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NEUROPSYCHIATRIC DISORDES- DEFINITION: 
 
 

A mental disorder or psychiatric disorder is a mental or behavioral pattern  
or anomaly that causes distress or disability, and which is not developmentally  
or socially normative. Mental disorders are generally defined by a combination  

of how a person feels, acts, thinks or perceives. .. 



Adult onset 
 
Psychosis: 
a severe mental disorder in which thought and emotions are 
so impaired that contact is lost with external reality. 
 
Affective Disorders: 
A mental disorder characterized by a consistent, pervasive 
alteration in mood, and affecting thoughts, emotions, and 
behaviors 
 
Anxiety Disorders: 
a cover term for a variety of mental disorders in which severe 
anxiety is a salient symptom. 
Panic disorder, Phobias, Post Traumatic stress disorder 
 
Usually the symptoms are overlapping 
 



 
Schizophrenia: 
a long-term mental disorder of a type involving a breakdown in the relation  
between thought, emotion, and behaviour, leading to faulty perception,  
inappropriate actions and feelings, withdrawal from reality and personal  
relationships into fantasy and delusion, and a sense of mental fragmentation. 
 
Bipolar disorder: 
formerly called manic depression, is a mental illness that brings severe high and  
low moods and changes in sleep, energy, thinking, and behavior. 
People who have bipolar disorder can have periods in which they feel overly  
happy and energized and other periods of feeling very sad, hopeless, and sluggish.  
In between those periods,  they usually feel normal. You can think of the highs  
and the lows as two "poles" of mood, which is why it's called "bipolar" disorder. 
 
 



 
Major depression: 
Major depressive disorder is a mental disorder characterized by a pervasive  
and persistent low mood which is accompanied by low self-esteem and by a  
loss of interest or pleasure in normally enjoyable activities.  
 
 
 
Obsessive Compulsive disorder: 
Obsessive-compulsive disorder is an anxiety disorder characterized by intrusive  
thoughts that produce uneasiness, apprehension, fear, or worry; by repetitive  
behaviors aimed at reducing the associated anxiety; or by a combination of such  
obsessions and compulsions 
 
 



 
Children onset: 
 
ADHD-Attention Deficit Hyperactivity disorder 
Attention deficit hyperactivity disorder (ADHD) is a problem of not being able  
to focus, being overactive, not being able control behavior, or a combination  
of these. For these problems to be diagnosed as ADHD, they must be out of  
the normal range for a person's age and development. 
 
ASD- Autism Spectrum Disorders 
Children with autism are less able to interact with the world as other children  
do. Typically they have deficits in three key areas: 
Verbal and non-verbal Communication 
Social awareness and interactions 
Imaginative play (variable interests and behaviours). 
 



Diagnosis 

Now the diagnosis of neuropsychiatric disorders  relies mostly on  
the classification of Clinical symptoms.  
The main test is the colloquium with the patient.  
There are not biomarkers for the monitoring of diseases and  
treatments. 



There are no biomarkers for 
Neuropsychiatric disorders 

Biomarker: 
a naturally occurring molecule, gene, or 
characteristic by which a particular pathological 
or physiological process, disease, etc. can be 
identified. 



How do we measure the drug effects? 
Appropriate biomarkers needed 

• Most of the biomarkers are present in the 
brain 

• Measure of ASF fluid 
• Studies on models 
• Imaging 



The ideal treatment 

• Ideally a treatment should target the 
molecular mechanisms that are impaired  
 

• The current treatment in psychiatry are only 
partially effective and only partially controls 
the symptoms. Es: Autism, SZ 



Current Limitations 

• The current treatments have been discovered 
serendipitously because the mechanisms of 
the disorders are not known (ie 
chloropromazine- initially used to reduce post-
operational shock in surgery patients) 

• Another limitation is the overlapping of the 
symptoms across different disorders 



Neuropsychiatric disorders are highly 
heritable 

In the last decade huge progresses have been made  
to identify the genetic factors that are involved in 
Neuropsychiatric disorders. 
 
De novo mutations 
 
The majority of the factors have a role in the formation 
And function of synaptic connections 
 
Other correlation with inflammation  



Overlapping of genes and molecular 
mechanisms 
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Genetic Factors are not the only 
factors 



Among determinants of schizophrenia, there are also:  
malnutrition, infection,  stress 











DISC1 and PAK7 interact in brain synapses  



A  child onset neurodevelopmental disorder, is an impairment of the growth and  
development  of the brain or CNS visible from young age. 
 One narrower use of the term refers to a disorder of brain function which affects  
emotion, learning ability and memory and  which unfolds as the individual grows. 
Disorders  consequences when they occur in infancy and childhood  
Include autism and autism spectrum disorders such as Asperger Syndrome,  
Traumatic brain injury, communication, speech and language disorders, genetic  
disorders such as Fragile X syndrome, Down Syndrome and Rett syndrome, epilepsy, 
Fetal alchool syndrome, learning disorders, neurological and psychiatric disorders 
disorders. Neurodevelopmental disorders are associated with widely varying  
degrees of mental, emotional, physical and economic burden to individuals,  
families and society in general. 

Child- onset 



Parameters are variable within the spectrum 

Symptoms appear by the age of three years 
 
Some children (20%) show regression of acquired skills 
 
This is a broad spectrum and diagnosis depends on socio-economical factors 



Diagnostic criteria 

[The following is from Diagnostic and Statistical Manual of Mental Disorders: 
DSM IV] 

(I) A total of six (or more) items from (A), (B), and (C), with at least two from 
(A), and one each from (B) and (C) 
 

(A) qualitative impairment in social interaction, as manifested by at least two 
of the following: 

1. marked impairments in the use of multiple nonverbal behaviors such as eye-to-
eye gaze, facial expression, body posture, and gestures to regulate social 
interaction 
2. failure to develop peer relationships appropriate to developmental level 
3. a lack of spontaneous seeking to share enjoyment, interests, or 
achievements with other people, (e.g., by a lack of showing, bringing, or 
pointing out objects of interest to other people)  
4. lack of social or emotional reciprocity ( note: in the description, it gives the 
following as examples: not actively participating in simple social play or 
games, preferring solitary activities, or involving others in activities only as 
tools or "mechanical" aids ) 



(B) qualitative impairments in communication as manifested by at least one 
of the following:  

 
1. delay in, or total lack of, the development of spoken language (not 

accompanied by an attempt to compensate through alternative modes of 
communication such as gesture or mime) 

2. in individuals with adequate speech, marked impairment in the ability to initiate 
or sustain a conversation with others 

3. stereotyped and repetitive use of language or idiosyncratic language 
4. lack of varied, spontaneous make-believe play or social imitative play 

appropriate to developmental level 



(C) restricted repetitive and stereotyped patterns of behavior, interests and 
activities, as manifested by at least two of the following:  

 
1. encompassing preoccupation with one or more stereotyped and restricted 

patterns of interest that is abnormal either in intensity or focus 
2. apparently inflexible adherence to specific, nonfunctional routines or rituals 
3. stereotyped and repetitive motor mannerisms (e.g hand or finger flapping or 

twisting, or complex whole-body movements) 
4. persistent preoccupation with parts of objects 

(II) Delays or abnormal functioning in at least one of the following areas, 
with onset prior to age 3 years:  

(A) social interaction 
(B) language as used in social communication 

(C) symbolic or imaginative play 
(III) The disturbance is not better accounted for by Rett's Disorder or 

Childhood Disintegrative Disorder  



Treatment: 
 
They address the comorbid symptoms 
 
It would be important to start the treatment early in childhood 



Assessment 

There is a strong genetic component. Some disorders are monogenic, but in the 
majority of cases multiple genes contribute to the onset of the disease. 
 
Genetic laboratory studies: general kariotype, molecular DNA testing for Fragile X,  
Comparative genomic hybridization 

Macrocephaly (around 20% of children. Brain growth accelerates at 12 months) 

Neuroimaging studies: overgrowth of cortical white matter and abnormal pattern  
of growth in the frontal lobes, temporal lobes and lymbic structures.  
These structures are implicated in development of social, communication, and  
motor abilities that are impaired in autism spectrum disorders. 



ASD is associated with known genetic causes in 10-15% of cases. 
The most common causes include: 
 
Fragile X syndrome (3% of cases) 
 
Tuberous sclerosis (2%) 
 
Maternal duplication of 15q1-q13 (roughly 2%) 
 
Deletions or duplications of 16p11 
 
Variation in the gene copy number (de novo or inherited) 
 
A common variant identified in linkage and association studies  is an intergenic 
region between  cadherin 9 and 10. Cadheris are important for neuronal  
connectivity 



80% of autistic people have a reduction in MeCP2 level of expression in brain tissue 



Single gene disorders: 
 
Fragile X. X-linked form of mental reterdation caused by trascriptional silencing of the  
FMR1 gene. The product of the FMR gene: FMRP binds to specific mRNAs and represses 
Their translation. 
 
Tuberous sclerosis. Tuberous sclerosis comlex (TSC) is an autosomal dominant disorder 
Caused by mutations in hamartin (TSC1) or tuberin (TSC2). Cognitive impairment and  
Epilepsy. TSC1/2 are inhibitor of the mTOR pathway involved in cell growth. 
 
Angelmann’s syndrome. Epilepsy, hyperactivity, sleep disorders. Due to the genetic  
repression of the maternal allele of the Ube3a gene.  This gene is active in Hp and crb. 
The gene codes for an E6-AP ubiquitin ligase, involved in the ubiquitin-proteosome  
Pathway for protein degradation. 
 
Rett Syndrome. Caused by mutations in the X-linked MeCP2 gene, that codes for a  
Transcription modulator. 
 
Neurofibromatosis. Development of benign neurofibromas in the PNS. The product of 
NF1 gene: neurofibromin, is expressed in brain at different stages. It undergoes through 
Alternative splicing generating four different proteins involved in the Ras GTP/GDP signaling 
For protein translation. 
 
PTEN syndrome. Macrocephaly. The PTEN phosphatase is an inhibitor of the PI3K- 
mTOR signalling 



Causes:  
Complex interplay between environment and gene regulation 

Potential Risk Factors: 

Maternal infections. 43% of mothers with an autistic child experienced a respiratory 
Influenza, urinary, or vaginal infection(s) during pregnancy as opposed to only 26%  
of control mothers 
 
Folic acid. Folate is used to reduce the incidence of neural tube defects. Genetic polymorphisms 
Of enzymes required to metabolize folate are common with autism 
 
Heavy Metals (mercury). Most of the mercury exposure comes from environmental contamination 
Such as seafood and maternal dental fillings. Analysis of metals in baby teeth show that  
Autistic children  have, on average, a twofold higher level of mercury than non-autistic children   



Neuroimaging studies: 
 
Increase in total brain volume (confirming increase in head circ.) 
The inner zone of white matter, especially the corpus callosum and internal capsule 
Showed no increase. The volume of the outer radiate white matter was increased in all 
Cerebral lobes but with a frontal predominance. This suggest an overgrowth of short 
And medium-range intra hemispheric corticocortical connections with no contribution  
Interhemispheric connections (or with subcortical structures). 
 
Reduction in the volume of Corpus Callosum 
 
Abnormalities in minicolumns. They appear smaller and with a smaller neuropil,  
increased in number and narrower in width, with smaller neuronal cell bodies . 
Reported in areas (3, 4, 9, 17, 21 and 22). The reduction is related to the unmyelinated 
Projections of GABA interneurons which would predict a reduction in inhibition. 
 
Morphometric analysis revealed an enlargement of the hippocampus and  
the amygdala 
 
Dysfunction in the mirror neuron system (in the inferior frontal gyrus) active in working  
Memory. Increased activation in visual and motor areas (compensatory?) 
Basic information acquisition abilities : intact. 
Impaired abilities in systems for integration and processing. 



DIAGNOSIS TREATMENT 
clinical observations 

colloquium 
effectiveness of drugs 

individualized 

Neurodevelopmental disorders:  
what animal models can tell us 

GENETIC STUDIES 

POST MORTEM  
STUDIES 

Abnormal circuitry, 
synaptic function and 
metabolic pathways 



ANIMAL MODELS 

Recapitulate some aspects of the disorders 

Allow investigations in several conditions 

Allow treatment testing 

Environmental  
factors 

DEVELOPMENT 

medical  
condition 

gene-gene 
interactions 

Although the genetic background is important, genetic liability is not sufficient 
for the clinical manifestation of the disorders 



What can go wrong? 

Genes mutation, CNV, ect… 
Transcription 
Translation 
Protein modification 
Trafficking 
Protein turn-over 
Dendritic arborization 
Cytoskeletal abnormalities (spines) 
Synaptic transmission 
NT release 
Receptors 
 



controls deprived 

Several genes involved in neurodevelopmental disorders  
are up-regulated in cortex after sensory deprivation 
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From genes to proteins 

Proteins are modified (i.e. acethylated,  
Cleaved, methylated) 

Transported to a specific cellular location  
(i.e.: nucleus, membrane, dendrites) 



Defects in translational control 



Alteration in neuronal homeostasis 
Homeostasis is the ability of a system to return to a set point following perturbation 
Factors that can be modulated in neurons: ion channels, receptors, signaling 
pathways, neurotransmitter. 



Many risk factors for NDDs are involved in synapse function 

or in the communication system-environment 



Sensory experience drives  
synaptic connectivity and circuitry formation.  



Bidirectional communication between the synapse and the nucleus 



Calcium is important for the signaling synapse-nucleus 



Signal Transduction Networks mediating neuronal  
activity-dependent gene expression 



Calcium-dependent phosphorylation of CREB 



Dissecting out  the signaling pathways 



Imbalance excitation-inhibition 

• Down Syndrome: excessive activity of 
inhibitory neurons (use of GABAA and GABAB 
antagosists, CT with Prozac) 

• SZ: postmortem evidences of decreased 
GAD67 and parvalbumin (use of GABA 
agonists) 

• Epilepsy overlapping with some of the 
disorders hampers the use of drugs targeting 
GABA system  



Impaired glutamatergic transmission in 
SZ 

• Known impairment of NMDAR, but NMDA use 
may be too dangerous. 

• Treatment with glycine: co-activator of NMDA. 
Use of glycine reuptake blockers (Pinard et al., 
2010) 

• Treatment with cholinergic transmission 
(Terry, 2008) 

• Activation of metabotropic glutamate 
receptors (Conn and Jones, 2009) 



Protein metabolism 



• Fragile X: overexpression of proteins, 
compensatory mechanisms such as blockade of 
mGluR5 receptors improve the symptoms (Huber 
and Bear) 

• Neurofibromatosis type1: the gene NF1 encodes 
for a protein: neurofibromin, a Ras GTPase 
activating protein, which is (among other things) 
a modulator of mTOR-mediated protein 
translation. Some of the deficits in mice are 
rescued with LOVASTATIN: which reduces Ras 
Pathway activation. 



The AKT signaling pathway 

This pathway is involved in several neuropsychiatric disorders  
and can explain the overlapping of some symptoms 



pAKT signaling in TS 

• the two proteins TSC1 and TSC2 form a 
complex that inhibits mTOR. In Tuberos 
Sclerosis (TS) the complex is not active and so 
mTOR can not be inhibited. However  
rapamycin (an immunosuppressor) targets 
and inhibits mTOR therefore representing a 
treatment for TS 



AKT signaling in other disorders_1 

• Also In NF, the redundant activation of RAS 
produces activation of PI3K and of mTOR 
(downstream). Therefore rapamycin has 
shown encouraging results also in NF1. 

• Also in FragileX mice there is an activation of 
PI3K, but rapamycin has not proven efficient 
in this case 



AKT signaling in other disorders_2 

• In RTT there is a down-regulation of pAKT 
signaling, therefore molecules that activate it 
improve the signs of the disorder (IGF1, 
BDNF). 

• pAKT and GSK3B are also down-regulated in 
DISC1 mutant mice 
 



Molecular deficits in specific cell types 

• In SZ, the current hypothesis is that the NMDA 
signaling is impaired in GABAergic neurons, 
determining an overall decreased GABA drive. 

• That is why inactivation of signaling in specific 
cell types can have different consequences 



Targeting neuromodulators 

• Neuromodulators are target of treatments in 
SZ, RTT, Autism, however that can have 
further applications. Since acetylcholine and 
serotonin can affect excitatory and inhibitory 
transmission, they can be used as target to  
modulate the excitatory/inhibitory balance  



Summary of the cellular pathways 



Fragile X . Expanded CGG trinucleotide repeat in the uncoded region of the gene FMR1  
coding for the protein FMRP, which inhibits protein synthesis. 

physical characteristics such as an 
elongated face, large or protruding ears, 
and larger testes (macroorchidism), 
behavioral characteristics such as 
stereotypical movements (e.g. hand-
flapping), seizures, mental retardation and 
social anxiety. 

http://en.wikipedia.org/wiki/Macroorchidism�


Initially known as Martin-Bell syndrome, fragile X is caused by duplications in the CGG  
Trinucleotide in a non-coding region of FMR1 gene. When there are more that 200  
replications, the region is hypermethyilated, determining the silencing of FMR1 gene. 
 
The protein FMRP  binds nucleic acid and inhibits protein synthesis, therefore in FX 
There is an excess of proteins. 
 
Studies in basic research show that mGLUR activate protein synthesis. Therefore,  
Inhibitors of mGLUR maybe therapies for FX. 
 
 
  
 

The story of fragile X_1 



Animal models available (mGLUR5 mutants, FMR KO mice) 
Endophenotypes to look at: increase in spine density, seizures, increase in protein  
synthesis, increase in weight, altered synaptic plasticity. 
 
Genetic studies show that crossing mGluR5KO mice with FMR KO mice reduce the  
Synmptoms. Limitations of genetic studies in humans, endogenous alterations in KO. 
 
Pharmacologycal studies: MPEP inhibitor of mGLUR5: reverses the endophenotypes 
In slices. MPEP crosses the BBB, but its effects last for only 15 minutes. Other 
Possible therapies: Lithium, that target Glycogen synthase kinase-3 



The story of fragile X_2 



Mutated gene 

Alterations in intracellular pathways 

Decreased function 

drugs 

molecules 

Identification of pathways altered in the mutant mice  leads to uncover  
molecules that can improve the function  

despite the mutation is still present  



Consequences for the study of other  disorders: 

• Clarifying the mechanisms and therapeutics for one gene may have effect 
on common effectors in other diseases.(consider mTOR signaling, or 
increase of protein synthesis) 

 
• Structural proteins are important targets  (consider synaptic proteins) 
 
• Window of opportunity for treatment 
 
• Peripheral biomarkers 



example of interactions: 
 
One of Ube3a target is Arc, a protein involved in internalization of AMPAR. Therefore, when  
Ube3a is inhibited, there is an increase of Arc and a dowuregulation of AMPAR at the 
Synapse. 
 
Arc is also translationally inhibited by FMRP. 
Another Ube3a substrate is EphB receptor, which regulate dendritic development.  
EphB is also altered in SZ. 
 
Therefore studies of molecular mechanisms reveals the connections between the diseases,  
Explaining common symptoms and proposing crossed therapeutic interventions.  



Charour and Zoghbi, 2007 

MECP2 expression is altered in several neuropsychiatric disorders 



Symptoms:  
• Late onset: at ~1 year of age 
• Progressive loss of acquired skills, social withdrawal 
• Loss of purposeful hand use and expressive language 
• Speech deficit, gait ataxia, stereotypic hand movements, 
respiratory distress 

• Deceleration of head growth (seen at 2-4 months), short 
stature 

•Histological findings: microcephaly, reduced neuron size, 
dendritic arborization 

Rett Syndrome is a neurodevelopmental disorder caused by mutations in the X-
linked MECP2 gene (80-90% of cases) 
  

Rett Syndrome is a disorder of impaired circuits maturation 



The majority of Rett patients have mutations in the MECP2 gene 

 
• De novo mutations, rarely familial 
• Developmental onset of RTT and of MeCP2 expression in the brain suggests role for 

MeCP2 in synaptic and neuronal circuit maturation 

www.mecp2.org.uk 

Hypothesis:   
Molecules that enhance synapse maturation might restore function  



MeCP2 KO males: 
Normal at birth 
Symptoms appear around P30: 
• Decreased brain weight, smaller neurons   
• Reduced nocturnal activity, tremors, lethargy, 

gait ataxia 
• Death around P60 
• Phenotype is caused by MeCP2 deficiency in the 

CNS rather than in peripheral tissues.  
• Reduced spike activity of cortical layer 5 cells 

Chen et al., 2001 
Dani et al., 2005 
Chen et al., 2006 

•    Reduced BDNF expression 

 Altering BDNF expression modulates              
symptoms in MeCP2 KO mice 

Animal models mutant for MeCP2 show similar signs of Rett  
and they can be used to test possible treatments 

Jaenisch mouse model 



Science. 2007 Feb 23;315(5815):1143-7. Epub 2007 Feb 8. 
Reversal of neurological defects in a mouse model of Rett syndrome. 
Guy J, Gan J, Selfridge J, Cobb S, Bird A. 
Source 
Wellcome Trust Centre for Cell Biology, Edinburgh University, King's Buildings, 
Edinburgh EH9 3JR, UK. 

Proc Natl Acad Sci U S A. 2007 Feb 6;104(6):1931-6. Epub 2007 Jan 31. 
Partial rescue of MeCP2 deficiency by postnatal activation of MeCP2. 
Giacometti E, Luikenhuis S, Beard C, Jaenisch R. 
Source 
Whitehead Institute for Biomedical Research, Cambridge, MA 02142, USA. 

Re-expression of functional MeCP2 in mutant restores 
normal function 

http://www.ncbi.nlm.nih.gov/pubmed/17289941�
http://www.ncbi.nlm.nih.gov/pubmed?term="Guy J"[Author]�
http://www.ncbi.nlm.nih.gov/pubmed?term="Gan J"[Author]�
http://www.ncbi.nlm.nih.gov/pubmed?term="Selfridge J"[Author]�
http://www.ncbi.nlm.nih.gov/pubmed?term="Cobb S"[Author]�
http://www.ncbi.nlm.nih.gov/pubmed?term="Bird A"[Author]�
http://www.ncbi.nlm.nih.gov/pubmed/17267601�
http://www.ncbi.nlm.nih.gov/pubmed?term="Giacometti E"[Author]�
http://www.ncbi.nlm.nih.gov/pubmed?term="Luikenhuis S"[Author]�
http://www.ncbi.nlm.nih.gov/pubmed?term="Beard C"[Author]�
http://www.ncbi.nlm.nih.gov/pubmed?term="Jaenisch R"[Author]�


Altering BDNF expression modulates the lifespan, motor phenotype and spiking activity 
of MeCP2 KO mice 

Chang et al., 2006 

Hypothesis:  
Molecules that influence BDNF  
signaling and enhance synapse  

maturation might restore function  
in MeCP2 KO mice. 

 



IGF1 signalling activation ameliorates the symptoms of Rett in mice models and it is 
Well tolerated in patients. Clinical trials ongoing. 



Research Methods in Brain Disorders 
 



Brain is a complex subject of research and therefore several approaches  
Need to be used I order to clarify different aspects: 
 
Psychology 
Biochemistry 
Anatomy 
Genetics 
Molecular biology 
Computer science 
Neuropharmachology 
Behavior 
Imaging 
Induced Pluripotent Stem Cells (IPSC) 
optogenetics 
  



Cellular Studies: cell lines, primary neuronal cultures, IPSCs 

Animal Studies: behaviour, anatomy, imaging 

Human Studies: post-mortem anatomy, imaging 



Many discoveries in neuroscience rely on animal research 



Anatomy 
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The structural basis of neuronal connections 
 



Stereotaxic surgery 

useful to understand the function of an area: 
- Neurotoxins 
- Microlesions 
- specific neurotoxins 
- Electrophysiological stimulation 

 
 



Implanted electrodes 
(for recording) 

Microdialysis: for collection of extracellular samples 



Electrophysiological stimulation and recording 

In previous research we found that lesion the periaqueductal grey (PAG) in  
the midbrain prevented the pain-reducing effects of morphine,  and we can explore  
what are the effects stimulating this area. We find that when the implanted e- 
lectrodes are stimulated the animal fails to respond to painful stimuli. 
Likewise, if pain-killing opioids are microinjected into that brain area via a cannula 
the animal also demonstrates profound analgesia.  



Patch Clamp/ in vitro and in vivo  electrophysiology 



I 

V 

IV 

Recording from a single cell 

Recording from a group of cells 



Quantification and localization of specific molecules 
 
On extracts, or in situ: RNA, proteins, enzyme activity 
 
Receptor autoradiography: a drug conjugated with a dye/or radiolabeled 
 in vitro 
 in vivo (with PET or post mortem) 

Distribution of cocaine in Monkey brain 



Immunohisto/cytochemistry 



Western Blotting 



In situ Hybridization 

MeCP2 expression, Allen Brain Atlas 



DNA microarray 



gene mean p value gene mean p value gene mean p value
116938_at 8228 0.0% 160431_at 869 0.0% 164458_f_at 841 0.7%
101063_at 742 0.2% 95940_f_at 302 0.0% 135401_at 3334 0.0%
109529_at 2911 0.0% 97204_s_at 363 1.1% 95529_at 884 3.4%
171624_at 238 2.7% 112740_at 1163 0.8% 160482_at 1182 0.0%
95387_f_at 236 0.1% 116312_at 388 0.7% 162608_at 248 2.0%
104195_at 276 0.2% 101947_at 1103 0.0% 95290_at 611 0.3%
103904_at 2164 0.2% 165357_f_at 862 0.4% 106175_at 6282 0.0%
116412_r_at 375 0.9% 101023_f_at 1180 0.1% 161131_r_at 260 3.5%
163409_at 619 2.0% 105133_at 1134 0.6% 95696_at 2448 0.1%
105496_at 582 0.3% 106830_at 1624 0.0% 105329_at 878 3.7%
168299_f_at 1205 3.5% 163370_at 672 0.0% 113255_at 103 2.2%
94796_at 3329 0.1% 112310_r_at 170 1.0% 99095_at 679 0.0%
163513_f_at 616 0.8% 165290_f_at 399 0.1% 96858_at 1073 0.0%
162457_f_at 7295 0.0% 164059_f_at 3214 0.0% 165022_f_at 834 0.9%
98072_r_at 83 0.8% 137242_f_at 4184 0.1% 160485_r_at 820 0.1%
102870_at 10977 0.0% 110545_at 410 1.0% 100718_at 3299 0.0%
103606_r_at 653 0.5% 161357_r_at 987 3.4% 104738_at 904 0.1%
160487_at 602 0.0% 101596_at 213 0.4% 94113_at 462 1.1%
114069_at 1067 2.8% 165073_f_at 592 2.9% 93288_at 4956 0.0%
110360_at 1219 0.1% 107273_at 189 3.7% 92394_f_at 490 0.2%
114832_at 829 1.4% 116738_at 4219 0.0% 115150_at 415 3.7%
101393_at 138 3.3% 117217_at 2014 0.0% 103855_at 408 1.2%
163675_r_at 192 1.6% 170384_r_at 1257 1.8% 103780_at 195 0.1%
102742_g_at 7041 0.0% 163093_at 4626 1.2% 103910_at 1028 0.2%
162833_at 3256 1.9% 165830_f_at 1493 0.0% 105832_at 985 3.3%
164148_at 1939 0.1% 135210_at 1611 3.0% 114032_f_at 7428 0.1%
114904_at 616 0.6% 160235_at 862 0.0% 99607_at 3859 0.0%
164383_f_at 292 3.0% 106279_at 1025 0.1% 164502_r_at 2267 3.6%
104861_at 381 0.8% 163126_at 512 0.0% 94875_at 647 0.0%
106290_at 370 3.9% 93094_at 204 2.0% 103959_at 268 2.5%
167055_f_at 6143 0.0% 169396_r_at 3562 2.5% 93589_at 2412 0.1%
112908_at 1026 0.7% 109389_at 282 1.6% 98800_at 435 2.1%

Study of mRNA expression 





Radial arm maze: measures spatial learning and memory (rats use extra-maze cues to navigate) 

Animal Behavior 



Morris Water Maze 



Paired-pulse inhibition 

For evaluating working memory 



Combining different measures 



Magnetic resonance Imaging 

angiography fMRI 

Magnetic resonance Imaging relies on the ability of a magnet to establish a field that  
polarize the protons of the water molecules. Because of the different distribution of the  
Water in different medium it is possible to use this property to pull out brain maps  
(of fibers or vessels) in the brain. Also, by pulling out the different oxigen states of  
Haemoglobin, it is possible to   identify the active regions in the brain. 



Induced Pluripotent Stem Cell 



Optogenetics 



Diagram of the Tremor Control System 
used to treat Parkinson:  
An insulated wire electrode is  surgically  
implanted deep in the brain. The electrode 
is connected to a pulse generator  
implanted under the skin near the collarbone. 
The generator is programmed to deliver the  
amount of electric current needed to reduce 
the tremor on the opposite site of the body. 
Patients also have individual control by passing 
a hand-held magnet over the skin above the  
pulse generator  
 

Deep Brain Stimulation 



Novel technologies are starting to show advances in research and therapeutics,  
For example, Deep Brain Stimulation, showed positive outcomes in depression,  
Parkinson. However, this technique presents deficits in specificity: the stimulated area  
Contains both targeted neurons and fibers passing by, also, the stimulation is aspecific  
regarding excitatory  or inhibitory transmission. It can concurrently stimulate excitation  
and inhibition. 
Reviewed by Steinberg et al., 2015. 



We have the tools to identify new 
treatments 

To date insights from single gene disorders 



Clinical Trials to date (in Progress) 
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