
Psychosis
 A disorder in w

hich contact w
ith reality is lost  

characterized by 

1. disturbances of reality perception  
2. inappropriate or dim

inished affect (m
ood) 

3. im
paired cognitive function 

 
P

sychosis denotes m
any m

ental disorders 

 
S

chizophrenia  is a particular kind of psychosis 
characterized m

ainly by m
arked thinking 

disturbance



Schizophrenia
S

chizophrenia  is a chronic rem
itting and relapsing or 

progressive psychotic disorde 
associated w

ith significant im
pairm

ent in social  interactions and 
occupational functioning  

and an average reduction of lifespan  of 15 to 25 years 
•

A
fflicts 1%

 of the population in all races and culture 
•

O
nset of schizophrenia is in the late teens - early tw

enties

Positive Sym
ptom

s 

N
egative Sym

ptom
s  

C
ognitive im

pairm
ent 

Sym
ptom

s



•
H

allucinations (false perceptions: hearing voices others do not hear; 
S

eeing, feeling, or sm
elling things other do not) 

•
D

elusions (false beliefs: Intense suspicion; Thoughts controlled by 
M

artians; R
adios im

planted in teeth) 
•

D
isordered Thought P

rocesses and behavior (Loose associations, 
W

ord salad, Flight of Ideas)

Positive Sym
ptom

s

N
egative Sym

ptom
s 

A
pathy, social w

ithdraw
al, anhedonia, em

otional blunting, extrem
e 

inattentiveness or lack of m
otivation to interact w

ith the environm
ent 

(N
egative sym

ptom
s are progressive and less responsive to 

therapy) 

C
ognitive im

pairm
ent 

C
ognitive deficits and deficits in attention and executive function



E
tiology of Schizophrenia

!
 B

iological C
orrelates 

1. H
eritability  

2. G
enetic Factors 

3. Environm
ental stressors  

4. N
eurodevelopm

ental abnorm
alities 

•
E

tiology is unknow
n 

•
G

enetic predisposition w
ith m

ultiple genes involved 

•
M

ay or m
ay not be present w

ith anatom
ical changes



1. H
eritability



1. H
eritability



2. G
enetic Factors

S
om

e genes im
plicated: 

G
R

IN
2A (subunit of the N

M
D

A 
receptor) 
G

R
IA

1 (subunit of the A
M

PA 
receptor) 
C

A
C

N
A

1C
 (encoding V

D
C

C
s) 

P
S

D
95, C

A
C

N
G

2 (proteins 
associated w

ith the post-
synaptic scaffold kinases) 
S

R
R

 (serine racem
ase)

S
chizophrenia is highly 

polygenic and the genetic 
risk is highly pleiotropic



3. E
nvironm

ental stressors
• M

aternal stress, m
aternal infections 

•B
irth com

plications 
•N

utritional deficiency; A
utoim

m
une diseases; H

ead 
injury; C

hildhood adversity 
• S

ubstance of abuse

4. N
eurodevelopm

ental H
ypothesis

•
E

nvironm
ental stressors during early brain 

developm
ent w

ill alter the norm
al program

 of brain 
m

aturation (progenitor cells proliferation, neuronal 
m

igration, dendritic arborization and outgrow
th)



Figure 1



4. N
eurodevelopm

ental abnorm
alities



D
opam

ine R
eceptors fam

ily

D
opam

ine R
eceptor D

istribution
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D
opam

ine System
Four m

ajor pathw
ays for the dopam

inergic 
system

 in the brain: 

I.
The N

igro-S
triatal P

athw
ay 

II.
The M

esolim
bic P

athw
ay 

III.
The M

esocortical P
athw

ay 
IV.

The Tuberoinfundibular P
athw

ay 

C
hem

oreceptor trigger zone 
(E

m
esis)



•
P

rojects from
 the 

substantia nigra to 
the basal ganglia 

•
A part of the 
extrapyram

idal 
system

, is involved 
in the control of 
m

otility 

 I. The N
igrostriatal P

athw
ay 

•
Ipoactivity results in rigidity, trem

or and 
difficulty initiating m

ovem
ent (bradykinesia)  

•
P

arkinsonism

Substantia 
nigra

Striatum



•
O

veractivity produces delusions and 
hallucinations (positive sym

ptom
s of 

schizophrenia)

Ventral 
tegm

ental 
area

N
ucleus 

accum
bens

II. The M
esolim

bic P
athw

ay 
P

rojects from
 the V

TA to 
lim

bic system
 via  N

ucleus 
A

ccum
bens, am

ygdala 
and hippocam

pus  

Involved in m
odulating 

behavioral responses to 
stim

uli that activate 
feelings of rew

ard 
(m

otivation) and 
reinforcem

ent  



•

Ventral 
tegm

ental 
area

Frontal 
cortex

III. The M
esocortical P

athw
ay 

P
rojects from

 the V
TA 

to frontal cortex 

Involved in m
otivation 

and em
otional 

responses  

C
an be associated 

w
ith both positive and 

negative sym
ptom

s 
(m

ood) 
B

lockade m
ay help reduce negative 

sym
ptom

s of schizophrenia



•

hypothalam
us

Pituitary

B
lockade of this pathw

ay produces 
galactorrhea

IV. The tubero-infundibular pathw
ay

P
rojects from

 
hypothalam

us to 
m

edian em
inence 

and pituitary gland  

Involved in control of 
prolactine release 
(suppressed by 
dopam

ine) 



D
opam

ine Theory of Schizophrenia

D
rugs 

that 
increase 

D
A 

in 
the 

lim
bic 

system
 

cause 
psychosis: 

•
L-D

O
PA (dopam

ine precursor) can produce hallucinations 
•

A
pom

orphine and brom
ocriptine (D

2  receptor agonists) 
produce behavioral abnorm

alities in anim
als (stereotyped 

behavior) 
•

A
m

phetam
ine and cocaine produce a psychotic behavior 

sim
ilar to the ‘positive’ features of schizophrenia

S
chizophrenia could be caused by an aberrant activity of the 
dopam

inergic system

•
D

rugs that reduce D
A activity in the lim

bic system
 

(postsynaptic D
2  receptor antagonists) reduce psychosis and 

are effective in controlling the positive sym
ptom

s 
•

M
any antipsychotics block the D

2  receptor



C
riticism

s of the D
A hypothesis

•
N

orm
al levels of D

A m
etabolites are present in C

S
F of m

any 
schizophrenics 

•
D

2  receptor antagonists are only partially effective in m
ost  

(70%
) patients and ineffective for som

e 
•

D
elayed onset of therapeutic effects, not consistent w

ith only an 
antagonism

 tow
ard D

2 receptors (slow
 developing 

com
pensatory change/adaptation?) 

•
A

typical antipsychotics have low
 affinity for D

2 receptors

•
D

rugs like P
hencyclidine (C

P
C

) and ketam
ine (N

M
D

A receptor 
blocker) or LS

D
 (5-H

T partial agonist) cause psychotic 
behavior



                                       E
ffects of P

C
P on various receptors



N
M

D
A receptor hypofunction causes excessive glutam

ate release 
w

hich triggers neuronal injury throughout corticolim
bic regions 

•
D

isruption of corticolim
bic glutam

atergic transm
ission by acute 

P
C

P leads to intense and disorganized hyperactivity (m
odel for 

positive sym
ptom

s) 

•
D

isruption of corticolim
bic glutam

atergic transm
ission by chronic 

P
C

P leads to deficits in long-term
 m

em
ory, attention and social 

interaction (m
odel for cognitive im

pairm
ent and negative 

sym
ptom

s) 

•
P

C
P produces hypofrontality in nonhum

an prim
ates, and 

this effect is reversed by antipsychotic drugs

N
M

D
A receptor hypofunction hypothesis 



H
ypofrontality: reduced frontal lobe activity 

Functional im
aging techniques (fP

E
T) reveal decreased m

etabolic 
activity in frontal cortex of schizophrenics 



     D
opam

ine

Serotonin

A
cetylcholine

N
europeptides

    G
lutam

ate
G

A
B

A

5-H
T has a m

odulatory effect on dopam
inergic neurones 

LS
D

, a partial 5-H
T receptor agonist, produces hallucinations and 

behavioral disturbance 

M
-chlorophenylpiperazine (M

-C
P

P
), a 5-H

T receptor agonist, w
orsens 

psychotic sym
ptom

s 

R
itanserin, a 5-H

T receptor antagonists, attenuates psychotic sym
ptom

s

The role of S
erotonin (5-H

T)



First generation 
TY

P
IC

A
L

S
econd generation 

ATY
P

IC
A

L
1952

1960s
1970s

1980s
1990s

2000s

Chlor
prom

azine

Haloperidol
(Serenase)

Fluphenazine
Thioridazine

Trifluoperazine

M
olindone

Pim
ozide

Clozapine
Risperidone
O

lanzapine
Q

uetiapine
Ziprasidone

Aripiprazole
Paliperidone
Iloperidone
Asenapine
Lurasidone

H
ave P

arkinsonian side effects

E
ffective against positive 

sym
ptom

s 

N
ot all patients respond to 

drug therapy

H
ave m

inim
al P

arkinsonian 
side effects

E
ffective against both positive 

and negative sym
ptom

s 

E
ffective in "resistant" 

patients 



1. C
linical potency of typical antipsychotic drugs 

correlated w
ith their affinity for D

2  receptors



E
FFIC

A
C

Y: D
2 R

eceptor antagonism
  

in the M
esolim

bic pathw
ay decreases positive sym

ptom
s 

S
ID

E
 E

FFE
C

TS
: D

2 R
eceptor antagonism

 

in the M
esocortical pathw

ay can increase negative sym
ptom

s 

in the N
igro-S

triatal pathw
ay causes E

xtra-P
yram

idal S
yndrom

e 
(E

P
S

)  or P
arkinsonism

, D
ystonia, Tardive dyskinesia, A

kathisia, 
N

euroleptic m
alignant sndrom

e 

in the pituitary gland causes endocrine changes 
(hyperprolactinem

ia, am
enorrhea, galactorrhea, infertility, 

gynecom
astia and sexual dysfunction)

•
2. A

ntagonism
 of dopam

ine D
2 receptors is the basis 

for both the efficacy and side effects of typical 
antipsychotics



•
3. Typical antipsychotic are also effective 
antagonists at A

C
h, 5-H

T and N
E receptors

•
B

lurred vision, D
ry m

outh, S
inus tachycardia, 

C
onstipation, U

rinary retention, M
em

ory dysfunction

H
istam

ine H
1 B

lockade
•

S
edation, drow

siness, W
eight gain, H

ypotension

M
uscarinic receptor blockade 

A
lpha-1 receptor blockade 

•
N

E
: A

rteriolar dilation→
 reduction of arterial blood 

pressure and D
izziness 

•
E

: Venodilation→
 orthostatic hypotension - R

eflex 
tachycardia



•
A

ll are equally effective but differ in their tolerability 
•

A
ll show

 a significant delay before they becom
e 

effective 
•

A
ll produce significant adverse effects

Typical A
ntipsychotic drugs

•
Lim

ited efficacy against negative sym
ptom

s 
•

A substantial portion of patients (25%
 to 40%

) respond 
poorly to treatm

ent 
•

E
P

S
 occurs at clinically effective doses 

•
D

rug interaction w
ith additive effects w

ith sedatives, 
anticholinergic, antihistam

inergics, alfa receptor 
blocking agents

D
isadvantages of Typical A

ntipsychotics



A
typical antipsychotic drugs

•
A

re effective against positive and negative sym
ptom

s 
w

ith som
e im

provem
ent in cognition 

•
A

re effective in patients refractory to typical 
neuroleptics 

•
G

reatly reduced or absent E
P

S
 

•
D

isadvantage: E
xpensive

A
dvantages of Typical A

ntipsychotics

•
E

fficacious for positive sym
ptom

s 
•

Low
-cost



A
ntipsychotics: receptor order of potency

TYPICAL:

C
hlorprom

azine
 

 α
1  = 5-H

T
2  = D

2  > D
1 > M

 > α
2 

H
aloperidol 

D
2  > D

1 = D
4  > α

1  > 5-H
T

2 >H
1 >M

 = α
2 

C
lozapine

D
4  = α

1  > 5-H
T

2 = M
 > D

2  = D
1 = α

2 ; H
1

ATYPIC
A

L:

Q
uetiapine

5-H
T

2 =  D
2  = α

1  = α
2 ; H

1

R
isperidone

5-H
T

2 >> α
1 > H

1 > D
2 > α

2 >> D
1

S
ertindole

5-H
T

2  > D
2 =

 α
1  



TYPIC
A

L
ATYPIC

A
L

D
2          5-H

T2
D

2          5-H
T2



D
1

D
2

5-HT2A
 

5-HT1A
5-HT6
5-HT7
alfa 2
alfa 1
H1M



A
ll atypical neuroleptics have affinities for D

1, D
3, D

4, 
histam

ine,  and α-A
R

 receptors, display balanced D
2/D

1 
receptors antagonism

 and 5-H
T2 receptors  antagonism

 

D
ue to the m

odulatory role of 5-H
T on dopam

inergic neurones, 
atypical antipsychotic drugs w

ith 5-H
T receptors contributes to: 

!
 the low

 risk of producing E
P

S
 (B

lockade of 5-H
T2A receptors 

in the nigro-striatal pathw
ay enhances dopam

ine release) 

!
 the antipsychotic action (B

lockade of  5-H
T2A receptors in 

the m
esocortical pathw

ay enhances the release of both 
dopam

ine and glutam
ate) 

!
 the ability to im

prove cognition (5-H
T6 and 7 antagonists 

exert pro-cognitive effect

A
typical A

ntipsychotics: 
D

rug/R
eceptor C

haracteristics



PO
SITIVE 

SYM
PTO

M
S

NEG
ATIVE 

SYM
PTO

M
S

SIDE
EFFECTS

CLO
ZAPINE

+
+/-

Seizure 
Agranulocytosis

RISPERIDO
NE

+
+/-

W
eight gain 

EPS

O
LANZAPINE

+
+/-

W
eight gain 
D

iabetes

ZIPRASIDO
NE

+/-
+

W
eight gain

Q
UIETAPINE

+/-
+

Sedation 
Also for depression

ARIPRIPAZO
LE

-
+/-

U
ncontrolled 

m
ovem

ents



M
odulation of neurotrophic factors by 

antipsychotic drugs

E
xpression of B

rain-D
erived N

eurotrophic Factor 
(B

D
N

F) and its high affinity receptor TrkB
 are reduced 

in the brain of schizophrenic patients  

N
eurotrophin (N

TF) levels are reduced in the serum
 of 

schizophrenic patients 

A
ntipsychotic drugs m

ay be able to norm
alize levels of 

N
TF or m

odulate their expression in order to enhance 
and prom

ote neuronal plasticity



P
harm

acokinetics
A

bsorption and D
istribution

R
ead but incom

plete and erratic absorption 

S
ignificant first-pass m

etabolism
 (F 25-65%

) 

H
igh level of protein binding (92-98%

) 

H
igh volum

es of distribution (>7 L/K
g

M
etabolism

M
ostly com

pletely m
etabolized by glucuronic acid conjugation 

(inactive m
etabolites)

E
xcretion

U
rinary (M

etabolites can be detected several m
onths after drug 

discontinuation  

E
lim

ination 
half-lives are 
10-24 hrs


