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Introduction

❑ Psychiatric illnesses have very complex 
pathophysiology

❑ Understanding psychiatric illnesses is a work in 
progress

❑ Neurosciences & molecular genetics have provided 
us with tools to understand brain processes better

❑ I don’t claim to know the complete 
pathophysiology of a single psychiatric disorder

❑ Cellphones to be shut off or on silent mode



Take home message



What we shall discuss….

❑ What did the older theories tell us? - Sigmund Freud, B F 
Skinner and the rest

❑ What about Social & Family contributions? 

❑ What is stress exactly? - Immunology, Endocrinology, 
Chronobiology 

❑ What is happening in the brain? – Molecules, Cells, Areas & 
Networks

❑ Is there a second brain? - Gut Brain Axis

❑ What is the role of Development and Degeneration?

❑ What is the master control? – Genetics and Epigenetics

❑ Is there a common ground? – Chronic illnesses



What did the older theories tell us?

❑ Sigmund Freud

➢ Concept of Mind

➢ Psychosexual development

➢ Defence mechanisms

➢ Conflict

❑ Ivan Pavlov & B F Skinner

➢ Classical conditioning

➢ Operant conditioning

❑ Aaron Beck

➢ Cognition



What did the older theories tell us?

❑ Drawbacks

➢ Observational

➢ Incomplete understanding

➢ Neuroscientific basis (?)

➢ Partial therapies



What about Social & Family contributions? 

❑ Idea of a dysfunctional family

❑ Concepts of Skew, Schism, Double Bind

❑ Expressed Emotions

➢ Over-indulgence

➢ Hostility

➢ Over-protection

❑ “Refrigerator Mother”

❑ Abuse



What is stress exactly?

❑ Homeostasis

➢ Allostasis

❑ Systems involved

➢ Hypothalamo-Pituitary-Adrenal Axis (HPA Axis) & 

Immune System

➢ Hypothalamo-Pituitary-Thyroid Axis (HPT Axis)

➢ Hypothalamo-Pituitary-Gonadal Axis (HPG Axis)

❑ Complexity

❑ Genetic control & settings







Schematic diagram of the interaction of innate immune cells with the HPA 
axis through inflammatory cytokines. Solid arrows indicate stimulation and 
dashed arrows indicate inhibition.





























What is happening in the brain?

❑ Neurotransmitters

❑ Relatively simple systems

➢ Dopamine – Psychosis, Impulsivity

➢ Norepinephrine – Reward

➢ Serotonin – Depression, OCRD

❑ Complex

➢ Glutamate - Learning 

➢ GABA - Inhibition







NMDA Receptor Pharmacology



What is happening in the brain?

❑ Second messenger systems & beyond

➢ cAMP & cGMP, IP

➢ Lithium and Bipolar disorder









What is happening in the brain?

❑ Mitochondria & bio-energetics

➢ Depression & Bipolar disorder







What is happening in the brain?

❑ Areas in isolation – no

❑ Areas in unison – yes

❑ The CSTC loops

➢ Cognition - Schizophrenia

➢ Emotion processing - Mood Disorders

➢ Motor behavior - OCRD





What is happening in the brain?

❑ Networks

➢ Nodes 

➢ Connections

❑ Default Mode Network

➢ Consciousness, Autobiographical Memory, Self

❑ Salience Network

➢ Attention

❑ Central Executive Network

➢ Processing & execution





What is happening in the brain?

❑ Reward Circuit

➢ Basis of addictions



The Reward Circuit



And what is cerebellum doing here?

As in motion, so in cognition







Is there a second brain?

❑ Discovered in the late 1900’s 

❑ Part of the autonomic nervous system

❑ “On Site” control of gut behavior

❑ Can alert the organism to danger & influence 

response (Unconscious)

❑ 90% of Vagus Nerve information flow is from the 

gut to the brain

















What is the role of Development and Degeneration?

❑ Many psychiatric illnesses are developmental in origin

➢ ADHD, ASD, IDD, SLD

❑ Many psychiatric illnesses are degenerative in origin

➢ Dementias

❑ Most psychiatric illnesses are a combination of the 
two

❑ Genetically determined





Development

❑ Nature – Genetics

❑ Nurture – Tabula rasa

❑ BOTH genes and environment make significant 
contributions to the regulation of how 
development unfolds

❑ Epigenesis – G x E interactions

❑ Plasticity

❑ Chronobiology – Periodicity

❑ Individual variations



Development

❑ Differential growth – Intraregional, Interregional, 

Hemispherical

❑ Protracted growth – into adulthood

❑ Pruning – “Use it Or Lose it”

❑ Nodes & networks

❑ Lateralization – “Logical thinking”

❑ Efficiency

❑ Sexual differentiation



Region Functions Girls / Boys

Frontal plobes Planning, organizing,
strateging, initiating, 
shifting, sustaining,  
attention

11.0 years / 12.1 
years

Temporal lobes Language, emotional, 
memory

16.7 years / 16.2 
years

Parietal lobes Receiving and 
processing sensory 
input

10.2 years / 11.8 
years











Degeneration

❑ Multifactorial

❑ Genetically determined



Different biological process which are involved in the development of 
neurodegeneration







What is the master control?

Heritability of Psychiatric Disorders

Disease Heritability

Schizophrenia 0.81

Autism spectrum disorder 0.80

Bipolar disorder 0.75

Major depression 0.37

Attention deficit disorder 0.75

Alzheimer’s disease 0.58

Source: Sullivan PF, et al. Genetic architectures of psychiatric disorders: the emerging picture 
and its implications. Nat Rev Genet 2012;13:537-52.



What is the master control?

❑ Genetics

➢ Single gene – rare

➢ Multiple genes – small effects

➢ G X E 

❑ Variability

❑ Concordance









Chromosomal loci reported by linkage studies for bipolar 
disorder

Location LOD score Reference

1q31-q32 2,6 Detera-Wadleigh et al, 1999

4p16 4,8 Blackwood et al, 1996

12q23-24 3,4 Ewald et al, 1998

13q32 3,5 Detera-Wadleigh et al, 1999

18q22 4,0 Mclnnes et al, 1996

20p11.2-q11.2 4,3 Radhakrishna et al, 2001

21q22 3,4 Vallada et al, 1996

22q11-q13 3,8 Kelsoe et al, 2001

Modified from Tsuang et al



Candidate genes with replicated association in anxiety 
disorders

Anxiety 
Disorder

Gene Name
Gene 

Symbol
Function

OCD Glutamate 
transporter

SLC1A1 Neurotransmission

Panic disorder Catechol-O-
methyltransferase

COMT Neurotransmission

Neuropeptide S 
receptor gene

NPSR Neuronal signaling

Transmembrane
protein 132D

TMEM13
2D

Unknown

PTSD FK-506 binding 
protein

FKBPS Glucocorticoid
chaperone



Genetic variations affecting substance abuse risk

Gene SNPs (Major / Minor) Substance Minor Allel Effect

ALDH2 rs671 (A>G) Alcohol Protective

ADH1B rs1229984 (A?G) Alcohol Protective

ADH1C rs1693482 (C>T)
rs698 (A>G/T)

Alcohol
Alcohol

Protective
Protective

CHRNA5/A3/B4 rs16969968 (A>G) Cocaine;
nicotine*

Protective; 
risk*

CHRNB3-CHRNA6 rs6474412 (C>T)
rs13273442

Nicotine Risk
Protective

CYP2A6 rs1801272 (A>T) Alcohol; nicotine Risk

FKBP5 rs1360780 (C>T)
rs3800373 (G>T)

Heroin
Heroin

Protective
Protective

GABRA2 rs279858 (A>G)
rs279826 (A>G)
rs279871 (A>G)

Alcohol; illicit 
drugs

Risk
Risk
Risk

OPRM1 rs1799971 (A>G) Alcohol; opioids;
nicotine

Risk









What is the master control?

❑ Epigenetics

❑ Holy grail of pathophysiology (?)























Is there a common ground?

❑ Similarities between psychiatric illnesses & chronic 

medical conditions
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