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1. Introduction, Overview and General Disease Principles 

1.1. Bench to Bedside 
 

• Type 1 translation: conversion of knowledge from basic science research into a potential clinical 
product for testing on human subjects (e.g. enzyme discovered in animals) 

• Type 2 translation: “research unto practice”, conversion of promising interventions from clinical 
research into healthcare practice → actually gets the treatment to the patient 

• Big problem with neuropsychiatric disease 
Oncology Neuroscience 
- Possible to get tissue samples 
- Tissues with limited numbers of cell types 
- Possible to model in animals (transplantable cell 

lines, cell-specific gene deletions, application of 
carcinogenic toxins) 

- Most tumors exist as immortalized cell lines in 
vitro 

- You can hardly get tissue 
- If you get tissue, it’s of regions that are not 

necessarily disease causing (circuit problem) or 
you get cells post-mortem 

- Number of cell types (and subtypes) is vast and 
poorly understood 

- Disease models are very challenging due to 
unique complexity of human brain (what is 
autism in mice?) 

• Major breakthroughs in the 1950’s 
o Antipsychotics (D2 antagonist), antidepressants (SERT and NET blocker), benzodiazepines 

(GABAaR agonist) 
o Since then, mostly better, safer drugs were developed based on the same targets (in 

contrast to e.g. BP medications) → the drug pipeline is stuck 
o Target = point of attack in the body that impacts the disease process (typically a protein) 

• Pipeline from discovery to new drug approval → approx. 17 years! 
o (1) target identification (includes literature mining) 
o (2) target validation (before this years of target discovery)  

§ Genetic, cellular and in vivo experimental models to identify and validate target 
o (3) compound screening 

§ High throughput screening → success gives you a hit (reacts with the target) 
§ HTS and selective library screens, structure-based design, reiterative directed 

compound synthesis to improve compound properties 
o (4) secondary analysis 

§ From hit to lead 
§ In vitro and ex vivo secondary assays (mechanistic, selectivity, liability) 

o (5) In vivo analysis 
§ Lead optimization (optimize properties) 
§ Compound pharmacology, disease efficacy models, early safety & toxicity studies 

o (6) candidate 
§ Main reasons for failure: drugs do not work or they are not safe 
§ Preclinical safety and toxicity package 
§ Clinical studies: I (healthy), II (few patients), III (large and expensive RCT’s) 
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• Requirements for new drugs 
o Better than the current first-line treatment 
o Better than placebo (substantially large in mood and pain disorders!) 
o Demonstrate long-time safety (most CNS disorder drugs are administered chronically) 
o Generate profit (costly cures vs. profitable chronic treatments) 

• Examples 
o SARS-CoV-2: highly efficacious vaccine in 1 year due to: 

§ Rapid target identification (spike protein) thanks to prior research on SARS viruses 
and genomic sequencing capabilities 

§ Years/decades of research into mRNA delivery for immune therapy (cancer) 
o Vascular endothelial growth factor (VEGF): 50+ years 

§ Released by tumors → promotes angiogenesis and 
proliferation of endothelial cells 

§ Block VEGF: Abs against VEGFA and antagonists directed 
at VEGFR2 

§ Anti-VEGF alone leads to vascular “normalization” allowing 
primary treatments (chemo/immunotherapy) to kill tumor 
cells → ONLY combination therapies yield superior results 

1.2. Genetics vs. Environment 

 
• Disease epidemiology 

o Where does disease risk come from? → genes vs. environment 
o Why do we care? → because of disease etiology → design better treatments 
o Lifetime prevalence: proportion of individuals in a population that at some point in their life 

have experienced a “case” 
• Disease heritability:  

o Estimated based on twin/adoption and population-based studies 
o Psychiatric disorders are highly heritable → the more DNA you share the higher your risk 
o Some disorders are strongly heritable (e.g. AD 80%), others less → in all cases genetics and 

biology hold clues to etiology 
• Finding gene variants associated with disease risk 

o 3 billion base pairs in the human genome 
o A typical genome differs from the reference human genome at 4-5 million sites (mostly 

SNPs and CNVs) 
o Single nucleotide polymorphisms (SNPs): type of common genetic variation, minor allele 

occurs in > 1% of the population (= minor allele frequency), > 335 million have been found 
o Genome wide associations studies (GWAS): detect SNPs 

§ SNP arrays: 4-sample BeadChip array (Illumina) covers around 4.3 million variants  
§ Whole exome sequencing (WES): sequences the coding part (1-2% of the genome) 
§ Whole genome sequencing (WGS): massive amounts of data, difficult to handle 

(i.e. multiple testing problem → higher chance of false positives) 
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1.3. Polygenicity problem 
• SNPs captured by GWAS arrays explain 20-30% of genetic variance in schizophrenia disease risk → 

polygenic disorders (e.g. Manhattan plot with 145 significant loci, P = 5x10-8) 
• Heritability is only partly explained by common genetic variations → polygenic disease 
• Missing heritability: 

o Twin studies aren’t perfect:  
§ Genetic variability (CNV) can dynamically accumulate with aging (i.e. twins become 

different as they age) 
§ Genomes aren’t fully identical, in 15% of monozygotic twins early de novo 

mutations occur before “twinning” in morula of only one twin 
§ → still the heritability estimates seem to be pretty accurate 

o Rare variants (< 1% allele frequency): explain much of the variation → problem of power 
(i.e. huge populations needed) 

o Gene-environment interactions → epigenetics  
§ Lifestyle choices (smoking, eating habits, exercise) can influence the organism 

more/less depending on the genetic background 
• Polygenicity poses a problem for basic research and drug development 

o Many genes are involved in creating disease risk → each gene contributes often <1%  
o Gene sets are partially overlapping (e.g. autism risk gene can also be a schizophrenia one) 
o Makes drug development and basic research 

very difficult (high costs and uncertainty) 
o Many lousy drug targets → one possible 

solution (pathways) 

1.4. Translational Approaches 
 

• Identify a risk gene in patients → manipulate it in animal 
models and observe behavior phenotype that matches the pathology 

o Example: brain-derived neurotrophic factor (BDNF) 
§ Role in neuroplasticity 
§ G to A substitution (point mutation) leads to methionine instead of valine at codon 

position 66 → decreased BDNF secretion and bioavailability in brain, neuronal loss, 
low BDNF in dendrites, high BDNF in soma 

§ Unclear if there is reliable association between this SNP and anxiety; depression; 
PTSD; cognitive function 

§ Confounding variables and unresolved issues: Val66Met associated with bipolar 
disorder in Europeans but not in Asians (if genetic background matters what does 
this mean for animal research?) 

§ → Val66Met BDNF mouse (model for anxiety/depression?) 
• Identify a structural/functional change associated with a certain brain region → manipulate in animal 

models 
o Classic lesion studies in mice inspired by patient H.M. 
o Refinement of DBS for PD 

• Start with a behavior screen in animals → find genetic variance that resembles clinical symptoms 
o Extreme example: different mouse strains → different anxiety levels 

• Identify environmental risk factors in humans → animal models to test which brain circuits/molecules 
are affected 

o Early life stress models of anxiety and disorder 
• Cellular models 

o iPSCs → start with patient, then back-translate 
o Organoids; cell lines → introduce human mutations using CRISPR/Cas) 
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2. Dementia 

2.1. Dementia  

Introduction and Case study 
 

• Not only elderly people are affected by dementia 
o 1 in 1000 in <65 yrs, 5 in 100 in 65-80, 20 in 100 in 80+ 

• Not a disease → syndrome with many different forms (progressive supranuclear palsy, AD, vascular, 
frontotemporal, PD dementia, corticobasal degeneration, dementia with Lewy bodies) 

 
• Prevalence 

o Slow pandemic like growth driven by demographic aging 
o 0.7% worldwide affected 
o 60% live in low to middle income countries 
o High costs (direct and indirect) 

• Case study 
Dementia Alzheimer’s 

- Changes in mood and behavior 
- Visual hallucinations in dementia 

with Lewy’s bodies 

- Memory problems 
- Apraxia (difficulty to perform 

complex motor task) 
- Agnosia 

- Disorientation in time and space 
- Attention 
- Physically normal often 

Symptoms and comorbidities 
 

• Diagnostic and statistical manual of mental disorders V (DSM-5) 
o Impairment must be acquired  
o Cognitive deficits must interfere with independence in everyday activities  
o Disturbances are not occurring exclusively during the course of delirium (i.e. also during 

normal consciousness), consciousness is not clouded  
o Disturbances are not better accounted for by another mental disorder (e.g. major 

depressive disorder)  
o → renamed to major neurocognitive disorder 

• Minor neurocognitive disorder 
o Not normal for age 
o No dementia 
o With time decline of cognitive function 
o Essentially preserved daily functioning 
o → different from predementia 

• Comorbidities: 
o Can increase risk: hypertension, diabetes, congenital heart failure 
o Associated: stroke/TIA, parkinsonism, epilepsy, severe mental illnesses, depression 
o Physical health: asthma, COPD 
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Differential diagnosis and diagnostics 
• Dementia with Lewy’s bodies (LBD) 

o 1 year rule: Parkinson’s symptoms start within 1 year after onset of 
dementia, otherwise → dementia with PD 

o Main symptom: dementia 
o Core symptoms: cognitive fluctuation (attention lapses), visual 

hallucinations, symptoms of PD (tremor, rigor) 
o Additional symptoms: REM-sleep-behavior disorder, severe neuroleptic 

sensitivity, reduced dopaminergic activity in basal ganglia 
• Frontotemporal lobar degeneration (FTD) 

o Progressive brain disease affecting frontal and temporal lobes 
o Symptoms: changes in character and affect, decrease or increase of impulse, impairment of 

thinking (abstraction, planning judgement), memory impairment 
o Subtypes 

§ Behavioral-variant frontotemporal dementia (bvFTD) e.g. binge eating, child-like 
§ Primary progressive aphasia: speech production and/or grammar affected 

• Semantic dementia (SD) 
• Progressive non-fluent aphasia (PNFA) 

o Heterogenous neuropathology with common feature: neuronal protein accumulation  
• Vascular dementia (VD) 

o Symptoms: memory impairment, general slowing, impairment of attention, apathy, diffusive 
cognitive deficits 

o Diagnosis needs imaging proof! 
o Contributing factors: BP variability, cardiac arrythmia, vascular remodeling and stiffness, 

angiopathies, metabolic disorders, neuronal tissue homeostasis, RAAS hyperactivation 
o Major mechanisms underlying vascular cognitive impairment: cerebral small vessel disease, 

cerebral amyloid angiopathy, large artery occlusion, hypoperfusion, multiple infarcts, 
microinfarcts, strategic infarcts, secondary white and gray matter atrophy, enlarged peri-
vascular spaces, microbleeds, deep and lobar hemorrhage, white matter lesions, lacune 

• General diagnosis steps: time and context important! 
o Diagnostic manual (DSM-5, ICD-10/11 since 2022) 
o Anamnesis (medical history, progression of symptoms, family history) 
o Screening questionnaires 
o Diagnostic tests (MRI, EEG, PET, laboratory tests) 
o Differential diagnosis and exclusion of treatable causes 

• Definitive postmortem histological diagnosis 
o Neuritic plaque rich with beta-amyloid protein (black arrow) 
o Neurofibrillary “tangles” which contain tau-protein aggregates (white arrow) 

• Dementia specific diagnosis 
o Mini-Mental State Examination (MMSE): questionnaire 

§ Takes approx. 15 minutes, can be used for monitoring over time 
§ A requirement for some medical prescriptions  
§ Little sensitivity 71-85% (especially for mild cognitive impairment MCI) 
§ Does not substitute a thorough psychophysical exam  

o Biomarkers in CSF 
§ b-amyloid 1-42: correlates negatively with b-amyloid plaque concentration 
§ Tau protein: correlates positively with loss of neurons (increased 

in neurodegenerative diseases and stroke) 
§ Phospho-Tau: correlates positively with neurofibrillary pathology 

o Neuroimaging:  
§ Amyloid ligand coupled to radioactive tracer → PET 
§ Positive in AD and some cases of diffuse Lewy body disease, 

negative in FTDs 
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Risk factors 
 

• Genetic factors:  
o 79% heritability 
o APE, CLU, PICALM, CR1, BIN1, ABCA7 (GWAS metanalysis) 

• Environmental factors → inconclusive! 
o Higher risk: radiation, smoking, alcohol, football, cycling 
o Lower risk: swimming, fast food 

 
Treatment and Prognosis 
 

• Counterbalance the neurotransmitter imbalance (pharmacological, symptomatic) 
o Low availability of Ach at cholinergic synapses → acetylcholinesterase inhibitors 
o Elevated Glu levels (noise) at glutamatergic synapses → NMDA antagonists (memantine) 

§ (1) pathological condition: no filtering by Mg2+ 
§ (2) memantine normalizes noise during resting state 
§ (3), (4) activation releases memantine allowing for correct signal to noise reduction 

 
• Modern era of clinical research targets causal treatment 

o Focus on early detection 
o Failure of latest clinical trials that targeted Amyloid beta plaques (Aducanumab) 
o Refocus: away from amyloid hypothesis association of amyloid is collateral 
o Novel treatments: modulation of other neurotransmitters, anti-inflammatory drugs, 

antioxidants, lipid-lowering drugs, neuroprotection/regeneration (growth factors), drugs 
aimed at directly degrading plaques (PROTACs), epigenetic drugs 

• Non-pharmaco therapy 
o Virtual reality can alleviate some cognitive symptoms and increase physical fitness 
o Robotic cats improve mental health and cognition in patients with dementia 

• Current treatment only alleviates symptoms but does not improve prognosis 
• Developmental trajectories of symptoms 

o Preclinical phase (before symptoms onset) can be very long (20+ yrs) 
o Once cognitive decline starts → very rapid progression 
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2.2. Alzheimer’s Disease Mechanisms 

Introduction 
 

• Short history 
o 1906: Alois Alzheimer presents 1st case 
o Dark period: not much research on AD but major advances in neuroscience 
o 1963: neurofibrillary tangles (NFTs) in advanced AD using electron microscopy 
o 1976: reduced activity of choline acetyltransferase (ChAT) and lower concentration of 

acetylcholine at synapses → cholingergic hypothesis 
§ ChAT: produces ACh from acetyl-CoA and choline (reuptake from synaptic cleft) 

o 1984: first amyloid beta isolation → cloning and intensive basic research 
o 1995: acetylcholinesterase (AChE) inhibitors become first approved AD treatment (BUT they 

have modest effect size and do not affect long-term disease progression 
• AD pathophysiology 

 
Amyloid-beta 
 

• Aβ isn’t all bad: antimicrobial activity, tumor suppression, sealing leaks in BBB, 
promoting recovery from brain injury, regulating synaptic function 

• Produced predominantly in endosomes through sequential cleavage of beta-
amyloid precursor protein (APP) 

o β-secretase enzyme (BACE1) cleaves APP at the N terminus 
o Remaining membrane-bound C99 fragment is the cleaved by 𝛾-secretase 

§ Gamma-secretase complex consists of four protein subunits 
(presenilin PSEN, presenilin enhancer PEN), APH and nicastrin) 

§ Cleaves Aβ producing sequentially shorter peptides → release 
produces peptides 38-, 40- and 42-amino acids in length 

o Endosomes: release Aβ from neurons depending on synaptic activity (both 
pre- and postsynaptically) 

o Aβ peptides are prone to aggregate (particularly Aβ42) → oligomers → protofibrils → fibrils  
§ Protofibrils and fibrils are detectable in AD brain 

• Consequences: Tau hyperphosphorylation, reduced cerebral capillary blood flow, synaptotoxicity 
• Amyloid cascade hypothesis: leading model of AD (1992) 

o 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 

o Supported by: 
§ Genetic forms of AD (autosomal dominant AD, Down syndrome trisomy 21, or APP 

locus duplications) produce an increase in the Aβ42/40 ratio and higher Aβ 
production → sufficient to induce typical AD pathology 

§ A673T (rare APP mutation) reduces risk of AD → decreased Aβ production 
§ Strongest genetic risk factor for late onset AD (most common form) is a variant of 

apolipoprotein E (APOE4) → increased risk by influencing Aβ seeding & clearance  
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• Animal models of AD 
o Mouse APP gene has 97% sequence homology with human APP → subtle differences 

impair Aβ aggregation and prevent formation of amyloid plaques in wild-type mice 
o Transgenic mice: generated using a PDGF promoter driving a human APP gene encoding 

APP71V→F mutation associated with familial AD (PD-APP mice) 
§ 4-6 months of age: no obvious pathology detected  
§ 6-9 months: transgenic animals begin to exhibit deposits of human Aβ in the 

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

o Animal models stimulated massive research into disease mechanism (140+ models with 
different mutations, expression patterns etc.) 

o Much was learned about Aβ formation function and pathology → develop treatment 
strategies (including AB for Aβ clearance) → AD was cured multiple times in animal models 

o Key problem: all mouse models used in these “early” studies only captured part of AD 
pathology → usually Aβ accumulation is reproduced, but no neurofibrillary tangles and no 
neuronal loss! 

• Treatment examples targeting the Aβ pathway 
o Many phase-3 clinical trials failed → no effect in cognition 
o Small molecules inhibiting BACE1 or gamma-secretase → side effects! 
o AB interfering with different steps of oligomer formation 
o Aducanumab: monoclonal antibody targeting conformation specific Aβ aggregates 

§ Active immunization: inject aggregated Aβ into mice → IS produces AB against Aβ 
→ cross BBB → attack Aβ plaques → slows cognitive decline! 

§ Passive immunization: derived from healthy, aged donor (mice) who were 
cognitively normal → donors’ IS had successfully resisted AD and their ABs could 
be turned into therapeutics (“reverse translational medicine”) → reduces plaques! 

• Higher scalability than with active immunization 
§ ENGAGE and EMERGE phase 3 clinical trials: 2700 patients, multicenter, monthly 

infusions for 18 months, placebo vs. 3 doses of aducanumab → 10 mg/kg (highest 
dose) → significant reduction in cognitive decline BUT weakness in data! 

§ Phase 4 confirmatory trial: placebo-controlled, 1300 patients → results in 2026 

 
• Limitations of the amyloid cascade hypothesis 

o Despite decades of investment and many phase 3 clinical trials, no amyloid-targeting 
therapy was successful in limiting progression of cognitive impairment in symptomatic AD 

o No correlation between phases of amyloid deposition and degree of cognitive decline  
o Regional cerebral amyloid deposition does not correlate with patterns of regional cerebral 

hypometabolism on functional neuroimaging  
o → Aβ is necessary but not sufficient 

 
→ discuss the nature of scientific hypothesis (test theory until it cracks, then new, better theory) and 
usefulness of animals in research (animal models have limitations, but are key to advance knowledge) 
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Microtubule-associated protein tau 
 

• Functions: microtubule assembly, stabilization of neuronal axons, regulation of microtubule 
transport BUT tau KO mice don’t display severe deficits 

• Tau aggregation 
o Normally soluble 
o Phosphorylated tau can aggregate into oligomers and form neurofibrillary tangles 
o Hyperphosphorylated tau is also redirected from the axonal compartment to the 

somatodendritic compartment where it can impair synaptic function 

 
• Seeding: aggregated tau can propagate (like prions) and spread trans-synaptically 

o Tau pathology propagates throughout the AD brain in stereotyped fashion across 
neuroanatomically connected networks → basis of Braak staging 

o Accumulation starts in the entorhinal cortex (temporal lobe; interface between cortex and 
hippocampus) 

o Multiple lines of evidence suggest that aggregated, hyperphosphorylated forms of tau may 
be a primary driver of neurodegeneration in AD 

o Stage of tau pathology correlates well with cognitive impairment progression (unlike Aβ) 
o Cognitive impairment only noted when tau spreads from entorhinal cortex into neocortex 

 
• Animal models 

o Wild-type mouse tau does not develop neurofibrillary tangles (likely due to sequence 
differences between mouse and human → only 88% sequence homology) 

o Transgenic mouse: contains human tau mutations that are associated with frontotemporal 
lobe dementia (i.e. dementia with tau pathology but without amyloid plaques) 

§ No tau mutations are known that predispose to AD disease risk! 
§ Mice develop: NFTs, neurodegeneration, reactive glia, neurogenic atrophy (muscle 

atrophy due to innervating nerve degeneration) → motor deficits 
o Triple transgenic mouse: human mutations of Aβ, tau and presenilin 

§ 3-4 months: intraneuronal Aβ  
§ 6 months: Aβ plaque development in the cortex and hippocampus  
§ >6 months: minor, localized neurodegeneration, evidence of synaptic impairment 

and cognitive deficits  
§ 12 months: NFTs form initially in CA1 and then in the cortex, BUT they are much 

less extensive compared to AD tissue and less complex than human tangles 
o New mouse models: human mutations are knocked in where the endogenous gene is 

(rather than overexpressed under strong promoters) → more “natural” expression levels in 
the correct brain regions and cell types as the normal corresponding mouse genes 

o New research approaches 
§ Inject au fibrils derived from human AD brains into the brain of Aβ plaque-bearing 

mice → seeding of aggregated tau followed by development of NFTs 
§ Different triple-transgenics → causality can be better tested (Aβ exacerbates tau) 
§ New animal models are getting better at modelling human disease → study new 

therapeutic options → with better disease models comes better research 
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• Current hypothesis: Aβ deposition may be required for tau pathology 
o Tau pathology generally does not progress from the entorhinal cortex into the neocortex in 

the absence of co-occurring amyloid pathology  
o PET imaging suggests that the rate of amyloid accumulation predicts onset of tau 

accumulation, which then predicts onset of cognitive impairment 
o Combination of Aβ deposition with local tau pathology leads to enhanced tau pathology 

and neurodegeneration  
o Current hypothesis from animal research:  

§ Aβ burden might lead to neuronal hyperactivity → treatment still possible 
• Memantine: NMDA receptor antagonist → inhibits glutamate-mediated 

neurotoxicity BUT modest effect size, doesn’t modify disease progression 
§ Once APP & tau combine, neuronal function starts to disintegrate (hypoacticity) → 

too late for intervention → neurons are on the path to neurodegeneration/death 

 
 
Genetic risk factors 
 

• GWAS meta-analysis: 71% heritability of late onset AD  
• Apolipoprotein E (ApoE) 

o Lipid-binding protein → shuttles cholesterol to neurons 
o Primarily expressed in astrocytes and to a lesser degree in microglia 
o Genetics 

§ APOE gene has three common variants (SNPs) → 3 different proteins (ApoE2-4) 
§ Single inherited copy of ApoE4 increases risk by 3-4-fold, two copies by 12-fold 

o APP mice lacking ApoE have reduced fibrillar Aβ deposition and levels → suggest that 
“healthy” ApoE normally inhibits clearance and may promote Aβ accumulation and that 
ApoE4 is very good at the job (thus less clearance of Aβ if you carry this “high risk” variant) 

o ApoE regulates clearance of Aβ by competitively binding to Aβ receptors (e.g. LDLR-related 
protein 1 LRP1) on the surface of astrocytes → blocks Aβ uptake 

o Competition is removed in ApoE KO mice → more Aβ clearance through astrocytes 
o ApoE4 also interferes with tau clearance → worsening neurodegeneration 
o ApoE also linked to BBB basement membrane and TJs breakdown → leaky BBB → influx of 

unwanted molecules → exacerbate inflammatory processes and overactivate neurons 
o → one risk gene can act via multiple different disease pathways 
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• Microglia and inflammation 
o Many of the AD risk genes have a role in microglia function 
o E.g. APOE, BIN1, CR1, TREM2, CLU, PICALM, MS4A2 
o Reactive astrogliosis and microgliosis are prominent pathological features in AD brain 

§ Many genes implicated (e.g. ApoE4 carriers have stronger inflammatory response) 
§ Microglia uptake of Aβ impaired 
§ Increased neuronal activity leads 

to more tau release  
§ Microglia can release more 

bioactive form of tau  
§ BBB disruption can further 

increase neuronal activity  
§ Microglia release inflammatory 

cytokines  
§ → favors tau seeing 

 
Outlook 
 

• AD is a complex disease → translational challenge 
• Implications for modeling disease in preclinical research 
• (Animal) models of AD 

o Non-human primates and dogs: would be best model systems 
§ Naturally accumulate Aβ and some monkey models suggest tau pathologies 
§ Marmosets can develop both Aβ plaques and tau tangles (takes 7 yrs→ very quick 

for a primate) 
§ Massive ethical hurdles and much more difficult experimental design (aging issue, 

housing issue, limited genetic toolbox)  
o Organoids (i.e. mini-brains): allow rapid screening for potential drugs 

 
• Ongoing phase-3 clinical trials  

o Types: disease-modifying biologics and small molecule, symptom-reducing small molecule 
o Focus on: 

§ Tau pathology 
§ Neuroinflammation 
§ Vascular function 
§ Metabolism 
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3. Attention 

3.1. Attention Deficit Hyperactivity Disorder (ADHD) 

Introduction and Case study 
 

• Definitions 
o Inattention: getting distracted, having poor concentration and organizational skills 
o Hyperactivity: never seeming to slow down, talking and fidgeting, difficulties staying on task 
o Impulsivity: interrupting, taking risks 

• Prevalence:  
o No increase over the last decades, but expected prospective increase (more inclusive 

diagnosis criteria) 
o Higher in boys than in girls in childhood 
o 30-50% of child-adolescent ADHD persist 
o Up to 7.3% in adulthood 

• Case study 
Inattentive Hyperactive/Impulsive 

- Easily distracted 
- Forgetfulness 
- Lack of focus 
- Easily bored 
- Appear not to be listening when spoken to 
- Daydreamer  

- Fidgety (restless) 
- Very talkative  
- Constantly in motion  
- Impatient 
- Impulsive  
- Interruptive  

 
Symptoms and Comorbidities 
 

• International Classification of Diseases 11 (ICM-11) 
o Renamed ADHD instead of Hyperkinetic Disorder (2022) 
o More uniform with DSM-5 
o Forms: predominantly inattentive, predominantly hyperactive/impulsive, combined 
o Symptoms: prior to age 12, evident across multiple situations/settings, not better accounted 

for by another disorder or medication 
• Comorbidities 

o Children (order of decreasing incidence): autism spectrum, learning, tic, depressive, anxiety, 
conduct and oppositional defiant disorder 

o Adults: substance use (most common), depression (53%), anxiety (50%), bipolar (47%)  
o Increase risk of mortality 

• Areas of impairment 
o Children (order of increasing age): academic limitations, relationship, low self-esteem, 

injuries, smoking and substance abuse, motor vehicle accidents 
o Adults: work functioning, financial difficulties, social functioning, (partner) relationships 

 
Differential Diagnosis and Diagnostics 
 

• Time spent on diagnosis and number of caregivers involved depend on financial resources  
• Allocated resources vary greatly between health care systems  
• Shortage in resources often correlates with premature diagnosis and often leads to medication 
• Holistic assessment by a team of experts strongly benefits an informed diagnosis  
• ADHD specific diagnosis: IQ test, semi-structured interview (both parents and child), ADHD 

phenotype scales, behavioral rating questionnaire 
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Pathomechanism 
• Genetic factors: 74% heritability, 12 significant loci (GWAS meta-analysis) 
• Environmental factors:  

o Maternally related prenatal risks: alcohol, nicotine, stress, obesity 
o Pregnancy and birth complications: bleeding, complicated delivery, prematurity, low birth 

weight, intrauterine growth restrictions, low APGAR score (health of newborns in first mins) 
o External agents: infections, exposure to toxins, nutritional factors, psychosocial adversities 

• Brain structure 
o Delayed cortical maturation (back to front) and reduced grey matter 
o Disrupted connectivity in neuronal networks 

§ ADHD-combined: frontal striatal thalamic 
§ ADHD-inattentive: frontoparietal 

o Accelerated decline of brain structure in adulthood 
o Fronto-central NoGo P3 event-related potential (ERP): respond to 

new images, don’t to old repeating one’s → neurophysiological index 
of brain functioning and biomarker for response inhibition and aging (EEG during task) 

 
Treatment and Prognosis 

• Treatment depends on financial resources and live stage (e.g. no medication for children < 6 yrs) 
• In CH schools are also involved in implementing measures  
• Informed and participatory decision on treatment important 
• Treatments target health issues, psychological dysfunction, academic failure and social disability 
• Under consideration of comorbidities and prioritize based on severity (usually depression) 
• Treatment is NOT intended for a lifetime 
• Behavioral therapy: usually for the milder cases 

o Always multimodal treatment including psychoeducation (for children AND parents) 
• Pharmacological treatment: usually for the more severe cases 

o Psychostimulant: Methylphenidates (= Ritalin, 1st choice), Amphetamines and Atomoxetine 
§ e.g. Medikinet → slow releaser (1x instead of 2x daily) 

o Non-psychostimulant: less side effects, 1x daily (instead of 2x) BUT don’t act as rapidly 
o Inhibit dopamine (psychostimulant) or norepinephrine transporters (non-psychostimulant) 
o Vary in the relative affinities to the transporters 
o Vary in bioavailability → determines how often a medication needs to be taken  
o No beneficial effects over several weeks, → increase dose or change drug  

• Psychostimulant side effects 
o Huge effect sizes: concentration, academic achievements, social position, self-esteem, 

parents-child interaction, teacher-child interaction 
o Frequent: loss of appetite, head and stomach ache, increased HR and BP, sleep difficulties  
o Rather rare: depressive mood (in overdose), triggering/increase of tics, skin allergy, hair loss 
o Extremely rare: convulsions, low blood count, liver dysfunction 
o Paradox effect of Methylphenidate: decreased striatal 

activation in healthy children makes them appear like 
untreated ADHD of fMRI (response inhibition task) 

• iPSC approach towards personalized medicine: reprogram 
autologous cells (OKSM) → transplant healthy cells back to 
patient or test disease-specific drugs 

• Mortality: ADHD is a risk factor for premature death (unnatural 
causes e.g. accidents) BUT treatment improves prognosis  

• Developmental trajectories of symptoms 
o To be distinguished childhood and acquired ADHD 
o Cause for adult onset diagnosis: unreliable self-

reported (backed up by low heritability of adult onset) 
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3.2. Prefrontal Cortex and Attention Regulation 

Introduction: Neglect and three attention networks 
 

• Attention is what enters our consciousness: the world is what we choose to see 
o The world is cluttered with more information than can be processed at once  
o Definition: computation to bias selection of one option to avoid distraction from alternative 

• Visuospatial Hemineglect/ Contralateral Neglect Syndrome/ Neglect 
o = inability to attend to objects or even one’s own body, despite the fact that visual acuity, 

somatic sensation and motor ability remain intact  
o Special form of agnosia 
o Deficit with orienting attention towards one side (typically the left side) 
o Severe cases (e.g. after large strokes): patients 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 
o Results from large-scale cortical damage 

§ Most frequently: RIGHT temporo-parietal junction and superior temporal cortex 
§ Less frequently: frontal lobe, anterior cingulate cortex, basal ganglia, thalamus 

(pulvinar nucleus), white matter lesions 
o Why mostly the right side? 

§ Popular hypothesis: attention is predominantly processed in the right hemisphere 
(and maybe language more on the left) 

§ If you lose your left parietal function (and thus lose right-sided attention), the right 
side can compensate, but left side can’t compensate loss of right parietal function 

§ BUT attention is widely distributed in the brain → requires a functional network 
(brain state), engaging mostly parietal and frontal cortex 

 
 

• Prominent model of attention proposes 3 attention networks 
Orienting Network  Alerting/Salience Network Executive Control Network 
Prioritize sensory input by 
selecting a modality or 
location and then focusing 
attention on it 
 
 
→ cocktail party effect 

Shift attention towards a new 
salient feature or stimulus or 
scanning the environment (alert) 
 
 
→ predator-prey, “heightened 
senses” 

Top-down control of attention: 
sustain attention on a task, 
suppress distraction, decide to 
switch to a different task or update 
task strategies 
 
→ loose yourself in one’s work 

 
   

→ attention requires a functional network (brain state) engaging mostly parietal and frontal cortex 
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Orienting Attention: cholinergic system 
 

• Cued target detection task:  
o Fixate on the square → respond to appearance of the cue as fast as you can (press bar) 
o Stimulus onset asynchronies (SOA): time between cue and target presentation 
o Reaction time increases when we orient attention towards a cue  
o Can be done in humans, monkeys, rats and mice (taks needs to be simplified: cue signals 

that the mouse has to nose-poke into the left hole, no cue means poke right) 
• Attention at the cellular level 

o Single-cell recordings show how cells encode attention (or information more generally) 
o Parietal association cortex (and all areas of the fronto-parietal attention network) has 

attention-specific neurons (shown in humans with fMRI, monkeys with single-cell recording) 
• Pharmacology 

o Basal forebrain: nucleus basalis of Meynert, substatia 
innominate, horizontal limb of the diagonal band 

o Main neurotransmitter: acetylcholine (ACh) 
§ Acts via nicotinic (ionotropic) and muscarinic 

(metabotrobic) receptors 
o Nicotine (nicotinic receptor agonist) decreases, while Mecamylamine (nicotinic receptor 

antagonist) increases reaction time in the cued target task in rats 
o Better performance with optogenetic stimulation of the basal forebrain cholinergic system 

§ Optogenetics: express a channelrhodopsin transgenically in mice  
§ Create a cre-recombinase construct encoding the opsin → stereotactic injection 

via viral vector → stimulate channelrhodopsin with blue light → neurons fire 
§ Optogenetic stimulation of the basal forebrain increases ACh release in the cortex 

and improves task performance (more correct hits)  
§ The harder the task, the more forebrain stimulation improves performance 

o Local application of ACh (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 

Alerting Attention: noradrenergic system 

 
• 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 
• Locus coeruleus and noradrenaline (NA) 

o Small brainstem nucleus (ca. 20’000 neurons in humans per hemisphere) 
o LC neurons synthesize NA (= norepinephrine) and release it diffusely throughout the brain 
o Attention is the ability to detect stimuli, impaired during sleep but enhanced under stress 

§ During sleep LC is essentially silent → altered ability to detect stimuli (attention) 
§ Activating LC (via optogenetics) during sleep → awakening 
§ When awake LC fires tonically (2-3 Hz) 
§ LC responds with bursts (15 HZ) to salient (or unexpected) stimuli 
§ During stress LC starts firing at high frequency 

o LC activity releases NA and triggers survival mode: fight-or flight response (activation of 
sympathetic nervous system) 
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• Heightening the senses at the cellular level 
o NA release modulates cellular responses in the projection area 
o Piriform cortex is the primary projection region for olfactory information (input from OB) 
o In vivo LC stimulation while recording single cells in piriform cortex enhances neuronal 

response to odors 
§ A neuron that responds at baseline gets amplified by LC stimulation 
§ A neuron that does not respond to the odor at baseline becomes odor-responsive 

after LC stimulation 
o Inverted-U dose-response-curve → Yerkes-Dodson law: NA potentiates the glutamate-

evoked neuronal response maximally when administered at an intermediate dose 
§ Yerkes-Dodson Law: at an optimal arousal attention performance is maximal → 

too low or too high results in decreasing of attention 
§ Inverted U-Dose-Response Curve = molecular mechanism for Yerkes-Dodson Law 

 
Executive Attention: dopaminergic system 
 

• Two particularly important structures in this network: 
o Medial prefrontal cortex (mPFC): inhibitory control, planning, working memory 

§ Phineas Gage: metal pole through left prefrontal cortex 
o Anterior cingulate cortex (ACC): monitoring and resolving conflict, error detection, 

consciousness 
• Sustaining attention in a working memory context (example of executive function): 

o N-back task: indicate when the current stimulus matches the one from n steps earlier in the 
sequence, load factor n can be adjusted to make the task more or less difficult 

o Oculomotor delayed response task (working memory test in primates): remember last cue 
over a delay period, then make an eye movement (saccade) towards that location 

• Working memory in the prefrontal cortex (PFC) 
o PFC has many neurons with very specific “tuning”: fire to selective cues, at response onset, 

during the delay period → extensive and complex array of neurons involved in attention 
o Some neurons fire specifically during the delay only for the “correct” direction/location in 

that trial → neural correlate of working memory 

 



Seite 18 von 45 
 

o ADHD medications: methylphenidate (stimulant) and atomoxetine (non-stimulant) enhance 
performance on this task and then enhance neuronal firing during delay 

§ Animal models to study the mechanism: alpha2-adrenergic receptors and D1 
dopaminergic receptors are needed for both drugs to enhance working memory  

• Dopamine and noradrenaline play key roles in working memory 
o DA certainly plays a role in regulating attention within the executive control network 
o Likely involved in top-down regulation of attention through various processes (mPFC, ACC, 

reward etc.) 
o NA is also involved in the executive control network and can enhance working memory 

performance via adrenergic receptors 
 
ADHD 
 
Methylphenidate (Ritalin) 
 

• Clinical effects (ADHD symptoms) are impressive, however the effects on attention and working 
memory scores (e.g. Ritalin as doping) are robust but not huge  

• Not everyone benefits (Yerkes-Dodson) and there are side effects! 
• Mechanism of action: blocks DA & NA transporters → inhibits reuptake 

o Increased arousal mediated via NA → pushes attention into optimal state (Yerkes-Dodson 
law), OR DA increase helps engage motor inhibitory systems (both speculative) 

o Same mechanism as cocaine (less addiction due to oral intake and slower release) 
o Why does a stimulant help with attention/hyperactivity? 

§ Attention: increased arousal (NA), better working memory (DA), enhanced 
signal/noise 

§ Hyperactivity: increase in DA in the basal ganglia helps engage the motor 
inhibitory systems 

§ Both explanations are speculative 
• Dose makes the poison 

o Low and clinically relevant doses: psychostimulants improve PFC-
dependent behavior/cognitive processes in human subjects with and 
without ADHD 

o Doses that moderately exceed the clinical range: psychostimulants 
improve PFC-dependent attentional processes at the expense of other 
(e.g. working memory, response inhibition) 

o Actions of psychostimulants are also observed in animals → study 
neural mechanisms underlying cognition-enhancing/therapeutic 
effects of psychostimulants in animals, without the need for a specific animal model 

o Some have favorite animal models for ADHD (e.g. spontaneously hypertensive rat) 
• Location of action 

o Animal work suggests that methylphenidate acts within the mPFC 
o Infusion of methylphenidate into the mPFC enhances attention in a dose-

dependent fashion 
o Infusion into other frontal cortical regions doesn’t enhance attention 

• Systemic administration 
o At clinically relevant does, methylphenidate increases catecholamines much more (but no 

exclusively) in the PFC than in the nucleus accumbens (reward) → otherwise the addictive 
potential would be much higher 

o Why is the PFC “more sensitive”? 
§ Likely because it expresses much lower levels of DA transporter (DAT) 
§ Because it expresses the noradrenaline transporter (NET) which the NAcc doesn’t 

express at all 
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Genes and Networks 
 

• Heritability: 70-80% (remaining % = environmental factors) 
• GWAS meta-analysis: 12 significant loci 
• None of the genes are directly linked to dopamine, noradrenaline, acetylcholine (no receptors, no 

transporters, no enzymes etc.) 
• Translational NS in a basic research context: not directly geared towards curing disease but focused 

on understanding healthy brain function by going back and forth between human and animal work  
• PFC: attention regulation, inhibition of distracting stimuli, working memory, planning and 

behavioural inhibition → ADHD probably PFC disease (deficits in circuits involving PFC & striatum) 
• ADHD is a neurodevelopmental disorder 

o DUSP6: possible role in regulating dopamine levels at synapses 
o SEMA6D: regulates neuronal wiring during embryonic development 
o FOXP2: TF involved in synapse formation, development of speech and 

learning and in regulating brain dopamine levels 
§ DA levels in humanized Foxp2 are lower than heterozygous KO 

relative to wt mice  
§ Foxp2 is not expressed in DA neurons, mechanism mediated 

indirectly (reuptake?) 
§ Striatal neurons show several functional alterations in these mice 
§ Personalized medicine: screen for genetic variants to decide which treatment will 

benefit more (e.g. MPH when DA and atomoxetine when NA systems are affected) 
• Latest estimates of polygenic risk suggest that GWAS results explain up to 22% of disease variance 

(only 1/3 of observed heritability) 
o Remember: common risk variants each contribute (little) to disease risk, but this still adds 

up to ca. 22% (will increase with more power) → SNPs in GWAS are common variants (>1% 
in population) 

o Attempted interpretations 
§ Rare variants (<1% of the population) will explain a substantial amount of disease 

risk → CNVs, exome-sequencing → massive sample sizes required  
§ Interactions between environment and genetics (epigenetics) → common or rare 

genetic variants could put individuals at risk, but ADHD might develop in these 
individuals only if a specific environmental trigger occurs (e.g. stress, toxins etc.) 

• Is ADHD really ONE disorder? 
o This question applies to most psychiatric disorders 
o Alternative: quantitative, symptom-based approach → would require much larger sample 

sizes 
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4. Emotionality 

4.1. Depression  

Introduction and Case study 
 

• Affective disorders: abnormal (pathological) mood 

 
• Definition: suppressed mood  
• Lifetime prevalence: 20% 
• Different manifestations and severity of symptoms (age, sex, additional disorders) → heterogenous 

group of patients 
• Additional challenges: fatigue is the most prevalent symptom of long COVID 
• Case study: severe depressive episodes without psychotic symptoms, rejection of medication 

o Symptoms: lonely, empty, no social contacts, hopelessness, energy loss, suicidal thoughts 
o Behavior: low mood, tense, frustration, repetitive thinking, rumination 

 
Symptoms and Comorbidities 
 

• Key symptoms: 
o Persistent sadness/low mood 
o Loss of interests/pleasure 
o Fatigue/low energy 

• Additional symptoms 
o Low self-confidence 
o Guilt/self-blame 
o Suicidal thoughts/acts 
o Poor concentration/indecisiveness 
o Agitation/slowing of movements 
o Disturbed sleep 
o Poor appetite 

• Comorbidities: additional disorders → co-treatment of comorbidities required 
 

Psychiatric Somatic 
- 40-65% anxiety disorders 
- 30-60% alcohol or substance addiction 
- 40% eating disorders 
- 60% schizophrenia 
- Personality disorders (e.g. narcissist, 

borderline) 

- 45% of Parkinson patients 
- 25% of cancer and stroke patients 
- 20% of heart attack patients 
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Differential Diagnosis and Diagnostics 
 

• Symptoms overlap with other diseases:  
o Personality disorders 
o Bipolar disorder 
o Somatic diseases (e.g. thyroid hypofunction, folic acid anemia, virus infection) 
o Medication (e.g. steroids, benzodiazepine) 
o Alcohol addiction 

• Bipolar depression (vs. unipolar depression) 
o Similar symptoms but different disorder/episodes (depressive, manic symptoms) 
o Mood-stabilizer as medication, NO antidepressants → “switch” risk 

• Classification (ICD-10) 
o Mild: 2 key and 2 additional symptoms over 2+ weeks 
o Moderate: 2 key and 3-4 additional symptoms over 2+ weeks 
o Severe: 2 key and 4+ additional over 2+ weeks → with or w/o psychotic symptoms 
o Depressive episodes: unipolar, bipolar or recurrent 

 
Pathomechanism 
 

• Very complex, no single but a combination of factors lead to depression over years 
• Resilience: protect from depression (e.g. religion, stabile partnership, social network, sport, 

meaningful attitude, coping strategies etc.) 
• Stressors: childhood trauma, current stress (e.g. separation, losses, unemployment), development 

(education), somatic disease (cardiovascular, neurological etc.), drugs/medication 
• Vulnerability: neurobiology (biochemical, endocrine, 

immunology), personality structure, genetics 
• Monoamine deficiency hypothesis: lack of neurotransmitters 

(DA, NA, serotonin) → dysfunction of receptors 
o Basis of antidepressants 

• Glutamate and GABA system 
o Structural and functional changes in the brain 
o Reduction of volume and glial cell density (in e.g. PFC, 

ACC, hippocampus, amygdala) 
o Decrease GABA and glutamate 
o Targets of novel treatment options 

• Hypothalamus-Pituitary-Adrenal (HPA) axis 
o Stress → elevated CRH in hypothalamus → increased 

ACTH release from pituitary → increased cortisol 
release from adrenal cortex 

o Depression: NO feedback inhibition by cortisol (of anterior pituitary and hypothalamus) 
§ → increased cortisol and ACTH in blood and CRH in CSF 

o Consequences 
§ Cingulate gyrus and amygdala → threat perception 
§ Cortex → cognitive modulation 
§ Hippocampus: decreased size, BDNF and neurogenesis 
§ Increased adrenal cortex 

• Learned helplessness (Seligman) 
o In the past: negative stimuli, no chance to achieve something, stop trying  
o Belief that one is not able to change his situation (no control)  
o Present: even if there is an opportunity, won’t take this advantage  
o Lack of motivation → depression 
o Basis for cognitive behavior psychotherapy  
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Treatment and Prognosis 

 
• Mild depression → wait and see for 14 days 
• Moderate depression → psychotherapy and OR medication 
• Severe depression → psychotherapy AND medication 
• Treatment-resistant depression → psychotherapy AND medication AND “novel”/non-

pharmacological treatment options → don’t wait too long! 
• Psychotherapy 

o Several types 
§ Psychoanalytic/psychodynamic (Freud) 
§ Behavioral and cognitive-behavioral 
§ Family/systemic 

o Practice by psychiatrist or psychologist (psychotherapist) 
o Access to outpatient care is limited 
o Very good evidence 

• Antidepressants 
o Mostly act on neurotransmitter reuptake receptors → inhibit reuptake 
o Types: tricyclics, SSRIs, SNRIs, MAO inhibitors, newer combinations 
o All have (many) side effects 
o What antidepressant to choose? 

§ Symptom-based, preference of patient/doctor, low-rise for side-effects 
§ Wait for 2-3 weeks to see an effect 
§ 50% treatment responder 

• Electroconvulsive therapy (ECT): indicated for treatment-resistant depression 
o Caution: intensive care during procedure, short term memory loss 
o Hypothesis: increases blood flow and NT release from hippocampus (limbic system) 

• Repetitive transcranial magnetic stimulation (rTMS) 
o Noninvasive neuromodulation technique of hyperactive or hypoactive cortical brain areas 
o Stimulation of cortex (i.e. dorsolateral PFC → ventromedial PFC → amygdala) 
o Few studies: experimental progress, lack of long-term outcome 
o Side effects: headache, seizures 
o Daily application over weeks 

• Prognosis of case study: chronic progression 
o Treatment alternatives: ECT, TMS 
o In addition: psychotherapy (crisis, suicide prevention, stress reduction) 
o Treatment of comorbidities: alcohol addiction? 
o Prevention of secondary disorders  
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4.2. Anxiety Disorders  

Introduction and Case study 
 

Fear Anxiety 
- Alarm response to a real present threat 
- Triggers fight or flight response (survival) 
- Symptoms: sweating, trembling, heart 

palpitation, nausea 

- Future-oriented mood state 
- Preparation for possible negative events 
- Avoidance 
- Fear symptoms + muscle tension 

• Epidemiology 
o Lifetime prevalence: 15-20% (2:1 f:m) 
o High burden of disease (quality of life, chronicity, disability) 
o Early onset (mean age of onset 11 years) 
o High heritability (30-70%) 

• Anxiety disorders 
o Cluster of various types of anxiety 
o Significant and uncontrollable feeling of anxiety 
o Huge impact on social, occupational and personal life 

• Generalized anxiety disorder (GAD) 
o Prevalence: 6% 
o Persistent worries 
o Different areas (finance, future, health etc.) 
o Uncontrollable thoughts 
o Low self-confidence and loss of control 
o Physical tension (arousal, tension) 

• Panic disorders: several panic attacks over 1 months, avoidance 
o Intensive, recurrent fear (10-30 minutes)  
o Sudden, unexpected beginning, uncontrollable  
o Cognition: misperception of bodily signals, «fear to die»  
o Physical symptoms: heart palpitation, sweating, chest pain, 

shortness of breath  
o Trigger: physical exertion, emotional stress  

• Agoraphobia 
o Prevalence: 3% 
o Fear of places or situation where escape is difficult or no help available 
o >2 situations: open (e.g. parking lot), crowd or enclosed places (e.g. shop, public transport) 
o Induce panic attacks → avoid gatherings, public places, traveling alone → social isolation  

• Social phobia: isolated or generalized 
o Prevalence: 13% 
o Restricted to social situations (e.g. talking to audience, eating in 

groups, waiting in line) 
o Afraid of being judged/ embarrassed, low self-confidence 
o Physical symptoms (blushing, sweating, jitter etc.) 
o Panic attacks  

• Specific phobias: 5% prevalence 
o Restricted to specific objects/situations: heights (acrophobia), animals (zoophobia e.g. 

arachnophobia), flight (aviophobia), closed room (claustrophobia), dentist, blood, needle 
o Avoidance of object/situation → considerable suffering 

• Case study: moderate anxiety symptoms (GAD), COVID as trigger, open for therapy 
o Symptoms: worries about future and diseases, hypochondriasis, less social contacts, known 

places are safe 
o Behavior: tension, low mood, restricted thinking 
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Symptoms and Comorbidities 
 

• Levels of anxiety: 
o (1) vegetative reaction (physical e.g. HR) 
o (2) emotional reaction (no escape possibility) 
o (3) cognition (attention limited to danger situations) 
o (4) motoric (freezing), behavior (avoidance) 

• High comorbidity rate within various anxiety disorders 
o Depression 
o Alcohol or substance addiction (self-medication) 

§ E.g. 10-20x higher risk of cocaine addiction 
o Personality disorders: paranoid, avoidant, dependent, obsessive-compulsive 
o → co-treatment of comorbidities 
o → impact on progression 

 
Differential Diagnosis and Diagnostics 
 

• Somatic diseases → exclusion via laboratory tests, ECG 
o Cardiac diseases (arrhythmia, heart attack) 
o Pulmonary diseases (asthma, embolism) 
o Allergic reaction 
o Thyroid dysfunction 
o Dizziness, low blood-sugar etc. 

• Substance-induced → exclusion via drug screening 
o Amphetamine/cocaine 
o Steroids 
o Withdrawal from: alcohol, benzodiazepine, opioids 

• Psychiatric disorders 
o Affective disorders 
o Schizophrenia 
o Others 

• Detailed exploration: trigger, cognition, physical symptoms, avoidance behavior, impairments in life 
 
Pathomechanism 
 

• Combination of several factors 
o Childhood experiences and personality traits (shy) 
o Neurobiology: genetics, neurotransmitters etc. 
o Environmental factors: stress, loss, separation 
o Cognition: anxiety → phobophobia → avoidance behavior → social isolation → anxiety 

• Learning theory: Mowrer’s 2-process model 
o 1. Fear → acquired by classical conditioning  

§ See dog (NS) → dog bites (US) → fear (UR) → see dog in future (CS) → fear (CR) 
o 2. Avoidance → maintained by operant conditioning 

§ Fear dogs → avoid → reward → avoidance → more fear → negative reinforcement 
• Epigenetics: affect neuroendocrine systems → modified brain function → anxiety 

o Post-transcriptional regulation → miRNA-mediated regulation 
o Genetic: SNP (COMT; 5-HT1a, MAOA → DNA hypomethylation), deletions, insertions 
o Environmental: prenatal, early life and stressful life stress 

• HPA axis: see depression above 
• Amygdala: overactive limbic circuits, avoidance regulated by amygdala-PAG connections 
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Treatment and Prognosis 
 

• Medication: antidepressants 
o Selective serotonin-/noradrenaline reuptake inhibitor (SSRI/SNRI) 

§ Standard medication for anxiety disorders (except for specific phobias) 
§ Caution: can trigger anxiety symptoms in the beginning of treatment 

o Benzodiazepine: emergency medication! 
§ GABA agonist 
§ Indication: suicidal thoughts, severe agitation (panic attack) 
§ Side-effects: anxiety won’t disappear (short-term solution), high addiction potential 

• Psychotherapy: cognitive behavioral therapy (CBT)  
o Psychoeducation (information): vicious circle of anxiety 

 
o Cognitive restructuring:  

§ Thought: “uncontrollable” → associated with physical symptoms 
§ Re-evaluation of cognition: is it really dangerous? 
§ Correction: misinterpretation of somatic symptoms 

o Interoceptive exposure: forcing somatic symptoms → panic sensation → repetition until 
symptoms are no longer perceived as “dangerous” 

o In-vivo exposure: confrontation with situation → 12-15 treatment sessions 
§ Stimulus flooding: max. trigger of anxiety symptoms → task is to stay in situation → 

wait until habituation → anxiety reaction decreases 
§ Graduated exposure: step-by-step-approach → reduction of anxiety symptoms 

o Coping strategies: relaxation exercises, breathing techniques, mindfulness, meditation 
• Virtual reality (CBT concept) 

o Exposure therapy 
o Indication: various anxiety disorders 
o Pro: time saving, availability 
o Side-effect: cybersickness 

• Prognosis of case study: good 
o Cognitive behavior therapy (additional antidepressant support) 
o Prevention of depression 
o Focus on resilient factors: work, social environment  
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4.3. Emotion Regulation 
 
Emotions 
 

• Definition of Emotion: no scientific consensus but we all know what it is 
o Approach-avoidance conflict 

§ Internal + external state + contextual information → response/behavior  
§ Different emotion can change your response/behavior 
§ Social aspect can change behavior (e.g. be the first who start the apero) → leads 

to approach-avoidance conflict → conflict resolution is necessary 
o Neural system that underpins emotion dynamically integrates internal states and external 

stimuli → higher ordered cognitive processes (lot of brain circuits) are involved 
o Integrate complex information and coordinate central and peripheral responses 
o Help to “make sense” of this complexity and guide our behavioral choices 
o Small changes in our environment can have a strong impact on our emotions and influence 

behavioral choices 
o Emotions are things that can easily triggered without big change in the actual context  

• Emotions and survival circuits  
o The purpose of emotions: enable the selection of situationally appropriate behaviors in 

complex situations → survival circuits  
§ Defense (maintenance of bodily integrity) and maintenance of security 
§ Maintenance of energy and nutritional supplies and fluid balance 
§ Thermoregulation 
§ Reproduction 

o Physiological changes associated with emotion: most obvious signs of emotional arousal 
involve the autonomic nervous system (here e.g. anxiety) 

§ Increase/decrease in heart rate and blood pressure 
§ Cutaneous blood flow (blushing or turning pale) 
§ Cold hands (vasoconstriction in peripheral organs) 
§ Piloerection, sweat glands, pupil dilation 
§ “Gut feelings” (from butterflies to voiding) 

• Two dimensions of emotion: valence and arousal (see physiological changes) 
o Valence: what we consider positive (desirable) or negative (aversive) can change with 

context → e.g. food when you are hungry vs. when you are sick 
o E.g. fear: represent a state of high arousal and negative valence → enhanced vigilance and 

energy in the presence of an immediate threat 
o Anxiety ≠ Fear: anxiety is the same BUT without the clear presence of an immediate threat  

• Amygdala-centric view: one brain region for one emotion (e.g. fear and amygdala) 
o Pyramidal neuron: in amygdala, key mediator of associative emotional learning 
o Input: from sensory pathways 

§ Primary reinforcers: taste, touch, pain 
§ Neutral sensory stimuli:  visual, auditory stimuli related to an object 

o Output:  
§ Orbital and media prefrontal cortex: implicit motor actions, explicit conscious 

processing to obtain rewards, avoid punishers and implement long-term plan 
§ Hypothalamus and brainstem: visceral motor effector systems to prepare body for 

action → increase respiratory rate, blood pressure, freezing, noradrenalin release 
o Connectivity allows the amygdala to form associations 

§ Directly link sound and a painful experience to a motor response  
§ In animals: sound + shock → freeze, after days: sound → freeze (conditioning) 
§ Lesions in the amygdala or in the pathway that convey auditory information 

prevent associative fear conditioning 
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Urbach-Wiethe disease:  
• Cause: genetic mutations in the gene extracellular matrix protein 1 (ECM1) 
• Symptoms: skin lesions and calcification in the medial temporal lobe  

o Calcium buildup in endothelial cells → oxygen lack → neuronal death  
• Some patients have bilateral atrophy of the amygdala with little or no detectable injury in the 

hippocampal formation or nearby temporal neocortex  
o Cannot feel fear and therefore do not recognize it in others 
o Experience severe panic attacks  
o Sympathetic NS response (typical for panic attacks) was stronger in lesion group  
o Amygdala can still be triggered → response in extreme panic attacks instead of fear 

 
• Macrocircuitry of emotion 

o Key brain regions: prelimbic Cortex (PL), lateral Septum 
(LS), dorsal hippocampus (dHC), ventral hippocampus 
(vHC), basolateral amygdala (BLA), central amygdala (CeA), 
bed nucleus stria terminalis (BNST), infralimbic cortex (IL) 

o Different layers  
§ Detection: emotions start with a perception 

• External sensory input (come from thalamus) and internal state 
§ Interpretation: incoming sensory signal needs to be interpreted  
§ Evaluation: information about the context needs to be integrated into current state 

of the organism  
§ Response initiation: emotion ends with a behavioral outcome (at least survival 

circuits do) 
Brain circuits of Anxiety 
 
Microcircuitry of fear and anxiety: several layers of information processing 
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• Detection: 
o External sensory input 
o Internal state: determine the emotional response, but can also trigger an emotion 

§ Examples: hangry, unconscious stimuli trigger panic (e.g. internal bleeding) 
o Different projection to the amygdala from thalamus or sensory cortex 

• Interpretation of stimulus: very difficult process  

 
o Hippocampus and PFC: provide contextual information, memory, detail 
o Bed Nucleus of the Stria Terminalis (BNST):  

§ Backup system for amygdala, also receives a lot of inputs 
§ Provides a highly complex and poorly understood additional layer of information 

processing/regulation within emotion circuitries  
o Amygdala:  

§ Decide when trigger fear response or when not based on all inputs and circuitries 
which are involved 

§ Evolution: size (especially BLA) increased in primates (more complex input) 
§ Microcircuitry: key for adding valence to the cues 

• Input and output structure of the amygdala are not connected → 
microcircuit doing the processing in the middle 

• BLA receives all the input (lots of sensory/multimodal stimuli) → activates 
distinct populations of neurons in central lateral nucleus of amygdala 
(CeL), but has no direct projection to the central medial nucleus (CeM) 
which is the major amygdala output nucleus 

• CeL neurons are inhibitory and either promote fear or reduce fear → 
appropriate reaction for the situation 

§ Classic freezing pathway (red): inhibitory projection from CeA to PAG → inhibition 
of neurons → PAG disinhibition → freezing circuit active 

§ Balance between inhibition and excitation 
• Very strong salient stimulus (e.g. footshock) → activate many BLA neurons 

→ due to their cellular properties transmission to red cells is faster → 
reciprocal connection leads to releasing breaks in brainstem → double 
disinhibition circuit 

• Depending on the input only “red” BLA neurons get activated  
§ Amygdala and reward 

• Activating specific pathways within amygdala is rewarding 
• Appetitive sensory stimuli might trigger “green” neurons in BLA → reward 

→ simple disinhibition circuit  
• Lesions impair reward associations (e.g. drug-induced place preference) 
• But there are backup systems for most vital brain functions → some 

aspects of fear/panic can still be perceived 
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o Whether neurons are part of “reward” or “aversion” circuitry in the BLA depends on which 
other brain regions they are (reciprocally) connected with 

§ BLA consists of various (intermingled) cell population that can be defined based on 
their projection targets (e.g. hippocampus, NAcc, CeM) 

§ Activating NAcc-projecting cells → reward 
§ Activating vHPC-projectors → anxiety 

o A single foot shock not only elicits freezing, but triggers a chain rection of changes in brain 
and body 

§ Amygdala → VTA, locus coeruleus, dorsal lateral tegmental nucleus → activation of 
DA, NA, Ach → behavioral and EEG arousal, increased vigilance 

§ Amygdala → central grey → cessation of behavior → freezing 
§ E.g. broad activation of neuromodulatory systems enhances vigilance in the 

presence of an immediate threat 
• Evaluation of stimulus 

o Reward and homeostasis outputs are integrated in the amygdala  
o Lateral Hypothalamus (LH) 

§ Deals with homeostasis → information needs to be integrated into the current 
state of the organism → updates the VTA and BLA circuits 

§ Hungry signal is high → suppress of fear and social pressure signals 
o Ventral tegmental area (VTA) 

§ Dopamine neurons are sitting here → DA release 
§ Part of the basal ganglion → connected with basal amygdala  
§ Overriding punishment for reward: LH → VTA → NAc 
§ Experiment 

• Shock → mice go less through grid for the food  
• Shock + light → LH-VTA activated (ChR2) → go more through grid 
• GABA LH-VTA activation → inhibits VTA GABA neurons → more DA  
• Activating glutamatergic LH-VTA → no DA release in NAc → avoidance  

• Response initiation:  
o Periaqueductal grey (PAG) 

§ Makes a large part of the brain, complex structure 
§ Regulate defensive behaviors (amongst other things) 
§ Some sub-regions are involved in attack, others in defense, some in both 
§ Context can change the response of the region  
§ Responses: depends on degree of stimulation/excitation → from freezing to flight 

to panic (undirected flight) 
• dlPAG: fight or flight (active defense) 
• vlPAG: freeze (passive defense) but also attack 

§ Direct stimulation via optogenetics of PAG induces freezing → “fear/defense” 
§ No evidence if mouse really feel fear with optogenetic stimulation 

 
Summary 

- In general: microcircuits are embedded in macrocircuits which are embedded into networks 
- Optogenetics: manipulate individual connections (axon projections) between two brain regions → 

dissect the entire pathway 
- Amygdala can orchestrate wide-ranging effects on the brain/body through microcircuits (= 

information processing) within the amygdala and through multiple cell populations that project 
to many different brain regions 

- Valence is assigned to a given stimulus/input → NOT simply brain region for fear 
- Associates environmental cues (sensory stimuli) with reward/punishment  
- What is rewarding can change based on context  
- Amygdala microcircuitry integrates large numbers of inputs and assigns valence to overall 

situation/experience 
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Fear vs. Anxiety: clinical approach 
 

• Difference between fear and anxiety: no clear threat, but still response with fear  
• General feeling of negative valence and high arousal in the absence of clear/immediate threat 

→ more ambiguous than fear 
• Animal models (preclinical approach) 

o Show approach avoidance conflict 
o Uncertainty conflict is the reason 

for anxiety  
o Fear: Pavlovian fear conditioning 
o Anxiety: open field test, novelty 

suppressed feeding test, elevated 
plus maze test 

o Translational issue: fear is clearly 
fear, but anxiety is more 
ambiguous → good models? 

• Anxiety networks (macrocircuits): 
o Most brain regions relevant for fear also relevant for anxiety → amygdala central! 
o Input from higher cognitive (cortical) areas are also a key contribution: vHPC and mPFC 

• Excitation of input from amygdala to ventral hippocampus increases anxiety 
• Inhibition of the input from amygdala to ventral hippocampus reduces anxiety 
• Inhibition of the input from ventral hippocampus to medial prefrontal cortex 

reduces anxiety → higher cognitive processes can "control" anxiety or other 
emotions → mPFC exerts inhibitory control over many brains processes 

o Oscillations between brain regions might encode emotional state 
• Theta activity (4-12 Hz) in hippocampus and mPFC in response to anxiogenic 

environment 
• Most anxiolytic drugs suppress theta activity in the hippocampus 
• Hippocampal Theta seems to drive mPFC Theta 
• Theta-power oscillations in the mPFC during epochs of anxiety 
• → mPFC ideally suited for controlling brain-wide behavioral outputs 

• Clinical anxiety 
o Emerges as a property of the disturbed activity across the complex circuitry  
o Normal part of the healthy human experience, but can also be pathological → 

devastating effect on individuals and society 
o Anxiety disorders: largest group of mental disorders, leading cause of disability with 

large (indirect) costs, lifetime prevalence 28%, highly debilitating 
• Separation anxiety disorder, selective mutism, specific phobias, social anxiety 

disorder, panic disorder, generalized anxiety disorder 
• → different symptoms and therefore treatments! 

o Treatment 
• Cognitive behavioral therapy 
• Self-medication: alcohol → GABA-mediated (similar to benzodiazepines) 
• GABA agonists: benzodiazepines, general tranquilizers, not safe (CNS 

suppressants, dangerous in combination with alcohol) 
• Anti-depressants: Selective serotonin reuptake inhibitors (SSRI)/ Serotonin-

Noradrenalin Reuptake inhibitors (SNRI) → first-line pharmacological 
treatment for anxiety 

• Combination of psychotherapy and pharmacotherapy shows best outcome 
BUT all pharmacologic treatments lack specificity (broad/undefined 
mechanism of action) 
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Positive emotions vs. depression 
 
Brain circuits of depression 
 

• Depression vs. anxiety 
o Both are circuit disorders 
o Clinically comorbid (estimated 60% of depressed patients also have anxiety) 
o SSRIs and SNRIs treat both diseases quite effective 
o Areas implicated in both: mPFC, HPC, amygdala, NAc, VTA, dorsal raphe nucleus 

(serotonin), locus coeruleus (noradrenaline) 
§ mPFC: many subregions (pl-PFC and il-PFC in anxiety, vmPFC in depression) → all 

likely involved (to different degree) in both anxiety and depression 
• Brain’s reward circuitry 

o Reward system: VTA (dopamine) and nucleus accumbens 
o Massive overlap with structures that mediate anxiety: NAc, Amy, LH, VTA, HPC, mPFC 
o A lot of drugs act on reward system → dopamine release  
 

 
 

Translational model of depression 
 

• Depression is a clinical syndrome (combination of different symptoms): 
o Feeling sadness, tearfulness, emptiness or hopeless 
o Loss of interest or pleasure in most/all activities  
o Sleep disturbance 
o Lack of energy 
o Anxiety 
o Feelings of worthless or guilt, fixation on past failures or self-blame 
o Recurrent thoughts of death/suicide 

• In animals we can mimic some individual symptoms but not all 
o Symptoms we can study: despair (?)/helplessness, loss of pleasure (anhedonia), anxiety, 

disturbed sleep, loss of interest (social withdrawal), apathy 
o Symptoms we cannot study: persistent sadness, feelings of worthlessness, excessive guilt, 

recurrent thoughts of death, suicidal ideation, suicide attempt 
• Learned helplessness: depression model in mammals 

o How do you “create” a depressed animal? → chronic stress (see stress lecture) 
o Accidental observation, they wanted to study associative learning using footshocks → after 

receiving a series of (mild) footshocks, dogs would subsequently fail to escape from a 
footshock in a different setup (where escape would have been easy) 

§ Escape shock group: wheel turning stops shock 
§ Inescapable shock group (yoked): shocked with escape 

group → “helpless” 
§ Helplessness is acquired over the course of ca. 2 hrs (100 

shocks)          
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o High serotonin levels quickly subside after the end of the inescapable stress session → so 
why does the animal display helplessness two days later in the shuttle box? 

§ (1) high serotonin levels in the inescapable/helpless condition → subsequent de-
sensitization of 5HT1a receptors (inhibitory auto-receptors on the 5HT neurons) → 
natural breaks of serotonin system start failing 

§ (2) much more serotonin is released in response to 
subsequent stressors → impairs escape performance 

• Theory: brain thinks it is an inescapable situation 
again because of the high 5HT levels → default 
response to stress is giving up 

§ (3) helplessness is the shuttle-box only lasts for 3 days → 
after receptor levels/sensitivity normalized! 

 
Summary 

- Default response to uncontrollable stressors: the organism becomes passive (energy saving)  
- BUT: when “control” is learned, the vmPFC starts to suppress dorsal raphe nucleus (DRN), thus 

inhibiting serotonergic activity → maintains active coping strategies!  
- Positive Psychology  

o Train patients to have a sense of control → improves stress coping in the future 
o Visualizing how you might handle trigger-situations in the future can help with coping 

- Neurofeedback-based training to strengthen mPFC (studies for post-traumatic stress disorder) 
 
Treatment and mechanisms 

 
• 1) Psychotherapy: cognitive behavioral therapy 
• 2) Pharmacotherapy: 

o Selective Serotonin Reuptake Inhibitors (SSRIs, Prozac, Zoloft) 
o Serotonin - Noradrenaline Reuptake Inhibitors (SNRIs) 

§ “Original” tricyclic antidepressants: dirtier versions of SNRIs (more off target effects) 
o New: Ketamine  

§ Initially intravenous delivery, newly FDA approved ketamine is a nasal spray! 
§ Mechanism of action: NMDA-receptor antagonist (very safe anesthetic, used at 

lower does, very unspecific mechanism of action) 
• 3) Electroconvulsive therapy (ECT) 

o Electrodes deliver current → seizure induced under controlled conditions 
o General anesthesia: muscle relaxant prevents spasms/injury 
o One session lasts ca. 1 minute, altogether 1hr “outpatient” treatment 
o 2-3 sessions per week for several weeks; less frequent treatment for up to a year 
o Ca. 50% show improvement 

• 4) Deep brain stimulation (DBS) 
o Best targets, parameters and protocols of stimulation have not yet been determined 
o Ongoing research, open-label trials 
o For treatment resistant depression 
o One of the top target structures: medial forebrain bundle (MFB) 

§ Bilaterally stretches from VTA (midbrain) to olfactory tubercle (forebrain) 
§ Contains many ascending and descending fibers and up to 13 different NTs 
§ Most diffuse and least specific of all 
§ Stimulation of the septum acts through activation of MFB 

• NAcc is difficult because it contains aversion neurons 
§ History: patient experienced euphoria and elation (as if building up to a sexual 

orgasm but being unable to achieve the orgasmic end point → frustrating, 
“nervous feeling”) → needed to be disconnected because he could not stop 
stimulating himself 
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• Mechanisms 
o ALL treatments above are incredible unspecific 
o Monoamine depletion does NOT cause depression and treatment onset is delayed by 

several wks 
o Ketamine and ECT act almost immediately → interfere with excitatory neurotransmission 

and in case of ECT by impacting vast NT release and unspecific excitatory drive 
o All treatments seem to converge on the induction of plasticity-related pathways → increase 

BDNF levels (ECT and DBS in animal models, others also in patients) 
o All mechanistic studies are only possible in animal models 

• Brain-derived neurotrophic factor (BDNF) 
o Neurotrophic peptide 
o Released presynaptically in response to neuronal activity 
o Binds to TrkB (tyrosine kinase) receptors → activates broad intracellular signaling cascades 
o Function: neuronal survival and differentiation, synaptogenesis, activity-dependent plasticity 
o BDNF in depression 

§ Clinical:  
• Reduced BDNF levels in postmortem hippocampus of depressed patients  
• Mutations 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  

o Common downstream target of antidepressants (ADs) 
§ Recent study suggests that ALL ADs bind TrkB directly 
§ AD’s bind TrkB via a binding site that is independent of BDNF signaling  
§ AD binding stabilizes TrkB and increases TrkB expression at membrane surface, 

thus facilitating intracellular signaling (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 → could explain the delayed SSRIs 
vs. rapid ketamine action (only chronic SSRI treatment might reach the drug 
concentrations necessary for binding TrkB)  

§ Study is brand-new → we need to see if the results hold up (replication, validation)  
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5. Addiction 

5.1. Substance Use and Addiction 

Introduction and Case studies 
 

• Stigmatization:  
o Little progress has been made in removing stigma around substance use disorders 
o People with addiction are blamed for their disease (e.g. result of moral weakness and 

flawed character) BUT addiction is a complex brain disorder with behavioral components! 
• ICD-10: min 1 year duration and min. 3 criteria 

o Strong desire to take the substance (“craving”) 
o Difficulties in controlling substance-taking behavior (e.g. unable to quit) 
o Physical withdrawal symptoms when substance use has been reduced (e.g. sweating) 
o Evidence of tolerance (increase in dosage) 
o Progressive neglect of alternative interests (e.g. no hobbies) 
o Persisting with substance use (e.g. impact on relationships) 

• Opioids 
o 90s Zurich: 3000 addicted per d (31 deaths in 1991), homeless, prostitution, violence, theft 
o Opioid crisis in USA: Oxycodone (Purdue) → lobby work “harmless” 

§ 2015 stricter prescription laws → illegal ways (heroin, fentanyl 100x stronger) → 
death because of overdose (most common cause of death <50y, 130 deaths/d) 

§ Solution is substitution 
§ 2017 opioid-epidemic “medical emergency”, but lack of money for programs 

o Today CH: 
§ Most common indication (86%): pain killers (non-cancer treatment) 
§ Increase in prescriptions: Oxycodon (+92%), Morphine (+39%) 
§ 2016: approx. 2% of CH population are long-term users 
§ Doctors responsibility: education, timely limit a prescription 

• Alcohol consumption during COVID in CH: average reduction of 7.7%, increased consumption of 
8.5% among 15-24y 

 
Symptoms and Comorbidities 
 

• Symptoms during drug use: somatic symptoms (depending on the drug), tolerance, increase 
consumption etc. (see above ICD-10) 

• Withdrawal symptoms: irritation, restless, tension, pain, insomnia 
• Specific symptoms of opioids 

o Drug use: beginning euphoric, relaxed, anxiolytic effect 
o Intoxication: face redness, skin itching, “pinpoint”-sized 

pupils, hypotension, hypothermia, stop breathing, death 
o “golden shot” (last shot of a drug user): death because of 

an overdose or by suicide? 
§ Mixture of drugs, alcohol, medication 
§ After abstinent phase: relapse (same/lower dosage) 

• Specific symptoms of alcohol 
o Alcohol intoxication 

§ Mild: gait instability, slurred language, uncoordinated eye movements 
§ Moderate (1-2 ‰): reduced concentration, irritation, headache, aggressiveness 
§ Severe (2-2.5 ‰): balance disturbance, disorientation, disturbance of 

consciousness, anxiety 
§ >5 ‰ is lethal in 50% of cases (Apnea) 
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o Withdrawal symptoms: time after last drink 
§ Shakers (6-12h): jitter, palpitation, sweating, headache, anxiety 
§ Seizure (12-48h): short seizure, tonic-clonic seizure 
§ Delirium Tremens (2-7d): confusion, fever, hypertension, tachycardia, optical 

hallucination, agitation 
o Long-term consequences 

§ Wernicke encephalopathy: 10% chronic abuse, triad = disorientation, disturbance 
of consciousness and gait ataxia, cause = beriberi (vitamin B1/thiamine deficiency) 

§ Korsakoff syndrome: residual of Wernicke encephalopathy, triad + impaired 
memory, 15-20% lethal 

• Specific symptoms of benzodiazepine: similar to alcohol 
o Drug use: anxiolytic effect, unconsciousness, stop breathing (high dosage) 
o Withdrawal: irritation, restless, seizures 

• Non-substance addiction 
o Unspecific symptoms: loss of control, persisting to play etc. 
o Unspecific withdrawal symptoms: restless, irritation, depressed mood etc. 

• Comorbidities: co-treatment and impact on progression 
o Often unclear what causes what (e.g. alcohol addiction vs. depression) 
o Psychiatric disorders: anxiety, affective disorders (depression), PTSD, ADHD, schizophrenia 
o Somatic diseases: infection (HIV, HCV), liver diseases, cognitive impairments, tobacco-

induced diseases (cancer, cardiac, lung), malnutrition, accidents 
Differential Diagnosis and Diagnostics 
 

• Symptoms overlap with other diseases: ADHD, psychotic disorders, affective disorder, medication, 
somatic diseases, traumatic brain injury 

• Alcohol diagnostics: 10g per standard drink! 
o (1) alcohol consumption: CAGE-questions: cut-down drinking, annoying (by criticism), 

guilty, eye opener (alcohol first in the morning) → 1x YES = urgent suspicion of problem 
o (2) classification of the alcohol problem 

§ Risky drinking (10-12 g/d in W, 20-24 g/d in M) 
§ Problematic drinking (somatic and behavioral problems) 
§ Addiction: according to ICD-10 criteria 

• Gambling diagnostics (DSM-5): min. 1 year duration and min. 4 criteria 
o Strong desire to gamble with increasing amounts of money for desired excitement  
o Restless when attempting to cut down/stop gambling  
o Repeated unsuccessful efforts to control, cut back/stop  
o Is preoccupied with gambling  
o Gambles as a way of escaping from problems  
o Lies to conceal the extent of involvement with gambling  
o «Chasing», continue to gamble in order to balance losses  
o Lost relationship, job because of gambling  
o Relies on others that provide money  

• Internet-Gamin diagnostics (DSM-5): min. 1 year, min. 5 criteria, significant Impairment/suffering: 
o Gaming becomes dominant activity 
o Symptoms of withdrawal (anxiety, sadness) 
o Tolerance (need to spend more time) 
o Unsuccessful attempts to control the amount of play 
o Loss of interests 
o Continuous use despite problems 
o Lie to others about the time spent on the game 
o Play games to avoid negative mood 
o Loss of relationship  
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Pathomechanism 
 

• Combination of several factors 
o Neurobiology: reward system, neurotransmitter 
o Cognition (classical, operant conditioning) 
o Environmental factors: high risk family, socialization 
o Stress 

• Incentive sensitization theory of addiction (Robinson and Berridge): 
o “Liking”: endorphin, pleasure decreases over time 
o “Wanting”: drugs increase dopamine release → wanting increases over time, mesolimbic 

system → enhance attention towards drug-associated cues = incentive salience 
• Reward circuit and dysregulation of neurotransmitter (see next chapter) 

 
Treatment and Prognosis 

 
• Opioid addiction 

o Substance substitution: drugs (methadone, heroin per os), “drug centers” or pharmacy, 
individual schedule (day, time) → reported to government! 

o Social support: living, work, programs 
o Internal medicine (? Infection, cardiac diseases), plastic surgery 
o Emergency treatment: in case of intoxication → antagonist Naloxone (nasal or i.v.) 

§ Kit: “everyone” can apply it, delayed effect, withdrawal symptoms → increase use 
§ Venous access → easier to monitor 

• Benzodiazepine addiction: weaning → outpatient, weeks & months (last pill stressful), change from 
long- to short-acting (easier to wean), psychotherapy, comorbidities, social support 

• Non-substance addiction: few doctors with specification, CBT, no medication, comorbidities? 
• Alcoholism 

o Seizure and delirium tremens symptoms after withdrawal are life threatening → don’t stop 
drinking without monitoring (increased risk of epileptic seizures) 

o (1) acute intoxication: in somatic hospital, severe irritation → neuroleptics (Haldol i.m.), 
thiamine (vitamin B1), NO benzodiazepine 

o (2) withdrawal treatment (“detoxification”): psychiatric hospital (motivation?), support with 
benzodiazepine (prevent withdrawal symptoms & seizures) → discontinue, comorbidities 

o (3) Post-treatment: outpatient, psychotherapy, comorbidities, social support, selfhelp group 
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• Social context: children involved? partner addicted? friends w/o addiction? workplace? Living place? 
• Cognitive behavioral therapy (CBT): motivational interview 

o Interview technique to support patients in making decision to change their situation 
o Many patients are ambivalent (inner conflict) 
o Non-judgmental approach, decision should be made by the patient 

• Prognosis of alcoholism 
o After a detoxification: 85% without further treatment relapse 
o Within 2 years half of the patients relapse 
o 8% of all deaths caused by alcohol (accident involvement) 

• Prognosis of addiction: generalization not possible 
o Drug vs. multiple drugs 
o High comorbidity rate 
o Stigmatization (high number of unreported cases) 
o Drug addictions (opioids, benzodiazepine) will increase in the future 
o Patient education needs improvement 
o Access to substitution 
o Suicide prevention (addiction is a high-risk factor)  

5.2. Reward Processing and Addiction 
Animal models of drug addiction 
 

• Defining feature of addiction: compulsive, out-of-control drug use, despite negative consequences 
• We tend to repeat things that we enjoy 

o Electrical stimulation of the medial forebrain bundle (includes VTA → NAc axons) drives 
reinforcement → what drives reinforcement is rewarding (i.e. reward drives reinforcement) 

o Rewards: stimuli that the brain interprets as intrinsically positive 
o Reinforcing stimuli: increase probability that behaviors paired with them will be repeated 
o → drugs of abuse are rewarding and reinforcing 

• History:  
o 1954: rat self-stimulation 
o 1957: dopamine discovered in the brain 
o 1964: New Orleans patient stimulation by Robert Heath (see depression DBS) 

• Translational neuroscience perspective – animal models: drugs that… 
o Strongly reinforce behavior in animals also strongly reinforce drug-seeking in humans 

§ E.g. animals readily self-administer cocaine → some of the will give up food, water 
or sex and even work to the point of death in order to gain access to cocaine 

o Are less addictive in humans are also less reinforcing in animals (e.g. marijuana) 
o Are not addictive in humans are not reinforcing in animals (they will not self-administer) 

§ Exception Nicotine: not very reinforcing in animals, but strongly addictive in some 
humans (mechanisms not fully understood) 

• Drug self-administration: very good animal model 
o (1) animals (mice, rats, monkeys) self-administer same range of drugs as humans  
o (2) a subset of animals will lose control over drug intake and chose drug over food, sex etc. 
o (3) a subset of animals will even overdose 
o (4) after very long periods of withdrawal, animals will relapse to drug self-administration 
o (5) relapse is triggered by drug-associated cues and stress 

• Route of drug administration matters 
o 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 → important for translation research: animal models try to reproduce human route (e.g. 
alcohol drinking, cocaine/heroine injection, marijuana vapor) 
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• Conditioned place preference 

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 

pleasant/addictive the drug was for them 
o Translational value: re-exposure to the same context after long periods of withdrawal can 

re-instate drug-seeking → similar to other context cues that can trigger relapse in humans 
• Intra-cranial self-stimulation 

o Animals will self-stimulate reward areas in the brain (e.g. MFB with VTA → NAc axons) 
o Stimulation frequency is titrated systematically to identify the minimum frequency that 

reinforces instrumental responding (= reward threshold) 
o Drugs of abuse acutely facilitate self-stimulation and lower the reward threshold 
o Chronic administration decreases rewarding effects (requiring higher doses → tolerance!) 

Circuitry/mechanisms of intoxication 
 

• Vicious circle of drug addiction 
o Intoxication: reward circuitry → VTA-NAc 
o Withdrawal: negative symptoms, loss of pleasure from natural rewards, stress, bodily 

withdrawal symptoms → amygdala, ventral hippocampus, habenula (link between limbic 
and reward system), locus coeruleus 

o Craving/relapse: cue-drug-associations, response inhibition, impulse control → higher 
cortical areas (PFC) 

• Mechanisms of drug action in the reward circuitry 
o All drugs have very different chemical structures 
o Shared mechanism: ALL enhance DA neurotransmission to NAc neurons → net effect of all 

addictive drugs (but how they achieve it is different) 
o Interfering with dopamine reuptake: cocaine, amphetamine, MDMA (ecstasy) 
o Directly activate VTA dopamine neurons (DA release): nicotine 
o Leading to disinhibition (block VTA GABAergic interneurons): opioids, benzodiazepines, 

cannabinoids, alcohol 
• Human data also supports the role of DA and the NAc in addiction 

o PET and fMRI studies have shown that intoxicating doses of addictive drugs release DA into 
the ventral striatum (= NAc and olfactory tubercule) 

o Fast and steep release of dopamine is associated with the subjective sensation “high” 
• Optogenetics: selectively activate dopaminergic VTA neurons that project to NAc 
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Molecular mechanisms: sensitization 
 

• After one/a few cocaine exposures (→ intoxicating effects of drugs of abuse) input from PFC to VTA 
is sensitized → you want more of the drug and at the same time withdrawal kicks in → more craving  

• Sensitization is when repeated administration of the same drug elicits escalating drug effects 
• Sensitization increases the attractiveness of drug taking and of drug-associated stimuli (cues) 
• Molecular level: similar process to long-term-potentiation 

o Strong (drug-induced) stimulation → more AMPAR inserted into post-synaptic membrane 
o Subsequent drug exposure (or drug cues) thus elicits stronger DA release 
o LTP: second messenger cascades convey signal from synapse to nucleus → TFs get 

activated → transcribe certain genes (e.g. AMPAR) → mRNA translation → protein 
transported to active synapse → AMPAR membrane insertion → excitability ↑↑ 

• Chronic drug taking → permanent reward circuitry remodeling → tolerance → reward threshold ↑  

Molecular changes after chronic drug use (adaptation/tolerance) 

• FOS family of transcription factors 
o cFos: well-known neuronal activity marker, responds strongly to acute cocaine 

administration, immediate early gene (does not need transcription for activation) 
o ΔFosB: upregulated in NAc only after chronic cocaine exposure, whereas cFos gets 

suppressed → ALL drugs of abuse increase ΔFosB in the NAc  
• Epigenetics 

o Histone methylation: typically represses gene expression (e.g. H3K9 lysine) 
o Histone acetylation typically active gene expression as chromatin is open 
o Histone phosphorylation: typically active gene expression 
o DNA methylation: silences gene expression 
o Chronic administration of cocaine changes the epigenetic code:  

§ ΔFosB: genomic region encoding more accessible → more ΔFosB transcribed in 
response to repeated cocaine exposure 

§ cFos: genomic region encoding becomes less accessible → less cFos transcription 
o Once ΔFosB is activated by chronic cocaine it induces epigenetic changes itself 

§ Reduced global (across all cells in tissue) H3K9me2 in NAc after chronic cocaine 
§ Mediated via regulation of enzymes that add/remove histone marks → ΔFosB 

actively reduces (TFs can transcribe or suppress genes) global expression of G9a 
methyltransferase in NAc → less H3K9me2 (H3K9 di-methylation) → less compact 
chromatic → more accessible to other TFs → more gene expression in response to 
subsequent cocaine administration at loci with less H3K9me2 → stronger 
behavioral response (addiction/reinforcement/craving) to the drug 

o Interfering with ΔFosB-G9a-H3K9me2 signaling pathway in the NAc 
§ Can prevent some of the chronic behavioral effects of cocaine 
§ E.g. overexpressing G9a in the NAc suppresses drug-induced place preference 
§ Translational perspective: drug interfering with H3K9 methylation will impact a 

huge number of genes potentially in every cell type across the whole body 
§ CRISPR-Cas9: recruit/direct epigenetic enzymes to specific DNA regions → but still 

these constructs need to be delivered to the right brain area/cell type 
§ Mice: selectively target specific histone modification only in a specific brain region 
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The true molecular complexity of neuropsychiatric diseases 
 

• A few numbers 
o 2m DNA/cell 
o 3 billion base pairs 
o 20’000 genes 
o Multiple splice variants 
o > 200’000 proteins 

• Molecular response to drugs of abuse:  
o Hundreds of genes get regulated in response 

to acute or chronic drug exposure in different 
brain regions 

o Drug history determines gene expression response 
• Transcription factors:  

o Large number of TFs is involved in regulation of hundreds of genes that are changed by 
acute or chronic cocaine administration → story is much more complex than ΔFosB alone 

• Cell type specificity 
o Brain regions are not homogenous → many effects are cell-type specific 
o Cocaine induces a ΔFosB increase only in D1 medium spiny neurons but not D2 
o Same seems to be true for other drugs of abuse (e.g. alcohol/ethanol) 
o NB: NAc has two subregions: core and shell 

• Epigenetics 
o Epigenetic processes are crazy complicated 
o Histone code is only one example: DNA methylation and other covalent DNA markers, 

chromatin 3D structure, non-coding RNAs, RNA-methylation etc. 
o Epigenetic code is cell-type specific too (→ makes it orders of magnitude more complex) 
o Stochastic individuality: 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 

o Currently we are beginning to develop single-cell tools to study gene expression and 
epigenetic factors in a cell-type specific manner 

• Individual differences 
o Far from understanding what makes an individual susceptible or resilient 

to drug addiction 
o Stochastic individuality is also captured by animal models on the 

behavioral level of susceptibility to drug abuse 
o Example 

§ Saline: some animals self-stimulate, but none become addicted 
§ Cocaine: more animals self-stimulate and more become 

addicted → but large variability! 
• We know very little of the complex mechanisms that operate below the surface of drug addiction 

(or any other psychiatric condition or brain process) → we need: 
o Fundamental research (e.g. unbiased large-scale screens on all molecular levels)  
o Identify hub molecules in these complex cascades that we can target with drugs in some 

way (because we cannot target hundreds of genes) 
§ Hubs: molecules that control a large cascade of downstream targets  
§ → counterbalance this with the problem of off-target effects 

o Innovative ways of targeting these hub genes or specific epigenetic modifications in 
selected cell types in specific brain regions in humans → major clinical challenge!  

o Targeted manipulation of specific epigenetic mechanisms in specific cell types 
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6. Neuroendocrinology of stress 

6.1. Introduction 
• Purpose: to demonstrate how stress impacts brain (and body) function in a very broad way and 

intersects with most brain processes (e.g. emotion, attention, reward, memory etc.) 
• History of stress 

o Walter Cannon: seminal work using animals (cats, dogs etc.) 
§ Concept of homeostasis: all vital systems of the body (must) preserve a predefined 

state → essential to understand what stress is all about 
• E.g. blood volume/pressure; blood sugar level; ion concentration 

gradients inside/outside cells; pH; fluid balance; temperature 
§ Fight or flight response  
§ Adrenaline-mediated effects of acute stress (adrenal medulla) → how adrenaline 

activates energy supply and inhibits unnecessary energy-consuming processes 
o Hans Selye: experiments on rats, “only the dead have no stress” 

§ Cortisol cycle: organs of stressed animals change massively → different responses 
§ Stress: the sum of all forces that act against resistance 
§ General adaptation syndrome: independent of the nature of damaging agent 

• (1) alarm reaction (6-48h): thymus, kidney and lymph nodes shrink, fat 
tissues disappears, edema formation, stomach bleeding (stress ulcers), 
chromaffin cell reduction in adrenal medulla (produce nor-/adrenaline) 

• (2) resistance: after 48h if the stressor isn’t too intense 
o Most organ functions return to normal as the system tries to re-

establish homeostasis, adrenals are greatly enlarged 
• (3) exhaustion: >1 month depending on stressor intensity 

o More intense alarm reaction symptoms → disease or death 
• 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 
• Adaptive stress response: counteracts of the organism against stressors that disturb homeostasis to 

maintain/reestablish homeostasis → stress response unfolds over time! 
• Factors determining if a situation is perceived as stressful (with great inter-individual differences) 

o Perceived uncontrollability (e.g. learned helplessness) 
o Unpredictably (no habituation) 
o Severity/intensity 
o Regulatory range vs. adaptive capacity → can homeostasis be maintained? 

§ E.g. temperature range within which a species can survive vs. the individual ability 
of a given individual to adapt to a certain change 

• Measurement: retrospective self-report, lab stress (e.g. Trier Social Stress Test), stress hormones  
o Problem: many pleasurable activities challenge homeostasis (e.g. cortisol)  

• The brain controls the stress system via 3 interlinked and simultaneous pathways: LC, SNS, HPA axis 

6.2. Locus Coeruleus – Noradrenaline System 
• Higher brain regions initiate the stress response, which kicks the brain into “stress mode” and 

triggers sympathetic nervous system activation 
• More than 100 brain regions send inputs to the Locus Coeruleus (LC) 
• Most important LC-inputs comes from amygdala, prefrontal cortex, PVN → can activate LC directly 

and lead to release of brain noradrenaline → puts the brain in “stress mode” 
• LC, breathing, meditation and panic are all connected → breathing control center neurons promote 

arousal in mice and coupling of respiration and attention via LC 
• Optogenetic LC activation induces anxiety (avoidance) → favors survival in dangerous environment 
• LC supplies ONLY the brain with noradrenaline due to the blood-brain-barrier! 
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6.3. Sympathetic Nervous System – (Nor-)Adrenaline 

 
• Autonomic Nervous System (ANS) 

 Sympathetic Division Parasympathetic Division 
Location of cholinergic 
preganglionic neurons 

Thoracic-lumbar segments of 
the spinal cord  

Brainstem and sacral part of spinal 
cord  

Postganglionic neurons Noradrenergic (NA) Cholinergic (ACh) 
Cell bodies of postganglionic 
neurons are located in 
autonomic ganglia 

Close to the spinal cord In neural plexus (network of 
intersecting nerves) near or inside 
target organ 

• Most organs innervated by both branches 
• SNS activates PNS to counteract strong activation and return to homeostasis → tightly linked! 

o Sympathetic Nervous System (SNS) → Fight or Flight 
High levels of sympathetic activity Acute high stress situation: (Nor)adrenaline release  
Pupils dilate and the eyelids retract (more light 
reach the retina and eyes move more efficiently) 

α1-adrenoreceptor → mydriasis   

Blood vessels of the skin and gut constrict (re-
routing blood to muscles → more energy available) 

α1 receptors: vasoconstriction in the skin 
β2: vasodilation of blood vessels in skeletal muscle 

Hairs stand on end (harrier = more fearsome?) α1: acts on arrector pili muscle 
Bronchi dilate (→ increasing oxygenation)  
HR accelerates and force of cardiac contraction ↑ 
(maximal perfusion of skeletal muscle and brain) 

β1: ↑ CO (cardiac output) 

Adrenal medulla: release (nor)adrenaline and 
mediates release of glucagon from pancreas (→ 
enhancing energy-mobilizing/catabolic functions) 

β2 in liver: glycogenolysis and gluconeogenesis 
α1 in pancreas: inhibition of insulin secretion 
β2 in pancreas: inhibition of insulin secretion 

Digestive and other vegetative functions quiescent 
(diminishing activities temporarily unnecessary)  

 

Sweating (warning signal to others → alertness) α1: activation of sweat glands 
o Parasympathetic Nervous System (PNS) → Rest and Digest 

§ Pupils constrict and HR slows down 
§ Peristaltic activity of the gut increases and voiding of bladder is promoted 

• Initiating SNS activation: PVN and LC 
o Many brain regions can activate the Paraventricular Nucleus of the Hypothalamus (PVN) 

§ Amygdala → stria terminalis → PVN 
§ Bed nucleus of the stria terminalis (BNTS) → PVN 
§ Input from Hippocampus → terminating stress response (inhibitory feedback) 

o LC and PVN are reciprocally connected → co-regulation/integration of stress signals 
o LC and PVN directly activate the SNS and inhibit the PNS 
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• Sympatho-adrenal-medullary system (SAM) 
o Noradrenaline released from postganglionic SNS fibers innervates most organs including 

adrenal medulla → (nor-)adrenaline release from adrenal medulla → bloodstream → 
reaches most organs → more systemic effect, but also slower 

o PVN directly activates SAM (hypothalamus → spinal cord → adrenal medulla) 
o Provides second hit in addition to direct sympathetic activation 

• One neurotransmitter → multiple effects on target tissue 
o Effects of (nor-)adrenaline are dependent on the receptors (GPCRs) expressed in the target 

tissue AND on where they are expressed within the circuit 
§ α1 adrenoceptors: activating (Gq → PLC → Ca2+), higher NA affinity 
§ α2 adrenoceptors: inhibitory (Gi → blocks AC & Ca2+), same NA/A affinity 
§ β adrenoceptors: activating (Gs → AC → cAMP) 

• β1 and β2: same NA/A affinity 
• β3: higher NA affinity 

o Self-regulatory: autocrine → NT binds to α2 receptor → auto-inhibit the presynaptic cell by 
inhibiting tyrosine hydroxylase & NT exocytosis → reduce NA release (inhibitory feedback) 

o Many clinical treatments act via this system 

6.4. Hypothalamus-Pituitary-Adrenal (HPA) Axis – Cortisol/Corticosterone 

Corticotropin Releasing Hormone (CRH) 
 

• CRH neurons are widely distributed throughout the brain 
o Play a key role in triggering HPA-axis activation 
o Also locally exert “stress-effects) throughout the brain 

• Urocortins (UCNs): CRH-related peptides, bind to the same 
receptors as CRH → CRHR1 and CRHR2 (GPCRs, often with 
opposing function) 

• Interaction between stress and addiction 
o CRH+ neurons synapse onto dopaminergic neurons in the VTA 
o Experiment: 10d of defeat stress + repeated infusion of CRHR antagonist into posterior VTA 
o Results: exposure to chronic stress increases drug self-administration → can be prevented 

by blocking CRH receptors in the VTA  
Cortisol/Corticosterone 
 

• HPA axis activation: parvocellular neurons in the PVN release CRH into the median eminence → 
portal vessels → anterior pituitary → stimulates release of adrenocorticotropic hormone (ACTH) → 
release of cortisol (humans) or corticosterone (animals) → both are glucocorticoids = CORT 

• Cortisol ≠ Stress: many pleasant, rewarding stimuli also trigger release (e.g. sex, exercise) 
• Steroidogenesis in the adrenal gland 

o Cholesterol is starting product of corticosteroids including cortisol 
o CORT is produced by the zona fasciculate of the adrenal cortex 

• Effect of CORT on target tissues:  
o CORT acts via binding to mineralocorticoid (MR) and glucocorticoid (GR) receptors 
o GR and MR signaling pathway (fast and slow action): cortisol goes into cell through specific 

channels → binds to cytosolic corticosteroid receptors → dimerization of two loaded 
receptors → act as transcription factor  

o Through membrane receptors (MRs and GRs) CORT can exert rapid effects on cellular 
activity and intracellular signaling (= non-genomic effects) 

o Through translocation to the nucleus GRs and MRs can bind Glucocorticoid Response 
Elements (GREs) and act as transcription factors, triggering genomic effects 

o GR/MR mediated gene expression (and protein translation) affects cellular function 
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• Molecular impact of stress on cells 

o Even an acute stressor triggers complex waves of molecular changes that can last for hours 
o A 6min stress exposure triggers changes in gene expression that last for up to 4 h in the 

hippocampus (measured in whole hippocampal tissue i.e. all cell types) → specific genes 
change in different cell types (single-cell RNA sequencing) → complex! 

o Effects of stress on gene expression are mediated: 
§ Most rapidly via catecholamines (NA, DA) via synaptic release and GPCRs 
§ Slower (ca. 10min delay via non-genomic CORT effects 
§ Slow via genomic CORT effects 

 
• Feedback inhibition → shutting down the stress response 

o A very important function of the HPA axis is to sustain energy supply if stressors last for 
longer periods of time → energy demanding → self-regulation by negative feedback by 
CORT binding to their receptors → only works if the stressor has subsided! 

o GRs negative feedback to frontal cortex, hypothalamus and pituitary (hypophysis) 
o MRs and GRs negative feedback to hippocampus 
o Epigenetics: 

§ Methylation → lower transcription of inhibitory CORT receptors  
§ High maternal care (in mouse licking) → release of serotonin → trigger intracellular 

cascade → TF on GR gene → methylation can’t occur as TF blocks binding site 
• Chronic stress/chronic CORT = BAD 

o Metabolism: CORT provided energy for sustained activity 
§ Stimulates gluconeogenesis (liver) → generation of glucose 
§ Inhibits glucose uptake in fat and muscle cells → increasing blood sugar levels (for 

brain glucose supply…) 
§ Inhibits lipogenesis and simultaneously catecholamines stimulate lipolysis → 

increase in free fatty acid → production of ATP for gluconeogenesis  
§ → catabolic effects of cortisol have unwanted consequences if CORT-levels stay 

high for long (→ e.g. muscle atrophy, insulin resistance) 
o Blood: CORT facilitates thrombosis and blood clotting (risk of stroke increases) 
o Immune system: CORT suppresses both adaptive and innate immunity 

§ Suppresses monocytes, lymphocytes and production of antibodies 
§ Block cytokines, inhibits pro-inflammatory signaling in target organs/tissues, 

inhibits prostaglandin synthesis (immunosuppressive and anti-inflammatory effects) 
§ CORT used to treat allergic reactions, autoimmune diseases or to suppress the 

immune response after organ transplants, Covid19: dexamethasone (GR agonist) 
o Psychological effects: chronically elevated CORT levels increase the risk of depressive 

disorders → Cushing’s syndrome (typically from tumor in ACTH-producing cells of pituitary) 
o Animal models: chronic stress induces depressive-like behaviors in mice, rats and primates 
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Summary 
 

SAM → short term response HPA-axis → long term response 
• Increased HR and BP 
• Liver: glycogenolysis → glucose into blood 
• Dilation of bronchioles 
• Changes in blood flow → ↓ digestive 

system activity & urine output, ↑ alertness 
• Increased metabolic rate 

• Retention of sodium and water by kidneys 
• Increased blood volume and BP 
• ↑ gluconeogenesis, fat and protein 

mobilization 
• ↓ insulin sensitivity, GH, T3, immune/ 

inflammatory response 
 

• Stress is not a disease but a life factor! 
• The stress response taps into “energy reservoirs” and can unleash superhuman strength  
• Use stress response to your advantage (to master difficult situations and unleash energy when 

needed) but learn to regulate your stress response (e.g. breathing, mindfulness, relaxation)  
• Know that predictability and practice favor habituation and lower stress  
• Remember that constantly turning on the stress response is damaging (energy exhaustion) → find 

opportunities to recharge your batteries 
• Stress has an impact on disorders and there are non-pharmacological interventions that can 

support stress management and reduce stress related symptoms 
 


