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Damage and 

Disease

Neurological Disorders
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Brain Tumors
• neoplasm or “new growth”

• a tumor is uncontrolled growth (cell division) of a mass of 
tissue that serves no useful purpose

• signs and symptoms

• headache, vomiting, edema of the optic disk (due to 
increased intracranial pressure)

• seizures and focal signs (due to irritation and 
compression of localized brain tissue)

• signs or symptoms may result from
problems arising far from the site of
the tumor - for example, if a cranial
nerve on the bottom of the brain is
being compressed by a tumor on
the top of the brain
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• brain tumors can form on any tissue in the 
brain, including blood vessels, endocrine 
cells, the pineal gland, etc.

• but neurons very rarely become cancerous 
because they are no longer undergoing cell 
division
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Note: glioblastoma, 
the type of tumor 
that John McCain 
had, is a particularly 
aggressive form of 
astrocytoma
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Epilepsy
(Seizure Disorders)

(Quick overview. There is more information 
in the brain damage notes.)
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• a seizure is an abnormal burst of high amplitude 
EEG spikes lasting from seconds to minutes

• a convulsion is a violent sequence of 
uncontrollable muscle movements (caused by a 
seizure in the motor areas of the brain)

a grand mal seizure 
recorded from all 

EEG leads
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Strokes
• cerebrovascular accidents or CVAs

• at one time called apoplexy

• loss of blood supply to an area of brain 
tissue due to:

• cerebral hemorrhage (bleeding) - 
hemorrhagic stroke

• cerebral ischemia (blockage of a blood 
vessel, thus depriving tissue of oxygen 
and glucose) - ischemic stroke

9



Aneurysms 
leading to 

hemorrhagic 
stroke

aneurysm - 
abnormal widening 
or ballooning of an 

artery due to a 
weakness in the 

artery wall
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Aneurysm on the anterior 
communicating artery (angiogram)
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Aneurysm at the bifurcation of the basilar artery
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Ischemic (obstructive) stroke - due to blockage 
of a blood vessel by a thrombus or an embolus

infarction - tissue death due to loss of blood supply
thrombus - blockage forms on the spot (e.g., fat deposit or tumor
embolus - travels in blood and lodges in blood vessel
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• signs of a stroke - mainly focal signs

• sudden numbness, weakness, 
dizziness, confusion, slurring of 
speech, headache

• severity or extent of impairment 
depends upon extent of damage in 
the brain

• prospect for recovery - depends 
upon extent of tissue damage, how 
rapidly treatment is obtained, and 
the patient’s ability to pay for 
physical therapy
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Traumatic Brain Injury

• closed-head injuries

• contusions - bleeding detected

• concussions - damage is more subtle

• open-head injuries

• skull fractures

• penetrating injuries
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Closed Head Injuries

• contusion - damage to blood vessels causes 
bleeding and hematoma (hemato, blood; 
oma, mass)

• results when the brain slams against the 
inside of the skull (and is “bruised”)

• concussion - temporary impairment in 
consciousness due to a blow to the head 
(75% of traumatic brain injuries)
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Contusions at the base of the frontal lobes

reflections
(ignore)
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Subdural hematoma - a 
mass of blood forming 
under the dura mater

* acute SDH - sudden, rapid
  onset after a head trauma, 
  may be accompanied by 
  sudden “roaring” headache, 
  nausea, and projectile 
  vomiting (burst aneurysm -
  “thunderclap” headache but
   usually no vomiting)

* chronic SDH - gradual, 
   slow onset, may be 
   asymptomatic for several 
   weeks
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Subdural hematoma 
revealed at autopsy 

(probably of the chronic 
variety)
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Extradural (or 
epidural) hematoma 

* outside the dura 
   mater

* usually after a skull
   fracture

* usually rapidly
   expanding with
   arterial blood
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“Concussions” not taken as 
seriously as “mild traumatic 
brain injuries.” But they do 

involve brain damage.
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CTE = chronic traumatic encephalopathy, a degenerative 
brain disease resulting from repetitive brain injury

Enhanced MRI of a patient 19 hrs. after a fall from 
about 6 ft., which resulted in unconsciousness and 
amnesia.  The scan shows areas where there was 

damage to the meninges.

Scan showing tissue volume loss (death) after a 
single concussive episode.  Source: Radiological 
Society of North America (sciencedaily.com).

Effects of Concussions
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Chronic Traumatic Encephalopathy (CTE)
• a degenerative condition in the brain resulting from repeated head injuries 

(including repeated concussive episodes)

• contact sports such as football, ice hockey, pro wrestling, rugby

• symptoms usually begin to appear 8-10 yrs after an athlete 
experiences repeated mild TBI (although frequent subconcussive 
episodes may be sufficient)

• early symptoms include attention deficit disorder, confusion, 
disorientation, dizziness, headaches

• later symptoms include memory loss, social instability, impulsive 
behavior, poor judgment

• can progress to movement disorders, speech impediments, tremors, 
deafness, dementia

• domestic violence (including shaken baby syndrome), head banging, 
military veterans who were in war zones

• the pathology in the brain is similar (but not identical) to what happens in 
Alzheimer’s disease - frontal and temporal lobes especially hard hit
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Chronic Traumatic Encephalopathy (CTE)
• professional athletes are currently the largest demographic group with CTE

• first studied in professional boxers - dementia pugilistica or “punch 
drunk syndrome” (1920s)

• lately, interest has centered around professional American football
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Open Head Injuries

• skull fractures

• penetrating injuries of the head such as...

• gunshot wounds

• etc.
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Skull Fracture

Bleeding from the ears or nose and “raccoon eyes” 
indicate a fracture to the base of the skull.

basilar skull fractures
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depressed skull fractures with 
underlying brain damage

linear skull fractures
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An old gunshot wound
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A common but erroneous museum exhibit.
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Computer simulation of Gage’s injury
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(In the medical museum at Harvard)
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A portrait of 
Gage with the 
tamping iron 
discovered in 

2009.
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Poster at the Cavendish 
Historical Society
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• most of what we think we know about the 
psychological effects on Gage of his injury 
cannot be verified

• the “American crowbar case” - first case to 
suggest that brain damage could result in 
changes in personality and complex behavior

• Gage died May 21, 1860, in San Francisco

• Gage’s doctor didn’t publish details of Gage’s 
mental changes until 1868 (20 years after the 
original injury)
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Neurotoxins
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Heavy Metal Poisoning

lead poisoning symptoms
* tingling in hands and feet
* abdominal pain
* constipation
* headache
* irritability
* memory problems
* sterility

mechanisms of action
* interferes with calcium, 
   iron, and zinc in the body
* creates free radicals that 
   damage membranes and 
    interferes with DNA 
    transcription
* demyelinization of neurons
* many others
* gets into the brain and 
   neurons by hijacking calcium 
   transporters
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Carbon Monoxide Poisoning
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MPTP
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Fetal Alcohol Syndrome
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Women

Men

alcoholic control

Effect of Alcoholism on the Adult Brain

44



45



Summary of Neurotoxins
• ion channel inhibitors - tetrodotoxin, conotoxins, various toxins 

derived from algae and bacteria

• inhibitors of neurotransmitter release - botulinum toxin, tetanus 
toxin

• neurotransmitter receptor blockers - bungarotoxin (from snake 
venom), curare

• irreversible neurotransmitter receptor stimulators and substances 
inducing neurotransmitter release - black widow spider venom, 
anatoxin (“Very Fast Death Factor”) produced by cyanobacteria

• substances that attack the cytoskeleton - arsenic

• substances that interfere with or “hijack” calcium transport - lead

• blood-brain barrier inhibitors - aluminum, mercury

• substances with multiple effects - alcohol
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Developmental Disorders
• brain damage caused by toxic chemicals 

such as heavy metals and alcohol

• effect of neglect

• genetic disorders

• phenylketonuria (PKU) - one of 100 or 
more metabolic disorders that can affect 
brain development

• Tay-Sachs disease

• Down syndrome
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Parental Neglect

The child on the right was raised in an orphanage in Eastern Europe.
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• PKU - an autosomal recessive trait
• both parents must be carriers of the recessive 

allele

• the abnormal allele is part of the gene that 
codes for the enzyme phenylalanine 
hydroxylase

• if this enzyme is abnormal,
phenylalanine accumulates
in the body and is converted
to substances that damage
the developing brain
(by preventing normal
myelinization)
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• PKU (cont.)

myelin
sheath
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• PKU (cont.)

• abnormal brain development can be 
prevented by restricting phenylalanine in 
the diet while the brain is developing
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• PKU (cont.) - if left untreated...
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• Tay-Sachs disease

• due to a mutation of the HEXA gene on 
chromosome 15

• there are several unrelated mutations of 
this gene

• a person who inherits two of
them will have Tay Sachs
- autosomal recessive trait
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• Tay-Sachs (cont.)

• HEXA mutations are rare and are seen 
frequently only in certain genetically isolated 
populations

• Ashkenazi Jewish people - first discovered

• Cajuns of southern Louisiana

• French Canadians in SE Quebec
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• Tay-Sachs (cont.)

• a cherry red spot on the
retina is diagnostic

• occurs most often in infants -
infantile Tay-Sachs disease 
(there are other forms in
juveniles and adults that are much rarer)

• symptoms begin to occur after about 6 months of 
normal development

• abnormal startle reaction to loud noises, 
listlessness, muscle stiffness

• progressing to blindness, deafness, paralysis, and 
usually death by the age of 4
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• Tay-Sachs (cont.)

• due to an inability to biodegrade and 
dispose of waste gangliosides (named 
because they were first discovered in 
certain cells of the nervous system)

• components of the cell membrane 
involved in signaling

• as the waste accumulates, the cells swell, 
and eventually the entire brain swells

• there is no treatment for Tay-Sachs
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• Down syndrome - a congenital 
(not inherited) genetic abnormality 
in which chromosome 21 is tripled 
(trisomy 21)

• results in abnormal brain 
development and retardation

• in adults the brain undergoes a 
degenerative disorder similar to 
that in Alzheimer’s disease

Tim Harris
* born with Down syndrome
* owns and operates his own restaurant
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• Down syndrome (continued)

• 6000 births/year in U.S.
• life expectancy 50-60 years in developed countries with 

proper health care
• average adult IQ=50, but even in high functioning Down 

cases, cognitive decline is almost inevitable by age 60, leading 
eventually to dementia

• other medical problems
• congenital heart disease: 40%
• sterility (males): nearly 100%
• speech problems (stuttering, etc.): 50%
• hearing and vision disorders: >50%

• findings in the brain (MRI or autopsy)
• enlarged ventricles and lower overall brain volume
• smaller left amygdala and hippocampus
• amyloid plaques in nearly 100% of cases by age 40

• mechanism behind neurological problems - ???
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Degenerative Diseases
Absence of
substantia
nigra in a

Parkinsonian
brain
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Spongiform Encephalopathy
(a once almost unheard of brain disease--until the 1990s)
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• mad cow disease (bovine spongiform encephalopathy)

• due to a change in the way cattle feed was rendered in 
Great Britain in the 1970s, infective agents from sheep and 
cattle tissue found their way into cattle feed

• the result was a “new” spongiform encephalopathy in beef 
cattle that was probably transmitted from sheep (1980s)

• eventually, it was shown to be transmissible to humans 
(new variant Creutzfeldt-Jakob disease or vCJD, 1990s)
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• prion diseases

• the prion or “protein only” hypothesis is now widely 
accepted (the “slow virus” hypothesis is no longer 
popular)

• a prion is an abnormally shaped protein (see the Brain 
Eater video for details)

• Creutzfeldt-Jakob Disease (CJD) is the best known one

• jerky movements, hallucinations, mutism, blindness, 
dementia

• others: variant-CJD, Kuru, fatal familial insomnia
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• prion diseases

• the prion protein (PrP) - a normal protein that we 
all have (a membrane protein, exact function still 
unknown)

• abnormal folding of the
protein renders it “contagious”
to normal prion proteins

• since the infective agent does not contain genetic 
material, it cannot be “killed” by normal sterilization 
or disinfectants or antibiotics or antivirals

• all known prion diseases
affect the structure of the
brain - all are incurable
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A Delicacy in St. Louis
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Parkinson’s Disease
• one of the most common neurodegenerative 

disorders

• Parkinson’s disease and Alzheimer’s disease are 
the two most common neurodegenerative 
diseases in the elderly

• caused by degeneration in the nigrostriatal 
dopamine system, which originates in the 
substantia nigra of the mesencephalon

• most cases are of unknown origin (idiopathic), 
but probably environmental
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there are two 
(three) dopamine 

systems in the 
brain

the nigrostriatal sysem 
originates in the substantia 
nigra of the midbrain and 
terminates in the striatum 

(caudate nuc. and putamen) 
of the telencephalon
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PET scan showing diminished DA in striatum
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• symptoms (signs)

• motor impairment (primarily)

• tremor and rigidity

• resting tremor in the hands

• “pill rolling”

• masklike face

• stooped posture, short, 
shuffling gait, with freezing

• difficulty initiating voluntary movements
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• standard treatment is with l-dopa

• a precursor of dopamine in the brain

• this eventually stops working when the 
number of DA neurons remaining is low

• side effects

• hallucinations

• abnormal choreiform and athetotic 
movements, which are uncontrollable

• various surgical procedures have also been 
tried - lesions in the globus pallidus
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Other Causes of Tremor
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• genetic in origin - autosomal dominant

• symptoms begin to appear in middle age

• fidgetiness at first

• evolving into uncontrollable jerky limb 
movements - choreiform movements

• progressive dementia - loss of cognitive 
functions (memory, thinking, language, 
judgment)

• death - it is always fatal and there is no 
cure (although there is a test!)

Huntington’s Disease
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inheritance pattern is 
different from that of 

recessive disorders like PKU

most famous case was no doubt 
folk singer Woodie Guthrie, whose 

famous son was __________?
(one of five children, two affected)
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Times-Picayune (New Orleans) reported his death on 3 Oct 1967.
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• finding in the brain - extensive degeneration 
in the caudate nucleus and putamen

• later progressing into the neocortex
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Multiple Sclerosis

an autoimmune 
demyelinating 

disease

sclerosis - 
hardening 
of tissue
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Multiple Sclerosis - Symptoms
• numbness or weakness in one or more limbs, typically 

occurring on one side of the body at a time
• partial or complete loss of vision, typically in one eye 

at a time, often with pain upon eye movement
• prolonged double vision
• tingling or pain
• electric shock sensations that may occur with certain 

neck movements
• tremor, lack of coordination, unsteady gait
• slurred speech
• fatigue
• dizziness
• bowel and bladder problems
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Multiple Sclerosis

• most common in northern latitudes - one of the most 
common neurological diseases north of about 45 
degrees latitude

• relapsing-remitting disease course (most people)

• remissions can last months or years

• 60-70% of these cases will eventually become 
steadily progressive - secondary progressive MS

• in a minority of cases there is a gradual onset and 
steady progression - primary progressive MS
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Multiple Sclerosis

• cause - unknown other than that it is an autoimmune 
disease that attacks myelin in the CNS

• risk factors
• can occur at any age
• women are about 2X as likely

to develop MS as men
• family history of MS
• race - northern Europeans are

at highest risk
• climate - more common in temperate climates
• cigarette smoking increases the risk of a relapse
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Amyotrophic Lateral 
Sclerosis (ALS)

• Lou Gehrig’s disease

• strikes motor neurons in the
spinal cord and cranial nerves
(aka, motor neuron disease)

• symptoms - spasticity, exaggerated 
stretch reflexes, progressive weakness, muscle 
atrophy, fasciculations, death (within 5-10 yrs)

• is this an upper motor neuron or lower motor 
neuron disease?

• 10% of cases are genetic, 90% are sporatic (idiopathic)

• it is unclear whether head injuries (such as multiple 
concussions) are a risk factor

Lou Gehrig & Babe Ruth
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Another famous case is the physicist Stephen Hawking, who was 
diagnosed in 1963 at the age of 21.  At that time, he was given 
2-3 years to live.
   * first diagnosis is more typically around age 60 (40-70)
   * usual lifespan after diagnosis is 3-5 years
   * usual cause of death is respiratory failure

Also:

Jim “Catfish” Hunter

David Niven

Senator Jacob Javits
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Alzheimer’s Disease
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• most common cause of dementia (loss of 
cognitive abilities) in the elderly (70-80%), 
BUT NOT THE ONLY ONE!

• occurs (estimated) in 10% of people over 
65 and 50% of people over 85

• there has been discussion of the fact that 
AD behaves like a prion disease, but...

• you CANNOT get AD from an afflicted 
relative

• CJD is sometimes mistaken for AD

Alzheimer’s Disease
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• there is no definitive test for this disease, 
and there is no treatment (yet)

• usually strikes in people over 70, but there 
is also an early onset form that may occur 
as young as 40 and is probably genetic in 
origin

• a history of strokes as well as other forms 
of brain damage such as concussions is the 
leading risk factor (aside from age)

Alzheimer’s Disease
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• progressive degenerative disease progressing 
generally as follows:

• depression - often unrecognized as a sign

• cognitive decline, esp. memory

• deterioration of speech 

• personality changes 

• motor impairment 

• death

Alzheimer’s Disease
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PET scans showing glucose utilization

• findings in the brain

• general cell loss throughout the cortex - 
up to 1/3 of brain weight may be lost!

Alzheimer’s Disease

89



• neurofibrillary tangles - intracellular, due 
to degeneration of microtubules resulting 
in tangled clumps of tau protein

Alzheimer’s Disease
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• amyloid plaques - extracellular debris of 
dying cells mixed with amyloid protein

• these are not unique to AD but also 
occur in other disorders, such as Down 
syndrome, and even during normal aging

Alzheimer’s Disease
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• Alzheimer’s disease is not fatal - false
• only old people get Alzheimer’s disease - false (there is an 

early onset form that appears to be hereditary)
• drinking out of aluminum cans or cooking in aluminum pots 

can cause Alzheimer’s - false (this was one of those 1970s 
scares, and it didn’t even require social media to spread!)

• aspartame causes memory loss - there is no credible 
evidence of this

• flu shots increase the risk of Alzheimer’s disease - the 
evidence from credible studies actually suggests that flu 
shots and other vaccinations decrease the risk of AD

• silver dental fillings increase the risk of Alzheimer’s disease - 
there is no credible evidence of this

• the progression of Alzheimer’s disease can be stopped - not 
at this time (but see video--they’re working on it!)

Alzheimer’s Disease - Myths
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Other Dementias
• Lewy body dementia

• associated with abnormal deposits in the brain of a protein called alpha-
synuclein (Lewy bodies)
• Lewy bodies are intracellular clumps of protein occurring in the cortex, 

limbic system, basal ganglia, and brainstem
• also occur in Parkinson’s disease

• usually in people age 50 or older (but occasionally in younger people)
• impaired cognition
• sleep disorders (REM sleep behavior disorder)
• visual hallucinations
• problems with attention
• rigidity and problems with walking and movement
• effects in the autonomic nervous system - heart and gastrointestinal
• mood changes such as depression and apathy

• progressive - lasting 5-8 years until death (on average, but 2-20 range)
• no cure

• Parkinson’s disease dementia is diagnosed when Parkinsonian symptoms occur 
well before the onset of the dementia
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Other Dementias
• Fronto-temporal dementia

• half a dozen different forms - originally called Pick’s disease, but that term is now 
reserved for one specific form

• exact symptoms depend upon which form is occurring - but all are associated 
with degeneration in the frontal and temporal lobes

• often difficult to differentiate from Alzheimer’s disease early on
• onset is usually in middle to late adulthood (45-65) then progresses to death in 

2-15 years - there is no cure
• common symptoms

• changes in personal and social behavior (loss of social awareness, poor impulse 
control)

• emotional changes such as apathy and blunting of emotions
• various forms of aphasia (language disorders)
• compulsions
• changes in eating behavior such as binge eating and eating inedible objects, 

cravings for sweets and carbohydrates are common
• changes in executive functions (judgment, planning)
• deficits in short-term memory
• long-term memory, perception, and spatial skills are usually spared

• there is evidence of genetic predisposition - particularly strong in some forms of 
the disorder
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Infections

• meningitis - an infection (or inflammation) 
of the meninges

• encephalitis - an infection (or inflammation) 
of the brain tissue
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Meningitis - infection of 
the meninges

• college students living in dorms are at 
increased risk
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• can be due to infection by bacteria, viruses, 
fungi, or any other infectious organism

• signs

• headache, nausea, fever

• stiff neck - from a protective reflex

• confusion, altered consciousness, malaise (a 
feeling of general discomfort), convulsions, 
loss of consciousness, death
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• viral meningitis - usually not as serious as...

• bacterial meningitis
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• bacterial meningitis may result from

• a middle ear infection that spreads into the 
brain - probably most common source

• bacteria that enter through an open head 
injury

• an embolis of bacterial debris that arrives 
in the brain from elsewhere in the body 
(such as might result from use of 
contaminated hypodermic needles)
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Encephalitis - infection 
of the brain tissue
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• encephalitis is usually (but not always) viral

• pantropic viral encephalitis - brain is not the 
primary site of infection (the virus travels from 
elsewhere in the body)

• mumps

• herpes simplex - lives in the trigeminal nerve 
ganglia and sometimes travels outwards and 
causes fever blisters (or cold sores) around the 
mouth, but rarely can also go the other way 
into the brain, and can cause extensive damage 
in the frontal and temporal lobes

• AIDS - 75% of people who die from AIDS show 
accompanying brain damage (1989 study)
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• encephalitis (cont.)

• neurotropic viral encephalitis - a viral 
infection that targets CNS tissue particularly

• poliomyelitis (“polio”) - virus targets the 
motor neurons in the ventral horns of the 
spinal cord and sometimes travels into the 
brain (polioencephalitis) and targets motor 
neurons there as well

• rabies - a viral infection of the brain 
transmitted in the saliva from the bite of 
an infected animal (one of the most feared 
diseases in human history)
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Viral infections - polio
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iron lung
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Jonas Salk and the 
Salk vaccine - Time 

Magazine cover, 
March 29, 1954
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Viral infections - rabies
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• encephalitis (cont.)

• the “latest” viral scourge (it was when I made this slide!)
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https://www.hopkinsmedicine.org/health/conditions-and-diseases/coronavirus/how-does-coronavirus-affect-the-brain

COVID-19
Encephalitis
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• encephalitis (cont.)

• an example of bacterial encephalitis 
(caused by Terponema pallidum, a 
spirochete)

• syphilis (an STD) - after 10-20 
years the bacteria can attack the 
CNS (although mental signs can 
appears much sooner)

• tabes dorsalis - sensory and 
motor problems resulting from 
infection attacking the spinal 
cord, esp. the dorsal columns

• general paresis - insanity and 
dementia resulting from 
infection attacking the brain
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tabes dorsalis - a demyelinating disease
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• encephalitis (cont.) - syphilis

• tabes dorsalis

• demyelination, particularly of the dorsal 
columns in the spinal cord

• paresthesias - shooting and burning 
pains, pricking sensations, and 
formication

• diminished tactile sensation

• locomotor ataxia - due to 
propioceptive loss
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• encephalitis (cont.) - syphilis

• general paresis

• initially considered a “psychiatric 
disorder”

• psychotic symptoms of sudden and 
dramatic onset

• Argyll Robertson pupils - constrict 
when patient focuses on a near object 
but not when exposed to bright light

• diagnostic of neurosyphilis

• clearly involves damage to cranial 
nerve III, but exact nature of this 
damage is still unclear
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Tapeworm cysts in the brain

Other “infestations” of 
the brain!
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General Effects of Brain Damage
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