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Optimism is the faith that leads to achievement. Nothing can be done without hope and confidence-- Helen Keller 
 

BIOFLUID MECHANICS OF THE HUMAN BRAIN 1 

Guillermo Colón, Carlos A. Cruz and Roberto Latorre 2 

Abstract- The brain has been called one of the final 
frontiers of science, and rightly so: basic concepts 
familiar to us all have yet to be modeled and 
understood, such as the vivid feeling of emotions or the 
vague notion of consciousness that seems vital to the 
core of our being.  The primary approach in cognitive 
science, the study of mind, is that of taking a 
functionalist view; which attempts to replicate the 
higher-level functioning of the brain without unduly 
concerning itself with the lower-level processing and 
underlying dynamics that must be inherent in such a 
complicated structure. Neuroscience studies based on 
actual readouts and graphical representations of the 
brain are beginning to make more of an impact; 
because these studies are delving into areas previously 
uncharted. They are providing a vast amount of insight 
into the study of the functioning of the mind and its 
interaction with the body. To achieve a better 
understanding of this interaction between the mind and 
the brain functions it is necessary to combine this 
information with a broader understanding of the 
brain's processes. Also we have to learn more about the 
importance that the brain fluids play in these processes 
to comprehend how the human body functions, because 
the brain gives commands through the nervous system 
to the entire body thanks to this fluids. The most 
important of the body fluids is the cerebrospinal fluid 
that allows the neurons to transport information to the 
different parts of the body and thus permitting the 
many actions that make the human body the complex 
machine that it is [23]. 
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INTRODUCTION 

As recently as two centuries ago, the function of the human 
brain was still a complete mystery. It wasn’t until the influx 
of technological advancement that a true understanding of 
the human brain began to emerge. By studying fossils, 
scientists learned to differentiate between ape-like and 
human-like cranial structures [24].  

Through dissection, we have been able to identify all 
elements of the brains complex structure. By observing 
brain function through such techniques as Magnetic 
Resonance Imaging (MRI), the active portion of the brain 
can be studied while the subject is performing certain 
functions. For example, if the subject moves his right foot, 
a section of the parietal area of the left hemisphere will 
demonstrate that activity is indeed taking place. Modern 
technology such as brain mapping also allows us to make 
correlations between regional damage and resulting neural 
performance, such as in instances of brain damage [24]. 

Relative to body mass, brain volume tends to increase 
gradually over time; a process from which humans have 
benefited more significantly than any other beings. Humans 
do have the largest brain size in proportion to the body 
when compared to all other mammals. What makes the 
scientists believe that intelligence and knowledge are 
directly proportional to brain size. [24].  

However, if brain function is reliant merely on the ratio of 
neurons to body cells and the variations between cell size 
and species are immaterial, then the brain weight would be 
expected to be consistent with body weight. Yet in truth, 
for many neural functions, body size is irrelevant. For 
instance, sensory receptors that monitor an individual’s 
blood pressure or temperature would not need to expand 
with body size. Therefore the real connection between the 
brain and body mass is often found to exist in independent 
physiological systems [24].  

The human nervous system is a complex mechanism 
maintained by numerous diverse yet mutually supportive 
functions. It with its sensory organs being at first 
genetically determined constitutes the first set of biological 
filters that distinguishes external reality from our internal 
representation of that same reality. This communication 
between the brain and the human body is due to the 
cerebrospinal fluid. The CSF transports the neurons that 
contain the information that the brain sends to the rest of 
our body [24]. 
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Figure 1. The anatomy of the human brain [7]. 

 
Figure 2. Hemispheres of the human brain [7]. 
 
 
 

THE HUMAN BRAIN AND THE CENTRAL 
NERVOUS SYSTEM 

 
 
The brain works in conjunction with the spinal cord to 
carry the different messages that the neurons send make 
body function properly. The brain is composed of neurons 
(nerve cells). The neurons form tracts that route throughout 
the brain. These nerve tracts that carry messages to various 
parts of the brain. The brain uses these messages to perform 
different functions. These functions include the 
coordinating of our body’s systems, such as breathing, 
heart rate, body temperature, and metabolism; the brain 
also controls body movements; personality; behavior; and 
the senses, such as vision, touch, smell, hearing and taste 
[25]. 

Each part of the brain serves as a specific function and 
links with other parts of the brain to form more complex 
functions [25].     
 
The reticular activating system is a bunch of structures and 
pathways by which nerve cells communicate with the 
cerebrum. These structures are part of masses of nerves that 
lie in the brain stem and are called the reticular formation. 
The system shifts information coming to the brain from the 
senses and transmits only the significant information to the 
conscious mind [25]. 
 
The Limbic system is known as the center of emotion of 
the human body. It controls the basic emotions of the 
human body and is in tune with the sense of smell of the 
body. This system is located in the lower part of the brain 
where the hypothalamus and part of the thalamus are 
located. Is also takes part hippocampus and amygdale that 
are close to the previous parts of the brain mentioned [25]. 
 
1. The cerebrum  
 
The cerebrum -- which is just Latin for "brain" -- is the 
newest (evolutionarily) and largest part of the brain as a 
whole (Figure 1).  It is here that things like perception, 
imagination, thought, judgment, and decision occur. It is 
the outermost covering of the telencephalon, and is very 
large.  The gray matter of the cerebrum is all located on the 
most peripheral edges of it, with the white matter 
underneath.   Because the gray matter is peripheral, there's 
only as many neurons as their is surface area of the 
cerebrum.  So the cerebrum is highly folded to have more 
room for cerebral neurons [26]. 
 
The entire cerebrum is divided into two halves, called 
cerebral hemispheres (Figure 2).  The right hemisphere 
controls the left side of the body, while the left hemisphere 
controls the right side of the body [26]. 
    
The cerebrum is divided into: 
 
Brainstem - The brainstem consists of the medulla (an 
enlarged portion of the upper spinal cord), pons and 
midbrain  (lower animals have only a medulla). The 
brainstem controls the reflexes and automatic function s 
(heart rate, blood pressure), limb movements and visceral 
functions (digestion, urination) [27].  

Cerebellum - The cerebellum integrates information from 
the vestibular system that indicates position and movement 
and uses this information to coordinate limb movements 
[27].  

Hypothalamus and pituitary gland  - These control 
visceral functions, body temperature and behavioral 
responses such as feeding, drinking, sexual response, 
aggression and pleasure [27].  
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Figure 3. Limbic lobe [2]. 
 
Cerebrum (also called the cerebral cortex or just the 
cortex) - The cerebrum consists of the cortex, large fiber 
tracts (corpus callosum) and some deeper structures (basal 
ganglia, amygdala, hippocampus). It integrates information 
from all of the sense organs, initiates motor functions, 
controls emotions and holds memory and thought processes 
(emotional expression and thinking are more prevalent in 
higher mammals) [27]. 

Occipital lobe - The occipital lobe receives and processes 
visual information directly from the eyes and relates this 
information to the parietal lobe (Wernicke's area) and 
motor cortex (frontal lobe). One of the things it must do is 
interpret the upside-down images of the world that are 
projected onto the retina by the lens of the eye [27].  

The pituitary gland itself consists of three sections: anterior 
lobe, intermediate lobe and the posterior lobe. 

Temporal lobe – The temporal lobe processes auditory 
information from the ears and relates it to Wernicke’s area 
of the parietal lobe and the motor cortex of the frontal lobe 
[27].  

Insula – The insula influences automatic functions of the 
brainstem. For example, when we hold our breath, impulses 
from our insula suppress the medulla’s breathing centers. 
The insula also processes taste information [27].  

Hippocampus – The hippocampus is located within the 
temporal lobe and is important for short-term memory [27].  

Amygdala – The amygdala is located within the temporal 
lobe and controls social and sexual behavior and other 
emotions [27].  

Basal ganglia – The basal ganglia works with the 
cerebellum to coordinate fine motions, such as fingertip 
movements [27].  

Limbic system – The limbic system (Figure 3) is important 
in emotional behavior and controlling movements of 
visceral muscles (muscles of the digestive tract and body 
cavities) [27]. 
 
Olfactory Bulb - Odors are encoded in the olfactory 
epithelium by the differential activation of a large (~102-
103) multigene family of olfactory receptors expressed in 
the outer dendritic segments (cilia) of ~106-107 receptor 
cells. Axons of individual receptor cells expressing the 
same receptor gene make convergent projections to a small 
number of discrete spheroidal structures, the glomeruli, in 
the superficial layers of the olfactory bulb, forming a 
stereotypic 2D topographic map of receptor space. Odorant 
stimuli are thus represented by spatial patterns of 
glomerular input. The olfactory bulb reads these raw input 
patterns, refining or transforming them into spatial and 
temporal firing patterns of output neurons – the mitral and 
tufted cells. The output neurons transmit the ‘results’ of 
these local computations to higher olfactory cortical 
centers. The circuitry of the olfactory bulb is configured as 
a 2D signal-processing array, with output neurons receiving 
direct synaptic excitation from olfactory receptor axons in 
contact with the glomerular tufts of their apical (primary) 
dendrites. The internal operations of the bulb are conducted 
at several levels: intraglomerular processing mediated by 
dendrodendritic microcircuits, interglomerular connections 
mediated by juxtaglomerular cells, and lateral inhibitory 
connections between output neurons mediated by anaxonic 
granule cells [27]. 

Pituitary - The pituitary gland is sometimes called the 
“master” gland of the endocrine system, because it controls 
the functions of the other endocrine glands. The pituitary 
gland is no larger than a pea, and is located at the base of 
the brain. The gland is attached to the � horoids� lon (a part 
of the brain that affects the pituitary gland) by nerve fibers 
[27].  

Reticular formation – Forms a core of neural tissue in the 
brainstem, surrounded by the major nuclei and tracts. It 
samples the information carried by most sensory, motor 
and visceral pathways. The recitular formation uses some 
of this information in various reflexes (e.g., circulatory and 
respiratory reflexes, swallowing, coughing). It also sends 
outputs caudally to the spinal cord and rostrally to the 
choroids lons. The outputs to the spinal cord mediate some 
aspects of movement, control the sensitivity of spinal 
reflexes, and regulate the transmission of sensory 
information (especially pain) into ascending pathways. The 
outputs to the choroids ons from a portion of the reticular 
formation called the Ascending Reticular Activating 
System (ARAS) modulate the level of cortical activity and 
hence the level of consciousness; the ARAS is important in 
sliip-wakefulness cycles [27]. 
 
Meninges- Are three membranous layers of connective 
tissue that envelop the brain and spinal cord. The outermost 
layer, or dura mater, is extremely tough and is fused with 
the membranous lining of the skull. In the brain it forms a 
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vertical sheet that separates the cerebral hemispheres and a 
horizontal sheet that lies between the cerebrum and the 
cerebellum. The thin arachnoid membrane lies below and 
in close contact with the dura mater. The innermost layer, 
or pia mater, is in direct contact with the brain and spinal 
cord and contains the blood vessels that supply them. The 
pia mater and arachnoid membrane are separated by the 
subarachnoid space containing the cerebrospinal fluid, 
which carries nutrients, absorbs the impact of shocks, and 
acts as a barrier to disease organisms. Thus, the meninges 
provide a fluid-filled jacket for the protection of neural 
tissues and allow for the flexing and twisting of the 
vertebral column about the spinal cord [27]. 

Ventricles- Four irregularly shaped cavities located within 
the brain containing cerebrospinal fluid [27].  

Pineal body (epiphysis)-Is a small reddish-gray body, 
about 8 mm. In length which lies in the depression between 
the superior colliculi. It is attached to the roof of the third 
ventricle near its junction with the mid-brain. It develops as 
an outgrowth from the third ventricle of the brain.In early 
life it has a glandular structure which reaches its greatest 
development at about the seventh year. Later, especially 
after puberty, the glandular tissue gradually disappears and 
is replaced by connective tissue.The pineal body is destitute 
of nervous substance, and consists of follicles lined by 
epithelium and enveloped by connective tissue. These 
follicles contain a variable quantity of gritty material, 
composed of phosphate and carbonate of calcium, 
phosphate of magnesium and ammonia, and a little animal 
matter.It contains a substance which if injected 
intravenously causes fall of blood-pressure. It seems 
probable that the gland furnishes an internal secretion in 
children that inhibits the development of the reproductive 
glands since the invasion of the gland in children, by 
pathological growths which practically destroy the 
glandular tissue, results in accelerated development of the 
sexual organs, increased growth of the skeleton and 
precocious mentality [27]. 

A. Lower Brain 
 
The basic lower brain consists of the spinal cord, brainstem 
and choroids loins. Within each of these structures are 
centers of neuronal cell bodies, called nuclei that are 
specialized for particular functions (breathing, heart-rate 
regulation, sleep, etc.) [27]. 

Medulla – The medulla contains nuclei for regulating 
blood pressure and breathing, as well as nuclei for relaying 
information from the sense organs that comes in from the 
cranial nerves [27].  

Pons – The pons contains nuclei that relay movement and 
position information from the cerebellum to the cortex. It 
also contains nuclei that are involved in breathing, taste and 
sleep [27].  

Midbrain  – The midbrain contains nuclei that link the 
various sections of the brain involved in motor functions 
(cerebellum, basal ganglia, cerebral cortex), eye 
movements and auditory control. One portion, called the 
substantia nigra, is involved in voluntary movements; 
when it does not function, you have the tremored 
movements of Parkinson’s disease [27].  

Thalamus – The thalamus relays incoming sensory 
pathways to appropriate areas of the cortex, determines 
which sensory information actually reaches consciousness 
and participates in motor-information exchange between 
the cerebellum, basal ganglia and cortex [27].  

Hypothalamus – The hypothalamus contains nuclei that 
control hormonal secretions from the pituitary gland. These 
centers govern sexual reproduction, eating, drinking, 
growth, and maternal behavior such as lactation (milk-
production in mammals). The hypothalamus is also 
involved in almost all aspects of behavior, including your 
biological “clock,” which is linked to the daily light-dark 
cycle (circadian rhythms) [27].  

B. Balancing Act 
 
The cerebellum is folded into many lobes and lies above 
and behind the pons. It receives sensory input from the 
spinal cord, motor input from the cortex and basal ganglia 
and position information from the vestibular system. The 
cerebellum then integrates this information and influences 
outgoing motor pathways from the brain to coordinate 
movements. To demonstrate this, reach out and touch a 
point in front of you, such as the computer monitor – your 
hand makes one smooth motion. If your cerebellum were 
damaged, that same motion would be very jerky as your 
cortex initiated a series of small muscle contractions to 
home in on the target point. The cerebellum may also be 
involved in language (fine muscle contractions of the lips 
and larynx), as well as other cognitive functions [27].  
 
C. Higher Brains 
 
The cerebrum is the largest part of the human brain. The 
cortex contains all of the centers that receive and interpret 
sensory information, initiate movement, analyze 
information, reason and experience emotions. The centers 
for these tasks are located in different parts of the cortex. 
Before we discuss what each part does, let’s look at the 
parts of the cerebrum [27]. 
     
2. Brain neurons 
 
Neurons are cells that carry information throughout the 
body. These cells are surrounded by a cell membrane and 
have a nucleus that contains genes. Neurons also contain 
cytoplasm, mitochondria and other “organelles”.  The three 
different types of neurons are shown in figure 4 [28]. 
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Figure 4.  Types of neurons  [2]. 
 
However, neurons differ from other cells in the body 
because they have specialized extensions called dendrites 
and axons.  These dendrites bring information to the cell 
body while the axons take information away from the cell 
body [28].  
 
They also communicate with each other through an 
electrochemical process and contain some specialized 
structures (for example, synapses) and chemicals (for 
example, neurotransmitters) [28]. 
 
 If the neurons and nerve tracts are affected, they can be 
unable or have difficulty carrying the messages that tell the 
brain what to do. This can change the way a person thinks, 
acts, feels, and moves the body [28].  
 
The information is transmitted by electrical impulses issued 
by the neurons, they also communicate with each other in 
the same way. This electrical impulse is called “action 
potential”. But more importantly the neurons are able to 
move from the brain to the rest of the body organs through 
the cerebrospinal fluid [28].  

 

CEREBROSPINAL FLUID (CSF) 

The presence of cerebrospinal fluid (CSF) within the 
cavities of the brain was already known to the ancients. 
Probably, the first report of the existence of CSF was 
known in the 17th century B.C., Hippocrates described the  
 
 

occurrence of fluid in brain cavities in the 4th century B.C., 
however, it was thought to be pathological. Galen described 
the ventricular cavities in the 2nd century A.D. For a long 
time these cavities were thought to be filled with "vital 
spirit". Only in the 16th century A.D. ,Vesalius discovered 
a watery humor. Systematic studies of this fluid started 
later and in 1825 Magendie performed the first tap of the 
cisterna magna in animals. The examination of CSF was 
introduced by Quincke 1891, and in 1901 cytological 
techniques were established by Widal and others [29]. 
 

 
CSF and the ventricular system 
 
1. Anatomy 
 
Cerebrospinal fluid is mostly located in the ventricular 
system and the subarachnoid space (figure 5 and 6). The 
ventricular system develops from the neural tube and 
includes the lateral ventricles, third ventricle, the 
mesencephalic aqueduct and the fourth ventricle, which 
continues into the central canal of the spinal cord. The 
cranial cavity is a closed space and requires a continuous 
adjustment of the intracranial pressure. In the cavity the 
volumes responsible for this pressure are the brain 
parenchyma, the CSF and the blood [29]. 
 
In part the CSF is produced by the choroid plexus which 
includes the choroidal epithelium, blood vessels and 
interstitial connective tissue. The choroid plexus has an 
extensive blood supply that reflects its active metabolic 
activity. In addition, there exists a nerve supply, an 
extensive perivascular autonomic innervation derived in 
part from the sympathic and the vagal nuclei. There is 
much evidence for adrenergic, cholinergic and peptidergic 
innervation. The choroidal epithelium is composed of a 
single row of epithelial cells, arranged in villi around a core 
of blood vessels and connective tissue. Numerous 
infoldings and microvilli provide a structure which 
resembles other epithelia noted for fluid transport. A 
membranous barrier to the movement of macromolecules 
are the tight junctions, which join adjacent choroidal 
epithelial cells. Tight junctions also characterize brain 
endothelial cells and the cells of the arachnoid membrane. 
The electrical resistance found on the apical surface of the 
choroidal epithelium has also been attributed to these tight 
junctions [29]. 
 
Brain capillaries have a special morphology in 
comparison to capillaries of other organs. Endothelial  cells  
in brain capillaries are joined by tight junctions, which 
results in a continuous layer of cells separating blood from 
extracellular fluid of the brain. Also, the surface of the 
vessels have high electrical resistance, which is thought to 
be an additional function of the tight junctions. Since these 
junctions serve as endothelial cells perform a barrier to the  
movement of ions and molecules, the transport. In addition 
brain capillaries are surrounded by a basement membrane, 
approximately 25% the width of endothelial cells.   
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 Figure 6. Anatomy of the cerebrospinal fluid [10]. 
 
The function of this membrane is to maintain the integrity 
of the capillary tube under adverse conditions such as 
osmotic changes or increased hydrostatic pressure from 
sudden elevations in the blood flow. The capillaries are 
surrounded by different cell types: pericytes, perivascular 
macrophages and astrocytic end-feet [29]. 
 
The cerebral ventricles are lined with a layer of ependymal 
cells followed usually by a subependymal layer of glial 
fibers and glial cells. At this location an exchange between 
ventricular fluid and the adjacent subependymal 
extracellular fluid of the brain occurs [29]. 
 
The brain and the spinal cord are surrounded by the 
leptomeninges. They are divided into the arachnoid mater 
and the inner layer, the pia mater. The two membranes 
contain the subarachnoid space filled with the 
extraventricular CSF. The leptomeninges contain few 
capillaries. The pia mater forms the outer surface of the 
perivascular space through "invagination" into the nervous 
system and tissue derived from the arachnoidea contributes 
to the inner wall of this space. Filaments of spinal and 
cranial nerves are surrounded in a similar way by a reticular 
(endoneurial) sheath derived from the pia. The pia mater is 
also involved in the formation of the ventricles (e.g., roof 
of the 3rd ventricle and in part of the 4th ventricle). The 
perivascular space of Virchow-Robin extends from the 
subarachnoid space to a variable depth within the brain 
[29]. 
 
The extracellular interstitial fluid  of the brain is thought 
to have a volume in the range of 15 to 20%. The space is 
greater in gray matter than in white matter, the former 
having a higher water content than the latter [29]. 
 
 

The dura mater is a thick and inelastic membrane which 
encompasses the brain, spinal cord and lumbar sac. The 
meningeal layer is the protective envelope of the brain. The 
falx, the tentorium and the diaphragma of the sella are 
formed by reduplication of the inner meningeal layer of the 
dura. The dura has an extensive lymphatic supply and a 
parasympathetic and sympathetic innervation system. The 
dura is outside the blood-brain barrier [29]. 
 
A connection exists between the scala tympani and the 
subarachnoid space by the cochlear aqueduct. The pressure 
in the three compartments of the cochlea shows changes 
parallel to those recorded in the CSF in several animal 
species. However, the actual rate of flow between the CSF 
and the perilymph via the cochlear aqueduct is not exactly 
known. It is possible that the endolymph duct may be 
important in the spread of infection between the inner ear 
and the meninges [29]. 

Circulation of the Cerebrospinal Fluid  

The CSF is formed in the lateral ventricles, circulates 
through the interventricular foramens into the third 
ventricle, and then via the cerebral aqueduct into the fourth 
ventricle. Here the fluid scapes via the lateral apertures of 
the fourth ventricle and the medial foramen of the fourth 
ventricle into the subaracnoid spaces, where it difuses over 
the brain and spinal cord. It has been calculated that 430 to 
450 ml of CSF are produced every day, so the fluid must be 
changes every 6 to 7 hours. Respiratory and circulatory 
changes are belivied to change the pressure within the 
closed system and promote the mixing and diffusion of 
fluid [30]. 

The fluid flows through the interventricular foramen (of 
Monro) into the third ventricle, is augmented by fluid 
formed by the choroids plexus of this ventricle, and passes 
through the cerebral aqueduct (of Sylvius) to the fourth 
ventricle, which also possesses a choroids plexus. The CSF 
from all theses sources , as well as any formed in the 
central canal of the spinal cord, escapes from the fourth 
ventricle into the subarachnoid space through the median 
aperture (of Magendie) and lateral aperture (of Luschka) 
[30]. 

The CSF then circulates through the freely communicating 
subaracchnoid cisterns at the base of the brain. From the 
cisterns, most of the CSF is directed upward over the 
cerebral hemispheres and smaller amounts pass downward 
around the spinal cord [30]. 

Intracranial Pressure (ICP) 
 
The intracranial cavity is closed by bony structures and its 
contents are fixed in total volume. The cavity is open 
through the foramen magnum into the spinal subarachnoid 
space with some degree of elasticity. Three components are  
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important regarding the intracranial pressure: brain, CSF, 
and blood. Brain tissue may undergo displacement by 
herniation or by pressure atrophy as observed in 
hydrocephalus. The volumes of intracranial blood and CSF 
vary reciprocally as described before, which help maintain 
intracranial pressure within normal limits. The regulation is 
performed by autoregulation of cerebrospinal blood flow 
and CSF absorption, but also by changes in body position 
[29]. 
 
To measure CSF opening pressure, the patient must be in 
the lateral decubitus position with the legs and neck in a 
neutral position. The meniscus will fluctuate between 2 and 
5 mm with the patient’s pulse and between 4 and 10 mm 
with respirations. The patient should be advised not to 
strain, because straining can increase the opening pressure, 
and cautioned not to hyperventilate, because 
hyperventilating will lower the opening pressure [29]. 

Normal opening pressure ranges from 10 to 100 mm H20 in 
young children, 60 to 200 mm H20 after eight years of age, 
and up to 250 mm H20 in obese patients. Intracranial 
hypotension is defined as an opening pressure of less than 
60 mm H20. This finding is rare except in patients with a 
history of trauma causing a CSF leak, or whenever the 
patient has had a previous lumbar puncture [29]. 

Opening pressures above 250 mm H20 are diagnostic of 
intracranial hypertension. Elevated intracranial pressure is 
present in many pathologic states, including meningitis, 
intracranial hemorrhage, and tumors. Idiopathic intracranial 
hypertension is a condition most commonly seen in obese 
women during their childbearing years. When an elevated 
opening pressure is discovered, CSF should be removed 
slowly and the pressure monitored during the procedure. 
No additional CSF should be removed once the pressure 
reaches 50 percent of the opening pressure [29]. 

Most dogs have a pressure between 5 and 12 mm Hg under 
general anesthesia, while slightly lower CSF pressures have 
been found in cats. Causes for an elevated CSF pressure are 
space-occupying lesions (e.g., tumors), which cause 
compression of venous sinuses and therefore prevention of 
CSF absorption in the arachnoid villi. Elevated CSF 
pressure also occurs in cerebral edema, usually associated 
with brain injury, hydrocephalus and inflammatory lesions 
[29]. 

4. Physiology 
 
a. Secretion 
 
CSF is produced by a number of sites. Beside the secretion 
of CSF by the choroid plexus the fluid derives also directly 
from the brain by the ependymal lining of the ventricular 
system and the pia-glial membrane and from blood vessels 
in the pia-arachnoid. The rate of CSF formation in various  
species varies from 0.2 to 0.5 ml/minute/gm choroid  
 

plexus. In the dog the formation rate is approximately 
0.047 ml/minute (dependent on the size of the animal), in 
the cat 0.017 ml/minute, in the rat 0.002 ml/minute and in 
man 0.35 ml/minute [29].  
 
CSF is produced by ultrafiltration from blood plasma and 
by active transport mechanisms. Hydrostatic pressure in the 
capillaries initiates the transfer of water and ions to the 
interstitium and then to the choroidal epithelium. The 
further transport occurs across tight apical junctions and 
through cells. Both transmembranal transfers are probably 
dependent upon ion pumps and are directly related to 
sodium transport, which depends upon the membrane-
bound enzyme sodium-potassium activated ATPase present 
at the apical surface as well as at the intercellular clefts 
[29].  
 
A further important enzyme is carbonic anhydrase. The 
sodium content of plasma and CSF is about the same; 
however, CSF has an excess of chloride and magnesium 
and a deficit of potassium and bicarbonate. A further 
difference is seen in the water content. Plasma is 93% 
water, whereas CSF is 99% water. The fact that the 
concentration ratios of the major ions in CSF are different 
from those in a protein-free filtrate indicates that the 
composition of the CSF depends upon secretory processes. 
Further specific mechanisms such as facilitated diffusion 
into the CSF exist for the membrane transport of vitamins, 
nucleosides, purines, glucose and amino acids essential for 
brain development and metabolism, whereas toxic 
metabolites are cleared from CSF to plasma. It was shown 
that the rate of CSF production is independent of moderate 
variation in the level of intraventricular pressure of short 
duration. However, in studies with chronically 
hydrocephalic animals a reduction in CSF formation is 
observed with increasing pressure. In contrast, acute 
changes in blood osmolality alter the CSF production, but it 
is suspected that the choroid plexus will adapt to chronic 
osmotic derangement, so that any changes in function 
would be transient. In addition the choroid plexus serves as 
an "ectopic renal tubular epithelium" in clearing the CSF 
from toxic metabolites. Table 1 indicates physical and 
chemical properties of CSF [29]. 
 
b. Absorption 
 
The CSF circulates from the ventricular system to the 
subarachnoid space. Along the spinal cord and the central 
canal in animals a circulating flow exists. In humans 
besides this caudal flow the CSF has the tendency to flow 
also cranially. The cranial cavity is a closed space and in 
the equilibrium state the rate of absorption of CSF equals 
its rate of formation due to law conservation of mass. The 
arachnoid villi are the major place for CSF absorption. The 
mechanism for the bulk flow reabsorption into the venous 
system depends upon the hydrostatic pressure within the 
subarachnoidal space. Other sites for absorption are the 
choroid plexus, diffusion into brain and capillaries, veins 
and lymphatics placed around spinal nerve roots [29]. 
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c. Function 
 
The CSF has several functions, such as physical support, 
excretory function, intracerebral transport and control of 
the chemical environment of the central nervous system 
(CNS). The CSF  transports the neurons that contains the 
information for transmition to other parts of our body, also 
it helps in the protection of the brain from acute blood 
pressure changes and, therefore, in the regulation of 
intracranial pressure. Actuelly our brain floats in the CSF, 
thus acting as a shock absorber. Since the CSF is 
considered to be an intracerebral transport medium, the 
fluid is also useful for clinical research [29]. 
 
d. Composition [Table 1] 
 
The CSF is a watery solution containing ions and different 
substances to serve as an intracerebral transport medium for 
nutrients, neuroendocrine substances and neurotransmitters. 
Despite the different composition in relation to plasma, the 
osmolality of the two fluids remains the same (289 
mOsm/L). In comparison to plasma, glucose is slightly 
diminished in the CSF (about 80%) and there is much less 
protein, which is mostly albumin. In the normal dog the 
protein content is less than 25 mg/dl. In addition to these 
substances a few leukocytes are seen in the CSF, since the 
CNS is constantly screened by the immune system. In the 
CSF of normal dogs, 0 - 3 cells/� l, mostly lymphocytes, 
can be counted [29]. 
 
e. Acquisition (Techniques of CSF Tap) 
 
In clinics, the CSF is analyzed for its cellular and chemical 
constituents. CSF is obtained by cisternal puncture in 
lateral recumbency during general anesthesia. After 
surgical preparation the puncture of the cerebellomedullary 
cistern is performed between the occipital bone and the 
atlas using 22 gauge, 1.5-inch spinal needles with a stylet. 
For the procedure, the head is held at a right angle to the 
vertebral column. Excessive flexion of the head is avoided 
since it might occlude the airway. The animal has to be 
observed for adequate ventilation during the whole 
procedure. The landmark is a triangle composed from the 
occipital protuberance and the wings of the atlas. The 
puncture follows in the middle of this triangle. In animals 
that are not heavily muscled the space between the occipital 
bone and the arch of the atlas can be palpated. The needle 
is carefully inserted, the puncture of the dura mater and 
atlantooccipital membrane is felt, and sometimes a slight 
muscle twitching occurs, when the needle is in the right 
place. When the stylet is removed, CSF flow is observed, 
which is the only reliable sign of a successful puncture. The 
CSF is collected in a sterile tube. The pressure can be 
measured using a spinal manometer, but the additional 
information is minimal. Therefore, most examiners do not 
recommend the additional manipulation. The amount of 
CSF, which can be obtained per animal, is 1 ml / 5 kg. 
Mostly, 1 - 2 ml are taken and sufficient for the most 
important examinations. If only a few drops can be get, the 
 
 

measurement of the protein content and the cell count is 
feasible with only 100 - 200 � l CSF. By puncture of 
radicular vessels blood contamination might occur[29]. 
 
 
Table.1. Physical Properties and chemical composition of 
the cerebrospinal fluid: human [Physiology of the CSF and 
the BBB: Altman. 1961] 
 

Properties Units Range 
Freezing point 
depression °C 0.540-

0.603 

pH - 7.35-
7.70 

Pressure mm H 2 O 70-180 
Refractive index  1.3351 

Specific gravity - 1.0062-
1.0082 

Volume ml3 90-150 
Lymphocytes Cells/mm cu 0-10 

Solid % 0.85-
1.70 

Water % 99 
Aluminum - Trace 
Barium - Trace 
Bicarbonate mg/ml 0.00483 
Boron  Trace 

Bromide mg/ml 0.0014-
0.0038 

Calcium mg/ml 0.039-
0.051 

Carbon dioxide %Volume 57-62 

Chloride mg/ml 4.18-
4.52 

Copper mg/ml 0.00006-
0.0002 

Iodine mg/ml 0.00001 
Iron mg/ml 0.00035 

Phosforus mg/ml 0.0125-
0.0210 

Potassium mg/ml 0.085-
0.115 

Sodium mg/ml 5.01-
5.43 

Strontium mg/ml Trace 
Sulfur mg/ml 0.006 

Protein Total mg/ml 0.12-
0.43 

Protein Lumbar mg/ml 0.2-0.4 
Protein cisternal mg/ml 0.15 
Protein Ventricular mg/ml 0.1 

Cholesterol mg/ml 0.0024-
0.005 

Citric acid mg/ml 0.0004 

Vitamin C mg/ml 0.018 
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Another technique to obtain a CSF sample is the lumbar 
puncture (L5-L6). CSF can be taken in most cats with this 
procedure, although in dogs the technique is more difficult. 
Sometimes only a few drops are obtained and blood 
contamination occurs more frequently than with the 
suboccipital puncture. In addition, in normal CSF the 
number of cells counted after lumbar puncture is somewhat 
higher[29]. 
 
Cerebrospinal fluid pressure in the subarachnoid space can 
be measured after the puncture. Values of both the cervical 
and lumbar spines are affected by changes in body position. 
Inclining the body position to 30, 60 and 90 degrees 
reduces pressure [29]. 
 
5. Normal and Pathological Findings: Color 
 
The CSF is a watery, clear and colorless fluid. Every 
change from this water like appearance is abnormal. The 
CSF is cloudy when a high amount of cells are present (> 
500/� l). A high protein content can enhance this turbidity 
and produce more viscous fluid. Red color is indicative of 
hemorrhage, in most cases caused by puncture of radicular 
vessels. If the CSF clears after centrifugation, a traumatic 
tap caused the coloration. However, a red or yellow 
staining after centrifugation is indicative for a pathologic 
hemorrhage, since the erythrocytes degenerate easily in the 
CSF. Xanthochromia, a yellow color of the CSF, is typical 
for subarachnoid hemorrhage in the absence of 
hyperbilirubinemia. It is caused by an accumulation of 
blood pigments and occurs several hours after the 
hemorrhagic insult (bleeding after trauma, in arthritis cases 
or other severe CNS inflammation, as well as in vascular or 
bleeding disorders) [29]. 
 
6. Cell Counts 
 
The cerebrospinal fluid and its cells are a valuable source 
of information for diagnostics and research since they 
reflect, at least in part, the immune response occurring in 
the CNS. The examination of CSF cells is especially useful 
in cases in which an ongoing inflammatory reaction is 
suspected (inflammatory/infectious diseases of the CNS, 
tumors). The total number of cells is determined by use of a 
cell counting chamber: mostly the Fuchs-Rosenthal 
chamber. The counting should be performed within about 
30 minutes after CSF collection, since the cells degrade 
rapidly in a fluid with low protein content. In particular, 
granulocytes are very sensitive and are lysed up to 40% 
after 2 hours at room temperature. Refrigerating helps to 
minimize the degeneration. In the CSF of normal dogs and 
cats 0 - 3 cells/� l are counted, mostly mononuclear cells 
(lymphocytes and monocytes). It should be reminded that a 
normal cell count of 3 leukocytes/ � l CSF is equivalent to 
3000 white blood cells/ml. Slight contamination with 
erythrocytes (because of a traumatic puncture) does not 
severely effect the counting results. Approximately one 
white blood cell is subtracted from the CSF leukocyte 
count for every 500 - 700 erythrocytes present. 
 

In case of a pleocytosis, an increased cell count, which is 
graded as mild (5 - 50 cells), moderate (50 - 200 cells) or 
marked (> 200 cells), a differential cell count is performed 
as soon as possible. Enumeration and identification of the 
cells helps to narrow the clinical differential diagnosis. For 
closer evaluation of the CSF cells cytospin preparations are 
commonly used. The cytocentrifuge accumulates all the 
cells in a volume of 0.5 to 1.0 ml of CSF. In case of a 
marked pleocytosis, 200 � l is sufficient for a differential 
cell count. Thus, cytocentrifugation can prepare about 300 
times more cells for evaluation than observed in the 
counting chamber. A sedimentation chamber can also give 
nice results. To prevent rapid cell degeneration during the 
time of the laboratory procedure and to obtain good 
cytospin preparations protein has to be added to the CSF 
sample (about 1/3 of a 10% bovine serum albumin solution 
and 2/3 of CSF). CSF samples with a high protein content 
are centrifuged without addition of albumin. A darkly 
stained background complicates the evaluation of the cells. 
After staining (DiffQuick, Papanicolaou) the percentage of 
lymphocytes, plasma cells, monocytes, macrophages, 
neutrophils and eosinophils is counted, the cells are 
evaluated by their size and appearance and mitosis or tumor 
cells are searched for [29].  
 
Pleocytosis with predominantly lymphocytes and plasma 
cells is found in viral infections and during the chronic 
phase of steroid responsive meningitis-arteriitis (SRMA), 
in granulomatous meningoencephalomyelitis (GME) and in 
breed-specific necrotizing encephalitis. A predominantly 
neutrophilic pleocytosis is characteristic for bacterial 
infections and the acute stage of SRMA. A mixed cell 
population is frequently seen in protozoal diseases, FIP, in 
chronic bacterial infections, in necrotic lesions and in 
GME. Eosinophils are found in the rare eosinophilic 
encephalitis of unknown origin, in protozoal, parasitic and 
mycotic infections, but also occasionally in GME, FIP and 
certain tumor types (e.g., histiocytosis) [29].  
 
Tumors mostly have an unspecific differential cell count. In 
lymphosarcoma large uniform lymphoid cells are 
characteristic and mixed with a "normal" lymphocyte 
population. In meningioma a neutrophilic pleocytosis might 
occur. The differential cell count is only helpful in 
combination with the clinical examination, signalment, 
history and further testing (blood, imaging etc.) to establish 
a clinical diagnosis. Because of this limitation, the 
evaluation of changes in lymphocyte subpopulations of 
CSF cells in neurologic diseases might be helpful to further 
characterize a disease in vivo. Systematic flow cytometry 
analysis of CSF is feasible in larger animals such as dogs. 
Occasionally bone marrow contamination of CSF might 
occur after lumbar puncture [29]. 
 
7. Glucose 
 
The CSF glucose is dependent upon blood glucose level 
and the rate of metabolism in the CNS. There are two 
mechanisms   responsible  for the entry   of glucose into the  
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CSF: carrier mediated diffusion (glucose transporter 
protein) and simple diffusion. A variable time is required 
before CSF glucose level reaches equilibrium with blood 
glucose (2 - 4 hours). In general the CSF glucose level is a 
complex function of the blood glucose level during the 
previous 4 hours. CSF glucose levels are usually 60 - 80% 
of blood levels. CSF and blood glucose levels should be 
obtained simultaneously [29].  
 
An increase in the CSF glucose level is not diagnostically 
important and reflects hyperglycemia within 4 hours prior 
to the puncture. Decreased CSF glucose levels were 
associated with bacterial and fungal meningitis, in which 
microorganisms and polymorphonuclear leukocytes utilize 
glucose. Neutrophils are supposed to have an increased 
glycolysis, particularly when these cells are active 
(phagocytosis, production of oxygen radicals etc.). Low 
CSF glucose levels in the absence of hypoglycemia may 
indicate the presence of a diffuse meningeal disorder [29]. 
 
7. Protein 
 
In contrast to glucose levels, the measurement of protein 
levels in the CSF is important in the quest to obtain a 
differential diagnosis. Most proteins normally present in the 
CSF are derived from blood. In the dog and cat, normal 
CSF protein levels after suboccipital puncture are usually 
less than 25 mg/dl and might be somewhat higher in lumbar 
puncture samples [29].  
 
The kinetics of protein exchanges was studied with labeled 
albumin. Following intravenous injection, it needed 20 
hours for albumin to reach equilibrium levels in the CSF of 
dogs. Protein entry depends chiefly upon pinocytosis across 
capillary endothelial cells, but also upon the isoelectric 
point. It is considered that more processes are involved than 
restricted filtration. The exit rate of protein from the CSF to 
blood is about 200 times the entry rate and normally is 
performed by passage across the arachnoid villi into the 
venous blood, presumably by macrovesicular transport 
[29].  
 
Qualitative measurement of the protein level is performed 
with the Pandy solution, a 10% carbolic acid solution, 
which precipitates globulin. Normal CSF samples do not 
show any turbidity after being added to the Pandy solution. 
Depending on the protein level a recognized turbidity is 
specified as 1+ to 4+ positivity. The biuret method, 
normally used for quantification, is not sensitive enough to 
measure CSF protein levels. Several methods for 
quantitative measurement of CSF protein level have been 
adapted for use in animals, such as turbidometric methods 
using trichloracetic acid, benzethonium chloride in an 
alkaline environment or nephelometry. Increased protein 
content serves as a nonspecific indicator of CNS disease 
and may be caused by a damaged blood-brain barrier or an 
increased local IgG production within the CNS [29].  
 
Elevated   CSF  protein is  seen  in  infections,   intracranial  
 
 

hemorrhages, multiple sclerosis, Guillain Barré syndrome, 
malignancies, some endocrine abnormalities, certain 
medication use, and a variety of inflammatory conditions, 
also in toxic/metabolic, vascular and neoplastic diseases. 
Protein concentration is falsely elevated by the presence of 
RBCs in a traumatic tap situation. This can be corrected by 
subtracting 1 mg per dL (0.01 g per L) of protein for every 
1,000 RBCs per mm. This correction is only accurate if the 
same tube is used for the protein and cell counts [29]. 
 
Low CSF protein levels can occur in conditions such as 
repeated lumbar puncture or a chronic leak, in which CSF 
is lost at a higher than normal rate. Low CSF protein levels 
also are seen in some children between the ages of six 
months and two years, in acute water intoxication, and in a 
minority of patients with idiopathic intracranial 
hypertension. CSF protein levels do not fall in 
hypoproteinemia [29]. 
 
8. IgG-Index 
 
Measuring the IgG-index, which is a calculated quotient 
using IgG and albumin content of cerebrospinal fluid and 
serum to detect intrathecal IgG-synthesis, can distinguish 
inflammatory/infectious diseases of the CNS from other 
disorders [29]. 
 
In most dogs with infectious/inflammatory diseases, with 
the exception of the acute form of nervous canine 
distemper, an elevation in the IgG-index can be 
determinated. Tumors of the CNS, where pleocytosis can 
be detected, have an IgG-index within the normal range 
with an exception of lymphoid tumors and meningiomas 
with secondary cellular infiltration. The demonstration of 
intrathecal immunoglobulin synthesis resulting from 
infiltration of IgG-producing lymphocytes inside brain and 
spinal cord is a specific indication for the presence of 
inflammation in the CNS [29]. 
 
Intrathecal IgG-synthesis can be shown by comparing the 
amount of immunoglobulin in the CSF with that in serum 
using albumin as a reference protein. Albumin can cross the 
blood-brain barrier, but in contrast to IgG, cannot be 
produced in the CNS itself. Several methods have been 
used for quantitation of these proteins in animal CSF, such 
as rocket immunoelectrophoresis, single radial 
immunodiffusion, agarose electrophoresis, ELISA and laser 
nephelometry[29]. 
 
Another immunoglobulin that can be measured in the CSF 
by ELISA is IgA. A combined elevation of CSF and serum 
IgA levels is highly indicative for steroid responsive 
meningitis-arteriitis. A single elevation of IgA in the CSF is 
only indicative of a primary (inflammatory/infectious 
disease) or secondary immune reaction (e.g., neoplasia). 
Various electrophoretic techniques were also applied in 
animals but did not enhance the diagnostic value of the 
CSF examination. Other proteins were measured such as 
the myelin basic protein, S-100 protein and the C-reactive  
 
 



July 10, 2004   Congress on Biofluid Dynamics of Human Body Systems at University of Puerto Rico, Mayagüez                  F-12 

protein to narrow the clinical diagnosis to demyelination or 
to distinguish bacterial from viral meningoencephalitis. 
However, the measurement of these proteins remains of the 
oretical interest and is not useful in clinical practice since 
too many disorders are accompanied by an elevation of 
these proteins [29]. 
 
9. Antigen Detection 
 
To prove the etiology of an inflammatory/infectious 
disease, antigen detection is necessary. Occasionally 
bacterial or fungal organisms may be seen by microscopic 
evaluation, especially cryptococcus neoformans. However, 
it must be determined if the microorganisms are a 
contamination of the CSF after the puncture or are the 
causative agent of a bacterial encephalitis. If bacteria 
contaminate collecting tubes or slides for cytospins, 
neutrophils are still able to phagocytose. Therefore 
intracellular bacteria are not proof of a causative agent for 
encephalitis. If bacterial encephalitis is suspected, the CSF 
should be cultured and growing bacteria have to be 
classified. In most cases of bacterial 
meningoencephalomyelitis, microorganisms are either not 
present in the CSF or only present in low numbers. Culture 
results can be negative [29]. 
 
 PCR techniques are evaluated to improve the diagnostic 
work-up. In cases of suspected viral encephalitis, such as 
canine distemper encephalitis, virus detection is performed 
either by staining techniques (e.g., indirect 
immunofluorescent antibody examination) or by PCR. 
Specific antibodies can be found in the CSF; however, they 
are not diagnostic. Serial serum determinations are 
necessary for the determination of a causative agent or the 
evaluation of specific indices. For the latter, no experience 
exists yet in small animal medicine [29]. 
 
 

 
Artery blood serum --> choroid plexus --> CSF secreted by 
choroid plexus --> Lateral ventricles  --> foramen of Monro 
third ventricle--> Aqueduct of Sylvius --> fourth ventricle -
-> Foramina of Magendie and Luschka  --> Subarachnoid 
space over brain and spinal cord --> dural sinuses --> 
Reabsorption into venous sinus blood via arachnoid 
granulations, [Goyal 2002]. 
 
 Figure 7. Path of the CSF [Goyal 2002] 
 
 

10. Enzymes 
 
A wide variety of assays to measure enzymes in serum 
were also applied to study the CSF, but have provided little 
data with sufficient diagnostic specificity. In veterinary 
neurology, creatine kinase (CK) and lactate dehydrogenase 
(LDH) are sometimes measured. However, increased levels 
are found in a variety of different diseases and are 
considered to be nonspecific [29]. 
 
11. Other Metabolites 
 
Numerous metabolites were measured in the CSF, mostly 
in pathogenesis studies, to improve diagnostic work-up or 
to improve the prognostic value of the CSF examination. 
Changes in lactate and pyruvate levels may be indicative 
for a mitochondrial disease. The lactate:pyruvate ratio 
reflects the redox state in the brain. The measurement of 
these metabolites has only been performed in case reports,  
and values in large numbers of small animals and different 
diseases are lacking. The concentration of lactic acid in 
brain is dependent upon its rate of production and 
independent of blood lactate concentrations. Increased 
malondialdehyde (MDA) levels are an indicator for lipid 
peroxidation and was detected in the prefrontal cortex of 
dogs, but not in the CSF. Gamma-aminobutyric Acid 
(GABA) is a major inhibitory neurotransmitter in the brain 
and spinal cord. Low levels of GABA were found in dogs 
with epilepsy. A correlation was found between GABA 
concentrations in cerebrospinal fluid and seizure 
excitability. Treatment of dogs with seizures was also 
monitored by CSF examinations and the measurement of 
phenobarbital in the CSF [29]. 
  
Values for prostaglandins, lipids, neuropeptides, hormones 
and vitamins are known. The accumulation of excessive 
concentrations of glutamate in the extracellular space 
causes excitotoxic damage. Glutamate is considered to be a 
mediator of secondary tissue damage and elevated levels 
are found in several diseases. Chronic and acute 
compressive spinal cord lesions in dogs due to 
intervertebral disc herniation are associated with elevation 
in lumbar CSF glutamate concentration. Also biogenic 
amines were studied in the CSF and are of interest in 
studies in dogs with behavior abnormalities. An elevation 
of cytokine levels in the CSF is not specific for certain 
diseases. The CSF of inflammatory/infectious diseases can 
have chemotactic abilities for neutrophils and/or 
mononuclear cells [29]. 
 
Changes in normal levels in serotonin, dopamine and 
norepinephrine are suspected to be important in aggressive 
dogs or in dogs with compulsive disorders. 
 
Low levels of neuropeptides such as orexin and hypocretin 
can be measured in dogs with sleeping disorders such as 
narcolepsy. Numerous other metabolites were studied, 
mostly in pathogenesis studies on inflammatory/infectious  
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diseases: several cytokines (e.g., interferon gamma, 
interleukin 8, interleukin 10, transforming growth factor 
beta) were measured in canine distemper or steroid 
responsive meningitis-arteriitis in comparison to other CNS  
diseases. Flow path of CSF is shown in figure 7. 
 

CEREBRAL BLOOD FLOW (CBF) 
 

1. Functions and characteristics of blood 
 

The general functions of blood include transportation, 
regulation, and protection.  These categories overlap and 
interact as the blood carries out its role in providing 
suitable conditions for cellular function. Materials 
transported by the blood include nutrients, waste 
products, gases, and hormones.  The blood helps to 
regulate the fluid and electrolyte balance, acid base 
balance, and the body temperature.  Protection against 
pathogens is provided by white blood cells, and the 
clotting mechanism prevents excessive loss of blood after 
injuries [31]. 

 
Blood is a liquid connective tissue that measures about 5 
liters in the adult human and accounts for 8 percent of the 
body weight. Its normal pH range is 7.35-7.45. 

 
The transportation activity of blood is divided in [31]: 
        

a.     Carries O2 and nutrients to the cells. 
b. Transports CO2 and wastes from the tissues to 

the lungs and the kidneys where wastes can be 
removed from the body. 

c. Carries hormones to the endocrine glands to the 
target tissues 

 
The regulation activities of blood are [31]:  

    
a. Helps to regulate body temperature by 

removing   heat from active areas, such as 
skeletal muscles and transporting it to other 
areas of the skin so the heat can be dissipated. 

b. Plays a significant role in fluid and electrolyte 
balance because salt and plasma proteins 
contribute to the osmotic pressure by providing 
weight and bulk to our blood.  

 
Blood functions as a transport medium. It also has roles 
in temperature regulation, fluid and electrolyte balance, 
pH regulation, prevention of fluid loss, and disease 
prevention [31]. 

 
2. Characteristics of blood 

 
Blood is a liquid connective tissue and it has distinctive 
physical characteristics: 

 
a. Amount: A person has 4-6 liters of blood, 

depending on the body size.  Of the total blood  
 
 

volume in the human body, 38% to 48% is 
composed of formed elements. The remaining 
52% to 62% of the blood volume is the plasma or 
the liquid portion of the blood [31]. 

b. Color:  Arterial blood is bright red because it 
contains high levels of oxygen. Venous blood has 
given up much of its oxygen in tissues and has a 
darker, dull red color.  This may be important in 
the assessment of the source of bleeding [31]. 

c. pH:  The normal pH range of blood is 7.35-7.45, 
which is slightly alkaline [31].   

d. Viscosity is a resistance to flow.  Blood is thicker 
than water. The density of blood is 1057 
kg/m3. Viscosity is increased by the presence of 
blood cells and the plasma proteins, and this 
thickness contributes to normal blood pressure 
[31]. 

 
3. Composition of blood (Table 1) 

 
When a sample of blood is spun in a centrifuge, the cells 
and cell fragments are separated from the liquid. 
 Because the formed elements are heavier than the liquid 
matrix, they are packed in the bottom of the tube by the 
centrifugal force.  The straw colored liquid on the top is 
the plasma.  A given volume of blood is 55 percent 
plasma and 45 percent formed cells [31]. 

 
Plasma is the liquid portion of blood, and it is about 90% 
water.  The remaining portion consists of more than 100 
different organic and inorganic solutes that are dissolved 
in water.  Because plasma is a transport medium, it's 
solutes are continuously changing as substances are 
added or removed by the cells [31]. 

 
Proteins are the most abundant solutes in the plasma. 
These proteins remain in the blood and interstitial fluid 
and are not used for energy.  The three major classes of 
plasma proteins are: albumins, globulins, and fibrinogen. 
 Many of the plasma proteins are synthesized in the liver, 
and each one has a different function. Nutrients, oxygen, 
and carbon dioxide are transported as solutes in the 
plasma [31]. 

 
4. Blood Pressure 
 
a. High blood pressure (hypertension) 
 
During activity the blood pressure rises to supply blood 
faster to the hard-working muscles. This is caused by the 
body producing adrenaline the so-called “fear, flight or 
fright” hormone. When relaxed, the pressure drops as the 
body's demands are normally much lower. A person has 
high blood pressure, called hypertension, if their resting 
blood pressure is higher than about 140/90mmHg [31]. 

Hypertension is a problem because it puts great strain on 
the heart and can also cause tiny blood vessels to break. If  
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this happens in the brain it leads to a stroke. A blood cot 
forms and deprives a part of the brain of blood. This 
damages nerve cells and can lead to paralysis or even death 
[31]. 

People with hypertension should alter their lifestyle to take 
more exercise and eat a balanced diet with a high fruit and 
vegetable intake, low levels of saturated fat and salt and 
limited amounts of alcohol [31]. 

Medicines called beta-blockers can be given to slow the 
heart rate and reduce the force of contractions. This helps 
to reduce the blood pressure. Medicines known as ACE-
inhibitors can also help by opening up the arteries and veins 
to allow the blood to flow more easily [31]. 
 
b. Low blood pressure (hypertension) 
 
Low blood pressure can be a sign of heart failure and 
may be due to a dramatic loss of blood due to severe 
bleeding after something like a road accident. If it is not 
treated quickly, oxygen is not delivered to the brain and 
this is fatal [31]. 
 
5. Collateral Blood Supply of the Brain 

The actual pattern of collateral blood flow depends on 
where the major vessels are stenosed or occluded and on 
which collateral channels are available and free from 
disease [32].  

On the whole, the development of collateral channels is 
more effective if the major vessel occlusion occurs over 
weeks or months rather than suddenly. Collateral blood 
flow may develop via: 

a. Extracranial connections:  

In the orbit, branches of ECA anastomose with branches of 
ophthalmic artery. Branches of ECA anastomose with 
branches of vertebral artery. Branches of vertebral artery 
anastomose with branches of subclavian artery. Branches of 
ECA anastomose with branches of subclavian artery [32]. 

b. Intracranial connections: 

Circle of Willis - It is a network of blood vessels present at 
the base of the brain. It is formed by the proximal parts of 
the two anterior cerebral arteries connected by the ACoA 
and the proximal parts of the two posterior cerebral arteries 
connected to the distal internal carotid arteries by the 
posterior communicating arteries. However 50% of circles 
have absent segments and the potential for collateral flow is 
not always as good as it might first appear [32].   

 

 

Leptomeningeal anastomoses- It lies on the surface of the 
brain. They develop between the cortical branches of the 
anterior, middle and posterior cerebral arteries [32].  

Dural anastomoses- it occurs between meninge albranches 
of the ICA, ECA and the vertebral arteries, anterior 
choroidal artery is a branch of ICA can anastomose with 
the posterior choroidal artery and the posterior choroidal 
artery that is a branch of ECA [32]. 

6. Venous Drainage 

Venous blood flows peripherally via superficial cerebral 
veins and centrally via the deep cerebral veins into the 
venous sinuses (which lie between the outer endosteal and 
the inner meningeal layer of the dura) which drain into the 
internal jugular vein. The cerebral veins are thin walled and 
have no valves. There are numerous venous connections 
between cerebral veins and dural sinuses and venous 
systems of the meninges, skull, scalp and nasal sinuses so 
facilitating propagation of thrombus or spread of infection 
between these vessels [32]. 

7. Regulation of Cerebral Blood Flow 

Cerebral blood flow (CBF) in our brain is about 50 ml / 100 
g of brain / minute. It has been shown that CBF, cerebral 
blood volume (CBV) and cerebral energy metabolism 
measured as cerebral metabolic rate of oxygen (CMRO2) 
or of glucose (CMRglu) are all coupled and higher in gray 
than white matter. This means that the oxygen extraction 
fraction (OEF) remains about the same (approximately 
forty per cent) throughout the brain. Therefore, in normal 
resting human brain, CBF (i.e. flow) is a reliable reflection 
of CMRO2 [32]. 

CBF depends on cerebral perfusion pressure (CPP) and 
cerebrovascular resistance. The perfusion pressure is the 
difference between systemic arterial pressure (SAP) and 
venous pressure at exit of the subarachnoid space, the latter 
being approximated by the intracranial pressure (ICP) [32].  

8. Autoregulation 

It is a characteristic of the brain to adjust its own blood 
supply. By this way the brain can regulate the oxygen 
needed to perform or execute daily activities. In normal 
individuals, CBF remains constant when the mean arterial 
pressure is between 60 and 160 mmHg.  In normal 
circumstances, MAP is the same as the CPP, when the ICP 
is negligible. Whether myogenic, metabolic or neurogenic 
processes are responsible for this process is unknown. 
Autoregulation is impaired or abolished in damaged areas 
of the brain (e.g. by ischemia, trauma, etc.) so that CBF 
becomes pressure passive and follows CPP [32]. 
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BLOOD BRAIN BARRIER 

 
1. History of the Blood Brain Barrier (BBB)  

The brain functions within a well-controlled environment 
separate from the milieu of the periphery. The mechanisms 
that control the unique environment of the brain are 
collectively referred to as the "blood-brain barrier". Paul 
Ehrlich (1885, 1906) and Edwin Goldman (1909, 1913) 
observed that water soluble dyes injected into the 
peripheral circulation did not stain the brain or color the 
cerebrospinal fluid (CSF), however the choroid plexus 
showed heavy staining. Additional experiments showed 
that the same dyes injected into the subarachnoid space 
colored the brain and CSF, but not the peripheral tissues. 
Lewandowsky, while studying potassium ferrocyannide 
penetration into the brain (1900), was the first to coin the 
term blood-brain barrier and called it "bluthirnschranke". 
The observations drawn from the dye studies brought about 
the concept of a barrier between blood and brain, as well as 
between blood and CSF [33]. 

Later investigators employed basic dyes that were highly 
lipid soluble and able to transverse the BBB (Friedemann, 
1942), showing that the brain was stained by direct 
transport of the dyes across the cerebral microvasculature. 
Broman (1941) observed that there were two barrier 
systems in the brain, the blood-CSF barrier at the choroid 
plexus and the blood-brain barrier at the cerebral 
microvasculature. Furthermore, Broman (1941) argued that 
the barrier function of the BBB was via the capillary 
endothelial cells and not the astrocytic end feet. The debate 
as to whether the astrocytic end feet or the capillary 
endothelium comprise the BBB was layed to rest by 
electron microscopic cytochemical studies performed in the 
late 1960s by Reese and Karnovsky (1967), and later by 
Brightman and colleagues (1970). Horseradish peroxidase 
(MW 39,800) was used to visualize the BBB (Reese and 
Karnovsky, 1967). Systemic injections of horseradish 
peroxidase failed to reach brain extracellular fluid, whereas 
intracerebroventricular injection into the CSF stained the 
brain extracellular fluid. Horseradish peroxidase diffused 
past the astrocytic end feet and basement membrane, and 
stopped at the tight junctions of the cerebral endothelial 
cells. These experiments substantiated the argument that 
tight junctions between cerebral endothelial cells comprise 
the BBB, restricting the free movement of substances from 
blood and interstitial fluid [33]. 

 Later, dialogue concerning the uniqueness of the BBB 
tight junctions and physiology, relating to capillary 
networks of peripheral organs were addressed by and 
elegant study performed by Stewart and Wiley (1981). In 
these experiments, embryonic quail brain was transplanted 
to embryonic  chick gut. Although  the   quail    brain    was 
vascularized    by   chick   gut   vessels,    the   transplanted 
microvessels  maintained  physiological  characteristics  of 
the   BBB   and   excluded   dyes,   such   as   trypan   blue. 

 

 
Figure 8. A representative cross-section of a cerebral 
capillary of the BBB. Shown are the astrocytic end feet 
(AE), basal lamina (BL), endothelial cell (EC), nucleus 
(NU), pericyte (P), and tight junction (TJ), [10]. 

Conversely, embryonic quail gut transplanted to embryonic 
chick brain was vascularized by vessels of chick brain 
origin, yet these microvessels were leaky to trypan blue and 
did not maintain BBB characteristics. These experiments 
support the belief that the physiological characteristics of 
the BBB arise from the expression of a distinctive set of 
genes within the capillary endothelium or possibly 
cofactors from the surrounding tissue [33]. 

2. Anatomy and Physiology of the Cerebral Capillary 
Endothelia. 

The surface area of the brain microvasculature is about 100 
cm 2·g-1 tissue, with the capillary volume of 1 % and 
endothelial cell volume of 0.1% of the tissue volume, 
respectively (Pardridge et al., 1990). The mean 
intercapillary distance in the human brain is about 40mm 
(Duvernoy et al., 1983). This short distance allows for near 
instantaneous solute equilibration throughout the brain 
interstitial space for small molecules, once the BBB has 
been overcome. The microvasculature of the central 
nervous system (CNS) can be differentiated from the 
peripheral tissue endothelia in that it possesses uniquely 
distinguishing characteristics [33]: 

Figure 8 shows the cerebral capillary endothelial cells, 
which contain tight junctions, which seal cell-to-cell 
contacts between adjacent endothelial cells forming a 
continuous blood vessel. The tight junctions between BBB 
endothelial cells leads to high endothelial electrical 
resistance, in the range of 1500-2000 �  cm2 (pial vessels), 
as compared to 3-33 �  cm2 in other tissues (Crone and 
Christensen 1981; Butt et al., 1990). The electrical 
resistance across in  vivo  cerebral  microvessel  endothelial  
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 Figure 9. Proposed interactions of the major tight 
junctional cytoskeletal and adhesion junction proteins 
present at the BBB (adapted from Huber et al., 2001) [5]. 

cells, of non-pial origin, has been estimated to be as high as 
8000 cm2 (Smith and Rapoport, 1986). The net result of this 
elevated resistance is low paracellular permeability [33].  

The intercellular clefts are around 200 Å wide, which 
would allow ready diffusion of tissue solutes; therefore it is 
clear that these clefts are constricted. The complex is 
classified as macula and zonula adhaerens and zonula 
occludens. The adherens junction is around 200 Å, while 
the area composing the zonula occludens (i.e. tight 
junction) is essentially completely occluded. The junctional 
complex forms interconnected, intramembrane strands 
arranged as a series of multiple barriers [Schneebergter and 
Karnovsky, 1976]. An integral tight junctional membrane 
component is occluding: a 65 KDa protein brings opposing 
cell leaflets into contact. Claudins comprise a multigene 
family and to date there are 20 claudin isomers, which form 
dimers that bind homotypically to claudins on adjacent 
endothelial cells to form the primary seal of the tight 
junction (Furuse et al., 1999). Zonula occludens (ZO-1/2/3)  
 

Figure 10.  A schematic of the Blood Brain Barrier with 
associated astrocytes [6]. 
 
 

are cytoplasmic proteins that interact with occluding and 
serve to as recognition proteins for tight junctional 
placement, and support structure for signal transduction 
proteins (Haskins, et al., 1998) [33].  
 
ZOs belong to the MAGUK family of proteins (membrane 
associated guanylate kinase-like proteins) and have a 
number of binding sites for cytoskeletal proteins, signal 
transduction molecules, and kinases. AF6 is a Ras effector 
molecule associated with ZO-1 (Joh et al., 1997). 7H6 
antigen is a phosphoprotein found at tight junctions 
impermeable to ions and macromolecules (Satoh et al., 
1996). Junctional adhesion molecules (JAM) are localized 
at the tight junction and are a member of the 
immunoglobulin superfamily (IgSF). Additionally, tight 
junctions are shown to microdomains on the cell membrane 
rich in cholesterol, which contain caveolin-1 (Nusrat et al., 
2000) [33].  
 
The cytoplasm of the endothelial cell is of uniform 
thickness, with very few pinocytotic vesicles (hollowed out  
portion of cell membrane filled with fluid, forming a 
vacuole which allows for nutrient transport), and lack 
fenestrations (i.e. openings). Therefore, transit across the 
BBB involves translocation through (i) the capillary 
endothelium, (ii) the internal cytoplasmic domain, (iii) and 
then through the ablumenal membrane and pericyte and / or 
basal lamina. Three principle types of transendothelial 
transport have been postulated. These include vesicular 
channels (Simionescu et al., 1975), fusion-fission (Clough 
and Michel, 1981), and transcytosis (Palade, 1960) [33]. 

There is a greater number and volume of mitochondria in 
BBB endothelial cells compared to peripheral endothelia in 
rat (Oledndorf et al., 1977). This increase in mitochondria, 
and increased energy potential, is thought to be required for 
active transport of nutrients to the brain from the blood. 
Oldendorf and Brown (1975) estimated that 5-6 times more 
mitochondria per capillary cross-section exist in rat 
cerebral capillaries than in rat skeletal muscle capillaries. 
These finding suggest that the enhanced cerebral capillary 
work capacity may be related to energy-dependent 
transcapillary transport [33]. Figure 10 indicates BBB 
asocated with astrocytes. 

There is also an enzymatic barrier at the cerebral 
endothelia, capable of metabolizing drug and nutrients 
(Minn et al., 1991; Brownlees et al., 1993; Brownson et al., 
1994). These enzymes are principally directed at 
metabolizing neuroactive blood-borne solutes. Enzymes 
such as glutamyl transpeptidase (GTP), alkaline 
phosphatase, and aromatic acid decarboxylase are in 
elevated concentration in cerebral microvessels, yet often in 
low concentration or absent in non-neuronal capillaries 
[33].  
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Coomber and Stewart (1985) performed a comparative 
morphometric analysis of cerebral vs. muscle capillary 
endothelial cells and found a decrease in the wall thickness 
of brain capillaries of approximately 39%. Additionally, the 
number of pinocytotic vesicles of the muscle capillaries 
was seven times greater than those associated with the 
cerebral capillaries. They postulated that the decrease in 
wall thickness of the cerebral capillaries could be a 
modulation to the restrictive permeability of the BBB, 
allowing nutrients a shortened transport time to cross 
through the membrane and cytoplasm, and enter the brain 
parenchyma [33]. 

A polarity exists between the lumenal and ablumenal 
membrane surfaces of the endothelial cells. The concept of 
the functional polarity of the BBB emerged from 
quantitative biochemical studies (Betz and Goldstein, 
1978). The enzymes GTP and alkaline phosphatase are 
shown to be present at the lumenal endothelium, whereas 
Na+-K+-ATPase and the sodium dependent (A-system) 
neutral amino acid transporter are associated with the 
ablumenal portion of the endothelium (Betz et al., 1980). 
The glucose receptor GLUT-1 was shown, through use of 
immunogold labeling and electron microscopy, to have 3:1 
ratio of distribution, ablumenal to lumenal at the BBB 
(Farrell and Pardridge, 1991). Na+-K+-ATPase is enriched 
at the ablumenal surface (Betz et al., 1980). Additionally, 
the P-glycoprotein (P-gp) drug efflux transporter 
ispresently thought to exist at the lumenal membrane 
surface, although arguments that P-gp is actually associated 
with the astrocytes which enfold the endothelial cells 
(Pardridge, 1997) is presently being debated. Structural, 
pharmacological and biochemical evidence for lumenal and 
ablumenal polarization of receptors, enzymes, and channels 
at the cerebral endothelia (Vorbrodt, 1993) establishes the 
BBB to be a working non-stagnant membrane 
unequivocally evolved to maintain brain homeostasis [33]. 

3. Functions of the BBB  

BBB explains why certain substances circulating in the 
blood are able to get into the brain and others do not. The 
BBB is the specialized system of capillary endothelial cells 
that protects the brain from harmful substances in the blood 
stream, while supplying the brain with the required 
nutrients for proper function. Unlike peripheral capillaries 
that allow relatively free exchange of substance across / 
between cells, the BBB strictly limits transport into the 
brain through both physical (tight junctions) and metabolic 
(enzymes) barriers. Thus the BBB is often the rate-limiting 
factor in determining permeation of therapeutic drugs into 
the brain. Additionally, BBB breakdown is theorized to be 
a key component in central nervous system (CNS) 
associated pathologies [33].  

Substances in the blood that gain rapid entry into the brain 
include glucose, the important source of energy; certain 
ions that maintain a proper medium for electrical activity,  

and oxygen for cellular respiration. Small fat-soluble 
molecules, like ethanol, pass through the BBB. However, 
some water-soluble molecules pass into the brain carried by 
special proteins in the plasma membrane of the endothelial 
cells: Glucose, amino acids, L - dopa, choline, purine bases 
and nucleosides. Excluded molecules include proteins, 
toxins, most antibiotics, and monoamines - such as the 
neurotransmitters -, which could cause havoc in the brain. 
Some of these unwanted molecules are actively transported 
out of the endothelial cells [33].  

BBB investigation is an ever growing and dynamic field 
studied by pharmacologists, neuroscientists, pathologists, 
physiologists, and clinical practitioners [33]. 
 
4. Transport at the BBB (Figures 11 and 12) 

The BBB is actually composed of two membranes in series: 
the lumenal and the ablumenal membranes of the brain 
capillary endothelial cell, which are separated by 
approximately 300 nm of endothelial cytoplasm. Therefore, 
transport systems must exist on both lumenal and 
ablumenal membranes of the endothelial cell if solute 
transcytosis from blood to brain is to occur. There are a 
number of specialized carrier transport systems within the 
BBB that mediate brain uptake of circulating nutrients, 
such as glucose, amino acids, choline, purine bases, or 
nucleosides [33]. 

Nutrient carrier systems mediate BBB transport of the 
solute within milliseconds. In contrast, BBB receptor-
mediated transport occurs within several minutes. 
Receptor-mediated peptide transport through the BBB 
occurs owing to the presence of a number of different 
peptide-receptor systems. Insulin for example gains access 
to brain via the BBB insulin receptor [33]. 

There are four basic mechanisms by which solute 
molecules move across membranes. First is simple 
diffusion, which proceeds from low to high concentrations. 
Second is facilitated diffusion, a form of carrier-mediated 
endocytosis, in which solute molecules bind to specific 
membrane protein carriers, also from low to high 
concentration. Third is simple diffusion through an 
aqueous channel, formed within the membrane. Fourth is 
active transport through a protein carrier with a specific 
binding site that undergoes a change in affinity. Active 
transport requires ATP hydrolysis and conducts movement 
against the concentration gradient. Movement between 
cells is referred to as paracellular diffusion (Karp, 1999). 
The BBB has a number of highly selective mechanisms for 
transport of nutrients into the brain as shown in figure 10 
[33]. 

Diffusion of substances into the brain can be divided into 
paracellular (i.e. between cells) and transcellular (i.e. across 
cells) diffusion, both of which are non-saturable and non- 
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Figure 11.  Transport mechanisms at the BBB. 1= 
paracellular diffusion (sucrose), 2 = transcellular diffusion 
(ethanol), 3 = ion channel (K+ gated), 4 = ion-symport 
channel (Na+/K+/Cl- cotransporter), 5 = ion-antiport 
channel (Na+/H+ exchange), 6 = facilitated diffusion 
(Glucose via GLUT-1), 7 = active efflux pump (P-
glycoprotein), 8 = active-antiport transport (Na+/K+ 
ATPase), 9 = receptor mediated endocytosis (transferrin & 
insulin) [5]. 

competitive. Paracellular diffusion does not occur to any 
great extent at the BBB, due to the "tight junctions". In the 
case of transcellular diffusion, the general rule is the higher 
the lipophilicity of a substance, the greater the diffusion 
into the brain (Pardridge, 1998).  

 
Figure 12. Potential factors which alter drug uptake into 
the brain. [5]. 

 If two substances, identical on all other fronts, vary in 
molecular weight, the smaller substance will penetrate 
more rapidly; consequently small inorganic molecules (i.e. 
O2, CO2, NO, and H2O) are highly permeable. 
Additionally, hydrogen bond reduction of a compound will 
enhances its membrane permeability. Removal or masking 
of hydrogen bonding donor group from a compound will 
effectively decrease the transfer energy from water into the 
cell membrane (Burton et al., 1996) [33]. 

a. Simple diffusion is a spontaneous process depending on 
random movement of solutes. The free-energy change of a 
solute diffusing across a membrane is directly dependent on 
the magnitude of the concentration gradient. If the solute is 
a non-charged species (i.e. nonelectrolyte), the movement 
across the membrane is described by the following 
equation: 

G = (R) x (T) x (ln x [Ci]/[Co])              /1/ 

Where: G is the Gibbs free-energy change (for example, the 
change during a process in the energy available to do 
work), R is the gas constant (1.987 cal/mol · K), T is the 
absolute temperature (in degrees Kalvin), and [Ci]/[Co] is 
the ratio of the concentration of solute on the inside and 
outside of the membrane [33].  

If the solute is a charged species (i.e electrolyte), the charge 
difference between compartments must be considered. The 
net movement of a solute with the same charge as the 
membrane is thermodynamically unfavorable, due to 
mutual repulsion of ions. The greater potential difference or 
voltage (i.e. charge) between compartments, the greater the 
difference in free energy. Therefore, for an electrolyte 
todiffuse between compartments two gradients must be 
considered: a chemical gradient, determined by differences 
in concentration, and an electric potential gradient 
determined by difference in charge. Free-energy change for 
diffusion of an electrolyte across a membrane is: 

G = [(R) x (T) x (ln x [Ci]/[Co])] + [(z) x (F) x 
(Em)                  /2/ 

Where: z is the charge of the solute, F is Faraday’s constant 
(23.06 kcal/V·equivalent), and Em is potential difference 
between compartments [Stein, 1967; Karp, 1999] [33]. 

The time required for a molecule to diffuse between two 
points is the square of the distance separating the two 
points. Albert Einstein’s examination of theoretical aspects 
of diffusion (Einstein, 1905) resulted in the development 
known as the "Einstein relationship", which relates the time 
of diffusion to the distance traveled (i.e. the average 
molecular displacement; X) [33]: 

(X) 2 = 2 x Distance             /3/  
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b. Facilitated diffusion (a form of carrier-mediated 
endocytosis) involves is a binding of a solute to a 
transporter on one side of the membrane that triggers a 
conformational change in the protein; this results in a 
carrying through of the substance to the other side of the 
membrane, from high to low concentration. Facilitated 
diffusion is passive (i.e. energy independent) and 
contributes to transport at the BBB of substances such as 
monocarboxyates, hexoses amines, amino acids, 
nucleoside, glutathione, small peptide, etc. (Tsuji and 
Tamai, 1999) [33]. 

Carrier-mediated transport  can also be divided into a 
number of different mechanisms dependent on energy and / 
or co-transport of another substance. Co-transport may be 
in the same direction (symport) or in the opposite direction   
(antiport). This process proceeds from a region of high 
concentration to a region of low concentration [33].  

Endocytosis can be segregated into bulk-phase, also known 
as fluid phase, endocytosis and mediated endocytosis 
(receptor and absorptive mediated). Bulk-phase endocytosis 
(pinocytosis) is the nonspecific uptake of extracellular 
fluids and occurs at a constitutive level within the cell via 
mechanisms, which are independent of ligand binding  
(Simionescu et al., 1987). Bulk-phase endocytosis is 
temperature and energy dependent, non-competitive, and 
non-saturable. Bulk-phase endocytosis occurs to a very 
limited degree in the endothelial cells of the cerebral 
microvasculature (Pardridge, 1995) [33].  

Receptor-mediated endocytosis (RME) provides a means 
for selective uptake of macromolecules. Cells have 
receptors for the uptake of many different types of ligands, 
including hormones, growth factors, enzymes, and plasma 
proteins. RME occurs at the brain for substances, such as 
transferrin (Fishman et al., 1987), insulin (Duffy and  

Figure 13. Four cells comprising the CNS microvacutature  
[8].     

Pardridge, 1987), leptin (Banks et al., 1996), and IGF-I & 
IGF-II (Duffy et al., 1988), and is a highly specific type of 
energy dependent transport. Substances that enter a cell by 
means of RME become bound to receptors that collect in 
specialized areas of the plasma membrane known as coated 
pits. The coated pits contain the electron dense clathrin 
protein, and other proteins (Moore et al., 1987). When 
bound to ligand these pits invaginate into the cytoplasm 
and then pinch free of the plasma membrane to form coated 
vesicles. The clathrin vesicle coat is rapidly removed to 
form smooth-coated endosomes that form a compartment 
of uncoupling receptor and ligand (CURL) (Stahl and 
Schwartz, 1986). The endosomal membrane contains 
proton ATPases that result in acidification of the endosome 
interior, and dissociation of the ligand from the receptor 
within the CURL [33]. 

Absorptive-mediated transport (AME) is triggered by an 
electrostatic interaction between a positively charged 
substance, usually a charge moiety of a peptide, the 
negatively charge plasma membrane surface (i.e. 
glycocalyx) (Gonatas et al., 1984). AME has a lower 
affinity and higher capacity than receptor-mediated 
endocytosis. The development of many new drug delivery 
technologies focuses on AME (Pardridge, 1999) [33].  

Another significant transport mechanism at the BBB is 
carrier-mediated efflux. This mechanism is involved in 
extruding drugs from the brain and is a major obstacle for 
many pharmacological agents, with the ABC (ATP binding 
cassette) transporter P-glycoprotein being the principle 
efflux mechanism of these agents (Cordon-Cardo et al., 
1989). There also exists efflux transporters for organic 
anions, via multidrug resistance associated protein (MRP) 
(Kusuhara et al., 1998), and anionic and cationic cyclic 
peptide (Tsuji, 2000). Additionally, the peptide transport 
system (PTS)-1 shows efflux transport of synthetic opioid 
peptide Tyr-MIF-1 (Banks et al., 1993) [33].  

5. Transport of Substances into the Brain 

The ability of a particular substance to cross the BBB and 
enter the brain is dependent upon several factors at the 
BBB include concentration between compartments, size of 
molecule (i.e molecular weight), flexibility and 
conformation of molecule, amino acid composition, 
lipophilicity, cellular enzymatic stability, cellular 
sequestration, affinity for efflux mechanisms (i.e. P-
glycoprotein), hydrogen bonding potential (i.e. charge), 
affinity for carrier mechanisms, and effects of existing 
pathological conditions. Peripheral factors include systemic 
enzymatic stability, the plasma protein binding affinity, 
cerebral blood flow, uptake into other tissues, clearance 
rate, and effects of existing pathological conditions. Figures 
11 and 12 show potential factors that alter drug uptake into 
the brain [33]. 
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6. Pericyte, Astrocyte and Basal Lamina Association                                                
with the BBB                                                                                    

The periendothelial accessory structures of the BBB 
include pericytes, astrocytes, and a basal membrane. The 
endothelial cells of the BBB are distributed along the 
length of the vessel and completely encircle the lumen. A 
thin basement membrane (i.e. basal lamina) supports the 
ablumenal surface of the endothelium. The basal lamina 
surrounds the endothelial cells and pericytes; the region 
between which is known as the Virchow-Robin space. 
Astrocytes are adjacent to the endothelial cell, with 
astrocytic end feet sharing the basal lamina [33]. 

The association of pericytes to blood vessels has been 
suggested to regulate endothelial cell proliferation, 
survival, migration, differentiation, and vascular branching 
(Hellstrom et al., 2001). Pericytes in the periphery are flat, 
undifferentiated, contractile connective tissue cells,  which 
develop around capillary walls. Pericytes have a close 
physical association with the endothelium. Gap junction 
communication between pericyte and endothelial cells, as 
well as at endothelial-endothelial junctions, has been shown 
in vitro (Larson et al., 1987). Pericytes send out cellular 
projections, which penetrate the basal lamina and cover 
approximately 20-30% of the microvascular circumference 
(Frank et al., 1987). Pericytes are thought to contribute to 
endothelial cell proliferation, via selective inhibition of 
endothelial cell growth (Antonelli-Orlidge et al., 1989) 
[33].  

Lack of pericytes has lead to endothelial hyperplasia and 
abnormal vascular morphogenesis in the brain (Hellstrom 
et al., 2001). Research indicates that pericytes of the BBB 
might be derived from microglia, since these pericytes 
demonstrate the capacity to phagocytize exogenous protein 
form the central nervous system (Coomber and Stewart, 
1985). Additionally, there is some evidence that pericytes 
are able to mimic astrocyte ability to induct BBB 
"tightness" (Minakawa et al., 1991). Astrocytes are glial 
cells which envelop > 99% of the BBB endothelium. 
Intercellular adhesion between astrocytes in the blood-
brain barrier has been observed in the form of gap junctions 
and adheren junctions (Brightman and Reese, 1969). There 
is significant body of evidence, in vitro and in vivo, to 
indicate that astrocyte interaction with the cerebral 
endothelium help determine BBB function, morphology 
(i.e. tightness), and protein expression (Beck et al., 1984; 
Arthur et al., 1987; Cancilla et al., 1983). Astrocytes serve 
as scaffolds, guiding neurons to their proper place during 
development and direct vessels of the BBB. The 
association of neurons to astrocytes underlines the 
association of astrocytes to the cerebral microvasculature.  

The ~20 nm gap between adjacent astrocytes, which is 
readily diffusible by horseradish peroxidase (Brightman 
and Reese, 1969), indicates that they most likely do not 
contribute to the physical barrier of the BBB [33]. 

Between brain capillaries, astrocytes, and pericytes is the 
basal lamina, which consists of laminin, fibronectin, 
tenascin, collagens, and proteoglycan (Heimark, 1993). The 
basal lamina provides mechanical support for cell 
attachment, serves as a substratum for cell migration, 
separates adjacent tissue, and can act as a barrier to the 
passage of macromolecules. Cell adhesion to the basal 
lamina involves the integrins (Hynes, 1992) [33].  

7. Cell Membranes (Figure13) 

The function of the membranes is complex and 
multifaceted, and can be divided into eight general 
categories: First , membranes compartmentalize, providing 
continuous, relatively unbroken sheets.  Second 
membranes prevent unrestricted exchange of molecules, 
providing a selectively permeable barrier. Third , 
membranes contain the machinery for the physical 
transport of substances from one side of the membrane to 
the other. Fourth, the membrane is involved in response of 
the cell to external stimuli, via signal transduction. Fifth , 
membranes allow cells to recognize one another, to adhere, 
and to exchange materials in an intracellular interaction. 
Sixth, membranes provide a means to organize cellular 
biochemical activities, through an extensive framework or 
scaffolding within which components can be arranged for 
effective interaction. Seventh, membranes maintain cell 
polarity. Eighth, membranes are involved in the process of 
energy transduction (i.e. conversion of one type of energy 
to another ), such as the transfer of chemical energy from 
carbohydrates and fats to ATP [33]. 

ACTIVITIES THAT MAY DAMAGE THE BRAIN 

1.  Drug Abuse 

Here are summaries of the effect of select street drugs on 
the brain. (On the article of Drug Abuse in the Decade of 
the Brain, Gabriel G. Nahas and T. F. Burks report in a 
summary that most of the neurons in the brain are very 
sensitive to these types of substances) [34]. 

a. Heroin: Is a highly addictive opiate (like morphine). 
Brain cells can become dependent (highly addictive) on this 
drug to the extent that users need it in order to function in 
their daily routine. While heroin use starts out with a rush 
of pleasure, it leaves the use in a fog for many hours 
afterwards. Users soon find that their sole purpose in life is 

the drug that their body has become dependant on �>�����@.  

b. Marijuana: The parts of the brain that control emotions, 
memory, and judgment are affected by marijuana.  
Smoking it cannot only weaken short-term memory, but 
can block information from making it into long-term 
memory. It has also been shown to weaken problem solving 

ability �>�����@. 
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c. Cocaine: Both in powder form and as crack, is an 
extremely addictive stimulant. An addict usually loses 
interest in many areas of life, including school, sports, 
family, and friends. Use of cocaine can lead to feelings of 
paranoia and anxiety. Although often used to enhance sex 
drive, the physical effects of cocaine on the receptors in the 
brain reduce the ability to feel pleasure (which in turn 

causes the dependency on the drug) �>�����@. 

d. Inhalants: Such as glue, gasoline, hair spray, and paint 
thinner, are sniffed. The effect on the brain is almost 
immediate. And while some vapors leave the body quickly, 
others will remain for a long time. The fatty tissues 
protecting the nerve cells in the brain are destroyed by 
inhalant vapors. This slows down or even stops neural 
transmissions. Effects of inhalants include diminished 

ability to learn, remember, and solve problems �>�����@.  

e. Ecstasy: Extended use of this amphetamine causes 
difficulty differentiating reality and fantasy, and causes 
problems concentrating. Studies have found that ecstasy 
destroys certain cells in the brain.  While the cells may re-
connect after discontinued use of the drug, they don't re-
connect normally. Like most drugs, this one impairs 
memory and can cause paranoia, anxiety, and confusion 

�>�����@. 

f. LSD: While some people use LSD for the sense of 
enhanced and vivid sensory experience, it can cause 
paranoia, confusion, anxiety, and panic attacks. Like 
Ecstasy, the user often blurs reality and fantasy, and has a 

distorted view of time and distance �>�����@. 

g. Steroids: Anabolic steroids are used to improve athletic 
performance and gain muscle bulk. Unfortunately, steroids 
cause moodiness and can permanently impair learning and 

memory abilities �>�����@. 

h. Ritalin:  This drug is often prescribed to treat attention 
deficit disorder. It is becoming an illicit street drug as well. 
Drug users looking for a high will crush Ritalin into a 
powder and snort it like cocaine, or inject it like heroin. It 
then has a much more powerful effect on the body. It 
causes severe headaches, anxiety, paranoia, and 

delusions�>�����@.  

2. Alcohol Abuse  
 
When a person drinks a product with alcohol, the stomach 
absorbs about 20 percent of the alcohol. The remaining 80 
percent is absorbed in the small intestines. Once in the 
bloodstream, the alcohol is carried to all parts of your body, 
including the brain [35].Alcohol causes a chemical wash on 
the transmitters and receptors, altering the speed of the 
brain’s electrical activity. No part of the brain is immune to  

the affects of alcohol, but some parts of it are more 
sensitive to its affects [35]. 

In some people, alcohol speeds up the electrical impulses – 
resulting in excitability, anger or violence. Most people say 
a drink relaxes them and makes them happy. In reality, the 
alcohol has slowed down brain activity in the part of the 
brain responsible for sensing, inhibition and thought 
processing [35].  

With just one or two drinks, you may have experienced: 
Increased self-confidence, loss of inhibitions, decreased 
judgment, Lessened awareness.  If the person keeps 
drinking it could experience: Memory loss, Skin flushing, 
sweating, Sexual arousal, but with decreased sexual 
performance, increased urination.  Beyond this point, the 
person might experience passing out, (become 
unconscious) or possible death [35].   

Alcohol affects people differently. The recommendation is 
that women drink no more than one beer (or equivalent) 
daily, and that men limit themselves to one or two beers 
daily. That may even be too much for you. Various factors 
cause alcohol to be absorbed and processed differently; 
including age, body mass, general health and heredity [35]. 

 
BRAIN INJURIES  

 
Traumatic brain injury usually occurs when the head slams 
against a windshield, the ground, or some other stationary 
object. The compression, twisting, and distortion of the 
brain inside the skull associated with this impact causes 
localized as well as widespread damage throughout the 
brain. Usually a period of unconsciousness, or at least 
altered consciousness, follows the trauma. In a severe brain 
injury, unconsciousness may last from hours to days or 
even weeks [14].  
 
In addition to altered consciousness, the individual almost 
never remembers the injury, the time immediately prior to 
it, or the several hours, sometimes days or weeks that 
follow it. This occurs because of direct damage to the brain 
tissue that controls learning and the establishment of new 
memory. Damage to the brain may continue after the 
impact if bleeding occurs, breathing stops, or the brain 
tissue swells [14]. 
 
There are different types of brain injuries. The primary 
types of brain injuries are skull fractures, when the bony 
skull breaks and hits the brain directly, concussions, that 
are bruises close to the point of impact and hematomas that 
are blood clots in the brain [14].     
 
1. Secondary internal insults 
 
When a brain injury occurs there may be side effects to that 
accident these side effects  are  called  insults  to  the  brain.  
They consist of traumas, swelling, intracranial pressure 
among others [14].  
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2. Cerebrovascular accidents  
 
Cerebrovascular accidents, also known as strokes, are the 
most common. When a stroke occurs, a specific part of the 
brain fails to receive sufficient blood flow--hence, 
insufficient oxygen and nutrients. There are two types of 
strokes:  
 

a. The obstructive stroke blocks the arteries 
causing the lack of blood flow that goes into the 
brain [15]. 

b. Hemorrhagic stroke is when an arterial break 
occurs causing uncontrolled bleeding into brain 
tissue [15].  

 
Either type of stroke can cause ischemia, starved tissue, 
usually leading to infarction, an area of damaged tissue. 
Strokes can be from minuscule to massive and can occur 
anywhere in the brain. Both the size and location of the 
stroke determines the functional consequences [15]. 
 
Stroke is a serious condition, and can be life-threatening. 
Even small, barely noticed strokes, can signal serious 
problems with blood pressure or other physical 
abnormalities [15]. 
 
Characteristic symptoms of stroke are usually associated 
with interruption of blood supply to specific brain areas, 
changes in speech, and weakness on one side of the body, 
visual disturbances, and even vague confusion. 
Subsequently, neuropsychological examination can help 
describe the functional consequences of stroke and aid in 
identifying the location of the stroke within the brain. 
Sometimes, differential diagnosis between various forms of 
dementia and stroke needs to be made [15]. 
 
3. Shaken baby syndrome (SBS) 
 
Shaken Baby Syndrome is a violent criminal act that causes 
traumatic brain injury. SBS occurs when the perpetrator 
aggressively shakes a baby or young child. The forceful 
whiplash-like motion causes the brain to be injured. The 
blood vessels between the brain and skull rupture and 
bleed. The accumulation of blood causes the brain tissue to 
compress while the injury causes the brain to swell. This 
damages the brain cells. The SBS can also cause seizures, 
lifelong disability, coma, and death [16]. 
 
The signs of shaken baby syndrome are irritability, changes 
in eating patterns, tiredness, difficulty breathing, dilated 
pupils, seizures, and vomiting. A baby experiencing such 
symptoms needs immediate emergency medical attention 
[16]. 
 

BRAIN DISEASES 
 
1. Hydrocephalus 
 

It is a condition  due to the excessive accumulation of fluid 
in the brain. Hydrocephalus disease can be acquired either 
by birth or later as the person grows. Hydrocephalus has 
two forms, communicating or non-communicating: 
 

a. Communicating hydrocephalus occurs when 
the flow of CSF is blocked after it exits from the 
ventricles. This form is called communicating 
because the CSF can still flow between the 
ventricles, which remain open [17]. 

b.  Non-communicating hydrocephalus (also 
called "obstructive" hydrocephalus) occurs when 
the flow of CSF is blocked along one or more of 
the narrow pathways connecting the ventricles 
[17].  

 
Causes of the hydrocephalus are: 
 

a. Hydrocephalus may result from genetic 
inheritance (aqueductal stenosis) or 
developmental disorders such as those associated 
with neural tube defects including spina bifida 
and encephalocele [17]. 

b. Other possible causes include complications of 
premature birth such as intraventricular 
hemorrhage, diseases such as meningitis, tumors, 
traumatic head injury, or subarachnoid 
hemorrhage blocking the exit from the ventricles 
to the cisterns and eliminating the cisterns 
themselves [17]. 

 
2. Amblyopia 
 
A disorder of visual development that is caused by an 
optical, physical, or ocular alignment defect during early 
childhood [17]. 
 
3. Alzheimer's and other dementias 
 
A progressive, degenerative disease characterized by loss 
of function and death of nerve cells in several areas of the 
brain leading to loss of cognitive functions such as memory 
and language. Alzheimer's disease is the most common 
cause of dementia. Other causes include multiple small 
strokes (multi-infarct dementia), alchoholism, and less 
common degenerative conditions such as progressive 
supranuclear palsy, Pick's disease, etc [17]. 
 
4. Blindness 
 
Relative or complete loss of vision due to a variety of 
conditions, such as glaucoma, macular degeneration, and 
other illnesses (for example, diabetes) [17]. 
 
5. Depression 
 
A mental state of depressed mood characterized by feelings 
of sadness, despair, and discouragement. Depression ranges 
from normal feelings of "the blues" through dysthymia to 
major depression. It in many ways resembles grief and 
mourning following bereavement; there are often feelings 
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of low self-esteem, guilt and self-reproach, withdrawal 
from interpersonal contact and somatic symptoms such as 
eating and sleep disturbances [17]. 
 
6. Multiple Sclerosis 
 
Neurodegenerative disease characterized by the gradual 
accumulation of focal plaques of demyelization particularly 
in the brain and spinal cord, producing disparate symptoms 
(for example, visual disturbances, muscle weakness, and 
bladder problems). Onset usually in 3rd or 4th decade with 
intermittent progression over an extended period [17]. 
 
7. Parkinson 
 
A progressive, neurological disease first described in 1817 
by James Parkinson. Characteristic symptoms include a 
slow tremor of extremities and head, rigidity, and gait 
disturbances [17]. 
 
8. Schizophrenia 
 
A heterogeneous group of mental disorders comprising 
most major psychotic disorders and characterized by 
disturbances in thought (loosening of associations, 
delusions, and hallucinations), mood (blunted, flattened, or 
inappropriate affect), sense of self and relation to the 
external world (loss of ego boundaries, dereistic thinking, 
and autistic withdrawal), and behavior (bizarre, apparently 
purposeless or stereotyped activity or inactivity) [17].  
 
9. Seizures (epilepsy) 
 
A sudden attack or convulsion due to involuntary electrical 
activity in the brain. It can result in a wide variety of 
symptoms, such as: muscle twitches, staring, tongue biting, 
urination, loss of consciousness and total body shaking. 
Examples include: focal seizure, absence seizure, partial 
seizure, psychomotor seizure, petit-mal seizure and grand-
mal seizure [17]. 
 
10. Stroke 
 
A condition due to impaired blood flow causing lack of 
oxygen to part of the brain that may lead to reversible or 
irreversible damage. Depending on the area of the brain 
that is damaged, a stroke can cause coma, paralysis, speech 
problems, and/or dementia [17]. 

 
SPECIFIC RESEARCH AND TECHNOLOGY 

 
1. Computerized Tomography (CT)  
 
Computerized Tomography or CT scan enables a physician 
to visualize detailed and accurate cross-sectional anatomy 
of the brain. This method can be used to show several 
abnormalities in the human brain [19]. 
 
2. Magnetic Resonance Imaging (MRI)  
 
The Magnetic Resonance Imaging, or MRI, images  

 
demonstrate excellent contrast between various organs, 
with high spatial resolution, thin slices and small pixels. It 
differs from the CT because the MR signal from various 
organs is characteristic not only of the physical density of 
the organ, but also of its biochemical nature, the procedure 
may permit both identification and characterization of 
diseases like the distinction between benign and malignant 
tumors. This type of examination can be used to identify 
the following brain diseases:  
 

a. Neurological disorders- stroke, hemorrhage, 
tumor, infection, multiple sclerosis, 
demyelinating disease [19]. 

b. Spinal disorders: bulging or herniated disk, spinal 
stenosis,Metastatic disease [19].  

 
Other developing strengths and recent clinical applications 
include MRA (A-angiography), its ability to image blood 
vessels and aid in determining blood flow direction and 
speed-without the need for contrast injection. MRA 
visualization has a major role in assessment of vascular 
disease, particularly the major vessels of the head, neck, 
heart, major organs and peripheral limb vasculature [19]. 
 
3. Position Emission Tomography (PET)  
 
Position Emission Tomography (PET) is a nuclear 
medicine procedure that produces pictures of the body's 
biological functions. PET is capable of detecting certain 
diseases before other imaging modalities because PET is 
able to capture chemical and physiological changes related 
to metabolism, as opposed to gross anatomy and structure, 
which is obtained by CT scan and MRI. PET images may 
therefore demonstrate pathological changes long before 
they would be evident in CT or MRI. The PET procedure 
can detect cancer, Parkinson’s disease, Epilepsy, 
Huntington’s disease, Alzheimer’s disease and others 
dementias that are known diseases associated with the  
brain [21]. 
 
4. Drug delivery across the BBB  
 
 The blood brain barrier (BBB) protects the brain against 
toxic substances that circulate in the blood stream. While 
this is a life supporting protection for the brain, the 
existence of the blood brain barrier is a severe limitation for 
the delivery of most drugs to the brain because they do not 
cross in sufficient amounts. Therapeutic drugs targeted for 
the central nervous system must overcome the challenge of 
crossing the (BBB). The BBB typically allows only very 
small molecules or lipid soluble molecules to cross into the 
brain. A large number of potentially useful drugs, such as 
cytostatics and central nervous system (CNS) in vitro active 
agents, do not cross the blood brain barrier at all or in 
insufficient quantities. A few common compounds are 
currently known to readily cross the BBB, including 
caffeine, alcohol, nicotine, and a few antidepressant drugs. 
Unfortunately, the most effective drugs are neither small 
nor lipid soluble. However, because of  therapeutic  reasons  
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it is essential to increase the bioavailability of drugs in the 
brain. Therefore methods are needed to deliver drugs to the 
brain that are usually blocked from entering the brain by 
the blood brain barrier [22]. 
 
 

CONCLUSIONS 
 
By means of electrochemical impulses the brain directly 
controls conscious or voluntary behavior, such as walking 
and thinking. It also monitors, through feedback circuitry, 
most involuntary behavior—connections with the 
autonomic nervous system enable the brain to adjust 
heartbeat, blood pressure, fluid balance, posture, and other 
functions—and influences automatic activities of the 
internal organs. There are no pain receptors in brain tissue.  
 
Two main fluids that act trough the brain in conjunction but 
with their own functions are the cerebrospinal – fluid and 
the CBF. These two have the function of transporting 
substances to our brain as well to protect it from any harm.   
 
The CSF is mostly water. It is made from the blood and 
special cells that make up the walls of some collections of 
arteries in the brain called the choroid plexus filter the 
blood. Red, white, and platelet cells are too big to pass 
through the filter. So are most of the proteins 
(immunoglobulins, albumin) and most drugs that circulate 
through the blood. The filtered CSF has no cells to give it 
color or to make it opaque so it is colorless and transparent. 
Ions and glucose are small enough to pass through the filter 
that makes CSF but their concentrations in blood and CSF 
are not equal because of special regulatory channels and 
transport mechanisms.  This one has some serious functions 
such as physical support, excretory function, intracerebral 
transport and control of the chemical environment of the 
central nervous system.   
 
The blood-brain barrier (BBB) is the specialized system of 
capillary endothelial cells that protects the brain from 
harmful substances in the blood stream, while supplying 
the brain with the required nutrients for proper function. 
Unlike peripheral capillaries that allow relatively free 
exchange of substance across / between cells, the BBB 
strictly limits transport into the brain through both physical 
(tight junctions) and metabolic (enzymes) barriers. 
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GLOSSARY 
 
 Absces- it is a bacterial infection that may be introduced 
from the bloodstream in cases of generalized or distant 
infection or form contiguous infection following a skull 
fracture. 
  
Aneurysm - bulge in the blood vessel; affect the large 
arteries throughout the body. 
 
 Angiotensins - are a group of hormones that are powerful 
vaconstrictors. 
 
 Artery  - any of the tubular branching muscular- and 
elastic-walled vessels that carry blood from the hearth 
through the body. 
 
 Artery, Anterior Cerebral  - it passes anteromedially via 
the horizontal plane to enter the interheimispheric fissure, 
anastomoses with the contralateral ACA via the anterior 
communicating artery forming the anterior portion of the 
circle of Willis. 
 
Artery, Anterior choroidal  - it originates occasionally 
from the PoCA or the middle cerebral artery (MCA), the  
anterior choroidal artery usually arises from the ICA just 
beyond the origin of the PoCA. 
 
 Artery, External Carotid  - is the artery that supplies 
blood to the jaw, face, neck and meninges. 
 
 Artery, Internal Carotid  - it starts at the carotid sinus at 
bifurcation of CCA (Common Carotid Artery) at the level 
of the upper border of the thyroid cartilage al the level of 
the fourth cervical vertebra. 
 
 Artery, Middle Cerebral  - it is the largest branch of ICA 
and appears almost as its direct continuation.  
 
 Artery, Ophthalmic  - it passes through the optic canal to 
supply the eye and other structures of the orbit. 
 

 Artery, Posterior Cerebral (PCA) -the basilar artery 
ends by dividing into the two posterior cerebral arteries. 
 
 Artery, Posterior Communication -it arises just before 
the termination of the ICA and passes backward to the join 
the first part of the posterior cerebral artery PCA. 
 
 Benign Tumors - abnormalities on the neuroglia cells. 
 
 Bioengineering - is the application of engineering 
knowledge to the fields of medicine and biology. 
 
 Blood Brain Barrier - prevent materials from the blood 
from entering the brain. 
 
 Cerebral Perfusion Pressure - is defined as the 
difference between mean arterial and intracranial pressure. 
 
 Cerebrospinal Fluid (CSF) - is the protective fluid, 
mostly water made from blood that surrounds the brain and 
spinal cord. 
 
 Cerebrum - is the newest and most highly developed of 
the brain. 
 
 Chiari Malformation  - extra cerebellum crowdings the 
outlet of the brainstem/spinal cord from the skull on its way 
to the spinal canal. 
 
 Contusions - they occur under the location of a particular 
impact. 
 
 Craniocerebral Trauma - can cause bleeding into the 
brain. 
 
 Dendrites - a cell body with branching structures that 
receive impulse from neurons and transmit them to the cell 
body of the neuron in which these are embedded.  
 
 Diffuse Axonal Injury  - after a closed brain injury, the 
shifting and rotation of the brain inside the skull will result 
in shearing injury to the brain’s long connecting nerve 
fibers or axons.  
 
 Glial Cells - surround the neurons and help regulate the 
biochemical environment within the brain, provide 
structural supports for neurons and repaired the central 
nervous systems after injuries. 
 
 Hematomas - they results when small blood vessels are 
broken by the injury. 
 
 Hemoglobin = brightens in color when satured with 
oxygen (oxyhemoglobin) and darkens when oxygen is 
removed (deoxyhemogloblin). 
 
 Hydrocephalus - abnormal accumulation of body fluids 
within the skull. 
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 Hyperventilation - excessive rate and depth of respiration 
leading to abnormal loss of carbon dioxide from the blood. 
 
 Intracranial Pressure - will cause internal or external 
herniation. 
 
 Lacerations - it is the tearing of frontal and temporal lobes 
or blood vessels caused by brain rotating across ridges 
inside skull. 
 
 Limbic system - is the region of the brain that wraps 
around the brain stem and lies beneath the cerebrum.  
 
 Malignant tumors - malignant tumors of the brain are 
more common that benign ones; the most frequent of all are 
the liomas, which arise form the neuroglial cells. 
 
 Meningitis - infection of the cerebrospinal fluid. 
 
 Neurons - are the information carrier of the brain. 
 
 Neurotransmission - transmission of information between 
neutrons. 
 
 Parkinson’s Disease - degeneration of the cells of the 
substantia nigra and locus ceruleus, and of their 
connections with the basal ganglia; the basal ganglia are 
nuclear masses situated above the brain stem and concerned 
with the initiation and patterning of voluntary movements. 
 
 Skull Fracture - it is braking of the bony skull caused by 
an accident. 
 
 Syringohydromyelia - also called syrinx that is a fluid 
collection in the spinal cord. 
 
 Vascular Headaches - it is an abnormal stretching of the 
arterial walls in the cranium as a result of vessel - wall 
disease. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


