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V01: Intro & General Disease Principles 
 

1. Introduction 
1.1. Oncology vs neuroscience 

The study of oncology has some advantages respect to the neuroscience 

 Oncology Neuroscience 
tissue - can get samples of the very cells that 

constitute the disease 
- can hardly get tissue; if you get tissue: 

o it’s of regions that are not 
necessarily disease causing 
(circuit problem) 

o get cells post-mortem 

cell 
number 

- often occurs in tissues with limited 
numbers of cell types 

e.g. in kidney know very well cell types and 
number is limited 

- number of cell types (and subtypes) is 
vast and poorly understood → neuron, 
neuroglia… 

 - modeling the disease is possible in 
animals 
o transplantable tumor cell lines 
o cell-specific gene deletions 
o application of carcinogenic toxins → 

expose cell line to toxin and study 
ho cancer evolves) 

→ most tumors exist as immortalized 
cell lines in vitro! 
→ limitations: e.g. different 
immune systems… 

- disease models are very challenging due 
to unique complexity of human brain 
- what’s autism in a mouse? 
- how can I model a brain? 

One new hope: inducible pluripotent 
stem cells 

 

1.2. What is translational neuroscience / translational research? 

Type 1 translation, also somewhat confusingly called ‘bench to bedside’: conversion of knowledge from 

basic science research into a potential clinical product for testing on human subjects → dalla ricerca 
scientifica a un prodotto clinico per testare uomo  

Type 2 translation, ‘research into practice’: process of converting promising interventions in clinical 

research into healthcare practice (thus is closer to the notion of the ‘bedside’) → conversione di interventi 

promettenti nella ricerca clinica in pratica sanitaria 

 

1.3. The drug pipeline is stuck: few new drug targets 

In the 1950ies, there we three major breakthroughs in neuro drug development: 

1. Antipsychotics (Chlorpromazin, 1951) → D2 antagonist → until today fast all antipsychotics 

medicaments are based on D2 antagonist 

2. Antidepressants (Imipramine, 1957) → SERT (Serotonine) and NET (Neuroadrenalin) blocker → 

target the transporter to prevent the reuptake 
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3. Benzodiazepines (Chlordiazepoxide, 1957) GABAaR agonist → drive inhibitory circuit in the brain 

! Since then, hardly any new therapeutic targets have emerged for these diseases 
BUT better, safer drugs, with lesser side effects were developed based on the 

same targets. 

→ Neuroscience is a bit stuck 

 

 

2. From target identification to 

patient and product launch 
2.1. Drug discovery process 

- time: 2-5 years 
- probability of success: 1-2% 

Process 

1. identification of new target → 

litterature based, new genes, 

machine learning approaches… 

2. target validation 
3. lead generation 

4. lead optimization 

Faillure of drugs Good drugs 
- drugs not word 
- drugs are not safe 

➔ avoid! 

- efficacious 
- safe 
- meets clinical + commercial needs 
- is ‘druggable’ → able to design drugs to 

target your protein of interest 
 

 

target validation 

- discover new gene that’s negative regulator of synapse density → take out gene → more synapse → 

more memory 

- test on animal → animal have more synapse → memory works better → in animal model target 

remotion lead to synapse improvement 

compund screening: to find compund that can degrade gene 
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secondary assays: compound works? compound degrades genes of interest? 

in vitro assay: does compunds produce same effect in animals model? 

target become lead → lead become drug → drug to human  

 

2.2. Drug development process 

- time: 5-7 years 
- probability of success: preclinical 10%, Phase I 20%, Phase II 29% 

Process 

- preclinical: once we have compound need to develop these 

- Phase I: test on healthy 

- Phase II: test on patients 

 

2.3. Drug commercialization 
- time: 3-5 years 

- probability: PhaseIII 61%, Submission 74% 

 

2.4. Drugs take many time… some examples 

17 years can be a very long time: VEGF as anti-cancer treatment 

- 1971: Folkman demonstrated that cancer cells release molecules able to promote the proliferation 

of endothelial cells and the formation of new blood vessels 

o idea: can prevent process and stop tumor 

- 1989: factor was later cloned and is now known as Vascular Endothelial Growth Factor (VEGF) 

became one of science’s most exciting discovery stories: how blood vessels grow and innervate the 

body! 

- Solution: large array of drugs have been developed to block VEGF (antibodies against the most 
abundant protein of the VEGF family, VEGFA) and antagonists directed at its major receptor 

VEGFR2 

- 2003: clinical studies using monotherapy of antiangiogenic drugs largely failed to show a 

survival benefit 

- 2005: anti-VEGF therapy could lead to vascular “normalization” and thus allow primary 

teatments (chemo- or immunotherapy) to better reach and kill tumor cells 

- 2020: first clinical trial reported that combination therapy (anti-agiogenic treatment AND 
immunotherapy) yields superior results! 

Ketamine as a novel antidepressant 

- 1990: antagonist of NMDA recepector exhibit antidepressant action 

- 2000: ketamine have antidepression effect 
- 2014: intranasal application of keatmine in major depressive disorder 

- 2019: FDA approves nasal spray medication for depression 

Problems… 

- when an approved first-line treatment already exists for a psychiatric disease, any new treatment 

needs to significantly outcompete that treatment in a head-to-head clinical trial → nuovo 

trattamento deve sempre superare il precedente! 

- with most neuropsychiatric diseases you’re working against the powerful placebo effect → 

something to worry about: placebo effects are substantially large when it comes to mood and 
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pain disorders for antidepressants, some have suggested that their effects are entirely explained by 

placebo1 

- if drugs have to be administered chronically (most CNS disorders), drugs will be scrutinized in 

long-term toxicology, carcinogenicity and reproductive toxicity studies (a bit different than 
vaccinations that happen once) 

 

 

3. Disease Epidemiology 
Lifetime prevalence is the proportion of individuals in a population that at some point in their life (up to the 

time of assessment) have experienced a "case” (in this case a disease). 

1. Psychiatric disorders are highly heritable – the more DNA 

you share, the higher your risk 

2. Some disorders are strongly heritable, others less (e.g. 

Alzheimer has 80% heritability) → in all cases, genetics and 

biology hold clues to etiology. 

3. Only parts of the heritability is explained by common 
genetic variations (SNP) – polygenic diseases 

 

Which gene variants are associated with disease risk? 

- human genome contains ca. 3 BILLION base pairs 

- typical genome differs from the reference human genome at 4 to 5 million sites (mostly SNPs and 

CNVs) 

- Single Nucleotide Polymorphisms (SNPs) are a type of common genetic variation (=common gene 

variants) → this means that one of the two alleles occurs in >1% of the population 

- more than 335 million Single Nucleotide Polymorphisms (SNPs) have been found across humans 

from multiple populations → human are extremly heterogenous! 

- SNPs are the variants studied/detected by Genome Wide Associations Studies (GWAS) → simply 
assess common SNP2 that we find in the humans and compairison across million of SNPs 

There are three ways to get to this information: 

- SNP Arrays → this 4-sample BeadChip array from Illumina covers around 4.3 million variants 

(SNPs and CNVs) → easy, not statistical power… 

- Whole Exome Sequencing (WES) 

- Whole Genome Sequencing (WGS) → know all, but massive amounts of data, difficult to handle 

 

How do you figure out which gene variants are associated with disease risk? 

- meta-analysis of CLOZUK and an independent PGC dataset 

- 145 genome-wide significant loci are highlighted in green → e.g. if 

you have these 145 genes you are more likely to develop schizophrenia 
- red horizontal line indicates the genome-wide statistical 

significance threshold 

Problem: SNPs captured by genome-wide association study (GWAS) 

arrays, explain between one-third and one-half of the genetic variance in schizophrenia disease risk = 

polygenic disorders > each individual genes contribute very little 
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Where does the “missing heritability” come from? 

1. Twin studies aren’t perfect, not clear how accurate the heritability estimates are 
(although it seems they are pretty accurate) 

2. One issue with twin studies is that genomes aren’t fully identical, in ca. 15% of 

monozygotic twins early de novo mutations occur before “twinning” in morula stage in 

only one twin (c) 

3. much of the variation is thought to be explained by rare variants (<1% allele 

frequency) → threshold that cannot be found 

4. Genetic variability (Copy Number Variations) can dynamically accumulate with 
aging 

5. Gene-Environment Interactions → Epigenetics! → impossible in twin studies 

e.g. lifestyle choices like smoking, eating habits, exercise etc. can influence the organism 

more/less depending on the genetic background  

If each gene contribute very little, how can we design drugs? 

 

Polygenicity poses a problem for basic research and drug development 

- hundreds of genes are involved in creating disease risk for schizophrenia, autism etc.→ each gene 

contributes often less than 1% to disease risk! 

- gene sets are partially overlapping (e.g. an autism risk gene can also be a schizophrenia risk gene) 

→ hard to healing 

- “needles-in-a-haystack” problem for translational neuroscience. How do 

we pick genes that explain such low variance and design drug compounds1 

or launch basic science projects2 to explore the function of these genes in 

the disease context? 

Solution could be look a pathway in which these genes converge functionally 

e.g. ASD 

 

 

4. Approach of translational reaearch 
A. Identify a risk gene in patients → manipulate it in mice/flies/worms and observe a behavior 

phenotype that matches the pathology: 

- it’s normally the amino acid valine at codon position 66, now it’s methionine → Val66Met 

- Val-Met66 BDNF mouse (model for anxiety/depression?) → experiment design 

Problem: 

- unclear if there is a reliable association between this SNP and 

anxiety/depression/PTSD/cognitive function 

- dominant vs recessive / background… 

B. Identify a structural/functional change associated with a certain brain region, then manipulate in 
animal model: classic lesion studies in mice inspired by patient H.M. 

C. Start with a behavior screen in animals and find genetic variance that resembles clinical 

symptoms 

- Extreme example: different mouse strains → different anxiety levels 

 
1 Pharmaceutical companies will not take the risk to design a drug based on a target that contributes 1% heritability to a complex disease. 
This compound needs to go through a multi-million-dollar development process and then beat existing ‘decent’ drugs (e.g. antidepressants 
etc. – not to mention the placebo effect) in clinical trials! 
2 This involves university research groups led by professors who need to compete for jobs and grants, they need to pay people and reagents 
for these experiments, so on that scale still a highly resource intensive effort. 
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D. Identify environmental risk factors in humans and then model them in animals to test which 

brain circuits / molecules are affected 

- early life stress models of anxiety and depression 

E. Cellular models 

- IPSCs → start with patient, then back-translate → working in the lab with reprogrammed 

cells 

- organoids; Cell lines growing (e.g. mini brain…) → introduce human mutations using 
CRISPR/Cas9 

- Limitations! → model are outside of the context of the tissue: no immune function, no blood 

supply… 
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V02: Dementia 
 

1. Common ideas of dementia 
- Dementia and Alzheimer Disease are not the same! 

- Dementia is not only the loosing of memory 
- Dementia is not a disorder of consciousness 

- Dementia not only occurs in erderly people 

Dementia occurs as a set of related symptoms when the brain is 

damaged by injury or disease. The symptoms involve progressive 

impairments to memory, thinking, and behavior, that affect the 

ability to look after oneself as a measure of carrying out everyday activities. Other common symptoms include 
emotional problems, difficulties with language, and decreased motivation. The symptoms may be described as 

occurring in a continuum over several stages. 

Dementia – facts and figures “slow pandemic-like” 

- Global estimates of dementia prevalence are up to 7% of individuals above the age of 65 y (8-

10% in developed countries due to longer life spans) 

- Someone in the world develops dementia every 3 seconds 

- 154 700 with dementia in Switzerland the number expected to more than double over the next 25 

years 

 

 

2. Definition, disease stages, classification 
Definition 

- Dementia is not a specific diasease but a syndrome: it contains many different aspects 

- DSM-5: The term dementia «is (almost) no more» 

Now: «Major Neurocognitive Disorder»Major Neurocognitive Disorder 

- Core Definition 

o impairment must be acquired and represent a significant decline from a previous level of 

functioning 

o cognitive deficits must interfere with independence in everyday activities 

o disturbances are not occurring exclusively during the course of delirium, consciousness is 

not clouded → consciousness works very well 

o chronic, progressive course 

o disturbances are not better accounted for by another 

mental disorder 

- DSM-5 

o revision incorporate all scientific knowledges aquired in 

recent time 
o cognitive decline 

o it contains also diagnostic derived by the clinical 

practice 

o significant cognitive decline in one or more cognitive 

domains: learning and memory, language, executive functions, complex attention, 

perceptual-motor, social cognition… 

- Mild Cognitive impairement 
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o intermediate state between normal aging and dementia 

o can be reversable 

o ! is very difficult to define what is normal for aging 

o MCI patients generall progress to AD 

➔ pathogenensis of AD develops in 20-30 years → accumulation of damage → cognitive symptoms 

(predementia) 

Classification 

clinically pathology staging 
- cortical 
- subcortical 
- frontal 

using screening tools 

- degenerative 
- vascular 
- toxic 
- infectious 

Mini-Mental State Examination 
→ used to define the stage of 
dementia 
! lack of sensitivity 
useful to choose some drugs 

- MMST 20-25: mild 
- MMST 10-19: moderate 
- MMST 0-10: severe 

 

 

3. Subtypes of dementia 
3.1. LBD (Lewy Body Dementia) 

- prevalence: second common form after AD; more man than women 

- what? abnormal deposits of a protein called alpha-synuclein in the brain 

- treatement 

o no medical treatement 

o can help medication used in PD 

o regualar physical exercise can help 

- symptoms 
o REM sleep behavior disorder (RBD): condition in which a person seems to act out dreams 

while asleep. It may include vivid dreaming, talking in one's sleep, violent movements, or 

falling out of bed. RBD may be the earliest symptom of LBD in some people, appearing many 

years before other LBD symptoms. 

o allucinations → in up to 80% 
o loose of sense of smell  

 

3.2. FTD (Frontotemporal lobar degeneration) - Frontotemporal dementia  

Symptoms 

- early changes in character and affect 
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- decrease or increase of impulse 

- impairment of thinking: abstraction, planning, judgement 

- memory impairment 

Definition 

- group of progressive brain diseases, which preferentially involve the frontal and temporal lobes 

→ deterioration 

- occurs generally in young patients 

- Heterogenous neuropathology underlying the clinical syndromes with accumulation of certain 
neuronal proteins 

Two major clinical subtypes 

- Behavioral-variant frontotemporal dementia (bvFTD) 

- Primary progressive aphasia 

o semantic dementia (SD) 
o progressive nonfluent aphasia (PNFA) 

Pathogenesis 

- common feature: accumulation of certain neuronal proteins 

- most important: 

o microtubule-associated protein Tau (MAPT) 

o transactive response DNA-binding protein 
o fused in sarcoma protein 

Primary Progressive Aphasia 

- Assessment 

o Language examination in a man with semanti variant (SD) primary progressive aphasia → 

irregular words, many time required lo read, object naming 
o MRI: significant asymmetric atrophie associated with hypometabolism → typically! 

 

3.3. Vascular Dementia (VD) 

Only not neurodegenerative form of dementia 

Symptoms of subcortical dementias: 

- memory impairment 

- general slowing 

- impairment of attention 

- apathy 

- diffuse cognitive deficits 
(vascular dementia, progressive supranuclear palsy, Huntington‘s disease, hydrocephalus) 

Vascular cognitive impairment 

- all forms of cognitive disorder associated with cerebrovascular disease, regardless of the specific 

mechanisms involved 

- encompasses the full range of cognitive deficits from mild cognitive impairment to dementia 

- heterogenous group of disorders with different types of cerebrovascular lesions → cognitive 

decline & dementia 

- three mayor types 

o multiinfarct dementia: many strokes lead to dementia 
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o fatidic infarct dementia: one stroke leads to cognitive imparement bc lesion of brain 

regions 

o subocortical vascular dementia: many smaller subcortical lesions lead to cognitive 

impairement 

 

 

4. Focus: Alzheimer’s Disease 
AD is the most prevalent form of dementia 

Clinical course 

- typically cortical dementia 

- chronically progressive 

- median survival: 8-12 years 

Symptoms (cortical dementia) 

- memory → typical at the begin 

- spatial thinking 

- speech 

- apraxia 

- agnosia 

- attention, perception 

- physical assessment often normal 

 

4.1. Theory of underlying pathology 

two pathological hallmarks of AD 

- extracellular amyloid plaques (senile neuritic plaques) 

- intracellular neurofibrillary tangles (neurofibrilläre Bundel) → very difficult to see → needing 

advanced techniques 

➔ progressive lost of synapse and neurons and accumulation of amyloid plaques 

Amyloid cascade hypothesis → accumulation of amyloid βpeptides 

APP 

- integral membrane protein expressed in 

many tissues and concentrated in the synapses 

of neurons 

- functions: cell surface receptor, regulator 

of synapse formation, neural plasticity, 

antimicrobial activity, and iron export 

cascade of event leading to AD (s. links) 

 

 

Neurofibrillary tangles 

- Neurofibrillary tangles are aggregates of hyperphosphorylated tau-protein 

o downstream event of Aβ deposition 
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o lead to transport inhibition and mikrotuboli disassembly 

- Tau binds mikrotubuli in cells to facilitate transport, regulates the structure of the cytoskeleton 

and stabilize growth of axons 

➔ Tau and Aβ work in different pathway causing AD and enhancing each other toxic effect 

 

Temporospatial spreading of tau-positive neurofibrillary and α-synuclein-positive lesions 

progression in stage → progression in severity of AD 

from temporal to occipital cortex 

 

 

 

 

 

 

 

 

4.2. Continuum of AD 

-  preclinical: accumulation of amyloid plaques 

begins ca. 20 years before symptoms of AD 
-  predementia = Mild Cognitive Imparement  

-  dementia: accumulation of all pathologies 

 

 

➔ diagnose: MRI can show atrophy of medial temporal lobe, PET and fluoreodeoxyglucose show 

hypometabolism and amyloid plaques deposition in many brain regions 

 

4.3. Clinical assessment and diagnosis 

General the diagnosis of Dementia and AD is not easy → moving to order biological definition in which 
biomarkers are predominant BUT up to now the diagnosis is a clinical diagnosis → keep in mind that 

only post mortem examination of brain tissue can be sure 

- in the first place, it is a clinical diagnosis 

- Diagnosis of dementia is a syndromal diagnosis 

- based on accepted diagnostic criteria 

- not until an etiological classification (underlying cause) has been performed, statements about 
the course of the disease and treatment can be made 

- exclusion of treatable causes 
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Steps in the diagnosis 

1. Clinical history → family members 
2. Neurological examination, assessment of mental status (screening, e.g. DemTec, MoCA=Montreal 

Cognitve Assessment, MMSE) → impairment in activity of daily living? 

! in early stages is normal except for cognitive function 

3. Routine / selective laboratory tests 

4. Imaging diagnostic (structural / functional brain scan) → to knwo the types of dementia and to 

exclude other diasese (e.g. frontotemporal atrophy = frontotemporal dementia) 

5. Neuropsychological examination 
6. Additional diagnostic tests (e.g.EEG) 

Biomarkers 

Cerebrospinal fluid 

Can give a cloo to the cause of dementia → assess of amyloid marker and neural stress or injury biomarkes 

β-Amyloid 1-
42 

Correlates negatively (decrease) with concentration of betaamyloid 
plaques 

Tau Protein Correlates positively (increase) with loss of neurons (increased in 
neurodegenerative diseases and stroke) 

Phospho-Tau Correlates positively (increase) with neurofibrillary pathology 
Neuroimaging 

- PET (=Positron Emission Tomography): it binds selectively to the aggregates of amyloid Beta 

plaques 

- C-PIB = “Pittsburgh compound B” = a PET Aβ ligand 

- Amyloid PET is positive in Alzheimer disease (AD) and some cases of diffuse Lewy body disease, 

but negative in the frontotemporal dementias (FTDs) 

- 90% accuracy in the detection of amyloid plaques → high percentace 
- can be used to differentiate the subtypes of dementia 

- ! not enough for diagnosis: in erderly patients without neurocognitive impairement it can be 

positive 

 
- Diagnostic process is based on pattern recognittion: 

needing of different pieces, different diagnostic tools 

- Many different thinks need to be considered like history, 
neurology, perception… 

- in early stages of the diseases there are not particular 

findings 

- in MRI can see atrophies, the location depend on the type of 

Dementia 

 

 

4.4. Treatment 

Treatement of AD is always a combination of many 

different therapies: not only one but many 

differents in combination: symptomatic treatement 

and causal treatement → NO cure! 

 

 

 

Symptomatic treatment: aims to counterbalance the neurotransmitter imbalance 
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A. Memantine 

- bind to open NMDA receptors → blocking NMDA-

mediated ions influx → amelioration of 

pathological elevated level of glutamate that lead to 

neuronal dysfunction 

- Memantine is able to serve as a more effective 

filter than Mg2+, blocking pathological ‘noise’ at 
glutamatergic synapses and thereby allowing 

detection of the relevant synaptic signal 

- Synaptic plasticity is restored and 

synaptotoxicity/ultimate neuronal death is prevented 

by the same MoA. Memantine 

! excesse NMDA → excitotoxicity → cell death 

 

B. Acetylcholinesterase inhibitors 

- increase ability of acetyllcholine at synapse 

- development based on the cholinaric hypothesis which suggestes that the 
progressive loss of limbic and neurocortical innervation in AD is critical 
important for memory, learning, attention and higher brain function decline 

 

 

 

 

Clinical research 

Pathophysiology? Biomarkers? Disease-Modifying Drugs? 

Example “Aducanumab” 

- monocloal AB again Aβ 

- Immunotherapy (passive) 

- high-affinity, fully human IgG1 monoclonal antibody against a conformational epitope found on Aβ 

- thirteen-week chronic dosing in old APP-transgenic mice reduced plaques of all sizes 

- Two phase-3 study for Aducanumab; 03/2019 end of trials 
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V03: Dementia II 
 

1. Very very short history of AD 
- 1906 Alois Alzheimer presents the first case of the disease 

- 1910 Emil Kraepelin named the disease in honor of his achievements: AD 
dark period – not much research on the disease 

- 1963 Terry and Kidd show neurofibrillary tangles (NFTs) in advanced AD patients using 

electron microscopy 

- 1976  Davies and Maloney detect: 

o reduced activity of choline acetyltransferase 

(ChAT, enyme that produce acho) 

o lower concentration of acetylcholine at synapses → 

Cholinergic Hypothesis (AD=disorder of cholinergic 

system) 
- 1984 Glenner and Wong first isolate Amyloid Beta (Aβ) → 

then cloning an intensive basic research 

- 1995 Acetylcholinesterase (AChE) inhibitors become 

first approved AD treatment 

 

 

2. Amyloid-beta 
2.1. AD Pathophysiology 

! when it comes the cognitive impairement patients 
have NO more time 

- red line: amyloid-beta deposition 

- blue line: Tau pathology, apperars later 
- green line: microglia and astrocyte → inflammation 

 

 

 

2.2. Aβ Production 

What happens? 

Aβ is produced by sequential cleavage of beta-amyloid precursor protein (APP) 

A. β-secretase enzyme (BACE1) cleaves APP at N terminus 

B. remaining membrane-bound C99 fragment is then cleaved by 𝛾-secretase 
o gamma-secretase complex consists of four protein subunits: 

presenilin (PSEN), presenilin enhancer (PEN), APH, and Nicastrin 

o gamma-secreta se complex cleaves Aβ producing sequentially 

shorter peptides until Aβ peptide is released from the complex 

(producing peptides: 38-, 40-, and 42-amino acids in length) 
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Where? process happens predominantly in endosomes → Aβ peptides are then released from neurons 

depending on synaptic activity (both presynaptically and postsynaptically) 

Aggregation 

- Aβ peptides are prone to aggregate into β-sheet conformations (higher-order oligomers, 

protofibrils and fibrils), which are detectable in AD brain 

- owing to increased hydrophobicity of its expanded C terminus, Aβ42 has a greater propensity 

for aggregation 

 

2.3. The amyloid cascade hypothesis (Hardy and Higgins, 1992) 

The amyloid cascade hypothesis is the leading model of AD: deposition of Aβ in the brain is the initiating 

step of AD pathogenesis, leading to subsequent Tau deposition, neuron and synaptic loss, and 
cognitive decline 

In support: 

1) Genetic forms of AD (autosomal dominant AD, Down syndrome trisomy 21, or APP locus 

duplications) produce an increase in the Aβ42/40 ratio, total Aβ production ans are sufficient to 

induce typical AD pathology 

2) rare APP mutation A673T → reduces risk of developing AD → decreased Aβ production 

3) strongest genetic risk factor for late onset AD (most common form) is apolipoprotein E(APOE) 
→ increase risk via influencing Aβ seeding and clearance 

 

2.4. First animal model of AD 

Problem in the past: NO animal models available to test the hypothesis → hampering discovery of novel 
drugs 

Animal model for AD 

- mouse APP gene has 97% sequence homology with human APP 

o      subtle differences in amino acid sequence impair Aβ aggregation and prevent the 

formation of amyloid plaques in wild-type mice 

- in 1995, transgenic mice were generated using a platelet-

derived growth factor (PDGF) promoter driving a human APP 

gene encoding the APP717V → mutation associated with 
familial AD (PD-APP mice) 

Features of the mouse model: 

- 4-6 months of age: no obvious pathology was detected 

- 6-9 months: transgenic animals began to exhibit deposits of human Aβ in the hippocampus, 

corpus callosum and cerebral cortex, but not in other brain regions 
- >8 months: synaptic and dendritic density were reduced in the hippocampal dentate gyrus 

Consequences & Problems 

- animal models stimulated massive research into disease mechanism (>140 animal models 

emerged over the next years with different mutations, different expression patterns etc.) 

- much was learned about Aβ formation, function and pathology 

- lots of treatment strategies were developed (including antibody treatment for Aβ clearance) → 

“AD” was cured multiple times in animal models → in animals we can cure AD 

- clinical failure is 99.6% → something is wrong with these animal models 

- Key problem: none of the mice developed AD, but only part of the pathology 
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o Aβ accumulation is reproduced 

o no neurofibrillary tangles and no neuronal loss! 

LIMITATIONS of the amyloid cascade hypothesis: 

1) NO correlation between amyloid deposition and degree of cognition decline 

2) regional cerebral amyloid deposition NOT correlate with patterns of regional cerebral 

hypometabolism on functional neuroimaging 

3) despite decades investiments in therapy NO amyloid-targeting therapy has been successful in 

limiting progression of cognitive impairment in symptomatic AD 

➔ Aβ is necessary but not sufficient! 

➔ Discuss the nature of scientific hypotheses → Test theory until it cracks, then new, better 

theory 

➔ Discuss the usefulness of animals in research → Animal models have limitations, but are key 

to advance knowledge 

 

 

3. Tau Protein 
3.1. About Tau 

- Function? Tau plays important roles in microtubule assembly, 

stabilization of neuronal axons, and regulation of microtubule transport. (! 
Tau knockout mice don’t display severe deficits) 

- Structure? Tau is normally a soluble protein BUT when phosphorylated 

Tau can aggregate into oligomers and form neurofibrillary tangles (also 

known as paired helical filaments) → hyperphosphorylated Tau also redirected from the axonal 

compartment to the somatodendritic compartment where it can impair synaptic function 

- Aggregation? aggregated Tau can propagate (like prions) and spread trans-synaptically 
- Process? process of prion-like propagation is also called “seeding” 

 

3.2. Spreading of Tau 

- Taupathology propagates throughout the AD 

brain in a stereotyped fashion across 

neuroanatomically connected networks forming the basis of Braak staging 

- multiple lines of evidence suggest that aggregated, hyperphosphorylated forms of Tau may be a 

primary driver of neurodegeneration in AD 

- unlike Aβ, the stage of Tau pathology correlates well with the progression of cognitive 

impairment 

- cognitive impairment in AD is only noted when Tau spreads from the entorhinal cortex into the 

neocortex 

 

3.3. Animal research 

How do we know all the stuff presented on the previous slides? Largely based on animal research. 

- Wild-type mouse Tau does not develop neurofibrillary tangles → bc sequence differences 

between mouse and human Tau (share only 88% sequence homology) 

- 2000: generation of first Tau transgenic mouse, containing human Tau mutations that are 

associated with frontotemporal lobe dementia (FTLD) 

o Why FTLD? → both Aβ and Tau are required for diagnosis of AD 

o in Aβ we have mutatations that predispose for the disease BUT in Tau we have none 
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o poiché non ci sono mutazione nel Tau pathway nell’AD è stato deciso di prendere un altro 

tipo di Dementia (FTLD) 

- Neurofibrilary Tangles (NFTs) readily form in these transgenic mice 

- These mice develop: 

o NFTs 

o Neurodegeneration 

o Reactive glia (will cover later) 
o Neurogenic atrophy (muscle atrophy because innervating nerves degenerates) 

o Motor deficits 

o but how good a disease model is this for AD or for FTLD? 

 

3.4. Animal models 

- 2003: introduction of mouse model with human mutations of Aβ, Tau and presenilin (triple 

transgenic mouse model of AD, 3xTg mice) 

- 3xTg (triple transgenic mouse) mice develop: 
o 3-4 months: intraneuronal Aβ accumulation 

o 6 months: Aβ plaque development in the cortex and hippocampus 

o >6 months: minor, localized neurodegeneration, evidence of synaptic impairment and 

cognitive deficits 

o 12 months: NFTs form initially in CA1 and then in the cortex; BUT they are much less 

extensive compared to AD tissue, and they are less complex than human tangles 

➔ New mouse models: human mutations are knocked in (rather than overexpressed under strong 

promoters) → more “natural” expression levels in the correct brain regions and cell types as 

the normal corresponding mouse genes 
➔ Do we have the best animal model? 

 

3.5. Current hypothesis of Tau pathology 

In the current hypothesis Tau and plaques must be together take in consideration: Aβ deposition may be 
required for progression of Tau pathology in AD 

1) Tau pathology generally does not progress from the entorhinal 

cortex into the neocortex in the absence of co-occurring 

amyloid pathology → needing 2 thinks together 

2) PET imaging suggests that the rate of amyloid accumulation 

predicts onset of Tau accumulation whereas the rate of Tau 

accumulation predicts onset of cognitive impairment 

3) combined Aβ deposition with local Tau pathology lead to enhanced Tau pathology and 

neurodegeneration (whereas amyloid pathology doesn’t get worse if Tau gets added) → Aβ 
deposition make Tau more toxic 

 

3.6. Current hypothesis 

- Tau fibrils were derived from human AD brains and injected into the brain of Aβ plaque-

bearing mice  → real Tau and real human plaques into mouse brain → seeding of aggregated 

human Tau followed by development of NFTs 

- different from triple-transgenics → bc causality can be better tested 

o Aβ ALONE NOT toxic  

o Aβ AND Tau lead to neurodegeneration 

o Aβ exacerbates Tau, but not vice versa 
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➔  new animal models are becoming more realistic, better modelling 

human disease→ study of new therapeutics 

Finally: 

- Aβ burden leads to neuronal hyperactivity (hyperexcitability) → maybe 

rescue of health/function is still possible 

- APP and Tau combine, neuronal function starts to disintegrate 

(hypoacticity) → point of NOT return → NO intervention possible 

 

 

4. Genetic Risk factors & complex interaction 
4.1. Apolipoprotein E (ApoE) 

GWAS 

- GWAS look across all SNPs that have a prevalence in a population across high number of patients: 

which polymorphism predispose to risk? 

o there are a lot of genetic risk factors, some high stronghly, other less 

o this is both for the early and for the late onset of the disease 

- GWAS meta-analysis: 35,274 autopsy-documented AD cases and 59,163 controls 
- estimated heritability of Late Onset AD: 71%. 

 

About ApoE 

What?   ApoE is a lipid-binding protein that shuttles lipids (cholesterol) to neurons 

Expression? ApoE is expressed primarily in astrocytes and in microglia 

Variants? The APOE gene has three common variants (SNPs) giving rise to 3 different 

proteins: ApoE2, ApoE3, and ApoE4; ApoE4: 

- single inherited copy of the ApoE4 variant (coding for) increases late onset AD risk by 

∼3- to 4-fold 
- two inherited copies increases risk by ∼12-fold (NO means you get diasease)! 

KO ApoE 

- APP mice lacking ApoE have reduced fibrillar Aβ deposition and Aβ levels → 

suggests that ApoE 

o inhibits clearance 

o promote Aβ seeding 

Function? ApoE regulates clearance of Aβ by competitively binding to Aβ receptors, such as 
LDLR-related protein 1 (LRP1) on the surface of astrocytes, and by blocking Aβ uptake 

➔ remotion ApoE (KO mice) → competition remotion → more Aβ can bind and gets cleared 

through astrocytes 

 

4.2. ApoE and Tau 

ApoE4 also interferes with Tau clearance → worsening 
neurodegeneration 
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ApoE and the vasculature… 

A. ApoE4 variant (disease risk variant) is also less capable to engage the LRP1 
receptor on pericytes 

B. overactivation of proinflammator y cyclophilin-A-NFκBMMP-9 signaling 

cascade 

C. overactivation of this cascade leads to breakdown of Blood Brain Barrier 

(BBB) basement membrane and tight junctions 

D. leaky BBB allows influx of unwanted molecules to the brain and can 

exacerbate inflammatory processes and overactivate neurons 
➔ one single risk gene can act via multiple different disease pathways → all converge to 

make disease progression worse 

Return to GWAS… 

If we look at many of the genes that are risk factors for AD → many of 

them are either expressed in microglia and play a role in microglia 
mediated inflammation in brain 

- reactive astrogliosis and microgliosis are prominent 

pathological features in AD brain (inflammation) 

- many genes are implicated in this; e.g. ApoE4 carriers have a 
stronger inflammatory response 

Pathway… 

- Microglia uptake of Ab impaired 

- increased neuronal activity leads to more Tau release ! Tau can be taken up by microglia → conversion into more reactive form → 

circle damaging neurons 

- Microglia can release more bioactive form of tau 

- BBB disruption can further increase neuronal activity 

- Microglia release inflammatory cytokines → Favors Tau seeing 

 

 

5. Where do we stand? 
5.1. Complexity of the AD 

- AD is a complex disease in which many risk factors and disease processes seem to converge 
- virtually every cell-type seems to be involved: neurons (excitatory and inhibitory), astrocytes, 

microglia, blood vessels (endothelial cells), pericytes (mural cells) 

- cause and effect are hard to disentangle → what comes first? 
- what seems clear is that Tau and Aβ evolve independently and as they “meet” they exacerbate 

the pathology 

- all is interconnected with environmental risk factors (exercise, diet, cognitive activity) and 

genetic factors (SNPs/GWAS, epigenetics) 

➔ new animal models try to better address this complexity: the better the model, the more 

efficiently we can find a treatment 

➔ beyond animal models: organoids (e.g. minibrain) & IPSCs (but they insufficiently recapitulate 
the complexity of the intact brain and all its cell types) → still valuable for mechanistic insights 

 

5.2. Treatements 

There is a long list of failed phase-3 clinical trials, the majority of the failures was because they don’t lead 

to improvements in cognition. 
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There are no innovative drugs, most treatements are based on taking existing drugs and seeing if there 

is an improvment 

 

5.3. Aducanumab 

The antibody Aducanumab reduces Aβ plaques deposition 

- high dosage → higher clearing of plaques 

- Problem: if only Aβ plaques deposition lead to AD → Aducanumab should have benefits → 

problem is that there are other factors that lead to the disease 

- big phase 3 clinical trial halted in 2019: NO benefit! 
➔ last attempt (ultimo tentativo) for several anti-Abeta drugs: test treatment in pre-

symptomatic “at risk” individuals → otherwise Aβ intervention is deathly 

Focus of ongoing trials is clearly on 

- Tau pathology (e.g. monoclonal antibody) 

- Neuroinflammation 

- Vascular function 

- Metabolism 

 

5.4. Animals models 

- Guess what: non-human primates and dogs would be the best 

model systems, since they both naturally accumulate Aβ and 

some monkey models suggest Tau pathologies 

- Marmosets (small primats similar to mouse) can develop both 

amyloid-β plaques and Tau tangles (taking 7 years, which is 

very quick for a primate) → NO ideal model system to generate 

large model data 
- However massive ethical hurdles and much more difficult 

experimental design (aging issue, housing issue, limited 

genetic toolbox) 

 

5.5. Organoids a.k.a. minibrains 

  

 

 

 

Problem: we know so low about brain development! → every model 

is essential → we need to exploite every model 
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V04: Attention I: Attention Deficit Hyperactivity Disorder 
 

 

1. ADHD history, symptoms and diagnosis 
1.1. Symptoms 

Inattentive Hyperactive-Impulsive 

• be easily distracted, miss details, forget things, and 

frequently switch from one activity to another 

• have difficulty maintaining focus on one task 

• become bored with a task after only a few 

minutes, unless doing something they find 

enjoyable 

• have difficulty focusing attention on organizing or 

completing a task 

• have trouble completing or turning in homework 

assignments, often losing things (e.g., pencils, toys, 

assignments) needed to complete tasks or activities 

• appear not to be listening when spoken to 

• daydream, become easily confused, and move slowly 

• have difficulty processing information as quickly 

and accurately as others 

• struggle to follow instructions 

• have trouble understanding details; overlooks details 

• fidget or squirm a great deal; 

• talk nonstop; 

• dash around, touching or playing with anything 

and everything in sight; 

• have trouble sitting still during dinner, school, 

and while doing homework; 

• be constantly in motion; 

• have difficulty performing quiet tasks or activities; 

• be impatient; 

• blurt out inappropriate comments, show their 

emotions without restraint, and act without regard for 

consequences; 

• have difficulty waiting for things they want or 

waiting their turn in games; 

• often interrupt conversations or others' activities; 

➔ cardinal symptoms: hyperactivity, attention deficit, and impulsivity 

 

1.2. Diagnosis & classification 

! symptoms appear no later than the age of 12 and trigger psychological stress 

 DSM-5 ICD-10 
Name ADHD Hyperkinetic Disorder 
onset some symptoms before 12 years some symptoms before 6 years 
symptoms 

  
 

ICD-10 

 

➔ inattentive → at least 6 symptoms 

➔ hyperactivy → at least 3 symptoms 
➔ impulsivity → at least 1 symptoms 

 

 

 

 

 

 

Inattentive Hyperactivity Impulsivity 

Careless mistakes Fidgety Blurt out answers 

 

Unable to maintain attention 
Stand up inappropriately 

 

Impatient, can’t wait 

Not listening Inner restlessness Interrupt others 

Cannot complete tasks as 

specified and finish them 

 
Can't be calm (restless) 

 
Excessive talking 

Organizational weakness Always on the move  

 

Avoid mental exertion 
  

Lose things   

Easily distracted 
  

Forgetfulness in everyday life   
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1.3. Diagnosis 

- IQ test (Wechsler Intelligence test for children / WISC-V) 

- Semi-structured interview (The Kiddie Schedule for Affective Disorders and Schizophrenia /K-

SADS) 

- ADHD phenotype scales for inattention, hyperactivity- impulsivity, aggression, social behaviour, 

learn problem etc. (Conners-3, Parents, Teachers, and Patient) 

! very often between children and adults we get different results 
- behavioural rating questionnaire for aggressive-, anxious/depressive-behaviour, attention 

problems, social problems etc. (Child Behaviour Checklist / CBCL, Parents. Teachers and Patients 

➔ multimodal diagnosis using interviews, tests and questionnaires covering various life 
situations and observers consist ADHD diagnosis 

 

1.4. Comorbodities 

AHDS come NOT alone, but there are many comorbodities. 

! Comorbid disorders are the rule, NOT the exception. Most common are: 

- tics: 8-11% 

- dyslexia: 20-50% 

- ASD: 25% 

- mood disorders: 18-30% 

- oppositional defiant disorders: 40-67% 

- conduct disorders: 18-46& 

- anxiety: 17-44% 

 

1.5. Developmental Trajectories od ADHD symptoms 

- most patients start with very high symptoms and than they have a 

reduction of symptoms during aging 
- classical remitters: NO suffer more of ADHD 

- persister: have symptoms during all life: hyperactivity during 

adulthood is less BUT they have other problems 

 

 

 

1.6. Potential area of impairement 
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2. Epidemiology 
2.1. Prevalence of ADHD 

 

- prevalence for child & adolescent ADHD is up to 8% 

- adult ADHD prevalence is estimated up to 7% 

- about 30-50% of child-adolescent ADHD persist into 

adulthood 

- boys have a higher prevalence, BUT in adulthood 

prevalence is equal between males and females 

- considering different subtypes or presentations prevalence 

rates will increase 

➔ MOST COMMON mental disorder in childhood and 

adolescent 

 

2.2. Mortality risk 

- factors that may increase mortality: oppositional defiant disorder (ODD) or conduct disorder 

(CD), criminality, accidents, and substance misuse → highly involved in ADHD 

- excess mortality in ADHD was mainly driven by deaths from unnatural causes, especially 

accidents 

Is ADHD a fashionable diagnosis? → diagnosi alla moda? (S. 20) 

alltough criteria have becoming more dettallied in the last few years there is NO increase in ADHD 

prevalence in the last 3 years → ADHD in NOT a fashionable diagnosis 

 

 

3. Aetiology 
3.1. Risk factors 

There are many risk factors for ADHD: parents with ADHD, gender (male), low birth weight, stress 

during the pregnancy, preterm birth, coffee consume during pregnancy, smoking during pregnancy, 

gestational diabetes, low socioeconomic status, mothers’ age at birth, alcohol consume during 
pregnancy, breast feeding. 

 

3.2. Candidate gene studies 

 

A combination of several risk genes have to be 

in occurence in order to develop a pehonotype 
of ADHD → one alone is not enough 

GWAS meta-analysis n=20‘183 ADHD vs. 35‘191 
Controls → 12 significant loci 

 

Environmental risk factors in combination with genetic predisposition seem to have an important role 

in causing development of ADHD phenotype 
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3.3. Brain maturation delays 

 

ADHD brains have a slow developmental thickness of cortical region 

 

3.4. Summary for ADHD Etiology 

 

 

 

4. Therapy incl. medication 
4.1. About therapy 

 

➔ Therapy of ADHD is really important bc there are many factors involved in ADHD disorder 
that must be cured 
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About therapy 

- information and council for parents, child and school/institutes (psycho-education) 
- specific for the child/patient: 

o behaviour therapy 

o pharmacotherapy 

o only in clear indications- psychotherapy 

o tentatively: specific supportive therapy; school measures; group therapy; 

- if there are signs: educational council or family therapy 
➔ We don’t start a therapy without haveing done a long decisional process (S. 32) 

 

4.2. ADHD Therapy programm 

- Parent-child program 

- Child Centered: Wackelpeter- und Trotzkopf Geschichten 

- Teacher-educator program 

- Parents Training 

o 15 sessions with a modular structure, i.e. 3 x 5 sessions Duration: 90 minutes 

o Number: maximum 10 people and 2 training leaders (doctor / psychologist) 
- Multimodal therapy- Child-related measures 

o STOP, genau zuhören, genau hinschauen, überprüfen, zufrieden sein 

 

4.3. Medicaments 

As medicaments there are psychostimulants (inhibition of A&NA transport) and NON-psychostimulants 

Ki / IC50 

values 

D-threo-

Methylphenidate 

L-threo-

Methylphenidate 

D-Amphetamine L-Amphetamine Atomoxetine 

 psychostimulant  psychostimulant psychostimulant NON 

hDAT 161 2250 34; 41 138 1,600 

hNET 206 >10,000 38.9; 23.2 30.1 2.6 

hSERT >10,000 >6,700 3,830; 11,000  48 

hDAT: Dopamine transporter 

hNET: norepinephrine transporter 

hSERT: Serotonin Transporter 

➔ low concentration → ligand has more affinity to the transporter 

 

Pharmacokinetics (how quick to the blood and to the brain) 

MPH 

- immediately released: very quickly 

increase in plasma level of around ½ hour 

- very quickly metabolized: concentration 

goes down very quickly → effect low 

- needing to take the drug 2 x day  

others have a slower realease in the blood → slow 

degradation 
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Effect of size drug treatement 

 

 

 

 

 

 

 

 

 

➔ there are some difference between teacher SMD, parent SMD and clinician SMD, BUT the drug 

size are all around 1 

 

Effects and side effects of psychostimulants 

effects side effects 
Improvements of: 

- concentration 
- academic achievements 
- social position 
- self esteem 
- parents- child interaction 
- teachers- child interaction 

Rather more frequent: 

- loss of appetite 
- head- and stomach-ache 
- increased pulls and blood pressure 
- sleep difficulties (particularly when given late) 

Rather rare: 

- depressive mood (in overdoses) 
- triggering/increasing of tics 
- skin allergy, hair loss 

➔ side effects can generally 
be managed 

 
extremely rare: 

- convultions 
- changes in blood count 
- liver dysfuntion 

4.4. Paradox effect of Methylphenidate (MPH) 
- Methylphenidate influence the brain different between ADHD and control patients 

- OFF-MPH 

o ADHD patients: less brain activation 

- ON-MPH 

o ADHD patients more brain activation 

o control: decreased brain activity → decreased striatal activation in healthy control 

children due to MPH treatment 

➔ Paradox effect of Methylphenidate 

➔ MPH promote brain maturation comparing to patients that NOT take medication 

 

Drug  Parent SMD Teacher SMD Clinician SMD 

Amphetamine Adderall XR 0.9 1.1 1.2 

Methylphenidat
e 

Concerta XL 1.0 1.0  

 Equasym XL 0.6 0.9 1.8 

 Medikinet ritard 1.0 1.0 0.9 

 Ritalin LA  1.0  

Atomoxetine Strattera 0.7  0.7 
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5. Translational approach- modelling ADHD 
Aims 

- to investigate the mechanism of action of Methylphenidate (MPH) 
- to develop a tool for early and differential prediction of MPH response 

Some findings… 

- Methylphenidate in cell lines and patients genetic (S.48) 

o Methylphenidate enhances neural SCs differentiation 

o Methylphenidate enhances neural differentiation and reduces proliferation 

concomitant to activation of WNT signal transduction pathways 

o confirmed in rat PC12 cells and human SHSY5Y cells that MPH treatment decrease 

proliferation and enhance neuronal differentiation 

- Wnt-signalling in ADHD- current evidence: WNT-signalling seems to be involved in ADHD 

Research approaches and limitations 

- animal models 

- cell culture models 

- genetics & epigenetics 

- multimodal neuroimaging 
- biopsy post-mortem → seems to be the best method BUT we CANNOT use it 

New approach: Stem Cells (S.51) 

- Embryonic Stem cells: 
continuosly proliferation and 

differentiation 

- Adult Stem cells: in the brain are 

so few → extraction impossible 

- induced iPSCs 

 

Recruitment procedure (S. 53 + S. 54 + S. 55) 

 

 

 

 

 

 

Preliminary growth rate results- at iPSC and NPC phases (S. 56) 

- growth is altered between ADHD and control? 

- iPSC proliferation: ADHD have slow growth and proliferation comparing to control 

- NPC: ADHD proliferate very fast and NOT differentiate 
➔ differences between responders and non-responders? Why? What? 
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V05: Attention I: Attention Deficit Hyperactivity Disorder 
 

1. Overview 
 

1.1. What’s attention 

- attention is what enters our consciousness 

- world is cluttered (mondo è ingombrato) with more information than can be processed at once e.g. 

sitting on the tram and looking at the window → we can focus attention only at some facts → 

other thinks can desapper 

- attention is a computation to bias the selection of one option and avoid distraction from 

alternative options → decision of what become conscious 
- attention is a change in focus (S. 6) → se sto studiando e passa a fianco qualcuno… 

 

1.2. A prominent model of attention divides three attention networks 

Alerting/Salience Network  Orienting Network  Executive Control Network 

 
  

- ability to shift attention 
towards a salient new feature 
or stimulus 

- scanning the environment 
(alert) → survival 

- e.g. sto ascoltando lezione e 
passa da parte una persona 

ability to prioritize sensory 
input by selecting a modality or 
location and then focusing 
attention on it 

- top-down control of attention 
- ability to sustain attention on 

a task, suppress distraction, 
decide to switch to a different 
task or update task strategies. 

➔ nice to separate this three networks BUT in the reality they are combined together 

 

1.3. Visuospatial Hemineglect / Contralateral Neglect Syndrome / Neglect 

Large-scale cortical damage (often right parietal cortex) & contralateral neglect syndrome 

About neglect 

- Neglect = Inability to attend to objects or even one’s own body, despite the fact that visual 

acuity, somatic sensation and motor ability remain intact → can process all informations but 

cannot perceive them → it’s really a deficit with orienting attention towards one side 

(typically the left side) 

- Neglect is a special form of agnosia 

- in severe cases (e.g. after large strokes), this can lead to “odd” (strano) deficits: patients will 

read from only one side of a book, apply makeup to only one half of their face, or eat from only one 

side of a plate. 

- ! it’s NOT all or NONE → most patients are capable to do thinks impartially 

Damaged area 

- most frequently the RIGHT temporo-parietal junction and the superior temporal cortex 

- less frequently following damage of the frontal lobe, the anterior cingulate cortex, the basal 

ganglia and the thalamus (pulvinar) 
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- can also result from white matter lesions that affect structural connections between nodes of 

the attention network (see later slides) 

Why mostly the right side? Not entirely clear. 

- popular hypothesis is that attention is predominantly 

processed in the right hemisphere (and maybe language 

more on the left) 

- if the right side deals with most of the attention processing for 

both left and right side of the body/environment, than more 

attention will be lost with damage to the right side 
- if you lose your left parietal function (and thus lose right-

sided attention), your right side can compensate. If right 

parietal function is gone, left side cannot compensate. 

! Attention is not only processed on right side but mostly 

Brain imaging suggests broad activation in both hemispheres in response to attention tasks → maybe these 

hemisphere differences are more subtle? Right side has a few processing “hubs” that are critical to 

connect processing in both hemispheres? 

➔ Attention is widely distributed in the brain 

➔ Attention requires a functional network (brain state), engaging mostly parietal and frontal 
cortex 

 

 

2. Orienting Attention 
2.1. Attention tests: humans, primates, rodents 

Orienting Attention: a common task → cued target detection task 

- in every task patients must look at black square → 

respond to appearance of the cue as fast is possible by 

pressing a bar 

- many control conditions are possible 

 

Observation: during invalid test (point appears in unaspected point) attention is slower 

Results 
- Attention is widely distributed in the brain 

- Attention requires a functional network (brain state), engaging mostly parietal and frontal 
cortex 

 

2.2. Attention at cellular network  

It’s nice that reaction time increases when we orient attention towards a cue, but what’s the 

underlying neural mechanism? 

Experiment: single-cell recordings in monkeys show how cells encode attention 

Parietal association cortex (and all areas of the fronto-parietal attention network) have 

attention-specific neurons (shown in humans with fMRI and in monkeys with single-cell 
recordings) 
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What are the molecular mechanisms underlying the increased cellular firing and attention in general? How 

can we increase or decrease attention performance? 

 

2.3. Attention & the cholinergic system 

Basal forebrain, basal forebrain includes: 

- the nucleus basalis of Meynert 

- the substantia innominata 

- the horizontal limb of the diagonal band 

Acetylcholine 

- What? main neurotransmitter produced and secreted from neurons in the basal forebrain 
(ACh) 

- Action? Acetylcholine acts via nicotinic (ionotropic receptors) and muscarinic (metabotrobic) 

receptors. 

- Quick look back at Dementia: enzyme that breaks down acetylcholine is acetylcholine 

esterase (AChE). AChE inhibitors are used early on during Alzheimer’s to counteract the 

cognitive deficits (particularly learning and memory). They act by increasing acetylcholine in 
the synaptic cleft. 

Experiment 1 

 

- group which activate Nicotin has short reaction time → Nicotine 
enhances attention performance 

- group which has nicotinic receptor antagonist has long reaction time 

 
 

Experiment 2 

A cue signals that the mouse has to nose-poke into 

the left hole. No cue means mouse needs to poke 

right. (segnale indica che il mouse deve infilare il naso 

nel buco di sinistra; nessun segnale significa che il 

mouse deve puntare a destra) 

- Optogenetic intervention 
o activation of a very spcific set of neurons using Cre Lox System 

o injection of virus that carry light sensitive channels rodopsine 

o only cholinergic neurons in basal forebrain express receptors → 

become light sensitive → implant fibroptic cable → light switching 

and excitation of neurons → release of Acho in a very short temporal 

period 

 

- Results 

o better performance with optogenetic stimulation of the basal forebrain cholinergic 

system 
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o strong stimulation → higher enhanced performance 

o Optogenetic stimulation of the basal forebrain increases 

acetylcholine release in the cortex and improves task 

performance (more correct hits) 

o harder the task, the more forebrain stimulation improves 

performance! → very important also in human 

Experiment similar in monkeys 

The local application of acetylcholine (or nicotinic and muscarinic agonists) can: 

- strengthen the performance on orienting attention tasks 

- increase the spiking activity of “attention neurons” 
- suppress activity of “surrounding neurons”: attention as a limited resource 

 

 

3. Alerting Attention 
3.1. Introduction 

Nicotinic and muscarinic agonists enhance orienting attention, thus Acetylcholine (basal forebrain) 
plays a key role in “orienting attention” 

- cholinergic drugs do not affect the ability of a warning signal to improve the monkey's 

performance 

- noradrenaline release from the locus coeruleus is strongly involved in the alerting network 
➔ diffferent neurotransmitters systems seem to be correlate with different parts of attention 

 

3.2. Locus Coeruleus – Noradrenaline System 

Allerting attention 

Attention is the ability to detect stimuli → ability is altered during sleep, but enhanced under stress 

- during sleep, the locus coeruleus (LC) is less active 

- LC responds with bursts (raffiche) to salient (or unexpected) stimuli 

- during stress, the LC starts firing at high frequency → mouse with cFos (marker for neural 

activity) → high neurons expression 

➔ LC activity releases noradrenaline and puts you in survival mode Fight-or-Flight (activation 
of sympathetic nervous system) 

Modulation of attention 

- in the projection area, noradrenaline release modulates cellular responses → local release but 

than systemic circulation 

- piriform cortex is the primary cortical projection region for olfactory information 

(receives input from OB) 

- in vivo LC stimulation (=NA application bc LC releases NA) while 

recording single cells in piriform cortex enhances the neuronal 
response to odors 

- LC activates during unexpected stimuli or during stress 

Yerkes-Dodson Law 

Somatosensory neuron recorded in vitro with 
glutamate puffs 

Performance & Arousal 
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➔ Noradrenaline potentiates the glutamate 
evoked neuronal response maximally when 
administered at an intermediate dose 

  

 

Altering Brain States 

Noradrenaline serves as a «reset» system that allows the brain rapildy switch network activity globally 
(→ changing brain states) 

DREADDs (Designer Receptors Exclusively Activated by Designer Drugs) 

- manipulation of certains brain circuits 

- turn on only certains neurons 

- low temporal control 

- introduction of receptors which is selective to a specific drug in a neurons 
(e.g. LC) 

- put mouse into MRI scanner 

o yellow: changes in brain regions connectivity 

o green: NO changes in brain activity 

o 0-15: before turning on LC 

o > 15: turning LC → major changes in brain network 

▪ network m ore connected is salience network driven by 

LC and amygdala important to trigger stress response 

▪ other networks shut down 

➔ if stress system gets turned on it can shift resources away from 

executive or orienting attention networks and intstead focus attention on salience stimuli in 

environnement 
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4. Executive Attention 
4.1. About xecutive control network 

There are 2 particularly important structures in this network: 

medial Prefrontal Cortex (mPFC)  

- Inhibitory control 

- Planning 
- Working memory 

Anterior Cingulate Cortex (ACC) 

- monitoring and resolving conflict 

- error detection 
- consciousness 

 

➔ pick the example of sustaining attention in a working memory context 

 

4.2. PFC 

Experiment 

- cue selective: monkey see one of the cues 

- delay selective: delay period: monkey has to remember the location and make an 

eye movement 

- recording intracerebral as monkey performs task → very fascinating neurons (cues 

selective neurons) 

o PFC has an extensive set of neurons that respond to very specific 

stimuli 

o different neurons are activated during different tasks → some respond 

when cue comes on, other respond during delay period (when monkey is 

remembering), other respond during response 

Results 

The PFC has an extensive set of neurons that respond to very specific stimuli 

- the oculomotor delayed response task (remember last cue over a dealy, then make an eye 

movement towards that location) 

- notice delay-selective neurons → working memor 

 

Dopamin & PFC 

- dopaminergic system plays a key role in reward and working memory 

- D1 antagonists (SCH 39166) enhance working memory performance and the activity of 

specific working memory cells (same task as before) 

- DA certainly plays a role in many of the processes that shape attention, and likely is involved 

in top-down regulation of attention through various processes. 

- Noradrenaline is also involved in these processes and can enhance working memory 

Performance via adrenergic receptors 
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5. ADHD 
5.1. Large-scale networks in the brain 

task-based fMRI vs resting-state fMRI 

- in task-based fMRI, BOLD is measured in response to repetitive tasks to identify task-

related brain activity (e.g. brain activity during “orienting attention”) 

- several brain regions have correlated activity patterns (as determined by small fluctuations 

in BOLD signal) at rest, when the subject is NOT engaging in any task 

- interacting regions form large-scale brain networks, detected in a method called resting-

state fMRI 

 

5.2. Networks 

Default-Mode Network – the brain at rest? 

- several brain regions have highly correlated activity patterns when individuals are «not doing 

anything» 

- these interacting regions form the default mode network (DMN) 

- normally, there’s an anti-correlation between the default-mode network and the executive 

control network 
➔ when default model network is active, other networks are INactive 

ADHD & Brain networks 

fMRI studies in ADHD patients: underactivation of executive control and ventral attention networks 
(using inhibitory control, working memory and attentional tasks) 

Resting-state fMRI studies in ADHD patients: 

- in ADHD patients, this anti-correlation is weaker or absent 

- there’s a lower connectivity within the DMN itself 

Lower activation of the ventral striatum (nucleus accumbens) of patients with ADHD in anticipation of 

reward (dysregulation in the reward circuitry) 

➔ brain networks involved in ADHD patients are very complicate 

 

5.3. What we can learn from animal models 

Methylphenidate 

- Function 

o Methylphenidate binds to and blocks dopamine 

transporters and norepinephrine transporters  

o acts as a norepinephrine-dopamine reuptake 

inhibitor → more in synaptic cleft 

o same mechanism as cocaine 

- Why does a stimulant help with attention/hyperactivity? 

o Attention: increased arousal (noradrenaline), better 

working memory (dopamine), enhanced signal/noise 

o Hyperactivity: the increase in dopamine in the basal ganglia helps engage the motor 

inhibitory systems (both explanations are speculative) → NOT explain bc we have 

different effect with cocain 
➔ dose make the poison! 
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Psychostimulants for treating ADHD: The dose makes the poison 

Experiment 

- injection of psychostimulants in animals at low or high dose 

- looking at different pattern in brain activity 

Locomotor activation 

- low dose → NO effect 

- dose increase → high effect 
Locomotor suppression 

- low dose → high suppression 

- middle dose → low suppression 
- high dose → middle suppression 

Working memory 

- low dose → low Working memory 
- middle dose → high suppression 

- high dose → low low Working memory 

Results 

- at low and clinically-relevant doses, psychostimulants improve prefrontal cortex (PFC)-

dependent behavioral/cognitive processes in human subjects with and without ADHD 

- actions of psychostimulants are also observed in animals 

- we can study the neural mechanisms underlying the cognition-enhancing/therapeutic effects 

of psychostimulants in animals, without the need for a specific animal model → in a lab 

works also good 

Where do the drugs act? 

Animal work suggests that methylphenidate acts within the mPFC 

Infusion of methylphenidate into the mPFC enhances attention 

- in a dose-dependent fashion 

- infusion into other frontal cortical regions doesn’t enhance attention 

Systemic administration? 

How can a systemically administred drug act “specifically” in the PFC? It is true? 

At clinically relevant doses, methylphenidate increases catecholamines much more in the PFC than in the 

nucleus accumbens (reward). (more, but not exclusively in the PFC of course) 

That’s great, otherwise the addictive potential of methylphenidate in the 

clinic would be much higher 

- in PFC there is a strong increase of dopamin release after drug 

administration 

- in NA there is also an increase of dopamin after drug 

administration but it’s lower 

Why is the PFC “more sensitive”: 

- likely because it expresses much lower levels of DA transporter (DAT) → low DAT → low dose of 

Methylphenidate blocks DAT in PFC but in NA there are so many that’s not a problem 
- because it expresses the noradrenaline transporter (NET) which the NAcc doesn’t express at all 
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V06: Emotionality I: Depression & Anxiety - Helen Schmidt 
 

1. DEPRESSION 
 

1.1. Introduction 

- lifetime prevalence: 20% 

- etimology: lat. «deprimiere»= «suppress » 

- manifestations: different manifestations age, sex, etc. ) 
- affective disorders: affective = abnormal (pathological) mood 

 

1.2. Case Studies 

symptoms: lonely, empty, nosocialcontacts, hopelessness, loss of energy, suicidal 

thoughts 

behaviour: low mood, tense, frustration, circumstantial and retarded thinking 
(need many time to answer), rumination (think without finding a solutione) 

 

1.3. Symptoms 

 

- persistent sadness/low mood 

- loss of interests/pleasure 

- fatigue/low energy 
- low self-confidence 

- guilt/self-blame 

- suicidal thoughts/acts 
- poor concentration/indecisiveness 

- agitation/slowing of movements 

- disturbed sleep 

- poor appetite 

 

1.4. Comorbodities 

Psychiatric 
- 40-65% Anxiety disorders 
- 30-60 % Alcohol disturbance eaddiction 

(bc patients tray to self medicate with 
alcohool) 

- 40% Eating disorders 
- 60% Schizophrenia 
- Personality disorders (eg. narcissist, 

borderline) 

Somatic 
- 45 % of Parkinson patients 
- 25 % of Cancer & stroke patients 
- 20 % of heart attack patients 

 

 

 

 



Giovanna Pedroni  FS 2021 

Translational Neuroscience  39 

1.5. Differential diagnosis 

Problem: depression symptoms overlap with other 
diseases → differential diagnosis 

 

Bipolar Depression 

- similar symptoms, but different disorder / episodes: (depressive, manic 

symptoms ) 

- mood stabilizer as medication, antidepressant leads to«switch» risk 
1.6. Diagnostics 

needed 

- anamnesis of patients: medical history, progression of symptoms, family history 

- screening questionnaires 

- MRI, EEG + laboratory tests to exclude other diagnosis 

➔ patients must be labeled very quickly 

symptoms 

- key symptoms: persistent sadness/low mood, loss of 

interests/pleasure, fatigue/low energy 

- additional symptoms: low self-confidence, guilt/self-

blame, suicidal thoughts/acts, poor 

concentration/indecisiveness, agitation/slowing of 

movements, disturbed sleep, poor appetite 

 

1.7. Pathomechanisms 
- very complicate 

- NO ONE factor leads to depression but a combination 
- resileance factor: help patients to protect from depression 

 

 

 

Monoamine deficiency hypothesis (S. 20) 

- involve neurotransmitters: Dopamin, Serotonin, Noradrenalin: lack of neurotransmitters, 
dysfunction of receptors 

- History 

- 1950: Iproniazid (tuberculosis) → patients receiving Iproniazid had elevated mood 

- ~50s: Reserpin (hypertension) → patients receiving Reserpin had depression 

➔ both medicaments influence neurotransmitter 

- 1958: Imipramin(firstantidepressant) 

Brain-derivedNeurotrophicfactor (BDNF) 

BDNF function 

- unclear 

- neurogenesis& neuronplasticity 

- Serotonin und Dopamin 
➔ Antidepressant(SSRI) increases BDNF expression 
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Hypothalamus-Pituitary(HPA) axis 

Stress: elevated CRH in Hypothalamus 

➔ Pituitary: ACTH release increased 

➔ Adrenalcortex: increased cortisol release 

Depression: NO feedback inhibition of hormons → higher hormons level 

- Cortisol-und ACTH in blood 
- CRH in cerebrospinalfluid (CSF) 

Structural and functional changes in the brain 

Treatment targets 

A. Transcranial magnetic stimulation (TMS) 
B. Deep-brain stimulation (DBS) 

C. Vagus nerve stimulation (VNS)  

 

1.8. Treatement 

The symptoms are very different: so we have different therapies! 

 
 

 
 

Treatement-resistent Depression: when person NOT responds to drug treatements: alternative 
treatements are needed! 

Psychotherapy (S. 29) 

Several types of psychotherapy, practice by Psychiatrist or Psychologist Psychotherapist, Disorder specific 

psychotherapy, Access to outpatient care is limited, Very good evidence 

Antidepressant 

- Problem: they have many side effects 

Function: target transporter or presynaptic neurons so that we have enough NT 

- What antidepressant? 

o Option 1: symptom based 

o Option 2: preference of patient doctor 

o Option 3: low risk for side effects (e.g. if patients suffering from CV diseases) 

- Antidepressant response 

o if long waiting: less chance to heal 
o sometimes even if patients receive treatement the healing is low 

Electroconvulsive therapy 

tecnica terapeutica usata in psichiatria e basata sull'induzione di convulsioni nel 

paziente mediante passaggio di una corrente elettrica attraverso il cervello 

- Indication 

o treatment-resistent depression 

o (Manicepisode, Catatonia) 

- Caution 

o Intensive care during procedure 
o Short term memory loss 

➔ effect on hippocampus in limbic system → 

increased blood flow → modification of 

synaptic connections in brain 

! Bad reputation media 
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TMS (repetitive transcranial magnetic stimulation) 

- Stimulation of cortex DLPFC 
- Noninvasive neuromodulation technique of hyperactive or hypoactive cortical brain areas 

- Few studies: experimental progress, lack of long term outcome 

- Headache, seizures 

- daily application over weeks → need many weeks to have an effect 
➔ to stimulate realease of may NT 

 

1.9. Prognosis 

some numbers 
- Untreated Depression lasts 6-9 

months 
- After 1st Episode: 65% relapse 
- 15% chronic progression  
- ~20% commitsuicide 

summary 
- Several depressive episodes 
- Severe depression without 

psychotic symptoms 
- Rejection of medication 

chronic progression 
- Treatment alternatives: ECT, 

TMS 
- In addition: psychotherapy 

crisis, suicide prevention, 
stress reduction 

- Treatment of comorbidities: 
Alcohol addiction ? 

- Prevention of secondary 
disorders 

 

2. ANXIETY 
2.1. Introduction 

- lifetime 

prevalence: 

20% (2:1 = f:m) 

- early onset: 

childhood 

- high heritability: 
(30 70%) 

Generalized anxiety 
disorder 

Social phobia Agoraphobia Panic disorders Specific phobias 

- Prevalence: 6% - Prevalence: 13.3% Prevalence: 3%  Prevalence: 5% 
- Persistent worries 
- different areas: 

finance, future, health, 
etc.  

- uncontrollable 
- Low self-confidence 

- Restricted to social 
situations 

- Afraid of being judged 
/ embarrassed 

- Low self confidence 
 
Examples: Talking to an 
audience, Eating in 
groups, Waiting in line 

- Fear of places or 
situation where escape 
is difficult or no help 
available 

- >2 situation: opens 
spaces, enclosed places 

- Avoidance of 
gatherings, public 
places, traveling alone 

- Intensive, 
recurrent fear (10 
30 minutes ) 

- sudden, 
unexpected 
beginning, 
uncontrollable 

- Cognition: 
Misperception of 
bodily signals, « 
fear to die 

- trigger: physical 
exertion, 
emotional stress 

- Animals (Zoophobia ), 
eg Arachnophobia 

- Flight (Aviophobia) 
- Heights (Akrophobia) 
- Closed room 

Claustrophobia 
- Dentist, blood, needle 

Physical tension (arousal, 
tension) 

Physical symptoms 
blushing, sweating, jitter 

 Physical symptoms: 
heart palpitation, 
sweating, chest pain, 
shortness of breath 

 

 ➔ isolated (symptoms 
in not many 
situations) or 
generalized 
(symptoms in every 
interpersonal 
situations) 

➔ panic attack 

➔ Agoraphobia with 
or without panic 
disorders 

➔ panic disorders 
- several panic 

attacks over 1 m 
- avoidance of some 

situations 

➔ Considerable 
suffering 

➔ Avoidance of object 
situation 

Fear Anxiety 
- what: alarm response to a present 

threat → normal reaction 
➔ trigger to fight or flight (survival) 
- symptoms: sweating, trembling, 

heart palpitation, nausea 

- what: future oriented mood state 
- preparation for possible negative 

events 
➔ avoidance 
- symptoms: fear symptoms + 

worrying, muscle tension 
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2.2. Case study 

Symptoms 
- Worries about future and diseases 
- hypochonchiasis 
- Less social contacts 
- Known places are safe 

Behaviour 
- Tension 
- Low mood 
- Restricted and retarded thinking 

➔ probably suffering from generalized anxiety 

 

2.3. Symptoms 

Levels of anxiety: 

A. Vegetative reaction → pysical reaction e.g. HR  

B. Emotional reaction → no escape possibility 

C. Cognition → attention limited to danger situations 

D. Motoric, behavior 

 

2.4. Comorbodities 

High comorbidity rate within various anxiety disorders 

- Depression 

- Alcohol or substance addiction due to self medication → in all 

prospective become worse 

- Personality disorders  
➔ really hard to distinguish personality disorders if we see a patient first time! 
➔ needing of cotreatements for comorbodities! 

! (S. 20) Overlap between major depressive disorders (MDD) and anxiety 

 

2.5. Differential diagnosis 

Problem: often are symptoms so hard that patient think e.g. it 
has an heart attack → NOT go to the doctor! 

 

 

2.6. Diagnosis 

Age of onset (S. 17): specific phobia (10 Y) < social phobia < agarophobia 

< panic disorders < generalized anxiety (35 Y) 

 

2.7. Pathomechanism 

Pathomechanisms based on different kind of experience 
e.g. childhood experiences, personality traits… 
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Cognition 

patients with anxiety symptoms are afraid of the 
symptoms itself → phobiaphobia → fear of the fear → 

patients avoide situations that induce fear → social 

isolation 

➔ Pavlovav Model (Mowrer’s 2 process model 

right) 

 

Epigenetics 

- multilevel model: combination of environnemental 

factors with genetic modulation 

- some genes are important for some NT 

- e.g. hypo DNA metylation (MAOA) → negative life events 

Limbic system (S. 23 + S. 24 + S. 25) 

- seems that circuits are overactive 

- behaviour e.g. avoidance is regulated by connections between amygdala and PAG → avoidance is 
motor response → flight or freeze? 

 

2.8. Therapy 

Selective Serotonin Noradrenaline Reuptake Inhibitor (SSRI SNRI ) 

- Standardmedication for anxiety (except for specific phobias → here 

only psychoterapy works) 
- Caution: AD can trigger anxiety symptoms in the beginning of treatment 

Emergency medication 

- Indication: suicidal, severe arousal, agitation (panic attacks) 
- Side-effects: sedation, anxiety NOT disappear. short term treatment, high potential for addiction! 

Psychotherapy: Cognitive Behavioural Therapy (CBT) 

A. Psychoeducation 

B. Cognitive restructuring 

C. Interoceptive Exposure 

D. In vivo Exposure 
E. Coping strategies and emotion regulation: relaxation exercises,breathing techniques, mindfulness 

A. Psychoeducation 
vicious circle of anxiety 

B. Cognitive restructuring 
Thought: « uncontrollable » → associated with 
physical symptoms » 
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C. Interoceptive exposure D. In vivo exposure 
confrontation with situation e.g.  

 

➔ 12-15 
treatement 
sessions 

E. Coping strategies & emotion regulation: relaxation exercises, breathing techniques, mindfulness 

 

Virtual Reality (CBT concept) 

- what: exposure therapy 

- indication: various anxiety disorders 

- PRO: time saving, availability (e.g. anxiety from high → can be done in lab) 
- side effect: cybersickness 

 

2.9. Prognosis 

some numbers 
- High number of unreported 

cases 
- 50% of anxiety patients are 

untreated 
- Long latency period until final 

diagnosis 
- Chronic progession, associated 

with comorbidities 

summary 
- Moderate anxiety symptoms 
- COVID situation as trigger 
- Open for therapy 

chronic progression 
- Prognosis is good 
- Cognitive behavior therapy 

(additional antidepressant 
support) 

- Prevention of depression 
- Focus on resilient factors: 

work, social environment 
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V07: Emotionality II: Depression & Anxiety - Johannes Bohacek 
 

3. Why do we have emotions 
3.1. Scenario: 

- I am at an Aperó and I am hungry (internal state) 
- There is plenty of food at the buffet (external stimulus) 

- Nobody else has touched the food yet (contextual information) 

- Should I take the first bite, will I make a bad impression? 

➔ Approach-avoidance conflict 

→ Time passes, you get more hungry and eat (fundamental “survival 

drives” can shape our behavior) 

→ If someone else grabs a sandwich → threshold to act might be lowered 

(social pressures/factors) 

→ You see the waiter sneezing, coughing and rubbing his nose → you might 

be less likely to eat (drive for safety) 

→ Someone makes an announcement that the buffet is only for professors 
(you will suppress your drive to eat) 

 

3.2. Why emotions? What are emotions? 

- In health, the neural systems that underpin emotion dynamically integrate internal states and 

external stimuli 

- The purpose of emotions is probably to enable the selection of situationally appropriate 

behaviors in complex situations and to prime our body for appropriate responses! 

 

3.3. Two dimensions of emotion: arousal and valence 

Fear represents a state of high arousal and negative valence → enhanced vigilance 

and energy in the presence of an immediate threat → so it primes us for the fight or 
flight response! 

In a romantic situation, a different emotion will also trigger high arousal but with 

positive valence, this time to re-route energy to the reproductive system 

 

 

4. The circuitry of fear and anxiety 
4.1. A single brain structure for a single emotion (Fear) 

Urbach-Wiethe disease 

- causes: is caused by genetic mutations in the gene extracellular matrix protein 1 (ECM1) 

- symptoms: skin lesions and calcifications in the temporal lobe due to a calcium buildup in 
endothelial cells (blood vessels), leading ultimately to lack of oxygen supply and neuronal death 

- unclear why this is restricted to medial temporal lobe! 
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- some patients have bilateral atrophy of the amygdala, with little or no 

detectable injury to the hippocampal formation or nearby temporal neocortex 

Experiment 

A. showing patient a fearful face: patient cannot feel fear → do not 
recognize this kind of emotion 

B. experience severe panic attacks (e.g. “you will suffocate”): sympathetic NS 
response which is typically for panic attacks stronger in lesion group 

→ Amygdala can still be triggered and response in extreme panic attacks instead of fear 
→ other brain regions responsible for fear 

 

4.2. Multi-level circuitry of emotion pt1 (Fear: Detection, Interpretation, 

Output) 

Detection 

Emotions start with a perception → most external (sensory) input passes through the 
thalamus 

Evaluation, Interpretation, Response 

- in fear conditioning, footshock and tone both converge on the same neuron in 

the amygdala (BLA) 

- association is formed (synaptic strengthening, long-term potentiation) so that 
tone will trigger freezing from now on 

- amygdala directly sends an output projection to brainstem nuclei that trigger 

the freezing response 

Behavioural response 

- emotions end with a behavioral outcome 
- e.g.: direct stimulation of the periaqueductal gray (PAG = output response) 

induces freezing (or fight/flight) 

o Do you think the animal feels fear when PAG is optogenetically 

activated? → cannot ask that to the animal 

o Do you think the animal still feels fear when you turn off the PAG (no 

freezing)? 

➔ trigger + behavioural output 

Peraqueductal gray (PAG) 

Function 

- regulate defensive behaviours 

- degree of excitation can drive an animal from freezing to flight to panic (undirected flight) 

- there are many different subregions: some sub-regions are involved in attack, others in defense, 

some in both 

Influences 

- context can change the response of the region 

- responses: attack or defense 

- direct stimulation via optogenetics of periaqueductal grey (PAG) induces freezing 

- no evidence if mouse really feel fear with optogenetic stimulation 

Interpretation of fear response 



Giovanna Pedroni  FS 2021 

Translational Neuroscience  47 

The incoming sensory signal need to be interpreted: hippocampus and PFC provide contextual 

information, memory, detail… 

Ventral Hippocampus 
(situational context? 
error/mismatch signal? 

tone could signal reward in one context but punishment in another 
context! (contextual information matters) 
! Failure to associate cues with context (generalization) is part of PTSD; 
e.g. persone tornate da una guerra che sentono un elicottero 

Prefrontal Cortex 
(higher order control) 

If you’re terrified to go to the bathroom after a watching a horror movie you 
can tell yourself: “It was just a movie” → “rationalizing”  

Bed Nucleus of the Stria 
Terminalis (BNST) 

BNST receives a large number of projections from many brain regions in 
the “emotion circuitry” and also from the BLA 
BNST and amygdala provide backup systems (if one system fails) and it 
provides a highly complex and poorly understood additional layer of 
information processing/regulation within the larger emotion circuitry. 

 

4.3. Microcircuits of emotion (Fear) 

Amygdala Structure 

- Amygdala → highly conserved across evolution 

- BLA receives lots of sensory/multimodal input (larger in primates than 

rodents, because more complex input! 

- input and output structures of the amygdala are not connected, so there’s a 

microcircuit doing the processing in the middle 

o microcircuits compute some kind of informations and get an output 

o BL (input coming) → CEl → CEm (central medial nucleus, output) 

➔ addition of valence 

Microcircuits within the macrocircuitry: Interpretation 

Different populations of basolateral complex of the amygdala (BLA) neurons (red vs. green) activate 
distinct populations of neurons in the lateral central nucleus of the amygdala (CeL). 

These CeL neurons are inhibitory and either promote fear or reduce fear. 

Depending on complex inputs the PAG (and its subregions) determine defensive behaviors: freezing vs fight 

vs flight 

   

- very strong, salient stimulus like e.g. 
footshock (scossa) will activate many BLA 
neurons (red and green neurons, 
“indiscriminately”) 

- “red cells” get activated faster… to their 
cellular properties transmission to red cells 
is faster → reciprocal connection leads to 
releasing the breaks in the brainstem → 
double disinhibition circuit 

- beyond inducing a fear response, amygdala 
lesions were also shown to impair reward 
associations (e.g. drug induced place 
preference) 

- activating specific pathways within the 
amygdala is in fact rewarding! 

- pleasant/desirable sensory stimuli might 
trigger “green” neurons in the BLA → 
reward → simple disinhibition circuit 

- amygdala associates environmental cues 
(sensory stimuli) with 
reward/punishment 

- what is rewarding can change based on 
context (e.g. hungry vs satiated). 

➔ in amygdala, valence is assigned to a given stimulus/input 

➔ amygdala IS NOT simply a brain region for fear 

➔ amygdala associates environmental cues (sensory stimuli) with reward/punishment → 

what is rewarding can change based on context (e.g. hungry vs satiated) 
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4.4. Multi-level circuitry of emotion pt2 (Fear Evaluation) 

Where does the information about the “context” come from? We need to take a step back and look at the 
macrocircuit again! 

BNST → LH (dopaminergic neurons that decide how rewarding is) → VTA 

Experiment 

Mouse has an internal conflict: go to the food and have a shock or stay in the place? → if mouse see light 
decides to go to the food (and to have the shock) 

by interfering in the VTA → mouse goes 
still through grid for the food 

shift system back and forth → modulate 
emotions as fear 

➔ Optogenetic stimulation of the projection from lateral hypothalamus to nucleus accumbens 
drives the mouse to eat food despite getting foot shocks → hunger override fear 

 

4.5. Multi-level circuitry of emotion pt3 (Anxiety Evaluation) 

Fear vs. Anxiety: preclinical approach (animal research) 

- almost all preclinical anxiety tests are really approach-avoidance-conflict tests! 

- Translational Issues 

o Fear is clearly fear 

o Anxiety is more ambiguous → are these (S. 30) good models for anxiety? → having a 1sec 

footshock is very specific; having a 10min exposure in an open field is less “concrete” 
➔ brain regions that are important for evaluating uncertainty are important in anxiety! 

brain circuitry of anxiety 

amygdala itself is part of larger brain-wide networks: one prominent output of the amygdala is the 

hippocampus → ventral hippocampus 

   

   

➔ anxiety circuity and fear circuitry are similar, they have overlapping brain regions BUT 
they have different evaluation modalities 

 

4.6. Networks of emotion (Anxiety) 

- Brain regions are continuing communicating between them through 

electrical signal → connectivity 
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- Cells in hippocampus and in medial prefrontal cortex can fire at different readouts 

o familiar environment: local field potential in medial prefrontal cortex → no clear readom, 

less oscillatory activity 

o animal in a scenario inducing anxiety: high activity, more oscillatory pattern 

- Beyond circuits: oscillations between brain regions might encode the emotional state: 

o we place electrodes in hippocampus: theta activity (4-12 Hz) is observed in the 

hippocampus and mPFC in response to anxiogenic environments 
- Most anxiolytic drugs suppress theta activity in the hippocampus 

- Hippocampal Theta seems to drive (entrain) mPFC Theta synchronisation → increase of anxiety 

- mPFC is ideally situated for controlling brain-wide behavioral outputs, has many connection 
with other brain regions 

Control of anxiety 

- higher cognitive processes can “control” anxiety (or other emotions) 

- mPFC exerts inhibitory control over man brain processes → if mPFC leads the amygdala, anxiety 

is reduced 
- e.g. “buffet wil open in 20 minutes” → driver to eat is suppressed, can waiting → Control 

- e.g. malattie mentali in cui l’ansia non viene gestita → NO control 

 

 

5. The circuitry of depression 
5.1. About depression 

- reward system: brain’s reward system includes the ventral tegmental area 

(dopamine) and the nucleus accumbens 

- types of depression: there are different types of depression involving 

different circuitries 

- comorbodities: anxiety and depression are clinically highly comorbid → 

circuitries in the brain are highly interconnected between them 

o Estimates: 60% of depressed patients also have anxiety 

o SSRIs and SNRIs treat both diseases quite effectively 

➔ in BOTH disorders are involved: medial prefontral cortex, hippocampus, amygdala, locus 

coeruleus (noradrenaline), dorsal raphe nucleus (serotonin), nucleus accumbens, 

ventral tegmental area 

 

5.2. Depression in animals 

Depression is a clinical syndrome → in animals we can mimic individual symptoms. 

Symptoms we can study: 

- Despair (?) / Helplessness 

- Apathy 
- Anehdonia 

- Anxiety 
- Social aversion/withdrawal 

Symptoms we cannot study: 

- feelings of worthlessness 

- excessive guilt  

- recurrent thoughts of death 

- suicidal ideation 

- suicide attempt 
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5.3. Treatements 

Some clinical facts about depression 

- one-third of depressed patients will remit (guarisce) 

during treatment with any antidepressant initially 

- for those who fail to remit (2/3), the likelihood of 

remission decreases with each successive antidepressant 

monotherapy 

- after 1 year of treatment with 4 sequential 

antidepressants (for 12 weeks each) 33% of patients still fail to 

remit (non riesce a guarire) → alternative treatements 

 

Therapeutic approaches 

A. Pharmacotherapy 

- Selective Serotonin Reuptake Inhibitors (SSRIs, Prozac, Zoloft) 

- Serotonin - Noradrenaline Reuptake Inhibitors (SNRIs) → the “original” antidepressants were 
tricyclic antidepressants (dirtier version of SNRIs with more off target effects, now outdated) 

- New: Ketamine 

o Most studies used intravenous delivery, newly FDA approved ketamine is a nasal spray! 

o Mechanism of action: NMDA-receptor antagonist (very safe anesthetic, very unspecific 
mechanism of action) 

 

B. Electroconvulsive therapy (ECT) 

- electrodes deliver current - seizure induced under controlled conditions → disruption of brain 
function 

- one session lasts ca. 1 minute, altogether 1hr “outpatient” treatment 
- 2-3 sessions per week for several weeks; less frequent treatment for up to a year 

 

C. Deep brain stimulation (DBS) 

The best targets, parameters of stimulation, and stimulation protocols have not yet been determined. 

Problem: difficult to design clinical trials to assess these bc hard to do a double blind placebo study for a 

procedure that involve a brain implantation → lacking of studies 

➔ One of the top candidates structures: medial forebrain bundle 

! also other structures get stimulated, we don’t know precisely which structure is responsible 

 

The medial forebrain bundle for deep brain stimulation: treatment resistant depression 

- medial forebrain bundle (MFB) bilaterally stretches from the ventral tegmental area (VTA) in the 

midbrain to olfactory tubercle in the forebrain, and contains many ascending/descending fibers 

- up to 13 different neurotransmitters associated with MFB!!! → not very selective precise 

treatment! 

- Note: stimulating the nucleus accumbens is more difficult bc it also contains aversion neurons 

➔ point was that the median forebrain bundle is a key target for DBS, yet it’s as unspecific as it 

gets (lots of neurotransmitter systems and brain circuits involved) → also stimulated in other 

diseases e.g. epilepsie 
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5.4. Mechanisms of antidepressant treatments 

Principle: disruption of inhibition and disinhibition balance through release of many NT 

They are incredibly unspecific treatments. 

What’s the mechanism of action then? Do all these treatments converge on a common pathway? 

A. It’s not monoamines. Monoamine depletion does not cause depression, and treatment onset is 

delayed by several weeks 

B. Ketamine and ECT act almost immediately. By interfering with excitatory neurotransmission, and 

in the case of ECT by impacting vast neurotransmitter release and unspecific excitatory drive 

C. All treatments seem to converge on the induction of plasticity-related pathways - > keyplayer is 
BDNF: Brain-derived neurotrophic factor 

- SSRIs and SNRIs increase BDNF levels 

- Ketamine increases BDNF levels 

- Animal model of ECT increases BDNF levels 
- Deep brain stimulation in animal models increases BDNF levels 

➔ Note that all these mechanistic studies are only possible in animal models! 

 

BDNF (Brain-derived neurotrophic factoR) 

- release: BDNF is released presynaptically in response to neuronal 

activity 

- process: Mature BDNF (Mbdnf) binds to TrkB (Tyrosine Kinase B) 

receptors and activates broad intracellular signalling cascades 

- function: involved in neuronal survival and differentiation, 
synaptogenesis, activity-dependent plasticity BDNF in depression 

Clinical: 

- Reduced BDNF levels in postmortem hippocampus of depressed 

patients 

- utations in the BDNF gene associated with increased risk for depression 

Preclinical 

- BDNF mutation mimics depressive-like behaviors 

- BDNF deletion in mice blocks antidepressant response 

- Chronic stress decreases BDNF, reduces spine density, triggers depression 

- BDNF treatment can reverse these stress-induced changes 
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A recent study suggests that ALL antidepressants (ADs) bind TrkB directly! 

- AD’s bind TrkB via a binding site that is independent of 
BDNF signalling 

- AD binding stabilizes TrkB and increases TrkB expression 

at membrane surface, thus facilitating intracellular 

signalling (mediated via BDNF) at active synapses 

- affinity of ketamine to TrkB is comparable to its affinity to 

NMDA receptors, while SSRIs seem to have much lower 

affinity to TrkB 
- this could explain the delayed action of SSRIs vs the rapid 

action of ketamine (only chronic SSRI treatment might reach 

the drug concentrations necessary for binding TrkB) 

- study is brand-new → need to see if these results hold up 
(replication, validation) 
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V08: Addiction I: Substance Use and Addiction - Boris Quednow 
 

1. Introduction 
1.1. Recreational vs. addicted substance use 

The vast majority of the people who regularly consume psychoactive drugs are NOT addicted nor will they 

ever become addicts (non dipendenti e non lo diventeranno mai) → What drives psychoactive drug 

consumption and why/how do some people become addicted? 

 

1.2. Epidemiology 
- substances in CH: alcohol > tobacco > cannabis > cocaine > amphetamine > NMDA 

- gender: male > drugs use than female 

- prevalence in CH: in CH drugs users are highly prevalent 

- age: 

o cannabinoids: median is 15.5 years (→ half of the users start before 18) 

o stimulants: median is 18 years 

o hallucinogens: median is 18.5 years 
o opioids and benzodiazepines: median is 17.5 years 

 

1.3. Addictive potential of drugs 

addiction induction 

- tobacco (32%) > heroin (23%) > cocaine (17%) > alcohol (10-15%) > 

cannabis (10-12%) > other stimulants >… 
- as soon a drug enters the body and activate dopamine system, as strong is 

addictive potential 

addition risk 

- dependent on age of onset → younger → higher risk 
- daily users have more risk of addiction than teens 

 

1.4. Burden disease 

- Drug use and addiction/dependence are important contributors to the global burden of disease (→ 

belong to 20 causes of global burden of disease) 

- Epidemiology: drug dependence and disease burden are highest in men aged 20–29 years 

- Mortality by substance use in Switzerland: mortality due to drug use is increased, most cause is 
tobacco followed by alcohol 

 

1.5. drug dependence vs drug addiction 

drug dependence drug addiction (Sucht) 
- Physical dependence 
- Drug is necessary for normal 

physiological functioning of organism 
- Addictive drugs induce tolerance 

(escalation of dose to maintain effect) 

- Psychological dependence 
- Motivational strength of substance abuse 
- Compulsive, relapsing drug use despite 

negative consequences 
- Often triggered by craving that occurs in 

response to contextual cues → Cocaine and 
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- If drug is no longer available, 
phys./psychol. withdrawal symptoms 
occur 

- Non‐psychoactive drugs can also induce 
dependence → Alcohol, nicotine, heroine 
and other opioids, benzodiazepines, 
barbiturates, GHB 

other stimulants, cannabis, MDMA?, 
hallucinogens? 

 

Both terms have been replaced by “Substance Use Disorder“ in DSM 5 
 

1.6. Diagnosis 

ICD10: a definite diagnosis of dependence should usually be made only if three or more of the following 

have been present together at some time during the previous year: 

1. A strong desire or sense of compulsion to take the substance; 

2. Difficulties in controlling substance‐taking behaviour in terms of its onset, termination, or levels of use; 

3. A physiological withdrawal state when substance use has ceased or have been reduced; 

4. Evidence of tolerance, such that increased doses of the psychoactive substance are required in order to achieve effects originally 

produced by lower doses; 

5. Progressive neglect of alternative pleasures or interests because of psychoactive substance use, increased amount of time 

necessary to obtain or take the substance or to recover from its effects; 

6. Persisting with substance use despite clear evidence of overtly harmful consequences; efforts should be made to determine that 

the user was actually, or could be expected to be, aware of the nature and extent of the harm. 

DSM 5 

- terms "substance abuse/misuse" and "substance dependence" that were used in the DSM‐IV are no longer 

accepted 

- DSM‐V uses one term, "substance use disorder", to diagnose all substance use, and classifies it as mild, 

moderate, or severe based on how many of the below criteria are met 

- DSM‐5 require that the individual have significant impairment or distress from their pattern of drug use, 

and at least two of the listed symptoms in a given year 

 

 

Psychiatric care of substance use disorders: S. 20 

 

 

2. Psychological and psychiatric theories of underlying brain circuitry 
2.1. Molecular targets of psychactive substances 

Drug classes according to their main mechanisms of action 

- Class I: Binds to Gioprotein‐coupled (metabotropic) receptors 

- Class II: Binds to ionotropic receptors 

- Class III: Interacts with monoamine transporters → all are 

stimulants 

 

2.2. Dopamine and reward 

Mesocorticolimbic dopamine system 

- All addictive drugs increase dopamine levels (in animal models) → common pathway in the end 

- Addiction liability and reinforcing effects are mainly mediated by: 
o mesolimbic projection (VTA to NAc) 

o mesostriatal projection (substantia nigra) 

o mesocortical projection (VTA to PFC) 
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Effects of drugs on dopamine release 

- amphetamine drives most quantity of dopamine release 

- cocaine, morphine, nicotine lead to less dopamine release 

Challenging the dopamine hypothesis of (human) addiction 

- Stimulants, nicotine, and alcohol trigger (measurable) dopamine responses in the human ventral 

striatum 

- Cannabis and opioids NOT trigger (measurable) dopamine responses in the human ventral 

striatum → maybe not sensitive enough to detect changes 

Dopamine and reward 

- dopamine release: facilitates learning, imbues an event with salience 

- dopamine release: drugs elicit more dopamine release for greater 

duration than natural resources of reward (food, sex, social interaction). 

- upon repeated administration (green arrows) tolerance does not 

develop to drug‐induced dopamine release but natural rewards are 
blunted (smussato) → ne serve sempre di più 

Experiment in monkeys 

- dopamine neurons start to fire when there is reward 

- conditioned stimulus + reward → firing 
- only conditioned stimulus → dopamine tone is reduced 

Rewards Reward prediction error 
- Elicit approach and consummatory behaviour 
- Increase frequency and intensity of behaviour 

leading to rewards and maintain learned 
behaviours 

- Induce subjective feelings of pleasure 

- DA neurons code the discrepancy between the 
prediction and occurrence of rewards 

- Crucial for approach behaviour 
- Short phasic activity (ms) following primary 

rewards and conditioned stimuli 
Pharmacokinetic profile of drug 

- Fast drug uptake (i.v./smoking): more intense high, stronger reinforcing effects 

- Phasic dopamine firing: reward, saliency 

Dopaminergic alterations after chronic drug use 

- Lower striatal D2/3 receptor availability in chronic: Cocaine, Alcohol, Cannabis, Reductions 

persist for months → lack of emotional and cognitive control 

- Corresponds to decreased glucose metabolism in PFC 

- Reduced presynaptic dopamine release after dopaminergic challenge with methylphenidate 
(MPH) 

Conditioning to drug cues 
- Conditioning! Association of environmental cues with the drug 

o May underlie intense desire for drug (craving) 

o Compulsive use when exposed to drug cues 

o DA increases by conditioned cues are larger than those produced by drugs 

o Dorsal striatum – habit formation 

- Cue‐induced drug craving → Prediction Error! → ci si aspetta di ricevere la drug ma non la si riceve! 

 

2.3. Opponent process theory of drug addiction 

- Beginning: drug is liked and the positive effects are in the 

foreground (positive reinforcement) 

- After time 
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o positive effects decrease and the avoidance of negative effects (withdrawal symptoms 

and craving) comes to the foreground (negative reinforcement) 

o people want the substance more and more, but often don't really like it any more 

(increasing motivation to use the drug) → effetto non abbastanza sempre più 

o e.g. smooking: se non si fuma si hanno effetti negativi perciò si continua a fumare affinché essi 

non giungano 

 

2.4. Incentive Sensitization model 

- wanting a drug: mediated by dopamine 

- liking a drug: mediated by endogenous opioids 

➔ transition from casual drug use to compulsive addiction is 

posited to be owing to drug induced sensitization of 

mesocorticolimbic mechanisms of incentive salience 

 

2.5. The Volkow Model “pathological Learning” 

Brain 

- Addiction is a form of pathological learning and memory 

- Non-addicted brain has a control 

- Addicted brain has a lot of drive to achieve reward → control get lower 

➔ transition from occasional to compulsive drug use and the persistent 

vulnerability to relapse are due to neuroadaptations in brain circuits 

implicated in reward, memory, drive, and control 

Addictions stages 

- Binge/intoxication stage (Stage I) 
o Positive reinforcement by the drug 

o Rewarding effects mediated by dopamine and endogenous opioids (VTA  Nacc/VS) 

o Dorsal striatum, stimulus‐response habit learning is enhanced 
o Associative learning of context (drug) cues 

- Withdrawal/negative effect stage (Stage II) 

o Negative emotional state involving the extended amygdala 

▪ induce stress and anxiety‐like effects via corticotropinreleasing factor, 

norepinephrine, and dynorphin 

▪ projects to hypothalamus and brain stem 

o Decrease in endogenous opioids (decrease of positive opioids) 

o Negative reinforcement → drug seeking to avoid withdrawal → si vuole droga per evitare 

asistenza e negativi effetti 

- Preoccupation/anticipation (craving) stage (Stage III) 

o High vulnerability to relapse even after prolonged abstinence 

o Conditioned drug‐associated cues or stress can elicit strong drug craving, which in turn 

makes relapse more likely 
o Disrupted PFC function (distruption control) is crucial for this stage 
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3. Risk factors for adduction and dependence 
addiction induction depends on many different factors 

- numbers: ca. 10‐20% of drug users become addicted at some point during 

their lifetime 

- time: as soon a drug enters the body and activate dopamine system, as 

strong is addictive potential 

- age of onset: dependent on age of onset → younger → higher risk 

- daily users have more risk of addiction than teens 

- administration: dependent also on the way how is drug incorporated; e.g. cocaine injection more 

addictive than orally taking and  

- gene: there are some genes that seem to be correlated with drug addiction, but one precisely is not 

enough to predict the disorder 

- gender: male more prone to develop 

- other mental disorders 

- personal factors: e.g. elevated impulsivity (people who cannot wait for reward), worse 

planning, worse decision-making… 

- other factors: availability of the drugs (e.g. if one drug is cheap is more easy to have it) 

- environmental factors: childhood trauma, chaotic home and abuse, parent’s use and attitudes, 
education… 

 

4. Comorbidity with other psychiatric disorders 
Some data: 

- gender: female have lower probability to get addicted BUT if they get addicted they have more 

probability to get other psychiatric conditions 

- mental disorders in general have comorbidities with 

substance use disorders in 29% 

- alcohol disorders in general have comorbidities in 45% 

- in other drug disorders comorbidity is 72% 

➔ Comorbidity is the rule rather than the exception 

in substance use disorders → higher number of 

several diagnosis 

Comorbid mood and substance use disorders following early life 

stress 

➔ hard to decide what’s the prime disorders → should I treat first mood disorder or should I treat 

first substance use disorder? → can happen that if I treat one disorder the second get better 

without specific treatement 

 

5. Treatement 
5.1. Treatment goals and options 

Therapy goals of the treatment Treatment options 
- Ensuring survival 
- Treatment of secondary and concomitant 

diseases 
- Adequate quality of life 
- Promotion of insight into the disease and 

motivation to change 
- Establishment of substance‐free phases 
- Improvement of the psychosocial situation 
- Abstinence 

- Harm reduction 
- Psychotherapy (motivational interviewing, 

cognitive behavioural therapy) → main 
treatement 

- Pharmacotherapy → not available for all 
substance use disorders 

- Diagnosis and therapy of concomitant somatic 
and psychiatric diseases 

- Social reintegration (return to home and 
work, re‐establishment of social relationships) 
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5.2. Motivational Interviewing 

A. Express empathy through reflective listening. 

B. Develop discrepancy between clients' goals or values and their current 

behaviour → what do you want really and what you do? 

C. Avoid argument and direct confrontation. 

D. Adjust to client resistance rather than opposing it directly. 
E. Support self‐efficacy and optimism. 

! Relapses are the role, not the exception 

 

5.3. Pharmacological treatement 

- every drugs has one or more targets 

- for opioids we have a substitution treatment bc the 

users don’t get abstinent for many time 

➔ approaches are not so much and not so good → 
many improvements are possible and necessary 

 

 

 

 

 

6. Clinical research: Cognitive consequences of cocaine use 
6.1. About cocaine 

history 

- Psychoactive alkaloid of the coca plant 

- Since about 5000 years cultivation of coca in the northern Andes 

- in the Andes broad use of coca leaves as natural stimulant and tonic to date 

- From 1879 fast distribution as local anaesthetics and treatment for morphine addiction → NOT 

good idea! 

- pharmacokinetic tra foglie e polvere molto differente 

Acute effects of cocaine 

- unspecific monoamine transporter inhibitor 

- Blockade of presynaptic dopamine, serotonin, and noradrenalin transporters → transient increase 

of neurotransmitter concentration in the synaptic cleft 

- intense stimulation of the fronto‐limbic reward system by dopamine release in the ventral 

tegmental area, nucleus accumbens, and prefrontal cortex 

- acute subjective effects: euphoria, increased drive and energy, enhanced vigilance and thoughts, 
and elevated self‐confidence 

Additive potential of cocaine 
- numbers: 5‐6% of cocaine users develop addiction in the first year of use, while 15‐ 21% develop 

addiction during lifetime 

- development addiction: much faster compared to other drugs → very dangerous 

- relapse: cocaine addiction is afflicted with high relapse rates of 40‐60% during or after 

specialized treatment 

Consequences 

- physical: CVD, lung edema, epileptic seizures, High vulnerability for infectious diseases 
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- mental: depression, anxiety disorders, suicidality, psychoses, sleep disorders, violence… 

- problem: Social problems, Cognitive deficits (Attention, Memory, Executive functions) are cause or 

consequence of use? 

Social behaviour in cocaine users 

- Clinical phenomenology: egocentrism and emotional blunting in chronic cocaine users 

- 22‐fold increase of risk for an antisocial personality disorder 

- Cocaine users display changes in brain regions crucially involved in social cognition and interaction 

➔ Social cognition and interaction deficits in cocaine users? 

 

6.2. Study design: Zurich Cocaine Cognition Study 

  

 

 

 

 

 

 

6.2.1. Design of the study 

Inclusion criteria 

- Either: Regular but non‐dependent use of cocaine (DSM‐IV criteria not matched) 

- Or: dependent use of cocaine (DSM‐IV criteria matched) 

- Consumption in the last 6 month and more than 1 g per month 
- Age: 18 to 60 years 

Exclusion criteria 
- Polysubstance or opioid use 

- OCD, schizophrenia, bipolar disorder, current depressive episode 

- Neurological and severe somatic diseases 

- Any prescribed medication with psychotropic substances 
- ADHD and a history of depression was not excluded  

Additional requirements 

- Abstinence for illicit drugs: 3 days and alcohol: 24 h 

- Urine, blood, and hair samples to control for recent drug use and chronic polysubstance and opioid 

abuse 

- Approval of the Cantonal Ethics Committee Zurich (KEK) 
 

6.2.2. Results 

Cognitive impairment and cocaine 

- Cocaine dependents show strong 

deficits compared to control 

- NOT one specific cognitive 

domain affected → lowest deficit: 

executive functions 

- also recreational users show 
deficits 
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role of ADHD (disturbo da deficit di attenzione/iperattività) and age of onset 

- Comorbid ADHD had an additional impact on cognition but did not explain the impairment in 

general 

- Early age of cocaine use onset had a great impact on cognitive performance 
- people who has a onset < 18y has more cognitive deficits 

Cortical thickness and subcortical volumes in cocaine users 

Cocaine users displayed reduced cortical thickness compared to controls within frontal regions, which 

are correlated with cumulative cocaine intake and attention 
 

Empathy 

Multifaceted Empathy Test (MET): Complex fotorealistic stimuli 

- 40 photos showing persons in emotional situations 

- 3 questions with regard to each photo 

- 3 subscales: 

o Cognitive Empathy (emotion recognition) → What does this person feel? 
o Emotional Empathy 

▪ ‐> explicit: How much do you feel with this person? 

▪ ‐> implicit: How much are you excited if you see this person? 

- Results 

o cocaine users NOT have problems to write the right emotion 

o Implicit Emotional Empathy was correlated with cumulative lifetime cocaine dose 

o Emotion recognition is not impaired in cocaine users but implicit and explicit Emotional 
Empathy seem to decrease with increasing cocaine consumption 

 

Social Interaction 

 

➔ Recreational and dependent users are less altruistic 
compared to controls in social money distribution games 

 

 

- Social and non-special reward 

o Independent modulation of social reward and object reward! 

o critical contrasts concerned trials in which both experts agreed versus disagreed with the 

participant (social reward) and trials in which the participant won their preferred song 

versus the alternative song (non‐social reward) 

o social feedback (and winning preferred songs) less rewarding in cocaine users → 

cocaine users suffers from deficits in value representation in natural renforcing 

Longitudinal results 

3 groups 

- cocaine quantity increase → getting worse in cognitive 

functions (attention, working memory, executive functions…) 

- cocaine quantity stable 

- cocaine quantity decrease → getting better (attention, 

working memory, executive functions…) 
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- (s. 75) people who get abstinent come back to the initial levels of the control BUT only if the 

impairment is not very high 

- (s. 76) cocaine decreasers 

o people who start later cocaine consumption has better improvements 

o cortex become bigger again (growing of prefrontal cortex) 

o improvement in cortical performance with growing of prefrontal cortex 

o improvement in empathy (S. 80) 
o improvement in social-decision-making (S. 80) 

➔ Social and non‐social cognitive deficits as well as associated cortical changes are at least in part 

drug‐induced in cocaine users! 

 

Summary 

- Recreational and dependent cocaine users display broad 

cognitive impairments. 

- Basal cognitive functions are correlated with several 

subjective and objective drug intake parameters. 

- Emotional empathy, theory‐of‐mind, prosocial behaviour, 
and social network size are altered in cocaine users. 

- Basal cognitive functions, impulsivity, emotional empathy, 

and prosocial behaviour covary with changing cocaine use. 

Thus, they are probably, at least in part, drug‐induced. → 

Neuroplasticity! 

- ADHD, age of onset, and adulderants are important factors 

for impairment and recovery in cocaine users. 
- Cocaine users display a blunted response of the reward system when receiving social reward such 

as positive social feedback and object reward such as music pieces or money. 

- Specifically, the decreased activation of the ventromedial prefrontal cortex suggest that cocaine 
users likely suffer from a generalized impairment in value representation. 

- Remediation of social reward by psychotherapy and training interventions might result in 

providing a counterpoint to the exaggerated drugrelated reward signals in substance use disorders 

and in restoring non drug‐related reward signals. 
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V09: Addiction II: Substance Use and Addiction - Johannes 

Bohacek 
 

1. Intro: the reward circuitry 
1.1.  

 

Refresher from last time: Depression & the reward circuitry 

- first experiment in humans 

o implantation of electrodes into brain, stimulation of medial forebrain bundles → 

triggering of sensation of joy and euphoria 
o stopping of the stimulation: vigorous protest 

- defining feature of addiction is compulsive, out-of-control drug use, despite negative consequences 

→ uso compulsivo e fuori controllo della droga, nonostante le conseguenze negative 

 

We tend to repeat things that we enjoy 

- Rewards are stimuli that the brain interprets as intrinsically positive 

- Reinforcing stimuli are those that increase the probability that behaviors paired with them will be 

repeated 

- Experiment: electrical activation of the medial forebrain bundle (which includes VTA→NAc 

axons) drives reinforcement (e.g. press a lever to get a stimulation) → what drives 

reinforcement is rewarding (reward drives reinforcement) 
- Conclusion: what drives reinforcement is rewarding → we tend to repeat things that we enjoy 

- Drugs of abuse are rewarding and reinforcing 

!!! Now this is easy to thinks this concepts, but in 1954 the didn’t have idea about molecular circuitries in 
the brain 

How far we’ve come in the last 60 years 

- Dopamine was only discovered in the brain a few years later in 1957! 

- With optogenetics, we can now selectively activate the dopaminergic VTA neurons 

that project to the NAc 

- Experiment in mouse: stimolazione dei dopaminergic neurons del VTA, quando il mouse 

schiaccia la leva riceve grande stimolazione → mouse continua a schiacciarla perché ha 

piacere → alcuni di mesi senza stimolazione → ripetizione dell’esperimento →mouse continua a 
schacciare la leva → mouse get addicted  

 

 

2. Animal models of drug addiction 
2.1. Animals vs humans 

- drugs that strongly reinforce behavior in animals also strongly reinforce drug-seeking in 

humans  

o For example, laboratory animals readily self-administer cocaine. Some of them will give up 

food, water, or sex and even work to the point of death in order to gain access to cocaine. 

- Drugs that are less addictive in humans are also less reinforcing in animals (e.g. marijuana). 
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- Drugs that are not addictive in humans are not reinforcing in animals (they will not self-

administer) 

➔ animals and humans seems to respond very similarly 

o Nicotine appears to represent an exception to this rule; not very reinforcing in animals, 
yet it produces strong addiction in some humans 

The route of drug administration matters! 

- Cocaine and methylphenidate (Ritalin) have an identical drug mechanism (DAT/NET inhibitor), but 

how quickly the drug reaches peak brain concentration (and the dose/concentration of the drug) 

matters (or think marijuana, smoking vs. brownies) 
o e.g. if you smoke marijuana you have faster effects than if you eat 

- This is important for translational research bc animal models try to reproduce human route (e.g. 

alcohol drinking, cocaine/heroine injection) 

 

2.2. Mechanisms of drug action 

To understand the mechanisms of drug action, we need animal research, and good animal models. 

➔ With animals we can learn really everything about how drugs work, where they work, and 

why they work. 
 

2.3. Drug Self-Administration 

A. Animals (mice, rats, monkeys) administer the same range of drugs that humans self-administer 

B. A subset of animals will lose control over drug intake and chose the drug over food, sex etc. → 

perdere il controllo 

C. A subset of animals will even overdose 

D. After very long periods of withdrawal, animals will relapse to drug self-administration 
E. Relapse is triggered by drug-associated cues and stress 

➔ that’s a very good animal model → it really mimics human conditions 

 

2.4. Conditioned Place Preference 
- Experiment: 

o put mouse in two chambers → preconditioning test 

o give to the mouse a drug (only in one of the chamber) → place 

conditioning 
o put newly mouse in two chambers → mouse have learned where there 

is the drug and it choose this chamber → post- conditioning 

- Conclusion 

o Animals learn to prefer a drug-paired environment 

o Upon re-testing, the more time they spend in the drug-associated 

compartment the more “addictive” the drug was for them 
 

2.5. Intra-Cranial Self-Stimulation 

Experiment 

- Animals will self-stimulate reward areas in the brain through pressing of a lever 

- Stimulation frequency is titrated systematically to identify the minimum frequency that 

reinforces instrumental responding (reward threshold) → identificazione della frequenza minima 
che rinforza la risposta → idea of how strong is the drug 

Conclusion 
- drugs of abuse facilitate self-stimulation and lower the reward threshold → pressing more 

- chronic administration can decrease the rewarding effects (requiring higher doses to activate the 

reward centre in the same way) 
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3. Molecular mechanisms of drug addiction (the simple version) 
 

3.1. What do all drugs of abuse have in common? 

- NOT: chemical structures → all drugs have very different chemical structures 

- YES: mechanism of all drugs of abuse is that they ALL enhance dopamine neurotransmission to 

the nucleus accumbens (NAc) neurons 

o the net effect of all addictive drugs 

o all drugs act on synapses via 3 general mechanisms: metabotrobic receptors, ionotropic 

receptors, monoamine Transporters (cfr. lesson 08) 

➔ feeling of reward comes from the increase of the activity at the synapses between VTA and 
NAC 

 

3.2. What happens in the post-synaptic cell? 

drugs → II messenger and protein phoshorylation → transcription factors → 

target genes → transcription → translation into proteins → proteins in the end 

changes the circuitry e.g. more AMPA and NMDA receptors → next stimulation 

increase effect → long-term-changes 

3.2.1. Transcription factors 

Delta-FosB 

- what: is a member of the FOS family of immediate early genes (transcription factor family) 
- upregulation: Delta-FosB is upregulated in NAc only after chronic cocaine exposure, whereas 

other TFs get suppressed 

- Experiment: injection of cocaine in animals 

o control: no changes in c-Fos, base ∆FosB activity 

o highly c-Fos activation 1-2 yours after injection 

o chronic: NO c-Fos activation (disappearing) BUT high ∆FosB level 

- drug sensitization: Delta-FosB overexpression alone induces drug sensitization (makes drug more 
rewarding) 

cFos 

cFos is another member of that family that is well-known (neuronal activity marker) → if you have high 

neuronal activity you can readout at the molecular level by measuring c-Fos (e.g. stress exposure, 

memory, drugs… all this thinks change neur  onal activity) 

➔ ALL drugs of abuse increase delta-FosB in the NAc! → Another common 

signaling mechanism, now on the cellular/molecular level 

From TF to function 

- 1 brain region. / 1 transcription factor.  

- A few genes that get translated into proteins and change cellular function 

permanently → addiction 

 

3.2.2. Epigenetics 

Epigenetic modifications: they control how accessible the genome is and how strong it can be activated → 

DNA methylation, histone modifications 

- Histone methylation: repressive chromatin marker → chromatin together → compact 
- Histone acetylation is often an activating marker 

How does cocaine induced transcription factor signalling lead to long-lasting changes in drug-

responsiveness? 
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! About transcription factor (TF) 

- TF transcribes genes 

- TF CANNOT place or remove methylation markers on histone tails → genes that get transcribed are 

methyltransferase G9a → transfer methylation groups to very specific sites of histones 

- TF can transcribe OR suppress gene expression 

In the post synaptic cell 

- reduction in histone methylation in H3K9me2 in NAc (Reduced global* H3K9me2 in NAc) after 
chronic cocaine → NO methylation → acetylation → DNA more accessible → genes associated can be 

read by transcription machinery 

- reduction in H3K9me2 is mediated by delta-FosB → if you turn on delta-FosB in NAC you start 

decreasing amount of histone methylation at K9 site 

- Delta-FosB actively reduces global expression of the methyltransferase G9a in NAc 

o if you have less of this enzyms you will have less histone methylation 

o Delta-FosB indirectly control methylation 

o G9a in NAc normally reduced in cocaine abusers 

- Overexpressing G9a in the NAc suppresses drug induced place preference! → reduction of 

rewarding properties of the drug 

A little simplified version 

chronic cocaine → remotion of methylation → more acetylation → 
chromatin opening → more TF can bind 

- transcription factor delta-FosB suppresses the histone 

methyltransferase G9a 

- this leads to less H3K9di-methylation 

- chromatin will be less compact (i.e. more “open”) 

- more gene expression in response to subsequent cocaine administration at loci where we have less 

H3K9me2 
➔ consequence: stronger behavioural response (addiction/reinforcement/craving) to drug 

 

 

4. Molecular mechanisms of drug addiction (the truth) 
In every cell: 2m DNA/cell, 3 billion base pairs, 20’000 genes, multiple splice variants, >200’000 proteins → 
enormity of molecular complexity 

 

4.1. Truth #1: 

- in response to acute or chronic drug exposure: hundreds of genes get regulated 

in different brain regions! 

- drug history determines gene expression response (depends if is the first time 

you get a drug or if you time from longtime the drug) 

 

 

4.2. Truth #2 

- large number of transcription factors is involved in the regulation of hundreds of genes that are 

changed by acute or chronic cocaine administration 

- many TF together get rise to the gene regulation 

- every TF regulates larger number of genes 

- all TF are very responsive to different changement in different brain regions 

➔ So the story is much more complex than delta-FosB alone! 
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4.3. Truth #3 
- Brain regions are not homogeneous 

- Many effects are cell-type specific! 

- In NAc we have two types of neurons: 

o D2-MSN 

o D1-MSN 

➔ cocaine induces an increase only in D1 medium spiny neurons, not in D2 neurons 
➔ opioids increase activity in both neurons 

 

4.4. Truth #4 

Epigenetic processes are ridiculously complicated: 

- The histone code is only one example… 
- DNA methylation and other co-valent DNA markers. 

- Chromatin 3D structure 

- Non-coding RNAs 
- RNA-methylation etc. 

The epigenetic code is cell type specific too (which makes it orders of magnitude 
more complex) 

This enormous complexity likely explains why small environmental factors can accumulate over the 

lifetime and lead to → individual differences despite “same” genetic and “same” environmental conditions 

→ it explains differences in identical twins 

➔ “Stochastic individuality” 

 

4.5. Truth #5 

- if you give cocaine to an animal → all get rewarding → BUT between them there are many 

differences 
o individual infusions: some want less and some want more drugs 

o individual addiction index: some don’t want drug, others want more drug 

- are far from understanding what makes an individual “susceptible or resilient” to drug addiction. 

- “Stochastic Individuality” is also captured by animal models on the behavioral level of 
susceptibility to drug abuse 

 

5. Summary 
Given how little we know of the complex mechanisms that operate below the surface of drug addiction (or 

any other psychiatric condition or brain process), it would be foolish to stop here and say: We know 

enough, let’s only focus on translation of what we know 
Dato quanto poco sappiamo dei complessi meccanismi che operano sotto la superficie della tossicodipendenza (o di qualsiasi altra condizione 

psichiatrica o processo cerebrale), sarebbe sciocco fermarsi qui e dire: Sappiamo abbastanza, concentriamoci solo sulla traduzione di ciò che 

sappiamo. 

➔ We need fundamental research. 

➔ We need unbiased large-scale screens on all molecular levels. 

➔ We need to identify key hubs in this complex mess that we can target with drugs in some way. 

➔ Ultimately, the holy grail will be targeted manipulation of specific epigenetic mechanisms in 
specific cell types. 
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V10: Stress II: Clinical Stress Management - Johannes Bohacek  
 

1. Introduction 
About homeostasis 

- All vital systems of the body (must) preserve a predefined steady state, i.e. homeostasis, which is 

essential for life and well-being (example: blood loss, NT concentration, pH in cells…) 
- Homeostasis is constantly challenged by adverse forces which are intrinsic or extrinsic, real or 

even perceived, and are described as stressors. The organism counteracts stressors to 

maintain/reestablish homeostasis (=adaptive stress response). 

How do we measure/quantify stress? Self report? Stress hormones? 

- Problem: many pleasurable activities challenge homeostasis → see cortisol, but cortisol is induced 
by stress but also by very pleasurable activities (sexual behaviour, social defeat, social victory…) 

Definition of Stress 

- Simple definition of stress: ”A real or perceived threat to the physiological or psychological 
integrity (i.e., homeostasis) of an individual that results in physiological and/or behavioral 

responses’’ → sia se è davvero un threat, sia se è semplicemente percepito come tale, es. esami: 

oggettivamente non sono un threat per l’integrità 

- Factors that determine whether a situation is perceived as stressful: 

o (perceived) uncontrollability 

o unpredictability 

o severity / intensity 
o regulatory range vs. adaptive capacity 

 

2. Noradrenaline system 
Higher brain regions initiate the stress response, which kicks the brain into «stress 

mode» and triggers sympathetic nervous system activation → that leads to the 
activation of Locus Coeruleus (and of Paraventricular Nucleus Hypothalamus). 

2.1. Locus Coeruleus 

- getting input: more than 100 brain regions send inputs to the Locus Coeruleus 

(LC)!  
- important inputs: most important (stress-relevant) LC-inputs come from the 

amygdala / Prefrontal Cortex / Paraventricular Nucleus Hypothalamus (PVN) 

- consequences: they can all activate the LC directly, and lead to release of brain noradrenaline 

o this in turn puts the brain in “Stress Mode” 

o LC activity release noradrenaline and puts you in survival mode 
Flight or Flight 

Experiment Lesson Attention II 

- what: activation of LC in rats → immediate shifts in brain activity toward 

salient stimuli 

- interpretation: 

o NOT mean your attention performance completely falters across the board. -> It shifts. 

o You would perform terribly at solving a math problem in that moment, but you might 

just survive a dangerous situation because you can scan the environment for potential 

threats more efficiently! → sareste terribili a risolvere un problema di matematica, ma 

potreste sopravvivere a una situazione pericolosa perché potete scansionare l'ambiente per 

potenziali minacce in modo più efficiente! 
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2.2. Activation of amygdala 

- activation of amygdala: activation of amygdala would trigger anxiety response → anxiety is a 

natural response to acute stress → it makes sense, because in a dangerous environment it makes 

sense to favor avoidance over approach 

- process: amygdala activation → activation of LC → release of noradrenalin → noradrenaline back to 

the amygdala → potentiation of activity of amygdala 
Selective Locus Coeruleus activation triggers anxiety (through projections to the amygdala) 

 

2.3. Paraventricular Nucleus of the Hypothalamus (PVN) 

- Many brain regions can activate the PVN. The most important (stress-relevant) PVN-

inputs are: 

o Amygdala → Stria terminalis → PVN 

o Bed nucleus of the stria terminalis (BNST) → PVN 

o Input from the hippocampus is critical for terminating the stress response 

(inhibitory feedback, see HPA-axes) 
o locus coeruleus (reciprocal connection) 

➔ LC and PVN are reciprocally connected, allowing coregulation / integration of stress 

signals 

▪ activate the sympathetic nervous system 
▪ inhibit the parasympathetic nervous system 

 

3. The sympatho-adrenal-medullary system (SAM) 
3.1. Division of central nervous system 

 

3.2. Sympathetic vs. Parasympathetic Division 
- all preganglionic neurons are cholinergic (acetylcholine) 

- Postganglionic neurons (lower motor neurons) are 

o noradrenergic (sympathetic) 

o cholinergic (parasympathetic) 

- Cell bodies of postganglionic neurons are located outside the central nervous system in autonomic 

ganglia: 

o close to the spinal cord (sympathetic) 

o in neural plexus (network of intersecting nerves) near or inside the target organ 

(parasympathetic) / ganglion: cluster of nerve cell bodies 

 Autonomic nervous system (visceral) Somatic nervous system 

function Controls involuntary functions: smooth muscle 
fibers, cardiac muscle fibers, glands 

Controls skeletal muscles 

NT Noradrenaline = Norepinephrine (sympathetic); 
Acetylcholine (parasympathetic); 
co-neurotransmitters; 
neuropeptides (many varied effects on visceral 
organs) mediated by neuromodulators (GPCRs) → 
homeostasis 

Acetylcholine (neuromuscular junction, nicotinic 
ion-gated  
receptors) 

control Hypothalamus / Brainstem Primary motor cortex; Premotor cortex 

contacts Contacts between visceral motor neurons and the 
viscera are not highly branched and structurally 
variable. 
Neurotransmitters often diffuse over hundreds of 
microns before binding postsynaptic receptors. 

Neuromuscular junctions of the somatic motor 
system (motor endplate) are highly differentiated 
(lots of branches), 
and have a highly ordered structure (30nm 
synaptic cleft) 

cell bodies Cell bodies of lower motor neurons are located 
outside the central nervous system in autonomic 
ganglia (an extra  
synapse between spinal cord and effector organs) 

Cell bodies of lower motor neurons are located in the 
ventral horn of the spinal cord gray matter and in 
the motor 
nuclei of the cranial nerves in the brainstem 
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3.3. Activation of sympathetic vs parasympathetic nervous system 

High levels of sympathetic activity: FIGHT or 
FLIGHT 

High levels of parasympathetic activity: 
REST & DIGEST 

1. pupils dilate and the eyelids retract 
(allowing more light to reach the  retina and 
the eyes to move more efficiently) 

2. blood vessels of the skin and gut constrict 
(rerouting blood tomuscles, thus allowing 
them to extract a maximum of available 
energy) 

3. hairs stand on end (making our hairier 
ancestors look more fearsome..?) 

4. bronchi dilate (increasing oxygenation) 
5. heart rate accelerates and the force of 

cardiac contraction is enhanced (maximally 
perfusing skeletal muscles and the brain) 

6. the adrenal medulla releases adrenaline 
and noradrenaline into the bloodstream and 
mediates the release of glucagon from the 
pancreas (thus further enhancing energy-
mobilizing (catabolic) functions). 

7. Digestive and other vegetative functions 
become quiescent (thus diminishing 
activities that are temporarily unnecessary) 

8. Sweating (warning signal to others, was 
shown to sharpen alertness in others..?) 

1. Pupils constrict 
2. Heartrate slows down 
3. Peristaltic activity of the gut increases 
4. Voiding of the bladder is promoted 

 
! Most organs are innervated by both branches, 
BUT: sweat glands, adrenal medulla, piloerector 
muscles of the skin and most arterial blood vessels 
are ONLY innervated by the sympathetic division 
! IMPORTANT: Sympathicus activates 
parasympathicus to counteract the strong 
activation and return to homeostasis. These 
systems are tightly linked. 

Understanding the stress response: Consciousness 

- The sympathetic nervous system can be activated from higher brain regions in response to 
“psychological stressors”. 

- Sympathetic nervous system is also controlled by reflex arcs between brainstem, medulla and 

preganglionic sympathetic neurons (monitoring and responding to blood loss, respiratory distress, 
pain, inflammation) 

 

3.4. Noradrenaline and SNS 

- SNS nerve fibers → Noradrenaline → Beta-adrenergic receptor 

- SNS → Circulation → adrenaline → through bloodstream NA reaches 

most organs 

! all adrenaline-receptors are g-coupled receptors 

 

effects of (nor)adrenaline are dependent on 

- the receptors expressed in the target tissue → excitation or inhibition 

- on where they are expressed (within the circuit) Alpha2-adrenoceptors 

can inhibit the postsynaptic cell, or auto-inhibit the presynaptic cell 

(=inhibitory feedback to reduce NA release) 
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4. Hypothalamus-Pituitary-Adrenal (HPA) Axis 
 

4.1. HPA Axis: Cortisol / Corticosterone 

process: hypothalamus → release of CRH into blood system → anterior pituitary → release of 

ACTH into blood system → adrenal cortex → glucocorticoids 
HPA axis activation results in release of cortisol (corticosterone in rodents) 

some terms 

- CRH: Corticotropin Releasing Hormone 

- ACTH: adrenocorticotropic hormone 

- Glucocorticoids; Cortisol = CORT 

remember: many pleasant, rewarding stimuli ALSO trigger corticosterone release, like sex or 

exercise. CORTISOL ≠ STRESS 

 

4.2. Effect of Corticosterone on target tissues 

- CORT acts via binding to mineralocorticoid receptors (MRs) and glucocorticoid 

receptors (GRs) → both receptors are expressed in all parts of body 

- Cortisol signalling is slower than NA → take about 10 minutes after exposure to come in the brain 
- ! Cortisol can cross BBB (Noradrenaline cannot!) 

GR and MR signalling pathways (fast and slow 
action) → RAPID 

GR/MR mediated gene expression affects cellular 
function → SLOW (classical) 

  

Through membrane GRs CORT can exert rapid 
effects on cellular activity and intracellular 
signaling 

Through translocation to the nucleus GRs and 
MRs can bind Glucocorticoid Response Elements 
(GREs) and act as a transcription factor 
(modulate gene expression) 

 

4.3. Selfregulation 

- very important function of the HPA axis is to sustain energy supply if stressors 

last for longer periods of time 

- yet this expensive  (energy demanding) system tries to selfregulate: negative 

feedback loops try to shut the stress response down (this only works, if the 

stressor has subsided) → body tries to shutdown stress response BUT if stress is 

persisting body NOT able to shut down 

sistema costoso (che richiede energia) cerca di autoregolarsi: i cicli di feedback 

negativo cercano di spegnere la risposta allo stress (questo funziona solo se il fattore 
di stress è diminuito) 
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4.4. Metabolism 

What’s happens in Metabolism: CORT provided energy for sustained activity → shifting metabolism to a 
catabolic state) 

- stimulates gluconeogenesis (liver) 

- inhibits glucose uptake in fat and muscle cells, increasing blood sugar levels (for brain glucose 

supply…) 

- inhibits lipogenesis 

o simultaneously, adrenaline/noradrenaline and CORT all stimulate lipolysis (breakdown 
of fat) → increase in free fatty acids → production of ATP for gluconeogenesis 

Chronic stress: under chronic stress conditions, the catabolic effects of CORT have unwanted 

consequences (e.g. muscle atrophy; insulin resistance) 

Blood: CORT facilitates thrombosis and blood clotting (risk of stroke increases) 

Immune system: CORT suppresses both adaptive and innate immunity: 
- suppresses monocytes, lymphocytes, and production of antibodies 

- blocks cytokines, inhibits pro-inflammatory signaling in target organs/tissues, inhibits 

prostaglandin synthesis (immunosuppressive and anti-inflammatory effects) 

- that’s why CORT is used in the clinic to treat allergic reactions, autoimmune diseases, or to 

suppress the immune response after organ transplants 

- Covid19, dexamethasone = potent GR agonist → very powerful at suppression of inflammation in 
the lungs 

 

4.5. Chronic Stress 

Psychological effects: Chronically elevated CORT levels increase the risk of depressive disorders 

Cushing’s syndrome: Cushing syndrome typically results from tumor in the ACTH-producing cells of the 
pituitary gland. 

Chronic stress induces depressive-like behaviors in mice, rats and primates. Chronic stressors are the 

most widely used model for preclinical depression research. 

Remember Lecture Emotions II: chronic stress decrease BDNF, reduce spine density, triggers 

depression 

Remember Addiction II 

Experiment Resilient Delta-FosB 

   
Experiment for 10 days, than test 
of social aspects 

Some mice are RESILIENT to the 

effects of chronic stress → NON 

sono particolarmente scioccati 

dall’evento, passano ancora 

tempo con gli altri (cfr. green) 

RESILIENT mice express higher 
levels of Delta-FosB in the 
nucleus accumbens (mostly in 
the core) than susceptible mice 

Experiments (not shown here) indicate that blocking delta-FosB in the nucleus accumbens makes mice 

more susceptible to stress, and overexpressing delta-FosB can turn susceptible mice into resilient ones. 
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Remember Lecture Dementia II 

- Alzheimer’s disease, tau aggregates are observed first in the locus coeruleus (LC), prior to their 

presence in entorhinal cortex and neocortex. Some theories suggest that stress, the strongest 

activator of the LC, might contribute to this age-associated pathology 
- we can speculate that there are connections between LC activation and Dementia 
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V11: Stress II: Clinical Stress Management -  
 

1. Introduction 
1.1. Stress-related disorders 

- chronic pain from chronic muscle tension 

- negative influence on chronic lung diseases 
- hypertension, heart attack, stroke metabolic disorders (e.g. diabetes, obesity) 

- changes in gut bacteria, influence on mood (gut-brain-axis) 

- negative influence on inflammatory bowel disease and irritable bowel syndrome 

- reduced libido and erectile dysfunction 
- negative influence on premenstrual symptoms 

 

1.2. Caregivers (=colui che si prende cura) of Dementia Patients: 151 publications included 

Caregivers have: 
- higher cortisol levels 
- less good performance on attention and 

executive functioning tests 
 

Interventions to reduce stress: 
- improved cognition 
- mixed effects on cortisol 

 

 

1.3. Three studies about Covid and stress 

General populating: China, 
Spain, Italy, Iran, US, Turkey, 
Nepal, Denmark 
- anxiety 6.33% to 50.9% 
- depression 14.6% to 48.3% 
- post-traumatic stress 

disorder 7% to 53.8% 
- psychological distress 

34.43% to 38% 
- stress 8.1% to 81.9% 

35 articles 
- fear-related symptoms 67% 

(61%–73%), 
- perceived stress 56% (32%–

79%) 
- anxiety symptoms 41% 

(35%–47%) 
- insomnia 41% (33%–50%) 
- depressive symptoms 27% 

(20%–34%) 

25 cross-sectional studies 
- 32% anxiety (95% CI = 21%–

44%) 
- 41% stress (25%–57%) 
- 32% depression (21%–44%) 
- significant risk factors for 

mental ailments: caring for 
COVID-19 patients, being a 
female, low self-efficacy 

 

 

2. Stressors, appraisal and response 
High potential to result in a stress response 

- Novelty 

- Unpredictabality  

- Threat to the ego 
- sense of control 

 

Exercise 1: Measuring Stress = Perceived Stress 
Scale 

Exercise 2: Identify a stressor and describe your 
stress reaction (physiological and emotional) 

Exercise 3: The caregiver of a dementia patient perspective Identify possible stressors 
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3. Self efficacy and motivation for life style change 
Self-Efficacy 

- Belief of being able to cope successfully with critical situations. 

- Assumption: Humans attribute their success and failure experiences to themselves and then 

generalize. 

Increasing self-efficacy 

- Own success experiences 

- Vicarious experiences of success 

- Verbal persuasion 
- Physiological states 

Motivation for Life Style Change (HAPA) – Behavioural Change Techniques 

  

 

4. Interventions 
A. Digital Cognitive Behavioral Therapy 

B. Mind Body Medicine  

- Innovative, integrative concept* 

- Linking mind and body 

- Facilitating self care 

- Application of multi-modal treatments to reduce 

symptoms and to strengthen self efficacy 

C. Physical Activity 

- Mind-Body Physical Activity (MBPA) in educational settings is one possible preventive strategy 

for ameliorating stress-related physiological health parameters 

- Yoga effects on objective parameters 

o cortisol (waking and evening) ↓ 

o systolic blood pressure ↓ 

o resting heart rate ↓ 

D. Mindfulness Based Stress Reduction (MBSR) 

Mindfulness: Mindfulness è la consapevolezza che nasce attraverso prestando attenzione, di 

proposito, nel momento momento, senza giudicare. Si tratta di sapere cosa c'è nella tua mente. 

- Mindfulness Based Stress Reduction (MBSR) 

- Mindfulness Based Cognitive Therapy (MBCT) 

- MBCT for Depression 

- MBSRs Role in Dementia 

- Mechanisms of Mindfulness 

o Attention regulation 

o Body awareness 

o Emotional regulation 

o ACC: self regulation of attention and emotion 

o PFC: Attention and emotion 

o PCC: self awareness 

 


