Central Nervous System
Systems 2
Revision Notes
Dafydd Keyse
Disclaimer

The following revision notes are NOT to be used as a substitute for the lecture handouts or a good Central Nervous System textbook such as those recommended by your lecturers.

The following notes are my own personal notes that I have made during my revision of the central nervous system. They have been designed to summarise the key points made in lectures and include several relevant diagrams. However, the notes are not entirely complete and some of the latter lectures are missing – mainly due to their extensive content and great personal difficulty summarising them further.

These notes are being uploaded onto the Galenicals Website to be freely distributed to my fellow students and all the students that follow after. 

All notes are correct at time of publishing, however research into this field is still being carried out. Therefore, these notes may be obsolete within the next few weeks, indeed they may already be obsolete.

The author can accept no liability for failure of user in their examinations in this module or any other module. By using these notes, the user is accepting all responsibility for their own revision and that these notes are only a ‘helping hand’ towards their revision. 
Apologies for this sounding too much like a law document, but there are some people out there who might blame me for failing their exams – when it is not my fault at all.

Please feel free to use these notes in whatever way you feel helps with your examination – even if that means completely ignoring them (.

Good luck with your studies!

Daf Keyse

Central Nervous System 
Lecture 2

Important Ascending Tracts
· Dorsal Columns

· Anterolateral System

· Spinocerebellar Tracts

Important Descending tracts
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Functional Groups

GSA
General Somatic Afferent
(
touch, pain, vibration etc

GVA
General Visceral Afferent
(
chemoreception, visceral sense, taste

GSE
General Somatic Efferent
(
somatic striated muscle

GVE
General Visceral Efferent
(
autonomic, preganglionic axons

SSA
Special Somatic Afferent
(
vision, balance

SVE
Special Visceral Efferent
(
striated muscle – branchial arch

Exceptions of normal CN rules:

· Trochlear – thin and exits posteriorly
· Olfactory – not relayed by thalamus
Lecture 3
Neurones 
-    1012 
· electrically excitable

· communicate via synapse

· do not regenerate

Glial cells 
-     1013 

· electronically inexcitable

· have gap junctions, so can act as a syncytium

· capable of mitosis – therefore primary cause of CNS tumours
Categories of cells:

· sensory neurones – 5x106 cells

· motoneurones – 2x106
· majority are local interneurones

Neurone – Basic Diagram
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4 – 100 dendrites

Axon 0.5mm to 1m long, can be myelinated and unmyelinated. 

Diameter 0.1-20μm diameter.

Neurones
Pseudounipolar – sensory from skin and deeper tissues:
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Bipolar neurones – special senses:
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Local interneurones ( information processing and transmission between different parts of CNS:

Sensory tract cells passing from cord to brain

Descending motor control cells from brain to cord
Cortical Neurones

Cerebral Neurones
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Cerebellar Neurones
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Central Effector Neurones – Behaviour/motor action:
α ( to striated muscle fibres

γ ( to intrafusal striated muscle fibres in muscle spindles

Preganglionic autonomic motor neurones – myelinated axons

Peripheral effector neurones – motor action:

Postganglionic autonomic motor neurones – non-myelinated axons.

Neuroglial Cells

Schwann Cells around large fibres – insulation, speed impulse conduction, save energy

≈ ½ O2 usage in CNS is for Na/K ATPase ( myelination causes saltatory (jumping) conduction – therefore ↓ATPase required
Around small fibres – insulation and metabolic support.

Oligodendrocytes – similar to Schwann cells but in the CNS

Astrocytes 
-     most numerous, stellate shaped

· regulate microenvironment of neurones in CNS

· take up K+ and neurotransmitters released by neurones

· produce neurotrophic substances

· guide growing axons

· gliosis after CNS damage

Satellite Cells – same function as astrocytes ( just peripheral

· encapsulate Dorsal Root Ganglion (DRG) cells

Microglial Cells – resemble macrophages

· act as scavengers, removing debris in CNS

Ependymal Cells – provide lining of ventricles and spinal canal

· choroids plexus cells secrete CSF

Synaptic Transmission
Electrical – scarce in mammals

· relies on low resistance connections between neurones

· gap junctions cause it to act as a syncytium

· always excitatory

· bi-directional

Chemical – unidirectional

· most prominent in mammals

· relies on exocytosis of 1 or more vesicles containing neurotransmitter

· involves combination of transmitter and receptor ( synaptic delay ≈ 0.3-1ms – greatest delay in transmission

· may be excitatory or inhibitory – depends on receptor

· mechanism: Ca2+ induces exocytosis of vesicle

· Examples of neurotransmitters:

· Excitatory: ACh, NA, Glutamate, Dopamine

· Inhibitory: Glycine, GABA (γ-amino butyric acid)

· Fate of transmitters

· Lock onto receptor for short period

· Break off

· Either breakdown and reabsorbed/resynthesised or recycled
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EPSPs

· K+ gradient not significant

· Na+ gradient significant

· When neurotransmitter binds
· ↑ permeability for Na+
· [Na+] outside > inside

· Therefore, net influx of Na+
· Therefore depolarisation of cell ( bringing it closer to threshold

· Therefore cell said to be excitable

IPSPs

· Cl- outside >inside

· Neurotransmitter causes ↑ permeability for Cl-
· Therefore cell becomes hyperpolarised

There is a need for summation of all cell inputs

Role of inhibitory inputs:

· Synapse near axon hillock

· Only works if tonic activity among neurones

· ↓ rate of AP’s

Axon hillock – trigger region of neurone

Long term potentiation ( short burst of activity can cause long term activity

Long term depression ( short burst of activity can cause long term depression

Presynaptic Inhibition
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A excites B, C inhibits A

Intensity reflected by frequency of APs – high frequency suggestive of higher input causing cell to stay close to threshold.

Inhibition

Feedback Inhibition
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Feedforward Inhibition
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Lateral Inhibition
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Local Anaesthetics

· smaller fibres blocked more readily than the larger
· nociceptive impulses carried by Aδ and C fibres

LAs block open Na+ channels and enhance channel inactivation.

LAs comprise of an aromatic, ester/amide and amino groups.

· Therefore, many drugs have LA properties at [high] but can target specific receptors at [low] e.g. propranolol.

LAs have no other activities.

Most LAs show some degree of use dependence – but not of major importance.
LAs occur in charged and uncharged forms:

· charged ( important for interaction with Na+ channel

· uncharged ( important for penetrating neural sheath



( important for crossing plasma membrane

Percentage of ionised LA

· determined by pH ( ↓pH =↓[LA] + ↑[LA+]

· determined by pKa ≈ 8-9

· can be calculated by Henderson-Hasselbach equation:
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e.g. pKa = 8, pH = 7.4 (
[image: image16.wmf]]

[

]

[

log

6

.

0

LA

LAH

+

=


Therefore, ≈ 4/1 = 80%/20%

Atypicals 
(benzocaine – no ester group ( hydrophilic only



no use dependence

(QX314 – experimental tool, always charged, only works on inside of nerves.

Access to site of action
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LA Structures and Properties
Ester bonds: Procaine

Short plasma T½, poor tissue penetration, hydrolysed, rarely used

Other esters ( cocaine – pKa 8.7, medium onset, medium duration T½ ≈1 hour, poor penetration

Amides: Lignocaine

2 hour T½, metabolised in liver by N-dealkylation, widely used, rapid onset (5-10mins), moderate duration and extremely stable.

Other amides ( prilocaine – pKa 7.7, medium onset, medium duration, T½ ≈ 2 hours, moderate penetration.

Different clinical uses:

1. Surface anaesthesia ( lignocaine

2. Infiltration anaesthesia ( most LAs ( minor surgery

3. IV regional ( lignocaine ( limb surgery

4. IV administration ( lignocaine ( neuropathic pain

5. Nerve block anaesthesia ( most LAs ( dentistry, surgery

6. Spinal anaesthesia ( lignocaine ( abdominal, pelvic or leg surgery

7. Epidural anaesthesia ( lignocaine (
Adverse effects:
1. [high] plasma ( CNS stimulation ( confusion, convulsion, respiratory depression. CVS ( ↓BP due to ↓contractility ( block of Na+ channels ( used in treatment of ventricular dysrhythmias.

2. Hypersensitivities

3. Toxic metabolites

CSF

CSF – few cells, little protein

· Low [glucose], low [K+] compared with plasma
· Higher [Mg2+, Na+ and Cl-]

· ≈ 120ml in adults

· 480ml/day produced

· secreted by choroids plexus

· reabsorbed from subarachnoid space via superior sag. sinus.

Space Occupying Lesions and Raised Intracranial Pressure

Normal ICP < 2kPa (15mmHg)

If ICP= Arterial Pressure 


(cerebral blood flow ceases

(neurological function ceases

Brain Herniation

· uncal/parahippocampal transtentorial herniation

· subfalcine herniation of cingulate gyrus

· central transtentorial herniation

· cerebellar tonsillar herniation (coning)

Causes – Any space occupying lesion

· Vascular ( extradural, subdural or parenchymal haemorrhages

· Trauma ( contusions and lacerations with associated oedema

· Infection (abscesses, granulomas

· Hydrocephalus

Effects

Late effects:

· compression of cranial nerves

· compression or traction of arteries

· compression of brain tissue

Raised ICP

	
	Pathological
	Clinical

	Early
	Distortion of meninges and blood vessels

Compression of optic nerve

Distortion of medulla
	Headache

Papilloedema

Vomiting 

	Late
	Compression of occulomotor

Traction of abducens nerve

Compression of posterior cerebral artery

Compression of cerebral peduncle

Compression of medulla

Traction on brainstem arteries
	Papillary constriction and then dilatation

Abducens palsy

Occipital infarction

Hemiparesis/hemiplegia

↑BP,↓HR ( pulmonary oedema

Fatal brain stem infarction/haemorrhage


CNS Tumours

Primary ( 2% of all deaths from cancers

Secondary ( commoner in middle and old age


Commonest secondary:

· bronchial carcinoma

· breast carcinoma

· melanoma

· renal and colonic carcinomas

Primary CNS Tumours

· meningeal ( usually meningiomas

· neuroepithelial ( glial: astrocytoma (low grade) – glioblastoma (high grade)

· non-neuroepithelial – mostly primary CNS lymphomas

Most of primary CNS tumours in children occur below tentorium cerebelli ( astrocytomas, medulloblastomas

In adults they occur above

Malignant have poor prognosis

Benign also cause problems due to wide infiltration and low surgical operability

Local ionising radiation predisposes to meningiomas, genetic disorders such as neurofibromatosis 1+2, Von Hippel-Lindau, tuberous sclerosis, Li-Fraumeni syndrome.
Treatment

· Surgery

· Post-op radiotherapy and chemotherapy

Hydrocephalus

· An increase in CSF volume

· Usually caused by obstruction of ventricular system

· congenital malformations

· tumours

· meningitis

· less commonly caused by poor reabsorption

· subarachnoid haemorrhage

· meningitis

· can be secondary to loss of brain substance ( Alzheimer’s Disease

· hydrocephalus ex vacuo

CT Appearances

Subarachnoid haemorrhage – associated fractures, hydrocephalus, haemorrhage

Intracerebral haemorrhage – dark oedema

Acute extradural haemorrhage – lens shaped, does not cross suture lines, assoc. fractures

Acute subdural haemorrhage – crescent shaped, can extend across hemispheres.

Infarct – look for vascular territory – initial scan may be normal


Overall volume loss, compensated by dilation of ventricles

Mass lesions – look for disruption of gyral-sulcal pattern


May need IV contrast

Summary

Blood = dense = white

CSF = low density = black

Sensory Systems

Ascending systems

Dorsal columns

· ipsilateral in cord, cross in brain stem

· proprioception, vibration and discriminative touch

Spinocerebellar tracts

· dorsal – ipsilateral to cerebellum – proprioception

· ventral – contralateral in cord, cross at point of entry – proprioception

Anterolateral system

· contralateral in cord, crosses at point of entry – coarse touch, pain and temperature
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Thalamus

Somatic information 

( ventral postero lateral nucleus
VPL

Visceral information 

( lateral geniculate nucleus

LGN

Auditory information

( medial geniculate nucleus

MGN

Emotional information
( anterior nucleus


AN

Lecture 11
Primary Afferent neurones are pseudo-unipolar

Transduction

· stimulus triggers receptor potential

· If threshold reached then AP is propagated, if not the potential remains localised.
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Modality

· Type of reception e.g. chemo, mechano, thermo

· Depends on type of channels or membrane structure

Threshold

Low Threshold Units – respond to stimuli that are non-damaging to tissues e.g. pressure, touch, cooling

High Threshold Units (Nociceptors) – respond to noxious chemical, high intensity mechanical, burning heat or extreme cold stimuli

Intensity = stimulus

Threshold = fibre characteristics

Adaptation
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- due to properties of fibre membrane – K+ channels
- tissue around terminal – Pacinian corpuscle – damping out stimulus
Slowly adapting ( constant info to CNS whilst terminal deformed ( stretch receptors

Rapidly adapting ( detect change of stimulus strength – no. impulses α to rate of change of stimulus ( movement of objects across skin – hair follicle

V. Rapidly adapting ( very fast movement – acceleration, rapid vibration – Pacinian corpuscle

Intensity – 1 fibre ( number of APs fired
more APs = ↑ intensity

· Recruitment – increased stimulus strength, nociceptors recruited
· Larger area deformed ( more sensory terminals involved

· Damage to tissues = inflammation ( surrounding nociceptors

Conduction

Depends on fibre type
	Diameter
	
	

	
[image: image24]
	Aα (I) (fastest, non-nociceptive

Aβ (II) ( mostly non-nociceptive

Aδ (III) ( mainly nociceptive
	myelinated

	
	C (IV) ( slowest fibres, nociceptive
	


· Site of termination
· Determines type of stimulus most likely to activate the fibre.

Microneurography

· uses a small electrode, penetrating a nerve, when use in humans allows for sensation type to be determined.

LECTURE 12 DIAGRAM FROM SALLY LAWSON’S NOTES
Lecture 12

Thermoceptors
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Afferents projecting to muscle

Ia – primary, firing pattern ( dynamic and static, adaptation ( dynamic RA, detects change in stretch

II – secondary, firing pattern ( static, adaptation ( static SA, detect stretch

To Tendons

Ib – static, SA, stretch

Processing in Dorsal Columns
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A – Convergence



  
   B – Divergence

C – Lateral Inhibition – where pressure localisation is required




- enhances and restores contrast and position information

D – Centrifugal control of neuronal facilitation

- centrifugal fibres from cortex to thalamus control appropriate degree of facilitation enabling accurate transmission of position sense

Association Areas = 80% of cortex

Wernickes ( knowledge and intelligence

Usually on L for R handed people

Somatosensory cortex (SSC) – in columns related to specific location and receptor type, 0.2(0.5mm across, 105 neurones each.

SSI ( contralateral, precise somatology

SSII ( ipsi and contralateral, less precise somatology

Opiates and Opioids

Opiate ( opium poppy derivative

Opioid ( similar properties to opiates

Receptors

μ – morphine ( euphoria and respiratory depression ( most targeted receptor

δ – analgesic and antidepressants ( may cause convulsions

κ – produce dysphoria, therefore –ve effects
Endorphins

· All have Tyr, Gly, Gly, Phe stem followed by Met or Leu

· Larger chain = longer T½ ( nonlinear, more stable

Morpine ( OH essential for activity as well as no N.

Opioid Receptors are G-Protein coupled

· Couple to Gi/Go
· Βγ or α subunit effects:

· Activation of inward rectifying K+
· Inhibition of voltage-gated Ca2+
· Inhibition of adenylyl cyclase

Different neurones have different sites, therefore different effects

Functional Consequences

· Inhibits neuronal firing and transmitter release

· Decreased Ca2+ entry, increased K+ conductance

Desirable effects ( analgesia

Undesired effects ( euphoria (degree of), respiratory depression, nausea and vomiting, tolerance?

Other effects ( pupil constriction – diagnostic test

Therapeutic uses – pain relief, cough suppression and severe diarrhoea

Drugs: Morphine, Codeine, Methadone, Pethidine (short and weak), Pentazocine (κ agonist), Remifentanyl (used by anaesthetists – [serum] changes rapidly), Naloxone (short acting).
Morphine metabolism

Morphine-3-gluconamide ( inactive

Morphine-6-gluconamide ( active

Combinations

Co-proxamol ( dextropropoxyphene and paracetamol

Co-codamol ( codeine and paracetamol

Co-codaprin ( codeine and aspirin

Severe pain – morphine

Moderate – codeine

Mild – NSAIDs

Problems – side effects, breakthrough pain and neuropathies

Neuropathic pain:

· Trigeminal neuralgia

· Diabetic neuropathy

· Post hepatic
Non-opioids used for severe pain

· Carbamezapine – antiepileptic

· Gabapentin – antiepileptic

· Antidepressants – amytryptilline

Peripheral acting drugs will reduce negative effects of opioids/opiates when they are developed

Opioids excite:

· PAG

· Gigantocellularis

· Raphe Magnus

Inhibit

· Locus coerulus

· Dorsal horn

Euphoria

· disinhibition in ventral tegmental area

· enhances dopamine release in nucleus accumbens

Pain mechanisms and treatment
Acute or Chronic
Nociceptive and neuropathic – allodynia (normal touch is painful)

Somatic – localised aching, throbbing ( activation of nociceptors

Visceral – poorly localised, deep aching cramping – maybe referred pain

Management: Assess cause, treat cause + agree management plan, anticipate side effects, reassess and review

Barriers ( attitudes and beliefs, knowledge deficits and clinical practices, laws and regulations

Acute vs. Chronic

	
	Acute
	Chronic

	Goal
	Pain relief
	Prevention

	Sedation
	? desirable
	Undesirable

	Duration
	2-4hours
	4hours+

	Timing
	PRN
	Regularly

	Dose
	Standard
	Individualised

	Route
	Parenteral/oral
	Oral


Clinical Pharmacology – Morphine

Onset – 20-30mins

Duration – 4 hours

Side effects – GI and sedation (only for a while ( steady doses can still drive)
Tolerance – need for calculating dose for adequate pain relief

Dependence – acute withdrawal symptoms if stopped

Addiction – drug taken for reasons other than pain control

CNS Infections

Fatality 10-100%

Survivors may experience permanent damage: deafness, partial paralysis, speech problems, seizures, behavioural problems

Meningitis – headaches, neck stiffness

Encephalitis – headaches, confusion, personality change, usually viral

Cerebellitis – unsteadiness, poor coordination, nystagmus

Myelitis – back pain, limb weakness +/- sensory changes, bowel/bladder dysfunction

Brain abscess – usually bacterial occasionally parasitic

Causes

Viral – usually meningo-encephalitis ( rabies = near fatal
Bacterial – usually meningitis

Fungal – usually meningitis ( rare, presents in immuno-compromised

Parasitic – usually cerebral malaria

Most likely groups are very young/old, alcoholics, CNS trauma, neurosurgery and immunocompromised
Immuno-compromised

Bacterial – TB, Listeria

Viral

Fungal – candida, aspergillus

Parasitic – toxoplasmosis (from cats)

Clinical features – fever, headache, papilloedema, vomiting, seizures

Blood Brain Barrier

· anatomical and physiological barrier, regulates molecular movements

· impedes drug delivery

· breakdown caused by ↑ permeability of capillaries = ↑ CSF protein
Spread – blood via choroids plexus especially

· via bones, sinuses or upper respiratory tract

· from peripheral neurones

Diagnosis – clinical – signs of dysfunction, inflammation, fever, Lab – radiology, CSF and biopsy.

Bacterial Meningitis - ↓glucose, polymorphs, ≈?↑ cell count

Viral meningitis - ↑glucose, mononuclear cells, ? normal protein

Viral Infection

Viral meningitis

· echovirus

· poliovirus – vaccine prevents

· mumps – vaccine but there are outbreaks

· herpes simplex 2

Encephalitis
· herpes group ( simplex I, Varicella Zoster Virus, Epstein Barr Virus

· Rabies virus

· Retrovirus

Infections of spinal cord, dorsal root ganglia and brainstem ( poliovirus, HTLV1+2 and VZV

Aseptic meningitis – enteroviral infection ( 72 serotypes

· enterovirus meningitis seen most commonly between 5-14 year olds

· Echo is most commonly implicated virus

Clinical features: sore throat in preceding week, ↑ headache over 12-36 hours, nausea and vomiting, no altered consciousness, meningeal irritation and photophobia

Lumbar puncture carried out ( ↑ lymphocytes, normal glucose, normal protein
Diagnosis ( viral culture of CSF, throat and stool samples, PCR

Management – symptomatic, LP usually causes headache improvements – decreased ICP, fever usually ≈ 24-72 hours

Prognosis = excellent

Viral Encephalitis

Sporadic – commonest type, unknown aetiology, herpes simplex I common, EBV and VZV in intensive care

Post-infections – rare complication of acute viral infections e.g. measles, chicken pox etc, caused by immune clearance damaging the brain

· cannot be recovered from CSF or brain, usually found in AIDs patients
Chronic progressive – continued infection following acute, characterised by progressive loss of brain function over months
· HIV – 2 years, measles – 7 years, rabies – 6 months

Epidemic – Seasonal, mosquito transmitted

Clinical features:

· fever

· drowsiness

· irritability

· ataxic

Diagnosis – MRI or CT, CSF shows ↑ lymphocytes, normal glucose and normal protein.

· PCR

· Viral culture usually unsuccessful

Management – HSV – high doses of aciclovir

· physio and speech treatment for affected motor skills

· not rapid responses

· encephalitis usually leads to damage

*Early treatment prevents long term damage*

Bacterial Meningitis
Colonisation ( Invasion ( Septicaemia ↔ Meningitis

Common Causes

Overall: Neisseria meningitidis – assoc. rash


Strep Pneumoniae


Haemophilus Influenzae

Neonates: E Coli, group B Strep, Listeria monocytogenes

Elderly: E Coli, strep pneumoniae, listeria monocytogenes

Spread ( person-person, respiratory spread, ‘kissing’ contact

Clinical features: headache, nausea and vomiting, photophobia, neck stiffness

· rash doesn’t always mean meningitis – can be meningococcal septicaemia

Contraindications to lumbar puncture: ↑ICP, CVS and respiratory ↓

Diagnosis – serology, CSF, PCR – can be done after antibiotics, therefore:

IV ANTIBIOTICS ALL THE WAY THROUGH TREATMENT!!!!

e.g. benzylpenicillin, ampicillin or 3rd generation cephalosporins (cefotaxime)

However, can make ↑BBB permeability, ↑ICP, ↓ cerebral blood flow and thromboses worse!

Sequelae: deafness, focal neuro impairment, hydrocephalus, seizures, poor concentration, behaviour changes.

Disadvantages of Plain Polysaccharide Vaccines

· poor immune response in children <2 years

· immune response short lived

· no immune memory/booster level

· no effect on nasopharyngeal carriage

· polysaccharide now combined with protein carrier to overcome these problems

Antibiotic resistance is beginning to cause problems

Eradication through vaccination is feasible

There is NOT currently a menA vaccine in the UK

Nociception and Pain

Pain is awareness of suffering, nociception doesn’t always lead to pain:

· anaesthetics

· nerve blocks

· unconscious

· need higher centres and nociceptive input to experience pain

Heat – TRPV1 receptor – causes inwards Na+ flow

Threshold to heat decreased by low pH and inflammatory mediators such as prostaglandins and bradykinins

Why does a burn continue to feel as though it is burning even at room temperature?

↓pH (release of BK and PG from tissue (↓threshold for heat activation (↓ threshold to within room temperature range

Effects on blood vessels – axon reflex


[image: image28]
SP – capillaries - ↑permeability – wheal (oedema)
SP+CGRP – arterioles – vasodilatation – flare (redness)

Transmitters from central terminal of nociceptive, primary afferent, neurones.
	
	Receptor
	Effects
	

	Glutamate
	AMPA
	Fast transmission
	(APs

	
	NMDA
	Slow depolarisation
	( can lead to APs

	
	
	
	

	Peptides (Substance P)
	NK1
	Slow depolarisation

Enhanced NMDA
	Slow EPSPs, may get APs

	
	
	
	

	(CGRP)
	CGRP
	Depolarisation

Prolongs action of SP to inhibit breakdown
	

	
	
	
	

	
	
	
	


Windup ( stimulation of C fibres invokes more APs in Dorsal Horn Neurones

Nociceptive fibres ( small, C fibres, uses SP+CGRP, induces neurogenic inflammation, SA, High Threshold, synapse on I, II and V.

LTM ( Large, Aα/β, no SP, little CGRP, no inflammation, RA(SA, low threshold, synapse in laminae III+

Anterolateral Tract

Lamina I

· Aδ and C fibres from viscera, muscle and skin

· Many projections, many modalities

· Carries precise information

Lamina II

· C fibres from skin

· Modulation interneurones

· Few projections, but some to lamina V

· Receives descending modulatory influences

Lamina V

· A + C fibres

· Wide dynamic range neurones – inputs from skin, muscle and viscera

· Some nociceptive-specific neurones

· Functions – intensity coding? Somato-motor integration?

Intro to Week 3

Corticospinal Tract – no ganglion

Corticobulbar – innervates both sides!

· stroke in upper part will not leave signs in either side as the other side will compensate

· stroke in lower part will show signs
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Higher Centres and Perception of Pain
· Reticular formation – alertness, activating forebrain regions

· Limbic system – dorsal insula – pain cortex, interoception, homeostasis

· Anterior cingulated cortex – emotional motor cortex
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Placebo effect in pain: Naloxone blocks opioid binding to μ opioid receptors – placebo effect is blocked
Somatic Pain

· Well localised except for:

· projected pain – pressure on nerve root, feel pain in region to where nerve projects

· phantom limb pain – form of projected pain?

· involves skin and muscle

Visceral Pain

· mainly C fibres

· dull, diffuse

· cutting or squeezing causes no pain

· pain is a result of stretching hollow organs, ischaemia and spasm

· poor localisation

· no pain in lungs and liver

Referred pain – e.g. angina – caused by somatic and visceral afferents acting on one spinal cord neurone?

Reflex Spasm of Skeletal Muscle – can result from noxious stimulation of viscera

e.g. abdominal pain due to abdominal skeletal muscle pain – usually relieved by pulling knees up to relieve the tension on muscles and/or warmth applied to skin - ? descending inhibition

Parietal Pain

· results from visceral pain/inflammation/ischaemia spreading to parietal peritoneum, pleura or pericardium

· transmitted through myelinated nociceptors and runs with somatic spinal nerves

· pain is sharp, intense, discreet and localised, sometimes with guarding

E.g. 
Pleurisy


Appendicitis – dull visceral pain, poorly localised, periumbilical

· becomes parietal as peritoneum becomes inflamed

· well localised pain in R Iliac Fossa

Changes in pain sensation
Hyperalgesia 

· increased pain from noxious stimuli due to inflammation or nerve injury

· primary afferent neurones ( due to inflammation

· spinal cord due to windup – more transmitter released from more active primary afferents

Allodynia

· pain or unpleasant sensation evoked by low threshold stimulation – normally non painful

· due to LT afferents or lowered threshold in nociceptive afferents – not known which.

Chronic Pain – not a ‘useful’ pain ( maladaptive

Spinal Reflexes

Spinal Stretch reflex

1 – muscle at rest – α neurones are silent, γ firing at low rate

2 – muscle stretched – α still silent, γ firing at high rate

- γ causes α to become excitable therefore:

3 – muscle contracts -  α firing, γ now silent (intrafusal fibres are not stretched)

4 – spindle muscle fibres now contract

γ motor neurones can act as primers for α motor neurones:

e.g. Jendrassik manoeuvre

( tense muscles elsewhere in body e.g. arm

( causes γ motor neurones all along spinal cord to become excited

( potentiates spinal stretch reflexes e.g. knee tendon jerk

Inverse Stretch Reflex / Golgi Tendon Organ Reflex

1 – muscle at rest – GTO receptor is silent

2 – muscle forcibly stretched – GTO fires

3 – muscle contracting – GTO fires

When GTO fires, it sends an inhibitory loop to α motor neurones, inhibiting the same muscle that the firing GTO is in.

· designed to minimise pulled muscle injuries

Withdrawal Reflex
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Lesions

	Level
	Normal behaviour on next level
	Lesion

	Cortex

↓
	-
	Large cortical = spastic paralysis

	Upper RF

↓
	-
	Mid brain lesion – causes hyperstimulated state

	Vestibular Nuclei, Lower RF

↓
	+
	

	Spinal Cord

↓
	+
	Transection: initial flaccid paralysis, later hyperreflexia

	Muscle Nerves

↓
	+
	Nerve section: flaccid paralysis and wasting

	Muscles
	
	


Nerves release musculotrophic chemicals to keep muscles healthy – loss of nerves = dennervation atrophy
Lectures 21 & 22

Decision ( Formatting ( Command
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Ballistic Movements
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Guided Movements
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· any unpredictable disturbance is immediately corrected for

· only works for slow movements

· for controlling rapid movements internal feedback is sometimes used
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· better than ballistic movements with respect to sensory inputs but worse than tracking/guided movements

Descending motor pathways

a) medial – anterolateral and anteromedial

· reticulospinal and vestibulospinal show reciprocal inhibition, contact inhibition motor neurones via IPSPs from interneurones - inhibit flexor motor neurones

· tectospinal – responsible for orienting responses

· only control head and neck muscles

b) lateral motor pathways – postero lateral funiculus

· rubrospinal – excites flexor related cells
· corticospinal:

· biggest descending pathway

· come ipsilateral fibres (10%), but cross later on

· stroke affecting L side of brain affects R side of body due to CS fibres

Lesions in motor cortex

· spastic paralysis

Cut medulla surgically

· flaccid paralysis

· lesion knocks out inhibitory effects from motor cortex to brainstem

· stretch reflexes are hyperactive

Babinsky sign

· firm moving pressure along underside of foot

· normally toes curl

· in stroke ( toes fan out

Motor cortex ( arranged in columns which are specific for specific movements

Voluntary motor control

Two theories

Servo Hypothesis

1. muscle at rest

2. γ cell fires causing polar ends of intrafusal fibre to contract ( pulling on stretch receptors

3. spindle afferent discharges causing α motor neurone to fire

4. muscle contracts

· Not very effective: stretch reflexes aren’t that powerful in man!

· Indirect and slow

Servo Assistance

· α contracts, γ follows just behind

· spindles detect lack of shortening if unexpected load applied

· γ fires more rapidly to increase force of contraction

· works well for tracking movements but not for ballistics

Lesions in motor and sensory systems

Lower Motor Neurone: flaccid paralysis (muscle weakness, wasting, loss of reflex

Upper Motor Neurone: (muscle weakness, no wasting, hyper reflexes, ↑ muscle tone

Lesions
LMN: motor neurone disease, poliomyelitis, spinal nerve root tumour, diabetes – peripheral nerve damage

UMN: spinal cord compression, stroke, MS, motor neurone disease, poliomyelitis

Poliomyelitis
· infection of motor neurones by poliovirus – haematogenous CNS infection by faeco-oral route

· distribution – precentral gyrus, motor nuclei in pons, medulla, RF and cerebellar nuclei

· acute disease – inflammation, destruction of neurones, necrosis
· chronic disease – muscle wasting, loss of motor neurones, scarring

Motor Neurone Disease

· neurodegenerative disease

· affects upper and lower motor neurones

· prevalence 5/100,000 in 60 year olds

· unknown cause - ? genetic

Multiple Sclerosis

· demyelinating disease of CNS

· prevalence >30/100,000, 20-40 year olds

· risk increased 15-20 fold in 1st degree relatives

· presents with weakness, loss of vision, disturbances in bladder and bowel function, muscle spasms

· follows a relapsing-remitting course

· macroscopic plaques form

· microscopic disruption of BBB, destruction of myelin, macrophages containing myelin debris

· relative preservation of axons

Syringiomyelia

· tubular cavitation of spinal cord

· can extend over several segments

· presents in 2nd and 3rd decades, wasting and weakness of hand and forearm

· loss of axon reflexes

· macroscopic – swollen C spine, central fluid filled cavity, rarely reaches lumbrosacral spine

· selective damage of decussating axons in anterolateral – loss of pain and temperature

· sparing mechanical sensation

· bilateral

· normal sensation below lesion

The Cerebellum

Circuitry Simplified
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· any damage to cerebellum has ipsilateral effects
· tracks to contralateral thalamus

· then to it’s opposing SSC and back down into body:

Ataxia – poorly coordinated movements, deranged in strength or timing
Cerebellum

· regulates reflex

· locomotion

· postural

Cerebellar cortex exhibits plasticity ( believed to show some ‘learning’ ability

Climbing fibres

· from inferior olive, make ≈ 2000 synapses at Purkinje cells

· olive cells fire v. slowly: 1-2 impulses/second

· if there is a sensory-motor mismatch, olive cells fire to correct

· therefore cerebellum learns to correct for errors by learning how things shouldn’t be done

· reduces dependence of motor pathways on sensory inputs – feedforward movements

Movement Disorders/Stroke Session

Parkinson’s Disease

Pathology ( degeneration of substantia nigra

Clinical presentation – 2 or more of the following = Parkinson’s
· tremor – occurs predominantly on side contralateral to most degenerate substantia nigra. Action tremor abolished at rest and vice versa

· rigidity – increased muscle tone
· bradykinesia – slowing of movements

· postural instability

Other signs – hypovolaemic speech

- shuffling gait


- dysphagia


- start hesitancy – audio/visual cue reqd
- micrographia


- freezing


- flexed posture

- 50% will develop dyskinesias – increased involuntary movements

Lewy Bodies – eosinophilic bodies containing α-synuclein – scaffold protein

· Parkinson’s causes misfolding of the protein which leads to clumping

Risk factors: Old age, ? +ve family history, ? repeated head trauma, proximity to industry etc, Rotenone.
Treatment options

· no definitive preventative treatment

· symptomatic treatment only – pharmacological and surgical

· non-motor management

· restorative – still experimental

Drugs

· Anticholinergics

· ↓Dopamine = ↑ACh

· Used for tremor and rigidity

· Start low, go slow:
· Trihexiphenidyl (2-15mg/day)

· Benztropine (1-8mg/day)

· Ethopropazine (10-200mg/day)

Amantadine

· antiviral, has effects against tremor, bradykinesia, rigidity and dyskinesias

· exact mechanism unknown – possibly release of stored dopamine, dopamine receptor agonism or NMDA blockade

· side effects: autonomic and psychiatric problems

· 200-300mg/day

L-Dopa

· most effective treatment

· large neutral AA – requires active transport

· rapid peripheral decarboxylation to dopamine

· side effects: nausea, motor fluctuations, postural hypotension, mostly dyskinesia – but are preferred to normal symptoms

Dopamine Agonists

· longer T½  than L-Dopa

· side effects: Nausea and vomiting, confusion, paranoia

· Surgery

· lesioning and deep brain stimulation

Seligiline

· irreversible MAO-B inhibitor

· 5mg at breakfast and lunch

· prevents dopamine metabolism

· Side effects: insomnia, hallucination

Epilepsy

Definition – a paroxysmal neurophysiological disturbance with an accompanying disturbance of brain function and a tendency towards recurrence.

Classification
	Partial Seizures
	General Seizures

	Simple Partial
	- no LOC
	Absence and Atypical Absence
	Tonic – usually secondary

	Complex Partial
	- LOC, 75% of all seizures
	Myoclonic
	Tonic-Clonic

	
	Clonic - jerking
	Atonic – flop forward


Epidemiology – seizures occur in ≈ 2% of population, active epilepsy in 0.5% of population
Risk Factors – family history, head trauma, stroke, dementia, alcohol ingestion, meningitis
Prognosis
· 60-70% diagnosed epileptics enter remission for many years – regarded as seizure free

· 10% suffer severe intractability

· increased risk of sudden death

· after 5 years free of seizures, ≈ 30% will show recurrence after withdrawal of antiepileptic drugs

Social – psychiatric disorders associated are generally due to stigma of disease

Management: Carbamazepine, Vigabatrin, Gabapentin, Topiramide

Surgery only considered for those with intractable epilepsy where drug treatment is unsuccessful

Most likely to respond to surgery:

· temporal

· atonic attacks

· localised cortical dysplasias
Stroke Session
Important Occlusion Syndromes

· ACA occlusion – hemiplegia/hemiparesis

· MCA through anterior perforated substance – contralateral hemiplegia

· PCA – homonymous hemianopia

· PosterioInferior Cerebellar Artery – lateral medulla

Focal Cerebral Ischaemia, CNS trauma, epilepsy 

= high [glutamate] (100(500μM)   normal = 0.5μM

= cell death in vitro

NMDA receptors mediate glu-induced cell death

· causes Ca2+ overload leading to neuronal death

· mitochondrial dysfunction

Excitotoxicity, mild insults induce apoptosis, intense insults e.g. high [glutamate] = necrosis

Glial cells communicate with neurones via gap junctions, gap junctions permit Ca2+ diffusion therefore may contribute to ischaemic penumbra

How to treat:

· prevent and block excitotoxicity and its downstream effects

· treat non-excitotoxic mechanism

· treat white matter damage

Blocking APs

+ve – reduce need for energy

-ve – shut patient down

Drug Targets

· glu receptor

· glu release

· free radicals to ‘mop up’ glu

Problems/concerns: high failure rate of drugs in phase III clinical trials, don’t know extent of penumbra, window of opportunity small, costly

Future strategies: low affinity channel blockers:
· memantine – inhibits NMDA currents – open channel blocker,

· hypothermia = ↓ glu release

· Ca2+ blockers

· NOS inhibitors

· neurotrophins
Anxiolytic Drugs

Anxiolytics

Sedatives – reduce awareness of external stimuli

Hypnotics – induce sleep (chloral hydrate)

Benzodiazepines – e.g. chlordiazepoxide

Uses

· anti-anxiety, sedative, hypnotic,

· anticonvulsant (very strong)

· muscle relaxant

Side effects

· drowsiness, confusion, amnesia

· impaired motor coordination – rohypnol

· lack of depth perception

· reduced REM sleep

Only used occasionally – tolerance develops

Combined with alcohol – respiratory depression – treat with antagonist (flumazenil), stops agonist and inverse agonist from binding
	
	T½
	

	Triazolam
	2-4 hours
	Hypnotic

	Lorazepam
	8-12 hours
	Hypnotic and anxiolytic

	Nitrazepam
	16-40 hours
	Anxiolytic

	Diazepam
	20-40 hours
	Anxiolytic and anticonvulsant


Tolerance to anticonvulsant actions and anxiolytics occurs but not to hypnotics

Physical dependence – withdrawal

No psychological dependence (addiction)

Mechanism

· bind to GABAA receptor producing an allosteric effect
· enhances affinity of GABA binding

· therefore increases probability of ligand gated Cl- channel being open

Buspirone

· strictly anxiolytic – 5-HT receptor agonist

· not effective against panic attacks

· side effects – nausea, headaches, restlessness

· no reports of tolerance or physical dependence

Therapeutic action takes weeks to develop and does not suppress benzodiazepine withdrawal.

Prolonged agonist exposure = desensitisation of receptor therefore ↑ 5-HT release to try and compensate

Β adrenoceptor antagonists remove peripheral symptoms

Antihistamine side effect is drowsiness

Cranial Nerve Nuclei

General Somatic Efferent

· occulomotor nucleus – SR, MR, IR, IO

· trochlear nucleus – SO

· abducens nucleus – LR

· hypoglossal nucleus – tongue

General Visceral Efferent

· Edinger-Westphal – occulomotor nerve – constrictor pupillae – focus
· Lacrimal Nucleus – facial nerve – lacrimation

· Superior Salivatory – facial nerve – salivation

· Inferior Salivatory – glossopharyngeal – salivation

· Dorsal Motor – vagus – heart, lungs, gut

Special Visceral Efferent

· motor nucleus of CNV – mandibular branch CNV – mastication

· facial nucleus – facial nerve – facial expressions

· nucleus ambiguus – glossopharyngeal, vagus, accessory – pharynx and larynx
General Visceral Afferent

· solitary nucleus – facial, glossopharyngeal, vagus – taste and chemoreception

General Somatic Afferent

· main sensory nucleus - CNV – touch and vibration

· mesencephalic – CNV

· Spinal Nucleus – CNVIII, IX and X – pain and temperature

Special Somatic Afferent

· vestibular nucleus – balance

· cochlear nucleus – hearing

Anticonvulsant Drugs – Epilepsy

Drugs remove symptoms not the cause

Possible sites for target:

· increase inhibitory influences
· decrease neuronal firing rates (Na+ channels)

· inhibit neurotransmitter release

· block pathology

· decrease excitatory transmission

GABA is inhibitory neurotransmitter, therefore ↑ GABA = ↓ neuronal activity

GABA normally taken up by neurones and recycled by glial cells

· block reuptake (tiagabine)

· inhibit degradation enzymes e.g. GABA-T (vigabatrin), SSA-Dehydrogenase (valproate)

· Potentiate GABA release (benzodiazepines, valproate)

· Use a GABA-mimetic (gabapentin?)

Block Na+ channels

· carbazepine, valproate, phenytoin

· reduces excitability of neurones by holding them in inactivated form

· use dependent block

Block Ca2+ - gabapentin, phenytoin – same effects

Drug treatment of epilepsies

Partial and general seizures – carbazepine, valproate, phenytoin (difficult pharmacokinetics – can’t predict [plasma])

Status epilepticus – diazepam – very good short term but tolerance builds

Absence seizures – valproate – other treatments potentiate!

Demyelinating, Metabolic and Degenerative Disease
Head Injury

· extradural haematoma – in adults – assoc. fractures, MMA, slow deterioration

· subdural haematoma – veins to dura, usually older patients – veins under more strain

· subarachnoid haemorrhage – ruptured berry aneurysm

Demyelinating Diseases – see MS notes

Degenerative Disease

· Alzheimer’s – protein plaques and tau tangles

· Plaques in blood vessels can cause bleeds

· PD and MN – see other notes

Lectures 33, 35 and 36
Vision
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P = power

F = focal length

I = ?
P=1/F therefore if F=0.5m P=2D

Relative size of image depends on P:I

Image formation depends on 

A – refraction of light (change of direction)

B – shape of lens

Retina contains all light sensitive cells: Rods – very sensitive to green (night vision)



Cones – all colours

· Cornea made up of collagen

· Entry of light regulated by iris

· Cornea = greatest deflection of light

· Lens – variable focus

· Spherical shape maintained by 15-22mmHg

· Transparency maintained by water soluble crystallins

· Opacity caused by cataracts on lens due to no blood supply – gets nutrients from humor

· Astigmatism = aspherical cornea
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Near Point – nearest point at which eyes can be focused ≈ 10cm, 40+ causes increased distance because the lens is stiffer

Far point – usually ∞
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[image: image41.png]Muscles pull on spring
causing lens to bulge out

- allows for focusing
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Density of cones is greatest at fovea
Optic disc is point at which nerves and vessels enter/leave eye ( blind spot

Patients who have no cones have to use a very intense stimulus to illicit vision

Pupil reflex decreases light intensity by 16%

· changes concentration of visual pigment

· changes number of photoreceptors activated

Off-Centre ganglia
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Surround inhibits the response of the centre

The inverse occurs for On-Centre ganglia
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Directionality of stimulus is arranged in columns – orientation cells cause this

Pupillary Light Reflex

[image: image46.png]Ciliary Ganglion

Optic Nerve

Pretectal nucleus

oN

EWN





Visual Field Defect
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Speech
· speech is two way function, important in everyday life

· can be impaired by sensory or motor damage

· expressive dysphasia ( problems with articulating speech – socially devastating

· Broca’s Area stroke – expressive aphasia/agraphia

· Wernicke’s area – receptive aphasia

93% of R handed people are L speech dominant

6% of R handed people are R speech dominant

1% are bilateral

Musical ability = R side

Mathematics = L side

Spatial Awareness = R side

Lecture 41

Limbic System

Circuit of Papez
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Amygdala Circuit – emotion

Hippocampal Circuit – memories

Hippocampus

· temporal lobe

· 3 parts – dentate gyrus, hippocampus proper, subiculum – main output pathway

· exhibits plasticity

· interconnections between neurones are dynamic

· increased use of connection = increased information flow

· long term potentiation may form neurobiological basis of memory

Lecture 45 – Antidepressant
Monoamine Oxidase Inhibitors

· block MAO metabolism of NA and 5-HT

· reversible and irreversible drugs

· acts on MAO-A/B

· multiple side effects

· sedation, postural hypotension

· insomnia, weight gain

· drug interaction

· sympathomimetics

· tyramine foods

· moderate therapeutic index

Tricyclics

· related to phenolthiazines

· block reuptake of monoamines

· some block α2 adrenoceptors

· poor selectivity

· antipsychotics

· easy to overdose ( don’t give to suicidal patients!

· Side effects

· Mania

· Sedation etc

· Many interactions

· Low therapeutic index

Selective 5-HT uptake inhibitors
· prozac, similar efficacy as TCAs, lack ACh side effect, decreased toxicity and decreased weight gain

· reduced interactions

· side effects:

· nausea

· insomnia

· anorexia

· sexual dysfunction

Lecture 45 – Mood Stabilising Drugs

Lithium

· theory that it blocks G proteins and therefore signals aren’t transduced

· can result in toxicity ( careful monitoring

Lecture 47 – Memory

Types of memory

· short term

· Long term

· Priming – bias caused by past experiences

· Performance of skills or procedures

· Classical Conditioning

· Semantic Memory – knowledge

· Episodic – events and expression
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Interference with Papez Circuit can lead to inability to form new memories

Theories of memory

· Global – discounted

· Molecular – sequence change in RNA – likely to be too slow – discounted

· Cellular Connectivity – change of functional connection = memory (most widely believed in right now.
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