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Introduction	to	the	

Nervous	System	
*This	lecture	is	just	an	introduction,	any	piece	of	information	related	to	the	

brain	will	be	discussed	later	with	Dr	Maha.	

*Don’t	refer	to	slides.	

The	Nervous	System	is	a	network	of	billions	of	nerve	cells	(neurons)	linked	

together	in	a	highly	organized	fashion	to	form	the	rapid	control	center	of	the	

body.		

Basic	Functions	of	the	Nervous	

System:	

1-Sensation	(like	input	in	computers):	Monitors	changes/events	occurring	in	and	

outside	the	body	(external	environment	like	special	senses,	touch	and	heat,	and	

internal	environment	like	baroreceptors	which	detect	blood	pressure).	Such	

changes	are	known	as	stimuli	and	the	cells	that	monitor	them	are	receptors,	

these	receptors	transform	certain	types	of	energy	to	action	potentials,	for	

example	the	electromagnetic	waves	hit	the	retina	which	contains	photosensitive	

dyes	and	then	get	converted	to	action	potentials,	auditory	receptors	in	the	inner	

ear	convert	vibration	frequencies	to	signals.	Action	potentials	are	transmitted	to	

higher	centers	mainly	the	cortex	to	integrate	the	signals.	

2-Integration	(like	CPU):	The	parallel	processing	and	interpretation	of	sensory	

information	to	determine	the	appropriate	response	(reaction).	



3-Reaction	(like	output):	motor	output,	the	activation	of	muscles	or	glands	

typically	via	the	release	of	neurotransmitters.	

Nervous	Tissue		
-1	of	4	basic	tissues	(the	other	3	are	epithelial,	connective	and	muscular	tissues)	

-Highly	cellular		

-2	cell	types		

1.	Neuroglia		

-Support,	nourish,	and	protect	neurons		

-Divide		

-Smaller	cells	but	they	greatly	outnumber	neurons	by	about	5	to	50	

-6	types	of	supporting	cells:	(4	are	found	in	the	CNS,	and	2	are	found	in	the	PNS).	

2.	Neurons:			

-Functional,	signal	conducting	cells		

-Do	not	divide	(they	are	highly	differentiated,	so	that	they	lost	the	ability	to	

divide)		

-Long	lived		

-High	metabolic	activity		

-Electrically	excitable	(like	muscle	cells)	

	



Neuroglia	in	CNS		

1. Astrocytes		
-Star-shaped,	have	many	processes		

-large	and	numerous	(the	most	

abundant)	

-Functions	of	astrocytes		

1)	Involved	in	the	formation	of	the	

blood	brain	barrier.	Blood	

capillaries	in	the	brain	are	

continuous	(remember	that	

capillaries’	types	are:	continuous,	

fenestrated	and	sinusoids)	and	

made	from	simple	squamous	

(endothelial	cells)	resting	on	a	

basement	membrane,	they	are	

wrapped	by	astrocytes	to	form	

blood	brain	barrier	(BBB).	

2)	Guide	the	migration	of	developing	neurons.		

3)	Buffering:	They	regulate	the	concentration	of	K	+,	take	up	excess	

neurotransmitters	and	serve	as	a	conduit	for	the	passage	of	nutrients		

4)	Involved	in	learning	and	memory:	By	influencing	the	formation	of	neural	

synapses.	For	example,	after	finishing	this	course,	you	are	expected	to	have	

more	synapses.	An	experiment	had	involved	2	rats,	1	in	a	simple	

environment	(cage	only)	and	the	other	in	an	interactive	environment	

(mazes,	wheels	….etc),	their	brains	were	dissected	and	they	found	that	the	

second	rat	had	more	synapses.	

	

	



2. Microglia		
-Specialized	immune	cells	that	act	as	the	

macrophages	of	the	CNS,	they	are	fixed	macrophages	

(monocyte	origin),	their	function	resembles	that	of	

kupffer	cells	in	the	liver	and	dust	cells	in	the	lungs.	

-Spider-like	shape	when	using	special	staining,	but	

when	using	regular	staining	only	the	nucleus	appears	

as	a	dot.	

-They	are	motile	cells.	

3. Ependymal	Cells	
	

-Low	columnar	epithelial	cells	that	

line	the	ventricles	of	the	brain	and	

the	central	canal	of	the	spinal	

cord.	Ventricles	are	4	hollow	

spaces,	two	lateral	ventricles	that	

open	into	the	3rd	and	4th	ventricles	

(don’t	confuse	with	sulci	and	gyri).	

-Some	are	ciliated	which	facilitates	the	movement	of	cerebrospinal	fluid	

CSF	

-Produce	and	assist	in	the	circulation	of	cerebrospinal	fluid.	The	CSF	

circulates	from	the	4th	ventricle	to	the	subarachnoid	space,	and	it	is	also	

present	in	the	central	canal	of	the	spinal	cord.	CSF	is	produced	by	choroid	

plexus	which	contains	modified	ependymal	

cells.	

4.	Oligodendrocytes		
-Resemble	astrocytes,	but	are	smaller	and	

contain	fewer	processes		



-Produce	the	myelin	sheath	which	provides	the	electrical	insulation	for	

certain	neurons	in	the	CNS		

-Myelin	sheath:	lipid	and	protein	covering	around	some	axons	that	

insulates	the	axon	and	increases	the	speed	of	nerve	impulse	conduction	

Neuroglia	in	PNS	
2	types	of	glia	in	the	PNS		

1.	Satellite	cells		

-Flattened	cells		

-Surround	clusters	of	neuronal	cell	bodies	in	

the	PNS	(ganglion)		

-Support	of	neurons	in	PNS		

2.	Schwann	cells		

-(Neurolemmocytes),	flat	cells		

-Encircle	PNS	axons		

-Form	myelin	sheaths	around	the	larger	

nerve	fibers	in	the	PNS.		

-Vital	to	neuronal	regeneration		

Neurons	

-The	functional	and	structural	unit	of	the	nervous	system	

-Specialized	to	conduct	information	from	one	part	of	the	body	to	another		



-Parts:	

1-	Cell	body	(soma	or	perikaryon)		

2-processes:	

A-Dendrites	(input	region)	B-	Axon	(conducting	component)	

Structural	Classification	of	Neurons	depending	

on	number	of	processes	

1)	Multipolar	neurons	–	many	extensions	from	the	cell	body	(most	neurons	in	

CNS)	motor	neurons		

2)	Bipolar	neurons	–	one	axon	and	one	dendrite,	found	in	special	senses	organs	

(retina,	inner	ear,	olfactory-roof	of	nasal	cavity)		

3)	Unipolar	neurons	–	have	a	short	single	process	leaving	the	cell	body	(always	

sensory),	also	called	pseudounipolar	because	its	process	divides	into	peripheral	

process	that	comes	from	peripheral	parts	of	the	body	and	central	process	that	

goes	to	the	CNS.	

Functional	Classification	of	Neurons		



-Sensory	(afferent)	neurons	carry	impulses	from	the	sensory	receptors		

-Motor	(efferent)	neurons	carry	impulses	from	the	central	nervous	system		

-Interneurons	(association	neurons)	found	in	neural	pathways	in	the	central	

nervous	system	and	connect	sensory	and	motor	neurons	

Terminology	

-White	matter:	aggregations	of	myelinated	and	unmyelinated	axons	of	many	

neurons.	

-Gray	matter:	contains	neuronal	cell	bodies,	dendrites,	unmyelinated	axons,	axon	

terminals	and	neuroglia.	Gray	matter	in	the	spinal	cord	is	to	the	inside	of	the	cord	

and	is	surrounded	by	white	matter.	

-Nerves:	Bundles	of	axons	in	the	PNS	(surrounded	by	connective	tissue,	explained	

later).	If	the	cell	body	of	the	axon	is	in	the	anterior	horn	in	the	spinal	cord	then	

this	neuron	is	motor,	while	if	the	cell	body	is	in	the	dorsal	ganglia	then	it	is	

sensory.	Remember	that	sensory	neurons	are	unipolar	so	ganglion	cells	in	the	

dorsal	ganglia	don’t	receive	synapses.	



-Tracts:	Bundles	of	axons	in	the	CNS	(No	Connective	tissue)	example:	ascending	

sensory	tracts.	

-Ganglion:	cluster	of	nerve	cell	bodies	in	PNS.	Example:	dorsal	root	ganglia.	

-Nucleus:	cluster	of	nerve	cell	bodies	in	CNS	(surrounded	by	white	matter)	like	

lentiform	nucleus	within	the	basal	nuclei	(basal	ganglia).	If	not	surrounded	by	

white	matter	-->	Cortex:	the	big	boss	of	the	brain,	contains	functional	areas,	no	

nuclei.	

Connective	tissue	of	the	nerves	

-Within	a	nerve,	each	axon	is	surrounded	by	

endoneurium.	

-Groups	of	fibers	are	bound	together	into	bundles	

(fascicles)	by	perineurium.	

-All	the	fascicles	of	a	nerve	are	enclosed	by	epineurium.	

Organization	of	the	nervous	

system	

-Divided	anatomically	to	central	nervous	system	(CNS)	and	peripheral	nervous	

system	(PNS)	

-The	CNS	consists	of	the	brain	(in	the	cranial	cavity	and	protected	by	the	skull)	and	

the	spinal	cord	(in	the	vertebral	canal:	vertebral	foramena	above	each	other),	it	is	

the	center	of	integration	and	control.	

-PNS	is	the	nervous	system	outside	of	the	brain	and	spinal	cord,	it	consists	of	31	

pairs	of	spinal	nerves	and	12	pairs	of	cranial	nerves.	



-Every	spinal	nerve	is	a	mixed	nerve	after	the	ventral	root	(motor)	of	the	

corresponding	segment	joins	the	dorsal	root	(sensory)	of	the	same	segment,	

spinal	nerves	carry	info	to	and	from	the	spinal	cord.	

-The	ganglia	of	the	dorsal	root	(dorsal	ganglia)	contain	cell	bodies	of	the	1st	order	

sensory	neurons	(primary	afferent	neurons),	the	1st	order	neurons	synapse	with	

2nd	order	neurons	in	the	dorsal	horn*,	these	2nd	order	neurons	extend	to	the	

thalamus	(high	center)	and	then	synapse	with	3rd	order	neurons	which	project	to	

the	cortex.	

*Not	all	1st	order	neurons	synapse	in	the	dorsal	horn	

-Ventral	horn	of	the	gray	matter	in	the	spinal	cord	contains	cell	bodies	of	motor	

nerves,	example:	cell	bodies	of	musculocutaneous	nerve	fibers	that	supply	the	

biceps	muscle	are	in	C6	segment,	this	nerve	controls	the	biceps	through	lower	

motor	neurons	,	the	upper	motor	neuronal	cell	bodies	are	in	the	cortex	(primary	

motor	cortex,	other	name	is	Brodmann	area	#4)	and	these	neurons	control	the	

lower	motor	neurons	through	interneurons	between	them.	

-Cranial	nerves	carry	info	to	and	from	the	brain.	NI	is	olfactory,	NII	optic,	NIII	

oculomotor,	NIV	trochlear,	NV	trigeminal,	NVI	abducens,	NVII	facial,	NVIII	

vestibulocochlear,	NIX	glossopharyngeal,	NX	vagus,	NXI	accessory,	NXII	

hypoglossal.	Cranial	nerves	from	3	to	12	originate	from	brain	stem.	In	these	

cranial	nerves,	the	upper	motor	neurons	in	the	cortex	extend	to	motor	nuclei	in	

the	brain	stem,	and	then	lower	motor	neurons	extend	to	the	structures	that	they	

supply	(for	example,	the	facial	nerve	fibers	that	supply	the	facial	muscles).	

Brain	

	

1-Forebrain	(Prosencephalon):	

contains	the	higher	centers	(like	

memory,	speech	and	learning),	



most	developed	in	human	beings	which	makes	us	distinctive	from	other	

vertebrates.	

A-Cerebrum:	(Telencephalon),	means	outside,	consists	of	cortex	and	subcortical	

white	matter	and	nuclei.	

B-Diencephalon:	in	the	center	(inside)	

•	Thalamus:	functions	as	a	‘secretary’	for	the	cortex	(motor	and	sensory).	

•	Hypothalamus:	controls	autonomic	nervous	system.	

•	Epithalamus:	controls	circadian	rhythms	(biological	clock)	and	secretion	of	

melatonin.	

•	Subthalamus:	anatomically	related	to	diencephalon,	but	functionally	related	to	

the	basal	nuclei	and	motor	system.	

2-Midbrain:	(Mesencephalon),	origin	of	3rd	and	4th	cranial	nerves,	contains	

cerebral	aqueduct.	

3-Hindbrain:	(Rhombencephalon),	inferior	part	of	the	brain	(it	contains	the	4th	

ventricle)	and	is	found	in	all	animals	

•	Pons		

•	Medulla	oblongata:	contains	vital	centers,	example:	respiratory	center	

•	Cerebellum	

PNS	

-Responsible	for	communication	between	the	CNS	and	the	rest	of	the	body.		

-Can	be	divided	into:	

1-Sensory	division	(afferent):		

-Conducts	impulses	from	receptors	to	the	CNS		



-Informs	the	CNS	of	the	state	of	the	body	interior	and	exterior		

-Sensory	nerve	fibers	can	be	somatic	(from	skin,	skeletal	muscles	or	joints)	or	

visceral	(from	organs	within	the	body	cavity	like	baroreceptors)	

	

2-Motor	division	(efferent):		

-Conducts	impulses	from	CNS	to	effectors	(muscles/glands)	through	motor	nerve	

fibers	

-Motor	nerve	fibers	can	be	somatic	(to	skeletal	muscles)	or	autonomic	(to	smooth	

and	cardiac	muscles)	

-PNS	can	be	divided	also	into:	

1-Somatic	nervous	system	

A-Sensory	neurons	(somatic	sensory	neurons)		

-Convey	information	to	the	CNS	from	sensory	receptors	in	the	skin,	skeletal	

muscles,	and	joints,	and	from	the	receptors	for	the	special	senses.		

B-Motor	neurons	(somatic	motor	

neurons)	

-Voluntary	

-Conduct	impulses	from	the	CNS	to	

skeletal	muscles	



-An	upper	motor	neuron	in	the	CNS	controls	a	lower-motor	neuron	in	the	brain	

stem	or	spinal	cord.	The	axon	of	the	lower-motor	neuron	has	direct	control	over	

skeletal	muscle	fibers.	Stimulation	of	the	lower-	motor	neuron	always	has	an	

excitatory	effect	on	the	skeletal	muscle	fibers.	

2-Autonomic	nervous	system	

-The	lateral	horn	(if	present	in	the	spinal	segment)	contains	the	cell	bodies	of	ANS	

under	the	control	of	a	hypothalamic	neuron	

-The	sympathetic	nervous	system	extends	from	T1	to	L2	(Thoracolumbar	outflow)	

-The	parasympathetic	nervous	system	(craniosacral	outflow)	nerve	fibers	arise	

from	the	central	nervous	system.	Specific	nerves	include	several	cranial	nerves,	

specifically	the	oculomotor	nerve,	facial	nerve,	glossopharyngeal	nerve,	and	vagus	

nerve	carry	parasympathetic	fibers.	Three	spinal	nerves	in	the	sacrum	(S2-4),	

commonly	referred	to	as	the	pelvic	splanchnic	nerves,	also	act	as	parasympathetic	

nerves.	

A-Sensory	neurons:	Autonomic	(visceral)	sensory	neurons	

-Convey	information	to	the	CNS	from	autonomic	sensory	receptors,	located	

primarily	in	the	visceral	organs	(smooth	muscle	organs	in	the	thorax,	abdomen,	

and	pelvis)		

B-Motor	neurons:	Autonomic	motor	

neurons		

-Involuntary	(generally)		

-Conducts	impulses	from	the	CNS	to	

smooth	muscle,	cardiac	muscle,	and	

glands.	

-The	cell	body	of	the	preganglionic	

neuron	is	in	the	lateral	horn,	the	

autonomic	motor	axon	leaves	



through	ventral	horn	and	root	to	synapse	in	a	ganglion	(usually	in	the	sympathetic	

chain)	with	a	postganglionic	neuron	(remember	that	there	are	no	synapses	in	the	

dorsal	ganglia	of	the	sensory	nervous	system)	which	extends	to	the	effector	which	

could	be	a	gland	or	a	smooth	muscle.	But	autonomic	preganglionic	fibers	that	are	

carried	by	cranial	nerves	originate	from	nuclei	in	the	brain	stem.	

-Stimulation	of	the	ganglionic	neurons	may	lead	to	excitation	or	inhibition	of	the	

visceral	effector	innervated	

-The	autonomic	ganglion	is	motor	

External	anatomy	of	the	spinal	cord	

-Extends	from	foramen	magnum	to	second	lumbar	vertebra	(between	L1-L2)	in	

adults	

-Regions	:	

1-Cervical	(8)	(8	cervical	segments	but	7	cervical	vertebrae)	

2-Thoracic	(12)	

3-Lumbar	(5)		



4-Sacral	(5)		

5-Coccygeal	(1)	

-Gives	rise	to	(31)	pairs	of	spinal	nerves	which	arise	from	31	spinal	segments	and	

leave	through	intervertebral	foramena	

-All	are	mixed	nerves	

-The	spinal	cord	is	not	uniform	in	diameter:	

1-Cervical	enlargement:	supplies	upper	limbs	through	brachial	plexus	(C5-T1)	

2-Lumbar	enlargement:	supplies	lower	limbs	

-Flattened	slightly	anteriorly	and	posteriorly		

-Length	of	the	adult	spinal	cord	ranges	from	42	to	45	cm		

-Conus	medullaris	is	the	tapered	inferior	end	(conical	structure)	between	L1	and	

L2		

-Cauda	equina	is	the	origin	of	spinal	nerves	extending	inferiorly	from	conus	

medullaris.	

-Read	the	following	questions:	

1-Why	does	the	spinal	cord	occupy	only	two	thirds	of	the	adult	vertebral	column?	

2-	The	segments	of	the	spinal	cord	are	not	in	line	with	the	corresponding	

vertebrae	and	the	difference	increases	as	we	go	downward,	Why?	

3-	Why	do	the	roots	increase	in	length	as	you	go	downward	(lower	spinal	nerves	

have	longer	roots)?	

The	answer	of	these	questions	is:	In	infants	the	spinal	cord	fills	the	spinal	canal,	

but	the	growth	of	vertebral	column	(bones)	exceeds	the	growth	of	the	spinal	

cord.		

-Example:	after	doing	laminectomy	of	T12	vertebra,	we	will	see	L5	segment.		



	

	

Spinous	process	 Spinal	cord	segment	

C7	 C8	

T3	 T5	

T9	 T12	

T10	 L1-2	

T11	 L3-4	

T12	 L5	

L1	 S1-end	

	

-Every	spinal	nerve	emerges	from	

the	spinal	column	through	the	

intervertebral	foramen	under	its	

corresponding	vertebra	

-The	first	7	cervical	nerves	pass	

above	their	corresponding	vertebrae	

while	the	rest	pass	below	their	

corresponding	vertebrae.	

	

THE	END	


