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Two Types of  GABA Receptors
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Allosteric Modulation
modulation achieved by binding of  a drug to a site distinct
from the site required for activation.

definition: 

- Rudolph & Knoflach, 2011 
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GABA

BDZ

types: 
positive (agonism)

negative (inverse agonism)

antagonist (blocker) 

benzodiazapines

bCCE

Flumazenil
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Benzodiazepines
there are many 

Diazepam (Valium) among the first (launched 1963).
4 benzodiazepines are among the 200 most commonly 
prescribed drugs in the U.S.

Alprazolam (Xanax)
Clonazepam (Klonopin)
Diazepam (Valium)
Lorazepam (Ativan)

actions are dose-dependent:

anxiolysis

sedation

hypnosis
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death

dose0 8 16 24
time (hours)

Benzodiazepines

ideal hypnotic

ideal anxiolytic

from Patrice Guyenet, UVA Pharm Dept.

redistribution

metabolism

Problems
pharmacokinetics
side effects

flurazepam

11

Benzodiazepine Metabolism
metabolized by the liver (CYPs)

pharmacokinetics highly variable  
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from Patrice Guyenet, UVA Pharm Dept.

short-acting (t1/2<6hrs)

intermediate-
acting (t1/2: 6-24hrs)

long-acting (t1/2>24hrs)

age-dependent

can be sex-dependent
over-sedation can occur with ‘standard doses’

Greenblatt et al., 2000
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Inhibitory Current
+ benzodiazapene
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100 ms

5 subunits

chloride pore

(i.e. pentameric)

a Subunits and Selectivity

a1 a2 a3 a5

Muscle
Relaxation

Anti-
Convulsant

the good

Amnesia Addiction

the bad

Tan et al., 2011 

Sedation       Anxiolysis
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a1-selective agents
20-fold higher affinity for
receptors containing a1
subunits 

a Subunits and Selectivity

‘Z compounds’

technically non-benzos

good for insonmia

a2-selective agents
non-sedating anxiolytics
hopefully soon…

Rudolph & Knoflach, 2011 

(zolpidem)

Cl

CH3 O

diazepam

O2N

Cl

H O

clonazepam imidazopyridinebenzodiazepine

Benzodiazepines: Therapeutic Uses
maximize therapy, minimize side-effects  

anesthesia

death

anxiolysis
sedation
hypnosis

0 8 16 24
time (hours)

ideal hypnotic

sedation-hypnosis
true benzodiazepines

Triazolam (closest to ‘ideal hypnotic’)

Flurazepam (less ‘early morning insomnia’)

Z compounds

Zolpidem (Ambien)

Zaleplon (Sonata)
Eszopiclone (Lunesta)

anxiolysis
most benzos with medium- to long-T1/2 work

a2-selective benzos are actively being developed

associated with prominent autonomic signs (e.g. panic disorders)
severe anxiety:

high-potency benzos used

Lorazepam (Ativin)

Alprazolam (Xanax)
Clonazepam (Klonopin)

ideal anxiolytic

anticonvulsant
only a few used (e.g. lorazepam, clonazepam, clorozepate)

low doses often used

Sedative-Hypnotics & the

Treatment of Hypersomnia

Barbiturates

a
ab

b
g

GABA binding site

Directly bind to GABA binding site (at high doses)
activates channel and causes chloride conductance

High doses are fatal

anesthesia

death

anxiolysis
sedation
hypnosis
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Benzodiazepines

most sedative hypnotics
(e.g. barbituates)

Once extensively used as sedative-hypnotics.  Now largely
replaced by the much safer benzos.

noteworthy exceptions:
Pentobarbital (insomnia, pre-op sedation, seizures)

Phenobarbital (seizures)

Thiopental (induction/maintenance of  anesthesia)….short-lasting

BAR

alcohol
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Amphetamine

Ma huang
‘looking for trouble’

Resembles catecholamines but more lipid soluble (can cross BBB)

norepinephrine amphetamine

NH2

indirectly-acting sympathomimetic amine

amphetamine and related drugs stimulate release of:

dopamine     stimulates reward mechanisms, causes psychosis/addiction

norepinephrine      increased vigilance, anorexia

serotonin     increased vigilance, anorexia

CNS

norepinephrine     hypertension, strokes, arrhythmiassympathetic
nerve

terminals

catecholamines: norepinephrine, dopamine, serotonin

cell body

synapse

GABA
receptor

axon

GABA

Amphetamine: Mechanism

cell body

synapse

axon

norepinephrine

Amphetamine: Mechanism

22

axon terminal

NET (NE Transporter)

norepinephrine

amphetamine

reverse transport

amphetamine is a
weak lipophilic base

(pKa = 9.9)

vesicle

Amphetamine: Mechanism

Catecholamine uptake via
plasmalemmal transporter 

Packaged in vesicles for 
subsequent release

plus amphetamine

Reverse transport leads to
catecholamine release

Alkalinization shuts down vesicular
catecholamine sequestration
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Inhibition in the Brain

Benzodiazepines: T1/2’s highly
variable

Benzodiazepines: ideal
hypnotic VS anxiolytic

Benzodiazepines: a subunits

Barbiturates: directly
activate GABAA R’s 

a

ab

b
gBDZ

20 pA

100 ms
BAR

Benzodiazepines: dose-
dependent effects

Sedative-Hypnotics & the
Treatment of  Hypersomnia

Amphetamine: catecholamine
release

“Well, I guess that explains the abdominal pains.”

Pain

“Pain is  a component of  virtually all clinical
strategies, and management of  pain is a primary

clinical imperative. Opioids are a mainstay of  pain 
treatment.” 

Goodman & Gilman, 12th edition

Opioid Analgesics
Addiction

Neurons & Activity
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synapse

transmitter

receptor
for

transmitter

BRAIN Intestines

Neurons & Activity
A. Neuronal Communication

B. Body Parts

opiods
-

Opioid Analgesics“Opioid” Analgesics

“opioid”: any substance, regardless of  structure that has
functional/pharmacological properties of  an opiate.

“opiate”: compounds structurally related to products found
in opium.

natural plant alkaloids
semi-synthetic derivatives
endogenous peptides (e.g. endorphins)

“narcotic”: derived from Greek word narkotikos for benumbing
or stupor. Word now associated with opiates and often used in
legal contexts.

Papaver somniferum

Pain
pain: perception of  aversive/unpleasant sensation.

nociception: transmission of  signals to CNS that provide info
about tissue damage.

ouch OUCH!spinal cord

DRG

spinothalamic
spinoreticular
spinomesencephalic

Ad fibers
C fibers

pains
acute nociception
tissue injury

factors released in injury site (e.g. prostaglandins, bradykinin,etc) activate
Ad fibers 

ascending pathways

hyperalgesia (mildly warm water on a sunburn)

nerve injury
may involve low-threshold afferents (i.e. Ab fibers)

nociceptor

Opioids & Receptors

3 primary families:

enkephalins

endorphins

dynorphins

precursor: prepro-opiomelanocortin (POMC)
major peptide: b-endorphin

precursor: proenkephalin
major peptides: met-enkephalin & leu-enkephalin

precursor: prodynorphin
major peptides: dynorphin A, dynorphin B & neoendorphin

Endogenous Opioids

Receptors

3 receptor types (all GPCRs):
m (MOR)
d (DOR)
k (KOR)

Widely distributed in the CNS
Not surprising considering profound effects opioids have on CNS
function
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Receptors
m dk

Receptor Distribution

Peckys & Landwehrmeyer, 1999

Forebrain

Receptors
m d

Peckys & Landwehrmeyer, 1999

Midbrain
Receptor Distribution

k

Receptors
m dk

Peckys & Landwehrmeyer, 1999

Spinal Cord
Receptor Distribution Opioids & Receptors

3 primary families:

enkephalins

endorphins

dynorphins

precursor: pro-opiomelanocortin (POMC)
major peptide: b-endorphin

precursor: proenkephalin
major peptides: met-enkephalin & leu-enkephalin

precursor: prodynorphin
major peptides: dynorphin A, dynorphin B & neoendorphin

Endogenous Opioids

Receptors

3 receptor types (all GPCRs):
m (MOR)
d (DOR)
k (KOR)

Widely distributed in the CNS
Not surprising considering profound effects opioids have on CNS
function

– target of  most opiates, natural & synthetic
Opens potassium channels
Closes calcium channels
Inhibits cAMP

m d k

b-endorphin +++ +++

met-enkephalin ++ +++

leu-enkephalin ++ +++

dynorphin A ++ +++

dynorphin B ++++

ReceptorOpioid
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Opioids & Receptors
Endogenous Opioids

m d k

b-endorphin +++ +++

met-enkephalin ++ +++

leu-enkephalin ++ +++

dynorphin A ++ +++

dynorphin B ++++

ReceptorOpioid

Common Opioid Analgesics Common Opioid Analgesics

Opioids & Receptors

m d k
Morphine +++ +

ReceptorOpioid

Hydromorphone +++

Oxymorphone +++

Methadone +++

Oxycodone ++

Levorphanol +++

Remifentanil +++

Alfentanil +++

Meperidine +++

Fentanyl +++

Sufentanil +++ ++

Codeine +/-

Hydrocodone +/-

Buprenorphine +/- -- --

Butorphanol +/- +++

Nalbuphine -- ++

Pentazocine +/- +

Lange, 12th Edition

Morphine

m (MOR) – target of  most opiate analgesics

morphinecodeineheroinnaltrexone

Decreases pain but highly addictive 
(addiction potential similar to that of  heroin)

MORs expressed in the periaqueductal gray (PAG)

MORs expressed in the spinal cord
“The analgesic actions of  opiates after systemic delivery are
believed to represent actions in the brain, spinal cord, & in
some instances in the periphery.”

- Goodman & Gilman

Summary

Periaqueductal Gray (PAG)

wikipedia

mesencephalic structure

constitutes essential
neural circuit for opioid-
based analgesia

projects to rostral 
ventromedial medulla

high density of  MORs

administration of  
opioids directly into
PAG blocks nociceptive
responses in all animals
(rodents to primates)

naloxone blocks response

direct electrical stimulation 
of  PAG produces analgesia
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Mechanisms of  Opiate Analgesia

PAG

excitation

Medulla
(nuclei raphe magnus)

serotonin

norepinephrine

spinal cord

dorsal horn excitability

Neuroscience Online: UT Health Center

Mechanisms of  Opiate Analgesia

PAG

excitation

Medulla
(nuclei raphe magnus)

serotonin

norepinephrine

spinal cord

dorsal horn excitability

PAG

excitation

serotonin

Medulla
(nuclei raphe magnus)

norepinephrine

spinal cord

dorsal horn excitability

excitatory projection neuron

inhibitory neuron

Mechanisms of  Opiate Analgesia
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Mechanisms of  Opiate Analgesia

Activity When Inhibited?

“Tonically Active”

+

Activity Action Potentials

Inhibitory
Neuron

Scenario #1

“Inhibited”

Mechanisms of  Opiate Analgesia

Activity When Inhibited

“Tonically Active”
Activity Action Potentials

Inhibitory
Neuron

X

“Dis-inhibited”

Scenario #2

Mechanisms of  Opiate Analgesia

“Tonically Active”

Inhibitory
Neuron

“Dis-inhibited”

Scenario #2

But what’s the point?
Neurons Do Not Require

Synaptic Excitation to Turn On

Removal of  Inhibition (Dis-inhibition)
Can Also Turn Neurons On

PAG

excitation

serotonin

Medulla
(nuclei raphe magnus)

norepinephrine

spinal cord

dorsal horn excitability

excitatory projection neuron

inhibitory neuron

Calcium
Channel

Potassium
Channel

GABA
Receptors

Mechanisms of  Opiate Analgesia

axon
terminal
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Calcium
Channel

GABA
Receptors

Mechanisms of  Opiate Analgesia

GABA
Vesicle

one more time…

1) Positive change in voltage opens calcium channels

2) Calcium influx triggers vesicle release

axon
terminal

action
potential

Potassium
Channel

PAG

excitation

serotonin

Medulla
(nuclei  raphe magnus)

norepinephrine

spinal cord

dorsal horn excitability

excitatory projection neuron

inhibitory neuron

Calcium
Channel

Potassium
Channel

GABA
Receptors

Mechanisms of  Opiate Analgesia

axon
terminal

1) Positive change in voltage opens calcium channels

2) Calcium influx triggers vesicle release

3) Opening potassium channels causes negative
change in voltage

one more time…

4) Negative change in voltage: calcium channels less
likely to open.

action
potential

PAG

excitation

serotonin

Medulla
(nuclei  raphe magnus)

norepinephrine

spinal cord

dorsal horn excitability

excitatory projection neuron

inhibitory neuron

GABA
Vesicle

Calcium
Channel

Potassium
Channel

GABA
Receptors

MOR
-+

disinhibition

DRG

C fiber

Mechanisms of  Opiate Analgesia

and peripheral actions…

and direct spinal actions…

1

2
axon

terminal

O

Common Opioid Analgesics

Opioids & Receptors

Morphine

Opioid

Hydromorphone

Oxymorphone

Methadone

Oxycodone

Levorphanol

Remifentanil

Alfentanil

Meperidine

Fentanyl

Sufentanil

Codeine

Hydrocodone

Buprenorphine

Butorphanol

Nalbuphine

Pentazocine

Lange, 12th Edition

m d k
+++ +

Receptor

+++

+++

+++

++

+++

+++

+++

+++

+++

++

+/-

+/-

+/- -- --

+/- +++

-- ++

+/- +

+++

Strong Agonists

Mild to Moderate Agonists

Mixed Actions
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Differences Among the Major Opiates

SufentanylDephenoxylate & 
Lopermide

Codeine Meperidine Morphine 
& Oxycodone
(OxyContin)

Methadone Heroin Fentanyl

Potency

(Less Potent)

(Very Potent)

(Short Lasting)

(Long Lasting)

(Medium Lasting)

Fentanyl (oral) Meperidine Methadone (oral)Morphine Fentanyl (patch) IV drip

Duration of  Action

Partial MOR agonists: Pentazocine & Buprenorphine
Used to treat pain

Less respiratory depression

But can cause hallucinations/nightmares (Pentazocine)

very lipophilic

Can antagonize respiratory depression produced by Fentanyl without
completely reversing pain (Buprenorphine) 

Opiate Abuse

Opiates have powerful effect on reward pathway

Mechanism: increase dopamine release from the ventral 
tegmental area (VTA)

Treatment
Medically supervised withdrawal alone is often insufficient to prevent relapse

Withdrawal symptoms:
Dysphoria, anxiety, restlessness, insomnia
High blood pressure, tachycardia, diarrhea

cell body

synapse

GABA
receptor

axon

GABA

inhibitory

dopamin-
ergic

VTA Nucleus Accumbens

MOR

Opioid Analgesics
Addiction

Opiates

Summary

Pain & Nociception

m Receptors &
Periaqueductal Gray

2 Sites of Analgesia

Presynaptic Regulation of  Release

Potency & Duration Differences

Abuse & Reward Pathways
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questions:
markbeen@virginia.edu

suggested reading

Basic & Clinical Pharmacology, 12th ed. (chapter 31)
Bertram G. Katzung, Susan B. Masters, Anthony J. Trevor

Pharmacological Basis of  Therapeutics, 12th ed. (Chapter 18)
Goodman & Gilman


