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Marijuana contains ~“100 cannabinoids plus other
chemicals in varying concentrations
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Common forms of cannabinoids

found in raw flower material

CBG-A,
CBGV-A

Heated Aged
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& Modern and Traditional oils
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‘ ‘ 4 * 100% organic plant
material for the extract.
(om0 o * High quality solvent for
extraction?
i * Exact THC:CBD ratio?
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Exploiting the Cannabinoid System for

Therapeutic Purposes

Exogenous compounds
Phytocannabinoids

Newur ops otecton Mernory

THC, CBD, combinations
Synthetic cannabinoids Qo

Dronabinol $

Endogenous manipulation
FAAH inhibitors
MAGL inhibitors ta
Allosteric modulators

Receptor targets
CB1, CB2, TRPV1, PPAR, 5-HT, peripheral, others...




Cannabinoid Receptors Are Also Located

Throughout the Body
Whole Body Distribution of PET images of
CB1 Receptors (2, 25, and 100 min [11C]-NE40
after injection of 11C-MePPEP) (CB2R radioligand)
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The neuropsychopharmacology of cannabis: a review of human imaging studies

*Michael A. P. Bloomfield 1’2:3‘4’5. Chandni Hindocha'?*, Sebastian F. Green', Matthew B.

Wall*® 7, Rachel Lees'**, Katherine Petrilli'**, Harry Costello', M. Olabisi Ogunbiyi', Matt
G. Bossong’, Tom P. Freeman®™'®!!

Endocannabinoids are fatty-acid cannabinoids produced naturally in the
body (anandamide and 2-AG).

Phytocannabinoids are concentrated in the oil resin of cannabis buds
and leaves (THC and CBD) with over 100 identified in the cannabis
plant.

Synthetic cannabinoids are manufactured artificially in a laboratory to
mimic the effects of natural cannabinoids.

Figure 1: The distribution of CB;Rs across the human brain.

B Medium Density
High Density

These axial (left), coronal (middle) and sagittal (right) views schematically depict regions of medium and high
endocannabinoid type 1 receptor (CBR) concentration. This was extrapolated from mean labelling densities as
described by Glass et al. (1997). [3H]CPP55=940 binding =80 fmol/mg was defined as high and 40-80 fmol/mg was
defined as medium. Regions with high CB ;R concentration include (in alphabetical order): amygdala (not in view),
cerebellum, cingulate gyrus, dorsal motor nucleus of the vagus, entorhinal cortex, globus pallidus, hippocampal
formation, middle frontal gyrus, substantia nigra, and Wernicke’s area. Regions with medium CB R concentration
include (in alphabetical order): auditory cortex (right), caudate nucleus, mediodorsal nucleus of the thalamus, motor
cortex, occipitotemporal gyrus, putamen, somatosensory cortex, and visual cortex. Montreal Neurological Institute

coordinates (x.v,z) are shown above.
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Entourage effect
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Figure 1| Endocannabinoidome mediators and receptors, The main endocannabinoids
N-arachidonoyl-ethanolaming (AEA) and 2-arachidonoylglycerol (2-AG) are part offarger familiesof
lpds,the \-acylethanolamines (NAEs}and the 2-acylglycerols2-AcCs)respectively Numerous other
members of these families signalthrough other G protein-coupled receptors (GPCRs} ion channels
and nuclear receptors,as shown,In addition, long-chain primery faty acid amides ipoamino acids
and acylneurotransmitterssignal through some of the receptors used by NAES and 2-AcCs, :LG,
Llinoleoy glycerol; -0, Z-oleoyl glycerol; Ca 3, T4ype Ca” channel; CB, cannabinoid receptor,
DHEA, N-docosahexagnoyt ethanolamine; GPR18, G protein-coupled receptor 18; LEA Nelinoleoy!
ethanolamine; OA, oleamide; OFA, N-oleoylethanolaming; PEA, N-palmitoylethanolamine; PPAR,
peroxisome prolferator-activated receptor, TRPV, transient receptor potentialcation channel sub-
family V member 1

OA and other primary fatty acid amides

NAEs Non specific targets (including CB1) 2-AcGs
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Functional Selectivity

B. - pt and & opioid
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2. Forming heterodimer

CB,
1. Biased agonism / ~—— -
p-arrestins / J \\(iq ( \

Modulation of ¢, G Rho
ion channels y
(py subunits) \ / ay
LeANE] (IP3. DAG.
Ca**. PKC)

| PKAT

Retrograde transmission
Override signal ( inhibitory)
Lipid metabolism
Apoptosis

Mitochondria function

1. Biased agonism

The ability of ligands acting at the same
GPCR to elicit distinct cellular signaling profiles by
preferentially stabilizing different active

conformational states of the receptor

2. Forming heterodimer




Functional Selectivity

2. Forming heterodimer

Example :

Heterodimer with

D, dopamine receptor
M opioid receptor
A,A adrenosine receptor

ﬂ 2 adrenergic receptor

Increase coupling with

Gs (Stimulatory G protein)
Gs (Stimulatory G protein)
Gi (Inhibitory G protein)
Gi (Inhibitory G protein)

Opioid Receptors

CB1 OR
Tolerance to pain-blocking
effects of opiates

CB1 OJOR
Anxiety and depression
in chronic pain

Serotonin Receptors
CB1 5-HT2A

Memory impairments
Anxiety

Dopamine Receptors
CBi1 D2

Parkinson's Disease

Adenosine Receptors
CB1 A2A

Huntington's Disease

Orexin Receptors
CB1 OX1-2

]lml[ml“l Appetite, sleep, and pain

Chemokine Receptors
CB2 CXCR4

Tumor metastasis
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The Potential Benefits of Medical

Marijuana | Dr. Alan Shackelford |... A doctor's case for medical marijuana | David v
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MEDICAL MARIJUANA
&
EPILEPSY TREATMENT

Pongkiat Kankirawatana, MD.

Medical Director, Pediatric Epilepsy Program
Division of Pediatric Neurology

University of Alabama at Birmingham

Prof. Pongkiat Kankirawatana, MD
University of Alabama, Birmingham interview
2018 interview(VDO)
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Disability
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V. Chiurchit: et al./Progress in Neurobiology 160 (2018) 82-100

Innate Immunity
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(Microglia, monocytes/macrophages,
dendritic cells)

Adaptive Immunity

[T ==p

(Myelin-specific T cells and B cells)

t (time)

Fig. 1. The immunological basis of the different clinical forms of MS.
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Table 2

Alterations of distinct elements of the eCB system, and their role in inflammation and neurodegeneration in MS.

ECS Model Sample Variation Effects Reference
element
AEA Chronic EAE Brain, spinal cord 1 Early inhibition of spasticity Baker et al. (2001)
Lewis EAE rats Brain Il Worsening of disease development and Cabranes et al. (2005)
neurological impairment
RR-MS Autopsied brain 1 Microglia-induced neuroprotection Eljaschewitsch et al. (2006)
EAE and RR-MS  Brain, CSF, plasma, T cells ) Neuroprotection Centonze et al. (2007a)
patients
RR-MS, SP-MS CSF Il - Di Filippo et al. (2008)
RR-MS, PP-MP, Plasma 1 Disease progression Jean-Gilles et al. (2009)
SP-MS
RR-MS T cells, B cells, NK cells ) - Sanchez Lopez et al. (2015)
NAPE-PLD@ EAE and RR-MS  Brain, CSF, plasma, T cells 1 NAPE-PLD and @ Neuroprotection Centonze et al. (2007a)
FAAH patients |FAAH
SP-MS Plasma |FAAH Disease progression Jean-Gilles et al. (2009)
RR-MS mDC and pDC |FAAH in mDC Lack of immunoregulation Chiurchit et al. (2013)
and 1 in pDC
RR-MS T cells, B cells, NK cells —r - Sanchez Lopez et al. (2015)
2-AG Chronic EAE Brain, spinal cord ) Late inhibition of spasticity Baker et al. (2001)
Lewis EAE rats Brain | Worsening of disease development Cabranes et al. (2005)
and neurological impairment
RR-MS patients CSF e Centonze et al. (2007a)
RR-MS, SP-MS CSF | Di Filippo et al. (2008)
TMEV-IDD Spinal cord ) Loria et al. (2008)
RR-MS T cells, B cells, NK cells Increased in NK Sanchez Lépez et al. (2015)
cells
DAGL/ EAE - Inhibition of MAGL ameliorates Herndndez-Torres et al.
MAGL EAE progression (2014)
CB, Lewis EAE rats Brain | Worsening of disease development and Cabranes et al. (2005)
neurological impairment
P-MS Plasma ) Disease progression Jean-Gilles et al. (2009)
MS plaques Neurons, oligodendrocytes, 1 Disease progression Benito et al. (2007)
infiltrated T cells
RR-MS T cells, B cells, NK cells 1in T cells - Sanchez Lépez et al. (2015)
CB, TMEV-IDD Spinal cord 1 - Loria et al. (2008)
P-MS Plasma ) Disease progression Jean-Gilles et al. (2009)
MS plaques Infiltrated T cells, astrocytes, 1 Disease progression Benito et al. (2007)
microglia
RR-MS mDC and pDC 7in mDC and Lack of immunoregulation Chiurchit et al. (2013)
«—in pDC
RR-MS T cells, B cells, NK cells Increased in Sanchez Lépez et al. (2015)
B cells

CSF, cerebrospinal fluid; EAE, experimental autoimmune encephalomyelitis; mDC, myeloid dendritic cells; RR, relapsing-remitting; P, progressive; pDC, plasmacytoid
dendritic cells; PP, primary progressive; SP, secondary progressive; TMEV-IDD, Theiler's murine encephalomyelitis virus-induced demyelinating disease. 1, increase; |,

decrease; «

», unchanged.

dnInaaes
Al
HUUNAZIZEY
A9qvdlsn

nalaninayiuly

IZEZAN)

Pe{
waaluauog

Pl
yaaluszuy
DRANNU

52U
eCannabinoid









A A 0 v cS A
2 gasmheman lsaazinany.....

* ) utlk Cetaphil Moisturizing Cream ld29aufia 50 T
o) LBIN THC Tannlu 3 @6, + SUNENE AT ALEW 3 T,
o) dntutinguien 5 wT.... wiaAulidinfln snduidedineaty

.\AA) l <3 I a ~ A 9/0I/ PL?/Q/d Y Y a ] |d'°/ ]
2 daeendu livwsnainduasiia@duliian lalvauuiadnga.... ndese winnazmaan ud
ARINNN 2 TH. AUFANINEAL...

AN Andeannisldeiy

e ¥ sqelauazla

o Cr NINUIBUNTEAN HLeIAs mfaumaLmyﬂjmuuﬂﬂivuwimmmﬂmm"mL@uiqmmﬁm?m
dvalgnnas






® Glutamate 0 AMPA receptor

szuu € cannabinoid
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Fig. 4. Overall scheme of the presynaptic and postsynaptic perturbations mediated by proinflammatory cytokines and modulated by eCB system in EAE. IL-1[3 increases
glutamate release at presynaptic terminals and TNF induces AMPA receptor upregulation, resulting in enhanced glutamate transmission. CB; contrasts the effects of IL-1[3 by
reducing the frequency of spontaneous glutamate-mediated synaptic currents on presynaptic terminals, conversely TRPV1 is permissive for IL-13 synaptic effects on
glutamate transmission. At the postsynaptic site, both CB; and TRPV1 restrain TNF-mediated potentiation on postsynaptic AMPA receptor. Moreover, IL-1[3 promotes the
inhibition of CB; function on GABAergic synapses, thus mitigating the reduction of GABA release. Moreover, IL-1[3 reduces postsynaptic GABAA receptor function by
promoting the decrease of GABA signaling. Finally, TRPV1 channels are permissive for IL-1[3 synaptic effects at both pre- and postsynaptic sites.
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Autophagy could purify the cellular pool of mitochondria if debris is aggregated and segregated by fission in a subset of mitochondria. If

deleterious components (black fibers) are asymmetrically distributed or aggregated, fission could lead to cleansing of daughter mitochondrion
(green) by preventing fusion and inducing mitophagy of the impaired ones (yellow).
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CASCADES FROM
DYSREGULATION

IN SIGNALLING/

CELLULAR RESPONSE AND
REPAIR/ER endoplasmic
reticulum STRESS/
MITOCHONDRIAL
DYNAMICS/
MICROCELLULAR-
MACROCELLULAR DAMAGE

CLINICAL DISEASE

Pathology Changes in synapse morphology: synaptic damage, loss of synapses and dendrites
Neuron death
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European Archives of Psychiatry and Clinical Neuroscience (2019) 269:121-133
https://doi.org/10.1007/500406-019-00982-6

INVITED REVIEW ®m) ‘ L PSYCHOSIS
e, — - 5-HT1A

Is cannabidiol the ideal drug to treat non-motor Parkinson’s disease — TRPVI
symptoms? 74 o
, . X \\ - CB1(inhibition of the reuptake
o e Rota o dos Samags ok Aninlo W Zunal anchcos, Gumartes®: 5 and metabolism of anandamide)
Received: 15 August 2018 / Accepted: 3 January 2019 / Published online: 31 January 2019 MOTOR EFFECTS > - C82>
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Fig. 1 Non-motor Parkinson’s disease conditions and its possible related mechanisms



Start b |
y @I J —ﬁ’)j%l/ ’ tf;nq 4‘{;(5 Wy
yourself ¥ -uom nwj:f; " : oy ﬁugmw
Z e
: N
remedy ~ iRl , )
i NeupIN
R IAL ! \{;})

(oA ,

Vascular dysregulation - damage
Neurovascular coupling
Transporter

. e A e ™~
T
¢
=
<
<
=
=



INFLAMMATION

* INFLAMMATION AS ORIGINATOR AND EXAGGERATOR OF DISEASES

* AUTO-INFLAMMATORY DISEASES -innate
http://www.nomidalliance.org/downloads.php

* AUTOIMMUNE DISEASE-adaptive



Targeting the Endocannabinoid-Specialized Pro-resolution
Mediator Pathway with Lenabasum to Treat Chronic
Inflammatory/Fibrotic Diseases




- BECOME FREQUENT USER/DEPENDENCE
 SCHIZOPHRENIA

* PSYCHOTIC LIKE REACTION

 LOW INTELLIGENCE

 AND ALSO CB1 (THC) REALLY A BAD GUY IN
PSYCHOSIS?
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MEGA-ANALYSIS OF GRAY MATTER VOLUME IN SUBSTANCE DEPENDENCE

international working group within the framework of the EnhancingNeuro- B e s Of e onrd Swbeicer
ImagingGeneticsThroughMeta-Analysis (ENIGMA)project Furace of Parally Infiated versge Bran”

Alcohol

Whether regional differences in brain volume measured by MRI can provide clinically useful
biomarkers of substance dependence. Absence of substance-specific linear effects on brain
pooled samples.

ajp.psychiatryonline.org ___ figqqqi11l912119 Hpnlunideanasaadldlias Nashin Wasiny

Alcohol and Cocaine
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Mega-Analysis of Gray Matter Volume in Substance
Dependence: General and Substance-Specific Sl
Regional Effects

Scott Mackey, Ph.D., Nicholas Allgaier, Ph.D., Bader Chaarani, Ph.D., Philip Spechler, B.A., Catherine Orr, Ph.D.,

Janice Bunn, Ph.D., Nicholas B. Allen, Ph.D., Nelly Alia-Klein, Ph.D., Albert Batalla, M.D., Ph.D., Sara Blaine, Ph.D.,
Samantha Brooks, Ph.D., Elisabeth Caparelli, Ph.D., Yann Ying Chye, Ph.D., Janna Cousijn, Ph.D., Alain Dagher, M.D.,
Sylvane Desrivieres, Ph.D., Sarah Feldstein-Ewing, Ph.D., John J. Foxe, Ph.D., Rita Z. Goldstein, Ph.D.,

Anna E. Goudriaan, Ph.D., Mary M. Heitzeg, Ph.D., Robert Hester, Ph.D., Kent Hutchison, Ph.D., Ozlem Korucuoglu, Ph.D.,
Chiang-Shan R. Li, M.D., Ph.D., Edythe London, Ph.D., Valentina Lorenzetti, Ph.D., Maartje Luijten, Ph.D.,

Rocio Martin-Santos, M.D., April May, M A., Reza Momenan, M.D., Angelica Morales, Ph.D., Martin P. Paulus, M.D., Shared (Pattern 3)
Godfrey Pearlson, MA., M.B.B.S., Marc-Etienne Rousseau, M.Sc., Betty Jo Salmeron, M.D., Renée Schluter, Ph.D.,

Lianne Schmaal, Ph.D., Gunter Schumann, M.D., Ph.D., Zsuzsika Sjoerds, Ph.D., Dan J. Stein, Ph.D., Elliot A. Stein, Ph.D.,
Rajita Sinha, Ph.D., Nadia Solowij, Ph.D., Susan Tapert, Ph.D., Anne Uhlmann, Ph.D., Dick Veltman, M.D., Ph.D.,

Ruth van Holst, Ph.D., Sarah Whittle, Ph.D., Margaret J. Wright, Ph.D., Murat Ylcel, Ph.D., Sheng Zhang, Ph.D.,

Deborah Yurgelun-Todd, Ph.D., Derrek P. Hibar, Ph.D., Neda Jahanshad, Ph.D., Alan Evans, Ph.D., Paul M. Thompson, Ph.D.,
David C. Glahn, Ph.D., Patricia Conrod, Ph.D., Hugh Garavan, Ph.D., the ENIGMA Addiction Working Group 3 substance specific: alcohol alone (green), alcohol and cocaine (purple):

substance general: pattern 2 (yellow), pattern 3 (orange).
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2,387 cases and almost 50,000 controls, plus a replication

GWAS of lifetime cannabis use reveals new risk sa@mple of 5,501 cases and ~300,000 controls.

loci, genetic overlap with psychiatric traits, and
a causal influence of schizophrenia

2016 International Cannabis Consortium (ICC) and is
based on a sample size of 32,330 individuals in the

Joélle A. Pasman ©'¥, Karin J. H. Verweij'>%, Zachary Gerring?, Sven Stringer®* discovery sample along with 5,627 individuals in the

'

Sandra Sanchez-Roige?®, Jorien L. Treur®, Abdel Abdellaoui?, Michel G. Nivard®7, replication sam pIe

Bart M. L. Baselmans?’, Jue-Sheng Ong @3, Hill F. Ip©7, Matthijs D. van der Zee’, Meike Bartels @7,
Felix R. Day @8, Pierre Fontanillas®, Sarah L. Elson®, the 23andMe Research Team™, Harriet de Wit",
Lea K. Davis @', James MacKillop @', The Substance Use Disorders Working Group of the
Psychiatric Genomics Consortium, International Cannabis Consortium’, Jaime L. Derringer's,
Susan J. T. Branje", Catharina A. Hartman', Andrew C. Heath™, Pol A. C. van Lier®,

Pamela A. F. Madden', Reedik Magi?', Wim Meeus”, Grant W. Montgomery @2, A. J. Oldehinkel @,
Zdenka Pausova?, Josep A. Ramos-Quiroga?#?525?7, Tomas Paus?®?°, Marta Ribases 242525,
Jaakko Kaprio©3°, Marco P. M. Boks @3, Jordana T. Bell??, Tim D. Spector?®, Joel Gelernter® 3%,
Dorret I. Boomsma’, Nicholas G. Martin?, Stuart MacGregor©3, John R. B. Perry®,

Abraham A. Palmer© 334 Danielle Posthuma®4, Marcus R. Munafo©%3°, Nathan A. Gillespie33538,
Eske M. Derks @332 and Jacqueline M. Vink ©"38*

Cannabis use is a heritable trait that has been associated with adverse mental health outcomes. In the largest genome-wide
association study (GWAS) for lifetime cannabis use to date (N=184,765), we identified eight genome-wide significant inde-
pendent single nucleotide polymorphisms in six regions. All measured genetic variants combined explained 11% of the variance.
Gene-based tests revealed 35 significant genes in 16 regions, and S-PrediXcan analyses showed that 21 genes had different
expression levels for cannabis users versus nonusers. The strongest finding across the different analyses was CADM2, which
has been associated with substance use and risk-taking. Significant genetic correlations were found with 14 of 25 tested sub-
stance use and mental health-related traits, including smoking, alcohol use, schizophrenia and risk-taking. Mendelian ran-
domization analysis showed evidence for a causal positive influence of schizophrenia risk on cannabis use. Overall, our study
provides new insights into the etiology of cannabis use and its relation with mental health.

four genes significantly

associated with lifetime
cannabis use: NCAM1],
CADM2, SCOC and KCNT2

NATURE NEUROSCIENCE | VOL 21 | SEPTEMBER
2018 | 1161-1170 | www.nature.com/
natureneuroscience,




GOVERNMENT OF THE DISTRICT OF COLUMBIA

Ca nnabis Safety PrOfiIe DEPARTMENT OF HEALTH

Promote.Prevent. Protect.

Little is known about the safety of individual compounds. Serious
adverse effects are rare with cannabis or its constituents.

Marijuana has low to moderate dependence potential; the active dose
Is very far below the lethal dose (Gable et al 2006).

Active/Lethal Dose Ratio and Dependence Potential of Psychoactive Drugs

Very high - Heroi n.

e Nicqtine Morghme

sl Pentobarbital Cocaine
5
EJ Akl Ephedra Rohypnol  Alcghol
B
g Marijuana Caffeine MDMA
o Moderse/low v - el A A
= Nitrous oxide
| Ketamine
LSD Mescaline
ery ) - - ~ -
Psilocybin
0.001 0.002 0.0 002 ‘ 01 02
Active Dose / Lethal Dose
[I Narcotics @ Depressants a Stimulants e Anesthetics = Hallucinogens v Cannams] (Ada pted from Ga ble 2006)




GOVERNMENT OF THE DISTRICT OF COLUMBIA

Cannabinoid Hyperemesis Syndrome REPARTMENT OF HraLTH

Chronic cannabis use may be associated with Cannabinoid
Hyperemesis Syndrome (also called Cyclic Vomiting
Syndrome).

It Is characterized by episodes of nausea and vomiting,
abdominal pain, and sometimes polydipsia.

Obsessive hot-water bathing may be observed, as it FEERRRRERN
alleviates symptomes. SRR RN
The syndrome can lead to weight loss or acute renal failure

from dehydration.

The etiology of CHS is thought to be activation of CB,
receptors that can reduce gastric emptying.

(Galli et al 2011, Woods et al 2014, Beech et al 2015, lacopetti and Packer 2014,
Yap and Luther 2012, Habboushe and Sedor 2014)




GOVERNMENT OF THE DISTRICT OF COLUMBIA

Drug Interactions
Cytochrome P450 Enzymes B AT oF BT

THC is a CYP1A2 inducer.

Theoretically, THC can decrease serum concentrations of clozapine, duloxetine,

naproxen, cyclobenzaprine, olanzapine, haloperidol, and chlorpromazine
(Flockhart 2007, Watanabe et al 2007).

CBD is a potent inhibitor of CYP3A4 and CYP2D6.

As CYP3A4 metabolizesabout a quarter of all drugs, CBD may increase serum
concentrations of macrolides, calcium channel blockers, benzodiazepines, cyclosporine,
sildenafil (and other PDES inhibitors), antihistamines, haloperidol, antiretrovirals, and
some statins (atorvastatin and simvastatin, but not pravastatin or rosuvastatin).

CYP2D6 metabolizes many antidepressants, so CBD may increase serum concentrations
of SSRIs, tricyclic antidepressants, antipsychotics, beta blockers and opioids (including
codeine and oxycodone).




Drug Interaction Studies

GOVERNMENT OF THE DISTRICT OF COLUMBIA

DOH

DEPARTMENT OF HEALTH
Promote.Prevent. Protect.

Warfarin

THC and CBD increase warfarinlevels
(Yamaori et al 2012).

Frequent cannabis use hasbeen
associated with increased INR.

Alcohol

Alcohol may increase THC levels
(Hartman 2015).

Theophylline

Smoked cannabiscan decrease

theophyllinelevels
(Stout and Cimino 2014).

Indinavir or nelfinavir

Smoked cannabis had no effect
(Abrams et al 2003).

Docetaxel or irinotecan

Cannabisinfusion (tea) had no effect
(Engels et al 2007).

Clobazam

In children treated with CBD for epilepsy,

CBD increasedclobazam levels
(Geffrey et al 2015).




JAMA Psychiatry | Original Investigation

Genetic Predisposition vs Individual-Specific Processes
In the Association Between Psychotic-like Experiences
and Cannabis Use Psychotic-like

Nicole R. Karcher, PhD; Deanna M. Barch, PhD; Catherine H. Demers, MA; David A. A. Baranger, PhD; eXPe riences
Andrew C. Heath, PhD; Michael T. Lynskey, PhD; Arpana Agrawal, PhD
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CONCLUSIONS AND RELEVANCE Despite the strong contribution of shared genetic factors, q° ANNWIZRIN ﬁ‘ﬂ’ﬂ%‘l_l’] eIN1S9
frequent and problem cannabis use also appears to be associated with PLEs via .
person-specific pathways. This study’s findings suggest that policy discussions surrounding s ol A
legalization should consider the influence of escalations in cannabis use on traitlike indices m"ﬁ‘]_l agEtasinm? 1" a4
of vulnerability, such as PLEs, which could contribute to pervasive psychological and & ”vl. ¥
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interpersonal burden.

69.2-84.1%

(512971 nanan 2018)

JAMA Psychiatry. doi:10.1001/jamapsychiatry.2018.2546
Published online October 17, 2018.



HUMAN CONNECTOME PROJECT (1188) AND THE

AUSTRALIAN TWIN REGISTRY COHORT 3
(ATRS )(3486)

* frequent use(ie.>100times), a DSM-IV lifetime cannabis use disorder diagnosis, and current
cannabis use.

* Genetic and environmental correlation s between cannabis involvement and PLEs were
estimated. Generalized linear mixed models examined PLE differences in twin and nontwin
sibling pairs discordant for cannabis use.

« RESULTS
* Psychotic-like experiences were associated with
(B=0.11;95%Cl,0.08-0.14), (B=0.13;95%Cl,
0.09-0.16),and (B=0.07;95%Cl,0.04-0.10) even

after adjustment for covariates.

* Correlated genetic factors explained between 69.2% and 84.1% of

this observed association. within discordant pairs of twins/siblings(Npairs,308-324),

Psychotic-like experiences were more common in cannabis-exposed individuals compared with
their relative who used cannabis to a lesser degree
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the presence of

1-baseline differences before marijuana
involvement,

2-the lack of a dose-response relationship.
and

3-an absence of meaningful differences
between discordant siblings lead us to
conclude that the deficits observed in
marijuana users are attributable to
confounding factors that influence both
substance initiation and 1Q rather than a
neurotoxic effect of marijuana.

www.pnas.org/cgi/doi/10.1073/pnas.1516648113
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Significance

Marijuana is the most commonly used recreational drug in the
United States. Some studies suggest that marijuana use in
adolescence is linked to declines in intellectual functioning.
Because of the infeasibility of studying this phenomenon ex-
perimentally, it is unclear whether the association can be
causally attributed to marijuana use itself or is instead the result
of confounding factors. We approach this issue quasiexper-
imentally using longitudinal samples of adolescent twins. Among
twin pairs discordant for marijuana use, we assessed intelligence
quotient (IQ) score changes while adjusting for the effects of
genetic influences and other factors shared by members of the
same twin pair. Results suggest that familial confounds un-
derlie the association between adolescent marijuana use and
declining 1Q scores.

Impact of adolescent marijuana use on intelligence:
Results from two longitudinal twin studies

Nicholas J. Jackson™®", Joshua D. Isen“"?, Rubin Khoddam®, Daniel Irons, Catherine Tuvblad™®, William G. lacono®,
Matt McGue®, Adrian Raine®'9, and Laura A. Baker®

*Department of Psychology, University of Southern California, Los Angeles, CA 90089; ®Department of Medicine Statistics Core, University of California, Los
Angeles, CA 90024; “Department of Psychology, University of Minnesota, Minneapolis, MN 55455; “School of Law, Psychology and Social Work, Orebro

University, 702 81 Orebro, Sweden; “Department of Criminology, University of Pennsylvania, Philadelphia, PA 19104; 'Department of Psychiatry, University
of Pennsyivania, Philadelphia, PA 19104; and *Department of Psychology, University of Pennsylvania, Philadelphia, PA 19104

2016



associations of marijuana use with changes in
intellectual performance? No

two longitudinal studies of adolescent twins (n =789 and n = 2,277).

Standardized measures of intelligence ages 9—12 y, before marijuana
involvement, and again at ages 17-20 .

I\_/Iar.i%'_uana users had lower test scores relative to nonusers and showed a
signiticant decline in crystallized intelligence between preadolescence and late
adolescence.

However, there was no evidence of a dose—-response relationship between
frequency of use and intelligence quotient (I1Q) change.

Furthermore, marijuana-using twins failed to show significantly greater 1Q
decline relative to their abstinent siblings.

Evidence from these two samples suggests that observed declines in measured
IQ may not be a direct result of marijuana exposure but rather attributable to
familial factors that underlie both marijuana initiation and low intellectual
attainment.
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* 71 2012 ms@nwlu Nature Translational Psychiatry (uasrewssiiug 1999,2004,2010)

e CBD dqailsuanududulugnaaas THC

* CBD winpnudndurasarsia Anandamide (AEA) Tna anni1saanvinaigaan
uasa1sinasugilselagiaas CBD uazdiganainisnivas

* ARAUANNLTANIIN NIV IULNALTAAR AB tEenWLALatzadtanizlunsau CB1
receptor luanas lilaualunsaruanainisnielsaan

o
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duad tagld CBD lanavinnuldanlsnan waladnadainss
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11.

12.

13.

Melizer HY, Arvanitis L, Bauer D, Rein W. Placebo-controlled evaluation of four novel
compounds for the treatment of schizophrenia and schizoaffective disorder. Am J
Psychiatry 2004; 161: 975-984.

Sanofi-Aventis. Efficacy and safety of AVE1625 as a co-treatment with antipsychotic
therapy in schizophrenia (CONNECT). ClinicalTrials gov, May 11 2010; edn, vol.
NCT00439634. US National Institute of Health, 2010.

Leweke FM, Giuffrida A, Wurster U, Emrich HM, Piomelli D. Elevated endogenous PR . .

cannabinoids in schizophrenia. Neuroreport 1999; 10: 1665—1669. Citation: Trans,' Psychlqtry (20_1?) 2, 8943 dOI.10.1038/tp.2012.l5 l@
Giuffrida A, Leweke FM, Gerth CW, Schreiber D, Koethe D, Faulhaber J et al. © 2012 Macmillan Publishers Limited All rights reserved 2158-3188/12 >
Cerebrospinal anandamide levels are elevated in acute schizophrenia and are inversely

correlated with psychotic symptoms. Neuropsychopharmacology 2004; 29: 2108-2114. www.nature.com/tp

Cannabidiol enhances anandamide signaling and
alleviates psychotic symptoms of schizophrenia

FM Leweke'?, D Piomelli®*, F Pahlisch'*, D Muhl>?, CW Gerth?, C Hoyer'?, J Klosterkétter?, M Hellmich® and D Koethe'-

Cannabidiol is a component of marijuana that does not activate cannabinoid receptors, but moderately inhibits the degradation of
the endocannabinoid anandamide. We previously reported that an elevation of anandamide levels in cerebrospinal fluid inversely
correlated to psychotic symptoms. Furthermore, enhanced anandamide signaling let to a lower transition rate from initial prodromal
states into frank psychosis as well as postponed transition. In our translational approach, we performed a double-blind, randomized
clinical trial of cannabidiol vs amisulpride, a potent antipsychotic, in acute schizophrenia to evaluate the clinical relevance of our initial
findings. Either treatment was safe and led to significant clinical improvement, but cannabidiol displayed a markedly superior side-
effect profile. Moreover, cannabidiol treatment was accompanied by a significant increase in serum anandamide levels, which was
significantly associated with clinical improvement. The results suggest that inhibition of anandamide deactivation may contribute to
the antipsychotic effects of cannabidiol potentially representing a completely new mechanism in the treatment of schizophrenia.
Translational Psychiatry (2012) 2, €94; doi:10.1038/tp.2012.15; published online 20 March 2012



The search for safe and effective drugs to treat schizophrenia
is hindered by the complex nature of this disorder, which is
known to involve multiple brain neurotransmitters." Among
them are the endogenous cannabinoids, a family of lipid
messengers that target the same cell surface receptors
engaged by A®-tetrahydrocannabinol in marijuana.® Because
A®-tetrahydrocannabinol and other direct-acting cannabinoid
agonists can induce psychotic symptoms both in healthy
volunteers®™ and schizophrenic patients,®’ it has been
suggested that hyperactivity of the endocannabinoid system
might contribute to psychotic states.®® This idea has fueled
two large-scale clinical trials with CB4-type cannabinoid
receptor antagonists in schizophrenia, which yielded, how-
ever, negative results.’®'" A diametrically opposite view —
namely that certain components of the endocannabinoid
system might have a protective role in schizophrenia — was
suggested by studies with antipsychotic-naive schizophrenic
patients, in which it was found that the symptom intensity
experienced by these subjects was negatively correlated with
cerebrospinal levels of anandamide,'?' an endocannabinoid
transmitter known to be involved in the regulation of pain,
mood and cognition.’* Consistent with these clinical observa-
tions, animal experiments have shown that pharmacological
blockade of anandamide degradation attenuates, rather than
enhances, psychotic-like behaviors induced in rodents by
amphetamine and phencyclidine.>'®

affinity’”'® and is devoid of overt cannabimimetic or pro-

psychotic properties.'” Biochemical studies indicate that
cannabidiol may enhance endogenous anandamide signaling
indirectly, by inhibiting the intracellular degradation of
anandamide catalyzed by the enzyme fatty acid amide
hydrolase (FAAH)."™ Furthermore, preliminary clinical case
reports suggest that cannabidiol might exert antipsychotic
effects in schizophrenic patients.?>* In addition, experi-
mental studies show that cannabidiol reduces psychosis-like
effects of A”-tetrahydrocannabinol and synthetic analogs.?>%°
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Table 1 Baseline description of full analysis set (modified intention-to-treat)

Cannabidiol Amisulpride P-value®
(h= 20) (h=19)
Demographic characteristics, mean (s.d.)
Age, years 29.7 (8.3) 30.6 (9.9) 0.966
Weight, kg 81.8 (16. O) 73.3 (11.4) 0.106
Pulse, beats/min 83.4 (12.7)° 86.3 (14.2) 0.490
Blood pressure, mm Hg
Diastolic 80.8 (9.2) 77.3 (7.1) 0.224
Systolic 123.8 (15.5) 119.2 (13.1) 0.394
Male gender, 15 (75) 17 (89) 0.407
count (%)
Baseline severity of illness scores, mean (s.d.)
PANSS
Total 91.2 (14.0) 95.5 (17.1) 0.736
Positive 24 .6 (5.6) 22.5 (6.2) 0.205
Negative 23.7 (5.4) 25.3 (5.6) 0.573
General 42 .9 (8.6) 47.7 (11.4) 0.155
Factor 1 16.3 (4.8) 15.9 (5.6) 0.554
Factor 2 20.2 (4.8) 21.8 (5.3) 0.516
Factor 3 10.0 (2.6) 11.2 (3.49) 0.134
Factor 4 12.6 (2.7) 11.8 (4.1) 0.592
Factor 5 10.0 (4.0) 10.7 (3.4) 0.489
BPRS 58.1 (9.7) 57.7 (10.3) 0.746
CGl severity 6.3 (0.7) 6.8 (0.4) 0.011
Other, mean (s.d.)
Lorazepam, mg/day 2.2 (1.6) 4.2 (2.4) 0.006
SAS 36.4 (7.7) 36.9 (8.1) 0.800
EPS 0.1 (0.2) 0.0 (0.1) 0.485

Abbreviations: BPRS, Brief Psychiatric Rating Scale; CGlI,

SAS, Social

2The Wicoxon rank sum test or Fishers exact test. °n—=19.

Bold indicates statistical significance between groups (P<0.05).

Clinical Global
Impression Scale; EPS, Extrapyramidal Symptoms Rating Scale; PANSS,

Positive and Negative Syndrome Scale; Anxiety Scale.

CBD 800mg/day



Differences:

Cannabidiol (CBD) as an Adjunctive Therapy in

_ _ _ _ Placebo-controlled
Schizophrenia: A Multicenter Randomized 40 vs 43
: Adjunct
Controlled Trial 1000 me/day

Philip McGuire, F.R.C.Psych., F.Med.Sci., Philip Robson, M.R.C.P., F.R.C.Psych., Wieslaw Jerzy Cubala, M.D., Ph.D,,
Daniel Vasile, M.D., Ph.D., Paul Dugald Morrison, Ph.D., M.R.C.Psych., Rachel Barron, B.Vet.Med., M.R.C.V.S,,
Adam Taylor, Ph.D., Stephen Wright, F.R.C.P.(Edin), F.F.P.M.

Objective: Research in both animals and humans indicates
that cannabidiol (CBD) has antipsychotic properties. The
authors assessed the safety and effectiveness of CBD in pa-
tients with schizophrenia.

Method: In an exploratory double-blind parallel-group trial,
patients with schizophrenia were randomized in a 1:1 ra-
tio to receive CBD (1000 mg/day; N=43) or placebo (N=45)
alongside their existing antipsychotic medication. Participants
were assessed before and after treatment using the Positive
and Negative Syndrome Scale (PANSS), the Brief Assessment of
Cognition in Schizophrenia (BACS), the Global Assessment of
Functioning scale (GAF), and the improvement and severity scales
of the Clinical Global Impressions Scale (CGI-1 and CGI-S).

Results: After 6 weeks of treatment, compared with the
placebo group, the CBD group had lower levels of positive
psychotic symptoms (PANSS: treatment difference=—1.4,

95% Cl=—2.5, —0.2) and were more likely to have beenrated
as improved (CGlI-I: treatment difference=—0.5, 95% Cl=
—0.8, —0.1) and as not severely unwell (CGI-S: treatment
difference=—0.3,95% Cl=—0.5, 0.0) by the treating clinician.
Patients who received CBD also showed greater improve-
ments that fell short of statistical significance in cognitive
performance (BACS: treatment difference=1.31, 95% Cl=—0.10,
2.72) and in overall functioning (GAF: treatment difference=3.0,
95% Cl=—0.4, 6.4). CBD was well tolerated, and rates of adverse
events were similar between the CBD and placebo groups.

Conclusions: These findings suggest that CBD has beneficial
effects in patients with schizophrenia. As CBD's effects do not
appear to depend on dopamine receptor antagonism, this
agent may representanew class of treatment for the disorder.

Am J Psychiatry 2018; 175:225-231, doi: 10.1176/appi.ajp.2017.17030325



FIGURE 1. Change in PANSS Positive Scores From Baseline to
End of Treatment in a Study of Adjunctive Cannabidiol in
Schizophrenia (Intention-to-Treat Analysis Set)®
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Medical Cannabis Safe, Effective for Neurologic Symptoms in the Elderly

American Academy of Neurology (AAN) 2019 Annual Meeting (May 6)

patients aged 75 years or older neurologic outpatient clinic. average age = 81
204 patients (129 women and 75 men) New York State's Medical Marijuana Program.

an average of 4 months

chronic pain, sleep disorders, and anxiety related to diseases such as amyotrophic

Ia’feral sclerosis, Parkinson disease, neuropathy, spinal cord damage, and multiple
sclerosis.

Medical cannabis was taken by mouth as a liquid extract tincture, capsule, or via an
electronic vaporizer.

69% of participants experienced some symptom relief.
improvement= pain 49% sleep symptoms 18% neuropathy 15% and anxiety 10%

only 21% reported side effects. sleepiness (13%), balance problems (7%), and
gastrointestinal disturbances (7%). Three percent discontinued use because of
adverse events.

a decrease in opioid use in 32% of participants.

for daytime use, it appears that a CBD to THC ratio of 20:1 may be best. At night, a
1:1 ratio appears most effective.
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Evaluating Symptom Outcomes
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A Cross-Sectional Study of Cannabidiol Users
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FIG. 1. Number of medical conditions for which respondents reported using CBD, by medical condition
(n=3963). CBD, cannabidiol; COPD, chronic obstructive pulmonary disease; PTSD, post-traumatic stress
disorder.
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FIG. 3. Number of medical conditions for which respondents report CBD treating “Very Well by Itself” or
“Moderately Well by Itself,” by medical condition (n=2557).




Cannabidiol for the Reduction of Cue-Induced
Craving and Anxiety in Drug-Abstinent Individuals With
Heroin Use Disorder: A Double-Blind Randomized

Placebo-Controlled Trial

Objective: Despite the staggering consequences of the
opioid epidemic, limited nonopioid medication options have
been developed to treat this medical and public health crisis.
This study investigated the potential of cannabidiol (CBD), a
nonintoxicating phytocannabinoid, to reduce cue-induced
craving and anxiety, two critical features of addiction that
often contribute to relapse and continued drug use, in drug-
abstinent individuals with heroin use disorder.

Methods: This exploratory double-blind randomized placebo-
controlled trial assessed the acute (1 hour, 2 hours, and 24
hours), short-term (3 consecutive days), and protracted
(7 days after the last of three consecutive daily administra-
tions) effects of CBD administration (400 or 800 mg, once
daily for 3 consecutive days) on drug cue—induced craving
and anxiety in drug-abstinent individuals with heroin use
disorder. Secondary measures assessed participants’ positive
and negative affect, cognition, and physiological status.

Yasmin L. Hurd, Ph.D., Sharron Spriggs, M.A., Julia Alishayev, R.P.A., Gary Winkel, Ph.D., Kristina Gurgov, R.P.A.,
Chris Kudrich, D.H.Sc., Anna M. Oprescu, M.P.H., Edwin Salsitz, M.D.

Results: Acute CBD administration, in contrast to placebo,
significantly reduced both craving and anxiety induced by
the presentation of salient drug cues compared with neu-
tral cues. CBD also showed significant protracted effects on
these measures 7 days after the final short-term (3-day) CBD
exposure. In addition, CBD reduced the drug cue-induced
physiological measures of heart rate and salivary cortisol levels.
There were no significant effects on cognition, and there were
no serious adverse effects.

Conclusions: CBD's potential to reduce cue-induced craving
and anxiety provides a strong basis for further investiga-
tion of this phytocannabinoid as a treatment option for opi-
oid use disorder.

AJP in Advance (doi: 10.1176/appi.ajp.2019.18101191)

TABLE 1. Demographic characterisics o paticipants i a study of cannabidiol (CBD) for the reduction of craving and anxiety in

drug-abstinent individuals with heroin use disorder”

CBD 3 DAYS

Characteristic

Treatment Group

Placebo (N=15)

400 m

g of CBD (N=14)

800 mg of CBD N=13)

Total (N=42)

Mean

D

Mean

D

Mean

HEROIN USERS

D Mean SD

Age lyears)
Weight (kg)
Body mass index

473
887
304

80
131
56

519
842
279

79
185
74

505
862
304

16 498 92
103 864 142
56 296 62

N

%

%

N

Sex
Male
Female
Race/ethnicity
White
Black
Hispanic
Other
Marital status (single)
Employment status unemployed)
Education
High school
More than high school
Past psychiatric history
Patterns of heroin use
Daily use
Amount (=10 bags/day)
Route
Intranasal
Intravenous
Intranasal and intravenous
Last use of heroin or other opioid
=<1 month
<2 months
=3 months

12
3

800
200

200
600
133

67
733
733

467
133

67

933
800

66.7
133
200

733
200
67

857
143

71
857
71

929
857

571
71

71

100.0
786

786
71
143

571
714
357

n
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« + 2 Reduced craving
% © ¢ and anxiety

« . % Assessed acute

= : = shortand protracted
o n effect

154 6 143
231 9 24

Mean

SD

D

SD Mean SD

Duration of heroin use (years)

139

75

92

91 132 84

# No sigrificant group diference was detected for any vaiable.

FIGURE 3. Change from baseline scores on the visual analogue
scale for craving in a study of cannabidiol (CBD) for the reduction
of craving and anxiety in heroin use disorder®
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third daily CBD or placebo administration (session 4). Error bars indi-
cate standard deviation
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Executive Summary

In May 2014, Minnesota became the 22" state to create a medical cannabis program.
Distribution of extracted cannabis products in liquid or oil form to qualified, enrolled patients
began July 1, 2015. Intractable pain was added to the list of qualifying conditions for the
program effective August 1, 2016. Intractable pain is defined in the program as, “pain whose
cause cannot be removed and, according to generally accepted medical practice, the full range
of pain management modalities appropriate for this patient has been used without adequate
result or with intolerable side effects.” This report draws on data from enrollment, purchasing,
symptom and side effect ratings at time of each purchase, and survey results to describe the
experience of patients newly enrolled in the program for intractable pain during the first five
months it was a qualifying condition.

Participation

Between August 1 - December 31, 2016 a total of 2290 patients were enrolled in the program
under the qualifying condition of intractable pain; 45 of these patients were previously enrolled
in the program under an additional qualifying condition. This report focuses on the 2245
patients who were certified for intractable pain and enrolled in the program for the first time
during this interval Note that patients who took advantage of pre-enrollment during the month
of July were given an effective enrollment date of August 1 for this report. Most of the patients
were middle aged (64% between ages 36-64), <1% were <18, and 87% were <65. Distribution by
race/ethnicity generally matched the state’s demographics, with 87% of patients describing
themselves as white. 52% were female. Fifteen percent (344 patients) were certified for one or
more qualifying conditions in addition to intractable pain; severe and persistent muscle spasms
was by far the most common additional qualifying condition.

Most patients (73%) live within the Twin Cities metro region, based on first three digits of zip
code; 6% live in the St. Cloud region, 4% live in the Rochester region, and 4% live in the
Mankato region. The program allows patients to have one or more parents or non-parent
caregivers who register with the program, who then are allowed to transport and administer a
patient’s medical cannabis. Only 8% of patients had a registered caregiver, 2% had a registered
parent or guardian, and 10% had either a registered parent/legal guardian or registered
caregiver.

When certifying a patient for intractable pain, the health care practitioner indicates the primary
cause of pain. The most common causes were axial (mechanical, localized) back pain — 23%,
radicular (nerve, extends into legs) back pain — 14%, fibromyalgia/myofascial pain — 10%,
neuropathy — 8%, and osteoarthritis — 7%.

A total of 268 health care practitioners registered with the program and certified for intractable
pain the 2245 patients covered in this report; 85% were physicians, 9% were advanced practice
registered nurses, and 6% were physician assistants.

N=2245

Each patient’s medical cannabis purchasing transactions during their first enrollment year (or
through November 2, 2017 if still within their first enrollment year) were analyzed. A total of
28,800 products were purchased through 17,189 transactions. For analytic purposes, products

were classified according to the ratio of delta-9-tetrahydrocannabinol (THC) to cannabidiol
(CBD) as follows:

o Very High THC:CBD (100:1 or higher)
¢ High THC:CBD (>4:1 up to 99:1)

¢ Balanced THC:CBD (1:1 up to 4:1)

¢ High CBD:THC (>1:1 up t0 99:1)

o Very High CBD:THC (100:1 or higher).

Medical Cannabis Use Patterns

VAP 54%
ORAL 39%
OROMUCOSAL 6%

Products for inhalation (vaporized oil) accounted for 54% of products purchased, products for
enteral administration (swallowed — includes capsules and oral solutions) accounted for 39%,
oromucosal products accounted for 6%, and topical products <1%. When all routes of
administration are combined, Very High THC:CBD products accounted for 57% of all product
purchases, followed by Balanced products (33%), High THC:CBD products (6%), High CBD:THC
products (4%), and Very High CBD:THC (<1%).

Examining purchasing history across all patients is very complex for reasons that include
experimentation with different products over time. As a first approach to assessing routine use
of products, most frequently purchased products were examined for each patient. For 28% of
patients, two or more products were purchased the same number of times. The product types
that emerged as most frequently purchased were Very High THC:CBD vaporization oil (30%),
Balanced enteral preparations (14%), Very High THC:CBD enteral preparations (10%), and
Balanced vaporization oil (6%).



PAIN

SLEEP
ANXIETY
FUNCTION
QUALITY OF
LIFE
APPETITE

Table 5.3. Most important benefits reported by patients, by type and benefit

score.

Most Important Benefit

Total

Pain Reduction

656 (56%)

Improvement in Sleep

118 (10%)

Reduction of Pain
Medications/Side Effects

78 (7%)

INTRACTABLE PAIN PATIENTS IN THE MINNESOTA MEDICAL CANNABIS
PROGRAM: EXPERIENCE OF ENROLLEES DURING THE FIRST FIVE MONTHS

Reduction of Anxiety

48 (4%)

10

Mobility/Function

38 (3%)

4

Improved Quality of Life

21 (2%)

Improved
Appetite/Nausea/Vomiting

17 (1%)

Reduced Depression

3 (0%)

Increase in Alertness/Cognitive
Function

3 (0%)




improved mobility and function, and other quality of life factors were cited as being the most
important benefit. The pattern of described benefits was similar in the patient and the health
care practitioner survey results.

An important part of this report is the verbatim comments written by patients, and the reader
is encouraged to review these comments in Appendix B: Patient-Reported Benefits from
Medical Cannabis. Examples of these comments include:

e “This program has opened up a world for me | thought | lost.
| started on this just a few short months ago and am totally off my narco's and nicatin. |
also have had less spasms and cramping through out my body. | even chanced getting
on a motorcycle and going for a short ride with a friend before it snowed. Thought never
do that again. It has also helped me gain weight. and silence some demons in my head
from my PTSD. So, thank you. Now all | ask is make it affordable to stay on.”

e “Atfirst, when | began using the medical cannabis for pain, | Definitely noticed a Drastic
Relief in my pain levels - that was So Wonderful - | was So Hopeful. Then, unfortunately,
after the first week of using the cannabis regularly, the efficacy for the pain relief | had
been receiving began to steadily wane..., to the point of no noticeable pain relief at all
within a 6 to 8 week period - even though | carefully "upped" the dosage and the
frequency of dosing, etc... I'm so disheartened..., but | know others with the same type
of pain that | have that are experiencing and sustaining far better pain relief.”

¢ “Medical cannabis has not made a difference for me. | have never used it before and
was a little hesitant to try. When | did | found that | had no relief of pain and | didn't like
the way | felt so | discontinued use.”

e “The vaporizer has increased by ability to relax and fall asleep, something | struggled
with a great deal due to pain. | have not found the other methods helpful. | do not feel it
helps my pain, but simply makes me think about it less?”

e “Reduction in migraine occurrence and severity, improved sleep, less overall muscle
aching and cramping, pain relief from arthritic joints, reduction in Gl reflux which also
aids sleep.”

¢ “I'have fibromyalgia. | lived my life in constant pain my daily pain on an average was an
8. | started taking medical cannabis in August. | now have a daily pain average between
2 and 3. After 2 weeks of cannabis | cooked my first meal in 15 years. My husband was
doing all of the cooking and housework | am now able to help with it.”

The symptom scores provided in the Patient Self-Evaluation data have the advantage of
completeness, since they are required prior to each medical cannabis purchase. This data is
used to calculate the composite PEG scale, a three-item scale that asks the patient to assess,
over the past week, pain intensity and its interference with enjoyment of life and general
activity. Using the PEG scale data, 42% achieved 230% reduction, and 22% both achieved and
maintained >30% reduction over four months. The 230% reduction threshold is often used in
pain studies to define clinically meaningful improvement.

Health care practitioners responding to the survey indicated a reduction in pain scale scores
very similar to the change in PEG scores described above (41% achieved a 230% reduction).

INTRACTABLE PAIN PATIENTS IN THE MINNESOTA MEDICAL CANNABIS
PROGRAM: EXPERIENCE OF ENROLLEES DURING THE FIRST FIVE MONTHS

Alarge proportion (58%) of patients on other pain medications when they started taking
medical cannabis were able to reduce their use of these meds according to health care
practitioner survey results. Opioid medications were reduced for 38% of patients (nearly 60% of

these reduced at least one opioid by 250%), benzodiazepines were reduced for 3%, and other
pain medications were reduced for 22%. If only the 353 patients (60.2%, based on medication
list in first Patient Self-Evaluation) known to be taking opioid medications at baseline are
included, 62.6% (221/353) were able to reduce or eliminate opioid usage after six months.

Adverse Side Effects

The safety profile of medical cannabis products available through the Minnesota program
continues to appear quite favorable. By survey results, approximately 35-40% experience at
least one physical or mental adverse effect, with the vast majority (approximately 90%) mild to
moderate in severity in both the survey and Patient Self-Evaluation results. The most common
adverse effects reported in the Patient Self-Evaluations are dry mouth, drowsiness, fatigue, and
mental clouding/"foggy brain”. An assessment of the 75 patients reporting severe adverse
events, meaning “interrupts usual daily activities,” found no apparent pattern in patient age,
primary cause of pain, or type of medical cannabis product used. No serious adverse events (life
threatening or requiring hospitalization) were reported for this group of patients during the
observation period.

62.6% REDUCE OR ELIMINATE OPIOD AFTER 6/12



Cannabidiol modulates serotonergic transmission and
reverses both allodynia and anxiety-like behavior in a
model of neuropathic pain

De Gregorio, Danilo?; McLaughlin, Ryan J.P; Posa, Luca®®, Ochoa-Sanchez, Rafael?; Enns,
Justine?; Lopez-Canul, Martha?; Aboud, Matthew?; Maione, Sabatino®; Comai, Stefano®¢; Gobbi,
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Clinical studies indicate that cannabidiol (CBD), the primary nonaddictive component of
cannabis that interacts with the serotonin (5-HT)a receptor, may possess analgesic and
anxiolytic effects. However, its effects on 5-HT neuronal activity, as well as its impact on
models of neuropathic pain are unknown. First, using in vivo single-unit extracellular
recordings in rats, we demonstrated that acute intravenous (i.v.) increasing doses of CBD
(0.1-1.0 mg/kg) decreased the firing rate of 5-HT neurons in the dorsal raphe nucleus,
which was prevented by administration of the 5-HT 15 antagonist WAY 100635 (0.3 mg/kg,
l.v.) and the TRPV4 antagonist capsazepine (1 mg/kg, i.v.) but not by the CB4 receptor
antagonist AM 251 (1 mg/kg, i.v.). Repeated treatment with CBD (5 mg/kg/day,
subcutaneously [s.c.], for 7 days) increased 5-HT firing through desensitization of 5-HT 15
receptors. Rats subjected to the spared nerve injury model for 24 days showed decreased
o5-HT firing activity, mechanical allodynia, and increased anxiety-like behavior in the
elevated plus maze test, open-field test, and novelty-suppressed feeding test. Seven days
of treatment with CBD reduced mechanical allodynia, decreased anxiety-like behavior,
and normalized 5-HT activity. Antiallodynic effects of CBD were fully prevented by
capsazepine (10 mg/kg/day, s.c., for 7 days) and partially prevented by WAY 100635 (2
mg/kg/day, s.c., for 7 days), whereas the anxiolytic effect was blocked only by WAY.
Overall, repeated treatment with low-dose CBD induces analgesia predominantly through

TRPV, activation, reduces anxiety through 5-HT 1 receptor activation, and rescues

impaired 5-HT neurotransmission under neuropathic pain conditions.
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Anti-tumoural actions of eCBs
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Anti-tumoural actions of eCBs

Enhancement of chemotherapeutics” toxic effects on cancer cells or tissue by CBD and/or THC
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Br J Pharmacol. 2018 Jul 17. doi: 10.1111/bph.14426.
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