
•
D

epression is a com
m

on and heterogeneous 
psychiatric disorder 

•
A

ffects approxim
ately 15%

 of the population w
ith high 

m
orbidity and m

ortality 
•

O
ccurs at any age, is tw

ice as com
m

on in w
om

en 

•
The underlying causes of m

ost m
ood disorders rem

ain 
unknow

n 

M
ood disorders - D

epression  

C
linical  classification (m

ost com
m

on) 
1. M

ajor depressive disorder (unipolar depression) 
2. dysthym

ia, a less severe but m
ore chronic form

 of 
depression 
3. bipolar disorders or m

aniac-depressive disorders



Sym
ptom

s of depression 

EM
O

TIO
N

A
L 

Lose Interest and M
otivation 

Lose S
elf C

onfidence / 
Feelings of w

orthlessness 
E

xperience Feelings of G
uilt 

Thoughts of S
uicide (7-15%

 
com

m
it suicide) 

Loss of am
bition 

Little pleasure from
 sex or 

food 
E

xcess sadness in 
response to loss, failure, or 
disappointm

ent

B
IO

LO
G

IC
A

L 
S

leep D
isturbance   

A
ppetite and W

eight 
C

hange 
Lack of E

nergy, fatigue 
P

oor C
oncentration 

and M
em

ory



D
iagnostic and Statistical M

anual of M
ental 

D
isorders (D

SM
-IV): criteria for m

ajor 
depression

A
t least five of the follow

ing sym
ptom

s for at  
least tw

o w
eeks (sym

ptom
 1 or 2 m

ust be present): 

1.
D

epressed m
ood 

2.
Loss of interest or pleasure 

3.
S

ignificant appetite or w
eight loss or gain 

4.
Insom

nia or hypersom
nia 

5.
P

sychom
otor agitation or retardation 

6.
Fatigue or loss of energy 

7.
Feelings of w

orthlessness or excessive guilt 
8.

Im
paired thinking or concentration, indecisiveness 

9.
S

uicidal thoughts/thoughts of death



depression

G
enetic factors 

Poor N
utrition 

as a C
hild 

Stress &
  

A
ging D

eplete N
utrients 

O
ther Illnesses 

Prescription D
rugs 

H
orm

onal  
Im

balances 

Loss - Job, H
om

e, 
 D

ivorce, D
eath 

Em
otional Traum

a 
R

ape, A
ssault, etc. 

Endogenous –  
N

o External C
ause 

D
epression: etiology



G
enetic factors

•
P

redisposition depends on a variety of genes: 

•
⭕

 The serotonin transporter (S
E

R
T) gene  

•
⭕

 The serotonin 2A receptor 
•

⭕
FK

-506 binding protein (FK
B

P
5) 



Polym
orphism

s in the gene encoding SER
T 

SN
Ps: single nucleotide 

polym
orphism

s

A
lternative splicing

VN
TR

: variable num
ber of 

tandem
 repeats 

H
5-H

TTLPR
: serotonin-

transporter-gene-linked 
polym

orphic region (Long 
and Short variants) 

A
lternative 

polyadenylation sites 





FK
B

P5 is a co-chaperone of hsp90 w
hich regulates glucocorticoid 

receptor (G
R

) sensitivity

P
olym

orphism
s in the gene encoding  FK

B
P

5 associate w
ith differential 

upregulation of FK
B

P
5 follow

ing G
R

 activation and differences in G
R

 
sensitivity and stress horm

one system
 regulation

FK
B

P
5 m

ediates an ultra-short feedback negative 
loop for G

R
-sensitivity leading to G

R
 resistance



1. M
ood is controlled by the level of the biogenic 

m
onoam

ine S
erotonin, N

orepinephrine and D
opam

ine

Theories of D
epression

•
1. M

onoam
ine Theory of D

epression 
•

2. S
tress Theory of D

epression
(The neurotrophic hypothesis)



R
elationship am

ong noradrenaline, serotonin, and dopam
ine 

and behavior

Locus 
ceruleus

R
aphé system

VTA  
(Ventral 
Tegm

ental 
A

rea)

Energy 
Interest

M
otivation

Sleep  
D

rive

A
nxiety  

Irritability
R

ew
ard 

Im
pulsiveness

M
ood  

Em
otionality

C
ognitive 

function
Sex 

A
ppetite 

A
ggressiveness 

Noradrenaline 
Dopam

ine 

Serotonin 



Prefrontal–lim
bic system

 circuitry 
im

portant in m
ood disorders

A
N

TER
IO

R
 C

IN
G

U
LATE C

O
R

TEX 
Extensivly connected w

ith brain 
structures im

plicated in the 
m

odulation of em
otional behavior. 

Partecipates in em
otional processing 

and regulation of autonom
ic 

response

TH
A

LA
M

U
S 

Sensory relay. 
Extensivly 
connected w

ith 
lim

bic system
 

and m
ood-

related circuitry

H
IPPO

C
A

M
PU

S 
Learning, m

em
ory 

and cognition; site 
of ongoing adult 
neurogenisis; 
negative regulation 
over the H

PA axis

M
ED

IA
L PR

EFR
O

N
TA

L 
C

O
R

TEX 
R

egulation of 
em

otional and 
assessm

ent of 
consequence in 
decision-m

aking; 
extensive connection 
w

ith lim
bic areas, 

including hippocam
pus 

and am
ygdala

A
M

YG
D

A
LA 

Evaluation of experience/stim
uli 

w
ith strong em

otional valence, 
acquisition and expression of 
em

otionally related m
em

ories 

H
YPO

TA
LA

M
U

S-
PITU

ITA
RY 

Links nervous system
 

to endocrine system
; 

synthesizes and 
secretes 
neurohorm

ones

O
R

B
ITO

FR
O

N
TA

L 
C

O
R

TEX 
Integration of stim

uli 
and assessm

ent of 
stim

ulus value and/
or rew

ard; extinction 
of unreinforced 
responses to stim

uli



M
onoam

ine Theory of D
epression

•
M

ost w
idely accepted theory: 

•
depression m

ay be due to underactivity at serotonin and 
norepinephrine synapses 

•
1. all clinically effective drugs are  

•
serotonin and/or norepinephrine agonists  

•
or increase serotonin and/or norepinephrine levels 

•
2. certain norepinephrine and serotonin receptors are up-
regulated in untreated depressed patients (com

pensatory 
increase in receptors due to low

 levels of transm
itters)

•
1. N

either 5-H
T nor N

E
 depletion induce clinical depression in 

healthy subjects 
•

2. A
ntidepressants are generally effective in only about 60%

 of 
patients 

•
3. M

ost antidepressants take 3 or m
ore w

eeks to take effect

C
riticism

s



N
eurotrophic signaling pathw

ays involved in the 
actions of antidepressants

C
R

EB
 (cA

M
P response 

elem
ent-binding protein) 

BDNF
Bcl-2

Neuroplastiticy, Neurogenesis and Cell Survival

 The neurotrophic hypothesis



Target cells 
(                  )

stereotyped defensive 
reactions to threat  
(im

m
obility and panic)

autonom
ic and m

otor 
responses to threat 
(tachicardia, sw

eating)

2. S
tress theory of depression

D
epression shares som

e physiologic m
echanism

s w
ith chronic stress



The H
ypotalam

ic - P
ituitary - A

drenal A
xis 

(H
PA

)

N
egative 

feedback

C
orticotropin R

eleasing 
H

orm
one C

R
H

 

A
drenocorticotrophin 

A
C

TH

paraventricular 
nucleus of the 
hypothalam

us 
P

V
N



C
ircadian pattern of serum

 cortisol

C
ontrols

D
epressed patients

D
exam

ethasone 
S

uppression test

D
epressed 

patients
D

epressed  P
sychiatric N

orm
al 

patients         controls controls

Serum cortisol

Serum cortisol
Serum cortisolSerum cortisol



D
evelopm

ental 
environm

ent
H

igh levels of 
m

aternal care

Traum
a

N
eglect

C
hronic Stress

E
ffect of stressors on H

PA A
xis



E
ffect of stressors on H

PA A
xisFunctions of the 

C
R

H
 system



•
G

lutam
ate 

•
G

A
B

A 
•

A
cetylcholine 

•
C

orticotropin-releasing 
factor (C

R
F) 

•
A

rginine vasopressin 
•

S
ubstance P 

•
N

eurotensin 
•

N
europeptide Y

O
ther neurotransm

itters 
involved in the etiology 

of depression



Prevention (self-help)

N
atural sw

ings

The life-cycle of m
ajor depression and its treatm

ent

Early 
intervention

Late 
intervention

rescue (difficult)

N
etw

ork (irreversible?) phase-shifts

R
esidual sym

ptom
s

R
ecovery

C
ollapse

R
elapse

G
enetic/

developm
ental 

load

Stress 
Environm

ent 
A

dolescence

Tim
e (m

onths, years)



A
ntidepressant drugs: 

M
ain m

echanism
s of action

•
Inhibition of 5-H

T and N
A re-uptake 

•
5-H

T
1A and N

A pre-synaptic  (A
utoreceptors) blockade 

•
5-H

T
1A  post-synaptic  receptors activation 

•
5-H

T
2  post-sinaptic  receptors blockade 

•
Inhibition of m

ono am
ino oxidases (M

A
O

 B
)



S
erotonin receptors classification



1. P
resynaptic 

receptors

2. P
ostsynaptic 

receptors
3. 5-H

T transporters

S
elective S

erotonin 
R

e-uptake Inhibitors 
(SSR

I)

5-H
T receptors expression  

and the presynaptic regulation of 5-H
T levels

M
AO



5-H
T1A receptor signalling

C
oupled to inhibitory G

 proteins (G
i/G

o) 
⭕

 inhibit adenylyl cyclase (A
C

) 
⭕

 open G
-protein inw

ard rectifying potassium
 channels (K

+) to reduce 
m

em
brane potential (V

m
) 

⭕
 inhibit voltage-gated calcium

 channels (C
a++) and reduce intracellular 

free calcium
 concentration ([C

a++]i).  

P
resynaptic 5-H

T1A som
atodendritic autoreceptors expressed 

on 5-H
T neurons  act  as a "brake" to inhibit the activity of the 

entire 5-H
T system

  



In depressed individuals:

the expression of post-
synaptic 5-H

T1A receptors 
is reduced

the expression of pre-
synaptic 5-H

T1A 
autoreceptors is 

increased

w
ith reduced 

release of 5-H
T 

by serotoninergic 
neurons

w
ith reduced 

response of the post-
synaptic neurons  to 
5-H

T

S
elective S

erotonin R
e-uptake Inhibitors (SSR

I)

In agreem
ent w

ith the M
onoam

ine Theory of D
epression,  a 

strategy for restoring the activity of the serotoninergic neurons is 
to block the re-uptake of 5-H

T 



A
cute S

S
R

Is: 
S

S
R

Is rapidly block 5-H
T 

reuptake and cause an 
increase of 5-H

T synthesis 
and release 
5-H

T1A autoreceptors on 
serotonin synapses detect 
excess serotonin and reduce 
serotonin release 

C
hronic S

S
R

Is: 
high levels of 5-H

T cause a 
gradual dow

nregulation of 
5-H

T1A autoreceptors  
5-H

T release increases 
gradually as autoreceptors 
becom

e m
ore desensitized

•
S

S
R

Is m
echanism

 of action: 



S
S

R
I treatm

ent

P
resynaptic 5-H

T1A receptors  delay antidepressant response but 
are also prim

arily responsible for the therapeutic effect 

P
ostsynaptic 5-H

T2 receptors are prim
arily responsible for the 

adverse effects due to the increased intrasynaptic serotonin levels

S
S

R
Is take 3 or m

ore w
eeks to take effect and this depends on tw

o 
slow

 changes in the brain: 

1.D
esensitization and dow

nregulation of 5-H
T1A autoreceptors w

ith 
increased release of 5-H

T   

2.R
elease of B

D
N

F w
hich prom

otes neuron grow
th and survival 



A
ntidepressant drugs

 
Five C

ategories 

1.Tricyclics (S
erotonin and N

oradrenaline reuptake 
inhibitors, S

N
R

I) 

2. M
onoam

ine oxidase inhibitors (M
A

O
I) 

3.S
elective serotonin reuptake inhibitors (S

S
R

I) 

4.A
typical – D

A
R

Is (dopam
ine reuptake inhibitors) 

5.N
ew

est



N
ew

est antidepressants
1. 2 nd generation SN

R
Is (serotonin and 

noradrenaline reuptake inhibitors) e.g. Venflaxine 

2.  SA
R

Is (serotonin reuptake inhibitors and receptor 
antagonists) e.g. N

efazodone 

3. N
aSSA

s (noradrenaline reuptake inhibitors and 
specific serotonergic antidepressants) e.g. 
M

irtazapine 

4.N
aR

Is (selective noradrenaline reuptake inhibitors) 
e.g. R

eboxetine



SSR
Is: 

Selective 
Serotonin 
R

euptake 
Inhibitors

R
IM

A
s: 

R
eversible 

M
onoam

ino oxidase A 
Inhibitors

N
aSSA

s: 
N

oradrenergic 
Specific 
Serotonergic 
A

ntidepressants

SA
R

I’s 
Serotonin 
A

ntagonist/ 
R

euptake 
Inhibitors

SN
R

Is: 
Serotonin 
N

oradrenaline 
R

euptake 
Inhibitors

N
aR

Is: 
N

oradrenaline 
R

euptake 
Inhibitors



TR
IC

Y
C

LIC
S

 (TC
A

s): 1
st generation of  S

N
R

I’s 
(S

erotonin/N
orepinephrine R

euptake Inhibitors)

M
echanism

s
D

rugs

•
5-H

T and N
A reuptake inhibition 

•
‘S

A
R

I’ (5-H
T

2  antagonism
) 

•
H

istam
ine and m

uscarinic 
receptors antagonists

•
A

m
itriptyline 

•
A

m
oxapine 

•
D

esipram
ine  

•
D

oxepine 
•

Im
ipram

ine  
•

N
ortriptyline

A
dvantages

D
isadvantages

•
Low

 cost 
•

Long clinical history 
•

S
ubset efficacy: 

–
C

hronic pain (am
itriptyline) 

–
D

yspepsia (doxepine) 

•
Lethal in overdose (↑Q

T
c ) 

•
S

exual dysfunction 
•

W
eight gain 

•
A

nticholinergic (sedation, 
constipation, dry m

outh)



M
onoA

m
ino O

xidase Inhibitors (M
A

O
I)

S
electivity

C
linical use

M
A

O
-A

: 5-H
T > N

A >> D
A 

D
epression

M
A

O
-B

: D
A

>> 5-H
T = N

A
P

arkinson's disease 

–
M

eclobem
ide

–
Selegilline  

–
R

asagilline  
–

Lanzabem
ide

–
Ladostigil 



M
A

O
-A Inhibitors 
(M

A
O

I)

M
echanism

s
D

rugs

•
Inhibit m

onoam
ine oxidase 

•
R

esults in ↑ N
E

•
Irreversible 
–

P
henelzine  

–
Tranycyprom

ine  
–

Isocarboxazid  
•

R
eversible (R

IM
A’s) 

–
M

eclobem
ide

A
dvantages

D
isadvantages

•
S

ubset efficacy: 
–

P
anic disorder 

–
S

ocial phobia

•
D

ietary restrictions (cheese, red 
w

ine): tyram
ine and consequent 

hypertension





S
elective S

erotonin R
euptake Inhibitors  

“S
S

R
I’s”

M
echanism

s
D

rugs

•
5-H

T reuptake inhibition 
•

S
tim

ulation of neurosteroids 
synthesis?

•
C

italopram
 

•
Fluoxetine (P

rozac
®) 

•
Fluvoxam

ine  
•

P
aroxetine  

•
S

ertraline 
A

dvantages
D

isadvantages

•
S

afety 
•

A
nxiolysis 

•
S

ide effect profile favorable: 
–

Low
 incidence of w

eight gain 
–
↓ A

nticholinergic effects

•
nausea, headache 

•
sexual dysfunction 



D
epressed 
M

ood
A

nxiety
C

ognitive 
Perturbation

R
educed 
Sleep 

Q
uality

Sexual 
D

ysfunction
Pain

Depression
Anxiety
Schizophrenia
Parkinson's
Alzheim

er's
Epilepsy
Chronic pain
Stroke

+++ 
++ 
+ 

++ 
+ + 

++ 
++

++ 
+++ 

+ + + + 
++ 
+

++ 
++ 
++ 
++ 

+++ 
++ 
+ 

+++

++ 
++ 
+ 

++ 
++ 
++ 
++ 
+

+ + + 
++ 
- + 

++ 
+

+ + + 
++ 
- + 

+++ 
++

S
ym

ptom
s and C

N
S

 D
isorders Frequently 

associated w
ith M

ajor D
epression



ATY
P

IC
A

L - D
A

R
Is

M
echanism

s
D

rugs

D
opam

ine (and N
A

) but not serotonin 
uptake inhibition 
P

resynaptic release of D
A and N

A 
•

bupropion

A
dvantages

D
isadvantages

 S
ubset efficacy:  

S
m

oking cessation 
•

C
onvulsions 

•
N

ervousness



2
nd gen. S

N
R

I’s 
 (S

erotonin and N
orepinephrine R

euptake Inhibitors)

M
echanism

s
D

rugs

S
erotonin and N

A uptake inhibition
•

Venlafaxine 
•

M
ilnacipram

A
dvantages

D
isadvantages

•
A

nxiolysis 
•

S
ubset efficacy: 

•
chronic pain 

•
bipolar disorders 

•
W

eight gain 
•

S
exual dysfunction 

•
N

E
 side effects: 

–
Tachycardia 

–
H

ypertension 
•

A
nticholinergics: 

–
H

ypertension 
–

C
onstipation



Percentage of 
Patients 

R
equiring 

A
nxiolytics

0% 5% 9%

14%

18%

8%

18%

14%
12%

3%

N
efazodone

Fluoxetine
S

ertraline
P

aroxetine
Venlafaxine

S
A

R
I’s 

S
erotonin A

ntagonist/ R
euptake 

Inhibitors 
M

echanism
s

D
rugs

•
5-H

T reuptake inhibition 
•

5-H
T

2a, 2c  antagonism
•

N
efazodone 

•
Trazodone

A
dvantages

D
isadvantages

•
E

arly relief of anxiety 
and agitation 
(nefazodone) 

•
Low

 incidence of sexual 
dysfunction

•
S

edation 



N
aS

S
A’s 

(N
oradrenergic S

pecific S
erotonergic A

ntidepressants) 

M
echanism

s
D

rugs
•

5H
T

2a,c  5H
T

3 antagonism
  

•
α

2  inhibition (blocks N
A ‘brakes’) 

–

•
M

irtazapine 
•

R
isperidone 

•
O

lonzapine

A
dvantages

D
isadvantages

•
A

nxiolysis (5-H
T2 blockade) 

•
Low

 incidence of sexual 
dysfunction (selective blockade) 

•
Low

 incidence of nausea and 
vom

iting (5-H
T3 blockade) 

•
Fast onset of action 

•
S

edation 
•

W
eight gain due to: 

–
H

1  antagonism
 

–
5H

T
2c  antagonism

 



N
aR

Is 
 N

oradrenaline reuptake inhibitors
M

echanism
s

D
rugs

•
N

A reuptake inhibition
•

R
eboxetine 

•
A

dvantages
D

isadvantages
•

? 
•

N
o m

ore effective than N
S

R
Is

5-H
T

1  A
gonists

M
echanism

s
D

rugs

•
A

gonists at 5H
T

1

•
B

uspirone  
•

Ipsapirone 
•

G
epirone

A
dvantages

D
isadvantages

•
A

nxiolysis 
•

N
o proven efficacy as single 

agents for depression



1.
A

dm
inistration of a 

bivalent drug (tw
o 

drugs, A and B
, liked 

by a spacer)

1.
A

dm
inistration of 

tw
o different 

drugs (A and B
) 

1.
A

dm
inistration of a 

non-selective 
bifunzional drug (C

) 

M
ultitarget drugs have com

plem
entary com

ponents of 
action and m

ay be m
ore effective (synergism

) and 
better tolerated than their highly selective counterparts

The M
ultitargetig approach:  

D
ual- and Triple-acting antidepressants



D
ual- and Triple-acting antidepressants



N
onm

onoam
inergic m

echanism
s 

for treatm
ent of depression

C
R

F:   
corticotrophin 
releasing factor 

G
R

:  glucocorticoid 
receptor 

M
C

H
:  m

elanin 
concentrating 
horm

one 

N
K

:  neurokinin 

PA
M

:  
positive allosteric 
m

odulator 

PD
E:  

phosphodiesterase 

V:  vasopressin



B
ipolar D

isorder
•

M
ania -  

–
Feeling very high on life 

–
Talking rapidly 

–
Feeling grandiose 

–
R

acing thoughts and 
speech 

–
E

rratic and im
pulsive 

actions 
–

D
elusions and 

hallucinations (severe)

H
ypom

ania -  
–

Like but less severe 
that m

ania 
–

E
uphoric, energetic 

and productive 
–

N
o hallucinations or 

delusions 
–

C
haracterized by an 

unusually good m
ood

•
Severe D

epression

•
H

ypom
ania (m

ild to 
m

oderate)

•
N

orm
al/balanced m

ood

•
M

ild to m
oderate 

D
epression

•
Severe M

ania



B
rain scans indicating the differences in brain activity w

hen a patient is sw
itching 

betw
een a depressive episode and hypom

anic episode



M
ood S

tabilizers For B
ipolar D

isorders

•
Lithium

 C
arbonate 

•
A

nticonvulsants: 
•

C
arbam

azapine 
•

Valproic A
cid                 

•
Lam

otrigine 
•

Topiram
ate



P
roposed signaling m

echanism
s underlying lithium

's 
neuroprotective effects


