


46 Chapter 2 

of the nervous system, as we put the individual neu­
rons together into functional units. Chapter 3 follows 
up with greater detail on the chemical nature of nerve 
cell function. ■

Cells of the Nervous System 

All tissues in the body are composed of cells, and the 
special characteristics of different types of cells deter­
mine the structures and functions of the tissues and the 
organs. Understanding how those cells became spe­
cialized ( differentiated) is of tremendous importance 
to basic science as well as clinical research. BOX 2.1 
describes embryonic stern cells and their potential in re­
search and therapeutics. Embryonic stern cells destined 
to form the nervous system become two primary types 
of cells: nerve cells called neurons and supporting cells 
called glial cells that provide metabolic support, pro­
tection, and insulation for neurons (see the section on 
glial cells later in the chapter). The principal function 
of neurons is to transmit information in the form of 
electrical signaling over long distances. Sensory neu­
rons, which are sensitive to environmental stimuli, 

convert physical stimuli in the world around us and 
in our internal environment into an electrical signal and 
transmit that information to circuits of interneurons, 
which are nerve cells within the brain and spinal cord. 
Interneurons form complex interacting neural circuits 
and are responsible for conscious sensations, recogni­
tion, memory, decision making, and cognition. In turn;­
motor neurons direct a biobehavioral response appro­
priate for the situation. Although these neurons have 
common features, their structural arrangements and 
sizes vary according to their specific functions. FIG­
URE 2.1 provides some examples of the many possi­
ble shapes of neurons that were first described by the 
nineteenth-century histological studies of the Spanish 
neuroanatomist Ramon y Cajal. For much of the twen­
tieth century, neuroscientists relied on the same set of 
techniques developed by early neuroanatomists to de­
scribe and categorize the diversity of cell types in the 
nervous system. 

Histological methods that prepare tissue for mi­
croscopic study involve preparing very thin slices of 
the brain after it has been perfused with a salt solu­
tion to remove the blood, and treating the tissue with 

fixative that kills potentially damaging 
microorganisms, stops enzymatic dam­
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age, and hardens normally soft tissue. 
After slicing, one of several types of 
stain is applied to make fine cellular 
details visible. The Golgi technique, de­
veloped in 1873 by the Italian scientist 
Camillo Golgi, stains only a few cells 
in their entirety for detailed visualiza­
tion of individual neurons (see Figure 
2.1); others selectively stain myelin to 
view bundles of axons. Still others se­
lectively stain cell bodies or degenerat­
ing axons that identify damaged cells. 
After the tissue is stained, slices are ex­
amined with light or electron micros­
copy. Although variations on this basic 
technique are still frequently used, 
from the late 1970s onward, remarkable 
new technologies (see Chapter 4) in cell 
biology and molecular biology provid" 
ed investigators with many additional 
tools with which to identify minute 
differences in the structural features 
of neurons, trace their multiple con' 
nections, and evaluate physiological 
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FIGURE 2.1 Varied shapes of neurons These drawings are from 
actual nerve cells stained by the Golgi technique. Neurons are drawn to 
different scales to show their varied structures. 

responses. 

Neurons have three major 
external features 

Although neurons come in a variety 
of shapes and sizes and utilize vari­
ous neurochemicals, they have several 

Embryonic Stem Cells 

Stem cells are undifferentiated (A) 
(i.e., unspecialized) cells that 
have the ability to proliferate; 
that is, they replicate themselves 
over long periods of time by cell 
division. A second distinguish­
ing feature is that although they 
are unspecialized, stem cells 
have the capacity to become 
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type, such as red blood cell, 
muscle, or neuron, each 
with its unique structure and 
functions. This is possible 
because all cells of the body 

Culture of embryonic stem cells (A) Embryonic stem cells are cultured from the 
inner cell mass of an early-stage embryo. (B) Scanning electron micrograph of cul­
tured embryonic stem cells. (©Dr.Yorgos Nikas/Science Source.) 

have identical genetic ma-. 

terial, but some genes are activated and others are 
silenced to produce a cell type with all the appro­
priate proteins to perform its specialized functions. 
Hence in a nerve cell, particular genes are silenced, 
and in a heart cell, other genes are silenced. Embry­
onic stem cells are derived primarily from a portion 
of very early-stage embryos that would normally be­
come the three germ layers that ultimately develop 
into all the different tissues of the body. The cells are 
maintained in a laboratory cell culture dish and mul­
tiply, potentially yielding millions of embryonic stem 
cells (see Figure). If after 6 months, the cells have not 
differentiated into specific tissue cells, they are con­
sidered pluripotent, having more than one potential 
outcome. Scientists attempt to control differentiation 
to a specific cell type by changing the chemicals in 
the culture dish or by inserting specific genes into 
the cells to provide direction. 

There are several potential benefits from stem 
cell research. First, in the laboratory, the differenti0 

ated cells can be used to develop model systems to 
improve our understanding of how an organism de:.. 

velops from a single cell. Knowing something about 
what genes and molecular controls direct normal 
differentiation may provide important clues about 
the nature of disease-causing aberrations and the 
causes of cancer and birth defects, both of which are 
due to abnormal cell differentiation and cell division. 
This understanding can lead to new strategies for 
treatment. Second, drug development can be more 
efficient if multiple cell lines are used to screen new 
drugs for potential toxic effects on various cell types 
from multiple organs. Such preliminary testing would 
also reduce harm to animals or humans. Third, the 
most publicized potential application of stem cell re­
search is the use of stem cells for cell transplantation 

therapies for degenerative diseases or diseased or� 
gans. Promising results from initial research with stem 
cells involved animal models of Parkinson's disease, 
which showed that administered stem cells migrate 
to the damaged area of the brain and replace lost 
dopamine neurons, producing significant improve­
ment in motor function. Others used the cells to 
replace lost oligodendroglial cells that provide my­
elin in a rat model of human demyelinating disease 
(Brustle et al., 1999). Stem cells can also be directed 
to form specific classes of CNS neurons. For exam­
ple, by providing appropriate inductive signals and 
transcription factors, stem cells can be directed to 
become motor neurons. These cells replicate in the 
spinal cord, extend axons, and form synapses with 
target muscle (Wichterle et al., 2002). 

Successes with rat models have encouraged early 
trials in human patients. Efforts have been made to 
replace inactive pancreatic P-cells in individuals with 
type 1 diabetes to restore normal levels of insulin. 
Additional trials have been initiated to evaluate stem 
cell use in Parkinson's disease, amyotrophic lateral 
sclerosis (ALS), macular degeneration, and severe 
burns. The first trials to treat patients with paraplegia 
after injury to the thoracic region of the spinal cord 
are under way. The list of neurodegenerative disorders 
that might someday be tackled by stem cell trans­
plantation is long and includes Alzheimer's disease, 
ALS, stroke, brain trauma and tumors, MS, Tay-Sachs 
disease, Duchenne muscular dystrophy, and many 
others. Evidence also suggests that there is reduced 
proliferation of brain stem cells in patients with schizo­
phrenia, depression, and bipolar disorder, which may 
someday be corrected by stem cell transplantation. 

(Continued) 
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