


stereotyped defensive 
reactions to threat  
(im

m
obility and panic)

autonom
ic and m

otor 
responses to threat 
(tachicardia, sw

eating)

N
eural system

s involved in 
detecting threats 

and regulating behavioral 
and autonom

ic responses 
to threat

M
edial

M
edial Prefrontal 

C
ortex

H
ippocam

pus

A
m

ygdala

Periaqueductal 
G

ray
B

ed N
ucleus of the 

Stria Term
inalis

•
unconditioned 
(innate) anxiety 
responses 

•
conditioned (learnt) 
anxiety responses 

M
em

ory consolidation 
of em

otional events

A
utonom

ic, 
som

atic signs of 
fear

A
utonom

ic, 
som

atic signs 
of anxiety



•
A

nxiety is an adaptive response that enables the individual to 
recognize danger and deal w

ith an unknow
n vague internal or 

external threat 

•
N

orm
al anxiety is an advantageous response to a threatening 

situation that accom
panies m

any aspects of life 

•
Pathological anxiety is an inappropriate response to an internal 
or external stim

ulus

A
N

XIETY

A
nxiety disorders are characterized by feelings of anxiety and 

fear and inappropiately severe and prolonged anticipation of 
negative event.  
S

ym
ptom

s can range from
 m

ild to severe.  
It is m

ore a chronic than an episodic disorder.



A
nxiety D

isorders

G
eneralized anxiety disorder (G

A
D

): general 
sym

ptom
s of m

otor tension, autonom
ic 

hyperactivity, etc. for at least one m
onth 

Phobic anxiety:  
Sim

ple phobias (A
goraphobia, fear of anim

als, etc.) 
Social phobias 

Panic disorders: C
haracterized by acute attacks of 

fear as com
pared to the chronic presentation of G

A
D

 
O

bsessive-com
pulsive behaviors (O

C
B

): repetitive 
ideas (obsession: a persistent idea, im

age or desire) 
and behaviors (com

pulsion: a strong im
pulse to 

perform
 an act, especially one that is irrational or 

contrary to one's w
ill) 

Post-traum
atic stress disorders (PTSD

)



G
EN

ER
A

LIZED
 A

N
XIETY D

ISO
R

D
ER

•
First-line therapy

•
S

econd-line therapy

•
SSR

I (citalopram
, paroxetine) 

SN
R

I (venlafaxine) w
ith good risk/

benefit ratio, efficacy and 
tolerability 

•
N

ote: slow
 onset of activity and 

early discontinuation has high risk 
of relapse (treatm

ent for one year, 
gradual discontinuation) 

•
benzodiazepines (early onset of 
action but adverse effects), TC

A  
(poor safety and tolerability) 

•
partial 5-H

T1A receptor agonist 
(buspirone) for com

orbidity w
ith 

alcohol dependence and add-on 
S

S
R

I therapy 
•

Inhibitors of VD
C

C
 (G

abapentin 
and pregabalin) 

•
atypical antipsychotic drug 
(quetiapine) in refractory patients 

O
B

SESSIVE-C
O

M
PU

LSIVE D
ISO

R
D

ER

•
SSR

I ( fluoxetine, paroxetine, 
sertraline) 

•
glutam

ate- m
odulating agents: 

topiram
ate, riluzole (inhibition of 

glutam
ate release), m

em
antine 

(blocker) and cycloserine (partial 
agonist) 

•
5-H

T 3 receptor antagonist 
(ondansedron)



PA
N

IC
 D

ISO
R

D
ER

•
First-line therapy

•
S

econd-line therapy

•
SSR

I ( fluoxetine, paroxetine, 
sertraline) 

•
M

A
O

I (dietary restriction), 
benzodiazepines (alprazolam

) 
•

A
nticonvulsants (valproate) 

••
N

ovel target: adenosine 
receptors

PO
ST-TR

A
U

M
ATIC

 D
ISO

R
D

ER
•

 SSR
I 

•
M

A
O

I (dietary restriction) 
•

A
nticonvulsants (lam

otrigine 
B

U
T available data are lim

ited) 
•

From
 anim

al studies: prevention 
(beta- blockers, hydrocortisone 
I.v.)

SO
C

IA
L D

ISO
R

D
ER

•
SSR

I 
•

M
A

O
I (dietary restriction), R

IM
A 

(m
oclobem

ide) 
•

clonazepan (add-on therapy)



G
A

B
A

-A receptors

The G
A

B
A

A
-R

 are m
em

bers of the C
ys-loop pentam

eric 
LG

IC
 superfam

ily, including nicotinic A
ch receptors, 

inhibitory glycine receptors, and ionotropic 5-H
T3  receptors

•
19 different G

A
B

A
A  receptor subunits have been identified in 

m
am

m
als: 

 
α (1–6), β (1–3), γ (1–3), δ, ε, ρ (1–3), θ and π

The m
ajority of the native receptors are com

posed of α, β 
and γ subunits w

ith at least one of 3 general com
positions 

subunit in a 2:2:1 stoichiom
etry :  

2α2β1γ 
2α1β2γ 

  
1α2β2γ



The benzodiazepine binding site



•
The α subunit is the 

m
ain determ

inant of the 
variability of the 

benzodiazepine site’s  
•

affinity and efficacy

The benzodiazepine binding site



B
D

Zs Functions associated w
ith different 

α subunits

Sedation
/

H
ypnosis A

nxiolysis
M

uscle
relaxation

A
nti-

convulsive
A

m
nesia

A
ddiction

3
1

2
5

A
lfa subunits



Phasic inhibition is 
m

ediated by release of 
G

A
B

A into the synaptic cleft 
w

ith rapid desensitization of 
postsynaptic receptors  

Tonic inhibition is m
ediated 

by G
A

B
A spillover from

 the 
synapse or nonvescicular 
pathw

ays 

The nondesensitizing  
currents m

odulate the 
electrical  
potential of pre- and 
postsynaptic  
m

em
branes 

 

G
A

B
A

-ergic synaptic and extrasynaptic 
neurotransm

ission



W
anted

effects
U

nw
anted effects

A
nxiolysis

Tolerance and dependence

S
edation/hypnosis

S
edation

A
m

nesia
C

ognitive im
pairm

ent

M
uscle relaxation

A
taxia

S
eizure protection

P
roperties of B

D
Zs



         N
orm

al 
 | R

elief from
 A

nxiety 
             | 

  SED
ATIO

N
 

(D
row

siness/decrease reaction tim
e) 

  
                    |   

  
 

H
YPN

O
SIS  

  
   

          | 
  

C
onfusion, D

elirium
, A

taxia 
  

 
           | 

   
  

Surgical A
nesthesia 

  
 

                     |
   

 
 

D
epression of respiratory  

and vasom
otor centers in the brainstem

 
                                      | 
                            C

O
M

A and D
EATH



H
ypnotic 

M
idazolam

A
nxiolytic 

A
lprazolam

 (X
anax), N

itrazepam
, Fluorazepam

H
ypnotic - A

nxiolytic  
Lorazepam

, O
xazepam

, Tem
azepam

A
nxiolytic - M

uscle relaxant 
D

iazepam
 (Valium

), C
hlordiazepoxide (Librium

)

A
nticonvulsant - A

nxiolytic 
D

iazepam
, C

lonazepam
 (m

ania)

W
hat A

re B
D

Zs for?



B
iotransform

ation of B
ZD

s



Elim
ination 

half-tim
e (h)

C
learance

(m
l/kg/m

in)
Vd

(L/kg)

Plasm
a 

protein 
binding %

M
idazolam

1.7-2.6
5.8-9.0

1.1-1.7
96

D
iazepam

20-50
0.2-0.5

0.7-1.7
98

Lorazepam
11-22

0.8-1.8
0.8-1.3

90

Flum
azenil

0.7-1.3
13-17

0.9-1.1
40



•
B

D
Zs have a w

ide m
argin of safety if used for short periods  

•
Long-term

 use (> 2 w
eeks) increases risk for adverse effects: 

–
M

isuse, abuse, dependence 
•

   M
otor im

pairm
ent (reaction tim

e) 
•

   C
ognitive im

pairm
ent (sedation, am

nesia) 

•
P

harm
acodinam

ic drug interactions w
ith other C

N
S

 depressants 
(alcohol, other anxiolytic drugs, O

TC
 antihistam

inic and 
anticholinergic drugs) 

•
P

harm
acokinetic drug interactions w

ith S
S

R
I’s and oral 

contraceptives (decrease m
etabolism

 of B
D

Zs) 

•
W

ithdraw
al syndrom

e 

Side Effects of B
enzodiazepines



Side Effects of B
enzodiazepines



B
D

Zs 
receptors in 

the VTA 
dopam

inergic 
rew

ard circuit



Short-acting benzodiazepines 
Lorazepam

, tem
azepam

A
llosteric m

odulator of G
A

B
A

-A receptor 
Zolpidem

, Zopiclone (B
D

Zs site) 
C

hlorm
ethiazole

M
elatonin receptor agonists 

M
elatonin, R

am
elteon

O
rexin receptor antagonists 

S
uvorexant

H
istam

ine H
1 receptor antagonists 

P
rom

etazine, D
oxepin 

H
ypnotic drugs


