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1. Introduction to Translational Neuroscience 

 

Why is it so difficult to study neuropsychiatric diseases? 

Oncology     vs.  

You can get samples of the very cells that 

constitute the disease  

Often occurs in tissues with limited numbers of cell 

types  

Modeling the disease is possible in animals 

(transplantable tumor cell lines; cell-specific gene 

deletions; application of carcinogenic toxins)  

Most tumors exist as immortalized cell lines in 

vitro! This has limitations (e.g. different immune 

systems etc.) 

  

Neuroscience 

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  

The number of cell types (and subtypes) is vast 

and poorly understood  

Disease models are very challenging due to 

unique complexity of human brain (what’s 

autism in a mouse?)  

One new hope: inducible pluripotent stem cell

 

What is translational neuroscience? 

Translational research’ is typically separated into two phases of research.  

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

from basic science research into a potential clinical product for testing on human subjects.  

Type 2 translation, ‘research into practice’, tends to refer to the process of converting promising interventions 

in clinical research into healthcare practice (thus is closer to the notion of the ‘bedside’) 

 

History: the drug pipeline is stuck, few new drug targets 

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

1) Antipsychotics (Chlorpromazin, 1951) D2 antagonist  

2) Antidepressants (Imipramine, 1957) SERT and NET blocker (Serotonin and Noradrenalin transporter inhibitor) 

3) Benzodiazepines (Chlordiazepoxide, 1957) GABAaR agonist (Sedatives) 

Since then, hardly any new therapeutic targets have emerged for these diseases. Mostly better, safer drugs were 

developed based on the same targets. It feels like Neuroscience is a bit stuck.  
 

The pipeline – from discovery to new drug approval 

 

 Long development process 

(~10-17y)   

 High failure rate (40% in 

phase III) 

 

 Approval 74% of those 

who pass  phase III 

 
 SARS-CoV-2: 1 year 
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Drugs fail for two main reasons: 

1) They do not work 

2) They are not safe 

A good drug target: 

1) is efficacious  

2) is safe  

3) meets clinical + commercial needs  

4) is ‘druggable’ 

 

Example of drug development: VEGF as anti-cancer treatment 

Folkman et al (1971) demonstrated that cancer cells release molecules able to promote the proliferation of 

endothelial cells and the formation of new blood vessels. This factor was later cloned and is now known as 

Vascular Endothelial Growth Factor (VEGF). This became one of science’s most exciting discovery stories: how 

blood vessels grow and innervate the body! 

 Hypothesis: by preventing this process you can stop tumour development 

A large array of drugs have been developed to block VEGF (antibodies against the most abundant protein of the 

VEGF family, VEGFA) and antagonists directed at its major receptor VEGFR2. 

 2003: Clinical studies using monotherapy of antiangiogenic drugs largely failed to show a survival benefit.  

 In 2005 it was proposed that anti-VEGF therapy could lead to vascular “normalization” and thus allow 

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

 In 2020, the first clinical trial reported that combination therapy (anti-agiogenic treatment AND 

immunotherapy) yields superior results!  

 

 

 

Research is slow. But there are also other interesting considerations… 

When an approved first-line treatment already exists for a psychiatric disease, any new treatment needs to 

significantly outcompete that treatment in a head-to-head clinical trial.  

In addition, with most neuropsychiatric diseases you’re working against the powerful placebo effect. Something 

to worry about: placebo effects are substantially large when it comes to mood and pain disorders. For 

antidepressants, some have suggested that their effects are entirely explained by placebo. 

For drugs that have to be administered chronically (most CNS disorders), drugs will be scrutinized in long-term 

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

Money… 

 

Disease Epidemiology 

Lifetime prevalence is the proportion of individuals in a population that at some point in their life (up to the time 

of assessment) have experienced a "case” (in this case a disease). Bsp. Anxiety disorder 30% 

Where does disease risk come from? Genes vs. Environment (Ca. 40% of disease is determined by genes) 

Disease Heritability 

1) Psychiatric disorders are highly heritable – the more DNA you share, the higher your risk  

2) Some disorders are strongly heritable, others less. In all cases, genetics and biology hold clues to etiology 

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

Bsp. Alzheimer’s 80% heritability 

= 15 years after “normalization” hypothesis  

= 49 years after VEGF discovery 
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How do you figure out which gene variants are associated with disease risk? 

The human genome contains ca. 3 BILLION base pairs. A typical genome differs from the reference human 

genome at 4 to 5 million sites (mostly SNPs and CNVs).  

Single Nucleotide Polymorphisms (SNPs) are a type of common genetic variation (=common gene variants). This 

means that one of the two alleles occurs in >1% of the population. More than 335 million Single Nucleotide 

Polymorphisms (SNPs) have been found across humans from multiple populations. 

These SNPs are the variants studied/detected by Genome Wide Associations Studies (GWAS).  

There are three ways to get to this information:  

- SNP Arrays → This 4-sample BeadChip array from Illumina covers around 4.3 million variants (SNPs and 

CNVs) ~next generation sequencing 

- Whole Exome Sequencing (WES)  

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

 

SNPs captured by genome-wide 

association study (GWAS) arrays, 

explain between one-third and 

one-half of the genetic variance 

in schizophrenia disease risk.  

= polygenic disorders 

A huge number of genes 

contributing significantly to 

disease risk, but each gene alone 

contributes very little.  

 

 

Where does the “missing heritability” come from?  

1) Twin studies aren’t perfect, not clear how accurate the heritability estimates are 

(although it seems they are pretty accurate)  

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

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

only one twin →→→ 

3) Much of the variation is thought to be explained by rare variants (<1% allele frequency) 

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

aging  

5) Gene-Environment Interactions → Epigenetics! E.g. lifestyle choices like smoking, eating 

habits, exercise etc. can influence the organism more/less depending on the genetic 

background 
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The polygenicity poses a problem for basic research and drug development:  

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

often less than 1% to disease risk! These gene sets are partially overlapping (e.g. an autism risk gene can also be 

a schizophrenia risk gene).  

This is a “needles-in-a-haystack” problem for translational neuroscience. How do we pick genes that explain such 

low variance and design drug compounds* or launch basic science projects** to explore the function of these 

genes in the disease context? 

* Pharmaceutical companies will not take the risk to design a drug based on a target that contributes 1% heritability to a 

complex disease. This compound needs to go through a multi-million-dollar development process and then beat existing 

‘decent’ drugs (e.g. antidepressants etc. – not to mention the placebo effect) in clinical trials! 

** This involves university research groups led by professors who need to compete for jobs and grants, they need to pay 

people and reagents for these experiments, so on that scale still a highly resource intensive effort. 

 

 

For Polygenicity we have many lousy drug targets  possible 

solution: Look at pathways where the genes converge 

Accumulation in SNPs in certain pathways  drug target 

  

So how do we approach translational research? 

 Identify a risk gene in patients  manipulate it in 

mice/flies/worms and observe a behavior phenotype that matches the pathology. Example: Brain-

Derived Neurotrophic Factor (BDNF)  

- The amino acid valine at codon position 66, is replaced by methionine → Val66Me 

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

- Hundreds of research papers since 2003, but itstill remains completely unclear if there is a 

reliable association between this SNP and anxiety/depression/PTSD/cognitive function!  

- Confounding variables and unresolved issues, e.g.:  dominant vs recessive (Met/Met vs. Val/Met 

vs. Val/Val) ;  genetic background: a 2016 study found that Val66Met is significantly associated 

with bipolar disorder in Europeans, but not in Asians 

 Identify a structural/functional change associated with a certain brain region, then manipulate in animal 

model  classic lesion studies in mice inspired by patient H.M.  

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

Extreme example: different mouse strains → different anxiety levels  

 Identify environmental risk factors in humans and then model them in animals to test which brain 

circuits / molecules are affected  Early life stress models of anxiety and depression  

 Cellular models  

- IPSCs à start with patient, then back-translate  

- Organoids; Cell lines  introduce human mutations using CRISPR/Cas9  

- Limitations! 
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2. Dementia I 

 

Common ideas of dementia  

 Facts and figures 

- Often used as synonyme of Azheimer’s disease, but Alzheimer’s is a subtype of Dementia 

- Change in character 

- Global estimates of dementia prevalence are up to 7% of individuals above the age of 65; 8-10% in 

developed countries due to longer life spans. Expanding like a pandemic 

- Someone in the world develops dementia every 3 seconds 

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

 

 Causes of dementia with young-onset and late-onset 

 

 

 It does not only concern old 

people, also youngs are affected, 

prevalence of causes are different 

 

 

 

 

 

Definition, disease stages, classification  

 Term “Dementia” 

- Lat. demens = insane, mad   Mens = mind, de = without 

- Dementia is a SINDROME 

- Now called: Major neurocognitive disorder 

 

 Definition DSM-5 

- impairment must be acquired and represent a significant decline from a previous level of functioning in 

one or more cognitive domains: learning and memory, language, complex attention, executive function 

(planning, working memory), social cognition, perceptual-motor 

- The cognitive deficits must interfere with independence in everyday activities  

- The disturbances are not occurring exclusively during the course of delirium (disorder of attention and 

cognition in elderly people), consciousness is not clouded  

- Usually chronic, progressive course  

- The disturbances are not explained by another mental disorder (e.g. Major Depressive Disorder) 

 

 Mild Cognitive Impairment (MCI) 

- Intermediate state between normal cognition/ageing and dementia 

- Can be reversible 

- When you have cognitive dysfunction that does not interfere with daily living, but is not normal for your 

age  

 Not normal: forgetting recently learned information or important appointments, difficulty in 

planning, difficulty to perform familiar tasks 

 Normal: forgetting some of the recently acquired information, decreased ability to do multiple 

tasks 
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Amnestic MCI may lead to Alzheimer’s (10-15%) 

Non-amnestic MCI often followed by another form of 

Dementia (Bsp. Lewy Body dementia) 

 

Healthy person at some point sufficient brain damage 

accumulates and results in cognitive symptoms and 

impairments (pre-dementia) 

 

 

 

 

 

 Classification  
- Clinically: cortical, subcortical, frontal via screening tools 

- Pathology: degenerative, vascular, toxic, infectious 

- Staging:  Mini-Mental State Examination (MMST) to access severity 

 20-25 mild / 10-19 moderate / 0-10 severe 

 

Subtypes of dementia LBD, FTD, VD, AD  

 Lewy Bodies dementia (LBD) 

- Sleep problems, loses smile, sense of smell, hand tremor, tired, forget how tv works, hallucinations..  

- Mostly >60, men 

- Second most common progressive neurodegenerative disease after Alzheimer’s 

- Protein deposit called Lewy Bodies develop in nerve cells, composed of α-Synuclein 

- Physical exercise can slow down progress 

- Parkinson’s-like symptoms 

  
 Vascular dementia (VD) 

- The only non-degenerative form of dementia  

- memory impairment, general slowing, impairment of attention, apathy, diffuse cognitive 

deficits 

- causes:  
 multi-infarct dementia (many strokes) 

 fatigue infarct dementia (one stroke) 

 subcortical vascular encephalopathy (many small lesions)  
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 Frontotemporal lobar degeneration/ Frontotemporal dementia (FTD) 

- Early changes in character, impulsive behaviour, decrease or increase of impulse , impairment of 

thinking (abstraction, planning, judgement), memory impairment 

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

- Two major clinical subtypes  

 Behavioral-variant frontotemporal dementia (bvFTD)  

 Primary progressive aphasia: depending on site of atrophy  

o semantic dementia (SD) 

o progressive nonfluent aphasia 

- Second most common form of dementia in younger, <65 

- Causes: accumulation if certain neural protein (microtubule-associated protein tau, transactive 

response DNA-binding protein, fused in sarcoma protein) 

- Repetition of phrases, impaired speech, can’t read, phrases without sense (nonfluent), unable to name 

objects (semantic) 

 

 Alzheimer’s disease (AD) 

- chronically progressive  

- median survival 8-12 years after symptoms onset 

- memory, spatial thinking, speech, apraxia, agnosia, attention, perception, physical assessment often 

normal 

- associated with progressive loss of synapses and neurons, cholinergic deficit 

- 2 neuropathological hallmarks: 

 Extracellular “Amyloid-Plaques”  

 Intracellular “Neurofibrillary tangles” 

 

 Amyloid Cascade Hypothesis 

Because of aggregation of Aβ42 derived by the proteolysis of Amyloid-Precursor-Protein (APP) by β- and 

γ secretase; in the alternative pathways APP is lysed by α-secretase to soluble sAPPα 

Under pathological condition the soluble form leads to a synaptic dysfunction 

APP high conserve membrane protein, concentrated in synapse of neuron 

Amyeloid oligomer which are toxic for the brain leads to start the cascade (inflammation, oxidation, 

tau hyperphoshorilation, excitotoxicity)  

 

 

 

 

 

 

 

 

 

 

 

 Neurofibrillary tangles 

- Aggregation of hyperphosphorylated tau-protein 

- Tau binds mikrotubuli and regulates the structure of the cytoskeleton. 

- Abnormally hyperphosphorilated tau leads to intraneural tangles 
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- The extent and distribution of neurofibrillary tangles correlate with both the degree of dementia and 

the duration of illness 

- Tau and Aβ enhance each other toxic effect 

 

 

Temporospatial spreading of tau-positive neurofibrillary and α-

synuclein-positive lesions:  

Ascendence from limbic region to destroy higher brain center 

 

 

 

 

 

- Continuum of AD 

 

Preclinical stage (=presimptomatic): Plaques and 

tangles begin already 20 years before onset of 

clinical symptoms and accumulate 

Prodromal: mild cognitive impairment, dystrophy 

Dementia: progressive accumulation of hallmark 

 

 

 

 

 

Diagnosis 

- In the first place, it is a clinical diagnosis (examine brain tissue) 

- Diagnosis of dementia is a syndromal diagnosis  

- It is based on accepted diagnostic criteria  

- Not until an etiological classification (underlying cause) has been performed, statements about the 

course of the disease and treatment can be made  

- Exclusion of treatable causes 

 

1. Clinical history (onset and progression, family member) 

2. Neurological examination, assessment of mental status (screening, e.g. DemTec, MoCA=Montreal 

Cognitve Assessment, MMSE; language, daily activity)  

3. Routine / selective laboratory tests  

4. Imaging diagnostic (structural / functional brain scan – to distinguish type of dementia)  

5. Neuropsychological examination  

6. Additional diagnostic tests (e.g.EEG) 
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Biomarkers 

Examine cerebrospinal fluid (CSF) 

BSp. AD patient have a decrease in Aβ 1-42 but an increase in 

tau proteins 

Amyloid plaques can also be visualized with PET by binding to 

the radioactive Pittsburgh compound B (C-PIB). Better because 

in vivo analysis and not analysis of a dead tissue (but not enough 

for diagnosis → pattern recognition). 

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

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

the frontotemporal dementias (FTDs). 

In early stages a diagnosis may not be possible. 

 

Treatment 

There is no cure!! 

Always multimodal therapy, not only pharmacological. Support of family very important 

No causal therapy but disease modifyer 

 

 

 Pharmacological treatment 

  

 

 

 

 

Symptomatic treatment aims to 

counterbalance the neurotransmitter 

imbalance. 

Memantine is able to serve as a more effective 

filter than Mg2+ , blocking pathological ‘noise’ at 

glutamatergic synapses and thereby allowing 

detection of the relevant synaptic signal. 

Synaptic plasticity is restored and 

synaptotoxicity/ultimate neuronal death is 

prevented by the same MoA 

 

Other treatments exist but are not successful  further 

research is needed 

Immunsuppression: Adacanumab 

high-affinity, fully human IgG1 monoclonal antibody 

against a conformational epitope found on Aβ 
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3. Dementia II 

A very very short history of AD 

- 1906 Alois Alzheimer presents the first case of the disease  

- 1910 his co-worker Emil Kraepelin named the disease in honor of his achievements: AD  

- The dark period – not much research on the disease  

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

microscopy  

- 1976 Davies and Maloney detect reduced activity of choline acetyltransferase (ChAT = enzyme that 

produces acetylcholine) and lower concentration of acetylcholine at synapses → Cholinergic Hypothesis 

(AD=disorder of cholinergic system)  

- 1984 Glenner and Wong first isolate Amyloid Beta (Aβ) → then cloning an intensive basic research  

- 1995 Acetylcholinesterase (AChE 

 

Disease outline 

 

First preclinical AD 

Once the cognitive impairment sets in, death follows 

more or less 10 years later 

Marker Aβ start to develop immediately, Tau follows later 

Microglia and astrocytes are the inflammatory response 

 

 

 

 

 

 

Amyloid-beta (Aβ) 

 Formation 

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

1)  The β-secretase enzyme (BACE1) cleaves APP at the N terminus  

2) The remaining membrane-bound C99 fragment is then cleaved by γ-

secretase.  

The gamma-secretase complex consists of four protein subunits: presenilin 

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

The gamma-secretase complex cleaves Aβ producing sequentially shorter 

peptides until the Aβ peptide is released from the complex (producing peptides 

38-, 40-, and 42-amino acids in length).  

This process happens predominantly in endosomes*. Aβ peptides are then 

release from neurons depending on synaptic activity (both presynaptically and 

postsynaptically).  released in an activity dependent manner 

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

oligomers, protofibrils, and fibrils), which are detectable in AD brain.  

Owing to increased hydrophobicity of its expanded C terminus, Aβ42 has a greater propensity for 

aggregation. 

*Endosomes are intracellular sorting organelles shuttling between Golgi, plasma membrane and lysosomes (degradation) 
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 Amyloid cascade Hypothesis 

Hardy and Higgins (1992):  

 deposition of Aβ in the brain is the initiating step of AD pathogenesis, leading to subsequent tau 

deposition, neuron and synaptic loss, and cognitive decline  

In support:  

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

produce an increase in the Aβ42/40 ratio, total Aβ production and are sufficient to induce typical AD 

pathology.  

2) A rare APP mutation A673T that reduces risk of developing AD causes decreased Aβ production.  

3) The strongest genetic risk factor for late onset AD (most common form) is apolipoprotein E(APOE). It 

appears to increase risk via influencing Aβ seeding and clearance (discussed later). 

 

 Animal model 

However, no animal model of Alzheimer’s disease was available to test this hypothesis (there is no evidence 

of a condition similar to AD in organisms other than humans). This hampered the discovery of novel drugs.  

The mouse APP gene has 97% sequence homology with human APP. Subtle differences in amino acid 

sequence impair Aβ aggregation and prevent the formation of amyloid plaques in wild-type mice.  

In 1995, transgenic mice were generated using a platelet-derived growth factor (PDGF) promoter driving a 

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

 

They took the high risk APP gene and put it into the mouse. Then put 

it under a strong promoter so that it is expressed also in the mouse.  

Features of the mouse model:  

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

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

cerebral cortex, but not in other brain regions  

- >8 months: synaptic and dendritic density were reduced in the hippocampal dentate gyrus 

Animal models stimulated massive research into disease mechanism (>140 animal models emerged over the 

next years with different mutations, different expression patterns etc.)  

→ Much was learned about Aβ formation, function and pathology  

→ Lots of treatment strategies were developed (including antibody treatment for Aβ clearance)  “AD” was 

cured multiple times in animal models!  

→ First they induced the disease and they tried to treat it 

However, clinical failure is at 99.6%   obviously something is wrong with these animal models  

Key problem: none of the mice developed AD, but only part of the pathology. Usually Aβ 

accumulation is reproduced, but no neurofibrillary tangles and no neuronal loss! (reproduction of 

a part of the disease/symptoms, but no mice did actually develop AD) 
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 Limitations of the cascade hypothesis 
1) There is no correlation between phases of amyloid deposition and degree of cognitive decline  

2) Regional cerebral amyloid deposition does not correlate with patterns of regional cerebral 

hypometabolism on functional neuroimaging  

3) Despite decades of investment by the pharmaceutical industry in anti-amyloid therapies (and numerous 

phase 3 clinical trials), no amyloid-targeting therapy has been successful in limiting progression of 

cognitive impairment in symptomatic AD! 

 Aβ is necessary but not sufficient!  

First put up a theory and than test it. Mostly it will crack and 

than you need a new hypothesis. 

 

Microtubule-associated protein tau (MAPT)  

 Tau protein Tangles 

Tau plays important roles in microtubule assembly, stabilization of neuronal axons, and regulation of 

microtubule transport. (However, tau knockout mice don’t display severe deficits. If you loose it, you can 

somehow compensate it)  

Tau is normally a soluble protein. However, phosphorylated tau can aggregate into oligomers and form 

neurofibrillary tangles (also known as paired helical filaments. 

It doesn’t have to but it can aggregate). Hyperphosphorylated 

tau is also redirected from the axonal compartment to the 

somatodendritic compartment where it can impair synaptic 

function. The misfolded tau can instruct the native tau to 

misfold as well. 

Aggregated tau can propagate (like prions) and spread trans-

synaptically. The process of prion-like propagation is also 

called “seeding”. 

 

 Mechanism 

Taupathology propagates throughout the AD brain in a stereotyped fashion across neuroanatomically 

connected networks (Figure), forming the basis of Braak staging.  

Multiple lines of evidence suggest that aggregated, hyperphosphorylated forms of tau may be a primary 

driver of neurodegeneration in AD.  

Unlike Aβ, the stage of tau pathology correlates well with the progression of cognitive impairment.  

Cognitive impairment in AD is only noted when tau spreads from the entorhinal cortex into the neocortex. 
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 Animal models 

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

- Wild-type mouse tau does not develop neurofibrillary tangles. This is likely due to the sequence 

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

- In 2000, the first Tau transgenic mouse was generated, containing human tau mutations that are 

associated with frontotemporal lobe dementia (FTLD): (they did the same as with the Aβ experiment: 

they took mutated tau and overexpressed it in mice and observed if they developed AD) 

 No tau mutations are known that predispose to AD disease risk! So how do you model this in mice? 

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

- These mice develop  

 NFTs  

 Neurodegeneration  

 Reactive glia (will cover later)  

 Neurogenic atrophy (muscle atrophy because innervating nerves degenerates)  

 Motor deficits … but how good a disease model is this for AD or for FTLD? 

 

- In 2003, a mouse model with human mutations of Aβ, tau and presenilin was introduced (triple 

transgenic mouse model of AD, 3xTg mice)   3xTg mice harbor three mutant genes: β-amyloid 

precursor protein (βAPPSwe), presenilin-1 (PS1M146V), and tauP301L  

- 3xTg mice develop…  

  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; however, they are much less extensive 

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

 

 

 

 

 

 Current Hypothesis 

Aβ deposition may be required for progression of tau pathology in AD:  

1) Tau pathology generally does not progress from the 

entorhinal cortex into the neocortex in the absence of co-

occurring amyloid pathology  

2) PET imaging suggests that the rate of amyloid accumulation 

predicts onset of tau accumulation whereas the rate of tau 

accumulation predicts onset of cognitive impairment 

3) Combined Aβ deposition with local tau pathology lead to 

enhanced tau pathology and neurodegeneration (whereas 

amyloid pathology doesn’t get worse if tau gets added) 

 

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

under strong promoters) à more “natural” expression levels in the correct brain 

regions and cell types as the normal corresponding mouse genes. 
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Recent study: Tau fibrils were derived from human AD brains and injected into the brain of Aβ plaque-

bearing mice: led to seeding of aggregated human tau followed by development of NFTs (injection of real tau 

and Aβ plaques) 

Different from triple-transgenics, as causality 

can be better tested (Aβ exacerbates tau, but 

not vice versa) 

 This means new animal models are becoming 

more realistic, better modelling human disease 

(thus we can study new therapeutics)  

Finally: animal studies suggest that Aβ burden 

leads to neuronal hyperactivity and maybe 

rescue of health/function is still possible  Once 

APP&tau combine, neuronal function starts To 

disintegrate (hypoacticity)  

Genetic Risk factors 

 

 

GWAS looks across SNP, which polymorphism 

predispose to disease risk 

Genetic compound very high 

 

 

 Apolipoprotein E (ApoE) & Aβ 

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

expressed primarily in astrocytes and to a lesser degree in microglia.  

The APOE gene has three common variants (SNPs) giving rise to 3 different proteins: 

ApoE2, ApoE3, and ApoE4. A single inherited copy of the ApoE4 variant (coding for) 

increases late onset AD risk by ∼3- to 4-fold, while two inherited copies increases risk by 

∼12-fold! (Heisst immer noch nicht dass man die Krankheit haben wird aber Wa. ist hoch) 

APP mice lacking ApoE have reduced fibrillar Aβ deposition and Aβ levels  suggests that 

ApoE inhibits clearance and may promote Aβ seeding.  

ApoE regulates clearance (inhibiting it) of Aβ by competitively binding to Aβ receptors, 

such as LDLR-related protein 1 (LRP1) on the surface of astrocytes, and blocking Aβ 

uptake. If you take away ApoE (KO mice), you remove the competition and more Aβ gets 

cleared through astrocytes. 

 

 Apolipoprotein E (ApoE) & Tau & BBB  

ApoE4 also interferes with Tau clearance, thus 

worsening neurodegeneration.  
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ApoE and the vasculature… The ApoE4 variant is also less capable to engage the LRP1 receptor on pericytes. 

This over-activates the proinflammatory cyclophilin-A-NFκB-MMP-9 signaling cascade. Overactivation of 

this cascade leads to breakdown of Blood Brain Barrier (BBB) basement 

membrane and tight junctions. A leaky BBB allows influx of unwanted molecules 

to the brain and can exacerbate inflammatory processes and overactivate 

neurons.  

 One risk gene can act via multiple different disease pathways!! 

 

 Microglia 

Many of the AD risk genes have a role in microglia function 

Reactive astrogliosis and microgliosis are prominent 

pathological features in AD brain (inflammation). Many genes 

are implicated in this. For example ApoE4 carriers have a 

stronger inflammatory response.  

- Microglia uptake of Ab 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  Where do we stand? Clinical trials; model 

organisms 

 

Where do we stand? 

AD is a complex disease in which many risk factors and disease processes seem to converge  

Virtually every cell-type seems to be involved:  

- Neurons (excitatory and inhibitory) 

- Astrocytes  

- Microglia  

- Blood vessels (endothelial cells)  

- Pericytes (mural cells)  

In most instances, cause and effect are hard to disentangle.  

What seems clear is that Tau and Aβ evolve independently and as they “meet” they exacerbate the 

pathology.  

This is likely interconnected with environmental risk factors (exercise, diet, cognitive activity) and genetic 

factors (SNPs/GWAS, epigenetics) 

 

 Clinical trials that failed phase-3 

 

 
“The antibody adacunumab Aβ plaques in 

Alzheimer’s disease” 

 

Big phase 3 clinical trial halted in 2019. No 

benefit.  Last attempt for several anti-Abeta 

drugs: test treatment in pre-symptomatic “at 

risk” individuals. 
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Last hope is to intervene in the very early stage 

of AD, otherwise treatment of Aβ have no future 

 

Focus of ongoing trials is clearly on  

- Tau pathology  

- Neuroinflammation  

- Vascular function  

- Metabolism 

-  

New animal models try to better address this 

complexity. In general, the better the model, the 

more efficiently we can find a treatment. 

 

 

Guess what: non-human primates and dogs 

would be the best model systems, since they 

both naturally accumulate Aβ and some monkey 

models suggest tau pathologies.  

Marmosets can develop both amyloid-β plaques 

and tau tangles (taking 7 years, which is very 

quick for a primate).  

However massive ethical hurdles and much 

more difficult experimental design (aging issue, 

housing issue, limited genetic toolbox) 

Beyond animal models: organoids & IPSCs (but 

they insufficiently recapitulate the complexity of 

the intact brain and all its cell types). Still 

valuable for mechanistic insights. 

 

 

 

 

 

 

Organoids: instead of plating the cells, they grow the cells in rotating spheres creating a 3D model, a “mini brain” 

 

 

Take cells from early stage AD 

and reprogram them into a 

dish. Problrm: you take them 

out of the complexity of their 

environment 

 

Make the same with 

late/sporadic onset AD: 

much more difficult because 

of the risk factors and 

heterogeneity of neurons 
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4. Attention I 

Attention–deficit hyperactivity disorder (ADHD) 

ADHD history, symptoms and diagnosis 

ADHD can be subdivided into 2 forms: Attention deficit and Hyperactivity/Impulsivity. Moreover , also a 

combination of this two exists. 

 Symptoms: 

 

 Definition according to ICD-10 and DSM-5 

DSM-5: Diagnostic and Statistical Manual of Mental Disorders, onset later 

ICD-10: International Statistical Classification of Diseases and Related Health Problems, onset in childhood 

 

 

 

According to ICD-10, a person has to get at least 6 features 

from the Inattentive kind, 3 from the Hyperactivity kind, and 

1 from the Impulsivity kind in order to be diagnosed with 

ADHD. 
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 Diagnosis:  

To assess severity 

- IQ test (Wechsler Intelligence test for children / WISC-V), ev. also intelligent disability 

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

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

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

- Behavioural rating questionnaire for aggressive-, anxious/depressive-behaviour, attention problems, 

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

 

 Comorbidities and potential areas of impairment: 

 

 

 

 

 

 

 

 

 

 

 developmental trajectories of symptoms 

 

 

 

 

Epidemiology 

 Prevalence of ADHD 

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

- Adult ADHD prevalence is estimated up to 7% 

- About 30-50% of child-adolescent ADHD persist into adulthood 

- Boys have a higher prevalence 

- In adults prevalence is equal between males and females 

- Considering different subtypes or presentations prevalence rates will increase. 
- No increase in ADHD prevalence in the last 3 decades (even if diagnosis machinery has become better 

and criteria more detailed) 

- The mortality in ADHD patients is higher (1.58x when diagnosed at age 6-17 and 4.25x when diagnosed 
>17), but this excess of mortality is mainly due to comorbities, substance misuse, accidents,… 

Factors that may increase mortality, such as oppositional defiant disorder (ODD) or conduct disorder (CD), 

criminality, accidents, and substance misuse. The excess mortality in ADHD was mainly driven by deaths from 

unnatural causes, especially accidents. 

ADHS comes alone only in a third of 

the cases, mostly it is associated with 

other disorders 

Symptoms are not constant. Mostly starting in childhood with very 

high symptoms. 

Classical remitting: they live without symptoms around their 20s 

Persistent: they continue with symptoms, slightly lowering it 

 

High impact on behaviour and life 

quality over the whole life 
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Aetiology 

 Risk factor 

Odd ratio >1: risk factor is dangerous 

Odd ratio <1: risk factor is protective 

Genes linked to ADHD (all small effect sizes, not 1 gene alone, but the 

combination of multiple of those could lead to ADHD) 

- Dopaminergic system 

- Serotonergic system  

- Presynaptic plasticity 

- Postsynaptic plasticity 

 

GWAS showed 12 significant loci  signalling in 

neural developmental, plasticity, neurogenesis 

 

Brian maturation has huge delay in the cortical region 

(in thickness) 

 

 

 

Therapy incl. Medication 

Timeline and timeframes of different symptoms 

(just as overview) 

 

No patient starts directly with medication, first you 

have to go through the decision tree to take in 

account all the options 

 

- Information and council for parents, child and 

school/institutes (Psycho-education) 

- Specific for the child/patient 

- Behaviour therapy 

- Pharmacotherapy  

- Only in clear indication - psychotherapie 

- Tentatively: specific supportive therapy; school measures; group therapy; 

- If there are signs: educational council or family therapy 

 

 Types of therapy 

- Parent-child program 

- Child centered 

- Teacher-educator program 
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 Medications 

Most of them are psychostimulant 

Pharmacodynamics profile: inhibit specific dopamine and 

norepinephrine transporter 

Lower concentration shows high affinity to ligand: 
Bsp.      D-threo-Methylphenidate: psychostimulant, high affinity toward Dopamintransporter 

Atomoxetin: non-stimulant, high affinity toward norepinephrine transporter (NET) 

Very quick, drugs go quick into the blood and brain, but are also quickly metabolized (conc. and effect gets lower) 

Normal take drugs 2x day to keep level high. 

 

 Effects and side effects of psychostimulants 

Paradox effect of Methylphenidate: 

Striatal activation in ADHD children as 
consequence of MPH treatment as 
measured by fMRI (response inhibition 
task) in comparison to a decreased 
striatal activation in healthy control 
children due to MPH treatment 
Methylphenidate leads to a higher, 

almost normal, brain activity, while in 

healthy persons, it decreases the activity, almost to the ADHD 

state .Also promotes brain maturation 

 

Translational approach- modelling ADHD 

Aims 

- To investigate the mechanism of action of Methylphenidate (MPH) 

- To develop a tool for early and differential prediction of MPH response. 

 

 Methylphenidate in cell lines and patients genetics 

- Confirmed in rat PC12 cells and human SH-SY5Y cells that MPH treatment decrease proliferation and 

enhance neuronal differentiation 

- Wnt- signalling is involved in ADHD 

- Use iPSC to generate cell likes of the patient taking hair follicle 

- There are responders and non-responders to Methylphenidate  

- ADHD cell lines proliferate slower, but faster in the NPC state (neuroprogenitor) 

 

SUMMARY 

 The cardinal symptoms are hyperactivity, attention deficit, and impulsivity.  

 The symptoms appear no later than the age of 12, regardless of the situation, and trigger psychological 

stress.  

 Comorbid disorders are the rule, not the exception.  

 Multimodal diagnosis using interviews, tests and questionnaires covering various life situations and 

observers consist ADHD diagnosis. 

 ADHD is the most common mental disorder in childhood and adolescent. 

 Boys are affected more often in childhood. 

 If subtypes and diagnostic tools are taken into account, prevalence vary accordingly. 
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5. Attention II 

 

Attention is what enters our consciousness 

The world is cluttered with more information than can be processed at once (walking through the streets: cars, 

birds, houses, people,… your attention continues to switch, mostly focused on one thig at a time, you ignore all 

the rest of the information…) 

Attention is a computation to bias the selection of one option and avoid distraction from alternative options. 

 

A prominent model of attention divides three attention networks: 

 

 
In daily life this three Networks are mixed, happening at the same time, difficult to distinguish. 

Bsp: a) phone rings and we look at it, scanning environment when walking through a dark street 

        b) exam question will show up in right corner of the screen, constantly checking it 

        c) decide which task to focus on 

 

 Neglect 

Def: Clinical syndrome, where you fail to pay attention  

Scientific name: Visuospatial Hemineglect or Contralateral Neglect Syndrom 

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

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

somatic sensation and motor ability remain intact (you can process it, but not perceive it). Special form 

of agnosia.  

 it’s really a deficit with orienting attention towards one side (typically the left side), the contralateral 

side of the damaged hemisphere 

- In severe cases (e.g. after large strokes), this can lead to “odd” deficits: patients will read from only one 

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

 

 

 

 

Clinical tests 

 

 

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

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

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

attention network (see later slides) 

- Why mostly the right side? Not entirely clear.  

- A popular hypothesis is that attention is predominantly processed in the right hemisphere (and maybe 

language more on the left).  

- If the right side deals with most of the attention processing for both left and right side of the 

body/environment, than more attention will be lost with damage to the right side.  

- In other words, if you lose your left parietal function (and thus lose right-sided attention), your right 

side can compensate. If right parietal function is gone, left side cannot compensate. 

 

- Brain imaging suggests broad activation in both hemispheres in response to attention tasks, therefore 

attention is not focused only in one hemisphere. So maybe these hemisphere differences are more 

subtle? Maybe the right side has a few processing “hubs” that are critical to connect processing in 

both hemispheres? 

 

 

The 3 Attention Networks 

 Orienting Attention 

 Cued Target detection task: 

4 different condition the stimulus can be presented. 

As first the cue will appear bright (says where target will 

appear) and then target appears. Press button when target 

appears. 

 

 

RT = reaction time  

Invalid trial: the reaction time is higher, because focus was 

on the other circle. Such small differences in attention focus 

lead to huge reaction differences 

Brain activity in fMRI: 

 

 Attention at the cellular level 

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

neural mechanism? Neurons are firing more when attention is focused on the cue 

- Single-cell recordings in monkeys show how cells encode attention (or information more generally)  

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

specific neurons (shown in humans with fMRI and in monkeys with single-cell recordings)  

- What are the molecular mechanisms underlying the increased cellular firing and attention in general? 
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 Attention and the cholinergic system 

- The basal forebrain includes:  

o the nucleus basalis of Meynert  

o the substantia innominata  

o the horizontal limb of the diagonal band  

- The main neurotransmitter produced and secreted from 

neurons in the basal forebrain is acetylcholine (ACh).  

- Acetylcholine acts via nicotinic (ionotropic receptors) and 

muscarinic (metabotrobic) receptors.  

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

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

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

 

 Same task with light.  

With nicotine, the rats had a shorter reaction time. Nicotine 

enhances attention reaction performance (nicotinic cholinergic 

receptors activated) 

Nicotine antagonists increase reaction time. 

Giving them both, nicotine + nicotine antagonist, the effect vanish 

and the rats perform as the control group 

 

 
Task needs to be simplified with mice. 

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

left hole. No cue means mouse needs to poke right.  

Optogenetically activate cholinergic system (activate 

neuron set via driver mouse, virus, rhodopsin) 

 

Better performance with optogenetic stimulation of the basal forebrain cholinergic system. The stronger the 

stimulation, the higher the performance increase 

Optogenetic stimulation of the basal forebrain increases acetylcholine release in the cortex and improves task 

performance (more correct hits). The harder the task, the more forebrain stimulation improves performance! 

 

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

o Strengthen the performance on orienting attention tasks  

o Increase the spiking activity of “attention neurons”  

o Suppress activity of “surrounding neurons” not dealing with attention  

o Attention as a limited resource (if you enhance some parts you suppress other parts) 

 

 

 Alerting Attention 

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

role in “orienting attention”. 

However, cholinergic drugs do not affect the ability of a warning signal to improve the monkey's performance! 

In contrast, noradrenaline release from the locus coeruleus is strongly involved in the alerting network. 

 Locus Coeruleus and Noradrenaline 

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

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

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

- During stress, the LC starts firing at high frequency 
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In the projection area, noradrenaline release modulates cellular responses  

- Noradrenaline released in LC, goes through whole brain 
- Piriform cortex is the primary cortical projection region for olfactory 

information (receives input from Olfactory Bulb)  

- In vivo LC stimulation while recording single cells in piriform cortex 

enhances the neuronal response to odours  when an odour is presented, the neuronal activity 

increases  if Noradrenaline is released, the increase in firing activity is much higher 
- Neurons that do not respond to odours become odour-responsive when LC is active 

 

Yerkes-Dodson Law  Inverted-U Dose-Response-Curve 

- Best performance reached at arousal state, if arousal is too high we get in a stress situation where 

performance falls 

  

 

This can also be 

seen in the neural 

noradrenergic 

system. 

 

- Glutamat excites neuron, when coupled with Noradrenalin, the neuronal activation increases until the 

dose of Noradrenalin is too high, neuronal activity decreases until bing inactive. 

- Noradrenaline potentiates the glutamate-evoked neuronal response maximally when administered at 

an intermediate dose. 

- If performance is already in an optimal level, pushing it is badly 

 

  At optimal performance, the Executive control is active,  

  when the salience activates, the first one switches off. 

  You can push one of the system at expense of another  

  system. 

  If stresses gets too high, it can shift your attention away  

  from the executive ir orienting control, and focus on a  

  salient stimuli 

  How do they balance each other? 

 

 Shifting brain states 

Hypothesis: Noradrenaline serves as a «reset» system that 

allows the brain rapidly switch network activity globally  

DREADDs: (similar to optogenetics) 

Manipulating certain brain circuits, turning neurons on/off, no fiber 

implant, less temporal control, integrate artificially a receptor in LC 

sensitive to a drug, activating it when drug is administered, release of 

Noradrenalin 

Across every possible connection between all pairs of brain regions, we see strong increase in connectivity when 

the LC is turned on (at 15min). 
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 Executive attention 

2 particularly important structures in this network:  

medial Prefrontal Cortex (mPFC)  

 Inhibitory control  

 Planning  

 Working memory  

Anterior Cingulate Cortex (ACC)  

 monitoring and resolving conflict  

 Error detection  

 Consciousness  

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

 

 Prefrontal Cortex(PFC) 

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

- The oculomotor delayed response task (remember last cue over a delayy, then make an eye movement 

towards that location). Selective neurons fire through the time the monkey concentrates on the cue, 

the moment where the target appears, the neurons stop firing 

- Notice delay-selective neurons  working memory 

 

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

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

memory cells (same task as before) 

- Neurotrasmitter that enhances performance and enhances activity of neurons associated with task 

performance 

 

Books have been written on this topic…  

- Disclaimer: The role of DA sub-circuits and receptors in different brain regions is a vast research field. 

We cannot do this justice in this lecture.  

- Take home message: DA certainly plays a role in many of the processes that shape attention, and likely 

is involved in top-down regulation of attention through various processes.  

- AND: Noradrenaline is also involved in these Processes and can enhance working memory Performance 

via adrenergic receptors. 

 

 ADHD 

Task-based fMRI vs resting-state fMRI  

In task-based fMRI, BOLD is measured in response to repetitive tasks to identify task-related brain activity (e.g. 

brain activity during “orienting attention”). 

However, several brain regions have correlated activity patterns (as determined by small fluctuations in BOLD 

signal) at rest, when the subject is NOT engaging in any task. These interacting regions form large-scale brain 

networks, detected in a method called resting-state fMRI 

Default-Mode Network – the brain at rest?  

- Several brain regions have highly correlated activity patterns when individuals are «not doing anything»  

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

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

network (when default is active, all the others are inactive) 
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fMRI studies in ADHD patients (task-based): underactivation of executive control and ventral attention networks 

(using inhibitory control, working memory and attentional tasks) 

Resting-state fMRI studies in ADHD patients:  

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

- There’s a lower connectivity within the DMN itself 

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

(dysregulation in the reward circuitry) 

 

 Pharmacological treatment 

Methylphenidate (Ritalin) 

- Methylphenidate binds to and blocks dopamine transporters and norepinephrine transporters  

- It acts as a norepinephrine-dopamine reuptake inhibitor, you end up with a lot of those katecholamine 

in the synaptic cleft 

- Same mechanism as cocaine  

- Why does a stimulant help with attention/hyperactivity?  

- Attention: increased arousal (noradrenaline), better working memory (dopamine), enhanced 

signal/noise (more NT around, increasing those factors) 

- Hyperactivity: the increase in dopamine in the basal ganglia helps engage the motor inhibitory 

systems  

- (both explanations are speculative) 

 

Psychostimulants for treating ADHD: The dose makes the poison 

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

behavioral/cognitive processes in human subjects with and without ADHD 

- These actions of psychostimulants are also observed in animals 

- In the right dose it reduces hyperactivity and enhances memory tasks 

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

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

 

Psychostimulants for treating ADHD: Where do they act? 

 Animal work suggests that methylphenidate acts within the mPFC  

Infusion of methylphenidate into the mPFC enhances attention  

- In a dose-dependent fashion  

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

 

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

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

in the nucleus accumbens (reward). (more, but not exclusively in the PFC of course). That’s great, otherwise the 

addictive potential of methylphenidate in the clinic would be much higher  

Why is the PFC “more sensitive”: 

1. Likely because it expresses much lower levels of DA transporter (DAT) (blocking them makes much more 

difference then blocking only a part of the ones of the Nucleus accumbens) 

2. Because it expresses the noradrenaline transporter (NET) which the NAcc doesn’t express at all 
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6. Emotion I 

6.1 Depression 
 

 Introduction 

Word origin: lat. „deprimere“ = „suppress“ 

Different manifestations (age, sex, etc.) 

Lifetime prevalence 20%  

It belongs to the affective disorders 

- Affective = abnormal (pathological) mood 

- Eurthymia = Balanced mood 

- Depressive and maniac symptoms 

- Bipolar symptoms can show severe symptoms of both  

 

 Case Study 

Symptoms: lonely, empty, no social contacts, hopelessness, loss of energy, suicidal thoughts 

Behaviour: low mood, tense, frustration, circumstantial and retarded thinking, rumination (not coming to a solution) 

 Symptoms 

o Persistent sadness/low mood 

o Loss of interests/pleasure  

o Fatigue/low energy  

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 

Psychiatric 

- 40-65% Anxiety disorders  

- 30-60 % Alcohol or substance addiction  

- 40% Eating disorders  

- 60% Schizophrenia  

- Personality disorders (eg. narcissist, borderline) 

Somatic  

- 45 % of Parkinson patients  

- 25 % of Cancer & stroke patients  

- 20 % of heart attack patients  

 

Hypothesis of the brain regions involved 

with the symptoms 

A patient can also have both, 

psychiatric and somatic 

We have to treat the 

comorbidities as well, 

otherwise the depression 

won’t disappear 
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 Differential diagnosis 

= Symptoms overlap with other diseases 

Same symptoms, but the cause of the symptoms originate from other diseases 

            

 

 

 

 Diagnostic 

 

The diagnosis is based on 

medical history, symptoms 

progression, family history, 

screening questionnaire, MRI,.. 

  to exclude any other 

differential diagnose 

 

 

 

 

 

 

Same symptoms, but the cause of 

the symptoms can originate from 

many other diseases 

 

Symptoms of both are the same, we need to know if the 

patient had maniac episodes in the past  bipolar  they 

do not get antidepressives but mood stabilizer, because 

with the wrong medication they could switch from 

depression to a maniac episode what has to be avoided 
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 Pathomechanism 

 

Complex, combination of different 

hypothesis, multiple approach 

Stressor and vulnerability factors can 

lead to depressoin, resilient factors can 

protect from depression 

 

 

Monoamine deficiency hypothesis 

Discovered by chance: Iproniazid medication for tuberculosis 

elevated the mood, while Reserpin had opposite effect and lead 

to depression, both medications influenced the 

neurotransmitter             

 

 

                                                                                                                                                                                                                                                                                                                 

Brain-derived Neurotrophic factor (BDNF) 

 

Important for learning and the change of behaviour 

Antidepressant increase BDNF expression 

 

 

 

 

 

Hypothalamus-Pituitary (HPA) axis 

 

Patient experience stress also on a molecular level. 

The Hypothalamus releases the Corticotropin 

Releasing Hormon  this leads to the release of 

ACTH from the pituitary  release of cortisol 

In healthy people we have a feedback inhibition to 

reduce this hormones again, but there is no 

feedback in depression.  

Structural and functional changes in the brain 
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 Treatment 

Multilevel approach 

Mild depressing episode   Wait & see for 14 days 

Moderate depressing episode  psychotherapy &/or  

          medication 

Severe depressive episode   psychotherapy or medication 

Treatment resistant depression  Psychotherapy & medication  

          & alternative treatments 

    DON’T WAIT TOO LONG! 

 

Psychotherapy 

- Several types of psychotherapy  

- Practice by Psychiatrist or Psychologist (Psychotherapist)  

- Disorder-specific psychotherapy  

- Access to outpatient care is limited  

- Very good evidence 

 
Antidepressant 

Every antidepressant carries a of side effects that show up in the first 3 months 

Most common: 

- SSRIs: Selective Serotonin Reuptake Inhibitor 

- SNRIs: Serotonin and norepinephrine reuptake inhibitors 

They attack the specific transporter in the synaptic cleft 

 

What antidepressant to choose?  

Option 1) Symptom-based  

Option 2) Preference of patient/doctor  

Option 3) Low-risk for side-effects 

 

 

Only 1/3 will respond 

The longer you wait, and the more you change the medication, 

the less the chance the patience will remit 

 

 

ECT (Electroconvulsive therapy) 

Electroconvulsive therapy (ECT) is a procedure, done under general anesthesia, in which small electric currents 

are passed through the brain, intentionally triggering a brief seizure. ECT seems to cause changes in brain 

chemistry that can quickly reverse symptoms of certain mental health conditions. 

Used for treatment resistant depression. Needs intensive care during procedure. Short-term memory loss. It 

has a bad reputation because of the media. 

Hippocampus is stimulated  Increased bloodflow  increased release of NT  Chemical responsible for 

mood  antidepressant 

https://www.mayoclinic.org/diseases-conditions/depression/in-depth/antidepressants/art-20044970
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TMS (repetitive transcranial magnetic stimulation) 

- Stimulation of cortex (DLPFC)  

- Stimulate release of Neurotransmitter 

- Noninvasive neuromodulation technique of hyperactive or hypoactive cortical brain areas 

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

- Headache, seizures daily application over weeks 

 

 Prognosis 

- Untreated Depression lasts 6-9 months  

- After 1st Episode: 65% relapse  

- 15% chronic progression  

- ~20% commit suicide 

 

 

6.2 Anxiety 
 Introduction 

FEAR 

Alarm response to a present threat  trigger to 

fight or flight (survival) 

Symptoms: sweating, trembling, heart palpitation, 

nausea 

Anxiety 

Future-oriented mood state 

Preparation for possible negative events  

avoidance 

Fear symptoms 1 worrying, muscle tension 

- Lifetime prevalence: 15-20% (2:1 = f:m)  

- Early Onset: childhood  

- High heritability (30-70%) 
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Anxiety disorders: 

1. Generalized Anxiety disorder (GAD) Prevalence: 6%  

- Persistent worries  

- different areas: finance, future, health, etc.  

- uncontrollable  

- Low self-confidence  

- Physical tension (arousal, tension) 

2. Social Phobia 

- Prevalence: 13.3%  

- Restricted to social situations  

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

- Afraid of being judged/ embarrassed  

- Low self-confidence  

- Physical symptoms (blushing, sweating, jitter,…)  

- 2 Forms: Isolated or generalized  

- Panic attack 

3. Agorophobia 

- Prevalence: 3%  

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

- >2 situation: opens spaces, enclosed places Avoidance of gatherings, public 

places, traveling alone  

- Agoraphobia with or without panic disorders 

4. Panic disorders  

 Panic attacks:  

- Intensive, recurrent fear (10-30 minutes)  

- sudden, unexpected beginning, uncontrollable  

- Physical symptoms: heart palpitation, sweating, chest pain, shortness 

of breath  

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

- trigger: physical exertion, emotional stress  

→Panic disorder:  

- Several panic attacks over 1 months  

- Avoidance 

5. Specific phobias 

- Prevalence: 5%  

- Animals (Zoophobia), eg. Arachnophobia  

- Flight ( Aviophobia)  

- Heights (Akrophobia)  

- Closed room (Claustrophobia)  

- Dentist, blood, needle  

- Considerable suffering  

- Avoidance of object/situation 
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 Case study 

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

Behaviour: Tension, Low mood, Restricted and retarded thinking 

 Symptoms 

 

Levels of anxiety  

1) Vegetative reaction  

2) Emotional reaction  

3) Cognition (attention reduced on the fear) 

4) Motoric, behaviour 

 

 

 

 

 Comorbidities 

High comorbidity rate within various anxiety disorders:  

Depression, Alcohol or substance addiction (self-medication), personality disoders -- >  

Many depressive symptoms that overlap with anxiety ------>  

Co-treatment of morbidities!!! 

 

 

 

 Differential diagnosis (=symptom overlap) 

 

 

 Diagnostic 
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Age of onset  

 Pathomechanism 

 

Disregulated cognition: Anxiety 

patient are also afraid of the 

symptoms itself (=Phobiophobia, 

fear of the fear) 

 

Possible explanations: 

o Pavlovian learning  Mowrer’s 2-process model 

 

 

o Epigenetic approach: environmental factors (ex. stress) together with genetic modulations 

Bsp. Hypomethylation is correlated with positive life events, while Hypermethylation is correlated with 

negative life events 

 

 

 

 

o HPA Axis 

o Limbic system  

Amygdala and its 

circuits are 

overactive. Fear 

is regulated by 

the connection 

of the amygdala 

with the ACC and 

the orbitofrontal 

cortex. Avoidance is regulated between amygdala and PAG (motor response, weather to fight or fly) 
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 Treatment 

Psychotherapy: Cognitive Behavioural therapy (CBT) 

And/or 

Medication: antidepressant, (Benzodiazepine) 

Effective Antidepressant: Selective Serotonin-/Noradrenaline Reuptake Inhibitor (SSRI/SNRI) 

 Standard medication for anxiety (except for specific phobias)  

 Caution: AD can trigger anxiety symptoms in the beginning of treatment 

 

Emergency medication: Benzodiazepine, a GABA antagonist  

 Indication (when): Suicidal, Severe arousal, agitation (panic attacks)  

 Side-effects : Sedation, Anxiety won’t disappear (short-term treatment), High potential for addiction ! 

 Given on the moment in bad cases, it will not treat the anxiety, it might even become worse 

 

Psychotherapy 

Cognitive behavioural therapy (CBT) 

1. Psychoeducation (Information): Vicious circle of anxiety  

2. Cognitive restructuring Thought: «uncontrollable» associated 

with physical symptoms» (Modulate thoughts that are uncontrollable  

reevaluate cognition)  

3. Interoceptive exposure  

4. In-vivo  Confrontation with situation (takes 12-15 treatment 

sessions)  

5. Coping strategies & emotion 

regulation  Relaxation 

exercises, breathing techniques, 

mindfulness  
 

Virtual reality (CBT concept) 

- VR to replace exposure therapy 

- Exposure therapy 

- Indication: various anxiety disorders  

- Pro: time saving, availability  

- Side-effect: cybersickness 

 

 Prognosis 

- High number of unreported cases  

- 50% of anxiety patients are untreated  

- Long latency period until final diagnosis  

- Chronic progession, associated with comorbidities 
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7. Emotion II 
1. Intro: why do we have emotions 

Scenario:  

I am at an Aperó and I am hungry (internal state).  

There is plenty of food at the buffet (external stimulus).  

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

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

  Approach-avoidance conflict 

 

Little things in environment may change that influence the likelihood to eat: 

→ Time passes, you get more hungry and eat (fundamental “survival drives” can shape our behaviour, internal 

state changes) 

→ If someone else grabs a sandwich, the threshold to act might be lowered (social pressures/factors) → You see 

the waiter sneezing, coughing and rubbing his nose. You might be less likely to eat (drive for safety)  

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

Now imagine how these scenarios would make you feel? Small changes in our environment can have a strong 

impact on our emotions and influence behavioral choices. = Small changes in the environments can trigger big 

changes in our behaviour  

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

stimuli. 

The purpose of emotions is probably to enable the selection of situationally appropriate behaviors in complex 

situations, and… to prime our body for appropriate responses! Emotions are drivers for behaviour. 

 Two dimensions of emotion: arousal and valence 

Fear represents a state of high arousal and negative valence, and results in enhanced vigilance and energy in 

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

In a romantic situation, a different emotion will also trigger high arousal but with positive valence, this time to 

re-route energy to the reproductive system 

 

 

2. The circuitry of fear and anxiety 

2.1 A single brain structure for a single emotion (Fear) 

In a simple world, we have one brain region for one emotion… 

Urbach-Wiethe disease is caused by genetic mutations in the gene extracellular matrix protein 1 (ECM1). 

Symptoms are skin lesions and calcifications in the temporal lobe (due to calcium build-up in blood vessels  

no oxygen supply  neuronal death).  

A few patients have very localized bilateral atrophy of the 

amygdala. These patients cannot feel anxiety. They cannot 

recognize fear in facial expressions (on the right) and it’s almost 

impossible to scare them. Show them face expression, they 

wouldn’t recognise a feared face. They can experience panic 

attacks though, a hint that the fear circuitry extends beyond the 

amygdala. 

2.2 Multi-level circuitry of emotion pt1 (Fear: Detection, Interpretation, Output) 
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4 layers of processing: detection, interpretation, evaluation, response 

 

To analyse the model: 

Tone-cue fear conditioning. Association between tone and 

footshock. Next tinme: fear response, freezing 

Fear conditioning has been instrumental in allowing us to 

understand this complex circuitry. Because the more complex the 

system, the simpler of a model you need to carefully design 

experiments to dissect the circuitry. 

 

 Layer 1: Detection 

Emotions start with a perception. Most external (sensory) input passes through the thalamus, and project then 

to the amygdala. 

 Layer 2-4: Evaluation – Interpretation – Response 

In the example of fear conditioning, footshock and tone both converge on the same neuron in the Basolateral-

)amygdala. The association is formed (synaptic strengthening, long-term potentiation) so that tone will trigger 

freezing from now on. The amygdala directly sends an output projection to brainstem nuclei that trigger the 

freezing response (directly to layer 4). 

Emotions end with a behavioral outcome. E.g.: direct stimulation of the periaqueductal gray (PAG) induces 

freezing (or fight/flight)  Optogenical activation of the PAG will induce freezing (so stimulating selectively the 

output structure you can reproduce fear behaviour) 

Do you think the animal feels fear when PAG is optogenetically 

activated (without having been conditioned)? And even more 

perplexing: Do you think the animal still feels fear when you turn off 

the PAG (no freezing)? 

 No response (probably as if you stimulate the cortex and your 

hands move by itself) 

 

The periaqueductal gray (PAG) 
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The PAG is a complex structure that – amongst other things – regulates defensive behaviors. The degree of 

excitation can drive an animal from freezing to flight to panic (undirected flight). Some sub-regions are involved 

in attack, others in defense, some in both 

Lots of input and output regions. Depending on how and where you stimulate you can get any response from 

freezing to flight or panic. Some regions will direct attack others fight. 

 Layer 2: Interpretation 

The incoming sensory signal needs to be interpreted. To do this, the amygdala needs to receive 

additional input (this slide) and then integrate it to make sense of it (next slides). 

Should we be afraid of the incoming stimulus? The 

amigdala needs additional information, just the tone and 

the footshock is not enough. Other brain structures 

needed to dissociate context (reward from dangerous 

situation). (Failure to dissociate is very common in PTSD (post 

traumatic stress disorders (panic response when hearing a helicopter 

because remains of war)) 

 

 

 

 Hippocampus (vHPC) provides contextual information 

 Prefrontal cortex (PC) also sends projections to amygdala 

 Bed Nucleus of the Stria Terminalis (BDNF) backup system of amygdala 

 

2.3 Microcircuits of emotion (Fear) 

Something has to happen in between the circuit  information processing, otherwise the input and output 

would be the same 

A closer look at the amygdala  highly conserved across evolution (between the species) 

The BLA receives lots of sensory/multimodal input from the cortex (larger in primates than rodents, because 

more complex input! – bigger amygdala to digest more information) 

Input and output structures of the amygdala are not connected, so there’s a microcircuit doing the 

processing in the middle. 

 

The basolateral complex (BLA, which receives all the input), does not project 

directly to the central medial nucleus (Cem or CeM, the amygdala output nucleus). 

Thus, there is an intra-amygdalar microcircuit for additional information 

processing. THIS IS KEY FOR ADDING “VALENCE” TO THE CUES 

(black = afferents / blue = Efferents) 
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The percept (sensory input) needs to be interpreted 

Different populations of basolateral complex of the amygdala (BLA) neurons (red vs. 

green) activate distinct populations of neurons in the lateral central nucleus of the 

amygdala (CeL). Pain activates red neuron type while positive things activate the 

green neuron type. The red neuron sends information to PAG,.. and simultaneously 

inhibits green neuron and vice versa. These CeL neurons are inhibitory and either 

promote fear or reduce fear. This is a very simplified view. The microcircuitry within 

the amygdala is very complex and focus of intense research 

In the amygdala, valence is assigned to a given stimulus/input. The amygdala IS NOT simply a brain region for 

fear. 

Summary: The amygdala associates environmental cues (sensory stimuli) with reward/punishment. What is 

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

2.4 Multi-level circuitry of emotion pt2 (Fear Evaluation) 

 Level 3: Evaluation 

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

macrocircuit again!  

The information needs to be integrated into the current state of the organism. 

Bsp. Apero example: depending if you are hungry or not in that moment behaviour will we different 

Lateral Hypothalamus (LH) not connected directly to the amygdala, but it is connected to the VTA (ventral 

tegmental area, part of reward center) 

Mouse has to cross barrier with footshock to get to the food  manipulate 

brain circuitry, the projection between LH and VTA. Light stimulation drives 

VTA, the mouse crosses the bars to get food 

Optogenetic stimulation of the projecton from lateral hypothalamus to 

nucleus accumbens drives the mouse to eat food despite getting footshock.  

        Hunger can override fear. Evaluation depends on internal state 

 

2.5 Multi-level circuitry of emotion pt3 (Anxiety Evaluation) 

Fear ≠ Anxiety 

 Fear directed against something specific (footshock) 

 Anxiety diffuse signal, you don’t know where the threat is coming from or if there even is one, but the 

possibility scares you 

Almost all preclinical anxiety tests are really approach-avoidance conflict tests! (Fear: Pavlovian fear 

conditioning/ Anxiety: Open field test, elevated plus maze test. Mouses look for exploration and safety) 

Translational Issues: Fear is clearly fear. Anxiety is more ambiguous. Are these good models for anxiety? Having a 

1sec footshock is very specific. Having a 10min exposure in an open field is less “concrete”.  

Brain regions that are important for evaluating uncertainty are important in anxiety! 

Most of the brain regions relevant for fear also seem to be relevant for anxiety. Thus, the amygdala again plays a 

central role. However, the amygdala itself is part of larger brain-wide networks. One prominent output of the 

amygdala is the hippocampus.  ventral hippocampus 
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You can activate connection between these brain areas to 

drive anxiety one or the other way. We can evaluate if a 

certain context should induce anxiety: 

 

 

 

With optogenetic stimulation the animal is 

more anxious and stays in the closed arm. 

 

 

 

 

 

 

 

By silencing input, the animal is less 

anxious and becomes more exploratory 

 

 

 

 

 

Ventral Hippocampus sends an anxiogenic input to 

the medial prefrontal cortex 

 

 

 

Fear and anxiety have similar circuitries but show differences in the 

evaluation phase. 
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2.6 Networks of emotion (Anxiety) 

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

Cells of Hyppocampus and mPFC can fire at different rhythms depending on context (more curve in open field 

than in familiar environment, goes away when enters a familiar place). 

Theta activity (4-12 Hz) is observed in the hippocampus and mPFC in response to anxiogenic environments. Most 

anxiolytic drugs suppress theta activity in the hippocampus (McNaughton et al, 2007).  

Hippocampal Theta seems to drive (entrain) mPFC Theta (first Hyppocampus starts to oscillate at Theta waves 

and then also mPFC starts oscillating at same rhythm 

 anxiety increases)). mPFC is ideally situated for 

controlling brain-wide behavioral outputs. 

 Activity pattern can encode the emotional state. 

Higher cognitive processes can “control” anxiety (or other emotions) (example: the buffet will open in 20mins)  

mPFC can send inhibitory signals and shut down anxiety 

(for example if context changes), either amygdala or 

brainstem nuclei 

 

 Theta rhythm: we would avoid eat at the buffet 

 If someone eats, theta rhythm stops and we are 

more likely to eat 

 

 

 

3. The circuitry of depression 

Depression is a circuit disorder (just like anxiety). There are different subtype, we can’t generalize. 

The brain’s reward system includes the ventral tegmental area (dopamine) and the nucleus accumbens. 

Note the overlap between the “reward circuits” and the “anxiety circuits”. 

 
Anxiety and depression are clinically highly comorbid  

Estimates: 60% of depressed patients also have anxiety  

SSRIs and SNRIs treat both diseases quite effectively 

You should know that these areas have been implicated in BOTH disorders: 

medial prefontral cortex, hippocampus, amygdala, locus coeruleus (noradrenaline), dorsal raphe nucleus 

(serotonin), nucleus accumbens, ventral tegmental area. 

 Mechanism are interconnected. Depression is a reward circuit disorder 
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Animal models of depression  

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

Symptoms we can study:  

- Despair (?) / Helplessness (put in water bucket or 

hang up by tail, measure the amount it struggles to 

escape. Helpless gives up easier)  

- Apathy (not show grooming) 

- Anehdonia  (loss in ability to perceive pleasure) 

- Anxiety  

- Social aversion/withdrawal (how much time it 

spends engaging with others) 

Symptoms we cannot study:  

- feelings of worthlessness  

- excessive guilt  

- recurrent thoughts of death  

- suicidal ideation  

- suicide attempt 
 

3.1 Treatments of depression 

- Healthy normal subject at middle line. 

When mood declines line falls, below you 

start treatment (only 33% remit = all 

symptoms improve, you do not suffer 

depression anymore, the other 2/3 need to 

start a new treatment after 3 month. After 

second treatment only 50% have remit, 

success rate continues to become lower. 

After 1 year still 33% still did not respond 

to all treatments) 

- Approximately one-third of depressed 

patients will remit during treatment with 

any antidepressant initially.  

- For those who fail to remit, the likelihood of remission decreases with each successive antidepressant 

monotherapy.  

- After 1 year of treatment with 4 sequential antidepressants (for 12 weeks each) 33% of patients still 

fail to remit 

Therapeutic approaches to treat depression:  

1) Pharmacotherapy:  

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

- Serotonin - Noradrenaline Reuptake Inhibitors (SNRIs) the “original” antidepressants were tricyclic antidepressants 

(dirtier version of SNRIs with more off target effects, now outdated)  

- New: Ketamine Most studies used intravenous delivery, newly FDA approved ketamine is a nasal spray! 

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

2) Electroconvulsive therapy (ECT)  

- electrodes deliver current - seizure induced under controlled conditions (under anesthesia) 

- one session lasts ca. 1 minute, altogether 1hr “outpatient” treatment  

- 2-3 sessions per week for several weeks; less frequent treatment for up to a year  

3) Deep brain stimulation (DBS)  

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

Ongoing research, open-label trials.  One of the top candidates structures: medial forebrain bundle 
(where they put the electrodes, not known what the best structure is) 
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The medial forebrain bundle for deep brain stimulation: treatment resistant depression 

The medial forebrain bundle (MFB) bilaterally stretches from the ventral tegmental area (VTA), reward centrum, 

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

Supposedly up to 13 different neurotransmitters associated with MFB!!! Note: stimulating the nucleus 

accumbens is more difficult because it also contains aversion neurons. Not a selective approach. 

Stimulation of the septum acts through activation of the medial forebrain bundle (MFB).  

Electric stimulation had euphoric effect 

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

unspecific as it gets (lots of neurotransmitter systems and brain circuits involved). 

3.2 Mechanisms of antidepressant treatments 

So what do all antidepressant treatments have in common? They are incredibly unspecific treatments.  

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

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

by several weeks.  

2) Ketamine and ECT act almost immediately. By interfering with excitatory neurotransmission,and in the 

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

3) All treatments seem to converge on the induction of plasticity-related pathways. A key common player 

is BDNF: Brain-derived neurotrophic factor.  

- SSRIs and SNRIs increase BDNF levels  

- Ketamine increases BDNF levels  

- Animal model of ECT increases BDNF levels  

- Deep brain stimulation in animal models increases BDNF levels  

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

Brain-derived neurotrophic factor (BDNF)  

- BDNF is released presynaptically in response to neuronal activity  

- Mature BDNF binds to TrkB (Tyrosine Kinase B) receptors and 

activates broad intracellular signalling cascades (there is a precursor that 

gets cleaved and becomes the mature form)  not specific 

- Involved in neuronal survival and differentiation, synaptogenesis, 

activity-dependent plasticity  

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 
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A recent study suggests that ALL antidepressants (ADs) bind TrkB directly!  

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

BDNF signalling (different binding site) 

- Antidepressant (red dots) bind the receptors and allow 

an easier binding of BDNF and an enhanced 

phosphorylation. Also surface expression increased, so 

more receptors are brought to the synapse  easier 

signalling 

- AD binding stabilizes TrkB (receptors) and increases TrkB 

expression at membrane surface, thus facilitating 

intracellular signalling (mediated via BDNF) at active 

synapses  

- The affinity of ketamine to TrkB is comparable to its 

affinity to NMDA receptors, while SSRIs seem to have 

much lower affinity to TrkB  

 This could explain the delayed action of SSRIs vs the 

rapid action of ketamine (only chronic SSRI treatment might reach the drug concentrations necessary 

for binding TrkB)  

- This study is brand-new. We need to see if these results hold up (replication, validation)  

 

8. Addiction I 
 Recreational vs. addicted drug use 

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

become addicts. 

 What drives psychoactive drug consumption and why/how do some people become addicted? 

Most consumed drugs globally: 

- Alcohol + Tobacco  

- Cannabis (192 mio) 

- Opioids (58 mio) 

- Amphetamines and prescribed stimulants (27 mio) 

- Ecstasy (21 mio) 

- Cocaine (19) 

 

 Addictive potential and harm of drug use: 

- Order of addictive potential: Tobacco, (32%), Heroin (23%), Cocain (17%), Alcohol (10-15%), cannabis, 

stimulants  

- Different harm potential and victim potential for each drug 

- Difference in harm potential to user itself or to others 

- Addiction risk depends on age of onset: high when young, decreases later 

- Alcohol or drug disorder are between the most global diseases 

- Most cause of year loss (they die earlier) 

- Males are more affected than females 

 Dependence vs. addiction 

Drug dependence: 

- „Physical dependence“  

- Drug is necessary for normal physiological functioning of organism  

- Addictive drugs induce tolerance (escalation of dose to maintain effect)  

- If drug is no longer available, phys./psychol. withdrawal symptoms occur  

- Non‐psychoactive drugs can also induce dependence 

 Alcohol, nicotine, heroine and other opioids, benzodiazepines, barbiturates, GHB 



Translational Neuroscience  Jennifer Rütsche FS21 

46 
 

Drug addiction: 

- „Psychological dependence“  

- Motivational strength of substance abuse  

- Compulsive, relapsing drug use despite negative consequences  

- Often triggered by craving that occurs in response to contextual cues 

 Cocaine and other stimulants, cannabis, MDMA?, hallucinogens? 

 

 Clinical assessment and diagnosis (how to diagnose?) 

ICD-10: Diagnosis F1 Addiction 

definite diagnosis of dependence should usually be made only if three or more of the following have been 

present together at some time during the previous year: 

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

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

use;  

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

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

to achieve effects originally produced by lower doses; 

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

increased amount of time necessary to obtain or take the substance or to recover from its effects 

6. Persisting with substance use despite clear evidence of overtly harmful consequences; efforts should 

be made to determine that the user was actually, or could be expected to be, aware of the nature and 

extent of the harm 

DSM-5: diagnosis substance use disorder 

DSM‐5 guidelines require that the individual have significant 

impairment or distress from their pattern of drug use, and at least 

two of the listed symptoms in a given year. 

The terms "substance abuse/misuse" and "substance dependence" 

that were used in the DSM‐IV are no longer accepted. The DSM‐V 

uses one term, "substance use disorder", to diagnose all substance 

use, and classifies it as mild, moderate, or severe based on how 

many of the below criteria are met 

2-3: mild 

4-5: moderate 

6+: severe 

 

 

 

 

 Molecular targets of psychactive substances  

Drug classes according to their main mechnism of action  

Class I: Binds to Gio protein‐coupled (metabotropic) receptors  

Class II: Binds to ionotropic receptors  

Class III: Interacts with monoamine transporters (are all 

stimulants) 

 

 

 

Both terms have been replaced 

by „Substance Use Disorder“ in 

DSM 5 
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o Mesocorticolimbic dopamine system 

- All addictive drugs increase dopamine levels (in animal models)  

- Addiction liability and reinforcing effects are mainly mediated by:  

- mesolimbic projection (VTA to NAc)  

- mesostriatal projection (substantia nigra to dorsal striatum)  

- mesocortical projection (VTA to PFC) 

- Stimulants, nicotine, and alcohol but not cannabis and opioids trigger (measurable) dopamine responses in the 

human ventral striatum. 

- Dopamine release: Facilitates learning, Imbues an event with salience 

- Drugs elicit more dopamine release for greater duration than natural resources of reward (food, sex, social 

interaction).  

- Upon repeated administration (green arrows) tolerance does not develop to drug‐induced dopamine release 

but natural rewards are blunted. (sie brauchen sie weil social activities and hobbies für sie kein reward mehr 

ist) 

- Rewards  

- Elicit approach and consummatory behaviour  

- Increase frequency and intensity of behaviour leading to rewards and maintain learned behaviours  

- Induce subjective feelings of pleasure  

- Reward prediction error  

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

expected but doesn’t come, no firing of dopamine neurons (??)) 

- Crucial for approach behaviour  

- Short phasic activity (ms) following primary rewards and conditioned stimuli 

- Pharmacokinetic profile of drug:  

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

Phasic dopamine firing: reward, saliency 

- Dopaminergic alterations after chronic drug use 

- Lower striatal D2+D3 receptor availability in chronic cocaine, heroin, alcohol, Metaphetamine, 

cannabis, nicotine users. Reduction persists per months. 

- Corresponds to decreased glucose metabolism in PFC (reduced activity in controlling region of brain) 

- Pretracted withdrawal  hypofrontality persists 

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

- Conditioning! Association of environmental cues with the drug 

 Cue‐induced drug craving  Prediction Error! 

- Ex. showing them a picture of someone taking the drug without them really taking it they have strong 

dopamine response. No dopamine is coming from the drug so craving. = prediction error 

- May underlie intense desire for drug (craving)  

- Compulsive use when exposed to drug cues  

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

- Dorsal striatum – habit formation 

 

 Opponent Process Theory of drug addiction  

- In the beginning, the drug is liked and the positive effects are in the foreground (positive 

reinforcement). 

- In the course of time, the positive effects decrease and 

the avoidance of negative effects (withdrawal symptoms 

and craving – like alcohol the hangover the day after) 

comes to the foreground (negative reinforcement). At 

the same time, people want the substance more and 

more, but often don't really like it any more (increasing 

motivation to use the drug). 

- Bsp. Smokers often do not like smoke anymore but need it to avoid getting in a negative state 
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 Incentive Sensitization model  

- Schematic model of how ‘wanting’ to take drugs may grow over time 

independently of ‘liking’ for drug pleasure as an individual becomes an 

addict. The transition from casual drug use to compulsive addiction is 

posited to be owing to drug induced sensitization of mesocorticolimbic 

mechanisms of incentive salience. 

- The wanting increases while liking decreases 

 Liking mediated by dopamine 

 Wanting mediated by endogenous opioids 

 

 The Volkow Model “pathological Learning” 

 

“Earning is a pathological form of learning and memory”. 

 

In the non-addicted brain you have control over drive and rewarding signals, 

regulated by PFC and Anterior cingulate cortex. 

 

The addicted brain has a strong drive to achieve reward and a strong 

memory impact on drug memory, lower and lower control 

 

The transition from occasional to compulsive drug use and the persistent 

vulnerability to relapse are due to neuroadaptations in brain circuits 

implicated in reward, memory, drive, and control 

 

 

 

 

 

 Addiction Stage I 

Binge/intoxication stage  

- Positive reinforcement by the drug  

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

- Dorsal striatum, stimulus‐response habit learning is enhanced  

- Associative learning of context (drug) cues 

 Addiction Stage III 

Withdrawal/negative effect stage  

- Negative emotional state involving the extended amygdala  

- Can induce stress and anxiety‐like effects via corticotropin‐ releasing 

factor, norepinephrine, and dynorphin (some receptors have negative 

effect) 

- Projects to hypothalamus and brain stem  

- Decrease in endogenous opioids  

- Negative reinforcement drug seeking to avoid withdrawal 

 Addiction Stage III 

Preoccupation/anticipation (craving) stage   

- High vulnerability to relapse even after prolonged abstinence  

- Conditioned drug‐associated cues or stress can elicit strong drug craving, 

which in turn makes relapse more likely  

- Disrupted PFC function is crucial for this stage 

 

 Drug memory are hard to extinct, very persistent 
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 Risk factors for addiction and dependence 

- Approximately 10‐20% of drug users become addicted at some point during their lifetime 

- Drugs have different addictive potentials 

- determined also by the way the drug is incorporated (smoke or injection of cocaine is more addictive 

than snorting) 

- as faster the drug enters the brain and evokes a dopamine response, the stronger the addictive potential 

- genetic component (higher when parents were addicted, no major addiction gene identified, only risk 

genes) 

- male more prone  

- environment and community uses 

- personal and cognitive factor (Ex. Impulsivity, a person who cannot wait for reward has higher risk) 

 
 

 Comorbidity with other psychiatric disorders 

- Comorbidity is the rule rather than the exception in substance use disorders 

- Anxiety disorders, other drug disorders 

- Women have lower probability getting addicted, but when they are the 

probability of comorbidities is quite higher  

- Often not only one comorbidity diagnose but more 

- Comorbid mood and substance use disorders following early life stress 

 

 

 

Sometime different to distinguish. What is 

it? What do I treat first? 

 

 

 
 

 Treatment 

Therapy goals of the treatment  

- Ensuring survival  

- Treatment of secondary and concomitant 

diseases  

- Adequate quality of life  

- Promotion of insight into the disease and 

motivation to change  

- Establishment of substance‐free phases  

- Improvement of the psychosocial 

situation  

- Abstinence  

 

Treatment options  

- Harm reduction  

- Psychotherapy (motivational interviewing, 

cognitive behavioural therapy)  

- Pharmacotherapy  not available for all 

substance use disorders  

- Diagnosis and therapy of concomitant 

somatic and psychiatric diseases  

- Social reintegration (return to home and 

work, re‐establishment of social 

relationships) 
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- Treatment options 

 
 

 Motivational Interviewing (get people on Augenhöhe) 

Five general principles of motivational interviewing  

1. Express empathy through reflective listening.  

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

3. Avoid argument and direct confrontation.  

4. Adjust to client resistance rather than opposing it directly.  

5. Support self‐efficacy and optimism 

 

 Pharmacological treatment 

 

 

The target of the medication is usually where 

the drug itself is targeting  

 

For Opioids there is a substitution approach, 

no immediate abstinence, primary avoid risk 

and then other opioids are used to avoid 

withdrawal symptoms (Heroin or nicotine 

replacement to get away from it). 

 

 

 

 Block 5: Cocaine clinical research 
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9. Addiction II 
1. Intro: the reward circuitry  

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

We tend to repeat things that we enjoy. 

Electrical activation of the medial forebrain bundle (which includes VTA→NAc axons) drives reinforcement. What 

drives reinforcement is rewarding (reward drives reinforcement) 

 Rewards are stimuli that the brain interprets as intrinsically positive 

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

repeated. 

 Drugs of abuse are rewarding and reinforcing. 

With optogenetics, we can now selectively activate the dopaminergic VTA neurons that project to the NAc, and 

activate rewarding system (extreme progress). 

Experiment: mouse optogenetically activated VTA  dopamine neurons when they pressed a lever (learning and 

reward effect). After several weeks of withdrawal, the mice pressed the lever also if non-stimulated, because 

they absolutely wanted the reward effect  addiction  
 

2. Animal models of drug addiction  

 Drug action 

- Drugs that strongly reinforce behavior in animals also strongly reinforce drug-seeking in humans  

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

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

- Goof animal models representing human behaviour. Similar response. We learned almost 

everything about this topic from animal models. 

- Drugs that are less addictive in humans are also less reinforcing in animals (e.g. marijuana).  

- Drugs that are not addictive in humans are not reinforcing in animals (they will not self-administer).  

- Nicotine appears to represent an exception to this rule; not very reinforcing in animals, yet it produces 

strong - addiction in some humans.  

- The route of drug administration matters!  

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

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

think marijuana, smoking vs. brownies)  

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

drinking, cocaine/heroine injection) 

 

 3 animal models: 

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

The target is to find out the mechanistic details. 

Drug Self-Administration === Conditional Place Preference === Intra-Cranial Self-Stimulation 

 

Drug Self-Administration  

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

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

3) A subset of animals will even overdose  

4) After very long periods of withdrawal, animals will relapse to drug self-administration (Rückfall) 

5) Relapse is triggered by drug-associated cues and stress  

 

 

 that’s a very good animal model 
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Conditioned Place Preference  

Animals learn to prefer a drug-paired environment.  

Experiment: You give the animal free access to two chambers that feel really different 

(floor, material, smell,...). The next day you inject them with either a drug or vehicle in the 

respective compartment. Those which got the drug will prefer the compartment where 

they received the drug, association.  

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

more “addictive” the drug was for them. 

 

 

Intra-Cranial Self-Stimulation  

Animals will self-stimulate reward areas in the brain.  

Stimulation frequency is titrated systematically to identify the minimum frequency that reinforces instrumental 

responding (reward threshold). Point that is just enough to drive reinforcement. Gives you idea how much 

potent and rewarding the drug is 

 Drugs of abuse facilitate self-stimulation and lower the reward threshold (if you take cochaine, an hour later 

it will be more easy to press the lever and feel rewarded).  

 Chronic administration can decrease the rewarding effects (requiring higher doses, so threshold goes up).  

 
 

3. Molecular mechanisms of drug addiction (the simple version)  
 

 What do all drugs of abuse have in common? 

- Not the chemical structure. All drugs have very different chemical structures 

- The shared mechanism of all drugs of abuse is that they ALL enhance dopamine neurotransmission to 

the nucleus accumbens (NAc) neurons  This is the net effect of all addictive drugs. 

 

 

 

 

 

 

 

 

 

 

 

- Dopamine release from presynaptic terminal, which binds to postsynaptic neuron in Nucleus 

Accumbens via one of the three mechanism: 

 

 

 Metabotrobic receptors 

 Ionotropic receptors 

 Monoamine Transporters 

 

- Rewarding feeling/euphoria really comes from 

increased activity at the synapse. But this does not 

explain how addiction develops. 



Translational Neuroscience  Jennifer Rütsche FS21 

53 
 

 What happens in the post-synaptic cell? 

 

 

 

Second messengers reach the nucleus where it activates 

gene transcription. Genes will be transcribed into proteins 

and this protein will change function of the circuit (more 

receptors for a stronger effect,..)  long-term changes. 

 

 

 

Transcription factors 

Delta-FosB is a member of the FOS family of immediate early genes (transcription factor family)  

cFos is another member of that family that is well-known (neuronal activity marker)  

- Delta-FosB is upregulated in NAc only after chronic cocaine 

exposure, whereas other TFs get suppressed.  

- c-Fos increased after acute cocaine exposure, non in control and 

chronic exposure (c-fos induction starts to disappear completely 

after brain gets used to it) 

- Delta-FosB overexpression alone induces drug sensitization 

(makes drug more rewarding)  

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

common signaling mechanism, now on the cellular/molecular 

level 

 

 

From transcription factor to function 

This was the nice and simple version of this story.  

1 brain region. /1 transcription factor. /A few genes that get translated into 

proteins and change cellular function permanently  addiction 

 

In the NAc (reward circuitry) the synaptic GABAergic connection responds 

to the release of dopamine → TF goes to nucleus → starts accessing DNA → 

finds open chromatin → triggers transcription → protein → change how 

brain cell reacts to subsequent drug somministration 

 

Epigenetics 

How does chronic cocaine change transcription factor signaling?  

 For a permanent change on a molecular level we need to long-lasting changes, since mRNA and proteins 

continually turn over: Epigenetic modification 

 Epigenetic mechanism control how accessible the genome is and which gene can be activated and how 

strong the activation is by what kind of stimuli 

Bsp.: At histone tails chemical modicafion can take place change in charge influence interaction with DNA. The 

mechanism change upon drug exposure (as to other life experiences). Can change specific one place and this 

changes animal behaviour. 
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1. Reduced histone methylation at Histone 3 (H3),  Glycine (K9). If no Methylation Acetylation occur 

 → Acetyl group: DNA will be more accessible, and gene can be read by transcrinary machine 

 → Methyl group: shutting down that gene 

2. Methyl group removed by delta-fos. If you artificially turn on delta-fos, methylation at this histone goes 

down 

3. TF transcribes gene that include G9a gene, a Methyltransferase, it can locate Methyl group to very specific 

sites on the Histones. Delta-fos reduces expression of this Methyltransferase, so less Histone-Methylation 

occurs (TF can also suppress gene transcription, not only transcribe them). 

4. Overexpression of G9a gene in nucleus accumbens (normally reduced in chronic cocaine use), you increase 

methylation at K9 site, linked to positive effect of drug addiction → prevents rewarding effect of drug 

 

In other words: 

 

 The transcription factor delta-FosB suppresses the histone methyltransferase G9a  

 This leads to less H3K9di-methylation  

 Thus the chromatin will be less compact (i.e. more “open”)  

 Therefore more gene expression in response to subsequent cocaine administration at loci where we 

have less H3K9me2  

 As a consequence, a stronger behavioral response (addiction/reinforcement/craving) to the drug. 

 

 

 

What REALLY happens in the post-synaptic 

cell? Much more complicated  

 All histones can get modified not just one 

 Target for medications: but you interfere 

not only with histones of the brain but with all  

those of the body 

 

 

 

 

4. Molecular mechanisms of drug addiction (the truth) 

 

 Complexity:  

- 2m DNA/cell  

- 3 billion base pairs  

- 20’000 genes multiple splice variants  

- >200’000 proteins 
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Truth #1:  

Hundreds of genes get regulated in response to acute or chronic drug exposure in different brain regions! Not 

only one. 

Drug history determines gene expression response. If it’s the first time or 10th time it makes a big difference (Bsp. 

for c-fos as seen before, but this is true for hundreds TF). 

 

Truth #2: Transcription factors 

A large number of transcription factors is involved in the regulation of hundreds 

of genes that are changed by acute or chronic cocaine administration. So the story 

is much more complex than delta-FosB alone!  

All those on the right show changes in activity 

 

Truth #3: cell type specificity 

Brain regions are not homogeneous. Many effects are cell-type specific! Even in the case of delta-FosB, cocaine 

induces an increase only in D1 medium spiny neurons, not in D2 neurons!  

Opioids instead increase delta-FosB in both D1 and D2 neurons! So don’t even try to find a rule that doesn’t have 

an exception 

Not all celltype respond the same to a given drug  we see average effect of one tissue 

 

Truth #4: Epigenetics 

Epigenetic processes are ridiculously complicated.  

- The histone code is only one example…  

- DNA methylation and other co-valent DNA markers.  

- Chromatin 3D structure  

- Non-coding RNAs  

- RNA-methylation etc. 

The epigenetic code is cell-type specific too (which makes it orders of 

magnitude more complex).  

This enormous complexity likely explains why small environmental factors can 

accumulate over the lifetime and lead to  Individual differences despite 

“same” genetic and “same” environmental conditions (=“Stochastic 

individuality”)  

 

Truth #5: Individual differences 

We are far from understanding what makes an individual “susceptible or resilient” to drug addiction. The 

“Stochastic Individuality” is also captured by animal models on the behavioral level of susceptibility to drug abuse 

Bsp.: when you give them cocaine all the rats press the bar, but not everyone shows addiction 

 

 

 

Conclusion: 

- Given how little we know of the complex mechanisms that operate below the surface of drug addiction 

(or any other psychiatric condition or brain process), it would be foolish to stop here and say: We know 

enough, let’s only focus on translation of what we know.  

- We need fundamental research.  

- We need unbiased large-scale screens on all molecular levels.  

- We need to identify key hubs in this complex mess that we can target with drugs in some way.  

- Ultimately, the holy grail will be targeted manipulation of specific epigenetic mechanisms in specific cell 

types. 
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10.  Stress I 
 

 Definition 

- All vital systems of the body (must) preserve a predefined steady state, i.e. homeostasis, which is 

essential for life and well-being (example: blood loss)  

- Homeostasis is constantly challenged by adverse forces, which are intrinsic or extrinsic, real or even 

perceived, and are described as stressors.  

- The organism counteracts stressors to maintain/reestablish homeostasis (=adaptive stress response). 

 

 How do we measure/quantify stress? Self report? Stress hormones?  

- Impossible to se an objective readout 

- Some measure stress hormones 

- Problem: many pleasurable activities challenge homeostasis  see cortisol (induced by stressors, but 

also by pleasant activities) 

 

 How do we define stress?  

Factors that determine whether a situation is perceived as stressful (a situation is perceived as stressful if):  

- (perceived) uncontrollability  

- unpredictability  

- severity / intensity  

- regulatory range vs. adaptive capacity 

 

Simple definition of stress: ”A real or perceived threat to the physiological or psychological integrity (i.e., 

homeostasis) of an individual that results in physiological and/or behavioral responses’’ 

 

 

 

STRESS RESPONSE SYSTEMS 

 

From left to right order/speed of activation: 

- noradrenaline – immediate response 

- sympathetic nervous system – almost instantaneous 

- HPA Axis – several minutes delay 

 

 

 

 

 

The locus coeruleus – noradrenergic system 

Higher brain regions initiate the stress response, which kicks the brain into «stress 

mode» and triggers sympathetic nervous system activation  via Macrocircuitry of 

emotion  activation of Locus Coerulus (LC) and PVN 

Locus Coeruleus:  

- More than 100 brain regions send inputs to the Locus Coeruleus (LC)!  

- The most important (stress-relevant) LC-inputs come from the amygdala / 

Prefrontal Cortex / Paraventricular Nucleus Hypothalamus (PVN)  

- They can all activate the LC directly, and lead to release of brain noradrenaline 

→ this in turn puts the brain in “Stress Mode” 
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Flashback lecture 2: 

- Activity level of LC changes: from less active during sleep to very attentive upon salient stimuli 

- When LC becomes active it triggers fight or flight response 

- LC activity releases noradrenaline 

- Inverted-U dose-response curve 

- Experiment: artificially activation of LC while anesthesia, immediate switch in network connectivity it 

shifts toward amygdala and salience networks 

- This does not mean your attention performance completely falters across the board. It shifts. You would 

perform terribly at solving a math problem in that moment, but you might just survive a dangerous 

situation because you can scan the environment for potential threats more efficiently! 

- Anxiety is a natural response to acute stress. It makes sense, because in a dangerous environment it 

makes sense to favor avoidance over approach. Selective Locus Coeruleus activation triggers anxiety 

(through projections to the amygdala) 

 

 

Paraventricular Nucleus of the Hypothalamus (PVN) 

Many brain regions can activate the PVN. The most important (stress-relevant/ the seconds where we perceive 

stress) PVN-inputs are:  

- Amygdala  Stria terminalis  PVN  

- Bed nucleus of the stria terminalis (BNST)  PVN  

- Input from the hippocampus is critical for terminating the stress response (inhibitory feedback, see HPA-

axes 

- The locus coeruleus (reciprocal connection) 

 

Both LC and PVN can activate the sympathetic nervous system: 

 
 

The sympatho-adrenal-medullary system (SAM) 

Recap central nervous system: 
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Recap autonomic nervous system: 

Sympathetic vs. Parasympathetic Division  

- All preganglionic neurons are cholinergic (acetylcholine)  

- Preganglionic neurons are located in:  

- the thoracic-lumbar segments of the spinal cord 

(sympathetic)  

- the brainstem and sacral part of spinal cord 

(parasympathetic) 

- Postganglionic neurons (lower motor neurons) are:  

- noradrenergic (sympathetic)  noradrenaline 

- cholinergic (parasympathetic)  acetylcholin 

- Cell bodies of postganglionic neurons are located outside 

the central nervous system in autonomic ganglia:  

- close to the spinal cord (sympathetic)  

- in neural plexus (network of intersecting nerves) 

near or inside the target organ (parasympathetic) 

 

 reshuffling or resources, rerouting energy to the main organs of need in that moment 

 

 The Sympathetic Nervous System 

 

High levels of sympathetic activity: FIGHT or FLIGHT  

1. pupils dilate and the eyelids retract (allowing more light to reach the retina and the eyes to move more 

efficiently)  

2. blood vessels of the skin and gut constrict (rerouting blood to muscles, thus allowing them to extract a 

maximum of available energy)  

3. hairs stand on end (making our hairier ancestors look more fearsome..?)  

4. bronchi dilate (increasing oxygenation)  

5. heart rate accelerates and the force of cardiac contraction is enhanced (maximally perfusing skeletal 

muscles and the brain)  

6. the adrenal medulla releases adrenaline and noradrenaline into the bloodstream and mediates the 

release of glucagon from the pancreas (thus further enhancing energy-mobilizing (catabolic) functions).  

7. Digestive and other vegetative functions become quiescent (thus diminishing activities that are 

temporarily unnecessary) 

8.  Sweating (warning signal to others, was shown to sharpen alertness in others..?) 

 

 

 The Parasympathetic Nervous System 

High levels of parasympathetic activity: REST & DIGEST 

(Not so relevant for fight or flight response, so most activities get shut down) 

1. Pupils constrict 2 

2. Heartrate slows down 3 

3. Peristaltic activity of the gut increases 4 

4. Voiding of the bladder is promoted  

Most organs are innervated by both branches, BUT: sweat glands, adrenal medulla, piloerector muscles of the 

skin and most arterial blood vessels are ONLY innervated by the sympathetic division  

IMPORTANT: Sympathicus activates parasympathicus to counteract the strong activation and return to 

homeostasis. These systems are tightly linked.   It also activates the parasympathetic system so that, when the 

stresssituation is over, the parasympathetic calms down the body and brings it back to homeostasis 
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Something that isn’t actually thretenic your survival but is perceived as ones can activate stress response (higher 

brain region)  bottom up activation: 

 

 The sympathetic nervous system can be activated from higher brain regions in response to “psychological 

stressors”.  

 Sympathetic nervous system is also controlled by reflex arcs between brainstem, medulla and preganglionic 

sympathetic neurons (monitoring and responding to blood loss, respiratory distress, pain, inflammation)  

 

 

SNS: 

- Left: Reaches organs directly via nerve-fibers and releases 

Noradrenalin 

- Right: Noradrenalin + Adrenalin get released from adrenal 

medulla and released into bloodstream 

 

 Body overflow with adrenalin/noradrenalin in acute fight or 

flight response 

 

 

 

 

 

The effects of (nor)adrenaline are dependent on the receptors expressed in the target tissue 

- All G-protein coupled receptors 

- Either activating or inhibitory 

 

…and on where they are expressed (within the circuit)  

- Alpha2-adrenoceptors can inhibit the postsynaptic cell, or auto-inhibit the presynaptic cell (=inhibitory 

feedback to reduce NA release) 

 

The Hypothalamus-Pituitary-Adrenal (HPA) Axis 

 

Both Sympathetic and HPA Axis are regulated by the 

hypothalamus 

 

Starts in the hypothalamus with the release of CRH 

(Corticotropin Releasing Hormon) in the portal blood 

system  connection to the anterior pituitary system 

 

Anterior pituitary then releases ACTH 

(adrenocorticotropic hormone) into the blood, in the 

adrenal corex it stimulates the production of 

glucocorticoids (main: cortisol) 

 

 

 HPA axis activation results in release of cortisol (corticosterone in rodents)  

 Used as direct readout of stress 

 Remember: Many pleasant, rewarding stimuli ALSO trigger corticosterone release, like sex or exercise. 

CORTISOL ≠ STRESS 

 

Adrenalin/noradrenalin release in adrenal medulla 

Steroid hormone, as corticosterone, synthesized and released in adrenal cortex 

 



Translational Neuroscience  Jennifer Rütsche FS21 

60 
 

Effect of Corticosterone on target tissues  

CORT acts via binding to mineralocorticoid receptors (MRs) and glucocorticoid receptors (GRs) 

- Receptors expressed throuout all the body 

- Glucorticoid can cross the blood brain barrier (Steroid, lipophil), which noradrenalin can’t (since it 

cannot enter, reasons why LC supplies the brain with NA) 

- 10 min after stress exposure CORT starts to show up in brain via MR and GR receptors 

 

 2 ways of action: 

 Rapid (ms-s) 

- GRs and MRs can locate at membrane 

- Bind the receptors and change excitability of neurons + activating signalling cascade 

 

 Slow 

- After binding to the receptors they dimerize, can translocate into nucleus where they act as TF  

- Binding Glucocorticoid response Elements on DNA  activate, transcribe or suppress genes 

 

  
 

 

 

 

 

 

 

 

 

Through membrane GRs CORT can exert rapid 

effects on cellular activity and intracellular signaling 

 

 

 

Through translocation to the nucleus GRs and MRs 

can bind Glucocorticoid Response Elements (GREs) 

and act as a transcription factor (modulate gene 

expression)

A very important function of the HPA axis is to sustain energy 

supply if stressors last for longer periods of time.  

Yet this expensive (energy demanding) system tries to self-

regulate: 

 negative feedback loops try to shut the stress response 

down (this only works, if the stressor has subsided) 

 Glucocorticoids signalling can regulate response of HPA axis 

 

 

 

 

 

Chronic stress / chronic CORT = BAD  

Metabolism: CORT provided energy for sustained activity ( shifting metabolism to a catabolic state = free 

energy resources)  

- Stimulates gluconeogenesis (liver)  

- Inhibits glucose uptake in fat and muscle cells, increasing blood sugar levels (for brain glucose supply…)  

- Inhibits lipogenesis  

- Simultaneously, adrenaline/noradrenaline and CORT all stimulate lipolysis (breakdown of fat)  

increase in free fatty acids  production of ATP for gluconeogenesis  

 under chronic stress conditions, the catabolic effects of CORT have unwanted consequences (e.g. muscle 

atrophy; insulin resistance)  
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Blood: CORT facilitates thrombosis and blood clotting (risk of stroke increases)  

Immune system: CORT suppresses both adaptive and innate immunity  

- Suppresses monocytes, lymphocytes, and production of antibodies  

- Blocks cytokines, inhibits pro-inflammatory signalling in target organs/tissues, inhibits prostaglandin 

synthesis (immunosuppressive and anti-inflammatory effects)  

That’s why CORT is used in the clinic to treat allergic reactions, autoimmune diseases, or to suppress 

the immune response after organ transplants  

Covid19, dexamethasone = potent GR agonist! (suppress inflammation Bsp. in lung) 

 

Psychological effects: Chronically elevated CORT levels increase the risk of depressive disorders  Cushing’s 

syndrome. Cushing syndrome typically results from tumor in the ACTH-producing cells of the pituitary gland. 

Chronic stress induces depressive-like behaviors in mice, rats and primates. Chronic stressors are the most 

widely used model for preclinical depression research. 

 

Flashback: 

- Chronic stress decreases BDNF levels, reduces spine density, triggers depression (↑ BDNF is good) 

- BDNF levels can reverse these stress-induced changes 

- A link between stress, depression, and drug exposure: delta-Fos 

- Stress can trigger relapse 

- Drug abuse makes you more vulnerable to the effect of stress 

- In Alzheimer’s disease, tau aggregates are observed first in the locus coeruleus, prior to their presence 

in entorhinal cortex and neocortex. Some theories suggest that stress, the strongest activator of the LC, 

might contribute to this age-associated pathology (use LC imaging as biomarker for noradrenergic 

diseases) 

 

Chronic stress model: chronic defeat stress social model 

- Bully dominant mouse (white) + small mouse (black) 

- Physical action of aggressor every day 

- Make them live in the same cage divided by Plexiglas with holes (screams 

will go through – intimidation-  but no physical attacks), for 10 days 

 chronic social stress 

- After 10 days put them back together and see how social interest changes  some show depressive like 

symptoms 

- Some mice are RESILINET to the effects of chronic stress 

- RESILIENT mice express higher levels of Delta-FosB in the nucleus accumbens than susceptible mice 

(active change in molecular setup by activating the TF) 

- Experiments (not shown here) indicate that blocking delta-FosB in the nucleus accumbens makes mice 

more susceptible to stressm and overexpressing delta-FosB can turn susceptible mice into resilient ones. 
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11.  Stress II 
 Prevalence 

Examples for stress related disorders 

- chronic pain increases when stresses from chronic muscle tension  

- negative influence on chronic lung diseases  

- hypertension, heart attack, stroke, affects cardiovascular disease 

- metabolic disorders (e.g. diabetes, obesity)  

- changes in gut bacteria, influence on mood (gut-brain-axis)  

- negative influence on inflammatory bowel disease and irritable bowel syndrome  

- reduced libido and erectile dysfunction  

- negative influence on premenstral symptoms 

 

Noticed that caregiver of dementia patients (people under stress) have 

- higher cortisol levels 

- less good performance on attention and executive functioning tests 

 

Covid-19 

- data vary much between countries 

- the pandemic has resulted in unprecedented hazards to mental health globally 

- relatively high rates of anxiety, depression, posttraumatic stress disorders, psychological distress, and 

stress 

- common risk factors associated with mental distress during COVID-19 pandemic include female gender, 

younger age group (<40), presence of chronic/psychiatric illnesses, unemployment, student status, and 

frequent exposure to social media/news concerning covid-19 

- psychological distress 34.43% to 38% , stress 8.1% to 81.9% 

 

 Stressors, appraisal and response 

Stress process 

 High potential to result in a stress response  

• Novelty  

• Unpredictabality  

• Threat to the ego  

• Sense of control 

 

 

 

 

 

 

Measuring stress = Perceived 

Stress Scale 

 

 

 

 

 

 

 

 

 

 

 Self-efficacy and motivation for lifestyle change 

Self-efficacy: Belief of being able to cope successfully with critical situations.  
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Assumption: Humans attribute their success and failure experiences to themselves and then generalize 

Increasing self-efficacy  

- Own success experiences  

- Vicarious experiences of success  

- Verbal persuasion  

- Physiological state 

 

 Interventions 

o Digital Cognitive behavioural therapy 

- Lessons for: Sleep, communication skills, relaxation, dealing with daily emotions, … 

- Effective treatment 

o Mind Body Medicine 

- Physical activity, relaxation, breathing, diet, self care 

- Psychological aspects 

- Innovative, integrative concept 

- Linking mind and body, Facilitating self care  

- Application of multi-modal treatments to reduce symptoms and to strengthen self efficacy 

o Physical activity 

- Mind-Body Physical Activity (MBPA) in educational settings is one possible preventive strategy for 

ameliorating stressrelated physiological health parameters 

- Yoga effects on objective parameters: Cortisol (waking and evening) ↓,  Systolic blood pressure ↓, 

Resting heart rate ↓ 

o Mindfulness based stress reduction (MBSR) 

- “Mindfulness is awareness that arises through paying attention, on purpose, in the present moment, 

non-judgementally,” “It’s about knowing what is on your mind.” 

- Roots in buddism 

- Formal + informal mindfulness for 45 min daily: 

- Formal: walking meditation, sitting meditation, mindful yoga, body scan 

- Informal:mindfulness in everyday life during routin activities such as eating, personal hygiene or 

communication 

o Mindfulness based cognitive therapy (MBCT) 

- Combination of MBSR with techniques of cognitive behavioural therapy 

- Goal: training of body sensation in order to recognize early warning symptoms in time and thus to 

prevent recurrence of negative thought pattern (relapse) 

- Core elements: mindful body awareness, mindful bodywork, meditation sitting and walking, 

mindfulness exercises for everyday life, elements from cognitive behavioural therapy 

- Also used for depression 

 

Mechanisms of Mindfulness 

- Attention regulation  

- Body awareness  

- Emotional regulation 

 

Summary  
Stress has an impact on disorders and there a non-pharmacological interventions that can support stress 

management and reduce stress related symptoms. 


