Learning objectives

To know about
- Meningies
- -CSF
- BBB

Cerebrum$S
* Locate each of the lobes of the cerebrum.

» Describe the tracts that compose the cerebral white matter
. Functions of different lobes of cerebrum




Protection and Nourishment of the CNS

Central nervous tissue is delicate. Because of this characteristic,
and because damaged nerve cells cannot be replaced, this fragile,
Irreplaceable tissue must be well protected. Four major features
help protect the CNS from injury:

1. It is enclosed by hard, bony structures. The cranium (skull)
encases the brain, and the vertebral column surrounds the spinal
cord.

2. Three protective and nourishing membranes, the meninges,

lie between the bony covering and the nervous tissue.

3. The brain “floats” in a special cushioning fluid, the cerebrospinal
fluid (CSF).

4. A highly selective blood—brain barrier limits access of
blood-borne materials into the vulnerable brain tissue



Three meningeal membranes wrap, protect,

and nourish the central nervous system.

Three membranes, the meninges, wrap the CNS

The dura mater is a tough, inelastic covering that consists

of two layers (dura means “tough”). Usually, these layers adhere
closely, but in some regions, they are separated to form blood filled
cavities, dual sinuses. Venous blood draining from the brain empties
into these sinuses to be returned to the heart. CSF also reenters

the blood at these sinus sites.

The arachnoid mater is a delicate, richly vascularized layer (arachnoid means “spiderlike”).
The space between the arachnoid layer and the underlying pia
mater, the subarachnoid space, is filled with CSF . Protrusions

of arachnoid tissue, the arachnoid villi, penetrate through gap in the overlying dura and project into the dural
sinuses

. CSF is reabsorbed across the surfaces of these villi into the blood circulating within the sinuses.

The innermost meningeal layer, the pia mater, is the most fragile (pia means “gentle”). It is highly vascular and
closely

adheres to the surfaces of the brain and spinal cord.
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(c) Section of a choroid plexus, which consists of a projection
of pia mater that dips into a pocket formed by ependymal cells
that protrudes into the ventricular cavity. CSF is produced as
constituents filtered from the capillary blood are selectively
transported by the ependymal cells into the ventricular cavity.




CSF is formed primarily by the choroid plexuses, which are specialized structures in the walls of the ventricles that
protrude into the ventricular cavity in particular regions

Choroid plexuses consist of richly vascularized, cauliflowerlike masses of pia mater tissue that dip into
pockets formed by ependymal cells, CSF forms as the ependymal cells of the choroid plexuses selectively
transport materials from the pia capillary blood into the ventricular cavity,

Once CSF is formed, it flows through the four interconnected

ventricles of the brain and through the spinal cord’s

narrow central canal, which is continuous with the last ventricle.

CSF also escapes through small openings from the fourth

ventricle at the base of the brain to enter the subarachnoid

space and subsequently flows between the meningeal layers

over the entire surface of the brain and spinal cord (

When the CSF reaches the upper regions of the brain, it is

reabsorbed from the subarachnoid space into the venous blood

through the arachnoid villi. Normally, CSF is reabsorbed as rapidly as it

is formed by the choroid plexuses, at a rate of about 20 mL/hr



Ventricles are cavities within the brain that are filled with cerebrospinal fluid.
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Formation and pathway of CSF







Circulation of CSF

CSF is produced by the choroid plexuses,

circulates throughout the ventricles,

exits the fourth ventricle at the base of the brain,

flows in the subarachnoid space between the
meningeal layers, and

Is finally reabsorbed from the subarachnoid space into
the venous blood across the arachnoid villi.
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The composition of CSF differs from that of blood. For example, CSF is lower in K1 and
slightly higher in Na, making the brain interstitial fluid

an ideal environment for movement of these ions down

concentration gradients, a process essential for conduction

of nerve impulses The biggest difference is the

presence of plasma proteins in the blood but almost no proteins

normally present in the CSF. Plasma proteins cannot

exit the brain capillaries to leave the blood during formation

of CSF

A CSF pressure of about 10 mm Hag.

Reduction of this pressure by removal of even a few milliliters (mL) of CSF during a spinal tap for
laboratory analysis may produce severe headaches.

The formation, circulation, and reabsorption, the entire CSF volume of about 125 to 150 mL is replaced
more than three times a day.

If any one of these processes is defective so that excess CSF accumulates (for example, as with
obstruction of the CSF pathway by a malformation or a tumor), hydrocephalus (“water on the brain”)
occurs. The resulting increase in CSF pressure can lead to brain damage if untreated.



blood-=brain barrier

blood—brain barrier (BBB) that limits access of blood-borne materials into the vulnerable
brain tissue.

Throughout the body, materials can be exchanged between the blood and the interstitial fluid
only across the walls of capillaries. Capillary walls are formed by a single layer of endothelial
cells. The holes or pores usually present between the endothelial cells permit rather free
exchange across capillaries elsewhere. However, the cells that form the walls of a brain
capillary are joined by tight junctions . These impermeable junctions seal the capillary wall
so that nothing can be exchanged across the wall by passing between the cells.

The only permissible exchanges occur through the endothelial cells themselves. Lipid-soluble
substances such as 02, COZ, alcohol, and steroid hormones penetrate these cells easily
by dissolving in their lipid plasma membrane. Small water molecules also easily diffused .

essential materials as glucose, amino acids, and ions, are transported by highly selective
membrane-bound carriers the BBB protects the delicate brain from chemical fluctuations

In the blood. For example, even if the K.level in the blood is doubled, little change occurs In
the K.concentration of the fluid bathing the central neurons. This is beneficial because
alterations in interstitial fluid K.would be detrimental to neuronal function. Also, BBB prevents
certain circulating hormones that could act as neurotransmitters from reaching the brain,
where they could produce uncontrolled nervous activity.

On the negative side, the BBB limits the use of drugs for the treatment of brain and spinal
cord disorders because many drugs cannot penetrate this barrier.

Pericytes and astrocytes both contribute to formation and maintenance of the BBB.

Eeéicytes are contractile cells that wrap around capillary endothelial cells throughout the
ody.



The major function of CSF is to be a shock-absorbing fluid to prevent the brain from bumping

against the interior of the hard skull when the head is subjected
to sudden, jarring movements. In addition to protecting the delicate brain from mechanical trauma,

the CSF plays an important role in the exchange of materials between the neural cells and the
Interstitial fluid surrounding the brain.



The brain depends on constant delivery of oxygen and glucose by the blood

the brain cannot produce ATP without O..

Also in contrast to most tissues, which can use other sources of fuel for energy
production instead of glucose, the brain normally uses only glucose

Because of its high rate of demand for ATP, under resting conditions the brain uses
20% of the O.and 50% of the glucose consumed in the body.

Although it constitutes only 2% of body weight, the brain receives 15% of the blood
pumped out by the heart .

Brain damage results if this organ is deprived of its critical O.supply for more than 4
to 5 minutes or If its glucose supply is cut off for more than 10 to 15 minutes.

The most common cause of inadequate blood supply to the brain is a stroke.



Central Nervous System
Brain

Corpus callosum

* Major Parts of the Brain

The adult brain consists of four major parts: cerebrum ,
cerebellum, brain stem & diencephalon,

cerebrum IS the largest part of the brain.

The brain stem consists of the medulla oblongata, pon:
and midbrain.

Posterior to the brain stem is the Cerebellum

Superior to the brain stem is the diencephalon which cc
of the thalamus, hypothalamus, and epithalamus. | Cerebellum | Pons

Medulla




Cerebrum

Cerebral cortex : gyri & sulci
Longitudinal fissure between 2 cerebral hemispheres which are connected by corpus callosum( white matter)

Lobes of the Cerebrum

Each cerebral hemisphere can be further subdivided into several
lobes. The lobes are named after the bones that cover

them: frontal, parietal, temporal, and occipital lobes The central sulcus separates the frontal
lobe from the parietal lobe. A major gyrus, the precentral
gyrus—Ilocated immediately anterior to the central sulcus—
contains the primary motor area of the cerebral cortex. Another
major gyrus, the postcentral gyrus, which is located immediately
posterior to the central sulcus, contains the primary
somatosensory area of the cerebral cortex. The lateral cerebral
sulcus (fissure) separates the frontal lobe from the temporal
lobe. The parieto-occipital sulcus separates the parietal

lobe from the occipital lobe. A fifth part of the cerebrum, the
Insula, cannot be seen at the surface of the brain because it lies
within the lateral cerebral sulcus, deep to the parietal, frontal,

and temporal lobes
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Cerebral White Matter

1. Association tracts contain axons that conduct nerve impulses

between gyri in the same hemisphere.

2. Commissural tracts contain axons that conduct nerve impulses from gyri in one cerebral hemisphere
to corresponding gyri in the other cerebral hemisphere. Three

Important groups of commissural tracts are the corpus callosum anterior commissure, and posterior
commissure.

3. Projection tracts contain axons that conduct nerve impulses

from the cerebrum to lower parts of the CNS.
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Functional Organization of the Cerebral Cortex

sensory areas : receive sensory information and are involved

In perception, the conscious awareness of a sensation;

motor areas control the execution of voluntary movements; and

association areas deal with more complex integrative functions

such as memory, emotions, reasoning, will, judgment, personality
traits, and intelligence.
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Sensory areas

* The primary somatosensory area (areas 1, 2, and 3) is located
directly posterior to the central sulcus of each cerebral hemisphere

In the postcentral gyrus , it receives nerve impulses for touch, pressure, vibration, itch,
tickle, temperature (coldness and warmth), pain, and proprioception (joint and
muscle position)

and is involved in the perception of these somatic sensations. A

“map” of the entire body is present in the primary somatosensory

area: Each point within the area receives impulses from a specific part of the body
The primary visual area (area 17)

Primary auditory area 41,42

primary olfactory area 28

primary gaustatory area 43
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Motor areas

* The primary motor area (area 4) is located in the precentral
gyrus of the frontal lobe. As is true for the primary somatosensory
area, a “‘map” of the entire body is present in the primary

motor area: Each region within the area controls voluntary

Contractions of specific muscles or groups of muscle Electrical stimulation of any point in
the primary motor area causes contraction of specific skeletal muscle fibers on the
opposite side of the body

Broca’s speech area (areas 44 and 45) is located

In the frontal lobe close to the lateral cerebral sulcus damage to this rea cause nonfluent
aphasia



Assoclation areas

 The somatosensory association area (areas 5 and 7) This area permits you to
determine the exact shape and texture of an object by feeling it, to determine the
orientation

of one object with respect to another as they are felt, and to sense the relationship
of one body part to another. Another role of the somatosensory association area is
the storage of memories of past somatic sensory experiences, enabling you to
compare

current sensations with previous experiences. For example, the somatosensory
association area allows you ts such as a pencil and a paperclip

simply by touching /

Them



The visual association area

The facial recognition area,

auditory association area ?

* Wernicke’s area (posterior language area; area 22, and possibly areas 39 and
40),
people who suffer strokes in Wernicke's area can still speak,

but cannot arrange words in a coherent fashion (fluent aphasia,
or “word salad”:
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