An essentizz| feature of living organisms is their ability to
coordinate their activities. In mammals, such as humans,
detecting amnd responding to environmental change, and
regulating the internal environment (homeostasis} are
brought abo ut by two coordinating systems: the nervous and
endocrine s ystems. Although these two systems are quite
different siructurally, they frequently interact to coordinate
behavior and physiclogy. The nervous systern contains cells
called neurcins {or nerve cells). Neurons are specialized to

Coordination by the Nervous Sysiem

The vertebrate nerveus system consists of the ceniral nervous
system {brain and spinal cord), and the nerves and receptors
outside it {perripheral nervous system}. Sensory input fo recepiors
comes via stimuli, Information about the effect of a response is
provided by feedback mechanisms so that the system can be
readjusted. The basic organization of the nervous system can
be simplified into a few key components: the sensory receplors,
a central nesrvous system processing point, and the effactors
which bring about the response (below):

Exiernal stimuli internal stimuli

i

Receptors
(sense organs)
2.0, BYes, ears, taste, buds
stretch and pressure recspiom

R M

Sensoryinputis recewed
by the sensory structures
(via stirnuli) and converted
into an glectrical response.

Impulses are
transmitted by sensory
neurons to the central
nervous system

Central nervous system (CNS)
pracessing of sensary input and cooldination
of a response {brain and spinal cord)

Motor output:
impulses are H
transmitted by motor
neurons io effectors

Effectors
(muscles and glands})

BN O

HONEULIOI] YOBAPSBS rictimaresens

Musclesand
gland s bring about
appro priste action

transmit information in the form of electrochemical impulses
{action potentials). The nervous system is a signaling network
with branches carrying information directly to and from specific
target tissues. Impulses can be transmitted over considerable
distances and the response is very precise and rapid. Whilst
it is extraordinarily complex, comprising millions of neural
connections, its basic plan (below, left) Is quite simple,
structured around reception of sensory input, integration or
processing of the information, and formulation of a response.

Motor corlex coordinates

In the example above, the approach of the frishee is parceived
by the eye. The motor cortex of the brain integrates the sensory
message. Coordination of hand and body orientation is brought
about through mator neurons 1o the muscles.

Hormaonal control

MNervous control

Communication Impulses across synapses Hormones irs the blood

Speed Very rapid {within a few Relativaly stow (over
milliseconds) minutes, hours, or longar)
Duration - Short term and reversible Longer lasting effecls

Target pathway  Specific (through nerves)
1o specific cells

v

RESPONSE BT

Action Causes glands o secrete
or muscles to contract

Hormones broadcast to
target cells everywhere

Causes changes in
matabolic activity

1. Identi fy the three basic components of a nervous system and explain how they function to maintain homeostasis:

(@)

(b)

(c)

@) __

Desc-ine two differences between nervous control and endocrine (hormonal) control of body systems:

(b) _

Reelated activities: The Nervous System, Hormonal Regulatory Systems
Vafeb livaks: Nervaus System Animation
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The nervous system is the body's control and communication  them, and initiating appropriate responses. Its basic gtructure is
center. It has three broad functions: detecting stimuli, interpreting  outlined below. Further detail is provided in the following pages.

The-Peripheral Nervous System (PNS)

The PNS corfiprises sensory and motor divisions. Peripheral

The Human Nervous System Brain (see below)
The central nervous system (CNS) comprises
the brain and spinal cord. The spinal cord is &
cylinder of nervous tissue extending from the
base of the brain down the back, protected by
the spinal column. It transmits messages fo and
trom the brain, and contrels spinal reflexes.

The peripheral nervous system, or PNS, (right,
far right) comprises all the nerves and sensory
receptors outside the ceniral nervous system.

Spinal cord
2221 Peripheral nerves

(the"spinal nerves) or {he brain (cranial nérves). They can be
sensory {irom sensory recepters), motor {running to amuscle
or gland), or mixed _(contalmng sensory and motor neuron_s}

Sensory Dwislon

Senso_ry herves’ arls_e from
sensory receptors (left) and
carry messages to the ¢entral
nervous system for processing.

Below: cross sections through the spinal
cord to show entry and exit of neurons.

The sensory system keeps the
ceniral nervous system aware
of the external and internal
environments, This division
includes the familiar sense
organs such as ears, ayes (A),
and taste buds (B) as well as
internal receptors that monitor
internal state {e.g. thirst, hunger,
body position, movement, pain).

Sensory neurons
enter the spinal cord

[ root.
Gray matter by the dorsa

Motor Division
Motor nerves canry impulses from
the CNS to effectors: muscles
{left) and glands. The motor
division comprises two parts:

Motor neurons leave
the spinal cord by
the ventral root.

S

Somatic nervous system: the
neurons that carry impulses to
duhite matier voluntary (skeletal) muscies (C).

(myelinated nerves)
Autonomic nervous system:

regulates visceral functions over
which there is generaily no
conscious conirol, e.g. heart
rate, gut peristalsis involving
smoaoth muscle (D), pupil reltex,
and sweating.

The spinal cord has an M shaped central area
of gray matter, comprising nerve celi bodies,
dendrites, and synapses around a centrai canal
fitlect with cerebrospinal fluid. The area of white
matter contains the nerve fibers.

1. Identify and briefly describe the three main functions of the nervous sysiem:

nerves all énter orieave the CNS, either from the spinal cord -

(2)

(b)

()

2. In the human nervous system, briefly explain the structure and role of each of the following:

{a) The central nervous system:

(b) The peripheral nervous system:

3. Explain the significance of the separation of the motor division of the PNS into somatic and autonomic divisions:
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The autonomic nervous system (ANS) regulates involuntary
visceral functions through reflexes. Although most autonomic
nervous system activity is beyond our conscious control,
voluntary control over some basic reflexes (such as bladder
emplying) can be learned. Most visceral efiectors have dual
innervation, receiving fibers from both branches of the ANS.
These two branches, the parasympathetic and sympathetic
divisions, have broadly opposing actions on the organs they
control {excitatory or inhibitory). Nerves in the parasympathetic

vess from brainistem and sacral (S):
regions. Neurotransmitter. acetylcholing -

frisiof ‘eye, tear glands,"
salivary glands: =
constricts pupif, stimulates
secretion of the glands.

Heart.and lungs: slows —
heart rate, dilates coronary
blsod vessels, constricts
bronchial muscle,

Liver, stomach, small
intestine, pancreas:
increases peristalsis
(motility), promotes sugar
stofage, and insulin and
anzyme.secration,

A
Spinal cord

division refease acetylcholine. This naurotransmitter is rapidly
deactivated at the synapse and its effects are short lived
and localized. Most sympathetic postganglionic nerves release
norepinephrine (noradrenaling), which enters the bloodstream
and is deactivated slowly. Hence, sympathetic stimulation
tends to have more widespread and long lasting effects than
parasympathetic stimulation. Aspects of ANS structure and
function are illustrated below. The arrows indicate nerves to
organs or ganglia (concentrations of nerve cell bodies).

Nerves from thoracic (T} and lumbar (L} regions.
Neurotransmitters: acetyicholine and norepinephrine

iris of eye, salivary glands:
dilates pupil and decreases
secretion of giands.

Heart and lungs: increases
heart rate, constricts
coronary blood vessels,
dilates bronchial muscle.

Liver, stomach, smali
intestine, pancreas:
decreases perisialsis (slows
motility), promotas sugar
release from liver, inhibits
insulin and enzyme secretion,

Large intestine: decreases

Latge intestine, bladder, i

genital organs: increases
peristalsis, causes
contraction of bladder wall,
stimitates genital erection in | - ---
hoth sexes and sacration in

females.

Lt

(090 0000000000000 0"

Gangiia are in or near the organ:
preganglienic nerves are long,
postgangtionic nerves are shorl.

peristalsis {slows motility).

Bladder and genital
organs: causes relaxation
of bladdar wall, stimulates
pregnant uterus to contract,
stimulates ejaculation.

Gangiia are close to spinal cord:
preganglionic nerves are short,
postgangiionic nerves are long

Pragangfionic nerve
......... Postganglionic nerve

1. Explain the structure and role of each of the following divisions of the autonomic nervous systermn:

{a) The sympathetic nervous system:

{b) The parasympathetic nervous system:

2. Using an example (e.g. pupil reflex or control of heart rate), describe the role of reflexes in the functioning of the

autonomic nervous system:

3. With reference to the emptying of the bladder, explain how a reflex activity can be modified by learning:

' ela_ié'd_'actl\_rlties: 'i'hé_N_e;yqu_s'Syst_em_, Reflexes
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The brain is one the largest organs in the body. It is protected
by the skull, the meninges, and the cerebrospinal fluid (CSF).
The brain is the body's control center. It receives a constant flow
of sensory information, but responds only to what is important at
the time. Some responses are very simple (e.g. cranial reflexes),
whilst others reguire many levels of processing. The human

brain is noted for its large, well developed cerehral region, with
its prominent folds {gyri) and grooves (sulci). Each cerebral
hemisphere has an outer region of gray matter and an inner
region of white matter, and is divided into four fobes by deep sulci
or fissuras. These lobes: temporal, frontal, occipital, and parietal,
correspond to the bones of the skull under which they fie.

Primary Structural Regions of the Brain

Cerebrum: Dividad Into two cerebrat
hemispheres. Many, complex roles. It
conlains sansory, mato?, and
association areas, and Is involved in
memory, emotion, languags,
reasoning, and sensory processing.

Ventricles: Cavities containing
the CSF, which absorbs shocks
and delivers nutritive substances,

Thalamus is the main relay center
for all sensory messages that enter
the brain, before they are
transmitied to lhe cgrebrum,

Hypothalamus controis the aulonomic

ik Midbrain nervous system and links nervous and
/ Pons endocrine systems, Regulates appetite,
Madulia thirst, body temperature, and sleep.

Cerebellum
coordinates body
movamentis, posture,
and balarca.

I____'__.I

Brainstem: Relay center for impulses
hetween the rest ¢f the brain and the
spinal cord, Controls breathing, heartbeal,
and the coughing and vomiting reflexes.

sensory netirons fo he oppesite hemispha _'é_
and the fluld fitled ventricles (V) in the center.

Sensory and Motor Regions in the Cerebrum

Primary molor area contreis mu:scle
movement. Stimulation of a point ong
side of the motor area results in

muscular coniraction on the cpposite

Primary sematic sensory area receives sensations
from receptors in the skin, muscles and viscera,

aflowing recognition of pain, temperature, or touch, ; f : side of the body,
Sensory informaticn from receptars on one side of P } e

the body crosses to the opposite side of the cerebrai Y f e Primary gustatory area
cortex where conscious sensations are produced. - i interprets sensations

The size of the sensery region for different body related to taste.

parts depends on the number of receptors in that
particular body part.

iErontalfobia. .

™ Sulci (grooves)

Gyri (elevated folds)

Visual areas within the occipital lobe receive,
interpret, and evaluate visual stimuli. In vision,
each eye views both sides of the visual field
but the brain receives impuisas from left and
right visual fields separately (see photo
caption above). The visual cortex combines
the images into a single impression or
perception of the image.

Language areas: The motor spaach
area (Broca's area) is concerned;
with speech preduction. The sensory
spesch area {Wernicke's area) 15
concermed with speech recognilion

Auditory areas interpret the
y P and cohergnce.

basic characteristics and
meaning of sounds.

Olfactory area

B
i i avily: s The offactory tract connects the The endothelial tight: nclions of
somatlc sensory area. The fingertips:  importance of this special sense in  olfactory buib with the cerebral capillaries supplying the br_aln or
and the iips have a relativaly large  himang'ig indicatad by the larga hemispheres where olfactory protactive blood-braln

H'uma_ns'r_al on. The

pretad in the-

ameunt of area devoted io them, accipital region of the brain. information is interpreled. against toxins and infection.
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- Subarachnoid space
Sinus
CSF absorbed into venous

blood through projections of
the arachnoid membrane

Periosteal dura mater
Meningeal dura mater

Pia mater (attached o
brain's surface)

Ventricles of the brain
{lateral view)

Choeroid plexus
produces CSF

Lateral
ventricles

Central canal

" Third ventricle
Cerebral aquedu
Fourth ventricle

Central canal of spinal cord /(\

MRI scanning is a powerful technique to
visualize the structure and function of the
bady. It provides much greater contrast
between the different soft #ssues than
computerized fomography (CT) dces,
making it especially usefui in neurologicai
{brain) imaging, especially for indicating the
presence of tumors or fiuid, and showing up
abnormalities in blood suppiy. In the scan
pictured right, the fluid within the lateral and
third ventricles is ciearly visible.

: jition called
hydrocephalus

this MR scan.

1. For each of the following bodily functions, identify the region(s) of the brain involved in its control:

(&) Breathing and heartbeat;

(b) Memory and emotion:

(¢) Posture and balance:

(d) Austoromic functions:

(e) Visual processing:

(f) Body temperature;

(9) Language:

(h} Muscular movement:

2. Explain how the brain is protected against physical damage and infection:

3. (&) Denscribe where CSF is produced and how the CSF returns to the blood:

—_—

(b) Ex plain the consequences of blocking this return flow of CSF:
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Arachnoid mater = meaninges

Supporiing Glial Cells

Glial cells are of four basic types, each with a particular
function in supporting the neurons of the CNS.

Capillary

Neuron

Processes cling to
capillary walls

Astrocytes are the most abundant supportive cells in nervous tissue,
They anchor neurons to capiliaries and support the blood-brain
parrier by resiricting the passage of cerfain substances. They are also
important in the repair of the brain and spinal cord folfowing injury.

Ependymal cells are the epitheliat celis lining the veniricles in the
brain and the central canal of the spinal cord. The surfaces of thase
cuboidal cells are covered in cilia and microvilfi, which circulate and
absorb CSF. Specialized ependymal cells and capillaries together form
the choroid plexuses, which produce the CSF

Spiderlike

/ -~ processes
4

Microglial cell

Newuron

Neuron

Microglia are the defense cells of nervous tissue. Antihodies are too

large 0 cross the bioad-brain barries, so the phagecytic microglia must -

be able to recognize and dispose of foreign material and debris.

Oligodendrocytes
produce insulating myeiin
sheaths around the axons
of neurons in the CNS. A
single oligodendrocyte can
axtend to wrap around up
to 50 axons.

This image shows an
oligodendrocyte
genetically altered io
fluoresce.

® 2009 BIOZONE International
ISBN: 978-1-877462-26-9

Photogopying Prohibited Related activities: The Nervous System, Nervous Regulatory Systems_,_
Autoimmune Diseases - ‘Web links; Unipolar and Multipolar Neurons ™

Nervous tissue is made up of two main cell types: neurons, myelin. Supporting celis are more variable and are specialized
wiich are specialized to transmit nerve impulses, and supporting  to perdorm different roles. Some, such as astrocytes, help to form
cells, which are collectively called neuroglia. Neurons (right  the blood-brain barrier, while others line the cavities of the
panel) have a recognizable structure with a cell body and  brain and spinal cord. Although they appear similar in structure
armilike processes {dendrites and axons). Most fong neurons  to neurons, glial cells are unable to transmit nerve impulses. The
in the PNS are also supported by a fatty insulating sheath of features of some of these cell types are described below.

Neuron Types

Sensory neuron

Transmils impulses from sensory
racaptors fo other neurons.

Axon: A long extension of the cell
transmits the nerve impulse to
another neuron or to an effector
(e.g. muscle). Axons may be very
long and, in the peripheral nervous
system, many are myglinated.

Sense organ (pressure
receplor) in the skin.

Cell body containing the Axcn branches

organeiies to keep the neuron
alive and functioning.

Mode of Ranvier

Axon surrounded
by myeiin sheath.

Miotor neuron Dendrites

Transmits impulses from the
NS to muscles or glands.

Axon branches have synaptic
knobs at each end. These
release neurotransmitiess, which
transmit the impuise between
neurons or between a neuron
and a muscle cell.

Axan hillock (generation
of action potential)

Relay neuron

= Also called association or
interneurons. Located in the CNS
and carry impulses from sensory
to motor neurons (as i reﬂexes)x'_

Deandrites: Bushy
extensions of the cell
body, specialized to
receive stimuli.

Axon
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Where conduction speed is
important, the axons of neurons are
sheathed within a lipid and protein
rich substance called myelin. Myelin
is produced by oligodendrocyies
in the central nervous system
{CNS) and by Schwann cells in
the peripheral nervous system
(PNS). Myelin acts as an insulator,
increasing the speed at which
nerve impulses travel because it
prevents ion fiow across the neuron
membrane and forces the current to
“fump" along the axon.

Non-myelinated axons are relatively
more common in the central nervous
system where the distances travelled are
less than in the PNS. Here, the axons
are encased within the cytoplasmic
extensions of oligodendrocytes or
Schwann cells, rather than within a myelin
sheath. The speed of impulse conduction
is slower than in myelinated neurons
because the nerve impulse is propagated
along the entire axon membrane, rather
than jJumping from node to node as
occurs in myelinated neurons.

Myelinated Neurons

nodes of Ranvier

Myelin layers
wrapped
around axon

Schwann cell wraps
cnly one axon and
produces myslin

Non-myelinated Neurons

Cytoplasmic
extensions

Schwann cell wraps
sevaral axons and does
not produce mystin

Axon

Nucleus

There are gaps between
the Schwann celis called

TEM cross section thiy
a myetfinated ax

=

Unmyelinated pyramida! netire

of the cerebral corlex

to the number of CNS synapses involved; monosynaptic
reflexes invalve only one CNS synapse (e.g. knee jerk reflex),
polysynaptic reflexes involve two or more {e.g. pain withdrawal
reflex). Both are spinal reflexes. The pupil reflex (opening and
closure of the pupil) is an example of a cranial reflex.

matic response to a stimulus invoiving a
aurons and a ceniral nervous system (CNS)
usually the spinal cord, but sometimes the
e of circuit is called a reflex arc. Reflexes
sponses to stimuli. They are classified according

=)

Pain Withdrawal: A Polysynaptic Reflex Arc

Stimutus

Sensory pin prick

nauron

interpretation of sensory
message through a relay
neuron

Impulse direction

Pain receptars in the
skin detect stimulus

Maotor
neuron

1. {a) Describe a structural difference between a motor and a sensory neuron;

{b) Describe a functionai difference between a motor and a relay or internsuron:

2. Describe the functional role of each of the following glial cells, with reference to the features associated with that ro . - .
xhibit & number of primitive reflexes in response to
‘These reflexes disappear within a few months of birth as
dlops, Primitive reflexes include the grasp reflex (abave left)
I&0F Moro reflex (right) in which a sucdden noise will cause the
W out its arms, exiend the legs and head, and cry. The raoting

{a} Oligodendrocytes:

The pupiliary light reflex refers to
the rapid expansion or contracticn
of the pupils in response to the
intensity of light falling on the retina.
Itis a polysynaptic cranial reflex and
can be usad fo test for brain death.

The patella (knee jerk) reflex is
a simple deep tendon reilex that
is used 1o test the function of the
fernoral nerve and spinal cord
segments L2-1.4. It helps to maintain
nosture and balance when walking.

3. {(a) Explain the funciion of myelination in neurcns;

4. Muttiple sclerosis (MS) is a disease involving progressive destruction of the myelin sheaths around axons {see

flexes are olher examples of primitive reflexes.

(b) Ependymal cells:

‘why higher reasoning or conscious thought are not necessary or desirable features of reflex behaviors:

(c) Microglia:

guish between a spinal reflex and a craniat reflex and give an example of each:

(d) Astrocytes:

uish between a monosynaptic and a polysynaptic reflex arc and give an example of each:

(b) Name the cell type responsible for myelination in the CNS:

With reference to specific examples, describe the adaptive value of primitive reflexes in newborns:

(€) Name the cell type responsible for myelination in the PNS:

{d) Explain why myelination is a typically a feature of neurons in the peripheral nervous system:

Alrtoimmune Diseases). Explain why MS impairs nervous system function even though axons are undamaged:
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piain why newborns are tested for the presence of these reflexes:

fibe the adaptive value of cranial reflexes such as the pupillary fight reflex and the biink reflex:
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Neurons, like all celis, contain ions or charged atoms. Those of
special importance include sodium (Na*), potassium (K*), and
negatively charged proteins. Neurons are electrically excitable
cells: a property that results from the separation of ion charge
either side of the neuron membrane. They may exist in either a

The Resting Neuron

When a neuren is not transmitting an impulse, the inside of the cell is
negatively charged compared with the outside of the cell. The cell is
said to be electrically polarized, because the inside and the ouiside
of the celt are oppositely charged. The potential difference (voltage)
across Ihe membrane is called the resting potential and for most nerve
cells is about -70 mV. Nerve transmission is possible because this
membrane potential exists.

resting or stimulated state. When stimulated, neurons produce
electrical impulses that are transmitted along the axon. These
impulses are iransmitted between neurons across junctions
calied synapses. Synapses enable the transmission of impulses
rapidly all around the body.

Impulse travels in this direction

Nat Na+

| I
Area of impulse

Next area to Area returning
be stimulated fo resting state

The Nerve Impulse

When a neuron is stimulated, the distribution of charges on each side
of the membrane ¢hanges. For a millisecond, the charges reverse.
This process, called depolarization, causes a burst of electrical
activity to pass along the axon of the neuron. As the charge reversal
reaches one region, local currents depolarize the next region. In this
way the impulse spreads along the axon. An impulse that spreads this
way is called an action potential.

The Action Poiential

The depolarization described above can be #lustrated as a change
in membrane potential {in millivolts). In order for an action potential
te be generated, the stimulation must be strong encugh to reach
the. thrashold potential; this is the polentiai (voitage) at which the
depolarization of the membrane becomes “unstoppable” and the

agtion potential is generated. The action potential is all or none in
its generation. Either the threshold is reached and the action
potential is generated or the nerve does not fire. The resting
potential is restored by the movement of potassium ions (K*) out
of the cell. During this refraclory peried, the nerve cannot respond.

+50mY -
— Depolarization: Na* influx
2 speeds up causing rapid
53__ depolarization of the membrang —¢
= {called tha all or none response).
2
o
£
E
D
= Threshold potential
SBOMY  feeaooant Shtdgal okt e S SO
7o mv Resting potential %
When stimulated, Na* channels open
and Mat begins to flow into the cell.

Direction of impuise travet

Repolarization: K* channels
open and K* flows out,

Refractory period
Nat channels inactivated and
neuron cannot respond

~. Hyperpolarization:
Overshoot caused by a delay
in closing the K* channels.

T T
o 1

I i T
2 3 4 5

1. Explain what is meant by a synapse:

Action potentials are transmitied between neurons across
synapses: junctions between the end of one axon and the
dendrite or cell body of a raceiving neuron. Electrical synapses,
where cells are electrically coupled through gap junctions
between cells, cccur in heart muscle and in the cerebral cortex,
but they are relatively uncommon elsewhere. Most synapses in
the nervous systermn are chemical synapses. [n these, the axon
terminat is a swollen knob, and a small gap, the synaptic cleft,
separates it from the receiving neuron. The synaptic knobs are
filled with tiny packets of chemicals called neurotransmitters.

A Cholinergic Synapse

Step 1: The arrival of a nerve impulse at
the end of the presynaptic axon causes
an influx of calcium ions and induces the
vesicles to release their neuroiransmitter
into the space between the neurons (the
synaptic cleft).

Axon of the
presynaptic neuron.

Synapiic vesicles containing
neurotransmitter (ACh).

Cholinergic synapses occur at;

+ The molor end piate where refease of ACh
causes muscle contraction.

Ali preganglionic aeurons of the autonomic
nervous system where release of ACh
causes excitation (shown hera).

« All postganglionic neurons ol the
parasympathelic division where il may
cause an inhibition of response, e.g. a
decrease in heart or breathing rate,

Mitochondria provide
energy for active transport.

7!

Nerve transrission involves the diffusion of the neurctransmitter
across the cleft, where it interacts with the receiving membrane
and causes an electrical response. The response of a receiving
{post-synaptic) cell to the arrival of a neurctransmitter depends on
the nature of the cell itself, on its location in the nervous system,
and on the neurotransmitier involved. Synapses that release
acetylcholing (ACh) are termed cholinergic. In the example
below, ACh results in membrane depolarization and an action
potential {an excitatory response). Unlike electrical synapses,
transmission at chemical synapses is always unidirectional.

Step 2: The neurctransmitter
diffuses across the synaptic cleft
1o receptors on the postsynaptic
membrane. This delays the impuise
transmission by about 0.5 ms.

Synaptic
knob

Step 3: The neurolransmiiter
binds to receptors on the post-
synaptic membrane,

Step 4: lon channels in the
membrane cpen, causing
an influx of Na+. This
response may or may not
reach the threshold required
to generate a nerve impulse,

Step 5: The neurctransmitter is deactivated by
acetylcholinesterase enzymes located on the
membrane. Components of the naurotransmitter
are actively reabsorbed back into the synaptic
knoeb, recycled, and repackaged.

Explain what causes the release of neurotransmitier into the synaptic cleft:

Eiapsed time {milliseconds)

3. State why there is a brief delay in transmissicn of an impulse across the synapse:

1. Explain how an action potential is able to pass along a nerve:

4. (a) Explain how the neurofransmitter is deactivated:

2. Explain how the refractory period influences the direction in which an impulse will travel:

3. ACﬁPh potentials themselves are indistinguishable from each other. Explain how the nervous system is able to interpret
the impulses correctly and bring about an appropriate response:

5. Describe ane factor that might influence the strength of the response in the receiving cell:
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() Explain why it is imporiant for the neurotransmitter substance to be deactivated soon after its release:

(c} Explain why transmission at chemical synapses is unidirectional and comment on the significance of this:
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Synapses play a pivotal role in the ability of the nervous system
to respond appropriately to stimulation and to adapt to change.
The nature of synaptic transmission allows the integration
(interpretation and coordination) of inputs from many sources.
These inputs need not be just excitatory (causing depolarization).
Inhibition results when the neurotransmitter refeased causes
negaiive chloride ions (rather than sodium jons} to enter the

postsynaptic neuron. The postsynaptic neuron then becomes
more negative inside (hyperpolarized) and an action potential is
less likely to be generated. At synapses, it is the sum of alf inputs
{excitatory and inhibitory) that leads to the final response in a
postsynaptic cell. Integration at synapses makes possible the
various responses we have to stimuli. It is also the most probable
mechanism by which learning and memory are achieved.

A

Synapses and Summation
Nerve transmission across chemical synapses has several

(Gratdef ﬁoifni’;agﬁcmfifggzﬂzers Action advantages, despite the delay caused by neurotransmitter
potentials u otential e ; I )
to generate an action potential. Threshold p diffusion. Chemical synapses transmit impulses in cne

direction to a precise location and, because they rely on a
limited supply of neurotransmitter, they are subject to
fatigue (inability to respend to repeated stimulation). This
protects the system against overstimutation.

)

Synapses also act as centers for the integration of inputs
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from many sources. The response of a postsynaptic cell
is often graded; it is not strong enough on its own to
generate an action potential. However, because the
strength of the response is related to the amount of
neurotransmitter released, subthreshold responses can
sum to produce a response in the post-synaptic cell. This
additive effect is termed summation. Summation can be
temporal or spatial (below}. A neuromuscular junction
(photo below) is a specialized form of synapse between a
motor neurcn and a skeletal muscle fiber. Functionally, it
is similar to any excitatory cholinergic synapse.
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@) Spatial summation

Neuromuscular junction

Muscle Alser (col)

Inciividual impulses from spatially separated axon  The arrival of an impulse at the neuromuscufar

quick succession from a single axon. The  lerminals may arrive simultaneously at different  junction causes the release of acelyichotine from

individual responses are so close togetherin time  regicns of the same postsynaplic neuren. The
that they sum to reach threshold and produce an  responses from the different places sum Lo reach
threshald and produce an action potential,

aclion patential in the posisynaptic neuron.

1. Explain the purpose of nervous system integration:

the synaplic knabs. This causes the muscie cell
membrane {sarcolemma) {o depalarize, and an
action potential is generated in the muscle cell.

2. (a) Explain what is meant by summation:

(b) Insimple terms, distinguish between temporal and spatial summation:

3. Describe wo ways in which a neuromuscular junction is simitar to any excitatory cholinergic synapse:

(a)

(b}

Related activities: Chemical Synapses, Muscle Structure and Function’
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Synapses in the peripheral nervous system are classified
according to the neurotransmitter they release; cholinergic
synapses release acetylcholine (Ach) while adrenergic
synapses release epinephrine (adrenaline) or norepinephrine
(noradrenaline). The effect produced by these neurotransmitiers
depends, in turn, on the type of receptors present on the
postsynaptic membrane. Ach receptors are classified as nicotinic
or muscarinic according of their response to nicotine or muscarine

Druigs at Cholinergic Synapses

Nicotine binds to
Ach receptors and
opens Na™ gates

Nicotine acts as a direct agonist-at nicotinic synapses. Nicoline
binds te and‘activates acelyicholine (Ach) receptars-on-the
postsynaptic membrane. This opens sodium gates, eading to a
sodium influx and membrane depolarization, Some agonists work
indirectly at the synapse by praventing Ach breakdown. Such
drugs are used to treat eldery patients with Alzheimer’s disease.

Synaptic cleft .
Atropine and L © Ach
curare bind to Ach a
receptors but Na* )
bleck Na* gates D
O —y A

Atropine and curare act as antagonists at some cholinergic
synapses. These molecules compete with Ach for binding sites
on the postsynaptic membrane, and block sodium influx sa that
impulses are not genarated. If the postsynaptic cell is a musele
cell, muscle contraction is prevented. In the case of curare, this
causes death by llaccid paralysis.

1. Providing an example of each, outline two ways in which drugs can act at a cholinergic synapse:

()

(a fungal toxin). Adrenergic receptors are also of two types, alpha
(o) or beta (B), classified according to their particular responses
to specific chemicals. Drugs exert their effects on the nervous
system by mimicking (agonists} or blocking {(antagonists) the
action of neurotransmitters at synapses. Because of the small
amounts of chemicals involved in synaptic transmission, drugs
that affect the activity of neurotransmitters, or their binding sites,
can have powerful effects even in small doses.

Drugs at Adrenergic Synapséé

NE accumulates in Cocaine
the synaptic cleft prevents
reuptake of NE

P>

Norepinephrine {NE) @
binds to o receptors
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Under normal circumstances, the continued activity of the
neurotransmitter norepinephrine {NE) at the synapse is preventad
by reuptake of NE by the presynaptic neuran. Cocalne and
amphelarrine drugs act indirectly as agonists by preventing this .,
reuptaiie. This acticn allows NE 1o finger a1 the synapse and.

continue to exer! its etects.

Synaptic cleft  norepinephrine
neurotrangmitter

]
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B tlockers compete
with norepinephrine

for receptor sitex

Therapeutic drugs called beta () blockers act as d
antagonists at adrenergic synapses (sympathetic nervous systém)
They compete for the adrenergic B receptors on the postsynapti
membrane and bieck impulse transmission, Beta blotkers are.
prescribed primarily to treal hypertension and heart dis_ordé._rf-%j“
because they slow heart rate and reduce the force of contraction.

(o)

2. Providing an example, outline one way in which drugs can cperate at adrenergic synapses:

3. Explain why atropine and curare are described as direct antagonists:

4. Suggest why curare (carefully administered) is used during abdominal surgery:
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