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PHARM
ACO

LO
G

ICAL ACTIO
NS O

F M
O

RPHINE

Central Nervous System
 Analgesia 
 Euphoria 
 Sedation  
 (D

ysphoria and hallucinations) 
 Pupillary constriction 
 N

ausea and vom
iting 

 Respiratory depression 
 D

epression of cough reflex 
 Tolerance and dependence 

G
astrointestinal tract

 Reduced m
otility and increased        

tone w
ith: 

 C
onstipation 

 C
ontraction of biliary sphincter 

O
ther actions 

 H
istam

ine release w
ith: 

 U
rticaria and itching 

 Bronco constriction 
   H

ypotension and bradycardia 

 Im
m

unosuppressant effects



In the 1950s:  
proposal of the  presence of specific receptors for opioids 

In the  1970s: 
P

roposal of the presence of three different receptors: 
•

m
u receptors (from

 M
orphine)                   M

O
R

 
•

kappa receptors (from
 K

etocyclazocine)   K
O

R
 

•
delta receptors (from

 D
eferent vessels)    D

O
R

 

Isolation and characterization of  endogenous ligands 
(endorphins): 
•

B
eta-endorphins 

•
D

ynorphins 
•

E
nkephalins 

In the 1990s: 
•

C
loning of  M

O
R

, D
O

R
 and K

O
R

 G
P

C
R

s 
•

Identification of O
rphanin FQ

/ nociceptin receptor (no affinity 
tow

ards naloxone)

O
PO

ID
S R

EC
EPTO

R
S A

N
D

 TH
EIR

 LIG
A

N
D
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I EN
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EN
D

O
G
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U
S O

PIO
ID

 PEPTID
ES 



EN
D

O
G

EN
O

U
S O

PIO
ID

 PEPTID
ES: SYN

TH
ESIS 

B
eta-endorphin

M
et/Leu-enkephalin

Leu-enkephalin

D
ynorphin

O
rphanin FQ

/ nociceptin



M
ETA

B
O

LISM
 O

F EN
D

O
G

EN
O

U
S PEPTID

ES

neprilysin 
(N

EP) 
am

ino 
peptidase N

 
(A

PN
) 



M
O

P
DO

P
KO

P
NO

P
EN

D
O

G
EN

O
U

S O
PIO
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S

B
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M
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D

ynorphin 
O
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 et al. B
r. J. A

naesth. 2011;107:8-18

AG
O

NISTS
PARTIAL AG

O
NISTS

ANTAG
O

NISTS

M
orphine (T1/2 = 2 h) 

M
eperidine 

Levorphanol 
Fentanyl 
M

ethadone (T1/2 = 14-40 
h)

Buprenorphin
N

albuphine 
N

alorphine 

Naloxone
N

altrexone 

M
O

P RECEPTO
RS



M
EC

H
A

N
ISM

 O
F A

C
TIO

N

•A
ll four types of opioid receptors are G

i/o-protein coupled receptors 

1. A
denynyl cyclase inhibition 

2. N
 and P

/Q
 voltage-dependent calcium

 channel inhibition 

3. A
ctivation of G

IR
K

 (G
 protein-inhibited  rectifying K

+ channels) 

4. A
ctivation of M

A
P kinase pathw

ay



Pharm
acological classification of the opioid receptor fam

ily.

D
ietis N

 et al. B
r. J. A

naesth. 2011;107:8-18
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 FA
M

ILY

THE O
PIO

ID SYSTEM
 PARADO

X?

A large num
ber of endogenous ligands (at least 11) converge on only a 

sm
all num

ber of opioid receptors (4 genes) 
E

ndogenous ligands display poor selectivity tow
ards opioid receptors 

(w
ith the exception of D

ynorphin A for K
O

R
) 

S
everal pharm

acological evidence suggest the existence of m
ultiple 

receptor subtypes  
M

O
P antagonists (e.g. N

aloxonazine) block m
orphine-induced 

analgesia but not alter respiratory depression, constipation or itching 
O

n the other hand, knockout of M
O

P receptor inhibits all the M
O

P 
receptor associated activities
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R
EC

EPTO
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SU

B
TYPES EXIST?

Three alternative possible m
echanism

s: 

•
A

lternate splicing of a com
m

on gene product 

•
Functional selectivity (biased agonism

) 

•
O

m
o - and/or hetero-dim

erization



1. A
LTER

N
ATIVE SPLIC

IN
G

E
xon 1 is necessary 

for the analgesic 
activity of m

orphine 
P

R
O

TE
IN

 IS
O

FO
R

M
S

E
xon 2 is necessary 

for the analgesic 
activity of fentanyl 



D
ifferent  ligands influences w

hich G
 protein associates w

ith the 
receptor thus prom

oting distinct coupling efficiencies (distinct 
intracellular pathw

ays)

2. FU
N

C
TIO

N
A

L SELEC
TIVITY 

(ligand-selective efficacy)



 Adaptor protein-2 (AP-2)

 R
ole of G

-protein  coupled receptor kinase (G
R

K
) and arrestins 

D
E

S
E

N
S

ITIZATIO
N

 of G
P

C
R

s: 
 m

olecular m
echanism

s



R
eceptor desensitization is a reduced response of a receptor 

that follow
s a prolonged exposure to an agonist and it is due to 

uncoupling of a receptor from
 G

 proteins 

D
esensitization also results from

 receptor internalization, the 
rem

oval of receptors from
 a plasm

a m
em

brane by endocytosis 
(dow

nregulation)  

Internalization can be follow
ed by receptor recycling 

(resensitization) or lysosom
al degradation 

D
esensitizantion can cause (pharm

ocodinam
ic) tolerance, the 

need to increase the drug dose to obtain the required effect

Turning off the signal: 
 desensitization of G

P
C

R
s function



FU
N

C
TIO

N
A

L SELEC
TIVITY

S
elective ligands of opioid receptors can direct the receptor 

to favore one or m
ore signaling events

PKC

DAM
G

O
M

orphine

G
RK

M
orphine does not prom

ote M
O

P 
receptor internalization and 
causes tolerance at high degree 

In contrast, D
A

M
G

O
 causes 

robust internalization and low
 

tolerance degree



D
im

erization affects 
signal transm

ission and 
desensitization  

and can explain the 
differences in efficacy 
and in abuse potential of  
different ligands

3. G
PC

R
 D

IM
ER

IZATIO
N

P
otential G

P
C

R
 dim

er interfaces 
C

ontact dim
ers     D

om
ain dim

er interfaces



N
o response: 

A
gonists stim

ulation causes 
the dim

er dissociation

Strong response: 
R

educed internalization

M
O

R
DO

R

D
ifferent signal properties: in 

D
O

R
 absence, M

O
R

 
dependent tolerance and 
dependence are reduced

O
M

O
- and H

ETER
O

-D
IM

ER
IZATIO

N
 betw

een O
pioid receptor subtypes

M
O

R
NK1

M
O

R
CB1

Alfa2
M

O
R

O
M

O
- and H

ETER
O

-D
IM

ER
IZATIO

N
 betw

een G
PC

R
 

Enhances the potency 
of m

orphine
Potentiated phosphorylation 

of M
A

PK
 induced by 

m
orphine

SubP causes 
internalization



M
O

P
DO

P
KO

P
NO

P

A
nalgesia  

     supraspinal 
     spinal 
     peripheral 
R

espiratory depression                                   
P

upil constriction 
R

educed gastrointestinal m
otility 

E
uphoria 

D
ysphoria and allucinations 

S
edation 

Tolerance and dependence
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PA
IN

 PATH
W

AY
S

A
fferent nerves 

stim
ulated by noxiuos 

stim
ula  (1) 

activate spinal neurones 
(2) 

that take the 
inform

ations to the 
sovraspinal centers (3) 

The S
N

C
 m

odulates the 
overall response through 
efferent control system

s 
(4)

• P
ain: a sensorial and 

em
otional experience 

due to a real or 
potential tissue 
dam

age, associated 
w

ith som
atic and 

em
otional com

ponents
1.

A
cute: useful, triggers appropriate 

protective responses 
2.

C
hronic: unuseful, w

ith adaptive 
and em

otional m
echanism

s that 
can increase pain perception



1st O
R

D
ER

 N
EU

R
O

N
S

C
 fibers  - slow

 conductance speed:  
sm

all am
yelinated 

sensitive to therm
al changes, chem

icals, pressure  
diffuse and strong pain

A
δ fibers - fast 

conductance speed: 
sm

all m
yelinated  

sensitive to m
echanical 

noxiuos stim
uli 

localized pain

P
rim

ary sensory nerves 
N

ociceptors



1st O
R

D
ER

 N
EU

R
O

N
S

N
ociceptors are 

activated also by 
m

ediators 
released after 
tissue injury



PA
IN

 PATH
W

AY
S

: 
1st and 2nd order neurons



3th O
R

D
ER

 N
EU

R
O

N
 

2nd O
R

D
ER

 N
EU

R
O

N

1st O
R

D
ER

 N
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R
O

N



TH
E

 TO
P

-D
O

W
N

 PATH
W

AY: 
the efferent control system

s

anterior cingulate cortex (A
C

C
) 

hypothalam
us (H

) 
thalam

us (T) 
periaqueductal grey (PA

G
) 

rostral ventrom
edial m

edulla (R
V

M
)

inhibitory (O
FF cells, green) 

serotonergic (yellow
) 

N
o pain....

facilitatory (O
N

 cells, red) 
Yes, pain! 



    
W

ithin the RVM
 

M
O

R agonists produce anti-nociceptive effects by inhibiting on 
cells and disinhibiting off cells 
O

RL1 (N
O

P) and KO
R agonists can block analgesia by inhibiting 

off cells or block hyperalgesia by inhibiting on cells

Yes, pain!
N

o pain....



thalam
us

Descending
Inhibitory
Pathw

ays

SG

G
S substantia gelatinosa

Spinothalam
ic

pathw
ay

Nociceptive 
afferents

(C, A delta fibers)

M
echanoreceptors 
(A beta fibers)

G
ATE 

C
O

N
TR

O
L 

SYSTEM

dorsal horn



                            

P
ain pathw

ays: 
an overview





THE M
ESO

LIM
BIC DO

PAM
INE PATHW

AY:
THE REW

ARD CIRCUIT AND THE BASIS FO
R DRUG

 ABUSE

V
TA ventral tegm

ental area 

N
acc nucleus accum

bens 

P
FC

 prefrontal cortex 

VTA
 

PFC
 

Nacc 



The dopam
inergic neurons activity in the V

TA is negatively controlled by 
the basal activity of G

A
B

A
ergic neurones 

D
rugs that cause disinhibition of dopam

inergic neurons are potentially 
drug of abuse (e.g.: benzodiazepines)

THE M
ESO

LIM
BIC DO

PAM
INE PATHW

AY:
THE REW

ARD CIRCUIT AND THE BASIS FO
R DRUG

 ABUSE



D
isinhibition m

echanism
 of dopam

inergic neurons in the 
V

TA by benzodiazepines 



1

2

DA

DA

D
isinhibition of dopam

inergic neurons (left) in the V
TA by 

opioid (1) and cannabinoid (2) receptors expressed on 
G

A
B

A
ergic neurons (right) 

C
B

1R


