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Symptomatology Include

B Symptom of pain
B |nsomnia
B Depression

B Anorexia (hunger effect)
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What is pain?
> Pain is the most common symptoms of diseases.

>t is an unpleasant sensory and emotional experience associated with

actual or potential tissue damages (unpleasantness and suffering).

» Subdivided into acute pain and chronic pain.

PAIN SCALE
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an unpleasant sensory and

emotional experience associated with
actual or potential tissue damage
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Origin of pain

Types of pain Somatic pain

Sharp pain Visceral pain

Dull aching pain Referred pain

Thermal pain Neuropathic pain

Psychic pain

Prickling pain




Medical Cannabis for Chronic Pain

1. Sukhdeep Bains; Taif Mukhdomi.NIH

2. Yvette C. Terrie, BS Pharm, RPh Clinical Pharmacist/Freelance Medical Writer
Haymarket, Virginia US Pharm. 2020;44(3):24-28



Intfroduction

Pain is the symptom that alarm of disease.

There are no truly effective medicines for certain types of pain, and sometimes relief
comes only at the expense of debilitating side effects.

Thus, the search for new and better pain relievers, perhaps the oldest form of
medicine, continues unabated.

Early in that pursuit, people discovered the pain-relieving properties of marijjuana. It has
since been used to freat a wide variety of painful conditions, from headache to the
pain of childbirth.

The nerve signals that our brains interpret as pain originate in receptor-bearing cells
that become activated by temperature, touch, movement, or chemical changes in
their environment. Pain signals travel to the brain by one of three main pathways,

People with chronic pain develop tolerance to opiates over months or years and so
must continually increase their dosage.

Clearly, better pain medications would be welcome.



Pain: Opioids and Marijuana

Opioids are a class of drugs used to reduce pain and include prescription opioids, heroin,
and syntheftic opioids (like fentanyl).

More than 70,000 people died from drug overdoses in 2019 in the United States, and two
in three of these overdose deaths involved an opioid.3

Although some research suggests that states that legalize marijuana use for medical
purposes experience a reduction in opioid prescribing and opioid-related deaths,*”

Importantly, using marijuana either alone or in combination with opioids has been shown
to increase risk for opioid misuse. 1011

Medicinal cannabis is not an FDA-approved medication, although a licensed practitioner
can prescribe if.

This activity highlights the mechanism of action, indications, contraindications, and
pertinent clinical studies regarding the possible role of cannabis in the tfreatment of
chronic pain and the importance of an interprofessional approach for the treatment of
chronic pain.



Léfumq%’um'm:ﬁfﬁmguﬂqm (pain pathway)

>Ascending pathway : Ascending pathways
carry the signals that relay information from

noxious stimuli (e.g. touching a hot radiator) up

to the brain.

>Descending pathway : Descending pathways

are the ways in which the brain can modify the

flow of these signals.
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Ascending pathway: The main pain pathway is spinothalamic tract.

{f\\:\/ Cortex
Thalamus j 3rd Order Neuron

|

H«— 2nd Order Neuron

Dorsal Horn

Nociceptor

White Matter

Afferent

Nerve Fiber
Gray Matter

1. Convey information from
the painful stimulus up to the
thalamus.

2. Projects to the
somatosensory cortex of the
brain.

3. To the limbic system
which control our emotive

experience of it.




Central sulcus (fissure of Rolando)
Precentral gyrus

Postcentral gyrus
\/—Prlmary motor area

visual area

Lateral cerebral fissure
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Peripheral receptors in the skin

B rcc nerves

Free nerve endings

(respond to painful
stimuli, temperature,

B \lechanoreceptors i, of movemen

Merkel disks/ |

-Therma| receptors (detect light touch and

superficial pressure)

Meissner corpuscles
(involved in fine, discriminative touch)

B Chemoreceptors

Ruffini corpuscle

Hair follicle receptor
(detects continuous touch or pressure)

(detects light touch)

Pacinian corpuscle
(detects deep pressure, vibration,
and position)

Figure 9.2 Sensory Receptors in the Skin
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Descending pathways:

> Two important structures in the brain associated with descending
pathways are the rostral ventromedial medulla (RVM), and the peri-

aqueductal gray (PAG).

>Sending iInhibitory signals to the afferent nerve fibers conveying
pain in the spinothalamic pathway by altering synaptic transmission
between ascending nerves, which prevents propagation of an

impulse up the spinothalamic tract.



Figure 1 — overview of the pathways that relay pain signals, and the modulation of
10
).

these signals (reproduced with permission from Malfait and Schnitzer
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Chronic pain and GABA

1] Endocannabinoids
[1] Cannabinoid receptoragonist:

PRESYNAPTIC

l .. .0 k!

e  $(Ca?]
O

receptor

POSTSYNAPTIC

B Chronic injuries induce
downregulation of GABA-
producing enzymes, consisting
with the weakening of GABAergic
iInhibiting at the periphery.

B CGABA suppresses neuronal

excitability.

Frontiers in Pharmacology, vol 12, 2021




Cannabinoids and pain control

B N\ ceuropathic pain
(Nervous system)

B Antinociceptive
(Somatic and visceral
pain)

B Anti-inflammatory pain
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Cannabinoids and neuropathic pain control

Neuropathic pain NaNEU
B Shontaneous pain Wi b 96%
B Signs of sensory loss, sometimes with hyperalgesia WU bB 64 %
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Cannabinoids and neuropathic pain control

B Peripheral nerve injuries and immune cells releasing

cytokines, nerve growth factor, and other substances.

B Nerve fibers develop ectopic activity and become

hyperexcitable and dysfunctional.

B Fhhancement of cannabinoid receptors has been reported at

the peripheral and spinal levels during neuropathic pain.



Cannabinoids and neuropathic pain control
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FROM CORTICAL, AMYGDALA AND
HYPOTHALMIC AREAS

PAG

TO DORSAL HORN

British J Pharmacology. 2007;152:633-48
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Cannabinoids and GABA

» Several studies underline a supraspinal regulation of cannabinoids on
GABA and glutamate release which inhibit and enhance the

antinociceptive descending pathway, respectively.

» Cannabinoid receptor activation expressed on presynaptic GABAergic
terminals reduces the probability of neurotransmitter release thus dis-

inhibiting the PAG-RVM dorsal horn antinociceptive pathway.

> Cannabinoids seem to increase glutamate release and to require

glutamate receptor activation to induce antinociception.



Antinociceptive and anti-inflammatory effects of cannabinoids

» Cannabinoids suppress pain through multiple mechanisms.
» Activation of CB1/2 can suppress pain stimulus.

> Role of spinal CB2 mechanisms mediated by astrocytes or microglia cells

(play a major role in neuropathic pain).
>THC and CBD are potent antioxidants (non cannabinoid mechanisms)

» THC inhibits prostaglandin-E synthesis and stimulates lipoxygenase.



Take home message
Cannabinoids and pain control

B Cannabinoid receptor agonist 1nas1uaIn13an lFlne e
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Cannabinoids and pain control

B CB2 receptor agonist §IUENN19UANANT proinflammatory
factors IFVI9LEAALLIL neuron LAY non-neuron WATNILHL
opioid receptor (morphine), &WUSAL prostaglandin inhibitors

B Cannabinoids inhibited cyclooxygenase enzyme activity with

IC50 values ranging from 1.7x1 0™ t0 2.0x10™ M (D9 -THC, D9 -

THC-A, CBD, CBDA, CBG, and CBGA).

Biol. Pharm. Bull. 34(5) 774—778 (2011)



Pain modulation
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Mechanisms: Cannabinoids and pain control

B nhibition of the release of the neurotransmitters and

neuropeptides from presynaptic nerve endings.
B \lodulation of postsynaptic neuron excitability.
B Activation of descending inhibitory pain pathways.

B Rcduction of neural inflammation.






The sleep-wake cycle mechanisms

» The sleep-wake cycle is regulated by two separate biological
mechanisms: sleep-wake homeostasis and circadian rhythm.

> This two-process model was first posited by the Swiss sleep
researcher Alexander Borbely in the early 1980s.

1. Sleep-wake homeostasis (process S)

2. The circadian process (process C)

» The first process causes a pressure to fall asleep, whilst the

second dictates the daily rhythm of sleep.



The sleep-wake cycle mechanisms

1. Sleep-wake homeostasis (process S)
» An accumulation of sleep-induced substances in the brain.
> It's an internal biochemical system.

>Generating the drive or need to sleep after a certain amount of

time awake.



The sleep-wake cycle mechanisms

2. The circadian process (process C)

» Controls the timing of sleep and it coordinates the light-dark
cycle of day and night.

» The circadian rhythm regulates body’s sleep pattern, feeding
pattern, core body temperature, brain wave activity, anad

hormone production.



sleep pressure

Process S

Process C

sieep wake  NETTTR  wake [T

7 am 11 pm 7 am 11 pm

Amiya Patanaik, 2015
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Insomnia
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Stage 1: light sleep,

easily awakened

© MyBrainTest.org

REM Sleep:
"Dream Stage"
breathing is
irregular, shallow

Stage 2: brain
waves siow,
muscles relax

Stage 4: deep Stage 3: initiation
sleep, body is still, of deep sleep,
hard to wake up delta waves on EEG




Stage W
Stage R : ‘ ( )
Stage N1
Stage N2
Stage N3 v D
-+ >

ety Total Sleep Time
- Slow wave sleep
<>  Sleep onset latency
<> Rapid Eye Movement Sleep
O Wake after sleep onset

Hours of sleep

Normal Sleep hypnogram

Malvika Kaul, et al, Neurotherapeutics, 2021



Electroencephalogram (EEG) showing typical brain waves of sleep and wakefulness

At AV A A A M A g

Theta wavetheta waves (4-7 Hz)

- %
I K-complex
sieep spindle (11-15 Hz)
. % [ Theta wave
slow waves (0.5-2.0 Hz)
stage 3 (slow-wave sleep) Delta wave

© 2013 Encyciopadia Brtannica, Inc.



Brain Wave Frequencies

Type and Range What it Does

Alpha Waves or sleepy

'8 -12.99 Hz

Theta Waves During stage 1 and 2
4 - 7.99 Hz (light) sleep
Delta Waves During stage 3
1-3.99 Hz (deep) sleep
h 4




Brain regulation for sleep

> REM sleep is regulated by neurons present in the pons and hypothalamus.

> NREM sleep is regulated by neurons in the preoptic area (hypothalamus)

>Sleep—promoting regions are primarily regulated by inhibitory neurotransmitters like

gamma-aminobutyric acid (GABA) or galanin.

> Wakefulness is mediated primarily by neurons in the reticular formation (complex
network of brainstem nuclei). These neurons send excitatory projections to areas of

the thalamus, hypothalamus, and forebrain.

>Cho|inergic, monoaminergic, and the orexin/nypocretin neurotransmitters are

primarily involved in promotion of wakefulness.



HYPOTHALAMUS

FRONTAL LOBE In Charge of your bOdy
Helps you reason temp, hunger, and thirst.
plan, pay attention, and ,' PARIETAL LOBE
move specific body parts. N Lets you perceive things

like touch, taste, and pain.

OCCIPITAL LOBE
Makes sense of
what you see.

PITUITARY GLAND ~==~=~-—
Controls the release

of most hormones. *CEREBELLUM

Helps you coordinate
M. when you move.

Helps you make sense \
\

of what you hear. ,‘ X
\
BRAINSTEM :
Controls your breathing, heartbeat, HIPPOCAMPUS

facial expressions, and more. Helps you make
long-term memories.

B svrotHALAMUS
B rronTaLLoBE | TEMPORALLOBE [l PARIETALLOBE || BRAINSTEM
W cereseum ] merocampus ] occprmaL ose [ prruitary GLAND

SOURCES: PubMed Health. Johes Hopling. Mayo Clnic. University of Washingnon. Cedars. Sinai. Pituitary Network Association. KadsHealth, National Cancer institute.

Ventricles

Pons

Medulla Mot
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Brain regulation for sleep

> NNTUBLLATALLALU (sleep-wake regulation) 1AE4B9ANAIE91
711381097 pons A4A¥ALIAN REM sleep Wiid13xmllilam1 CB
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Insomnia
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HOURS OF SLEEP
01 2 3 4 567 8 910111213 14151617 18 19 20 21 22 23 24

¥y NaTrioNnarL SrLeEeEr FouNDATION

SLEEP DURATION RECOMMENDATIONS

* P ‘* i ﬁ

NEWBORN INFANT TODDLER PRE-SCHOOL SCHOOL AGE TEEN YOUNG ADULT ADULT OLDER ADULT
0-3 months 4-11 months 1-2 years 3-5 years 6-13 years 14-17 years 18-25 years 26-64 years 65+

- Recommended - May be Appropriate Not Recommended



Sleep-related

breathing
disorders: Insomnia:
s OSA * Chronic
+ Central SAS * Shortterm
« Sleep related + Other Sleep-related-
Parasomnias: hypoventilation movement
REN disorders SLEEP disorders:
SREM DISORDERS U
s Circadian rhytm Central disorders Sleep related rhytmic
sleep-wake of ovement disorders
disorders: hypersomnolence:

* Narcolepsy
« JET LAG :
* Hypersomnia
Other sleep
disorders




a2 Harvard Health
Ejf Publishing

HARVARD MEDICAL SCHOOL

SLEEP

How sleep deprivation
can cause inflammation

January 11, 2022

What is the relationship
between sleep and
inflammation?

»Sleep deprivation is associated with
markers of inflammation,

»such as increases in inflammatory
molecules—including cytokines,
Interleukin-6, C-reactive protein (a
marker of inflammation that's
elevated in people aft risk for heart
disease and diabetes), and others—

»among people who weren't

sleeping well.
»Jan 11, 2565 BE
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Insomnia
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Insomnia
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Insomnia
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Cannabinoids and insomnia

» ansaulauauuniuasdiiusadisaruaunis e unaLLazNIS
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Cannabinoids; for example:

HFe®

Endocannabinoids; for example:

Cannabinoid receptors®

Basal
Ganglia

Hippocampus

CB,R

CB,R

Cortex

Cerebellum

Relevant Observations

| AEA serum
concentration prior to
sleep; T AEA serum
concentration upon wake

Systemic administration of

AEA T sleep;

Sleep-inducing effects of
AEA are blocked by CB4R
antagonist/inverse agonist
SR141716A

1 2-AG serum
concentration mid-sleep; T
2-AG serum concentration
mid-afternoon

Experimental sleep
deprivation T 2-AG levels

Administration of 2-AG into
lateral hypothalamus T
REM sleep




Cannabinoids and insomnia

> AEA @@ﬂqw?ﬁﬁ pedunculopontine tegmental nucleus (PPTQg) RGN

a

hindbrain region tluANWLNNIALT89ALNNTAILANNITUAU

> AEA 13l adenosine 7 forebrain @19UAMLIANNNTUAUNAL (wake-sleep

transition)
> N132a411 2-AG 17 hypothalamus 281y TN REM sleep

> N13ama3 AEA 11 hippocampus M1 13N REM sleep



Cannabinoids and insomnia
» msaanludnduaraymednans THC Annannliidag
> Acute exposure N IIH slow wave sleep ALAA REM sleep

> et ssmAnLan §ilaganuai 1000 ARAINANUALTISINA 1500 AU
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» CBD waldszeizeng (long term > 1 month) Az4981E3AIN1TUBUNAL N340

v

ANAINNTNIN 14U CBD AL AR
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Cannabinoids and insomnia

> W92, FAAH inhibitor 1 AEA M 5RUNINTYW $1e01a L4690
v o Y o QS % o/ 095 o 6
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Cannabinoid, endocannabinoid and sleep. Frontiers Molec Neurosc. 2020;13:125



Take home message

Mechanisms

> The sleep-promoting effects of cannabinoids might be due to

their interactions with cannabinoid receptors in the brain.

»When cannabinoids bind to these receptors, they send
messages to increase levels of sleep-promoting adenosine and

suppress the brain’s arousal system.

» Cannabinoids interact with neurotransmitter Involving in sleep-

wake cycle, e.g., serotonin (sleep promoting substance).
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Review Article

The Role of Cannabis and The
Endocannabinoid System in Sleep
Regulation and Cognition: A Review of
Human and Animal Studies

Alannah Miranda %, Elizabeth Peek, Sonia Ancoli-Israel, Jared W. Young, William Perry &
Arpi Minassian
Published online: 03 jul 2023
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THC alone decreased cognitive performance and increased daytime sleepiness, whereas

CBD alone had no effect on sleep or cognition.
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Depression

B \\'HO reported the 25% of European population suffers from anxiety

and depressive disorders. (Year 2015 about 15%)
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Depression
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>According to the World Health Organization, “depression is a leading

cause of disability worldwide”



Depression

Mechanisms of depression- multifactorial disease

> 1 WUGNTTH A nnIsnulsAaaaiulueLEawd (Hereditary)
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LLAS neuroinflammation
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1. Depression and genes
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>Po|ymorphisms of CNR1 gene (CB1 receptor gene) aNNUaNL
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» Polymorphism of CNR7 gene kay CNR2 gene &uWusALTsn

maijor depression MU bipolar disorder
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2. Depression and neurotransmitters (monoamine)

B Dcficiency of serotonin (5-HT) can lead to depression, and anxiety.
B Norepinephrine (NE) depletion associated with MDD.
B Patients with depression have a decrease level of dopamine (DA).

B Numerous studies have demonstrated that MDD patients have defects in
GABA function.

B |H summary, the evidence is very strong that dysregulation of NE, DA,
and 5-HT signaling contributes to MDD development and symptom

expression.



Endocannabinoid and depression formation

» Animal experiments has shown CB1 receptor as mood regulator.
> CB1 receptor signaling pathway impairment increases the risk of depression.
> Reduction of AFA and 2-AG can be found in patients with depression.

>The CB1 receptors are abundant in the central nervous system (CNS),
particularly in the hippocampus, prefrontal cortex, basal ganglia, cerebellum,

amygdala, spinal cord, and mesolimbic nuclei.



Endocannabinoid system and depression

Table 5.1 Schematic representation of the changes of the endocannabinoid system (ECS) elements

in clinical studies of depression

ECS elements | Sex (number | Diagnosis Tissue sample® | Molecular | References
of cases) readout
CBI A2 (n=10) | Major depression | dIPFC T density | [71]
A2 (n=11) | Alcohol dIPFC/occipi- | T density [75]
dependence tal cortex (dIPFC)
4% (n=15) | Major depression | Anterior-cin- | density [72]
gulate cortex
AEA 42 (n=11) | Alcohol dIPFC 1 level [75]
dependence
QP (n=16) Major depression | Serum No effect [73]
QP (n=12) Minor depression | Serum | T level [73]
2 (n=15) Major depression | Serum | level [74]
Q (n=2R8) Major/Minor Serum T level [76]
depression
2-AG 42 (n=11) | Alcohol dIPFC 1 level [75]
dependence
Y (n=16) Major depression | Serum | level [73]
QY (n=12) Minor depression | Serum No effect [73]
QL (n=15) Major depression | Serum | level [74]
Y (n=2R8) Major/Minor Serum T level [76]
depression

Cannabinoid and modulation of emotion. Springer. 2015



Presynaptic neuron

v \V
0,0 (I 0’0 () o
)
GABA Glutamate 5-HT NA
receptor  receptor receptor
Endocannabinoids (AEA, 2-AG) £ P ¥ receplor receptor
Neurotransmitter

release regulation

Postsynaptic neuron



3. Depression and hormones

B -\ pothalamic-pituitary-adrenal axis is triggered by stress, and

finally increase glucocorticoid level by the adrenal cortex.

B Potients with depression, the HPA axis is overactive which resulted

In changes in circadian rhythm, and elevated cortisol level.

B High cortisol level links to the severity of depression.



Depression
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Cannabinoids and mood
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Cannabinoid and depressive disorders https://doi.org/10.1016/j.1fs.2018.09.058
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Figure 2. Major localization sites and associated functions of the CBIR in the human body. The majority
of CBIRs expressed in human body is found in the brain, where it is involved in various neurological
activities. CBIRs on the peripheral sites, although to a lesser extent, participates in the regulation of
local tissue functions.



Mechanisms of antidepressant effect of cannabinoids

» THC and endogenous cannabinoids AEA inhibit monoamine oxidase

(MAO) activity, hence increasing the level of monoamine.
» Cannabinoids can inhibit reuptake of monoamine (5-HT, NE, DA).
» Promote monoamine transfer.

> Inhibit stress-induced HPA axis and reduce HPA axis activity.



Take home message

Dampened
HPA axis
activation

® Reductions in anxiety-like behavior
® Active coping responses to stress
® Preservation of reward sensitivity
® Facilitation of stress adaptation
® |ncreased clearance of emotionally aversive memories



Cannabinoids and depression

Table I. Cannabinoid-based therapies to treat pain and depression.

Outcomes for

Condition Cannabinoid-based drug Outcomes for pain depression and anxiety
HIV Marijuana +Muscle, nerve pain ¢ Anxiety
Cancer Nabilone +Pain score +Overall stress
Fibromyalgia Nabilone i Pain + Anxiety
Offenders with Nabilone i Pain + Post-traumatic stress
psychiatric disorders disorder symptoms
Chronic central neuropathic pain A’-THC + Pain and pain intensity + Anxiety
Diabetic peripheral neuropathy Sativex (A”-THC, cannabidiol) i Pain tQuality of life

A’-THC, A’-tetrahydrocannabinol.




Cannabis Use Is Associated With Depression Severity
and Suicidality in the National Comorbidity
Survey—Adolescent Supplement

Jesse D. Hinckley, MD, PhD{, Susan K. Mikulich-Gilbertson, PhD, Jian-Ping He, MS,
Devika Bhatia, MD, Jarrod M. Ellingson, PhD%, Brian Nguyenkhoa Vu, MD,
Kathleen Ries Merikangas, PhD(), Joseph T. Sakai, MD

Objective: To investigate the association of cannabis use with major depression and suicidal behavior in adolescence.

Method: Darta are from the National Comorbidity Survey—Adolescent Supplement (N = 10,123), a nationally representative survey of adolescent:
aged 13 to 18 years. Weighted logistic regression and ordinal regression analyses of major depression and suicidal behavior outcomes were conducted or
cannabis variables, incorporating sociodemographic characteristics.

Results: Adolescents with lifetime cannabis use have 2.07 times higher odds of mild/moderate (adjusted odds ratio [aOR]; 95% CI = 1.69, 2.53) anc
3.32 times higher odds of severe major depressive disorder (MDD; aOR; 95% CI = 2.31, 4.75). Cannabis use (aOR 6.90, 95% CI = 4.67, 10.19)
mild/moderate MDD (aOR 4.10, 95% CI = 2.82, 5.98), and severe MDD (aOR 13.97, 95% CI = 7.59, 25.70) were associated with higher odds o
suicide attempt. Past 12-month cannabis use (aOR 3.70, 95% CI = 2.16, 6.32), mild/moderate major depressive episodes (MDE) (aOR 7.85, 95%
CI = 3.59, 17.17), and severe MDE (aOR 36.36, 95% CI = 13.68, 96.64) were associated with higher odds of suicide attempt. The frequency of pas
12-month cannabis use was associated with higher odds of suicide artempt and with MDE severity, with higher odds among individuals who us
cannabis 3 or more days than among individuals who use cannabis less frequently, suggesting a dose effect. Among cannabis users, older age of onser o
cannabis use was associated with lower odds of suicidal behaviors.

Conclusion: Cannabis use is associated with higher odds of depression and depression severity in adolescence. Furthermore, depression and cannabi:
use are independently associated with higher odds of suicide atrempt.

Diversity & Inclusion Statement: We worked to ensure sex and gender balance in the recruitment of human participants. We worked to ensure
race, ethnic, and/or other types of diversity in the recruitment of human participants. The author list of this paper includes contributors from the
location and/or community where the research was conducred who participated in the dara collection, design, analysis, and/or interpretarion of the
work. One or more of the authors of this paper self-identifies as a member of one or more historically underrepresented racial and/or ethnic groups ir
science. We actively worked to promote sex and gender balance in our author group. We actively worked to promote inclusion of historically un-
derrepresented racial and/or ethnic groups in science in our author group.

Key words: adolescence; cannabis; major depressive disorder; suicidal behavior; suicide artempt

JAACAP Open 2023;1(1):24-35. €33 @



Hunger effect




Cycle of hunger and satiation/satiety

> Energy intake is regulated by simple mechanism
» Two anabolic stimuli: Control that a meal should be initiated.
>Hunger: Represents a metabolic feeling since it expresses a general need for calorie.
>Appetite: Results mainly from cognitive inputs, expresses the need for the specific food.
» Two catabolic stimuli: Control the a meal should be stopped.

>Satiation, representing a ~physical" feeling since it expresses the feeling of abdominal

fullness that stops a meal.

>Satiety, expressing the lack of any desire to start a new meal.
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» The center controlling these basic-related stimuli mainly are located

In the brain, principally in the hypothalamus.

>By directly sensing the presence of the nutrients in the blood stream

receiving inputs from the periphery.

> A complex series of biochemical interactions between the brain and

the peripheral organs (oronasal, gut, liver, adipose tissue)

>I\/Ionoamines, neuropeptides, and cytokines produced in the brain
and the gastrointestinal (Gl) tract during a meal can directly or
indirectly activate vagal afferents and mediate many of the nutrients'

effects on appetite, gut functions, anabolism, and catabolism.



Hunger center in brain

When you eat, it takes time for nerves in the
upper digestive tract to signal the hunger center
in the hypothalamus to temporarily "turn off"

Gut-brain

connection




Peripheral signals

>Adiposity signals: Leptin and insulin activate catabolic circuits.

» Gl tract signals: Produce number of peptides in response to feeding

and fasting, including mechanoreceptor.
> Ghrelin stimulates food intake. (stomach)
>Cho|eoystokinin exerts catabolic effect. (duodenum)

» Metabolic signals: Fatty acid oxidation, hepatic metabolism, nutrients

related signals.
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Figure 1.

Hypothalamic leptin signal transduction. Leptin inhibits MPY/AGEP and stimulates PIORMC/
CART, resulting in an increase in anorexigenic input to the paraventricular nucleus. These
changes in neuropeptide expression culminate in satiety, siimulation of energy expenditure and

welght loss.
NPY= neuron expressing neuropeptide Y

AGRP = Agouti-related peptide
POMC = neuron expressing proopiomelatocorpin

CART = cocaine and amphetamine regulated transcript
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Vagus nerve

Afferent and efferent connections Anatomy

Thalamus

Amygdala
Locus Coeroelus

Medulla oblongata @ NTS

Vagus nerve

Imflammation
Satiety (Hunger)

Satiation (Fullness)
Energy Metabolism

 Secretion of gastric acid
and digestive enzymes
* Gastric capacity

* VNS
* Nutritive components

* Relaxation techniques

Activity is influenced by:

10% of
vagus

nerve Stomach

Small intestine

Large intestine

Disorders

Psychiatric disorders
* Major depression
* PTSD

Vagus nerve

Cholecystokinin

Glucagon-like peptide 1 (GLP-1)
Peptide YY

Amylin

Inflammatory Gl Disorders
* Ulcerative Colitis
* Crohn's Desease



How Appetite Works

stomach

adipose tissue

M appetite | appetite
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Central control of food intake

>Hypothalamus plays a major role.

> Contains glucose-sensitive neurons, receives

hormones.

> Receives viscero-sensory inputs from vagal

afferents (gut to brain communication).

> Two pathways: Stimulating energy intake, and
Inhibiting energy intake.
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' Ghrelin
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Cannabis — THC g CBl

When you consume cannabis, THC binds

to CB1, a CBD receptor, which increases
appetite. CB1 also increases ghrelin, a
hormone that drives you to eat.

CB1 receptors on body
(brain and intestines)

Michael Hull, Cannabis and your appetite, 2023.
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Effects of Cannabidiol on Appetite and Body Weight: A Systematic
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Abstract

Background and Objective Cannabidiol, one of the main components of the Cannabis sativa plant, is a non-psychotropic
cannabinoid that has recently drawn the attention of researchers and clinicians for its potential therapeutic applications. In
this systematic review, we aim to describe the possible effects of cannabidiol in appetite and body weight.

Methods Both authors independently ran a thorough search in both PubMed and Cochrane databases up to 31 July, 2022 and
included every peer-reviewed, original randomized controlled clinical trial that reported data on either of the said outcomes.
Risk of assessment bias was performed with Cochrane’s risk of bias tool and results were summarized in tables.

Results A total of 11 trials were included in this review. Of these, the majority reported on cannabidiol reducing appetite
and/or body weight whilst some have found no significant changes and one trial described an increase in appetite.
Conclusions This systematic review suggests that cannabidiol has an anorexigenic effect, correlated with a decrease in body
weight. However, most of the studies included in the present review raised some concerns in terms of risk of bias. We believe
further research is needed in order to clarify potential mechanisms involved in the effect of cannabidiol on feeding/appetite.



