Cells of the Nervous System

The Neuron

· the basic functional and structural unit of the nervous system

· consists of a cell body (the “perikaryon”) and 2 types of processes:

(a) AXONS conduct impulses away from the cell body

-     one axon leaves the perikaryon, but has the potential for distal branches

-     axons may be myelinated, and end at synapses

(b) DENDRITES conduct impulses towards the cell body

· neurons can be classified by structure (uni-, bi- or multipolar) or by function:

AFFERENT: (sensory neuron) carries information to the CNS

EFFERENT: (motor neuron) carries information away from the CNS

ASSOCIATION: (interneuron) mediates action potential between neurons in the CNS 

Neuroglia

· non-neuronal cells within the nervous system that provide structural, nutritional or functional support

(a)  ASTROCYTES

· maintain the blood-brain barrier, regulate interstitial fluid composition, provide structural framework, repair damaged neural tissue, cover ~85% of capillary surface in brain

(b)  OLIGODENDROCYTES (CNS) / SCHWANN CELLS (PNS)

-     provide structural framework, myelinate axons

(c)  MICROGLIA

-     phagocytose pathogens and other cellular debris

(d)  EPENDYMAL CELLS
· -     epithelial cells that line the brain’s ventricles and central canal of the spinal cord, assisting in the secretion and circulation of CSF

Receptors

· specialized microanatomical structures attached to primary sensory neurons that transduce environmental stimuli and convert them into action potentials that can be processed by the CNS

eg.  naked nerve endings in skin, Pacinian corpuscles, Krause’s end bulb, Ruffini corpuscle, 

      Golgi tendon organ, Meissner’s corpuscle

Blood-Brain Barrier

· a structural/anatomical feature of the vascular elements of the CNS which restricts solute passage between the blood and nervous tissue (especially large, poorly lipid-soluble molecules)

· maintained by a complete capillary endothelium (tight junctions and no fenestrations), and astrocytic processes enveloping the capillaries

· limits pathogen/toxin entry to the CNS, as well as drugs (functions as a limiting factor in therapy)

Neuronal Degeneration and Regeneration

· neurons lose their mitotic potential late in utero or early in the post-natal period

· when a neuron receives sufficient damage, the entire neuron degenerates and is not replaced by a functioning neuron (instead, stromal elements fill the space)

Sub-lethal Injury of an Axon:

1.    Degeneration: local, anterograde (towards the axon terminal) and retrograde (towards the cell body)

2.   Development of Growth Processes due to nerve growth factors and neurotrophins

3.   Re-establishment of Contact (synapse) with target (muscle, other neuron)

*NOTE* very rarely is a single axon damaged, because they are bundled into nerves!  Usually, ~70-80% of the axons will succeed in regenerating.

· the process of regeneration is a “slow race”, and will fail if 

(a) the proliferating stroma block the progress of the growth processes

(b) the target neuron is sufficiently atrophic

Transneuronal Degeneration / Atrophy

· although not very common, if a neuron downstream from the damaged cell does not re-establish contact, then it may itself degenerate

· this is seen especially in the visual system

Wallerian Degeneration

· a term used to describe the histological features of axonal/neuronal changes early after injury

· as a result of distal injury to an axon, the axon degenerates without local inflammation and before local demyelination (commonly occurs after transaction)

Interneuron Communication

Cell Membranes and Membrane Potentials

· information processing within the CNS depends absolutely on the transmission, reception and integration of electrical currents

RESTING MEMBRANE POTENTIAL (RMP)

· at rest, the inside of a neuron is negatively charged relative to the outside

· the difference is usually ~70-90 mV, due to:

(a) the cell membrane’s relative impermeability to anions, Na+ and Cl-, but selectively permeable to K+
(b) the active Na+/K+ ATPase that pumps 3 Na+ out of the cell for every 2 K+ it pumps in

*NOTE* There is no sign associated with the resting membrane potential!

Ion Channels

· complex (multi-subunit) proteins that span the lipid bilayer of the cell membrane and form hydrophobic channels that allow the selective passage of ions

· channels open and close in response to stimuli, and function to maintain the local membrane potential by regulating ion concentrations

· important physiological functions, and often sites of drug action

LIGAND/CHEMICALLY-GATED: open in response to binding of a protein or chemical ligand

MECHANICALLY-GATED: open in response to a mechanical stimulus such as membrane stretch

LIGHT-GATED: open in response to photons

VOLTAGE-GATED: open in response to a local electrical potential of a certain value

ACTION POTENTIAL

· a transient, wave-like disruption or reversal in the RMP that is propagated along the axon

1. Ca2+ channels open in response to local stimulus, allowing flux into the cell and producing a graded potential

2. once the local membrane potential rises above a threshold value (~50-55 mV), voltage-gated ion channels open and Na+ rushes rapidly into the cell

3. Na+ channels close, and the cell repolarizes (the cell temporarily cannot transmit another action potential)

· once generated, the action potential has a uniform, consistent amplitude and duration

· myelinated axons have faster transmission speeds due to myelin’s insulating effect (the action potential can “jump” from node to node down the axon – “saltatory conduction”)

The Synapse

· the contact point between neurons or between neurons and muscles/organs

· consists of the synaptic cleft, synaptic end bulb and postsynaptic membrane

CHEMICAL SYNAPSE: requires presynaptic neurotransmitter release and ligand-dependent activation of postsynaptic effector cell

ELECTRICAL SYNAPSE: direct spread of action potential from one cell to the next via gap junctions

NEUROMUSCULAR JUNCTION: postsynaptic membrane is a muscle cell, also known as a motor end plate, and the neurotransmitter acetylcholine stimulates muscle contraction

Synaptic Transmission – Sequence of Events

1. action potential arrives at the axon terminal

2. Ca2+ channels open, allowing diffusion of Ca2+ from the extracellular fluid into the cell

3. neurotransmitter released by exocytosis (each nerve cell only makes one type of neurotransmitter) and diffuses across the synaptic cleft

4. neurotransmitter-receptor complex opens specific ion channels, generating a postsynaptic potential

5. local currents spread in all directions along the cell membrane

What happens to the excess neurotransmitter?

· metabolized/degraded

· reabsorbed by the presynaptic membrane

· absorbed by the postsynaptic membrane

Neurotransmitters

· specialized biochemicals that reside in vesicles at the synaptic end-bulb and are released in response to the arrival of an action potential

· release can have an excitatory or inhibitory effect on the postsynaptic neuron/muscle/organ (this is accomplished by opening channels that make the RMP either more or less negative)

· important sites of action for many toxins and drugs

· classes:

AMINO ACIDS: aspartate, GABA, glycine

AMINES: serotonin, catecholamines (epinephrine, etc.)

ACETYLCHOLINE: activates nicotinic or muscarinic receptors

NEUROPEPTIDES
THE VERTEBRAL COLUMN AND SPINAL CORD
The Vertebral Column

· composed of individual bony elements called vertebrae whose central cavities, when lined up, form the spinal canal

· there are regional differences between the cervical, thoracic, lumbar, sacral and coccygeal vertebrae

· minor species differences exist in the number and shape of the vertebrae comprising each region

eg.  CANINE: C-7, T-13, L-7, S-3, Cg~20
-     functional role of the vertebral column: protection and maximal movement

*NOTE*

· there are no intervertebral discs (shock absorbers) between C1/C2, or in the sacral and coccygeal regions

· the atlas/axis are distinct and specialized to allow the unique articulation of the skull

The Meninges

· a set of 3 membranes surrounding the brain and spinal cord; from innermost to outermost:

PIA MATER: contains a network of blood vessels that nourish the nervous tissue

ARACHNOID: flow of CSF; together with the pia mater forms the SUBARACHNOID SPACE

DURA MATER: protective, containment layer

· functions are protection and support, carriage of nutrient blood vessels, and the containment of CSF

· there are two major folds in the meninges within the skull:

(a)  FALX CEREBRI in the longitudinal fissure between the cerebral hemispheres

(b)  TENTORIUM CEREBELLI in the transverse fissure separating cerebellum from cerebrum

The Spinal Cord

· a column-shaped continuation of the brainstem (medulla), extending from the foramen magnum to the lumbar region of the vertebral column

· up to C7, nerves exit the spinal cord at the foramen in front of their corresponding vertebrae; caudal to C7, they exit behind their corresponding vertebrae

· at L5-L7, the narrowing/tapering of the spinal cord means that many cord segments are compressed into a small physical distance

Gray Matter of the Spinal Cord

· a butterfly-shaped region surrounding the central canal, mainly consisting of cell bodies and divided as follows:

VENTRAL HORN: cell bodies of motor neurons

LATERAL HORN: cell bodies of sympathetic neurons (thoracolumbar region only)

DORSAL HORN: cell bodies of interneurons (eg. secondary sensory neurons)

White Matter of the Spinal Cord

· the outer region of the spinal cord, mostly composed of myelinated and unmyelinated axons that carry impulses to and from the brain

· its regional divisions (dorsal, lateral and ventral) are called columns/tracts in which specific types of information are relayed

Spinal Cord Enlargements

· there are 2 regional enlargements of the spinal cord for innervation of the limbs:

CERVICAL: composed of cord sections C6-T2

LUMBOSACRAL: composed of cord sections L5-S1

Spinal Nerves

· the only sites of entry/exit of axons from the spinal cord, these are formed from the joined dorsal and ventral roots which merge within the spinal canal and exit via a single foramen between adjacent vertebrae 

· they diverge into dorsal and ventral rami, and each dorsal ramus innervates an area of the skin called a DERMATOME
· at the entry point of the dorsal root into the spinal cord, a swelling called the DORSAL ROOT GANGLIA contains the cell bodies of sensory neurons 

Cerebrospinal Fluid (CSF)

· a fluid produced by the choroids plexus within the ventricular system of the brain; characterized by having low protein, few cells and a low number of ions

· circulatory flow pattern:

1. choroid plexus

2. third ventricle

3. cerebral aqueduct

4. fourth ventricle

5. foramina of Luska (lateral foramina)

6. subarachnoid space

7. arachnoid granulations (where the pressure gradient changes; CSF >> venous pressure)

8. dural venous sinus (there are 2; one in the Falx Cerebri, one in the Tentorium Cerebelli)

9. blood stream

NON-COMMUNICATING HYDROCEPHALUS: due to obstructed ventricular flow 

(pressure in ventricular system >> pressure in subarachnoid space)

COMMUNICATING HYDROCEPHALUS: due to problem with CSF uptake at arachnoid granulations

(pressure increased inside and outside ventricular system)

Blood Supply to the Brain

· arterial vascular network formed from carotid arteries and the basilar artery from the spinal cord; together form the arterial CIRCLE OF WILLIS
· END-ARTERY SUPPLY means there are incoming arteries from more than one direction; this allows for greater collateral circulation, but also increases risk of stroke, aneurysm or clot due to turbulence

Blood Supply to the Spinal Cord

· segmentally supplied by branches of the

VERTEBRAL ARTERY: cervical and anterior thoracic regions

INTERCOSTAL ARTERY: thoracic region

AORTA: lumbar region

· these feed into 3 arteries that run the length of the cord: the ventral spinal artery, and the paired dorsolateral spinal arteries

ASCENDING PATHWAYS OF THE CENTRAL NERVOUS SYSTEM
The Information Highway

· action potentials traveling to and from the periphery in the spinal cord do so in the white matter in specific pathways called TRACTS
· each tract relays either sensory or motor information; this is called somatotropic organization, and is useful in lesion localization, understanding why regional injuries/diseases lead to specific signs, and predicting the course of a particular disease based on the tracts affected

· the susceptibility of a specific tract to injury depends on its location (how peripheral), blood supply and type of fibre (size and myelination)

Characteristics of Ascending Pathways

· carry action potentials arising from peripheral sensory receptors to the CNS

· the primary neuron always enters the spinal cord via the dorsal root, and its cell body is always in the dorsal root ganglion

· sensory information usually crosses the midline (decussates) to the contralateral side, EXCEPT in unconscious proprioception (axons enter and ascend the spinal cord on the same/ipsilateral side)

Conscious Sensation

-     consists of proprioception (the sense of position of limbs/body in space), touch/pressure, pain and special senses (see cranial nerves)

-     information is carried in the following tracts:


DORSAL COLOMN

· located at the most dorsal aspect of the spinal cord

· conscious proprioception carried by large myelinated fibres; information ultimately ascends to the cortex

VENTROLATERAL / SPINOTHALAMIC TRACT

· located in the ventrolateral areas of the cord’s white matter

· carries pain and temperature sensations in fibres of moderate or small diameter and myelination

Unconscious Proprioception

· involves the position and movement of the limbs for balance, tone and smooth/coordinated movements

· carried in the SPINOCEREBELLAR PATHWAYS in the lateral margins of the spinal cord

· these fibres do not decussate; they ascend on the ipsilateral side of the spinal cord and enter the cerebellum via the caudal cerebellar peduncle

· fibres have a relatively high susceptibility to injury due to myelination and location

DESCENDING PATHWAYS OF THE CENTRAL NERVOUS SYSTEM
Characteristics of Descending Pathways

· carry the motor fibre pathways that control somatic muscle movement in the body

· information travels in tracts found in the white matter:

RUBROSPINAL TRACT

-     Red Nucleus to the spinal cord, decussates in the midbrain

RETICULOSPINAL TRACT

-     Reticular Formation (in the medulla) to the spinal cord; involved in balance and posture; mostly ipsilateral

VESTIBULOSPINAL TRACT

-     Vestibular Nuclei to the spinal cord; involved in synergy of muscle movements, equilibrium and balance; 

       entirely ipsilateral

· minor descending pathways include the CORTICOSPINAL TRACT and the TECTOSPINAL TRACT

THE PERIPHERAL NERVOUS SYSTEM

Definitions

CENTRAL NERVOUS SYSTEM: nervous tissue that lies within the brain and spinal cord

PERIPHERAL NERVOUS SYSTEM: nervous tissue that lies outside the brain and spinal cord

PERIPHERAL NERVE: a collection of axons within the PNS that may carry afferent, efferent or both impulses

UPPER MOTOR NEURON: refers to all neurons in the series from the brain outwards, except the final neuron which directly contacts the muscle

LOWER MOTOR NEURON: the neuron in a motor pathway (somatic) that leaves the spinal cord and travels, via the ventral root, to the target muscle

REFLEX: an automatic response to a stimulus (higher centres not required)

Generalized Reflex Arc

receptor (sensory organ)                    sensory pathway (sensory neuron)                   

       interneuron

effector (muscle or gland)                  motor pathway (motor neuron)

Brachial Plexus and Lumbosacral Plexus

· a pattern of organization of the peripheral nerves in which spinal nerves coalesce in a specific manner to allow innervation (sensory and motor) of specific regions/muscles by nerves from more than one spinal level

BRACHIAL PLEXUS: C5 to T2

LUMBOSACRAL PLEXUS: L4 to S2

*NOTE*

-     the spinal nerves from 2 to 4 different (but adjacent) spinal levels give rise to specific peripheral nerves

       RADIAL NERVE = C7, C8, T1

       SCIATIC NERVE = L6, L7, S1

· the same spinal cord level may provide axons for more than one peripheral nerve

· there is sympathetic outflow that shares nerve roots with the sensory and motor nerves of the forelimb

Ventral Horn Motor Neurons

· there are 2 types of somatic efferent neurons in the ventral horn of the spinal cord:

(a)  SKELETOMOTOR NEURON

-     innervates ordinary skeletal muscle; often referred to as a motor neuron


-     has a large diameter axon and is therefore a fast action potential conductor

(b)  FUSIMOTOR NEURON

-     innervates the intrafusal fibre which forms part of the muscle spindle


-     axon is thinner and slower to conduct action potentials

Muscle Spindles

· embedded in striated skeletal muscle; are sense organs that contribute to proprioception

· consist of a small striated muscle (the intrafusal muscle fibre), the annulospiral receptor, and a fibrous capsule

· involved in muscle contraction; responds to STRETCH or FUSIMOTOR STIMULATION

· play an important role in posture and movement

Golgi Tendon Organs

· stretch receptors located at the junction of muscle fibres and tendons

· consist of afferent axons whose endings are interlaced with the collagen fibres of the tendon, surrounded by a capsule

· insensitive to passive stretch; sensitive t the stretch produced by active muscle contraction

· inhibitory effect; acts to protect the muscle from overload and aids in the control of precise and smooth muscle contractions

Patellar (Quadriceps/Knee-jerk) Reflex

· this monosynaptic (2 neuron) stretch reflex tests the function of sensory and motor components of the femoral nerve and spinal cord sections L4-L6 (primarily L5)

1.  Animal in lateral recumbancy; support the limb under the femur with the stifle slightly flexed

2.  Tap the patellar ligament with a percussion hammer

How does it work?

· stretches and activates the muscle spindles of the quadriceps muscle

· sensory impulses carried on the dendrites of the afferent sensory neuron within the femoral nerve until they reach the lumbosacral plexus, from where they travel to the originating spinal nerve and into the spinal cord via the dorsal horn

· in the spinal cord, they synapse with an efferent alpha motoneuron, stimulating an action potential

· the impulse is carried by the motoneuron axon into the spinal nerve via the ventral horn, returning to the quadriceps via the femoral nerve

· at the motor endplate, acetylcholine is released, the muscle contracts, and the leg kicks forward – a single quick extension of the stifle

Withdrawl (Flexor/Pedal) Reflex

· this is a bisynaptic (3 neuron) reflex arc producing an integrated response; it tests both sensory and motor components of the spinal nerves of the lumbosacral and brachial plexuses

1.  Animal in lateral recumbancy

2.  Foot subjected to the least possible noxious stimulus (usually a toe-pinch), testing both medial and lateral 

     digits on each limb

How does it work?

· free nerve endings in the skin and other tissues are stimulated

· impulses travel up the nerves:

SCIATIC NERVE (lateral hind; L6-S1)

FEMORAL NERVE (medial hind; L4-L6)

RADIAL, ULNAR & MEDIAL NERVES (forelimbs)

· impulses go through the lumbosacral and brachial plexuses to the unipolar sensory neuron in the dorsal root ganglia and then into the dorsal gray horn of the spinal cord where they synapse on interneuron(s)

· the interneuron synapses on a motor neuron in the ventral gray horn, resulting in contraction of the flexor muscles of the limb and flexion of the entire limb

LOCALIZE THE LESION
Deciding on CNS vs. PNS

	Signs of Lesions in the PNS
	Signs of Lesions in the CNS

	· unilateral

· sensory and motor

· anesthesia of a dermatome

· local proprioceptive defects without ataxia
	· bilateral (but may be differing severity)

· ataxia

· decreased proprioception

· decreased pain perception


Brain vs. Spinal Cord

· signs of brain lesions include:

CRANIAL NERVE INVOLVEMENT

DEPRESSION

BEHAVIOURAL CHANGES
Upper Motor Neuron vs. Lower Motor Neuron

	Lower Motor Neuron Lesion
	Upper Motor Neuron Lesion

	· loss of muscle power 

      (flaccid paralysis)

· hyporeflexia to areflexia

· neurogenic muscle atrophy;

       early and severe

· decreased muscle tone
	· paresis to paralysis; loss of voluntary movement (spastic paralysis)

· normal to hyperreflexia

· disuse muscle atrophy;

late and mild

-     muscle tone normal to increased


NOTE: you must go through this process for each set of limbs to decide where in the spinal cord the lesion is...

Further Localization


THE AUTONOMIC NERVOUS SYSTEM
Introduction & Overview

· a division of the nervous system that controls bodily functions that usually occur automatically

eg.  respiration, heart rate, blood pressure, vascular tone, digestion, rumination, vomiting, micturition, defecation, 

       erection, ejaculation, sleep, arousal, body temperature, appetite, etc…

· functionally involved with the maintenance of homeostasis, and with the changes in visceral function which accompany emergency situations (fight or flight)

· present in both the PNS and the CNS; has sensory and motor components

· mainly controlled by:

HYPOTHALAMUS – the master control centre

SPINAL CORD – thoracic and sacral segments

BRAIN STEM – special control functions

HYPOTHALAMUS                    RETICULAR FORMATION (BRAIN STEM)                    SNS or PNS

Sympathetic Nervous System
· nerve cell bodies lie mainly in the spinal cord from T1 – L2/L3

· preganglionic fibres are the axons of these cells, and are carried in the anterior nerve roots

· they synapse with neurons in ganglia outside the CNS:

PARAVERTEBRAL GANGLIA: 22 pairs run parallel to the vertebral column

PREVERTEBRAL GANGLIA: located in the abdomen and pelvis near the ventral surface of the vertebral column

TERMINAL GANGLIA: lie near the organs they innervate (mainly the urinary bladder and rectum); few of them

Parasympathetic Nervous System

· nerve cell bodies are located in the cranial (mid-brain and medulla oblongata) and sacral parts of the CNS

· preganglionic fibres are very long, and synapse within terminal ganglia

CRANIAL OUTFLOW: cranial nerves III, VII, IX, X

SACRAL OUTFLOW: S2, S3, S4 segments of the spinal cord (bladder, rectum, sex organs)

Comparing the SNS and PsNS

	Sympathetic Nervous System
	Parasympathetic Nervous System

	ANATOMIC DIFFERENCES

	· distributed to more effectors throughout body

· fibres ramify more

· preganglionic fibres travel long distances, and pass  through several ganglia before synapsing with postganglionic neurons

· possible to have diffuse discharge

· overlapping (one ganglion cell supplied by several preganglionic fibres)
	· limited distribution

· terminal ganglia near organs innervated

· discrete and limited discharge



	OTHER DIFFERENCES

	· not essential to life, but used in stress situations

-     normally active at all times, but fine adjustments 

       made to changing environment

-     sympathoadrenal system can discharge as a unit, with 

      a simultaneous effect on all sympathetically 

      innervated structures

      ie.  many effects reinforced by epinephrine
	-     discrete and localized discharge

-     mainly for conservation and restoration of energy

	STIMULATION RESULTS IN…

	· increased heart rate and blood pressure

· splenic contraction

· blood from skin to skeletal muscles

· increased blood glucose

· bronchodilation

· pupillary dilation
	· decreased heart rate and blood pressure

· increased GI movements and secretions

· increased nutrient absorption

· pupillary constriction

· emptying of bladder and rectum


Autonomic Pharmacology

AGONISTS: substances that can bind to a receptor and activate it

ANTAGONISTS: block the effect of agonists by binding to a receptor without stimulating it

Cholinergic Neurons: synthesize and release acetylcholine

ADRENERGIC NEURONS: synthesize and release norepinephrine

Neurotransmitter Receptors in the Autonomic Nervous System

Cholinergic Receptor Types

MUSCARINIC RECEPTORS

· found on plasma membranes of most peripheral visceral organs innervated by the PsNS

· stimulated by muscarine

· parasympathomimetic drugs mimic effects of acetylcholine release at postganglionic nerve endings

· effects are blocked by atropine

· also found on cells stimulated by postganglionic “cholinergic” neurons of SNS, eg. sweat glands

NICOTINIC RECEPTORS

· found in synapses in autonomic ganglia of both SNS and PsNS

· found on membranes of skeletal muscle fibres at neuromuscular junction 

· stimulated by nicotine

· nicotinic receptors in ganglia differ from neuromuscular junction since blocked by different antagonists

· nicotinic agonists cause conformational change in receptor, causing opening of gated ion channels and depolarization

· effects blocked by curare at neuromuscular junction

Adrenergic Receptor Types

ALPHA (subtypes I and II)

· excited by epinephrine and norepinephrine

· activation causes vasoconstriction, iris dilation, intestinal relaxation and pilomotor contraction

BETA (subtypes I, II and III)

· excited by epinephrine

· activation causes vasodilation, increased heart rate and contractility, intestinal and uterine relaxation, and bronchodilation

MICTURITION
“The reaction that ultimately occurs when the bladder is gradually distended, leading to the coordinated expulsion of its contents.”

· the micturition “reflex” is a coordinated response of multiple pathways that results in urination

The Detruser Reflex

· parasympathetic reflex which controls the contraction of the smooth muscle of the urinary bladder

· sensory fibres extend from stretch receptors in the detruser muscle to the sacral spinal cord (via pelvic nerve)

· the fibres ascend without synapsing in white matter tracts to the pons where they synapse on interneurons

· “integration” occurs at this point; action potentials from numerous bladder stretch receptors, the cerebral cortex and the cerebellum combines to generate a motor discharge under the appropriate circumstances

· the motor discharge descends in white matter tracts and synapses on a parasympathetic preganglionic neuron in the gray matter of the sacral spinal cord

· the next neuron’s axon leaves the spinal cord through one of the sacral spinal nerves, then enters the pelvic nerve, synapsing with the postganglionic neuron within the pelvic ganglia on the surface of the bladder

· ultimately, the signal leads to contraction of the detruser muscle (sustained until the bladder is empty)

The Urethral Sphincter Reflex

· the urethral sphincter is composed of striated skeletal muscle, and is controlled by a somatic reflex arc
· stretch receptors within the urethralis muscle send action potentials into the sacral spinal cord via neurons which travel in the pudendal nerve

· these neurons synapse directly onto LMNs which innervate the muscle, usually causing contraction (which tightens the sphincter)

· inhibitory neurons, which override contraction, descend from the cortex or enter the sacral spine in the pelvic nerve from the detruser muscle

Sympathetic Innervation of the Bladder

· minor component; several different types of adrenergic fibres

· probable role in modifying the parasympathetic response in times of stress

Integration of Reflexes

· for successful urination, the reflexes must be coordinated to produce a sustained contraction of the bladder while the sphincter is relaxed

· micturition is initiated when the level of stretch in the bladder is sufficient to stimulate motor neurons in the pons to generate a discharge and initiate contraction of the detruser muscle

· simultaneously, inhibitory neurons responding to stretch in the detruser ultimately cause relaxation of the sphincter

Lesions in the Spinal Cord Affecting Micturition

· a lesion in any segment except the sacral segment will cause a chronically full, flaccid bladder and a hypercontracted urethral sphincter

· a lesion in the sacral spinal cord still gives you a flaccid bladder, but you also get a flaccid urethral sphincter

THE ENTERIC NERVOUS SYSTEM
· a functional and anatomic division of the autonomic nervous system which regulates GI motility, secretion, blood flow and absorption

· nerve cell bodies are located in ganglia within 2 large plexuses in/on the intestinal wall, both of which extend the entire length of the GI tract:

MYENTERIC (AUERBACH’S) PLEXUS: between muscle layers

SUBMUCOSAL (MEISSNER’S) PLEXUS: in submucosa

· both myelinated and non-myelinated fibres present

Gut Communication

· action potentials arise spontaneously and in response to mechanical stimuli

· the system is highly autonomous (able to function in the absence of external influence of the autonomic nervous system), but it does receive efferent information from the SNS and PsNS

ENS Neurotransmitters

· there may be 25 or more, but the important ones include:

ACETYLCHOLINE: strongly promotes gut motility and gland secretion

NOREPINEPHRINE: primarily inhibits gut activity

VASOACTIVE INTESTINAL POLYPEPTIDE: strong stimulator of GI secretion; secreted in response to distension and ischemia

OPIOID PEPTIDES: markedly decrease secretion and increase segmental motility

NEUROPHARMACOLOGY
Sites of Action

SYNAPSE (most important)

· selective alteration of neurotransmitter release/re-uptake/degradation/competition for binding

eg.  ATROPINE – competitively blocks the action of acetylcholine on smooth muscle and glands

      OPIOIDS – activate/inhibit postsynaptic action potentials of neurons that use opioid neurotransmitters

ION CHANNELS

· selective blockage or prolongation of the period during which ions are transported through the membrane

eg.  LIDOCAINE – blocks voltage-gated Na+ channels in peripheral nerves

ENZYMES

· selective modification of the metabolic or signaling activity within some neurons

MEMBRANES

· some agents diffuse into the nerve cell membrane and interfere with the resting membrane or action potential

Sympathetic Nervous System Drugs

SYMPATHOMIMETIC DRUGS

· mimic actions of epinephrine and norepinephrine and stimulate the SNS

SYMPATHOLYTIC DRUGS

· interfere with release or activity of epinephrine and norepinephrine and inhibit all or part of the SNS

Parasympathetic Nervous System Drugs

PARASYMPATHOMIMETIC DRUGS (CHOLINOMIMETICS)

· stimulate the release, activity or mimic the effect of acetylcholine, thereby stimulating the PsNS

PARASYMPATHOLYTIC DRUGS

-     interfere with the release or activity of acetylcholine and inhibit the activity of the PsNS

ANATOMY OF THE BRAIN
Regional Divisions Based on Function/Anatomy/Embryology

	PROSENCEPHALON (FOREBRAIN)

	TELENCEPHALON
	· cerebral cortex

· basal nuclei

· lateral ventricles

	DIENCEPHALON
	· thalamus

· hypothalamus

· pituitary

	MESENCEPHALON (MIDBRAIN)

	MESENCEPHALON
	· rostral and caudal colliculi

· vestibular and red nuclei

· reticular formation

· third ventricle

	RHOMBENCEPHALON (HINDBRAIN)

	METAENCEPHALON
	· cerebellum

· pons

· cerebral aqueduct

	MYELENCEPHALON
	· medulla oblongata

· fourth ventricle

· 


Brainstem

· basically concerned with maintaining the primary physiologic functions of life

· site of nuclei for some cranial nerves

MEDULLA OBLONGATA

-     anterior continuation of the spinal cord (extends into the cranial vault to the pons)

-     contains collections of several specific nuclei:

       DORSAL AND VENTRAL RESPIRATORY GROUPS – control respiratory muscles, detect blood pH

       CARDIAC ACCELERATOR/INHIBITOR CENTRES – increase/decrease the rate and strength of contraction

       VASOMOTOR CENTRE – regulates blood pressure

PONS

· anterior to medulla; ventral to cerebellum

· contains respiratory nuclei:

APNEUSTIC CENTRE – breath holding

PNEUMOTAXIC CENTRE – interrupts activity of apneustic centre

MIDBRAIN

· immediately anterior to pons; divided into 2 regions that are separated by the cerebral aqueduct 

      –     the TECTUM (above) and the TEGMENTUM (below)

· primarily a route for axons traveling from the cerebellum, medulla or pons to the thalamus and cortex

· tectum has 2 pairs of colliculi:

ROSTRAL COLLICULI – involved in visual reflexes

CAUDAL COLLICULI – involved in auditory reflexes

· site of the RED NUCLEUS, which also extends into the thalamus

Reticular Formation

· a poorly defined network of neurons extending from the medulla to the thalamus

· controls the state of arousal/consciousness through connections with the cortex

· regulates motor activity through the reticulospinal tract, and respiratory activity through connections with the respiratory nuclei

Cerebellum

· dorsal to the medulla and pons; covered with folia (folds)

· has the following structural features:

1 VERMIS – wormlike structure on the midline between the 2 hemispheres

2 HEMISPHERES – covered with folia; attached to the brain by 3 peduncles

3 PEDUNCLES – on each side; carry information to and from the 4 cerebellar nuclei

4 CEREBELLAR NUCLEI – fastigial, globose, emboliform, dentate

-     functions in the control of subconscious skeletal muscle contractions necessary for smooth, coordinated 

      movements

· compares proprioceptive information about what the muscles/joints ARE doing and compares it to what they SHOULD be doing, identifying and correcting any discrepancies

Hypothalamus

· anterior to midbrain; on ventral aspect of brain; dorsal to pituitary gland

· controls/maintains homeostasis; consistent physiologic and endocrine responses through control of the ANS

· site of interaction between endocrine and neurologic systems

· basic behavioural patterns – hunger, thirst, fear, rage, sexual behaviour

· adenohypophysis (anterior pituitary) secretes:

-     ACTH in response to CRH

-     TSH in response to TRH

-     GH in response to GHRH

-     FSH in response to GnRH

-     LH in response to GnRH

Thalamus

· dorsal to hypothalamus; rostral end of RAS and Spinothalamic tracts; contains a portion of the red nucleus

· “subcortex” roles in short-term memory, behaviour

· Relay site for both sensory and motor information

Cerebrum / Cerebral Hemispheres

· most anterior component of the nervous system; gray matter outside, white matter inside

· three basic components:

BASAL NUCLEI – 3 sets; control motor activity

LIMBIC SYSTEM – includes hippocampus, amygdale, behavioural responses, short-term memory

CEREBRAL CORTEX – subdivided into sensory areas, motor areas, association areas

CRANIAL NERVES AND REFLEXES
	CRANIAL NERVE
	NAME
	FUNCTION
	CLINICAL EXAM

	I
	OLFACTORY
	sensory only; responsible for the conscious perception of smell
	generally not examined at OVC, but can look for aversion of the head in response to alcohol on a cotton ball

	II
	OPTIC
	responsible for sensory visual perception and the sensory component of the pupillary light reflex
	pupillary light reflex or menace response

	III
	OCULOMOTOR
	controls pupillary constriction via parasympathetic fibres; also responsible for some somatic motor innervation of the extraocular muscles
	observe for abnormal eye movement/position,  abnormal pupillary light reflex

	IV
	TROCHLEAR
	innervates the dorsal oblique muscle of the eye; helps keep the visual world steady by counter-rotating the eye as you tilt your head; a somatic motor nerve
	fundoscopy to determine abnormal rotation of the pupil/retina

	V
	TRIGEMINAL
	both motor and sensory: motor innervation of the muscles involved in mastication; sensory innervation of the face
	palpebral reflex, jaw tone, symmetry of nasal septal mucosa response to touch

	VI
	ABDUCENT
	innervates the lateral rectus and retractor bulbi muscles
	examine position/movement of the eyes: presence of normal nystagmus, palpebral/corneal reflexes

	VII
	FACIAL
	motor and sensory components: motor innervation of the facial muscles; sensory innervation of the palate and cranial two thirds of tongue
	menace response and palpebral reflex, how tight can animal close its eyes, evidence of eye“droopiness”, asymmetry/mobility of face

	VIII
	VESTIBULO-COCHLEAR
	2 branches: cochlear (auditory) nerve has a sensory function in hearing; vestibular nerve involved in orienting the head and body with respect to gravity and acceleration
	test cochlear function with a loud sharp sound behind the ear; use oculocephalic reflex to test vestibular nerve (move head and watch eyes for nystagmus)

	IX
	GLOSSOPHARYNGEAL
	innervation of the muscles of the pharynx, larynx and palatine structures; sensory information to tongue (taste); parasympathetic innervation of parotid salivary glands
	history of dysphagia/regurgitation, pharyngeal reflex (gag reflex)

	X
	VAGUS
	innervation of the pharynx and larynx; parasympathetic innervation to thoracic and abdominal viscera
	pharyngeal reflex; oculocardiac reflex (pressure on eyeballs = decreased heart rate)

	XI
	ACCESSORY
	innervation of the neck muscles (trapezius, sternocephalicus, brachiocephalicus)
	examine neck for atrophy/asymmetry, loss of resistance to passive movement of head and neck

	XII
	HYPOGLOSSAL
	motor nerve innervating the intrinsic and extrinsic muscles of the tongue
	function/position of tongue relative to rest of mouth; induce a licking response by wetting the nose (look for symmetry and function)


Routine Cranial Nerve Function Tests

PUPILLARY LIGHT REFLEX

· shine a bright light in each eye, observing constriction of the pupil in both eyes

· sensory component is CN II, motor component is CN III

MENACE RESPONSE

· cover one eye and, from a distance of 0.5m, generate a visual “threat” by making a menacing gesture towards the eye; should elicit blink and (possibly) aversive head movement

· sensory component is CN II, motor component is CN VII

PALPEBRAL REFLEX

· touch the medial and lateral canthus of the eye, and the skin near the external ear; observe a blink reflex and (possibly) withdrawl of the head

· sensory component is CN V, motor component is CN VII

VESTIBULO-OCULAR / OCULOCEPHALIC REFLEX

· test for “normal” or “physiological” nystagmus by moving head laterally from side to side and observing eye movements during and after the movement

· sensory component is visual pathway (CN II) and vestibular information (CN VIII); relay component is via the medial longitudinal fasciculus (MLF), which connects the vestibular nuclei with the nuclei of CN III, IV and VI; motor component is motor nuclei of the nerves which innervate extrinsic eye muscles and the nerves themselves – CN III, IV and VI
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