every cytoarchitectonic area is an organ 
that subserves a particular function. This hypothesis could not be 
rigorously tested in his time, except for some so-called primary areas 
such as the primary visual cortex. This area receives heavy projections 
from the retina via the lateral geniculate body and generates a neuronal 
representation of the visual field. Recent experimental studies in 
animals, lesion studies and functional imaging studies in the human 
brain demonstrated that his map is incomplete or even wrong in some 
of the brain regions. For example, the tri-partition of the occipital 
(visual) cortex suggested by Brodmann is in sharp contrast to the 
several dozens of visual areas of recent maps (for example, ReF. 40).
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become more powerful through the inclusion 
of his map in a multimodal brain map. For 
example, multi-receptor mapping provides 
a multimodal perspective of the anatomi-
cal, functional and molecular organization 
of the brain and may serve as a reference 
for clinical and pharmacological studies of 
brain diseases34 (FIG. 4). The relation between 
cytoarchitecture and connectivity was greatly 
advanced by the introduction of diffusion ten-
sor imaging (for example, ReF. 35) and fibre 
tracking (for example, ReFS 36,37). However, 
these methods are still in their infancy, as 
the registration of fibre tracts cannot replace 
studies of synaptic and functional connectiv-
ity. The development of fibre-tracking tech-
niques with much higher spatial resolution 
is urgently required. High-resolution mrI 
enables architectonic definitions of only a few 
cytoarchitectonic areas in vivo38,39, and it is 
still far from providing a sufficiently detailed 
map of all Brodmann areas.

Conclusions and perspectives
The aim of architectonic brain mapping 
research today is to provide a microstruc-
tural frame for data produced by multimodal 
analyses of the cerebral cortex. Brodmann’s 
map was the pioneering piece of work  
in the field and still has great impact on 
neuroscientific and clinical brain research. 
It is unique in that it forms the basis for the 
ongoing analysis of the relation between 
function or dysfunction and cortical struc-
ture. The results of architectonic brain map-
ping during the past 100 years highlight the 
microstructural segregation of the cerebral 
cortex and its implications for understand-
ing psychological and pathological proc-
esses. In conclusion, Brodmann’s map is not 
simply a tool for localization. To say it in 
Brodmann’s own words in the introduction 
to his 100-year-old monograph: “Our goal 
is to produce a comparative, organic theory 
of the cerebral cortex based on anatomical 
features”10.
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Figure 4 | cortical maps based on the quantitative in vitro receptor autoradiography of the 
regional and laminar distribution of neurotransmitter receptors in the human and macaque 
brain. a | cholinergic muscarinic M2 receptors (labelled with [3H]oxotremorine-M) in coronal sec-
tions through a human (left) and a macaque (right) hemisphere. Homologous cortical areas show 
identical (for example, 3b primary somatosensory cortex, Te1 (ReF. 44), primary auditory cortex) or 
very similar (for example, motor cortex) regional and laminar expression levels of this muscarinic 
subtype. b | various transmitter receptors around the central sulcus demonstrate the segregation 
of the cerebral cortex into cortical areas. Most of the receptor architectonic borders (indicated by 
arrows) are found in precisely the same position in adjoining cell body-stained sections for cytoar-
chitectonic44–47 analysis. Multi-receptor architectonic analysis, however, reveals additional borders. 
1, 1a and 1b indicate somatosensory area 1 with an anterior (1a) and posterior (1b) subarea; 2 indi-
cates somatosensory area 2; 3, 3a and 3b indicate Brodmann’s area 3 (primary somatosensory cor-
tex), with area 3a responsible for proprioceptive representation and area 3b responsible for touch 
representation); 4, 4a and 4p indicate Brodmann’s area 4, with 4a being the anterior part of the 
primary motor cortex and 4p being the posterior part of the primary motor cortex; 6 indicates the 
lateral premotor cortex (part of Brodmann’s area 6). The architectonic subdivisions revealed by 
changes in receptor density coincide with the localization of cytoarchitectonic borders in most 
cases. However, the consideration of multiple receptors enables the identification of more detailed 
parcellations (Brodmann’s area 4 is subdivided into 4a and 4p, area 3 is further subdivided into 3a 
and 3b, et cetera) and hints at functional aspects of cortical organization47. α

1
, noradrenergic α

1
 

receptor; α
2A

 noradrenergic α
2A 

receptor; AMPAR, α-amino-3-hydroxy-5-methyl-4-isoxazole propi-
onic acid receptor; GABA

B
, GABA (γ-aminobutyric acid)-ergic GABA

B
 receptor; M2, cholinergic 

muscarinic M2 receptor; M3 cholinergic muscarinic M3 receptor; NMDAR, N-methyl-d-aspartate 
receptor; sc, central sulcus.
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