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containing neurons in the rat brain. I. Forebrain (telencephalon, diencephalon). II. 
Hindbrain (mesencephalon, rhombencephalon). J. Comp. Neurol. 157:13-28; 29-42, 
1974. [Laboratory of Clinical Science, National Institute of Mental Health, Bethesda, MD] 

These two publications provided the first detailed 
and complete stereotaxic maps for catecholaminer-
gic and acetylcholinesterase-staining neuronal 
perikarya, fibers, and terminals by using coronal 
serial sections throughout the whole rat brain. [The 
SCI® indicates that these papers have been cited in 
more than 600 and 870 publications, respectively.] 
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In the late 1960s and early 1970s, the excite-

ment of catecholamine-fluorescence micros-
copy work of the Swedish groups in Lund and 
Stockholm was in the air. This technique was 
most instrumental in the development of what 
was to become the explosion that led to the 
"Decade of the Brain." In this same time period, 
it was becoming progressively more convincing 
that norepinephrine and dopamine were acting 
as neurotransmitters in the central nervous sys-
tem (CNS). The functions and properties of cat-
echolamine-containing neurons were being ex-
tensively studied, in addition to numerous drugs 
that influenced the uptake, storage, and release 
of monoamines. The fluorescence histochemi-
cal technique led to rapid advances in our knowl-
edge of the localization of catecholaminergic 
cell bodies, axonal pathways, and terminal fiber 
plexuses.1 

We met in 1972 at the National Institutes of 
Health when Mickey Palkovits arrived there from 
Hungary. We both agreed that there was a need 
for a brain stereotaxic map of the discrete local-
ization of catecholamines. A variety of neurobi-
ologists required detailed information of the 
precise localization of aminergic neurons. Be-
cause of the known dual innervation of periph-
eral organs by the cholinergic and adrenergic 
nerves of the autonomic nervous system, it was 
of interest to also map the localization of cholin-
ergic nerves in the brain. For this we used the 
acetylcholinesterase(AChE)histochemical stain 
of George Koelle and J.S. Friedenwald.2 In fact, 

Koelle had already described the localization of 
brain AChE.3 With few exceptions, this enzyme 
remains an excellent marker for cholinergic 
nerves. 

Besides the side-by-side description of the 
topography of catecholaminergic and AChE-
stained neuronal elements, our microscopic 
study was focused on brain regions with "dual 
innervation." At that time only a few, mainly 
incomplete, neuroanatomical maps were avail-
able. Maps for the fine topographical localiza-
tion of brain stem nuclei were especially needed. 
We therefore pooled our expertise and entered 
upon a one-year journey that was both fascinat-
ing and exhausting. Both of us sat at the binocu-
lar fluorescence microscope, cheek-to-cheek, 
together observing the discrete localization of 
fluorescence varicose fibers and cell bodies, 
carefully placing dot formations on prepared 
stereotaxic schematic outlines of coronal sec-
tions of the rat brain. We prepared a complete 
stereotaxic atlas of the rat hindbrain by using 
serial sections from every 50 mm stained with 
luxol fast blue and cresyl violet. 

The work was finally completed, resulting in 
two papers, which were submitted for publica-
tion. One of the two reviewers grudgingly ac-
cepted the papers "with low priority for rapid 
publication," stating, "I do not see that it adds a 
great deal to the existing literature." It is this lack 
of appreciation among a subpopulation of our 
scientists that makes it difficult for brain "car-
tographers" to undertake the tedium of whole 
brain mappings. 

We ended the first paper with the hope "that 
these maps will provide a background for ex-
perimental approaches..." The high number of 
citations is a clear indication that our expecta-
tions were fulfilled. The popularity of this work is 
largely due to the fact that neurotransmitters in 
the CNS became the target of interest of many 
researchers. The rapid increase in the number 
of fine neurochemical and neuropharma-
cological techniques required detailed topo-
graphical knowledge of the distribution of vari-
ous neuroaciive substances in the brain. After 
publication, we have had much feedback from 
colleagues who have found these maps invalu-
able for their own studies. This favorable reac-
tion to our maps served as a springboard from 
which our laboratory went on to map a variety of 
new neurochemicals that appeared at the dawn 
of the neuropeptide era. 
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