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• MEDICAL MARIJUANA
• It’s good for what ails you! ……?



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
• Quality 

• Pharmacokinetics and the dosing 
regimen

• Part II: Understanding the target
• The endocannabinoid system

• Product safety and efficacy

• Pharmacodynamics and the dosing 

regime

• Clinical trials

• Challenges



MEDICAL MARIJUANA: A DESIGNER PRODUCT? 

• Endocannabinoids

• Phytocannabinoids

• Synthetic cannabinoids



https://medicalmarijuana411.com/examining-medical-cannabis-treatments/

1964-THC, the main 
psychoactive component of 
cannabis, is identified and 

synthesized 

1990-Scientists 
discover endogenous 
cannabinoid system

https://medicalmarijuana411.com/examining-medical-cannabis-treatments/


MARIJUANA

(HEMP GRASS POT WEED GANJA……)



PHYTOCANNABINOIDS

•Cannabis spp.
•  500 different compounds

• 100 cannabinoids (unique)

•Lipophilic
•Eicosanoids

•THC

•CBD

•CBC 

•CBG (source)

•CBN (THC metabolite) 

Arachidonic Acid



MULTIPLE HEMP PLANTS 
PHARMACOLOGICALLY DIVERSE











MEDICAL MARIJUANA ADVANTAGES
• Compared to single compound
• Terpenes
• “Entourage Effect”

• Synergism between active ingredients = 
enhanced efficacy

• Antagonism of undesirable effects = 
enhanced safety

• Impact regarding clinical trials?

From leafly or https://emeraldviewmedia.com/terpenes-101/

https://emeraldviewmedia.com/terpenes-101/


LEGALIZED STATUS OF MARIJUANA

MEDICAL (VARIABLE STIPULATIONS)

HTTPS://THECANNABISINDUSTRY.ORG/STATE-
MARIJUANA-POLICIES-MAP/

Federal vs. state
Human vs. veterinary?





2014 Farm Bill
Defined Industrial Hemp and legalized 

growth in institutions of higher 
education if state approved. Notably, 

CBD is still a Schedule 1 substance along 
with all other marijuana constituents.

Industrial 
(rope, not dope)

“Cannabis”



2018 Farm Bill 
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



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


• Humans
• Drugs

• Regulated by FDA

• Dietary supplements 
• Not “regulated” (no premarket 

assessment)

• Food
• Regulated by FDA
• Must be GRAS (generally recognized 

as safe)

• Animals
• No such thing as a “dietary 

supplement”
• Either drugs (unapproved) or food 

which must be proven safe

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



MEDICAL MARIJUANA: A DESIGNER PRODUCT? 

• Synthesize

•Hybridize

• Concentrate



• Synthetic phytocannabinoids: 
approved drugs

• Synthetic, non-natural 
cannabinoids
• Research tool 
• Substance abuse

• Substance abuse
• “Herbal Incense”, K-2, spice skunk, 

yukaton fire, moon rocks, etc., etc.
• Chemical additives 

• Not on a list
• Not detectable 
• Therefore “natural, legal, safe”

• Synthetic Drug Abuse Prevention Act 
2012

DESIGNER SYNTHETIC CANNABINOIDS
SYNTHESIZE



Novel therapeutics targeting the ECS

DESIGNER MEDICAL MARIJUANA:
SYNTHESIZED



MEDICAL MARIJUANA :THE DESIGNER WEED

• Manipulate / concentrate
• Terpenes/cannabinoids
• Flavor /Taste

• Cherry =  CBD http://www.leafly.com/hybrid



CONCENTRATES DESIGNER MEDICAL 
MARIJUANA PRODUCTS

=+ ?

Pure/Isolate = CBD

Full spectrum = all  
phytocannabinoids

Broad spectrum = all 
phytochemicals



TREATMENT CLAM IS NOT 
ALLOWED

FDA WARNING LETTERS 
REGARDING MISBRANDING)



0 vs 6.6

0.22 vs 1

8.7 vs 8

MISBRANDING/ADULTERATION
Inaccuracy in CBD vs THC content vs contaminants

11/29 mis-labeled

FDA WARNING LETTERS DUE TO 
MISBRANDING/ADULTERATION 

(INAPPROPRIATE CONTENT)



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

$1.50/10 mg

341 mg hemp oil 
extract  = 31 mg CBD

2 mg CBD / dropper full 
(vs. 2 mg/kg)



Higher than tolerable 
PAHs found in CBD 

products



APPROVED DRUGS

• Manipulations of two major cannabinoids 
• 9-THC, CBD

• Dronabinol (Marinol) (USA)
• 9-THC 
• Appetite stimulant in AIDS/cancer 

patients
• Nabilone (Cesamet) (USA)

• 9-THC-like
• Antiemetic-chemotherapy
• Extra-label: analgesic

• Epidiolex®
• CBD
• FDA approved June 2018
• Pediatric drug resistant epilepsy

• Nabixomol (Sativex; UK)
• 1:1 ratio of  9-THC and CBD
• Spasticity of MS
• Epilepsy





MEDICAL CANNABINOIDS
PART I: UNDERSTANDING THE PRODUCT HIGH 
POINTS

• Emotions rather than science 
has driven “abuse” vs. use 

• Regulations are dynamic and 
thus far nonsensical
• State vs. federal 
• THC vs. CBD vs. hemp CBD

• (Unregulated) supplements are 
major access for clients

•

• Product quality is a major concern
• Mislabeling: intent and content
• Adulteration: added content?
• Find a reputable product / manufacturer 

• Ask regarding QA
• Peer reviewed clinical trials

• Know product content
• Active ingredients
• Concentration



PRODUCT FORMULATION AND PHARMACOKINETICS:

• How much of the dose gets there?
• Route

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

• Oral

• Oral bioavailability varies
• CBD vs. CBDA?

• Is CBDA active? 

• Oil vs. solid vs. soft chews
• MCT vs. others?

• Fasted or fed?



• Species differences
• Cats ≠ dogs ≠ small people
• Differences in 

• Oral bioavailability
• Metabolic profile
• Active vs. toxic metabolites

• Duration in body
• Human half-life

• THC = 1-2 DAYS
• CBD = 3-4 DAYS

• Dogs and cats: hours

• Impact on dose and interval

PHARMACOKINETIC 
DIFFERENCES



CANINE SERUM CANNABINOID CONCENTRATIONS

• Therapeutic reference interval  CBD >  100 ng/ml?
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Boss Crew Collective
Colorado Hemp Oil



Pharmacokinetics: 
Dogs: 10% oral bioavailability for CBD
Metabolic profile of cannabidiol differs compared to humans





DRUG-DIET-SUPPLEMENT INTERACTIONS

• The more foreign (and 
lipophilic) the compound, 
the greater the risk
• Foreign = Get it Out!

• (Efflux) transport 
proteins: No problem  
for mutants?

• Metabolite = inhibitor?
• Cannabinoids: CYP450

• 3A4, C29, 2C19
• Species, breed, patient 

variability
• Impact on safety
• Drug interactions 

• Ask the correct questions

THC and 
CBD

CYP2C9 
THC

CYP2C19 
CBD



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



CONCLUSIONS REGARDING PHARMACOKINETICS

• Dose
• Variable oral absorption

• Product
• CBD vs. CBDA?
• First pass metabolism increases dose 

and cost
• Increased with feeding?
• THC and CBD characterized  by active 

metabolites

• Interval  
• 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?



THE CHALLENGES OF MEDICAL 
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Dawn Merton Boothe, DVM, PhD
Diplomate ACVIM (Internal Med)
Diplomate ACVCP (Clinical Pharmacology)
Professor, Director Clinical Pharmacology
Auburn University



MEDICAL CANNABINOIDS: (BARRIERS TO) 
UNDERSTANDING THE TARGET

• Product safety and efficacy
• Humans vs. animals

• Pharmacodynamics

• Receptors

• Endocannabinoids

• Pharmacokinetics

• Clinical trials

• Challenges

THC

CBD

Part II: Looking for Evidence



• 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.”

THE ENDOCANNABINOID SYSTEM



ENDOCANNABINOID RECEPTORS

•Cannabinoid Receptors
•CBR-1: CNS (brain [!!])
•CBR-2: periphery (immune [!!])
•G protein receptor

•How
•Agonist, antagonist, inverse (CBD)?

•Where
•Orthosteric vs. alloseric (CBD)

•Which
•Secondary messenger

•What
•Other receptors (opioids, GABA)

•When
•Immediate vs. delayed

http://molpharm.aspetjournals.org/content/90/5/620
https://www.sciencedirect.com/science/article/pii/S0006295216304014

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1298963/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1298963/




MITOCHONDRIAL CB RECEPTORS

Impact on cell:
• Energy
• Production of monoamines
• Apoptosis
• Axonal / mitochondrial transport
• Calcium homeostasis



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?



CANNABINOID RECEPTORS IN DOGS

Dogs have unique CBR cerebellar distribution 
responsible for unique ataxia behavior

THC much more potent 
than CBD in dogs





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

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



RESULTS: QUANTIFICATION

CB1

Tissue CB1/Housekeeping

Brain 7.94E-03

Blood 6.98E-03

Testicles 5.56E-03

Fat (Visceral) 4.43E-03

Uterus 3.91E-03

Spinal Cord 1.13E-03

Fat (Lymph Node) 8.13E-04

Kidney (Pelvis) 2.81E-04

Skin 1.18E-04

Lung 5.84E-05

Lymph Node 4.79E-05

Liver 1.94E-05

Kidney (Cortex) 1.57E-05



O



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





COMBINATION ANALGESIC THERAPY

• Opioids
• Enhanced mu agonist activity

• NSAIDs 
• Reduced dose

• Alpha-2 agonists
• TRVP-1 antagonists

• Inhibition of cannabinoid metabolism
• Endogenous

• Cannabidol?

• Therapeutic
• Particularly inflammatory pain
• Inhibitors 

• FAAH, MAGL
• Increases AEA/2-AG



• Formed in situ
• Post-synaptic neuron
• Stimulus

• Intracellular calcium
• Endocannabinoid (eCB) synthesis
• Release into synaptic cleft
• Transported (?) to presynaptic neuron
• Uptake by neuron (proteins?)
• Modulation of neurotransmitter release
• Retrograde movement
• eCB degradation

(CLASSIC) ENDOGENOUS CANNABINOID LIGAND



(CLASSIC) ENDOGENOUS CANNABINOID LIGANDS

•Arachidonic Acid (AA) metabolites
•The “bliss” molecule: anandamide (AEA) (CB-1>2)
•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
•Fatty acid amide hydrolase (AEA)
•Monoacylglycerol (MAGL) (2-AG)

https://www.cell.com/trends/neurosciences/fulltext/S0166-2236(98)01283-1?code=cell-site

Amandamide
Arachidonic Acid



IMPACT AND MANIPULATION OF THE ECS

• Endocannabinoid (eCB) deficiency syndrome

• Migraine, fibromyalgia, IBS, psychological disorders

• Upregulated by 

• Drugs: analgesics, glucocorticoids, 
antidepressants, antipsychotics, anxiolytics, 
anticonvulsants

• Dietary supplements 

• PUFA, probiotics, other cannabinomimetic
plants



The endocannabinoid system is upregulated with endocannabinoids increasing with CNS inflammatory disease

Endocannabinoids in the dog



Endocannabinoid concentrations increase with severity of  seizures in epileptic patients



• MEDICAL MARIJUANA
• It’s good for what ails you! ……?









Treatment for opioid addiction versus 
alternative to opioids for control of pain?



ARE CANNABINOIDS A REASONABLE ALTERNATIVE TO OPIOIDS?

• Sole 
• Mild and chronic pain

• Sole to adjuvant 
• Moderate to severe pain 

• Effective adjuvant for severe 
(acute?) pain

• Dose? Product? Monitor?
• Product issues
• Individual response



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

Response at 2 wks = 4 wks



Owner perspective: Quality of Life Score 
Placebo vs. oil or liposome at 1.2 mg/kg oil or 

oil at 3 mg/kg. 

N (5/group) = large breed (>20 kg) dogs with 
osteoarthritis 



CANNABINOIDS AND EPILEPSY



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



Reduction in # > with CBD
Reduction correlated with CBD concentrations

AED concentrations did not change



CANINE SERUM CANNABINOID CONCENTRATIONS

• Therapeutic reference interval > 100 ng/ml ?

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

2 mg/kg CBD = 100 ng/ml (Dogs OA)



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



ANTICANCER

• Prevention of certain cancers (benign 
and malignant 

• Induced apotosis
• Inhibited angiogenesis
• (Indirect?) cytotoxic while protecting 

normal cells
• Not all actions through CB-R

http://www.cancer.gov/cancertopics/pdq/cam/cannabis/patient/page
2





CANNABINOID PHARMACODYNAMICS EFFECTS: 
SAFETY

• 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. 

• Neuroprotectant
•  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



Minimum effective dose of THC IV = 0.5 mg/kg
Chronic dosing (q 8 days X 80 Days): 161 mg/kg IV had LESS impact
Tolerance still present 23 days after last dose

Bradycardia transitioned to tachycardia at day 6







MARIJUANA TOXICITY

• Accidental ingestion
• Oral > inhalant (1st and 2nd

hand)

• Preclinical (human studies)
• 0.5 to 2 mg/kg THC IV
• Ataxia 

• Unique cerebellar CR 
distribution?

• Tolerance within 5 days

• No fatalities in 213 cases (2004)
• LD50 not determinable

• 3 g/kg THC
• 1000 X behavioral dose

• 2 deaths/76 cases
• Chocolate chip 

cookies/brownies



N = 2200

N = 60

N = 50











785 ng/ml THC alone or 
with 99-361  ng/ml  THC with 

133-296 CBD 

62 mg/kg CBD
49 mg/kg 

800 ng/ml THC 
500 ng/ml CBD 







• Is the increase in SALP induction, 
or is it hepatopathy?





CONCLUSIONS / CHALLENGES

• Product variability
• Adulteration/misbranding
• Buyer beware
• Content

• Cannabinoids plus?
• CBDA vs CBD
• Vehicle? Feed

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

• Sole versus add-on
• Target disease dependent? 

• Needs to know:

• Proper dose

• 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?




