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o » Cannabis resource published for AVMA members
AVMA Veterinarians at RiSR: M.. January 10, 2018 | AVM ork Editor
1l Like 51
More tools to come
. ,
\_/ |~ AT e A B share
- P ; ,
\- T/ - | G+
4 - tools for client B chare
y,\ discussions and

8\ patient safety share

POPULAR TOPICS

» AVMA Updates (560)
» Veterinarian Resources (403)
» Advocacy (396)
» Federal Legislative Issues
(355)
» State Legislative Issues
(85) With many states allowing medicinal marijuana use in humans, and some allowing recreational use as well, it's
» Animal Health (359) important for veterinarians to understand both the legal status of marijuana and the risks it can pose to patients.
» AVMA Leadership (259)
» Councils and Committees A new document available exclusively to AVMA members provides comprehensive background information that will
(117) help you understand the legal aspects of cannabis use in animals; field questions and advise clients who are

» Board of Directors (93) interested in marijuana therapies for their pets; and identify toxic exposures.

» Future Leaders (55)
Cannabis: What Veterinarians Need to Know addresses a broad range of important topics, including:

more topics
The legal status of medicinal marijuana in veterinary medicine
How cannahinoids function
GET BLOG UPDATES! Marijuana risks to pets
Clinical signs and treatment of acute marijuana toxicosis

s X EWari
sHibstrbe o AYMa@Woncupdales Effects of chronic marijuana exposure

Your email:

‘ Enter email address Available on the Cannabis Use and Pets page of our website, the document is the first in a series of cannabis-

related materials the AVMA is developing as a resource for our members. Future tools will include information on
medicinal marijuana in pets. and educational materials you can share directly with clients.
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CHALLENGES TO MEDICAL CANNABINOIDS:
(BARRIERS TO) UNDERSTANDING THEIR USE

* Part I: Understanding the product
* History: how did we get here?
* Definitions
* Regulatory concerns
* Product
* Sources
e Quality
* Pharmacokinetics and the dosing
regimen

e Part Il: Understanding the target

The endocannabinoid system
Product safety and efficacy
Pharmacodynamics and the dosing
regime

Clinical trials

Challenges



‘ S
MEDICAL MARIJUANA: A DESIGNER PRODUCT»

* Endocannabinoids

Cannabidiolic acid

* Phytocannabinoids
* Synthetic cannabinoids

Virodhamine

N-arachidonoyldopamine (NADA)
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Marijuana Timeline

WV _—
il 2013 - Or. Sanjay Gupta comes out in favor of cannabis

2003 - US government obtains patent 6,630,50781 for
the therapeutic use of "cannabinoids as antioxidants
and neuroprotectants”

pE
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|( 2727 8C- Shen Nung, the father Yo/ 79 - Pliny the Elder says ‘The roots )
1| of Chinese medicine, writes aboutll (of the cannabis plant] boiled in

|| the healing properties of “Ma® water case cramped joints, gout 0o

‘A (cannabis) 3 and similar violent pain'

— N 1840 - Dr.Wlllla 0'Shaughnessy ! 1937 - Cannabis made federally illegal in the
1213 BC - Egyptians use cannabis for brings cannabls to the UK, where itisfi| U-S. with the passage of the Marihuana Tax Act, 1972 - The Nixon-appointed Shafer

glaucoma, inflammation, and in enemas reportedly used by Queen Victoria which was opposed by the American Medical Commission urges decriminalization.
& for menstrual cramps \ Association

' 992 - First endocannabinoid,
anandamide, discovered.
\ Followed by 2-AG

1970 - The Controlled Substance Act (CSA) places
cannabis in Schedule ), ¢laiming it has no medical
value and high risk of abuse

1850 - Cannabis added to US
| Pharmacopeia

At 1 -

'} 1000 BC - Bhang, a drink of

cannabls and milk, Is used in
India as an anesthetic

e — ~ 2 i——————l | e

; T 1 9 64_TH C’ t h e ma i n strative Law Judge 2011 - Israeli government \( 2017 - 29 U.S. states

annabls has launches nationwide medical Jj| (plusWashington DCand
cannabis oils use and should be ¢annabis program Guam) and 17 countries

pSVChoa ctive com ponent Of criptive 'legallze medical cannabis

200 - 70 BC - Ancient Greeks and Romans |
use cannabis as a remedy for earache,
_edema, and inflammation

{1840 - Cannabis becomes |\ e e e . 1990-Scientists -

700 BC - Zoroaster proclaims cannabis Y || mainstream in the westand is 1889 - The Lan canna b | S’ IS 1 d e ntlfl Ed an d . - Industrlal Hemp
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'R, Feency K. Medical Marijuona Law. Berkeley, Californio: Ronin Publishing In¢: 2007.
h M. Cannabis: A History. New York, Nev: York: St. Martin's Press; 2003.
n:on JMarijuana And Medicine: Assessing The S<ience Base. Washington, DC: Nationol Academy Press; 1999.
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(1 1) The Devil Weed
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remedy easil administered,
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spite of the nature of the in-
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Dose—1 to2 fluidrachms (4to & ce.) 8 to
5 times a day according to conditions, It
may be taken in water, milk or undiluted.
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https://medicalmarijuana411.com/examining-medical-cannabis-treatments/
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PHYTOCANNABINOIDS

Cannabis spp. W .
» = 500 different compounds J '
= 100 cannabinoids (unique)

Lipophilic
*Eicosanoids
*THC
*CBD .
'CBC Cannabichromene (CBC)
*CBG (source)

*CBN (THC metabolite)

=
Arachidonic Acid

Cannabigerol (CBG)



Types Of Weed
SATIVA

Cannabis Sativa Sativa is characterized by
ledflets that are more narrow, branches
that are farther apart, and coloration that
tends more toward spring green. Sativa
Sativa plants tend to be taller and produce
fewer flowers.

INDICA

Cannabis Sativa Indica is characterized by
broad ledflets that ofter overlap, branches
that are closer together, and coloration that
tends more toward deep olive green. Sativa
Indica plants tend to be shorter and
bushier, producing fuller, denser flower
buds.

RUDERALIS

Cannabis Ruderdlis is characterized by
varied ledflets in the mature leaves, a shorter
stature and generally small size. This
subspecies is used to create S. Sativa or S.

» 2 N ; ﬂ X a Indica hvbrids with select desired traits. e i
& B y"'"" e 2&” i ‘2"’:' ",*"5,,\ ) T 4 www.Types-of-Weed .ORG amais: sl L
1% n,--'“;’;;’f;\f’%bgﬂlamuu ana.com
%/ “AN g ("'.(, “‘?
\ Dk g : kg -

MULTIPLE HEMP PLANTS
PHARMACOLOGICALLY DIVERSE



Cannabis sativa: The Plant of the
Thousand and One Molecules

Christelle M. Andre*, Jean-Francois Hausman and Gea Guerriero

Environmental Ressarch and Innovation, [uxembourg instifute of Science and Technology, Esch-sur-Alzatie, L uxembourg

TABLE 1 | Summary of the concentrations in cannabinoids found in different parts of the hemp plants, in wtno hairy roots, and some commercial medicinal products.

Hairy Root Seed Stem Leaves Flower
roots
Meolecules Fiber- Drug- Fiber Drug- Drug- Drug- Fibear Drug-typa
type type type type type type type
THC 1,049 0-12 6174 196- 000 2000 BO3O0E a1zaph FEaOD! 951 002 1900001 18000
(<0510 {<21in 475 220000 34000-200000
kemel ¥ kerrelf BOOC® 152000
3-2d 1670
CBD 1,679 143t B7- 4.2~ 17ab 17aob 11200@ 440h abgd_* 108009 <A00 <B00 7aRO0!
2444 7ad TRS0- 20000f anoof &0
180a0)
CEN 2w 3.4- 047l BO03 1350h B9
.49
CBG 1,630 2000 1000f 13100 < B0 1000- 10000 112000 17000
THCV 510 < A0 {<B00) = 1300 1300/ <800
CBC as4oh 4 goo! a00- 2200/ 2300 £400!

Data are expressad in pg g7 of dry waight. The most recant references have baen used, whean avaflabla, Abbreviations: THG, A%-tetrahydrocannabingl: CBD, carnabidiol: CBN, carnabinol; CBG, canrabigaral; THCY
tetrahydrocarnabianin; CBC, carnabichromensa, Rafarenceas: ® Farag and Kaysar, 2015 YPAdapted from Stout at &, 2012: ®Ross at al, 2000 YPetrovié at &, 2015 oncentration in hampsead off); ®Fottar, 2004;
tPaoifion et al, 2008 Growth cunde apatment, the maximum concantmtions an mpresantad); I8 et &, 2012;0 Ross ot al, 20085; Feschodick et &, 2010: 1Cappalatto et &, 20017, data from stem dust, * Commeanial
pharmaceutica prepaations.
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U.S. DEPARTMENT OF JUSTICE * DRUG ENFORCEMENT ADMINISTRATION

DIVERSION CONTROL DIVISION | [Fsui e e sassc s
POTENTIAL
High None Severe physical  Heroin,
_ and psychologic  Marijuana

High Accepted Severe physical  Adderall,
REGISTRATION REPORTING RESOURCES ABOUT US and psychologic  Codeine,

Morphine,
Oxycodone
Less than C-lI Accepted Moderate to low Codeine,
physical or high  Hydrocodone
psychologic

Less than C-lll Accepted Limited physical ~ Valium, Ativan
or psychologic

: ;i e s ] -~
RESOURCES > Controlled Substance Schedules > Marijuana > DEA Internal Directive Regarding the Presence of Cannabinoids in Products and Materials Made from the Cannabis

Plant Less than C-IV  Accepted Limited physical  Lomotil,
or psychologic Codeine

Marijuana Get Email Updates: u cough syrups

DEA Internal Directive Regarding the Presence of Cannabinoids in Products and Materials Cases Against Doctors

Made from the Cannabis Plant Chemical Control Program
CMEA (Combat Meth Epidemic

(May 22, 2018) -

In 2004, the U.S. _Court of Appeals for the Ninth Circuit enjoined DEA from enforcing ce_rtal'n regulations with respec_t to Controlled Substance Schedules

tetrahydrocannabincls (THC). See Hemp Industries Ass'n v. DEA, 357 F.3d 1012 (9th Cir. 2004). The government did not seek ] '

Supreme Court review of that decision. In response to various inquiries, DEA hereby issues to DEA parsonnel the following DATA Waived Physicians

internal directive on how to carry out their duties in light of the Ninth Circuit's decision. Drug Disposal Information

Ti]e Ninth Cl‘lrc:utde;njoineg eﬂfgrcemen‘tc of what is nowh21 C.F.R”. % 1328.11(d)(31){(dru\g code 7:13?03 with respict to [:Lroducts Drug and Chemical Information
Products and materials that are made from the cannabis plant and which fall outside the CSA definiticn of marijuana (such as
sterilized seeds, ocil or cake made from the seeds, and mature stalks) are not controlled under the CSA. Such products may
accordingly be sold and otherwise distributed throughout the United States without restriction under the CSA or its
implementing regulations. The mere presence of cannabinocids is not itself dispositive as to whether a substance is within the
scope of the CSA; the dispositive question is whether the substance falls within the C5A definition of marijuana.

The Controlled Substances Import and Export Act incorporates the schedules of the CSA. See generally 21 U.S.C. §§ 951- Questions & Answers
971. Accordingly, any preduct that the U.S. Customs and Border Protection determines to be made from the cannabis plant but
which falls outside the CSA definition of marijuana may be imported into the United States without restriction under the r
Centrolled Substances Import and Export Act. The same considerations apply to exports of such products from the United Synthetic Drugs

States, provided further that it is lawful to import such preducts under the laws of the country of destination. Title 21 Code of Federal

Regulations

Significant Guidance Documents

This directive does not address or alter DEA's previous statements regarding the drug code for marijuana extract and regarding
resin. See Establishment of a New Drug Code for Marihuana Extract, 81 Fed. Reg. 90194 (Dec. 14, 2016); Clarification Title 21 USC Codified CSA
of the New Drug Code (7350) for Marijuana Extract. As DEA has previously explained, the drug code for marijuana

extract extends no further than the CSA does, and it thus does not apply to materials outside the CSA definition of marijuana.




UNDERSTANDING MEDICAL CANNABIS
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MEDICAL MARIJUANA ADVANTAGES ,/’

e Compared to single compound
* Terpenes
e “Entourage Effect”
* Synergism between active ingredients =
enhanced efficacy

* Antagonism of undesirable effects =
enhanced safety

* Impact regarding clinical trials?

effect

BJP

REVIEW

Taming THC: potential
cannabis synergy and
phytocannabinoid-terpenoid
entourage effects

\i/ll/)/17‘ esters

vs

168°c (334°9)
S
Musk, Cloves, Herbal. e

i~
S’G.[,' hoa"‘w“
e Relaxing Ennances THC'S Peye

From leafly or https://emeraldviewmedia.com/terpenes-101/
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legal drugs make marijuana use unnecessary. They say marijuana is addictive, leads to harder drug use
.g ¢ . " J. o i, ! ,y, ymarl ) ' ) guse Top Pro & Con Quotes
interferes with fertility, impairs driving ability, and injures the lungs, immune system, and brain. They say that
medical marijuana is a front for drug legalization and recreational use. Top 10 Pro & Con

Arguments

)

Historical Timeline

PROS & CONS BY CATEGORY

CORE QUESTION

Non-Smoked Marijuana o Did You Know?

» Should Marijuana Be a Medical Option? o Legal Medical Marijuana States and

Defund the Police — Top 3 Pros & Cons b Marinol v. Medical Marijuana

_ P Medical Value & Risk DeC
S e 3 Diseases / Conditions
b AIDS (HIV) & ADS Wastng Risks © states with Legal Cannabidiol (CBD)
P Alzheimer’s Disease p Addictiveness ° ieaths f[rjogl Marijuana vs. FDA-
P Arthritis b Driving pproved brugs
b Asthma / Breathing Disorders b Gateway/ Stepping Stone o Peer-Reviewed Studies on Medical
PROS AND CONS OF CONTROVERSIAL ISSUES b Cancer / Nausea P Human Reproduction Marijuana
P Crohn's / Gastrointestinal Disorders P Kids & Teens ° Number of Legal Medical Marijuana
SEEbyCategory S Topics AZ P Epilepsy / Seizures P Medical Risks Patients
P General / # of Patients )
MOST POPULAR HEALTH & MEDICINE EDUCATION b Glaucoma US Government and Medical Marijuana @ Pharmaceutical Drugs Based on
> 2020 Presidential Election Medical Marijuana > School Uniforms b H titis C n ) Cannabis
> Cancel Culture pmmg Euthanasia & Assisted Suicide Homework gpa _I = b Drug Enforcement Administration (DEA) o Votes and Polls
> Historic Statue Removal Vaping E-Cigarettes Animal Dissection ¥ Migraines P Federal Drug Scheduling
> Defund the Police pmmm Vaccines for Kids Student Loan Debt P Multiple Sclerosis / Muscle Spasms » Food & Drug Administration (FDA) o US Surgeons General and Their
> Medical Malrijuana Milk — Ishlt Healﬂ:y7 Standarlclilzed Tests b Opioid Treatment b Government Grown Marijuana Views on Medical Marijuana
> Gun Contro OTC Birth Contro Free College b Pain/ Analgesia . ) . .
> Homework Abortion College Education Worth It? ) .Q . b Government Mar”uan_a_ Reports ) @ Who is the author? How to cite this
> Animal Testing Vegetarianism School Vouchers ¥ Psychological Conditions P Legal US Medical Marijuana Patients page.
> Death Penalty Obesity a Disease? > Corporal Punishment P Tourette Syndrome o S Bi hi
> Electoral College Obamacare Banned Books P Terminally Il Chemical Composition of Marijuana ource Slographies
>

School Uniforms

Right to Health Care

Teacher Tenure

MEDICAL (VARIABLE STIPULATIONS)

p Biclogical Effects of Marijuana Consumption
P Cannabidiol (CBD)
P Marijuana and Its Byproducts Defined

© site Map

0 Additional Resources

Federal vs. state It o
Human vs. veterinary? T qorea " | | con Arguments | | Timeline

osteogenesis Impertecta, and chronic neuropathic
pain associated with degenerative spinal
disorders.
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17 States with Legal Cannabidiol (CBD)

(as of July 12, 2019)

ijuana, the remaining 17 states have all passed laws allowing the
use of cannabidiol (CBD) extract, usually in cil form, with minimal tetrahydrocannabinol (THC), and often for
the treatment of epilepsy or seizures in seriously ill children. CBD, cne of the 400+ ingredients found in

States with Legal Cannabidiol (CBD)
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The Daily Journal of the United States Government

m The term “industrial hemp” includes the plant Cannabis sativa L. and any
part or derivative of such plant, including seeds of such plant, whether
growing or not, that is used exclusivelv for industrial purposes (fiber and
seed) with a tetrahydrocannabinols concentration of not more than 0.3
percent on a dry weight basis. The term “tetrahydrocannabinols™ includes all
izsomers, acids, salts, and =salts of isomers of tetrahydrocannabinols.

Statement of Principles on Industrial Hemp

A Notice by the Agriculture Department, the Drug Enforcement Administration, and the Food and Drug \‘ v
Administration on 08/12/2016

| PUBLISHED DOCUMENT |
DOCUMENT DETAIL'S

Printed version:

[ start Printed Pag

Industrial
(rope, not dope)

AGENCY:

Office of the Secr , USDA; Drug Enforcement Administration, DOJ; Food
and Drug Administration, HHS.

“Cannabis”

ACTION:
Notice

This Statement of Principles is.

SUMMARY: applicable August 12, 2016.

The U.S. Departm ric re, in consultation with the U.S. Drug Document Type:
Notice

= <

Enforcement Adm od and Drug Administration, has

&)

Document Citation:

lemp to inform the public
81 FR 53395

Marijuana

how Federal law aj i ith industrial hemp that is

Page:

grown and cultiva 606 of the Agricultural Act of 5339553096 (2 pages)

il / ".‘ .§

2014. The purpose of this notice is to set forth the statement in its entirety.
Document Number:

2016-19146

DATES:
This Statement of Principles is applicable August 12, 2016,

4& \.
Cannabis sativa ; 4

0.3 percent PSYCHOACTIVE CONTENT e 10 percent

— —
Defined Industrial Hemp and legalized Ny “‘
growth in institutions of higher Auto parts, soap, concrel Getting high
education if state approved. Notably, ' E‘,L
CBD is still a Schedule 1 substance along $452 million EST'MAT D DOMESTIC $10 billion-$120 billion

. A L MARKET VALUE
with all other marijuana constituents. - 1 /1T 0\

7 \

Cannabis sativa

FOR FURTHER INFORMATION CONTACT:

. U.S.DEPARTMENT OF JusTiICE X DRUG ENFORCEMENT ADMINISTRATION

DIVERSION CONTROL DIVISION
T

HOME REGISTRATION REPORTING RESOURCES ABOUT US




About AMS | Mews & Annc
US_.__DA United States Departmen of Agriculture Regulations for 5tates or Tribes who submit plans will CBDBRIGIN vy 0 Si
— Ag icultural Market ing Service . - 1 "

[ E NDroce

Market News Services | Resources | Selling Food "
— e | st | tomuces | stmret regarding: land to be used for planting; testing:
Home:

effective disposal of plants and products; compliance
with law enforcement: annual inspections; submission
of information to USDA; and certification that
resources and personnel are available to carry out the
prau'th::: and procedures described above. State or

‘,ﬁ Aaron Cadena (Follow |
' Jan 22 - 6 min read

Is CBD Legal? The Legal Status of CBD

About AMS Hemp Production Program

February 27, 2019

approval until ru:qulancn are in |J|.d ce; however,

n promulgated.
As I'E‘C]I_JI[E‘d by law, l_.l_:lD.H_ is committ ei to completing
eview of plans within 60 days once regulations are

Legalized industrial hemp throughout the US, removed it from
DEA oversight, and gave the USDA regulatory oversight on state
or.individual “growth and distribution programs”

Until USDA has guidelines in place, 2014 Bill applies
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Allows cultivation of hemp for
commercial, research or pilot
programs

Does not allow cultivation of hemp.

RESEARCH ~ MEETINGS & TRAINING ~ NCSLIND.C. ~ NEWS ~
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EEDITION  OBITUARIES  NEWSLETTERS BUY&SELL MY ACCOUNT Sussemige ) Q

SC farmer first to be arrested for growing hemp.
But the law doesn’t list a punishment.

BY THOMAS NOVELLY TNOVELLY@POSTANDCOURIER.COM

SEP 20. 2019

MOST POPULAR TODAY

A hemp plant at a farm in Columbiz on June n, 2018. File/John A Carlos |I/Special to The Post and Courier

Crops approved by USDA for 2020 growing season but final rule will not be promulgated until AFTER that season

https://www.ncsl.org/research/agriculture-and-rural-development/state-industrial-hemp-statutes.aspx



https://www.ncsl.org/research/agriculture-and-rural-development/state-industrial-hemp-statutes.aspx

REGULATION OF ‘DIETARY SUPPLEMENTS’ IS DIFFERENT FOR PEOPLE VS. ANIMALS

. H u ma n S r LATEST MAGAZINE ~ VIDEO PODCAST STOSSEL VOLOKH NEWSLETTERS [

CBD

: Drugs New York C!ty Officially Launches Absurd
o Regu|ated by FDA Ban on Adding CBD to Food, Coffee

Cannabidiol products are legal for sale and consumption, but adding it to other things
is somehow forbidden.

s D i eta ry S u p p I e m e nts SCOTT SHACKFORD | 7.5.2019 1250 PM

IYyoOoNSEg ¢

* Not “regulated” (no premarket
assessment)

* Food
* Regulated by FDA
* Must be GRAS (generally recognized
as safe)

A n I m a s New York City's health department is implementing a ban on cannabidiol (CBD)
additives in food and drinks, dismaying not just restaurant and café owners but even
. h thi “di
No such thing as a “dietary
I » coffee shops, and food vendors by telling them that CBD derivatives—made from the
s u p p e m e nt non-psychoactive components of cannabis—were not permitted in food and drinks. At

that point, many places had already begun selling food with the trendy infusions. After

[ ) E it h e r d r u gs ( u n a p p rove d ) O r fo o d businesses expressed their surprise at the sudden announcement, the city's health

department agreed to delay enforcement until July.

W h ic h m u St be p rove n safe Now the ban on CBD edibles is officially in effect, and fines of up to $600 per incident

may start in October. The city's justification, according to Gothamist, is that the Food

members of City Council.

Way back in February, city health officials surprised a number of bakeries, restaurants,

Related searches

ebe

and Drug Administration (FDA) says CBD food additives are illegal under federal law.
But the Department of Health is a city agency, not an enforcement mechanism of the
federal government. Many observers suspect that local law enforcement agencies and
prosecutors are pointing to federal law as an excuse to keep enforcing cannabis bans as

states and localities legalize marijuana use.



MEDICAL MARIJUANA: A DESIGNER PRODUCT-

Tm S Of Weed The Great Wide World of

SATIVA Cannabis Concentrates

Cannabis Sativa Sativa is characterized by
ledflets that are more narrow, branches
that are farther apart, and coloration that
tends more toward spring green. Sativa
Sativa plants tend to be taller and produce
fewer flowers.

INDICA

Cannabis Sativa Indica is characterized by
broad leaflets that ofter overlap, branches
that are closer together, and coloration that
tends more toward deep olive green. Sativa
Indica plants tend fo be shorter and
bushier, producing fuller, denser flower

4 SynthESize :;JDERALIS

Cannabis Ruderalis is characterized by
varied leaflets in the mature leaves, a shorter
stature and generally smaill size. This
subspecies is used to create S. Sativa or S.
Indica hvbrids with select desired fraits.

www.Types-of-Weed.ORG

* Hybridize

Cannabinoid Profile - "Medical Marijuana”

mceo

» Concentrate B

Cannabinoid Profile - Hemp #112

Terpenes




Fake CBD Poisoned At Least 52
People In Utah Last Winter,
Officials Say

% Janet Burn:

DESIGNER SYNTHETIC CANNABINOIDS
SYNTHESIZE

RSt <. BhviRtaRngbinoids; : | e e
approved drugs = = =
* Synthetic, non-natural =

Brian . Thomas, PhD.
Senior droctor of Analybeat Chemsstry and Prarmaceutics at RT] tematonal

cannabinoids
* Research tool =
e Substance abuse

NIH Public Access Spice Homolog
of CP 47,497

Author Manuscript

According to the Centers for Disease Control (CDC), synthetic
products marketed as cannabidiol (CBD) sickened at least 52 people

K-9 dles in eS 1N service

2 i Auburn clini
; treated dog after
THE he took ill during
RISE OF contraband search
BY SARA PALC2EWSK)

i onbed

o, Nabuna Depariens

Table 1. Classification of 3Cs according to stuchare [23-28].
E of Comroctions
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yukaton fire, moon rocks, etc., etc. g a0
* Chemical additives
* Noton alist
* Not detectable
* Therefore “natural, legal, safe” Dibenzopyrans

Naphthovipyrroles

* Synthetic Drug Abuse Prevention Act S Syt o
2012

Maphthoylindoles TWH-D20
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DESIGNER MEDICAL MARIJUANA:
SYNTHESIZED

JWH.018 XLR-11 ADB-PINACA AB-CHMINACA SF-AMB
EC,,=98 nmol/liter ¢0=0.53 nmolfliter  EC.,=7.8 nmol/liter  EC,,=1.9 nmol/liter

o 0 “Zombie” Outbreak Caused by the Synthetic
7 Cannabinoid AMB-FUBINACA in New York

£s in the United States. On July 12, 2016, a
intoxication of 33 persons in one New York City neighborhood, in an event de-
scribed in the popular press as a “zombie” outbreak because of the appearance of
icared persons.

's; we also teseed a sample of
2 implicared in the
alyzed by means of liquid chromatography—quadrupale
time-of-flight mass speceromerry.
RESULTS

The synthetic cannabmoid methy! 2-(1-(4-fluorobe; 1H-indazole-3-carboxamido}
3-methylbueanoate (AME-FUEINACA, also known as MME-FUETNACA or FUE-AME)

i 4
AM-2201 PB-22 AB-FUBINACA MAB-CHMINACA  AMB-FUBINACA AMB-FUBINACA I this mass ivoxicacion. AME-FUBINACA is an example of the emergiag
. - = Ky a R ~ “ultrapotent” chetic cannabinoids and poses a publ th concern. Ci
200 EC, o= 38 nmol/liter ECgo=5.1 nmolfliter  EC, =1.8 nmol/liter EC, =5.1 nmol/liter EC, «2.0 nmol/liter Acid Metabolite
AONEDIS e ication of the compound and a'lowed hea'th

Cannabinoid Research 4 ke appropriate action.

ORIGINAL RESEARCH [

Synthetic Cannabinoid Activity Against
Colorectal Cancer Cells

NOC 0037122150 youy

Cesamet @
(Nabilone Capsules)

Clinical Therapeutics/Volume 40, Number 9, 2018

Introduction Over the pust decade, the namber of coustrics and

I I T Therapeutic Use of Synthetic Cannabinoids: Still an

e e e e Open Issue?
NC0037-1221-50 1.

it . t
O el it Maria Antonietta De Luca, PhD'; and Liana Fattore, PhD F“ef:'c?:uk:]f‘v

; "Department of Biomedical Sc Division of Neuropsychopharmacology, Cittadella Universitaria di Mon-
S A e e L S S m e servato, University of Cagliari, Monserrato (Cagliari), ltaly; and “CNR Institute of Neuroscie

e gas gyt

: National Re



The Age of Hybridization

Hand-in-hand with the indoor grow revolution came hybridized strains,
an intermixing of global indigenous varieties. This is when the sativa met
the indica, beginning an ever-branching tree of hybrid offspring.
Growers admired indicas for their resin-coated buds and short flowering
periods, both of which are coveted traits for commercial production. The
enjoyable, uplifting effects of sativa strains remain a genetic
cornerstone, so mixing it with lower maintenance indicas seemed to
bring out the best of both worlds.

Indica Sativa

Morphology: Short and bushy; Morphology: Tall and thin; suitable

suitable for indoor gardens for outdoor gardens

Geographical Origins: Areas Geographical Origins: Areas

between 30 to 50 degrees latitude.  between 0 and 30 degrees latitude

Effects: Tend to be sedating and Effects: Tend to be uplifting and

relaxing with full-body effects creative with cerebrally-focused
effects

Symptom Relief: Anxiety,
insomnia, pain, muscle spasms Symptom Relief: Depression, ADD,
fatigue, mood disorders

Gdp | N

Northern Lights

Grape Ape Granddaddy Purple

MEDICAL MARIJUANA :THE DESIGNER WEED

AK-47 Cannabis Strain Details How much CBD is right for you?

Which ratio of CBD to THC should you try? Keep in mind, cannabanoids
can have varying effects depending on one’s tolerance so your mileage
may vary.

Quick Jump: Overview | Availability | Reviews | Photos

Highlights

Don't let the scary name fool you, AK-47 will leave you relaxed and mellow. Generally
@ strain that contains a high amount of THC great for hanging out with friends and
watching movies. Newbies be careful, too much and you will end up glued to the
couch.

More

s 18:1

High CBD, low THC. For novice cannabis users

or those who don’t want to get high.
Rarely psychoactive.

Q VaporNation.com - Your Online Vaporizer Superstore

8:1
High CBD, low THC. For novice cannabis users

or those who don’t want to get high.
Rarely psychoactive.

Out of 879 ratings: Reviews:

A hAkr [ 3.9 Voyewa 561

2 % max_ "E __a_ _

= = 0
H Ig h l'l g h ts A/‘A Ii;h CBD, medium THC. Considered mid-range

- . andbestf le who h tol
Don't let the scary name fool you, AK-47 will leave you | W RrThe, | peopie Wiio hatie some folerance

a strain that contains a high amount of THC great for h
watching movies. Newbies be careful, too much and ye
couch.

241
More balanced. For people who can tolerate
THC. Can be psychoactive at moderate doses.

P N

11
More balanced. For people who can tolerate
THC. Can be psychoactive at moderate doses.

AK-47 Availability

Less '
CBD

At 0 locations near Potwin,KS viewar STATE APPROVED
CHILD-RESISTANT BOTTLES

Most Popular In

Mashable

Source: Care by Design

* Manipulate / concentrate
e Terpenes/cannabinoids

* Flavor /Taste
° Cherry = T CBD http://www.leafly.com/hybrid



CONCENTRATES DESIGNER MEDICAL
MARIJUANA PRODUCTS

cscC
®CBG
WTHC-A

Terpenes

n analysis of modem indust

11 ool B is:
CBDV_!‘“E'"“ " Cannabinoid Profile - Hemp #112

A
=
(am ]
=
o
o

Pure/lIsolate = CBD

Full spectrum = all
phytocannabinoids

Total THC (48+49)
8-THC

Broad spectrum = all
phytochemicals



Home | Food | Drugs | Medical Devices

Radiation-Emitting Products

Blood & Biologics | Animal & Veterinary | Cosmetics

FDA's Electronic Readmg Room - Warning Letters

onses @ Warning L

© FDAHome ©

Search all warning letters
cannabi

Sort by:
Company

ABC Productions

Dose of Nature

een Garden Gold

Green Roads of Florida LLC

HealthyHempJil.c

ichigan Herbal Remedi

Morguetorium, LLC

Matural Alchemist

PainBomb

yrothers Social Enterpris

LLC
That's Natural

| Go || Reset |

er Issued

02/0.

Warning Letters Search Results

| Search | Advanced Search

Response Letter

Issuing Office Subject Posted

‘Center for Food Safety and Applied MNew
MWutrition Drug/Labeling
iol

Center for Food Safety and Applied New
Mutrition

Center for Food Safety and Applied New
Mutrition Drug/Labeling randed/Cannabid
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San Juan D ffice MNew
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prod:

‘Center for Drug Evaluation and MNew
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iol

Center for Drug Evaluation and MNew
Research Drug/Labeling ande nnabid
iol

Center for Drug Evaluation and New
Research DrugiLabeling/
iol

Los Ang Offic MNew
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prod

‘Center for Drug Evaluation and MNew
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iol
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prod

No. of Letters Found: 12
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FDA WARNING LETTERS
REGARDING MISBRANDING)



2016 Warning Letters and Test Results for Cannabidiol-Related

Products

In February 2016, FDA issued eight warning letters to firms that market unapproved new drugs that allegedly contain cannabidiol (CBD). FDA had previously issued six such

letters in February 2015. FDA has tested these products, and many were found to not contain the levels of CBD they claimed to contain. It is important to note that these prod

are not approved by FDA for the diagnosis, cure, mitigation, treatment, or prevention of any disease. Consumers should beware purchasing and using any such products.

The links to the Warning Letters and the test results for the CBD-related products are below:

Fim Product

Cali Stores CBDy CBD
(IICECI/EnforcementActions/Warning Letters/2018/ucm484389.htm) Supplement

Tinatirn

Dose of Nature Nano CBD
(CECI/EnforcementActions/WarningLetters/2016/ucm484870.htm)  Shooter *

Michigan Herbal Remedies, LLC Bluebird
(/ICECI/EnforcementActions/WarningLetters/2016/ucm484379.htm) Botanicals
Bulletproof
CBD Blend
CBD -

Green Garden Gold
T " cBDil

Green Garden Gold
(/ICECI/EnforcementActions/WarningLetters/2016/ucm484947.htm)

CBD -
Strawberry
Jam CBD-
il

Healthy Hemp Oil
(/ICECI/EnforcementActions/WarningLetters/2016/ucm484968.htm)

Herbal
Renewals
CBD Hemp
il
Supplement
Healthy Hemp Oil
(/ICECI/EnforcementActions/WarningLetters/2016/ucm484968.htm)

Herbal
Renewals
25% CBD
Hemp Ol
Gold Label

Healthy Hemp Oil
(\CECI/EnforcementActions/WarningLetters/2016/ucm484968.htm)

PLUS+CBD
Qil Balm

Healthy Hemp Oil
(\ICECI/EnforcementActions/WarningLetters/2016/ucm484968. htm)

Hempotion
Cannabidiol
CBD
Concentrate

Healthy Hemp Oil
(/ICECI/EnforcementActions/WarningLetters/2016/ucm484968.htm)

Entourage
Occam's
Razor

Michigan Herbal Remedies, LLC
(/ICECI/EnforcementActions/WarningLetters/2016/ucm4843979.htm)

Bluebird
Botanicals
Bulletproof
CBD Blend

State

Purchase Website

0vs 6.6

0.22vs 1

8.7vs 8

greengardengold.com

greengardengold.com

healthyhempoil.com

healthyhempoil.com

healthyhempoil.com

healthyhempoil.com

healthyhempoil_.com

michiganherbalremedies com

Product Size

CBD Label
Claim

z
(mg CBD

floz
8mg CBD

floz
30mg CBD

6oz
N/A CBD

1oz
100mg CBD

3g
750mg CBD

1.30z
N/A CBD

50z
100mg CBD

10mi
100mg CBD

1floz
250mg CBD

022 <001 -

Lab Resuits (mg/g) Lab Resul"

CBD A9
THC

Other CBD  ASTH
Cannabinoids 9 a

0029 THCA: 016 - 0.0029

0.02% 0.001%

CBDA: 0.06
CBD: <01

0.87%  0.035%4

Joseph | Wakshlag'
Stephen Cial®

Scott | Eaton”

Reece Prussin®
Christopher Hudalla 3

! Degaroment of Clinical Sciences, Cornell
Unireersiry College of Veterinary
Medicine, haca, NY 14853, USA;
*Hlever Soences, Product Development
and Schensfic Communscanons, Pordand,
ME. USA; "ProVerde Lahommosies,
Miliord, MA 01 757 USA

CBDA: <0.01 0.079%

CBDA: <0.01 0.096%
CBN: <0.01

CBN: <0.01

CBN: 0.70

CBDA: 0.90
THCA: 0.029

0.045%

CBN: 0.017

CBDA: 0.06
CBD: <0.1

0.87%

FDA WARNING LETTERS DUETO
MISBRANDING/ADULTERATION
(INAPPROPRIATE CONTENT)

1 Veterinary Medicine: Research and Reports

Daove

ORIGIMAL RESEARCH

Cannabinoid, Terpene, and Heavy Metal Analysis
of 29 Over-the-Counter Commercial Veterinary
Hemp Supplements

11/29 mis-labeled

This artich wis publabad i the Bllowieg Do Praid jourmd.
Wetatray Meddre. Rt and Reports

Purpose: The use of veterinary low tetrahydrocamabinol { THC ) Camnabix sagva (ie, hemp)
produe i has inerested in popularity for a variety of pet ailments Low-THC Cammabis sifiva
is federally legal for sale and distribution in te USA, and the rise in inkemet commence has
provided sceess o interesied consumerns, with minimal quality control.

Materiak and Methods: We performed an internet wond search of “hemp extract and dog™
of “CBD product and dog” and analyzed 29 producs that were wing low-THC Cannabix
safva exiracts in ther production of supplements. All producs were eded for major
camabinoids ncluding cannabidiol (CBD), A%-tetrahydrocamabingl (THC), camabigerol
{CBG), and other minor cannabinodds, &2 well & ther carboxylic ackd derivatives {CBDA,
THCA, CBGA) wing an [SOTEC 17025 cenified bhomiory. Producs were also eded for
mapr erpenes and heavy metak 0 undergand constiments in the hemp planis being
extracted and distributed.

Results: All producs were below the federal hmit of 3% THC with varable amounis of
CHD {88 mg/mL or g). Only two producs did nat aupply 2 CBD or to&l cannabinoid
comeentration on their packaging or website, whilk 2/2 could supply a certificaie of
analysis (O0A) from a third-party bbomiory. Ten of the 27 products were within 10% of
the tots | cannsbinodd concentrations of their label claim with 8 medisn concentration of 93%
of elaima ((—154%). Heavy metal contamnation was found in 429 products, with lead being
the masl prevalent contaminant (3/29).

Condusior: The producs anmalyzed had highly varable concentrations of CBD or 1ol
camabinaids with enly 18 of 24 being sppropristely lsbeled according to cument FDA non-
medication, non-die @ry supplement or non-food guideines. Owners and velerinartans wanik-
ing w0 wilize CBD-nch Cannabis sative prodocis should be sware of low-concentration
produe i and should obigin 8 O0A enabling them i fully discuss the implications of use and
caleulated dos i1|51’s-cftn_' n’hnhl'nlr_ﬁng Iy peits.

Keywords: cannabinodd, hemp, supplement, cannabidiol, pet, tempense, ol

MISBRANDING/ADULTERATION
Inaccuracy in CBD vs THC content vs contaminants




Test Results by Product:

‘Approval Status ®

Claimed Amount of Hemp

Results of ConsumerLab.com Testing of CBD OIL PRODUCTS

Approval Status ©

Product Name
(Suggested Serving on
Labe))

APPROVED

Bluebird Botanicals Hemp
Extract Classic

Dist. by Bluebird Botanicals

CBD Supplements (Gummies, Liquids & Softgels):

Cost for Suggested
Senving

[Cost Per 10 mg CBD C)
Priced

‘Claimed Amount of Hemp. Suggested Serving on
Extract and/or CBD Label

Cannabinoids Findings. Pill Size ©

Heavy Metal

Serving: 0.5 ml Do notexceed 1mi (2 $225/05 ml

25 mg full spectrum e RcE] bt .

cannaningids [$0.94 based on amount

Liquid from bottle found]

$44.95/0.33fl oz [10ml]
botle (approx. 20
senvings)

Fieavy metals: Pass
% THCD: 0.12% (claims
<0.3% A9-THC)

v

THC/CED ratio: 2.5%
v

Other cannabinoids ©:

Total cannabinaids: 25.9
mg
v
5% of oilis CBD ©

APPROVED
Garden of Life® Dr.
Formulated CBD 30 mg -
Softgel &°

. ©

Dist. by Garden of Life LLC

Serving: 1 softgel Adufts teke 1 or more §1.48/softgel

341 mg hemp oil
extract =31 mg CBD

Other cannabinoids O
0.12mg
7.8%ofollis CBDC

APPROVED

Charlotte's Web™ 17 mg -
Mint Chocolate Flavor

‘Adults: Take Two Full
Droppers (1mi) Up To

Two Times Daily [$1.24 based on amount
17 mg phyto- found)
cannabinoids

Serving: 2 droppers [1 mi] $2.33/2 droppers.

28 mg hemp extract

Liquid from bortle
$69.99/1 flaz [30 ml
botle (approx. 30
servings)

Heavy metals: NA
©BD : 188 mg

No THC detected O
Other cannabinoid:

mg

APPROVED

Top Pick
for mocerate dose (10-24
ma)

Swanson CBD 15 mg &

Dist. by Swanson Health
Product:

O SOTTOR T DTN
20,6 mghemp extract e pea ey
With water. [50.27 based on amourt
15mg CBD fisted]
Medium softgel [50.24 based on amount
Found. found]
CBD:16.9mg Heavy metals: Pass
v 524.69/60 softgels
No THC detected O

Gther cannabinoids O

017mg
13.1%0f oilis CBD O

APPROVED

Top Pick
for all-around and high dose:
rore)
Swanson Extra Strength CBD
Full Spectrum 25 mg Oil
Drops - Mint 2

©

Dist. by Swanson Health
Products

Serving: 33 drops [1 mi] As a dietary supplement, $0.79/33 drops.
take 33 drops (1 mi) per

day. [80.32 based on amount
25mgceD i

41.67 mg hemp extract

ed]
Liquid from borde: [50.25 based on amour
Found found]
©BD©:31.6 mg Heavy metals: Pass
v $47.50/2f oz [60 mi]
No THC detected O botle (approx. 60

Otner cannabinoids ©: 2.4 servings)

mg

6.5% of eil s CBDO

2 mg CBD / dropper

(vs. 2 mg/kg)

(Suggested Serving on
Label)

Cannabinoids Findings

Suggested Serving on
Label

Pill Size ©

Cost for Suggested
Serving

[Cost Per 10 mg CBD.
Priced

v
2% of oilis CBDO

APPROVED

lixinol Organic Balance:

Dist. by Elixinol LLC

Serving 172 dropper 0.5
mi]

5mg 8D

Found:
CBDC:47mg
v

No THC detected O
(claims <0.3% THE)
v

Other cannabinoids O:
039mg

1% of ol iSCBD O

Take twice daily with food
oras needed

Liquid from bottle

Heavy metals: NA

$0.50/0.5 dropper
[$1.00 bazed o smeunt

listed]
[$1.06 based on amount
found]

$29.99/11 0z [30 ml
botle (apprax 60
servings)

APPROVED

Garden 3
Formulated GBD + Sleep /i

Dist. by Garden of Life LLC

Senving: 1 dropperful [1
mi]

944 mg hemp extract
15mg C8D

Found:
CBDO: 145mg
v

No THC detected O
(claims THC free)
v

Other cannabinoids O
16mg
1.5%of oil s CBD ©

‘Adults take 1 dropperful
(1mi) at bectime.

Liquid from bottle

Heavy metals: Pass

§1.33/dropper
[$0.89 based on amount

tst
[0.92 based on amount
found]

$39.99/1f 0z [30 m]
botle (approx. 30
servings)

Garden of Life® Dr.
Formulated CBD 30 mg -
Softgel A"

Dist. by Garden of Life LG

Serving: 1 softgel
341 mg hemp extract
30 mg C8D

Found:
CBDO:31.5mg
v

No THC detected O
(claims THC free)
Other cannabinoids
012mg
7.8% of oilis CBD ©

Adults take 1 of more
sofigels daily as desired.

Mediumylarge softgel

Heavy metals: Pass

$1.45/s0fgel
[50.48 based on amount

isted]
[50.46 based on amount
found]

$43.39/30 softgels

APPROVED
Top Pick

for CBD topical balms &
Iotions.

Nature's Love™ Topical
ReLeaf Salve ©

Mfd. by Nature's Love

gy

83 mg hemp extract

Found:
CBD(:7.7mg
No THC detected O
Other cannabinoids ©
43mg
0.8% of salveis CBDD

Massage deeply imo skin.

Salveinjar

Heavy metals: NA

gran

[30.86 based on amount
found]

$39.99/2 oz [60 mi] jar

APPROVED

‘Swanson CBD Full Spectrum
150 mg Balm - Mint 2"

o

Dist. by Swanson Health
Products.

Pet Products:

APPROVED
Top Pick

for CBD for pets
NuLeaf Naturals CBD
Maximum Strength - 240 mg
GBD per borde

=

Dist. by NuLeaf Naturals

Sening 19
26mg CBD

Found:
CBDO:35mg
v

‘THC/CBD ratio: 4.4%
v

Other cannabinoids O
19mg

0.3% of balm is CBD O

Sening:2 arops (0.1 mi)
48mg CED

% THCO:
‘THC/CBD ratio: 3.1%
v

Other cannabinoids O
Total cannabinoids: 5.5
mg
v
5.2% of ol is CBDO

Apply to skin s needed
For Extemal Use Only.

Balm injar

Heavy metals: Pass

Give 2-4 arops per 25 Ibs
Liquid from bottle

Heavy metals: Pass

50.28/gram

[$0.81 based on amount

$15.99/2 0z[57 g] bortle.

S0.77/2 arops

[$1.60 based on amount
claims

[$1.56 based on amount
found]

$38.50/0.17 floz 5 mi]
botle (pprox. 50
servings)

Cost Per 10 mg CBD Found

CBD Supplements:

Swanson CBD 15 mg

Swanson Extra Strength CBD Full
Spectrum 25 mg Oil Drops

Garden of Life Dr. Formulated CBD
50 mg - Liquid

Garden of Life Dr. Formulated CBD
30 mg - Softgel

Manitoba Harvest CBD

Plus CBD Oil Hemp Softgel 15 mg

Garden of Life Dr. Formulated CBD
+ Sleep

Bluebird Botanicals Hemp Extract
Classic

Elixinol Organic Balance

Plus CBD Oil Hemp Softgel 5 mg

Green Roads Relax Bears 300 mg -
Sweet & Relaxing

Charlotte’'s Web 17 mg - Mint
Chocolate Flavor

CBDFX Gummies 300 mg - Mixed
Berries

Lord Jones Hemp-Derived CBD
Tincture

Topicals:

Curaleaf Hemp Lotion - Lemongrass

Swanson CBD Full Spectrum 150
mg Balm - Mint

Nature's Love Topical RelLeaf Salve
Pet Product:

NuLeaf Naturals CBD

$0.00

M 5024

W so2s

0 s0 42

M s0.46

A so 57
A s0.79
A so.02
A <094
A s1.06
A ;1 20
A 51 23
A ;1 24
A 5143
A 52.67

A 5053
A 5051
S 50 86

A 5 1 56

$1.00  $200  $3.00

$1.50/10 mg

EPIDIOLEX- cannabidiol solution
Greenwich Biosciences, Inc.

3 DOSAGE FORMS AND STRENGTHS

enwicH ReONlY

Cannabidiol oral solution: 100 mg/mL for oral administration. Each bottle contains 100 mL of a clear,

colorless to yellow solution.

Difficulty in achieving dose?

“Hemp oil extract ” vs CBD content
Concentration of product
Bottle vs capsule vs dropperful
Cost of approved vs supplements?
Dosing volume of supplements vs drug

/L

ConsumerLab.com*

Celebrating 12 Years of Reporting 199% - 2011

Consumetab com
Our Mission
PT=Trry—

Home Product Tests — Select a Review —

In the News

* Consumert.ab.conts president

10 Pusition researchers as part
of a "Mee the Watchdogs’

zed by the Office
of Dietary Supplements.

* inits article "4 Dietary
‘Supplement Myths Busted*
Eatrg Wel magazne cles.
‘Consumert ab.conts research
10 bust the myth that “Whar's
listed label is whats
reall in the product "
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APPROVED DRUGS

Manipulations of two major cannabinoids

A9-THC, CBD

Dronabinol (Marinol) (USA)

A9-THC
Appetite stimulant in AIDS/cancer
patients

Nabilone (Cesamet) (USA)

A9-THC-like
Antiemetic-chemotherapy
Extra-label: analgesic

Epidiolex®

CBD
FDA approved June 2018
Pediatric drug resistant epilepsy

NOL 004 1.8 .

0
MARINOL®
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Cesamet
(Nabilone Capsules) —
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(Kabilone Capsules)
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* Nabixomol (Sativex; UK)
e 1:1 ratio of A 9-THC and CBD
e Spasticity of MS
* Epilepsy

Now Approved



FDA News Release

FDA approves first drug comprised of an
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active ingredient derived from marijuana HIGH POTENCY BLEND
1 SMG  HAMD P
to treat rare, severe forms of epilepsy ¥ I s
VU]

For Inmediate Release ctive . bl )ﬁ,\,@ 2R
June 26, 2018 this kind ([GUMMIES)

| F
BSOLUTE HEMP

of careful scientific research and drug development,” said FDA Commissioner Scolt Gottieb, M.D. “Controlled
clinical trials testing the safety and efficacy of a drug, along with careful review through the FDA's drug approval
process, is the most appropriate way to bring marijuana-derived treatments lo patients. Because of the adequale
and well-controlled clinical studies that supported this approval, prescribers can have confidence in the drug's
uniform strength and consistent delivery that support appropriate dosing needed for trealing patients with these
complex and serious epilepsy syndromes. We'll continue to support rigorous scientific research on the potential
medical uses of marijuana-derived products and work with product developers who are interested in bringing
patients safe and effective, high quality products. But, at the same time, we are prepared lo take action when we
see the illegal marketing of CBD-containing products with serious, unproven medical claims. Marketing unapproved
products, with uncertain dosages and formulations can keep patients from accessing appropriate, recognized
therapies lo treat serious and even falal diseases.”

ABSOLUTE HEMP SCOI:'HT HIGH PO_TENCY
CBD

TASTY & RELAXING

HIGHER
POTENCY
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3 9
FEEL GREAT * RELAX NOW
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patients safe and effective, high quality products. But, at the same time, we are prepared to take action when we
see the illegal marketing of CBD-containing products with serious, unproven medical claims. Marketing unapproved

products, with uncertain dosages and formulations can keep patients from accessing appropriate, recognized
therapies to treat serious and even fatal diseases.”




MEDICAL CANNABINOIDS
PART I: UNDERSTANDING THE PRODUCT HIGH
POINTS

* Product quality is a major concern

* Emotions rather than science « Mislabeling: intent and content
has driven “abuse” vs. use * Adulteration: added content?
 Regulations are dynamic and * Find a reputable product / manufacturer

e Askregarding QA
 Peerreviewed clinical trials

* Know product content
* Active ingredients
* Concentration

thus far nonsensical

e State vs. federal
 THC vs. CBD vs. hemp CBD

* (Unregulated) supplements are
major access for clients




PRODUCT FORMULATION AND PHARMACOKINETICS:

* How much of the dose gets there?

* Route
 Transmucosal (keep in mouth)
* Inhalation
* Transdermal (??) vs. topical

e Oral

* Oral bioavailability varies

 CBD vs. CBDA? B Y
e |S CBDA active? - ” i o :::rmngg::::lted

* QOil vs. solid vs. soft chews 1 2
 MCT vs. others?

 Fasted or fed?



PHARMACOKINETIC
D I F F E R E N c E S ‘Sijigle-Dose Pharmacokinetics and Preliminary

Safety Assessment with Use of CBD-Rich Hemp
Nutraceutical in Healthy Dogs and Cats

Kelly A. Deabold !, Wayne S. Schwark 2, Lisa Wolf * and Joseph J. Wakshlag **

Cannabidiol (ng/mL)

o o Department of Comparative Diagnostic Population Medicine, University of Florida College of Veterinary
. e c I e S I e re n c e S Medicine, Gainesville, FL. 32608, U: kdeabold@icloud.com
Department of Molecular Medicine, Cornell College of Veterinary Medicine, Ithaca, NY 14853, USA;

and Metabolomics Facility, Colorado State University, Fort Collins, CO 80521, USA;

o c a t s ¢ d Ogs ¢ s m a I I p e o p I e ];isa-"\mlf p—— v Medicine, Ithaca, N'Y 148

Department of Clinical Sciences, Cornell College of Veterinal
Correspondence: dr.joesh@gmail.com; Tel.: +1-(607)-253-4389; Fax: +1-(6

* Oral bioavailability ‘ CBD in Feline plasma-Feed

* Metabolic profile

* Active vs. toxic metabolites
 Duration in body | |

e Human half-life L | e

Figure 1. Mean and standard error of the mean (SEM) cannabidiol concentrations from dogs (1 = 5)

o TH C = 1-2 DAYS and cats (1 = 6) at different time points after dosing.
C c B D = 3-4 DAYS Pharmacology Blochemistry & Bebavior, Vol. 80, pp. $23-532. © Pergamon Press pl:, 1991. Pristed in e US.A. 091305791 $3.00 + 00

% DogS and CatS: hourS Comparative Metabolism of Cannabidiol
- in Dog, Rat and Man
* Impact on dose and interval

[

CBD [Calc.] (ng/ml)

6

CBD Metabolites, human urine

D. J. HARVEY,* E. SAMARAf AND R. MECHOULAM{

*University Department of Pharmacology, Mansfield Road, Oxford, OX1 3QT, UK
and tFaculty of Medicine, The Hebrew University of Jerusalem, Jerusalem, 91 120 Israel

HARVEY, D. J.. E. SAMARA AND R. MECHOULAM. Comparative metabolism of cannabidiol n dog. rai and man. PHAR-




CANINE SERUM CANNABINOID CONCENTRATIONS

Cannabinoid Samples by
Brand (n=163)

Cannabinoids in canine patient plasma 4 Y
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* Therapeutic reference interval CBD > 100 ng/ml?
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Comparative Metabolism of Cannabidiol IDENTIFICATION OF URINARY METABOLITES OF CANNABIDIOL IN THE DOG
in Dog 5 Rat and Man E. SAMARA, M. BIALER AND D. J. HARVEY

Department of Pharmacology, Oxford University (D.J.H.} and Department of Pharmacy, School! of Pharmacy, The Hebrew University of Jerusalem
(E.S., M.B.)

D. J. HARVEY.* E. SAMARAT AND R.
VET,TE-SAM TANDR, MECHOLLAMT (Received April 18, 1989; accepted November 8, 1989)
*University Deparment of Pharmacology. Mansfield Road, Oxford, OX1 3QT, UK

and tFaculty of Medicine, The Hebrew University of Jerusalem, Jerusalem, 91 120 Israel
EBSTRACT:
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Pharmacokinetics:
Dogs: 10% oral bioavailability for CBD
Metabolic profile of cannabidiol differs compared to humans




Table 1

Criteria Used to Evaluate Clinical Signs in Dogs Intoxicated With Eight Human
Drugs/Drug Classes of Abuse

Barbiturates CNS” depression, respiratory depression, hypothermia, arrhythmias

(sinus tachycardia, ventricular bigeminy), and coma?-8
Benzodiazepines Sedation, hypnotic, confusion, decreased reflexes, bradycardia, ataxia,
nystagmus®:10

Cannabls (THC) CNS: Ataxia, abnormal mentation, bradycardia, nystagmus, rremors,
rarely hyperexcitable or vocalizing
Other: vomiting, polydipsia, ptyalism, hypothermia, mydriasis811-19

Cocaine Biphasic: Stimulation followed by depression
Ptyalism, hyperesthesia, tachycardia and tachyarrhythmias,
hyperpyrexia, hypertension, convulsions, mydriasis®.18

Methadone (synthetic opiate) Sedation, hypothermia, skeletal muscle flaccidity®

Amphetamines/Methamphetamines Excitement, sumulation, mydriasis, ptyalism, hyperthermia, n1y£enension,

tachycardia, lactic acidosis, hypoglycemia, and selzures8.8,13,17,18

Oplates/Opium derivatives Salivation, nausea, vomiting, defecation, urination, increased respira-

tion, initial miosis followed by mydriasis®. 13

Phencyclidines CNS stimulation and depression, mydriasis, nystagmus, tonic-clonic
convulsions, jaw snapping, opisthotonus, and death8.15

" CNS=central nervous system

Evaluation of a Human On-site Urine
Multidrug Test for Emergency

Use With Dogs

A rapid, human on-site urine multidrug test was used to screen canine urine samples for the

presence of five illegal drugs and drugs from three common
sample was sent to a toxicology laboratory for gas chromat
(GC/MS) validation. On-site test results and GC/MS assays
test kit did identify barbiturates, opiates, benzodiazepines,
mines in urine from dogs that had received these common i
intravenously and/or orally. However, neither the on-site tes
assays for marijuana or methadone, a synthetic opiate, wer
and methadone in urine from dogs with suspected or known
was seen for exposure to phencyclidines or cocaine during
sures were indicated by the on-site test results. Overall, the
affordable, and useful complement to the veterinarian’s clini
judgment. J Am Anim Hosp Assoc 2009;45:59-66.

(QUICKSCREEN" QuickScreen"

Figure 1—On-site multidrug urine test Kit with positive
results for opiates (A) and barbiturates (B).

intravenously and/or orally. However, neither the on-site test kit nor the GC/MS individual

assays for marijuana

or methadone, a synthetic opiate, were effective in identifying marijuana




DRUG-DIET-SUPPLEMENT INTERACTIONS

informa

healthcare

REVIEW ARTICLE

Exc Cannabinoids and Cytochrome P450 Interactions
hui

. OO (
e Th f d % Ondrej Zendulka™™’, Gabriela Dovrtélova’, Kristyna Noskova®, Miroslav Turjap"*, Alexandra Sulcova®,
e m O re O re I n a n L™ sy s e ] sep Lumir Hanus’ and Jan Juica™ ’ -

"Meta

lipophilic) the compound, < | " -
the greater the riSk 6 Pharmay Drug-drug interaction between clobazam and cannabidiol

in children with refractory epilepsy

® Fo re Ig n G et It 0 u t I ! exc;g: 'Alexandra L. Geffrey, 'Sarah F. Pollack, Patricia L. Bruno, and Elizabeth A. Thiele
9
; 1251,2015

(Efflux) transport R
proteins: No problem

SUMMARY
fo r m uta nts ? dinice Objective: Under an expanded access investigational new drug (IND) trial, cannabidiol
. mols {CBD) is being studied as a possible adjuvant treatment of refractory epilepsy in chil-
. ahthot

dren. Of the 25 subjects in the re being treated wml clobazam (CLB).

* Metabolite = inhibitor? XN s
e Cannabinoids: CYP450 R ::'z,,::.'::1;:.,:’::3::::::51,,;1".:';3:-2‘,“

tant antiepileptic drugs (AEDs). CLB, N-desmethylklobazam (norclobazam; nCLB)

[ ] 3A4 C29 2c 1 9 L . -y and CBD levels were measured aver the course of CBD treatment. CLB doses were

) ) t?:‘l::;ledal baseline and at weeks 4 and 8 of CBD treatment. Side effects were moni-

o L] TH C d Results: We report elevate-d CLB and nCLB levels in these subjects. The mean

* Species, breed, patient an et s s e

(95% C1 [+ . of 13 subjects had a >50% decrease in seizures,

Ll eofe =8 e
. . CBD T onder % The increased CLB and nCLB levels and
va r I a I I y . in red even though, over the course of CBD treat-
red 10 (77%) of the 13 subjects. Side affects were
reportedin 10 (77%) of the 13 subjects, but were alleviated with CLB dose reduction.

[ I m pact on safety Significance: Monitoring of CLB and nCLB levels is necessary for clinical care of

patients concomitantly on CLB and CBD. Nonetheless, CBD is a safe and effective
treatment of refractory epilepsy in patients receiving CLB treatment.

[ J D r u g i nte ra Ct i o n S fxﬁ:;?;:;:?::ﬁo::fﬁcmmm' Treatment resistant epilepsy, Cyto-

e Ask the correct questions EPIDIOLEX- cannabidiol solution
Greenwich Biosciences, Inc.

Sensitive CYP2C19 Substrates

Invivo data show that coadministration of EPIDIOLEX increases plasma concentrations of drugs that
are metabolized by (i.e., are substrates of) CYP2C19 (e.g., diazepam) and may increase the risk of

adverse reactions with these substrates [see Clinical Pharmacology (12.3)]. Consider a reduction in
dosage of sensitive CYP2C19 substrates, as clinically appropriate, when coadministered with
EPIDIOLEX.




Drug Interaction Studies
In Vitro Assessment of Drug Interactions

Drug Metabolizing Enzvmes [see Drug Interactions (7.1, 7.2)]

Cannabidiol is a substrate for cytochrome p450 (CYP) enzymes CYP3A4 and CYP2C19. Cannabidiol
has the potential to inhibit CYP2C8, CYP2C9, and CYP2C19 at clinically relevant concentrations.

Cannabidiol may induce or inhibit CYP1A2 and CYP2B6 at clinically relevant concentrations.

Cannabidiol inhibits uridine 5'-diphospho-glucuronosyltransferase (UGT) enzymes UGT1A9 and
UGT2B7, but does not inhibit the UGT1A1, UGT1A3, UGT1A4, UGT1A6, or UGT2B17 isoforms.

Transporters

Cannabidiol and the cannabidiol metabolite, 7-OH-CBD, are not anticipated to interact with BCRP,
BSEP, MDR1/P-pg, OAT1, OAT3, OCT1, OCT2, MATE1, MATE2-K, OATP1B1, or OATP1B3.

The cannabidiol metabolite, 7-COOH-CBD, is not a substrate of BCRP, OATP1B1, OATP1B3, or
OCT1.

However, 7-COOH-CBD is a substrate for P-gp. 7-COOH-CBD is an inhibitor of transport mediated
via BCRP and BSEP at clinically relevant concentrations.

In Vivo Assessment of Drug Interactions

Drug Interaction Studies with AEDs

EPIDIOLEX- cannabidiol solution
Greenwich Bilosciences, Inc.

There is a risk of drug interactions at both CYP450 and transport
proteins; the risk may be greater for metabolites




CONCLUSIONS REGARDING PHARMACOKINETICS

* Dose

e Variable oral absorption

Product

CBD vs. CBDA?

First pass metabolism increases dose
and cost

Increased with feeding?

THC and CBD characterized by active
metabolites

e Interval
e Half-life much shorter in
dogs and cats vs. humans

* Risk of drug interactions
* Protein binding? (relevance?)
* Drug metabolism (CYP3A,
2C9, 2C19)
* P-glycoprotein

What is the dose? Should it change?
What is the target concentration?
Monitor to assure?
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MEDICAL CANNAEBINOIDS: (BARRIERS TO)
UNDERSTANDING THE TARGET

Part Il: Looking for Evidence

HIGHLIGHTS OF PRESCRIBING INFORMATION

These highlights do not include all the information needed to use MARINOL® safely and effectively. See full
prescribing information for MARINOL.

MARINOL (dronabinol) capsules, for oral use, CITI

Initial US. Approval: 1985

* Product safety and efficacy - B s

MARINOL- dronabinol capsule
AbbVie Inc.

,c) Ciosuies * Anorexia associated with weight loss in patients with AIDS. (1)

o Nausea and vomiting associated with cancer chemotherapy in patients who have failed to respond adequately to
1l conventional antiemetic treatments. (1)

. The recummended adult starting dusage is 2.5 mg orally twice daily, one hour before lunch and dinner.
¢ See the full prescribing information for dosage titration to manage adverse reactions and to achieve desired therapeutic

e .. »
e Humans vs. animals ' AN
.
° .
o The recommended starting dosage is 5 mg/m’, admmmlered 1 to 3 hours prior to the admm]sn.ﬂ:m ufchemuLherap‘,

(]
* Pha rmacodynamlcs
] . ot then every 2 to 4 hours after chemotherapy, for a total of 4 to 6 doses per day. Administer the first dose on an empty
8 } stomach at least 30 minutes prior to eating; subsequent doses can be taken without regard to meals.
Re C e pt O rs B 28 . o See the full prescribing information for dosage titration to manage adverse reactions and to achieve desired therapeutic
v Sy - N ALl effect.
= = EPIDIOLEX- cannabidiol solution . .
n O ca n n a I n 0 I s Greenwich Biosciences, Inc. EPIDIOLEX' Canllabldlol SOlullOﬂ
Greenwich Biosciences, Inc.
[ [
* Pharmacokinetics
HIGHLIGHT S OF PRESCRIBING INFORMATION A
These highlights do not include all the information needed to use EPIDIOLEX" safely and effectively. See full
prescribing information for EPIDIOLEX.
clini - pr diol
o I I n Ica I t rl a IS ' IO ex EPIDIOLEX® (cannabidiol) oral solution, CV

100 mg/mlL

4 / EPIDIOLEX is indicated for the treatment of seizures associated with Lennox-Gastaut syndrome or Dravet syndrome in
P C h a I I e n ge s Oral Solution patients 2 years of age and older (1)

MO0 N

DOSAGE AND ADMINISTRATION ----
¢ Obtain serum transaminases (ALT and AST) and total bilirubin levels in all patients prior to starting treatment. (2.1,5.1)
o EPIDIOLEX is to be administered orally. (2.2)
* The recommended starting dosage is 2.5 mg/kg taken twice daily (5 mg/kg/day). After one week, the dosage can
be increased to a maintenance dosage of 5 twice daily (10 mg/kg/day). (2.2
 Based on individual clinical response and tolerability, EPIDIOLEX can be increased up to a maximum recommended
maintenance dosage of 10 mg/kg twice daily (20 mﬂ ay). See Full Prescribing Information for titration. (2.2
¢ Dosage adjustment is recommended for patients with moderate or severe hepatic impairment. (2.5, 8.6)

Oral solution: 100 mg/mL




THE ENDOCANNABINOID SYSTEM

* The endogenous cannabinoid system has been
described as “an ancient lipid signaling network
which in mammals modulates neuronal
functions, inflammatory processes, and is
involved in the etiology of certain human
lifestyle diseases, such as Crohn’s disease,
atherosclerosis and osteoarthritis. The system
is able to downregulate stress-related signals
that lead to chronic inflammation and certain
types of pain, but it is also involved in causing
inflammation-associated symptoms, depending
on the physiological context.”




ENDOCANNABINOID RECEPTORS
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*Agonist, antagonist, inverse (CBD)?
*Where

*Orthosteric vs. alloseric (CBD)
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*Other receptors (opioids, GABA)
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Ligand-promoted regulation
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https://www.sciencedirect.com/science/article/pii/S0006295216304014
http://molpharm.aspetjournals.org/content/90/5/620
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1298963/
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The cannabinoid receptor 1 associates with NMDA
receptors to produce glutamatergic hypofunction:
implications in psychosis and schizophrenia

Pilar Sanchez-Blazquez, Maria Rodriguez-Munoz and Javier Garzon*

Neurofarmacologia, Instituto Cajal, Consejo Superior de Investigacionas Cientificas, Madrid, Spain

Edited by:
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Caithin Efissa McOmish, Columibia
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The endocannabincid system is widespread throughout the central nervous system and
its type 1 receptor (CB1) plays a crucial role in preventing the neurctoxicity caused by
activation of glutamate N-methyl-D-aspartate receptors (NMDARS). Indeed, it is the activity
of NMDARs themselves that provides the demands on the endcgencus cannabinocids
in order to conirol their calcium currents. Therefore, a physiological role of this system
is to maintain NMDAR activity within safe limits, thereby protecting neural cells from
excitotoxicity. Thus, cannabinoids may be able to control NMDAR overactivation-related
neural dysfunctions; however, the major cbstacles to the therapeutic utilization of these
compounds are their psychotropic effects and negative influence on cognitive performance.
Studies in humans have indicated that abuse of smoked cannabis can promote psychosis
and ewen circumstantially precipitate symptoms of schizophrenia, although the latter
appears to reguire a prior vulnerability in the individual. It is possible that cannabinoids
provoke psychosis/schizophrenia reflecting a mechanism common to neuroprotection:
the reduction of NMDAR activity. Cannabincids are proposed to produce such effect by
reducing the pre-synaptic release of glutamate or interfering with post-synaptic NMDAR-
regulated signaling pathways. The efficacy of such control requires the endocannabincid
system to apply its negative influence in a manner that is proportional to the strength of
NMDAR signaling. Thus, cannabinoids acting at the wrong time or exerting an inappropriate
influence on their receptors may cause NIMDAR hypofunction. The purpose of the present
review is to draw the attention of the reader to the newly described functional and physical
CB1-NMDAR association, which may elucidate the scenario required for the rapid and
efficacious control of NMDAR activity. Whether alterations in these mechanisms may
increase NMDAR hypofunction leading to vulnerability to schizophrenia will be outlined.

Keywords: cannabinoid receptors, N-methyl-D-aspartate receptor, HINT1 protein, glutamatergic hypofunction,
cannabis abuse, schizophrenia, psychosis vulnerability, G-protein-coupled receptors

Oncotarget, Vol. 7, No. 3
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Endocannabinoid control of glutamate NMDA receptors: the
therapeutic potential and consequences of dysfunction
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ABSTRACT

Glutamate is probably the most important excitatory neurotransmitter in the
brain. The glutamate N-methyl-D-aspartate receptor (NMDAR) is a calcium-gated
channel that coordinates with G protein-coupled receptors (GPCRs) to establish the
efficiency of the synaptic transmission. Cross-regulation between these receptors
requires the concerted activity of the histidine triad nucleotide-binding protein
1 {HINT1) and of the sigma receptor type 1 (olR). Essential brain functions like
learning, memory formation and consolidation, mood and behavioral responses to
exogenous stimuli depend on the activity of NMDARs. In this biclogical context,
endocannabincids are released to retain NMDAR activity within physiclogical limits.
The efficacy of such control depends on HINT1/olR assisting in the physical coupling
between cannabinoid type 1 receptors (CB1Rs) and NMDARs to dampen their activity.
Subsequently, the calcium-regulated HINT1/olR protein tandem uncouples CB1Rs
to prevent NMDAR hypofunction. Thus, early recruitment or a disproportionate
cannabinoid induced response can bring about excess dampening of NMDAR activity,
impeding its adequate integration with GPCR signaling. Alternatively, this control
circuit can apparently be overridden in situations where bursts of NMDAR overactivity
provoke convulsive syndromes. In this review we will discuss the possible relevance of
the HINT1/o1R tandem and its use by endocannabinoids to diminish NMDAR activity
and their implications in psychosis/schizophrenia, as well as in NMDAR-mediated
convulsive episodes.




MITOCHONDRIAL CB RECEPTORS

Endocannabinoids and Lipid
Mediators 1n Brain Functions

Cannabinoids and Mitochondria

Etienne Hebert-Chatelain, Giovanni Marsicano, and Tifany Desprez

Impact on cell:

* Energy

* Production of monoamines

* Apoptosis

e Axonal / mitochondrial transport
e Calcium homeostasis
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PHYTOCANNABINOIDS AND CANNABINOID RECEPTORS

*THC: CB1 = CB2
*Partial agonist

CBD: ?
* Poor affinity for CB1, CB2

* Weak antagonist CB1

* Inverse agonist CB2
* Reverses endogenous activity

* Allosteric binding?
* Implications for safety, tolerance,
physical dependence?
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Lipid bilayer
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Cannabidiol displays unexpectedly high potency
as an antagonist of CB; and CB, receptor agonists
in vitro

A Thomas', GL Baillie', AM Phillips', RK Razdan?®, RA Ross' and RG Pertwee'

School of Medical Sciences, Institute of Medical Sciences, University of Aberdeen, Foresterhill, Aberdeen, UK and *Organix Inc.,
Woburn, MA, USA

Background and purpose: A nonpsychoactive constituent of the cannabis plant, cannabidiol has been demonstrated to have
low affinity for both cannabinoid CB; and CB; receptors. We have shown previously that cannabidiol can enhance electrically
evoked contractions of the mouse vas deferens, suggestive of inverse agonism. We have also shown that cannabidiol can
antagonize cannabinoid receptor agonists in this tissue with a greater potency than we would expect from its poor affinity for
cannabinoid receptors. This study aimed to investigate whether these properties of cannabidiol extend to CB; receptors
expressed in mouse brain and to human CB; receptors that have been transfected into CHO cells.

Experimental approach: The [>°S]GTPyS binding assay was used to determine both the efficacy of cannabidiol and the ability
of cannabidiol to antagonize cannabinoid receptor agonists (CP55940 and R-(+)-WIN55212) at the mouse CB; and the
human CB; receptor.

Key results: This paper reports firstly that cannabidiol displays inverse agonism at the human CB; receptor. Secondly, we
demonstrate that cannabidiol is a high potency antagonist of cannabinoid receptor agonists in mouse brain and in membranes
from CHO cells transfected with human CB; receptors.

Condlusions and implications: This study has provided the first evidence that cannabidiol can display CB, receptor
inverse agonism, an action that appears to be responsible for its antagonism of CP55940 at the human CB; receptor. The
ability of cannabidiol to behave as a CB, receptor inverse agonist may contribute to its documented anti-inflammatory




CANNABINOID RECEPTORS IN DOGS

THC —mUCh more pOtent l.lt-)gs in in vitro and in vivo animal 2

than CBD in dogs Dog _Human high
ataxia, %
Drug K;, nsM mg/kg AS-THC mg

CP 55,940 (—AC) 15 + 3 (Kg)
CP 56,667 (+AC) 470 = 57
CP 55,244 (—ACD) 1.4 £ 0.3
CP 55.243 (+ACD) 18,000 = 1100
CP 50,556 14£2
CP 53,870 26,000 + 3500
CP 54,939 14 +2
Nabilone 120 = 13
B-HHC 124 + 17
a-HHC 2.590 + 360
(—)-A%-THC 420 + 51

Dogs have unique CBR cerebellar distribution (¥)-8°THC 7,700 = 2100
AL-THC 498 = 52

responsible for unique ataxia behavior 11-OH-A%-THC 210 + 56
TMA-A%-THC 2,300 = 1000

88-OH-A%-THC 4,200 = 700
_ 8a-OH-A°-THC 8,700 + 1800

Proc. Natl. Acad. Sci. USA 11-OH-Cannabinol 800 + 150

Vol. 87, pp. 1932-1936, March 1990
Neurobiology 3,200 + 450
| Cannabidiol 53,000 = 6700  Inactive
annabigerol 275,000 >T.0

Cannabinoid receptor localization in brain SCOOH.11

(tetrahydrocannabinel /autoradiography /basal ganglia/hippocampus / cerebellum) Ag-TH(-: -nor- 75.000
MiLEs HERKENHAM*T, ALLISON B. LYNN*, MARK D. LITTLE*, M. Ross JOHNSON, LAWRENCE S. MELVINS, 9-COOH-11-nor- '
BriaN R. DE CostaY, AND KENNER C. Rice' A8.2THC Inactive

*Unit on Functional Neuroanatomy, Building 36, Room 2D-15, National Institute of Mental Health, Bethesda, MD 20892; #Glaxo Inc., Research Triangle Park, egressi

NC 27709; $Central Research, Pfizer Inc., Groton, CT 06340; and YLaboratory of Medicinal Chemistry, National Institute of Diabetes and Digestive and R . ssion on

Kidney Diseases, Bethesda, MD 20892 K;:R? 0.96 0.90
Significance '

Communicated by Walle J. H. Nauta, December 7, 1989 .
._ (2-tailed) P <0.0001 P < 0.0001
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Spatial distribution of cannabinoid receptor
type 1 (CB4)in normal canine central and
peripheral nervous system
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Abstract

The endocannabinoid system is a regulatory pathway consisting of two main types of canna-
E OPEN ACCESS binoid receptors (CB4 and CB;) and their endogenous ligands, the endocannabinoids. The
Citation: Freundt-RevillaJ, Kegler K, Baumgériner ~ CB+ receptor is highly expressed in the central and peripheral nervous systems (PNS) in

v AL S a1 DTSN P NN RS SR s RS e
ticular region. Higher receptor- bmdmg levels have been found in the canine cerebellum com-
pared to humans [3], which might induce less motor depression in humans under effects of
THC [66, 67]. Interestingly, the use of THC and cannabinoid analogs in experimental studies
showed ataxia and even prostration at higher dosages in dogs [67, 68]. High concentrations of
cannabinoid expression in the basal ganglia and cerebellum are consistent with their involvet
ment in the initiation and coordination of movement [j3, 69] and explain this behavioural
changes in dogs at high doses of THC and cannabinoid analogs.




2.2 Dosage Information EPIDIOLEX- cannabidiol solution

e EPIDIOLEX is to be administered orally. Greenwich Biosciences, Inc.

e The starting dosage is 2.5 mg/kg twice daily (5 mg/kg/day).

e After one week, the dosage canbe increased to a maintenance dosage of 5 mg/kg twice daily
(10 mg/kg/day).

e Patients who are tolerating EPIDIOLEX at 5 mg/kg twice daily and require further reduction of
seizures may benefit froma dosage increase up to a maximum recommended maintenance dosage of
10 mg/kg twice daily (20 mg/kg/day), in weekly increments of 2.5 mg/kg twice daily (5 mg/kg/day),
as tolerated. For patients in whom a more rapid titration from 10 mg/kg/day to 20 mg/kg/day is
warranted, the dosage may be increased no more frequently than every other day. Administration of
the 20 mg/kg/day dosage resulted in somewhat greater reductions in seizure rates than the
recommended maintenance dosage of 10 mg/kg/day, but with an increase in adverse reactions.

Dose starts at 2.5 mg/kg q 12 and is increased up to 10 mg/kg q 12

MARINOL- dronabinol capsule
AbbVie Inc.

Starting Dosage

The recommended adult starting dosage of MARINOL is 2.5 mg orally twice daily, one hour before
lunch and dinner.

Dose starts at 2.5 mg q 12 and is increased up to 10 mg/kg q 12
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RESULTS: QUANTIFICATIOM

Brain

Blood

Testicles

Fat (Visceral)
Uterus

Spinal Cord

Fat (Lymph Node)

Kidney (Pelvis)
Skin
Lung

Lymph Node
Liver

Kidney (Cortex)

7.94E-03
6.98E-03
5.56E-03
4.43E-03
3.91E-03
1.13E-03
8.13E-04
2.81E-04
1.18E-04
5.84E-05
4.79E-05
1.94E-05
1.57E-05




Cannabinoid receptor type 1 and 2 expression
in the skin of healthy dogs and dogs with atopic
dermatitis

Lova Campoea, DVM, A Viecenzo Miraghomsa DY M. Fhl) Emanncke Rikcel, DVM, 'hD
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NON-CB RECEPTOR TARGETS

Neurotransmitter modulation
*Acetylcholine
Norepinephrine
Dopamine
«Serotonin
Gaba (benzodiazipenes)
Glutamate
*D-Aspartate

Channels
N, L, P/Q calcium
*A, M potassium

*Receptors

THC, A-type
anandamide K* channel THC,
anandamide and/or

?/ 2-arachidonoylglycerol

Inhibition of neurotransmitter|
(glutamate, dopamine,
acetylcholine, noradrenaline)
release

[
[t

Anandamide

. Na
Modulation of rapid
neurotransmission
Modulation of slow anandamide
neurotransmission

Eicosanoids




Table 1. Quantitative results of Cannabidiol's membrane pro-
tein interactions by target, cell type, and IC50 or EC50. Missing
IC50 values indicate that dose-response curves were not pro-
duced, but significant effects were demonstrated.

Cell type IC50 (uM)

HEK-293 2.0 + 0.1 [20]
HEK-293 29 £ 0. [20]
iPSCs 1.3 £ 0.1 [20]
HEK-293 33 £ 0.1 [20]
HEK-293 1.9 + 0.1 [20]
HEK-293 3.8 £ 0.2 [20]
HEK-293 3.0 £ 0.1 [20]

Target

MNa,1.1
Na,1.2

Channels

Na,1.3
Na,1.4
Na,1.5
Na,1.6

CHANNELS
2019, VOL. 13, NO. 1, 162-167
https://doi.org/10.1080/19336950.2019.1615824

e Taylor & Francis
Taylor & Francis Group

REVIEW

Abeline Rose Watkins

Department of Biomedical Physiology and Kinesiology, Simon Fraser University, Burnaby, BC, Canada

ABSTRACT

Cannabidiol (CBD), the non-psychoactive component of Cannabis sativa, acts on a diverse
selection of membrane proteins with promising therapeutic potential in epilepsy and chronic
pain. One such protein is the voltage-gated sodium channel (Na,). CBD shows a lack of
specificity for sodium channels; however, the method of interaction is still unknown. In this
review, we will outline the studies that report reproducible results of CBD and other cannabi-
noids changing membrane channel function, with particular interest on Na,. Na, are implicated
in fatal forms of epilepsy and are also associated with chronic pain. This makes Na, potential
targets for CBD interaction since it has been reported to reduce pain and seizures. One potential
method of interaction that is of interest in this review is whether CBD affects channel function
by altering lipid bilayer properties, independent of any possible direct interaction with mem-
brane channels. CBD's ability to interact with its targets is a novel and important discovery. This
discovery will not only prompt further research towards CBD's characterization, but also pro-
motes the application of cannabinoids as potentially therapeutic compounds for diseases like
epilepsy and pain.
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Cannabinoid interactions with ion channels and receptors
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Transporters

Receptors

Na,1.7
MNaChBac
K,2.1
TRPME
Ca, 3.1
Ca,3.2
Ca,3.3
VDAC1

Adenosine uptake
via ENT1
Thymidine uptake
via ENT1

GPR55

H5-HT1aR
5-HT2aR

HEK-293
HEK-293
HEK-293
HEK-293
HEK-293
HEK-293
HEK-293
Planar lipid
bilayer
EOQC-20
microglia
EOC-20
microglia
HEK-293
CHO Cells
CHO Cells

29+ 0.1 [20]
1.5 + 0.2 [20]
3.7 £ 0.8 [20]
0.06 +0.01 [26]
0.813% [27]
0.776% [27]
3.63% [27]

-[18]

0.12 [2§]
0.19 [28]
0.445 £ 0.067 [29]

-[30]
—-[30]

Target

Cell Type

EC50 (uM)

Channels

TRFV1

L ]

HEK-293

LICL =52

1.0 £ 0.1[26]

e [ ] T s W o 1 e T |

T ¥ &

TRPA1

LBLL = T

HEK-293

Y e v e v |

0.11 + 0.05[26]

Receptors

a; homomers
GlyRs

a, B, heteromers
GlyRs

n/a

n/a

1324 £ 123[25]

1443 + 22.7 [25]

" Numbers calculated from pEC50 values




COMBINATION ANALGESIC THERAPY

Opioids

* Enhanced mu agonist activity

NSAIDs

* Reduced dose
Alpha-2 agonists
TRVP-1 antagonists

* Inhibition of cannabinoid metabolism

 Endogenous
e Cannabidol?

* Therapeutic
Particularly inflammatory pain
Inhibitors

* FAAH, MAGL
* Increases AEA/2-AG

Compound

Immune responses to peripheral nerve injury

Dual CB agonist/COX-inhibitory compound
(D’Ambra et al., 1992).



(CLASSIC) ENDOGENOUS CANNABINOID LIGAND

ASTROCYTE GLUTAMATE
PROCESS TERMINAL

Formed in situ —
Post-synaptic neuron TERMINAL - G- - I
Stimulus
* Intracellular calcium
Endocannabinoid (eCB) synthesis
Release into synaptic cleft
Transported (?) to presynaptic neuron : . ,
Uptake by neuron (proteins?) .S Dasdrie
Modulation of neurotransmitter release ) "R W
Retrograde movement
eCB degradation
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-, HHS Public Access
1 4 Author manuscript
Biol Fsychiatry. Author manuscript; available in PMC 2017 April 01.

Published in final edited form as:
Biol Psychiatry. 2016 April 1; 79(7): 516-523. doi:10.1016/j biopsych 2015.07.028.

An introduction to the endogenous cannabinoid system

Hui-Chen Lu'2 and Ken Mackie'.2”
Department of Psychological and Brain Sciences, Indiana University, Bloomington, IN USA

2Linda and Jack Gill Center for Biomolecular Science, Indiana University, Bloomington, IN USA




(CLASSIC) ENDOGENOUS CANNABINOID LIGANDS

CHEMIGAL
REVIEWS e

Endocannabinoid Oxygenation by Cyclooxygenases, Lipoxygenases,

*Arachidonic Acid (AA) metabolites Erdoeated il B e Erotane
*The “bliss” molecule: anandamide (AEA) (CB-1>2) e o S,
«2-arachidonoylglycerol (2AG ) (CB1=CB2)
*Others
*Specific enzymes but...

*COX, LOX and CYP 450 “cross talk”
*Substrates for COX and LOX
*Constitutive vs. induced

*Metabolism to AA nature DRUG
*Fatty acid amide hydrolase (AEA) anandamide ’ RIAVAIDN DISCOVERY

*Monoacylglycerol (MAGL) (2-AG)
H \& MAGL
ethanolamine glycerol

Amandamide

Review
Nature Reviews Drug Discovery 11, 292-310 (April 2012) | doi:10.1038/nrd3673

Inhibiting the breakdown of endogenous GRIZCLENOULS

opioids and cannabinoids to alleviate pain B send to a friend
Export citation
Bernard P. Roques, Marie-Claude Fournié-Zaluski & Michel Wurm B export references

Cyclooxygenase-2 Mediates Anandamide Metabolism in the

Chronic pain remains unsatisfactorily treated, and few novel B Rights and permissions

painkillers have reached the market in the past century.
Increasing the levels of the main endogenous opioid peptides —
enkephalins — by inhibiting their two inactivating ectopeptidases, SEARCH PUBMED FOR
neprilysin and aminopeptidase N, has analgesw effects in various

Mouse Brain
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arachldonlc acid arachidonic acid

Sherrye T. Glaser and Martin Kaczocha

Departments of Neurobiology and Behavior (S.T.G.) and Biochemistry and Cell Biology (M.K.), Stony Brook University, Stony
Brook, New York
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IMPACT AND MANIPULATION OF THE ECS

Care and Feeding of the Endocannabinoid System: A
Systematic Review of Potential Clinical Interventions
that Upregulate the Endocannabinoid System

John M. McPartland"%*, Geoffrey W. Guy', Vincenzo Di Marzo®

.o L3 . o
1 GW Pharmaceuticals, Porton Down Science Park, Salisbury, Wiltshire, United Kingdom, 2 Department of Family Medicine, University of Vermont, Burlington, Vermont Y E n d oca n n a b I n o l d (e c B) d efl c I e n Cy Sy n d ro m e

United States of A a, 3 Endocannabinoid Research Group, Istitute di Chimica Biomoleculare, CNR, Via Campi Flegrei, Pozzuoli, Napoli, Italy

* Migraine, fibromyalgia, IBS, psychological disorders

Abstract

Background:The “dassic”’ endocannabinoid (eCB) system includes the cannabinoid receptors CB; and CB,, the eCB ligands

anandamide (AEA) and 2-arachidonoylglycerol (2-AG), and their metabolic enzymes. An emerging literature documents the

“eCB deficiency syndrome” as an etiology in migraine, fibromyalgia, irritable bowel syndrome, psychological disorders, and

other conditions. We performed a systematic review of clinical interventions that enhance the eCB system—ways to e U pregUIatEd by
upregulate cannabinoid receptors, increase ligand synthesis, or inhibit ligand degradation.

Methodology/Principal Findings: We searched PubMed for clinical trials, observational studies, and preclinical research.

Data synthesis was qualitative. Exclusion criteria limited the results to 184 in vitro studies, 102 in vivo animal studies, and 36 ® DrugS: a na |gESICS, gl UCOCOI'tICOIdS,

human studies. Evidence indicates that several classes of pharmaceuticals upregulate the eCB system, including analgesics - i b . =
(acetaminophen, non-steroidal anti-inflammatory drugs, opioids, glucocorticoids), antidepressants, antipsychotics, a nt|depressa nts’ antlpSYChotlcs, d nXIO|ytICS,
anxiolytics, and anticonvulsants. Clinical interventions characterized as “complementary and alternative medicine” also

upregulate the eCB system: massage and manipulation, acupuncture, dietary supplements, and herbal medicines. Lifestyle H

modification (diet, weight control, exercise, and the use of psychoactive substances—alcohol, tobacco, coffee, cannabis) a ntlconVUIsa nts

also modulate the eCB system.

Conclusions/Significance: Few clinical trials have assessed interventions that upregulate the eCB system. Many preclinical ° Dieta ry ] pplements
studies point to other potential approaches; human trials are needed to explore these promising interventions.

Citation: McPartland JM, Guy GW, Di Marzo V (2014) Care and Feeding of the Endocannabinoid System: A Systematic Review of Potential Clinical Interventions L P U FA’ pro biotics’ othe r ca n n a binom i m etic

that Upregulate the Endocannabinoid System. PLoS ONE 9(3): e . doi:10.1371/journal. pone 0089566
Editor: Andrej A. Romanovsky, St. Joseph's Hospital and Medical Center, United States of America pla nts
Received September 8, 2013; Accepted January 21, 2014; Published March 12, 2014

Copyright: @ 2014 McPartland et al. This is an open-access article distributed under the terms of the Creative Commeons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This study was initially supported by an AssocPro (Associate Professor) grant, Unitec New Zealand to JM; subsequent funding by GW Pharmaceuticals.
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The endocannabinoid system in canine
Steroid-Responsive Meningitis-Arteritis and
Intraspinal Spirocercosis
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Abstract

Endocannabinoids (ECs) are involved in immunomodulation, neuroprotection and control of
inflammation in the central nervous system (CNS). Activation of cannabinoid type 2 recep-
tors (CB2) is known to diminish the release of pro-inflammatory factors and enhance the
secretion of anti-inflammatory cytokines. Furthermore, the endocannabinoid 2-arachidonoyl
glycerol (2-AG) has been proved to induce the migration of eosinophils in a CB2 receptor-
dependent manner in peripheral blood and activate neutrophils independent of CB activation
in humans. The aim of the current study was to investigate the influence of the endocannabi-
noid system in two different CNS inflammatory diseases of the dog, i.e. Steroid-Responsive
Meningitis-Arteritis (SRMA) and Intraspinal Spirocercosis (1S). The two main endocannabi-
noids, anandamide (AEA) and 2-AG, were quantified by mass spectrometry in CSF and
serum samples of dogs affected with Steroid- Responsive Meningitis-Arteritis in the acute
phase (SRMA A), SRMA under treatment with prednisolone (SRMA Tr), intraspinal Spiro-
cercosis and healthy dogs. Moreover, expression of the CB2 receptor was evaluated in
inflammatory lesions of SRMA and IS and compared to healthy controls using immunohis-
tochemistry (IHC). Dogs with SRMA A showed significantly higher concentrations of total
AG and AEA in serum in comparison to healthy controls and in CSF compared to SRMA Tr
(p<0.05). Furthermore, dogs with IS displayed the highest ECs concentrations in CSF,
being significantly higher than in CSF samples of dogs with SRMA A (p<0.05). CSF samples
that demonstrated an eosinophilic pleocytosis had the highest levels of ECs, exceeding
those with neutrophilic pleocytosis, suggesting that ECs have a major effect on migration

of eosinophils in the CSF. Furthermore, CB2 receptor expression was found in glial cellsin
the spinal cord of healthy dogs, whereas in dogs with SRMA and IS, CB2 was strongly
expressed not only in glial cells but also on the cellular surface of infiltrating leukocytes (i.e.
neutrophils, eosinophils, lymphocytes, plasma cells, and macrophages) at lesion sites. The

AEA in CSF AEA in serum

*

Logyo (PM)
Log1o (nM)

*

Log1o (nM)

Logqo (nM)

Fig 1. Concentrations of AEA and Total AG in CSF and serum samples, Log to base 10. Boxes contain values from 1* to 3™ quartile, central lines inside the
boxes represent median values, and endpoints of vertical lines represent minimum and maximum values, dot (@) represent outliners. Asterisks (*) indicate
statistically significant differences (p<0.05). AEA: Anandamide; Total AG: 1-AG (1 -arachidonoylglycerol) + 2-AG (2-arachidonoylglycerol); CSF: cerebrospinal
fluid; SRMA A: steroid-responsive meningitis-arteritis in acute stage; SRMA Tr: SRMA dogs under treatment; pM: picomolar; nM: nanomolar.

https://doi.org/10.1371/journal.pone.0187197.q001

The endocannabinoid system is upregulated with endocannabinoids increasing with CNS inflammatory disease
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Alterations of endocannabinoids in cerebrospinal
fluid of dogs with epileptic seizure disorder _ﬁ

&

. . . . &
Felix K Gesell”, Alexander A Zoemer®, Christina Brauer', Stefan Engeli®, Dimitros Tsikas® and Andrea Tipold' &

¥
Figure 1 AEA and total AG concentrations of 40 dogs with idiopathic epilepsy and 16 control dogs, statistic was calculated using the
Wilcoxon-Test, central lines of the box represent the median, upper and lower limits of the box represent the 75 th and
Abstract 25 th percentiles.
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Background: Epilepsy is one of the most cormmon chronic neurclogical disorders in dogs characterized by
recurrent seizures, The endocannabinoid (EC) systemn plays a central role in suppressing pathologic neurcnal
excitability and in controlling the spread of activity in an epileptic network. Endocannabinoids are released on
demand and their dysregulation has been described in several pathological conditions. Recurrent seizures may lead
to an adverse reorganization of the EC systern and impairment of its protective effect. In the current study, we
tested the hypothesis that cerebrospinal fluid (CSF) concentrations of the endocannabinoids anandamide (AEA) and
2-arachidonoyl glycerol (2AG) are altered in epileptic dogs. Concentrations of AEA and total AG (sum of 2AG and
1AG) were measured in 40 dogs with idiopathic epilepsy and in 16 unaffected, healthy control dogs using liquid
chromatography combined with tanderm mass spectrometry.

Results: AEA and total AG were measured at 494 (3.18 - 9.17) pM and 1.43 (0.90 - 192) nM in epileptic dogs and
at3.19 (204 - 4.28) pM and 176 (1.08 - 269) nM in the control group, respectively (median, 25 - 75% percentiles
in brackets). The AEA difference between epileptic and healthy dogs was statistically significant (p < 0.05). Values
correlated with seizure severity and duration of seizure activity. Dogs with duster seizures and/or status epilepticus
and with seizure activity for more than six months displayed the highest EC concentrations.

S

total AG [nM]
B

Conclusion: In conclusion, we present the first endocannabinoid measurements in canine CSF and confirm the o
hypothesis that the EC system is altered in canine idiopathic epilepsy. ;s-“

Keywords: Endocannabinoids, Anandamide, 2-arachidonyl glycerol, Epilepsy, Cerebrospinal fluid, Canine

Figure 2 AEA and total AG concentrations of 16 dogs with single seizures and 23 dogs with cluster seizures and/or status epilepticus,

statistic was calculated using the Wilcoxon-Test, central lines of the box represent the median, upper and lower limits of the box
represent the 75 th and 25 th percentiles.
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Endocannabinoid concentrations increase with severity of seizures in epileptic patients
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marijuana, listed by condition treated

ALS

Bipolar Disorder
Cancer

General Use
Glaucoma

HIV/AIDS
Huntington's Disease
IBD/Crohn's

Multiple Sclerosis
Nausea

Pain

Parkinson's Disease
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Rheumatoid Arthritis

Tourette's Syndrome
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13 (22%)

6. A review does not find persuasive evidence to recommend marijuana for
preventing vomiting in cancer patients

Richard H. Schwartz, MD, Clinical Professor of Pediatrics at Georgetown University, Eric A. Voth, MD, Chairman of the Institute
on Global Drug Policy, et al., wrote the following in their Feb, 1997 article titled "Marijuana to Prevent Nausea and Vomiting in

Cancer Patients: A Survey of Clinical Oncologists" in the Southern Medical Journal:

"Marijuana, if rescheduled by the Drug Enforcement Agency, would be the only Food and Drug Administration
(FDA)-approved drug to be administered by smoking. American physicians need timely, factual information about
probable usage patterns and potential adverse effects of medical marijuana, and a factual complete review of the
literature on the subject,

We mailed a survey to 1,500 American clinical oncologists. Of particular interest was whether and how often in
the past 24 months these physicians recommended smoked marijuana, synthetic tetrahydrocannabinol, or 5-HT3
(serotonin) antagonists (ondansetron [Zofran], granisetron [Kytril]) for their patients. We also inquired whether and
how often the oncologists would prescribe marijuana in the form of cigarettes, were it to be FDA-approved.
Completed surveys were received from 1,122 (75%) of the oncologists.

The percentages of oncologists who prescribed or recommended selected antiemetics more than five times
between 1992 and 1994 were 98% for 5-HT, antagonists, 6% for dronabinol (Marinol), and 1% for smoked
marijuana. We also found that 332 (30%) of the oncologist-respondents to this nationwide survey supported
rescheduling of marijuana for medical purposes; however, two thirds (67%) of the 332 respondents who were in
favor of rescheduling estimated that they would write less than one prescription per month for marijuana
cigarettes. A comprehensive literature review failed to provide persuasive evidence to recommend marijuana as a
needed antiemetic medicine,”

Feb. 1997 - Richard H. Schwartz, MD Y¥Y.7Y¢¥Y Eric Voth, MD T4R¢303e

7. Oncologists have favorable opinions on the use of marijuana to prevent
vomiting in cancer chemotherapy patients

Rick Doblin, PhD, President of the Multidisciplinary Association for Psychedelic Studies (MVAPS), and Mark A. R. Kleiman, PhD,

Professor of Public Policy at the UCLA School of Public Affairs, wrote in a July 1991 article titled "Marijuana as Antiemetic
Medicine: A Survey of Oncologists' Experiences and Attitudes" in the American Joumnal of Clinical Oncology:

"A random-sample, anonymous survey of the members of the American Society of Clinical Oncology (ASCQ)
was conducted in spring 1990 measuring the attitudes and experiences of American oncologists conceming the
antiemetic use of marijuana in cancer chemotherapy patients. The survey was mailed to about one third (N =
2,430) of all United States-based ASCO members and yielded a response rate of 43% (1,035).

More than 44% of the respondents report recommending the (illegal) use of marijuana for the control of emesis to
at least one cancer chemotherapy patient. Almost one half (48%) would prescribe marijuana to some of their
patients if it were legal. As a group, respondents considered smoked marijuana to be somewhat more effective
than the legally available oral synthetic dronabinol ([THC] Marinol; Unimed, Somerville, NJ) and roughly as safe.
Of the respondents who expressed an opinion, a majority (54%) thought marijuana should be available by
prescription.

These results bear on the question of whether marijuana has a 'currently accepted medical use,’ at issue in an
ongoing administrative and legal dispute concerning whether marijuana in smoked form should be available by
prescription along with synthetic THC in oral form. This survey demonstrates that oncologists' experience with
the medical use of marijuana is more extensive, and their opinions of it are more favorable, than the regulatory
authorities appear to have believed."

July 1991 - Rick Doblin, PhD XYY Mark A. R. Klsiman, PhD YYY0
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Abstract An updated systematic review of randomized con-
trolled trials examining cannabinoids in the treatment of
chronic non-cancer pain was conducted according to PRIS
MA guidelines for systematic reviews reporting on health care
outcomes. Eleven trials published since our last review met
inclusion criteria. The quality of the trials was excellent. Sev-
en of the trials demonstrated a significant analgesic effect.
Several trials also demonstrated improvement in secondary
outcomes (e.g., sleep, muscle stiffness and spasticity). Ad-
verse effects most frequently reported such as fatigue and
dizziness were mild to moderate in severity and generally well
tolerated. This review adds further support that currently

Introduction

Chronic pain is a growing public health problem affecting
approximately one in five people and predicted to in-
crease to one in three over the next two decades (Blyth
et al. 2001; Moulin et al. 2002; Breivik et al. 2006). The
prevalence of chronic pain is likely to increase as the
population ages and as medical advances continue to im-
prove survival related to cancer, serious injury and dis-
eases that previously would have been fatal, such as
HIV, but have left the survivors with serious neuropathic
pain conditions (Lynch 2011). Currently available agents

il o (b.&.}" e b Flateowsly Ol e 'wlland ..:rl:..ri.l...]l..l“\.-Jl.J‘J. RN By ]Efids

verse effects most frequently reported such as fatigue and &
dizziness were mild to moderate in severity and generally well
tolerated. This review adds further support that currently

available cannabinoids are safe, modestly effective analgesics
that provide a reasonable therapeutic option in the manage-

ment of chronic non-cancer pain.

The Effectiveness of Cannabinoids in the Management of
Chronic Nonmalignant Neuropathic Pain:

A Systematic Review
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Aims: To carry out a systematic review o assess the effectiveness of cannabis
extracts and cannabinoids in the management of chronic nonmalignant
neuropathic pain. Methods: Electronic database searches were performed
using Medline, PubMed, Embase, all evidence-based medicine reviews, and
Web of Science, through communication with the Canadian Consortium for the
Investigation of Cannabinoids (CCIC), and by searching printed indices from 1950,
Terms used were marijuana, marihuana, cannabis, cannabinoids, nabilone, delta-
9-tetrahydrocannabinol, cannabidiol, ajulemic acid, dronabinol, pain, chronic,
disease, and neuropathic. Randomized placebo-controlled trials (RCTs) involving
cannabis and cannabinoids for the treatment of chronic nonmalignant pain were
selected. Outcomes considered were reduction in pain intensity and adverse
events. Results: Of the 24 studies that examined chronic neuropathic pain, 11
studies were excluded. The 13 included studies were rated using the Jadad
Scale to measure bias in pain research. Evaluation of these studies suggested
that cannabinoids may provide effective analgesia in chronic neuropathic pain
conditions that are refractory to other treatments. Conclusion: Cannabis-
based medicinal extracts used in different populations of chronic nonmalignant
neuropathic pain patients may provide effective analgesia in conditions that are
refractory to other treatments. Further high-quality studies are needed to assess
the impact of the duration of the treatment as well as the best form of drug
delivery. J Oral Facial Pain Headache 2015;29:7-14. doi: 10.711607/0fph.1274

Key words: cannabinoids, chronic nonmalignant pain, management,
neuropathic pain, systematic review

conditions that are refractory to other treatments. Conclusion: Cannabis-
based medicinal extracts used in different populations of chronic nonmalignant
neuropathic pain patients may provide effective analgesia in conditions that are

refractory to other treatments. Further high-

quality studies are needed to assess



PROS & CONS OF CURRENT ISSUES.

RELIABLE. NONPARTISAN. EMPOWERING. Treatment for opiOid addiction versus

HOME FACE METRICS  TRAFFIC TESTIMONIALS DOMORS & SPONSORS CONT]

vore | asout | son | warer | Teacrel— glternative to opioids for control of pain?

ISSUES OUR VIDEOS CORNEF

Last upd

Is Marijuana an Effective Alternative to Opioid
Treatment?

Ambrosio, MD, an orthopedic €0
advocate, wrote in his Jan. 25,
led "Why | Recommend Medicinal

Con 2
Kenneth Finn, MD, President and Founder of Springs
Rehabilitation, P.C., ex
Il Not Fix the Opioid
issouri Medicine:

CON (n

currently a large and growi
evidence showing that cannabi

Con T

Ashley C. Bradford, Ma ic Administratio Keith Humphreys, PhD, Esther Ting Memarial
student at the University of Georgia, and W. David Professor at the Stanford Universi
Bradford, PhD, George D. e Chair in Publi !
: inthe [Iep-:rtrnvnt of Public Administration Community H ] ton Un
of Georgia, wrote in their  School of Public Health, stated the following in their
Why Jeff Sessi Feb. 1,2 int article titled "Should
3 mmend Replacing Opioids with
able at jamanetwork.com:

ptance
it times a

could be avoided.”

Jan 19 - Frank D'’Ambrosio, MD e rating that medical marijuana |
not curb the opioid epidemic. There is further
evidence that marijuana is a companion drug
rather than on drug and that marijuana

Pro 3 rather than improving it

s largely res

-annabis is clinically May/.June 2018 - Kenneth Finn, MD

. substituting cannabis for opicid addic
i ntially harmful. Neither
tt andards of rigor
| treatment decisions...

on in opiocid-related deaths. The cont
ypioids — which killed more than 33,01
in 2015 — and cannabis could not be
more striking."

if not more, than nedi f a wn and docum
pain... a i and little to no researc

g. 1, 2017 - W. David Bradford, PhD
ey C. Bradford




ARE CANNABINOIDS A REASONABLE ALTERNATIVE TO OPIOIDS-

World Health Organisation (WHO) analgesic Ladder

e Sole |

e Mild and chronic pain 1 G
. Moderateto_’ 2§
e Sole to adjuvant severe pain 25
* Moderate to severe pain 8 §§
 Effective adjuvant for severe g $s
2 . moderate —> Step 2 g&oidfor mﬂg'!dmmodeﬁtepain o § g
(aCUte ) pain e With/without acjuvant analgestic § 3 &
* Dose? Product? Monitor? G2 g ?
* Product issues Mild pain — > Seep 1 Notsoplobd E l%

5

=N Wlth/wlthout adjuvant analgestic
* Individual response




SOME EVIDENCE OF

EFFICACY FOR CONTROL OF
OA PAIN WHEN USED WITH
NSAIDS IN DOGS (2 mg/kg)

Pharmacokinetics, Safety, and
Clinical Efficacy of Cannabidiol
Treatment in Osteoarthritic Dogs

Lauri-Jo Gamble', Jordyn M. Boesch', Christopher W. Frye', Wayne S. Schwark?,
Sabine Mann®, Lisa Wolfe*, Holly Brown®, Erin S. Berthelsen' and Joseph J. Wakshlag ™

Response at 2 wks = 4 wks

| Domarfroant of Slinica ionrc Ao of Uotorinan: Modicing Corpall [ lnioroity Mhomo Al pitad Ctatoe 2 Nonarfmon

‘ CEBD aoll (2 mg/kg) or placebo oil every 12 h.

CBD oil Placebo oil

Week 0 Week 2 Week 0 Week 2

OPEN ACCESS

Edited by:

Troy M. Trumibie,

Uiniversity of Minnesofa Twin Cities,
United Stafes

Reviewed by:

Gareth Edward Zaiar,
Univarsify of Pratoria, South Africa
Jogo Hengue Naves Soares,
Vinginia Tech, United States
*Cormespondence:

vosaph J. Wakshiag
Jw37@comal.adu

Specialty soction:

This arficie was submitted to
Veterinary Surgery and
Anasthasiology,

a section of the journal
Frontiars in Vetarinary Scianca

Received: 25 Fabruary 2018
Accepted: 02 July 2018
Published: 23 Jufy 2078

Objectives: The cbjectives of this study were to determine basic oral pharmacokinetics, CBP! Pain (0-40) 24 +8 14 + 6* iT+7 1949
and assess safety and analgesic efficacy of a cannabidiol (CBD) based oil in dogs with ) 07 £ 15 09 4 15
osteoarthritis (OA). CBP! activity interference (0-60) 35 £ 19 25+ 15 + +
Methods: Single-dose pharmaccokinetics was performed using two different doses Hudson (0-110) 54413 67 £15° 65+ 14 64+ 16
of CBD enriched (2 and 8mg/kg) oil. Thereafter, a randomized placebo-controlled, Veterinary lameness§ 3 (1-4) 3 (1-4) 3 (2-4) 3 (2-4)
veterinarian, and owner blinded, cross-over study was conducted. Dogs received each . g\

of two treatments: CBD oil (2 mg/kg) or placebo oil every 12h. Each treatment lasted 3(3-4) 3 (2-4) 3-4) 34
for 4 weeks with a 2-week washout period. Baseling veterinary assessment and owner 2 (1-3) 2(1-3) 2(1-3)

questionnaires were completed before initiating each treatment and at weeks 2 and 4.
Hematology, serum chemistry and physical examinations were performed at each visit.
A mixed model analysis, analyzing the change from enroliment baseline for all other time
points was utilized for all var

Results: Pharmacokinetics TABLE 1 | Serum pharmacokinetic of single oral dosing (2 mg and 8 mg/ka) of CBD oil in dogs.

observable side effects. Clini

showed a significant decrea Cmax {ng/milL) Tmax (h) T1/2 elim (h) AUC 0-t (ng-hr/mL}) MRT (h)
Veterinary assessment shov
side effects were reported b | DOSE (2 mg/kg)
alkaline phosphatase during Dog 1 1 9 a4 183 6.0
Clinical si_gnificlance: This Dag 2 132 1 2.9 351 4.0
of CBD twice daily can help
Dog 3 102 2 3.8 382 5.1
Keywords: cannabidiol, CBD oil, hen
Dog 4 101 2 6.8 437 0.1
Madian (Rangs) 102 (B1-132.0) 1.5(1.0-2.00 4.2 (3.8-6.8) 367 (183-437) 56(4.2-91)




A randomized, double-blind, placebo-controlled

study of daily cannabidiol for the treatment of
canine osteoarthritis pain
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Abstract
Ower the last 2 decadeas, affimative diagnosas of ostacarthrite {34 in the United States hawa tiplad due o incraasing ratas of
obesity and an aging population. Hamp-darivad cannabidial (CBD) is tha major nontatrahydrocannabingl componant of cannabis
and has bean promatad a8 a potantial traatmeant 1o 2 wida vanaty of dispar ate infammatony conditions. Hara, wa avaluatad CBD for
its ability to modulate the production of proinflammatory cytokinas in wiroand in murdna modeats of inducad inflammeation and furthear
validatad tha ability of a liposomal fommulation 1o increase Boavaibbility in mica and in humans. Subsaguantly, the tharapautic
potantial of both naked and iposomally encapsulated CBD was axplorad in a 4-waak, m:mvmad placabo-controliad, da.m
blindad study in a spontanecus canina modal of O, In vitro and in mowss macs
prodnfammatony cytokings IL-6 and TNF-a whils alavating levels of antisnt
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Figure 4. Daily administration of CBD for 30 days improves owner-perspective guality of life scores among large dogs with affirmative diagnosis of osteoarthritis.
Twenty large domestic canines with affimnative diagnosis of osteoarthritis were enrolled in a double-blind, placebo-controlled randomized study. Animals were
administered coconut ol placebo, 20-mg/day naked CBD, 50-mg/day naked CBD, or 20-mg/day liposomal CBD. Owners assessed their animals by means of the
Helsinki Ghronic Pain Index (HPCI) on days 0, 30, and 45. (A) Individual HPC values were plotted for each study cohort on days 0 and 30. (B) Cohort HPCl values
were plotted on days 0, 30, and 45. Eror bars = SD. *P < 0.05, P < 0.01 by Student’s two-tailed { test. CBD, cannabidiol.
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Seizures in patients with medically refractory epilepsy remain a substantial dinic:
the dearth of evidence-based guidelines as to which antiepileptic drug (AED) n
and what doses of these drugs to employ. We sought to determine whether the
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AEDs, and then analyzed the response to treatment by quartile of the dose rang
mazepine (CBZ), lamotrigine (LTG), valproate {VPA), or phenytoin (PHT), and
found that of the 26 most frequently used AED regimens, only LTG/VPA yielded
earlier sady. For the monotherapies, patients who were treated in the lowest qu
nificantly better long-term reduction in seizure frequency compared o those trea
of the dose range. Patients with paired exposures toCBZ in both the lowest quart
range experienced an increase in seizure frequency at higher doses, while patient
improved response with escalation of LTG dosage. We conclude that in this popul
epilepsy, LTG/VPA was the most effective AED combination. The bestresponse to.
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essary o identify those patients with drug-resis@nt seizures who will have a |
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BACKGROUND

The Utility of Cannabidiol in the Treatment of

Refractory Epilepsy

DS Reddy'

bis-derived ¢ binoids such as cannabidiol (CBD)
have anticonvulsant properties. Recendy, there has been an
emerging interest in the use of CBD-enriched products for
treatment of drug-resistant epilepsy. Some pilot trials of CBD
have proved beneficial for refractory epilepsy, but its efficacy is
yet to be confirmed by standard placebo-controlled trials. How-
ever, the mechanisms underlying the seizure protection eﬂimcy
claims of CBD remain unclear. This review briefly describes the

clinical utility of CBD in the treatment of refractory epilepsy.

Epilepsy affects an estimated 65 million people worldwide. Anti-
epileptic drugs are used for symptomatic control of seizures; how-
ever, only two-thirds of epilepsy patients can be successfully
treated with current medications. As many as 30% of people with
epilepsy—or about 20 million people worldwide—still have seiz-
ures while on antiepileptic treatments. People with medication-
resistant or refractory epilepsy suffer from consequences of recur-
rent seizures, which could damage the brain and adversely impact
quality of life. This is commonly observed in children with cer-
tain types of devastating pediatric epilepsies, such as Lennox-
Gastaut, Doose, and Dravet syndromes. Thus, there is a large
unmet need for novel drugs for many treatment-resistant types of
epilepsy. Recently, medical marijuana or cannabis has been sug-
gested as a potential therapy for refractory epilepsy.! The canna-
bis plant contains over 100 compounds, referred to as
cannabinoids. Among these are tetrahydrocannabinol (THC)
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TRANSLATIONAL ASPECTS OF CANNABIDIOL FOR
EPILEPSY
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2.2 Dosage Information

e EPIDIOLEX is to be administered orally.

® The starting dosage is 2.5 mg/kg twice daily (5 mg/kg/day).

e After one week, the dosage canbe increased to a maintenance dosage of 5 mg/kg twice daily
(10 mg/kg/day).

® Patients who are tolerating EPIDIOLEX at 5 mg/kg twice daily and require further reduction of
seizures may benefit froma dosage increase up to a maximum recommended maintenance dosage of
10 mg/kg twice daily (20 mg/kg/day), in weekly increments of 2.5 mg/kg twice daily (5 mg/kg/day),
as tolerated. For patients in whom a more rapid titration from 10 mg/kg/day to 20 mg/kg/day is
warranted, the dosage may be increased no more frequently than every other day. Administration of
the 20 mg/kg/day dosage resulted in somewhat greater reductions in seizure rates than the
recommended maintenance dosage of 10 mg/kg/day, but with an increase in adverse reactions.

Dose starts at 2.5 mg/kg q 12 and is increased up to 10 mg/kg q 12

Table 8 Pharmacokinetic parameters of cannabidiol and metabolites
for the food effect arm of the trial

O Placebo (N=76)
B EPIDIOLEX 10 mg/kg/day (N=73)
| EPIDIOLEX 20 mg/kg/day (N=76)

EPIDIOLEX- cannabidiol solution
Greenwich Biosciences, Inc.

Pharmacokinetic 1500 mg CBD, 1500 mg CBD., fed (n=12)

parameter (unit) fasted (n=12) ; —
CBD Egm 1
C e (ng/mL)°* (335.4(81.3) [628(51.4) |

10 +—

7777772727

EPIDIOLEX- cannabidiol solution
Greenwich Biosciences, Inc.

[N

T T r
<0 =0 to <25 =25 to <50 =50 to <75 =75 to 100
Percentage Reduction from Baseline in Drop Seizure Frequency




Randomized blinded controlled clinical trial to assess
the effect of oral cannabidiol administration in addition
to conventional antiepileptic treatment on seizure
frequency in dogs with intractable idiopathic epilepsy

Stephanie McGrath DvM, Ms
Lisa R. Bartner DVM, MS
Sangeeta Rao BVSc, PhD
Rebecca A. Packer DVM, MS
Daniel L. Gustafson PhD

From the Dﬁ:artmént of Clinical Sciences, College of
Weterinary Medicine and Biomedical Sciences, Colo-
rado State University, Fort Collins, CO 80523,

Address correspondence to Dr. McGrath (stephanie.
mcgrath (@ colostate.edu).

OBJECTIVE

To assess the effect of oral cannabidiol (CBD) administration in addition
to conventional antiepileptic treatment on seizure frequency in dogs with
idiopathic epilepsy.

DESIGN
Randomized blinded controlled clinical trial.

ANIMALS
26 client-owned dogs with intractable idiopathic epilepsy.

PROCEDURES

Dogs were randomly assigned to a CBD (n = 12) or placebo (14) group.
The CBD group received CBD-infused oil (2.5 mg/kg [1.1 mg/lb], PO) twice
daily for 12 weeks in addition to existing antiepileptic treatments, and the
placebo group received noninfused oil under the same conditions. Seizure
activity, adverse effects, and plasma CBD concentrations were compared
between groups.

RESULTS

2 dogs in the CBD group developed ataxia and were withdrawn from the study.
After other exclusions, 9 dogs in the CBD group and 7 in the placebo group
were included in the analysis. Dogs in the CBD group had a significant (me-
dian change, 33%) reduction in seizure frequency, compared with the placebo
group. However, the proportion of dogs considered responders to treatment
(= 50% decrease in seizure activity) was similar between groups. Plasma CBD
concentrations were correlated with reduction in seizure frequency. Dogs in
the CBD group had a significant increase in serum alkaline phosphatase activity.
Mo adverse behavioral effects were reported by owners.

CONCLUSIONS AND CLINICAL RELEVANCE

Although a significant reduction in seizure frequency was achieved for dogs
in the CBD group, the proportion of responders was similar between
groups. Given the correlation between plasma CBD concentration and sei-
zure frequency, additional research is warranted to determine whether a
higher dosage of CED would be effective in reducing seizure activity by =
50%. (J Am Vet Med Assoc 2019:254:1301-1308)

Reduction in # > with CBD
Reduction correlated with CBD concentrations
AED concentrations did not change

Table 2—Mean (50) serum phencbarbital (ug/mLl) and bromide (mg/mL) concentrations in the
dogs of Table | before (week 0) and after (week 12) study treatment and percentage change in
values between assessment points for dogs with increases or decreases.

Percentage Percentage
increase decrease
from weelt 0 from weelk 0
(Mo. of dogs (Mo. of dogs

AED and group Week 0 with increase)  with decrease)

Phenobarbital
CBD (n=T7)
Placebo (n = 4)

Bromide
CBD (n=13) 2 (0. .2 (0. 1.00 {1 26 (2)
Placebo (n = 2) 5 (0. ; 1.00 10 (1)

Week |12 P value

284 (4.7) 315 (7.8) 0.30 22(5 14 (2)
334 (4.2) 0.25 26 (3)

8

Percentage change
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CANINE SERUM CANNABINOID CONCENTRATIONS

Target Plasma Drug Concentrations (?)
20 mg/kg CBD = 350 ng/ml ? (Human epilepsy)
2 mg/kg CBD = 100 ng/ml (Dogs OA)

Cannabinoids in canine patient plasma
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Pharmacological aspects

Cannabis, cannabinoids, and health
Genevieve Lafaye, MD; Laurent Karila, MD, PhD; Lisa Blecha, M D;

Amine Benyamina, MD, PhD

Cannabis (also known as marifuana) is the most fre-
quently used illicit psychoactive substance in the world.
Though it was long considered to be a “soft” drug, stud-
ies have proven the harmiful psychiatric and addictive ef-
fects associated with its use. A number of elements are
responsibie for the increased complications of cannabis
use, including the increase in the potency of cannabis
and an evolution in the ratio between the two primary
components, A*tetrahydarocannabinel (A*-THC) and can-
nabidiol (toward a higher proportion of A*-THC). 5yn-
thetic cannabinoid (SC) use has rapidly progressed over
the last few years, primarilly among frequent cannabis
users, because SCs provide similar psychoactive effects
to cannabis. However, their composition and pharma-
cological properties make them dangerous substances.
Cannabis does have therapeutic properties for certain
indications. These therapeutic applications pertain only
to certain cannabinoids and their synthetic derivatives.
The objective of this article s to summarize current de-
velopments concerning cannabis and the spread of 5Cs.
Future studies must further explore the benefit-risk pro-
file of medical cannabis use.

BT, ACH - Servar Rassarch Soup Diskpues Cio Maorocl, 3 7308,

Keywords: @mmabis cannalioiiol, medical camnalils; peechoss, gmithedic can-
natinoid; tefrahydrocamahing!

Introduction

C annabis (also known as marijuana) is a psycho-
active plant that contains more than 500 components, of
which 104 cannabinoids have presently been identified.”
Two of these have been the subject of scientific investi-
gation into their pharmacological properties: A™-tetra-
hydrocannabinol (A THC) and cannabidiol (CBD).
Cannabis potency is primarily evaluated according to
a sample’s THC concentration. This is the primary psy-
choactive cannabinoid in cannabis. The adverse effects
after acute or regular cannabis use are in direct relation
to THC concentrations in the product ?

Over the last few years, many studies have shown
that CBD levels may also have an important impact.
CBD may have a protective effect against certain nega-
tive psychological effects from THC. It may also be ca-
pable of antagonizing at least some of the adverse ef-
fects related to THC?

Various cannabis preparations are available on the
illicit drug market: hashish, herbal cannabis (leaves and
flowers), and oils. Real-time monitoring of confiscated
cannabis preparations has enabled scientists to mea-
sure the potency of currently used products. Changes
can then be compared with the prevalence of negative
health consequences in users. Certain authors speculate
that an increase in cannabis potency and in the ratio of

Ruthor affilatlons: AP-HP, GH Parls-5ud, Hopital Paul Brousse, Dpt Ad-
dictologle, Fo4800 Willejulf, France; INSERM U178, FoaB0d Villejulf,
France

Rddress for corres) & Dr Genevieve Lafaye, Hopital Paul Broussa,
Dpt Addictologle, FRasmd WVllejulf, France

Only THC or CBD had sufficient level
of proof for treating spasticity of MS

A systematic review by the American Academy of
Neurology examined publications from 1948 thmugh

ders, and epillepsy.™ Unly oral cannabis extracts (com-
bined THC/CBD or CBD alone) had a sufficient level
of proof In treating spasticity from multiple sclerosis

and central pain. The other formulations seemed to be
effective in these indications, but with lower levels of
proof. Proof was insunfficient to conclude as to the ef-
ficacy of smoked cannabis. In other neurological indi-
cations, such as Huntington disease and Tourette syn-
drome, proofs were judged insufficient.
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AUBURN Anti-Cancer Effects of Cannabinoids in Canine Lymphoma

Saba Omer!, Mahmoud Mansour, Satyanarayana Pondugula, Dawn Boothe
IPhD Student, Biomedical Sciences, Auburn University, AL
Department of Anatomy, Physiology, and Pharmacology, Biomedical Sciences, Auburn University, AL

UNIVERSITY

Similarities in Canine and Human L homa Anti-Cancer Effects of Cannabinoid In Canine

Time and Dose Dependent Effect of
Sub f H NHL b f Cani hy H . . .
g =l ymphoma Cell Lines Cannabinoids Canine Lymphoma Cells
R L Cervical
& e - Axillary
Lot Spleen e » 5 o g . TP
s "= InguinalfFemoral e * To establish base-line expression of CB1 and CB2 cannabinoid receptors in - Endocannabinoids 6
Gy canine B and T cell lymphoma cell lines _ <81 and CB2 Partial agonist B 1, PP
| : ‘
b i | ,
* Toinvestigate the antiproliferative effects of cannabinoids receptor agonists on < i -
Skrllaities In canine and human lymphoma: Avarinmas of ranikve as & noodet canine B and T cell lymphoma cell lines. . I
+  One of the most common cancer in human and +  Spontaneous disease occurring without .
canine. an isogenic background or genetic ame wnwa _wk W wa > .
+  Similar morphological, histopathological and engineering 000 S00nM 15M 250M  SOuM 1000M S00NM 1uM 25 SOuM
molecular presentation. Chronology of disease adapted to
" esbtnce tlwing CHOP based hematirs pisoigy
resis in rapy. Shared environment and societal status c A ; H H H Phyt nnabinoid:
annabinoid Receptor Expression in Canine ytoocannabinoids
pror Exp s s
PLoS ONE 13{12): 0208147 (2018) BMC Cancer volume 18, Article number: 522 (2018) Lym p hO ma Ce l I Li nes = - ‘ i 7
Cannabinoids CtGAPDH | CtCB, | ACtCB1 | CtCB, | ACtCB2 b I I I ' i -l I I
A cannabinoid is a class of diverse chemical that acts on inoi P! (cB1and 3 A RO ? F TS !
CB2) in the body. inoids and their P have diverse physiologic roles in the 1771 TO0NM S000M 14 254 SORM TOORM SO0WM Tul% 25 SO
mammalian body.
Cannabinoid Receptors géﬂ Uoc Zo 2l = 2 a0 Hu-210 Synthetic Agonists WIN-212

CB1 and CB2 Agonist CB1 and (82 Agonist

Sources of Cannabinoids B Cell 17.28 22.45 5.5 2557, 7 ;

e i
CcL1 T =
Synthetic Cannabinoid: oo y - =
Endocannabinoids  \WiN.55.212 , swro7s  iocannabinoids T Cell 19.05 24.45 5 23.44 6 X e | [
2AG and AEA
& W, qPCR results showing positive expression of both CB1 and CB2 endocannabinoid receptors in untreated 17-71, i ‘ . i

EEEE

wo s 8 BE S

CLBL1 and CL1 canine B and T cell lymphoma cell lines.

1000M S000M 1M 25uM  SOWM 1000 S000M 1M 259M S0uM
ONA
Marker 17-71 17-71 CL1 Cl1  CLBL1 CLBL1

s CB1 CB2 CB1 CB2 CBl CB2 MTT Cell proliferation assay results showing effect of endo, phyto and synthetic
| 500 - o—ica3 inoids on 17-71 cell line. Cell prolif ion was inhibited in a dose
dependent manner by AEA, CBD, THC, WIN-212 and Hu-210 but not 2AG.

Conclusion

We found positive
expression of CB1 and CB2

300

150

= CB1

——— ™ 50

receptor genes in all three
canine lymphoma cell lines

Conventional PCR analysis of CB1 and CB2 P! ion in canine | h cell lines. Blue arrows point
to expected PCR products

Anti-Proliferative Effect of Cannabinoids on Canine m

B-cell Lymphoma Cell line

Cancercells

To study the effect of inoids on canine cells when
combined with doxorubicin.

Biochemical analysis of ROS, Nitrite and caspases upon exposure to

— cannabinoids in order to confirm apoptosis and its mechanism.
i——e’ Cell migration assay to study the effect of cannabinoids on cell migration.

s
-

Incubated with three +  Cell cycle flow cytometry to identify the cycle stage that is most impacted.
17-71cell line Flatacin 96 well different types of MITT assay was Results studied «  To study the anti-tumor effects of cannabinoid on tumor samples of canine

cultured In RPMI platefor24 and 43 cannabinoid drugsin Performed. using Prism lymphoma using live organ incubator.

hours different concentrations for i software. -

24 and 48 hours. J
Syhetc A z Acknowledgemen
cannabinoids
WIN HU-210 AEA&2AG THC & CBD

Proposed mechanisms of antitumor effects of cannabinoids with a focus on
antiproliferative effects (from Nature Reviews Cancer Volume 12, pages 436-444; 2012)

We are grateful to:

* Steven Suter, North Carolina State University for sharing canine lymphoma
cell lines.

* Auburn University Research Initiatives in Cancer (AURIC) for travel funding.




Cannabinoids are able to disrupt

short-term memory, impair

cognition and time perception,
alter mood while enhancing body

awareness, discoordination,

sleepiness, and reduce attention
focus and the ability to “filter”

irrelevant information.

Concentrations of CB, receptors

Basal Ganglia'
Movement

Cerebral Cortex'

Cerebellum?

Movement
Hypothalamus?
Appetite

_ Hippocampus!
Leaming, memory, stress

Medulla**
Nausea/vomiting,

chemoreceptor | e, Peripher;

trigger zone (CT2) sensation
including pain

CANNABINOID PHARMACODYNAMICS EFFECTS:
SAFETY

Neuroprotectant
ol glutamate, etc.

Dopaminergic reward system
* Eating, smoking and substance abuse

Regulation of food intact
Fat accumulation
Lipid and glucose metabolism

Protecting itself:
* Tolerance
* Withdrawal
* Minimized by long half-life



CANNABINOIDS IN DOGS
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DAYS OF INJECTION

Fic. 1. Development of tolerance to the behavioral
effects of A®-THC. Seven daily i.v. injections of
A*-THC to dogs caused a 50 decrease in response by
day 7. Paired ¢ test between day 1 and day 7 showed
significant difference at P < .005. The results are
expressed as the means + S.E.

THE JoURNAL 0F PHARMACOLOGY AND EXPERIMENTAL THERAPELTICS
Copyright © 1876 by The Williams & Wilkins Co.

*H-A*-TETRAHYDROCANNABINOL TISSUE AND
SUBCELLULAR DISTRIBUTION IN THE CENTRAL
NERVOUS SYSTEM AND TISSUE DISTRIBUTION

IN PERIPHERAL ORGANS OF TOLERANT AND

NONTOLERANT DOGS"' *-*

BILLY R. MARTIN, WILLIAM L. DEWEY, LOUIS S. HARRIS
AND JACQUELINE S. BECKNER

TABLE 1

Quantification of the behavioral effects produced by

cannabinoids®

Score

Behavioral Effects

No effect

Slight depression of activity, slight static ataxia
seen only after dog has been standing in one
position for 3-5 min

Walks with a prance-like placement of feet,
exaggerated reflex to a swinging hand and
static ataxia after standing in one position for
2-3 min

Tail is often tucked, some loss of tone in hind
legs as evidenced by a semisquatting posi-
tion, static ataxia more pronounced and seen
after dog stands in one position for 1-2 min,
and nodding may be observed 30-60 min after
injection

Marked static ataxia, sways forward and back-
ward and/or side-to-side, and almost falls
after standing in one position for 1 min

Cannot stand for longer than 30 sec without
almost falling and frequently plunges about

Lies prostrate on the floor

? Presented here is a slight modification of the
rating scales described by Walton et al. (1938) and
Dewey et al. (1972).




Arch. int. Pharmacodyn. 198, 118-131 (1972) Minimum effective dose of THC IV = 0.5 mg/kg
Chronic dosing (g 8 days X 80 Days): 161 mg/kg IV had LESS impact
Tolerance still present 23 days after last dose

The effects of Chronic Administration of .t Do A0CS - 05
Trans-4°-Tetrahydrocannabinol on Behavior and the —u E;?ma:,-qﬂ m;g

Cardiovascular System of Dogs (%) ' , a—a Dog 4066~ 5.0 ma’kg
1 o Dog | 120- 80 mgkg
W. L. Dewey, J. Jenkins, T. O'Rourke anp L. S. Harris i ¥==% Dog 1169~ 16 my/kg

Department of Pharmacology, School of Medicine, University of North Carolina,
Chapel Hill, North Carolina 27514, U.5.A4.

Abstract—The daily intravenous administration of A%-tetrahydro-
cannabinol (4%-THC) produced a marked tolerance to the behavioral
effects of this compound in six mongrel dogs. Similar results were
obtained with A%-THC in the only dog tested. The minimal effective
acute 1.V, dose of A%-THC to produce ataxia and other behavioral
changes is 0.5 mg/kg. In one dog, the effects of 161 mg/kg A%-THC
given intravenously after chronie treatment were less than those ob- ] i T
served following 0.5 mg/kg in a drug naive dog. There were no behavioral '
responses which would indicate a withdrawal syndrome following abrupt
stopping of the medications. Tolerance to the behavioral effects of 4%
THC developed over a range of doses when the injections were made
only once every 8 days. Behavioral tolerance could still be observed 23
da}rs after the last 1nJcct1c::n.0f 4%-THC in a tolerant dog. Ir.utiall}' -Ag' The production of tolerance to the behavioral effects of [-trans-A'-THC given only
THC produced bradycardia in four of seven dogs tested but this changed once every eight days to dogs. The numbers on the ordinate represent the readings on
to tﬂChj’Cﬂrdiﬂ at highcr doses of 4°-"T'HC on appmximatcly dﬂ}’ Gord the behavioral rating scale described in methods, Plus and minus signs are used to
of treatment. There was no significant change in blood pressure in indicate the behavioral effect observed was somewhat more or less than described.
these dogs after either acute or chronic administration. Injections of 4*-THC were given only on those days where the character is presented,

The anitnals were drug free on the other days and had food and water presented ad
Iibitum, (Ann. N, Y. Aead. Sei, 191, 83, 1971).

BEHAVIORAL RATING

e

N —

Bradycardia transitioned to tachycardia at day 6




VI. Sources & Disagreement on Marijuana Deaths

PROS & CONS OF CURRENT ISSUES. General Reference (not clearly pro or con) The Substance Abuse and Mental Health Services

P ROCON.L}RG RELIABLE. NONPARTISAN. EMPOWERING. Fustom Search Administration's (SAMHSA) 2003 report Mortality Data from the Drug Abuse Warning Network, 2001
(1.5 MB) m stated:

"Marijuana is rarely the only drug involved in a drug abuse death. Thus... the proportion of
HOME = FAQS  METRICS = TRAFAC | TESTIMONIALS = DONORS &SPONSORS — CONTACTUS N ! . - N :
i & marijuana-induced cases labeled as 'One drug’ (i.e., marijuana only) will be zero or nearly zero."

MORE ABOUT JOIN WATCH TEACH ERS- 2003 - Substance Abuse and Mental Health Services Administration
ISSUES ‘ us ‘ ‘ QUR VIDEOS CORNER
PRO (Yes) CON (No)

Thomas Geller, MD, Associate Professor of Child | Stephen Sidney, MD, Associate Director for
Last updated an: 7/8/2009 10:40:00 AM PST ) n Neurology at the Saint Louis University Health Clinical Research at Kaiser Permanente, wrote the
ﬁ Medical Marijuana Sciences Center, et al,, wrote the following in their | following in his Sep. 20, 2003 article titled
Homepage Apr. 4, 2004 article titled "Cerebellar Infarctionin | "Comparing Cannabis with Tobacco - Again,
Adolescent Males Associated with Acute published in the British Medical Journal:

Deaths from Marijuana VS' 17 FDA-ApprOVEd Marijuana Use," published in the journal

DI'LIgS el "Mo acute lethal overdoses of cannabis are

"Each of the 3 cannabis-associated cases of known, in contrast to several of its illegal (for
3 cerebellar infarction was confirmed by example, cocaine) and legal (for example,

(Jan 1’ 1997 1o June 30’ 2005) TDP Pro & Con QLIOt'ES biopsy (1 case) or necropsy (2 cases)... alcohol, aspirin, acetaminophen)

Brainstemn compromise caused by cerebellar counterparts...

Background and cerebral edema led to death in the 2

Cause of Death Categories & Definitions fatal cases.” Although the use of cannabis is not

FDA Disclaimer of Information Apr. 4, 2004 - Thomas Geller, MD harmless, the current knowledge base does

) . not support the assertion that it has any

Summary of Deaths by Drug Classification Liliana Bachs, MD, Senior Medical Officer at the notable adverse public health impact in

Deaths from Marijuana & 17 FDA-Approved Drugs . Norwegian Inrstiturte of Public Health, et al,, wrote relation to mortality”

Sources & Disagreement on Marijuana Deaths the following in their Dec. 27, 2001 article itled Sep. 20, 2003 - Stephen Sidney, MD

Full Text of All 17 FDA "Adverse Event’ Reports "Acute Cardiovascular Fatalities Following

Cannabis Use," published in the journal Forensic

Science International: Joycelyn Elders, MD, former US Surgeon General,

wrote the following in her Mar. 26, 2004 editorial

|. Background
published in the Providence Journal:

"Cannabis is generally considered to be a
drug with very low toxicity. In this paper, we
report six cases where recent cannabis

intake was associated with sudden and "Unlike many of the drugs we prescribe every

Historical Timeline
Much of the medical marijuana discussion has focused on the safety of marijuana compared to the safety

of FDA-approved drugs. On June 24, 2005 ProCon.org sent a Freedom of Information Act (FOIA) request to
the US Food and Drug Administration (FDA) to find the number of deaths caused by marijuana compared to d death d | g ; h b

the number of deaths caused by 17 FDA-approved drugs. Twelve of these FDA-approved drugs were RECOMMENDED to you... :S::fi;t: thees:ob:tljlszzzeszac:f f;:ticfna;” Cgﬁ'srgzrg:gzv;sdgzﬁr S
chosen because they are commonly prescribed in place of medical marijuana, while the remaining five FDA- ° Did You Know? cases, cannabis intake was documentéd by Mar. 26, 2004 - Joycew'n Elders, MD
approved drugs were randomly selected because they are widely used and recognized by the general blood analysis... Further investigation of
public. o Readers’ Comments clinical, toxicologial and epidemiological
aspects are needed to enlighten causality
mm 33 Legal Medical Marijuana between cannabis intake and acute
States and DC cardiovascular events."

Dec. 27, 2001 - Liliana Bachs, MD

We chose Jan. 1, 1997 as our starting date as it is the beginning of the first year following the Nov. 1996
approval of the first state medical marijuana laws (such as California’s Proposition 215). The FDA reports

we read from Sep. 13, 2005 to Oct. 14, 2005 included drug deaths "to present’, which was the date each ) .
@ 17 states with Laws Specifically

about Legal Cannabidiol (CBD) [Editor's Note: Dr. Bachs clarified the findings from
her Dec. 27, 2001 study reported above in a Nov.
Deaths from Marijuana vs. 17 28, 2005 email to ProCon.org, as quoted below.
FDA-Approved Drugs N P eeErETreln

report was compiled for our request. We cut off the counting as of June 30, 2005 to provide a uniform end-
date to the various reports.




ASPCA reports 765% increase in calls
about pets being poisoned by marijuana

[Ed Share on Facebook | 8 Share on Twitter

AETTY NIAGES

The last ten years have seen a massive spike in dogs getting accidentally stoned. Tom Shell's
dog Stella is one of them — a few weeks ago, he came home to find her on a real wild ride.

When Shell walked through the front door, his 13-year-old mini Australian shepherd was
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Evaluation of trends in marijuana toxicosis in

dogs living in a state with legalized medical
marijuana: 125 dogs (2005-2010)

e Accidental ingestion

* Oral > inhalant (15t and 2 ey

hand) PR :

* Preclinical (human studies)
* 0.5to2mg/kg THCIV

Stacy D. Meola, DVM, MS; Caitlin C. Tearney, DVM; Sharlee A. Haas, DVYM, MS; Timothy B.
Hackett, DVM, MS, DACVECC and Elisa M. Mazzaferro, MS, DVM, PhD, DACVECC

* Ataxia
* Unique cerebellar CR A . : £i 2
distribution? 4 4% g

Objective - To report a correlation between the increased number of medical marijuana licenses and marijuana
toxicosis in dogs in a state with legalized marijuana for medical use.

Design ~ Retrospective case series from January 1, 2005 to October 1, 2010,

Setting - Private specialty referral hospital and a university teaching hospital.

Animals - A total of 125 client-ownad dogs presenting for known or suspected marijuana toxicosis with or
without a urine drug screening test (UDST)

Intesventions - None.

Measurements and Main Results - During the study period, 125 dogs were evaluated including 76 dogs with
known marijuana exposure or a positive UDST (group 1), 6 dogs with known marijuana ingestion and a negative
UDET (group 2), and 43 dogs with known marijuana ingestion that were not tested (group 3). The incidence
of marijuana toxicosis presenting to both hospitals increased 4-fold, while the number of people registered
for medical marjuana in the state inceased 146-fold in the last 5 years, A significant pesitive correlation was
detected between the increase in known/suspected marijuana toxicosis in dogs (groups 1-3) and the increased
number of medical marijuana licenses {correlation R coefficent « 0,959, P « 0.002). Two dogs that ingested

* 1000 X behavioral dose i
. ttter that ig 3
° d h / et o the garbage down the street. Her dog, a Tibetan terrier
2 eat s 7 6 ca se s butter made with medical grade marijuana in baked products died.
Conclusions = A significant correlation was found between the number of medical marijuana licenses and

.
* Chocol h . - e ,

oco ate c lp marijuana toxicosis cases seen m 2 veterinary hospitals in Colorado. Ingestion of baked goods made with

medical grade tetrahydrocannabinol butter resulted in 2 deaths, UDST may be unreliable for the detection of

CoO0 kie5/b rown ies marijuana toxicosis in dogs

(] Viet Exwerg Crit Care 2012; 22(6): 690-496) doi: 10.1111/1.1476-¢432.2012.00818 x

* Tolerance within 5 days

* No fatalities in 213 cases (2004)
* LD, not determinable
 3g/kg THC

Keywords: canine, elicit drug, intoxication, THC

The Pet Poison Hotline, which takes calls from arcund the country and Canada, noted a 200 and died of cardiac arrest 14 hours after ingesting the brownies. The interac

percent increase in reported incidents of poisoning in the past five years. Dr. Lori Green, a the chocolate with the THC may have exacerbated the toxic effects of the T
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Fever/hyperthermia _
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ASPCA reports 765% increase in calls
about pets being poisoned by marijuana

I Marijuana N=2200
B Synthetic cannabinoids N =60
. CBD N=50

Toxicology of Marijuana,
Synthetic Cannabinoids, and
Cannabidiol in Dogs and Cats

Ahna Brutlag, ovm, ms*™*, Holly Hommerding, ovm®

KEYWORDS

* Cannabis ® Medical marijuana ® THC e CBD ® Marijuana concentrates ® Poisoning
* Synthetic marijuana e Street or illicit drugs e Toxicity

KEY POINTS

* Accidental exposure to marijuana/tetrahydrocannabinol (THC)-containing products by
cats and dogs is increasing in the United States. Marijuana-containing foods, many of
which also contain chocolate, are the most common source reported to Pet Poison
Helpline.

o Marijuana has a wide margin of safety and the prognosis following accidental exposure is
good provided proper medical treatment is provided.

« Poisoning from synthetic cannabinoids may result in more severe stimulatory signs such
as tremors, aggression, and sei compared to marij and carries a fair prognosis.

« Exposure to large doses of car i anonpsy may still result in
signs consistent with marijuana intoxication, likely due to the presence of THC in poor-
quality products.

Clinical Signs of Poisoning

Ingestion or inhalation of THC carries a high morbidity but low mortality rate.

Fatality in pets from marijuana intoxication is extremely rare. Two canine fatalities
were reported in conjunction with the ingestion of baked goods made with marijuana
butter although the cases became complicated and the exact cause of death was not
determined.'” No deaths associated with marijuana have been reported to Pet Poison
Helpline.'*




How Marijuana
Affects the Brain

THC, a key ingredient in
marijuana, attaches to
cannabinoid receptors
throughout the body.
Several areas of the
brain have high
densities of these
receptors, which helps
explain the different
effects of the drug.

How the
receptors work

Synapse
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the reduction of NMDAR activity. Cannabinoids are proposed to produce such effect by
reducing the pre-synaptic release of glutamate or interfering with post-synaptic NMDAR-
regulated signaling pathways. The efficacy of such control requires the endocannabinoid

{frontiers in
PHARMACOLOGY
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The cannabinoid receptor 1 associates with NMDA
receptors to produce glutamatergic hypofunction:
implications in psychosis and schizophrenia
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The endocannabinoid system is widespread throughout the central nervous system and
its type 1 receptor (CB1) plays a crucial role in preventing the neurotoxicity caused by
activation of glutamate N-methyl-D-aspartate receptors (NMDARS). Indeed, it is the activity
of NMDARs themselves that provides the demands on the endogenous cannabinocids
in order to control their calcium currents. Therefore, a physiological role of this system
is to maintain NMDAR activity within safe limits, thereby protecting neural cells from
excitotaxicity. Thus, cannabinoids may be able to control NMDAR overactivation-related
neural dysfunctions; howsver, the major obstacles to the therapeutic utilization of these
compounds are their psychotropic effects and negative influence on cognitive performance.
Studies in humans have indicated that abuse of smoked cannabis can promote psychosis
and even circumstantially precipitate symptoms of schizophrenia, although the latter
appears to require a prior vulnerability in the individual. It is possible that cannabinocids
provoke psychosis/schizophrenia reflecting a mechanism commeon te neuroprotection:
the reduction of NMDAR activity. Cannabincids are proposed to produce such effect by
reducing the pre-synaptic release of glutamate or interfering with post-synaptic NMDAR-
regulated signaling pathways. The efficacy of such control requires the endocannabinoid
system to apply its negative influence in a manner that is proportional to the strength of
MMDAR signaling. Thus, cannabinoids acting at the wrong time or exerting an inappropriate
influence on their receptors may cause NMDAR hypofunction. The purpose of the present
review is to draw the attention of the reader to the newly described functional and physical
CB1-NMDAR association, which may elucidate the scenario required for the rapid and
efficacious control of NMDAR activity. Whether alterations in these mechanisms may
increase NMDAR hypofunction leading to vulnerability to schizophrenia will be outlined.

Keywords: cannabinoid receptors, N-methyl-D-aspartate receptor, HINT1 protein, glutamatergic hypofunction,
X -
cannabis abuse, schizoph
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The Role of Cannabis within an Emerging Perspective
on Schizophrenia
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! Department of Economics, Unive rsity of Mew Mexico, Albuguergue, MM B7131, USA; sstithiunmeedu
*  Correspondence: vigilihinmedu; Tel - +1-505-277-0374

chesd for
Fecetred: 10 June 2018; Accepted: 31 July 2018; Published: & August 2018 updates

Abstract Background: Approximately (L5% of the population is diagnosed with some form of
schizophrenia, under the prevailing view that the pathology is best reated wsing pharmaceutical
medications that act on menoarmine receplors. Methods: We briefly review evidence on the impact of
enviranmental forees, particularly the effect of autoimmune activiry, in the ecpression of schizophrenic
profiles and the role of Cannabis therapy for negulating immunological funcioning. Results A review
of the literature shows that phytocannabinoid consumption may be a safe and effective meatrment
opton for schizophrenia as a primary or adjunctive therapy. Conclusions: Emerging nesearch
suggests that Commahis can be used as a treatment for schizophrenia within a broader etiological
perspective that focuses on ervironmental, autoimmune, and neurcinflammatory cawses of the
disorder, offering a fresh start and newfound hope for those suffering from this debilitating and
pootly understood disease.

Keywords: schizophrenia; cannabis; rnarijuana; autoirmmumity; monoanine therapy; mental illness;
cannabidiol; tetrahydrocannabinel; endocannabinoid system

-

option for schizophrenia as a primary or adjunctive therapy. Conclusions: Emerging research
suggests that Cannabis can be used as a treatment for schizophrenia within a broader etiological
perspective that focuses on environmental, autoimmune, and neuroinflammatory causes of the
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Rationale: Animal and humans studies suggest that the two main constituents of cannabis sativa, delta-9-
tetrahydrocannabinol (THC) and cannabidiol (CBD) have quite different acute effects. However, to date the two
compounds have largely been studied separately.

Objective: To evaluate and compare the acute pharmacological effects of both THC and CBD in the same human
volunteers.

Methods: A randomised, double-blind, cross-over, placebo controlled trial was conducted in 16 healthy male
subjects. Oral THC 10 mg or CBD 600 mg or placebo was administered in three consecutive sessions, at one-
month interval. Physiological measures and symptom ratings were assessed before, and at 1, 2 and 3 hours post
drug administration. The area under the curve (AUC) between baseline and 3 hours, and the maximum absolute
change from baseline at 2 hours were analysed by one-way repeated measures analysis of variance, with drug
condition (THC or CBD or placebo) as the factor.

Results: Relative to both placebo and CBD, administration of THC was associated with anxiety, dysphoria,
positive psychotic symptoms, physical and mental sedation, subjective intoxication (AUC and effect at 2 hours:
p<0.01), an increase in heart rate (p<0.05). There were no differences between CBD and placebo on any
symptomatic, physiological variable.

Conclusions: In healthy volunteers, THC has marked acute behavioural and physiological effects, whereas CBD

How much CBD is right for you?

Which ratio of CBD to THC should you try? Keep in mind, cannabanoids
can have varying effects depending on one’s tolerance so your mileage
may vary.

More 18:1
cab High CBD, low THC. For novice cannabis users

or those who don’t want to get high.
Rarely psychoactive.

8:1
High CBD, low THC. For novice cannabis users

or those who don’t want to get high.
Rarely psychoactive.

4:1
High CBD, medium THC. Considered mid-range

and best for people who have some tolerance
for THC.

2:1
More balanced. For people who can tolerate
THC. Can be psychoactive at moderate doses.

, 11
s § More balanced. For people who can tolerate
CBD THC. Can be psychoactive at moderate doses.

Source: Care by Design Mashable

no differences between CBD and placebo on any symptomatic, physiological variable.

CONCLUSIONS: In healthy volunteers, THC has marked acute behavioural and physiological effects, whereas CBD has proven to be safe
and well tolerated.



5.1 Neuropsychiatric Adverse Reactions = %&%{N?L' dronabinol caps ule
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Psychiatric Adverse Reactions

Dronabinol has been reported to exacerbate mania, depression, or schizophrenia. Significant CNS
symptoms followed oral doses of 0.4 mg/kg (28 mg per 70 kg patient) of MARINOL in antiemetic
studies.

5> WARNINGS AND PRECAUTIONS
EPIDIOLEX- cannabidiol solution

Greenwich Biosciences, Inc.

5.1 Hepatocellular Injury
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Preliminary Investigation of the
Safety of Escalating Cannabinoid
Doses in Healthy Dogs

Dana Vaughn”, Justyna Kulpa and Lina Paulionis

Canopy Animal Hesith, Canopy Growth Corporation, Toronto, ON, Canada

Objective: To determine the safety and tolerability of escalating doses of three cannabis
oil formulations, containing predominantly CBD, THC, or CBD and THC (1.5:1) va.
placebo in dogs

Design: Randomized, placebo-contralled, blinded, paralle! study.

Animals: Twenty healihy Beagle dogs (10 males, 10 fernales).

Methods: Dogs were randomly assigned to one of five treatment groups (0 =
4 dogs per group balanced by sex): CBD-predominant oil. THC-predominant oil,
CBD/THC-predominant oil (1.5:1), sunflower il placebo, medium-chain triglyceride oil
placebo. Up to 10 escalating doses of the oils were planned for administration via
oral gavage, with at least 3 days separating doses. Clinical observations, physical
examinations, complete blood counts, dinical chemistry, and plasma cannabinoids were
used to assess safety, tolerability, and the occurrence of adverse events (AEs). AEs were
rated as mild, moderate, or severe/medically significant

Results: Dose escalation of the CBD-predominant oil formulation was shown to be as
safe as placebo and safer than dase escalation of cils containing THC (CBDYTHC oil or
THC wil). The placebo ois were delivered up to 10 escalating volumes, the CBD ol up
to the tenth dose (640.5mg; ~62 mag/ka), the THC ail up to the tenth dose (587.6 mg;
~49 mg'kg), and the CBOVTHC ail up to the fifth dose (140.8/96.6 mg CBD/THG; ~12
mg'kg CBD + 8 mg/kg THC). AEs were reported in all dogs across the five groups and
the majorty (94.9%) were mid. Moderate AEs (4.4% of all AEs) and severe/medically
significant AEs (0.8% of all AEs) manifesied as constitutional flethargy, hypothermia) or
neurclogical {ataxa) sympioms and mainly cccurred across the two groups receiving cils
containing THC (CBOYTHC oil or THC oil).

Conclusions and clinical significance: Overal, dogs tolerated dose escalation
of the CBD oil wel, experiencing only mild AEs. The favorable safety profle of 10
escalating doses of a CBD oil containing 18.3-640.5mg CBD per dose {~2-62 mg/kg)
provides comparative evidence that, at our investigated doses, a CBD-predominant oil
formulation was safer and more tolerated in dogs than oil formulations containing higher
concentrations of THG
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Adverse Reactions

Hepatic Disorders
Transaminases elevated

| EPIDIOLEX | Placebo
- 10 mg/kg/day 20 mg/kg/day
N=75 N=238 N=227
% | %

16

Gastrointestinal Disorders

Decreased appetite

Hepatic Impairment

Mild

Moderate

Severe

22

EPIDIOLEX- cannabidiol solution
Greenwich Biosciences, Inc.

Starting Dosage Maintenance Dosage Recommended
Dosage

2.5 mg/kg twice daily = 5 mg/ke twice daily | 10 mg/kg twice daily

(5 mg/kg/day) (10 mg/kg/day) (20 mg/kg/day)

' 1.25 mg/kg twice daily = 2.5 mg/kg twice daily = 5mg/ke twice daily

(2.5 mg/kg/day) | (5 mg/kg/day) (10 mg/kg/day)

0.5 mg/ke twice daily = 1mg/kg twice daily | 2 mg/kg twice daily

(1 mg/kg/day) (2 mg/kg/day) (4 mg/kg/day)



Randomized blinded controlled clinical trial to assess
the effect of oral cannabidiol administration in addition
to conventional antiepileptic treatment on seizure
frequency in dogs with intractable idiopathic epilepsy
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OBJECTIVE

To assess the effect of oral cannabidiel (CBD) administration in addition
to conventional antiepileptic treatment on seizure frequency in dogs with
idiopathic epilepsy.

DESIGN
Randomized blinded controlled clinical trial.

ANIMALS
26 client-owned dogs with intractable idiopathic epilepsy.

PROCEDURES

Dogs were randomly assigned to a CBD (n = 12) or placebo (14) group.
The CBD group received CED-infused oil (2.5 mg/kg [1.1 mg/lb], PO) twice
daily for 12 weeks in addition to existing antiepileptic treatments, and the
placebo group received noninfused oil under the same conditions. Seizure
activity, adverse effects, and plasma CBD concentrations were compared
between groups.

RESULTS

2 dogs in the CBD group developed ataxia and were withdrawn from the study.
After other exclusions, 9 dogs in the CBD group and 7 in the placebo group
were included in the analysis. Dogs in the CBD group had a significant (me-
dian change, 33%) reduction in seizure frequency, compared with the placebo
group. However, the proportion of dogs considered responders to treatment
(= 50% decrease in seizure activity) was similar between groups. Plasma CBD
concentrations were correlated with reduction in seizure frequency. Dogs in
the CBD group had a significant increase in serum alkaline phosphatase activity.
Mo adverse behavioral effects were reported by owners.

CONCLUSIONS AND CLINICAL RELEVANCE

Although a significant reduction in seizure freguency was achieved for dogs
in the CBD group, the proportion of responders was similar between
groups. Given the correlation between plasma CBD concentration and sei-
zure frequency, additional research is warranted to determine whether a
higher dosage of CBD would be effective in reducing seizure activity by =
50%. (] Am Vet Med Assoc 2019;254:1301-1308)

Treatment effects
Following study treatment, a significant (P =0.01)
reduction was identified in the group median for

1500 - * a3 CED

=3 Placebo

Serum ALP (U/L)

=lhaall—1—

T T =T

Assessment point

Figure |—Box-and-whisker plots of serum ALP activity at
weelk 0 (before study treatment) and week |2 for client-
owned dogs with intractable idiopathic epilepsy that were
randomly assigned to receive CBD-infused oil (2.5 mg/kg [1.1
mg/Ib], PO, twice daily for 12 weeks; n = 9; black boxes) or a
placebo at a similar dosage (7; gray boxes), in addition to cur-
rently prescribed conventional AEDs. The top and bottom of
each box represent the 75th and 25th percentiles, respective-
ly: the central horizontal line within each box represents the
median; and the whiskers represent the minimum and maxi-
mum values. *Values differ significantly (F = 0.004) between
assessment points for dogs in the CBD group.




OPEN ACCESS

Edited by:

Troy N. Trumbie,

Univarsity of Minnesofa Twin Cilies,
United States

Revieweod hy:

Gareth Edward Failor,
Univarsity of Protoria, South Africa
Jozo Henrigue Meves Soares,
Vinginia Tech, United States

*Comespondence:
Josaph J. Wakshiag
e 3P@comed.adu

Specialty section:

This articie was submitted to
Vatarinary Surgary and
Anesthasiology,

a ssction of the journal
Fronfiars in Vielarinary Science
Received: 25 Fabruary 2018
Accepled: 02 Jufy 2018
Published: 23 July 2018

Pharmacokinetics, Safety, and
Clinical Efficacy of Cannabidiol
Treatment in Osteoarthritic Dogs

Lauri-Jo Gamble’®, Jordyn M. Boesch', Christopher W. Frye ', Wayne 5. Schwark?,
Sabine Mann?, Lisa Wolfe*, Holly Brown®, Erin S. Berthelsen® and Joseph J. Wakshlag ™

! Department of Clinical Scionces, Collage of Veterinary Medicine, Comell Univarsity, ithaca, NY, United Stafes, © Departrment
of Molscwlar Medicin, College of Vetarinary Madicine, Comnall Univarsity, lthaca, NY United States, * Dapartment of
Population Medicine, Collage of Vatornary Madicine, Comall Uiniversity, thaca, NY, Unitod Stafes, ¥ Proteomic and
Metabaolomic Facilify, Colorado State University, Fort Collins, CO, United States, § Metzgor Animal Hospital, Stafe College,
PA, United Siates

Objectives: The objectives of this study were to determine basic oral pharmacokinetics,
and assess safety and analgesic efficacy of a cannabidiol (CED) based oil in dogs with
osteoarthritis (OA).

Methods: Single-dose pharmacokinetics was performed using two different doses
of CBD enriched (2 and Bmg/kg) oil. Thereafter, a randomized placebo-conirolled,
veterinarian, and owner blinded, cross-over study was conducted. Dogs received each
of two treatments: CED oil (2 mg/kg) or placebo oil every 12 h. Each treatment lasted
for 4 weeks with a 2-week washout period. Baseline veterinary assessment and owner
questionnaires were completed before initiating each treatment and at weeks 2 and 4.
Hematology, serum chemistry and physical examinations were performed at each visit.
A mixed model analysis, analyzing the change from enrollment baseline for all other time
points was utilized for all variables of interest, with a p = 0.05 defined as significant.

Results: Pharmacokinetics revealed an elimination half-life of 4.2 h at both doses and no
observable side effects. Clinically, canine brief pain inventory and Hudson activity scores
showed a significant decrease in pain and increase in activity (o = 0.01) with CBD oil.
\eterinary assessment showed decreased pain during CBD treatment (p = 0.02). No
side effects were reported by owners, however, serum chemistry showed an increase in
alkaline phosphatase during CBD treatment (p = 0.01).

Clinical significance: This pharmacokinetic and clinical study suggests that 2 mg/kg
of CBD twice daily can help increase comfort and activity in dogs with OA.
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FIGURE 1 | Box-and-whisker plot of serum alkaline phosphatase (ALP) activity
at each time for treatment and placebo oils. Box represents the mean and 25th
and 75th percentile and the whiskers represent the 99th and 1st percentiles.
*Indicates a significant difference (p < 0.05) from week 0 CBD treatment.
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TABLE 4 | Clinical chemistry plasma parameters indicative of iver function as measured in healthy Beagle dogs administered cannabinoid oils.

AST (UIL) ALT (UIL) ALP (UL} GGTP (UIL) Total Bilrubin (mol/L)

RR = 15-66 U/L RR =12-118 UL RR =5-131 U/L RR=1-12U/L RR = 0.0-5.1 pmol/L

BSN  24hpostFD 7TdpostFD BSN 24hpostFD 7dpostFD BSN  24hpostFD 7dpostFD BSN 24hpostFD 7dpostFD BSN 24hpost FD 7d post FD

CBDOIL
Mean(SD)  233(17) 210028 21022 24334 298(106) 26050 538(176 933047 905043 40(4) 4004 3805 2505 1705 1704

THC OIL
Mean(SD)  20354) 190(40 170@8 203(15 23(15 22007 30586 %5307 300100 3813 37068 3000 2404 1802 1602

CBD/THC OIL
Mean(SD) 245026 203@2 180(17) 20878 40pid) 6364 433(157) %OET) 5781 2805 37012 33R1) 2707 2003 2102
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Safety of Escalating Cannabinoid
Doses in Healthy Dogs

Dana Vaughn*, Justyna Kulpa and Lina Paulionis

Canopy Animal Health, Canopy Growth Corporation, Toronto, ON, Canada




CONCLUSIONS / CHALLENGES

* Product variability
* Adulteration/misbranding
* Buyer beware
* Content
* Cannabinoids plus?
* CBDA vs CBD
* Vehicle? Feed

 Know your cannabinoid
 THC / cannabis vs. hemp/CBD
e Safety, efficacy CBD>THC

e Sole versus add-on
* Target disease dependent?

Needs to know:
Proper dose
e Concentration? (hemp vs CBD?)

Tolerance: anticipate the need to increase
dose

Drug interactions (watch carefully)

Well designed controlled clinical trials
(multiple)

Monitoring to establish your patient’s
therapeutic range?



I
13!
'c'hﬂf':u

I}

Fal
pr””f'?‘uunm“
Gl s e

HH/

'Wﬁ' @)



