
NEURODEGENERATIVE   DISEASES



Neuro

• Alzheimer’s disease (AD)
• Parkinson’s disease (PD)
• Huntington’s disease (HD)
• Amyotrophic Lateral Sclerosis (ALS)
• Multiple Sclerosis (MS)

– Common features:
• Progressive & irreversible loss of neurons
• Characterized by protein aggregation 
• Selective vulnerability of neuronal populations
• Role of genetics, environment
• Current therapies address symptoms but do not affect disease 

processes 



Proteinopathies
Accumulation of cellular proteins as aggregates

aminoacidi

idrofobici

ubiquitinazione(HSP)

Correct folding
They maintain partial denaturation
Stabilize damaged proteins (chemical or physical stress)
They facilitate degradation



“Misfolding” of proteins

aminoacidi

idrofobici

ubiquitinazione(HSP)

Correct folding
Maintain partial denaturation
Stabilize damaged proteins (chemical or physical stress)
Facilitate degradation



Selective Vulnerabilty

ALZHEIMER:

neuronal degeneration of the 

nucleus basalis of Maynert, of 

the hippocampus and of the 

cortex (non-uniform neuronal 

loss in various brain 

structures)



Selective Vulnerabilty

PARKINSON:

degeneration of 

dopaminergic neurons of the 

substantia nigra



Selective Vulnerability

HUNTINGTON Disease: 

degeneration of 

Caudate-Putamen  

neurons



Multiple Sclerosis (MS) 

Chronic autoimmune 

disease characterized by 

demyelination of neurons

Selective Vulnerability

https://www.beaumont.org/conditions/multiple-sclerosis



Selective Vulnerability

Amyotrophic Lateral
Sclerosis (ALS)

Degeneration of upper motor 

neurons (brain) & lower 

motor neurons (spinal cord)

Also know as: Lou Gehrig’s disease 

& Charcot’s disease

alsa.org/site/PageServer?pagename=ALSA_Disease_Process_ALS





Alzheimer Disease



Birth: Jun. 14, 

1864

Death: Dec. 19, 

1915

Alois Alzheimer 

Mrs. Auguste Deter

3 November 1906 would be the first time the pathology 

and the clinical symptoms of presenile dementia would 

be presented together Franz Nissl

http://upload.wikimedia.org/wikipedia/commons/1/1d/Auguste_D_aus_Marktbreit.jpg
http://upload.wikimedia.org/wikipedia/commons/1/1d/Auguste_D_aus_Marktbreit.jpg






Alzheimer’s Disease Symptoms

Cognitive Behavioral

Memory loss

Absence of logical thoughts

Confusion

Disorientation

Agitation / anxiety

Delusions, hallucinations

Depression

Insomnia

Poor attention

GRADUAL ONSET AND CONTINUING PROGRESS



Mini-Mental State Exam (MMSE)

Exam consists of questions referring to seven different cognitive areas:
- orientation in time
- orientation in space
- word registration
- attention and calculation
- recalling
- language
- constructive praxia (finalized gestures)

Scoring
30 normal
Slight 21-26
Moderate 10-20
Moderate-Severe 10-14
Severe < 10



Origin of Alzheimer Disease
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Alzheimer’s Disease Pathology

Accumulation of protein aggregates outside & inside neurons

Amyloid plaques (senile) located outside neurons; composed of 
amyloid beta protein (A-beta) derived from processing amyloid 
precursor protein (APP) by secretases; gene chromosome 21

Neurofibrulary tangles located inside neurons; composed of Tau 
protein, which normally interacts with microtubules; gene 
chromosome 17



Alzheimer Disease Pathology

1. Inibizione secretasi β
2. Inibizione secretasi γ
3. Aumento secretasi  α
4. Aumento eliminazione amiloide Aβ42 



Importance of microglia and astroglia



TAU Protein



Alzheimer Disease and Acetylcholine



Butyrylcholinesterase

(BuChE)

It increases with the progress 

of the disease, while it is low in 

physiological conditions

Acetylcholinesterase 

Cholinesterase enzymes carry out a peptidase action 

of APP, contributing to the formation of plaques



THERAPY

• SPECIFIC DRUGS (ACE inhibitors,NMDA antagonists))

•    ASPECIFIC DRUGS

-NOOTROPICS (Piracetam, Ginko)

-ANTIPSYCHOTICS

Lack of drugs that lead to regression of the disease

Β secretase inhibition
Ƴ secretase inhibition
Increased α-secretase
Increased amyloid elimination Aβ42

SYMPTOMATIC therapy



Memantine
- NMDA non-competitive antagonist
Side effects: dizziness, vomiting, increased blood pressure, epilepsy

Donepezil
- Selective inhibitor of ACE in the CNS (does not act on 
butyrylcholinesterase)
- Long half-life,  Improvement of cognitive symptoms
Low side effects (ulcer, disturbance conduction Atrio-Ventricular, 

respiratory disturbance)

RIVASTIGMINE AND GALANTAMINE
They have similar effects to donepezil (shorter duration of action)
Side effects: vomiting, diarrhea, ulcer

Tacrine
Side effects: abdominal cramps, nausea, anorexia, increased
transaminases, hepatotoxicity, short duration of action





https://consultqd.clevelandclinic.org/alzheimer-dementia-starting-stopping-drug-therapy/



https://consultqd.clevelandclinic.org/alzheimer-dementia-starting-stopping-drug-therapy/



Directions

- Do not use AchE inhibitors in combination (memantine 

only)

- Titration of the drug in the patient

- AchE inhibitors in mild and moderate forms

- After 3 months it is continued only if stable or improved 

patient



OTHER DRUGS

Anxiolytics, Antidepressants, Antipsychotics (symptoms)

DIHYROERGOTAMIN, IDERGINE : Brain vasodilator

PIRACETAM, ANIRACETAM
Nootropics increase glutamate release (little effective in AD)



Side Effects of dell’acetylcholinesterase 

(AchE) inhibitors

Fatigue
Insomnia

CYP 3A4, 2D6

Inhibitors:
Itraconazole
Erythromycin
Fluoxetine

Inductors:
Rifampicin
Phenytoin
Carbamazepine
Alcohol



New therapies for Alzheimer Disease



eg. NIR

*



Beta-site APP cleaving enzyme  1 (BACE1) 

Neurofibrillary tangles (NFTs)

Glycogen Synthase Kinase (GSK)

Beta Amyloid Protein (AB) 

Receptor of advanced glycation end products (RAGE)  



Peroxisome Proliferator-Activated Receptors (PPARs)

activates 

α secretase





Immunotherapy
Active or Passive Immunization

Active immunization: Aβ-42 can stimulate B-cells, T-cells and microglia 

for immune response

 Passive immunization: administration of monoclonal antibodies (mAb)






