Opioid Functions






Endogenous Opioids
Produced naturally by the body
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Endogenous Opioids
Produced naturally by the body
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If cerebrum receives ascending Endogenous

pain signal, then the cerebrum may . . .
release neurotransmitter from OPIOId'Rdeasmg

EOR neurons. This will inhibit Neuron
the inhibitory interneuron which
results in sending a signal

to a different EOR neuron

in the dorsal horn. This

signal will block the

ascending pain signal.

GABAergic interneuron
releases GABA to prevent
activation of descending
pathway neuron fﬁ

Postsynaptic

¢
* o
Descending Pathway

Neuron GABA receptors



Endogenous
Opioid-Releasing
Neuron

‘ ’ GABAergic interneuron
Postsynaptic ‘ releases GABA to prevent
Descending Pathway activation of descending
Neuron GABA receptors pathway neuron E:_g



Endogenous
Endogenous opioids Opioid-Releasing Glutamate and

bind to presynaptic Interneuron other excitatory
and postsynaptic neurotransmitters

opioid receptors are released to
continue the pain

signal to the brain



Endogenous

Opioid-Releasing G linked opioid receptors
Neuron prevent voltage regulated
calcium channels at synaptic
knob from opening. Blocking
inflow of calcium prevents
exocytosis and release of

Endogenous opioids GABA.

bind to presynaptic

opioid receptors Opioid Recept
P P N Presynaptic
GABA-releasing
Presynaptic Inhibitory Interneuron
inhibition stops
GABA release

Descending Dy P

pathway neuron
is no longer

gy

g Descending Pathway L E
inhibited Nevton GABA receptors

Postsynaptic
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Endogenous
Endogenous opioids Opioid-Releasing

bind to presynaptic Interneuron
and postsynaptic
opioid receptors

. Block calcium channels to
prevent exocytosis of

Opioids open :
: neurotransmitter
potassium channels . .
to increase [
negative

charge across
memb



Presynaptic Inhibition

Interaction with Gg, stops
voltage-gated calcium channels
from opening in the presynaptic

neuron

No neurotransmitter released

Postsynaptic Inhibition

Interaction with Gg, opens KIR3
potassium channels to allow
potassium ions to flow out of

the postsynaptic neuron

Neuron does not depolarize

Decreased cAMP

Interaction with G, inhibits
adenylyl cyclase, stopping
cAMP synthesis and decreasing
cAMP levels in the neuron

Variety of signaling changes
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Neuron

Opioid
Receptor

Inside
Neuron



What does the G_ subunit do?

Opioid
Outside

Neuron

Opioid
Receptor

Inside
Neuron

Different classes of G, subunits
G,.  Stimulates cAMP synthesis
Gyjo  Inhibits cAMP synthesis

G Activates Phospholipase C
G Remodels cytoskeleton
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What does the G, subunit do?

Opioid
Outside

Neuron
Opioid
Receptor
Inside
Neuron

G Inhibits cAMP synthesis

ai/o



Opioid
Outside

Neuron
Opioid
Receptor
Inside
Neuron




Opioid Receptors are G-Protein Coupled Receptors (GPCR)

Opioid
Outside

Neuron
Opioid
Receptor
Inside
Neuron

Activated subunits of a G protein
can interact with proteins,

1 8
enzymes, and ion channels %

Learn more about GPCRs in the video description below.



Presynaptic Inhibition - -
- Voltage-Gated

Calcium Channel
Opioid
Outside 28

Neuron
Opioid
Receptor
Inside
Neuron

Interaction with GBy stops voltage-gated

calcium channels from opening



Postsynaptic Inhibition G Protein-Coupled
Potassiym Channel

| S Interaction with GBy opens Kir3
Outside channels, allowing potassium

Neuron ions to flow out of the cell
Opioid

Receptor

Inside
Neuron




What does the G,;,, subunit do? Inhibits Adenylyl Cyclase

Opioid
Outside

Adenylyl

Neuron Cyclase
Opioid
Receptor
Inside
Neuron

Stops cAMP synthesis
Decreases cAMP levels
Various cellular changes
(neurotransmitter release, toleranﬁg
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lon Channel

cAMP-Dependent
Protein Kinase (PKA)

Catalytic
Subunits

Regulatory
Subunits




cAMP-Dependent
Protein Kinase (PKA)
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Opioid Use Disorder

Diagnosed if meeting at least 2 of the criteria below within a year

Mild: 2-3 criteria Moderate: 4-5 criteria Severe: 6 or more

Aﬂ Social Problems

8 Loss of Control

1. Opioids are used at higher doses or longer times than
intended.

2. Patient wants to stop using opioids but is unsuccessful.

Excessive time is used to find and use the opioid.
4. Thereis a craving to use opioids.

A Risky Use of Opioids

5. Repeated use of opioids in situations in which it is
physically dangerous to do so.

6. Continued use despite knowing opioids have negative
health and mental consequences.

S

7. Opioid use is negatively affecting the ability to fulfill
responsibilities at work, school, or home.

8. Continued opioid use despite social problems caused
or worsened by opioid use.

9. Important social, work, or recreational activities are
given up or reduced because of opioid use.

Hf'f{?«]\c Pharmacological Problems

10. *Development of tolerance, when the opioid dose

11.

needs to increase in order to have the same effect
*Development of withdrawal symptoms

*Patients prescribed opioids can satisfy these criteria but not
necessarily have opioid use disorder
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Adenylyl Cyclase synthesizes cAMP from ATP

Adenylyl
Cyclase

More cAMP = Activate Neurons
Less cAMP = Inhibit Neurons

(More information on why this occurs in the video description)

cAMP-dependent pathways involve...

Neurotransmitter Release

Opening/Closing lon Channels

Receptor Sensitivity

Receptor Internalization

Gene Expression Changes %
it

cAMP
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cAMP

The bOdy wants to Synthesis Neurons pre-emptively over-synthesize
. . = cAMP to compensate for expected
maintain balance or decrease due to opioids
“Homeostasis” )
R

During Withdrawal
Neuron is Overactive

Normal Range of

Opioid Use cAMP in Neuron

Decreases cAMP
Neuron is Inhibited

Total cCAMP in Neuron



cAMP

The bOdy wants to Synthesis Neurons pre-emptively over-synthesize
. . B cAMP to compensate for expected
maintain balance or = decrease due to opioids
“Homeostasis” -9
)

During Withdrawal
Neuron is Overactive

]_ Normal Range of
cAMP in Neuron

Neuron is Inhibited

Total cAMP in Neuron 1S



cAMP

The bOdy wants to Synthesis Neurons pre-emptively over-synthesize
. . s cAMP to compensate for expected
maintain balance or decrease due to opioids
“Homeostasis” X7
=
During Withdrawal
If opioid use is stopped Neuron is Overactive
4
cAMP levels remain high ]— Norma.l Range of
3 cAMP in Neuron

Certain neurons become
overactive and cause

Withdraiual Suonters Neuron is Inhibited

Total cCAMP in Neuron









Main Roles of the Locus Ceruleus
During Withdrawal...

Withdrawal symptoms are

'i( 0}5 ”{0 } EXTREME VERSIONS OF
normal Locus Ceruleus function

“Fight or Flight”

Jitteriness/Insomnia Sympathetic Overactivation Anxiety/Panic/Stress
I
v v v
Ca
Excessive sweating Very large pupils Rapid heart and breathing rate 2 My





















