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3. Describe the acute and long-term risks of cannabis, including its effect on the reward pathway of the 

brain. 
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5. Interpret possible drug interactions. 

 

 

Speaker: Kari Franson, PharmD, PhD 

Kari Franson is the associate dean for professional education at  the University of Colorado 

Skaggs School of Pharmacy & Pharmaceutical Sciences.  Dr. Franson received her Doctor of 

Pharmacy from the University of California, San Francisco, and her PhD from Leiden University 

Medical Center.  Dr. Franson, a US Board Certified Psychiatric Pharmacist and Dutch Certified 

Clinical Pharmacologist, has worked with geriatric psychiatric patients for ten years before 

studying cannabinoid clinical pharmacologic effects in the Netherlands.  She has guided state, 
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Learning objectives

At the completion of this activity, the participant 
will be able to:
• Analyze the common conditions for which cannabis is 

used and the current supporting evidence (if any)

• Describe the acute effects and long-term risk of 
cannabis, and its effect on the reward pathway of the 
brain.

• Discuss cannabis dosing options and interpret possible 
drug interactions
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Disclosure: An unimagined role… 
an advocate of cannabis user safety

Should I be worried 
my son is going to 

get addicted?

How is it possible it 
works on so many 

diseases?

Is it going to 
fry my brain?

Nobody has ever 
died from cannabis

Eating it is the 
safest way to 
take it, right? 

I have nothing to 
disclose and no 
conflicts of interest 
or funding sources

I will be discussing 
unapproved drugs 
and unapproved 
uses for drugs

What can you tell me about 
the diseases that medical 

cannabis has been 
approved for?”

“Are there other effects of 
cannabis besides in the 

brain?”

“I want to try 
it…How much 
should I take?” 

• ∆9 -tetrahydrocannabinol – THC; most psychoactive & has most medical 
benefit 

• Cannabidiol – CBD; reduce THC effects & now approved drug

• Cannabichromene – CBC; anti-inflammatory, anti-bacterial/fungal

• Cannabigerol – CBG; decrease GI inflammation

• Tetrahydrocannabivarin – THCV; hypophagia possible diabetes 
treatment

• Tetrahydrocannabinolic acid – THC-A; THC precursor, anti-spasmodic 

• Cannabinol – CBN; THC metabolite & less psychoactive

“How is it possible that cannabis works on 
so many diseases?”

Pertwee RG. Br J Pharmacology. 2006
Pertwee RG. Br J Pharmacology. 2008
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Regulatory 
effect of 
endo-
cannabinoids 
(anandamide 
and 2-AG) at 
the CB1 
receptor

Pertwee RG. Br J Pharmacology. 2008

1. Inhibition of 
adenylyl cyclase 
(AC) activity

2. Alter second 
messenger systems 
such that CA++ 
influx is inhibited

Neuromodulation
of GLU (shown), 
Ach, GABA, DA, NE

Cannabinoids bind to body’s CB receptors 
which regulate other neurotransmitters

Structure Endocannabinoids regulate Resultant effect

Hypothalamus Appetite (2-AG)
Stimulate DA & inhibit NE

↑ Appe te
Inhibition of prolactin, enhances ACTH

Amygdala Emotions, fear, anxiety Anxiety stimulation, reduction, & sedation

Nucleus
accumbens

Motivation (2-AG) Engages reward pathway

Spinal cord Inhibit GLU & info transfer between body & brain Decreased pain sensitivity

Parasympathetic 
system

Inhibit Ach release, HR regulation, urination regulation HR stimulation, sometimes inhibits 
urination

Sympathetic 
system

Inhibit NE release, HR regulation, blood vessel 
constriction

Delayed reduction in HR and blood 
pressure

Adipose tissue Stimulates lipogenesis Increased adiposity, insulin resistance

Reproductive 
tissue

Reduces testosterone, luteinizing hormone Reduced fertility, altered menstrual cycle

Skin Reduces histamine Anti-pruritic effect

General Role in relaxing, eating, sleeping, forgetting protecting Provide relief from stress, reduction of 
injury

General Inhibits immune B lymphocytes, natural killer cells Anti-inflammatory activity
http://headsup.scholastic.com/students/more-facts-about-how-drug-abuse-
puts-your-whole-body-at-risk

Cannabinoids work at CB receptors 
all over the body
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Number of states with various approved medical conditions

Wong FH, Borgelt LA, Franson KL. Int Med Rev 2018

Alzheimer’s disease (11) Epilepsy/seizures (29) Nausea (21)

ALS (18) Glaucoma (27) Pain (25)

Arthritis (3) Hepatitis C (12) Parkinson’s disease (10)

Cachexia (24) HIV/AIDS (28) Peripheral neuropathy (5)

Cancer (28) Multiple sclerosis (15) PTSD (24)

Crohn’s disease (19) Muscle spasticity (22) Tourette’s syndrome (4)

“What can you tell me about the diseases that 
medical cannabis has been approved for?” 

I believe that my cancer patients gain the most 
benefit using medical cannabis for:

A. Nausea and vomiting control
B. Pain control
C. Improved sleep
D. Appetite stimulation
E. Treatment of cancer
F. Decreased depression
G. Feeling of euphoria

Tell me what you think
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National Academies: Health Effects of 
Cannabis

• Conclusive or substantial evidence that cannabis 
or cannabinoids are effective:

• as anti-emetics in the treatment of chemotherapy-induced 
nausea and vomiting (oral cannabinoids)

• for treatment of chronic pain in adults (cannabis)
• for improving patient-reported multiple sclerosis (MS) 

spasticity symptoms, but limited evidence for clinician-
measured spasticity (oral cannabinoids)

National Academies of Sciences, Engineering, and Medicine. 2017. 
The health effects of cannabis and cannabinoids: The current state 
of evidence and recommendations for research. Washington, DC: 
The National Academies Press. doi: 10.17226/24625.

National Academies: Health Effects of 
Cannabis

• Moderate evidence that cannabinoids, primarily 
nabiximols, are effective:

• to improve short-term sleep outcomes in patients with 
sleep disturbance associated with obstructive sleep 
apnea, fibromyalgia, chronic pain, and MS. 

National Academies of Sciences, Engineering, and Medicine. 2017. 
The health effects of cannabis and cannabinoids: The current state 
of evidence and recommendations for research. Washington, DC: 
The National Academies Press. doi: 10.17226/24625.
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National Academies: Health Effects of 
Cannabis

• Limited evidence that cannabis or oral cannabinoids 
are effective for:

• increasing appetite and decreasing weight loss associated 
with HIV/AIDS (cannabis and oral cannabinoids)

• improving symptoms of Tourette syndrome (THC capsules)
• improving anxiety symptoms in individuals with social anxiety 

(cannabidiol)
• improving symptoms of post-traumatic stress disorder 

(nabilone)
• better outcomes (i.e., mortality, disability) after a traumatic 

brain injury or intracranial hemorrhage – statistical 
association

National Academies of Sciences, Engineering, and Medicine. 2017. 
The health effects of cannabis and cannabinoids: The current state 
of evidence and recommendations for research. Washington, DC: 
The National Academies Press. doi: 10.17226/24625.

National Academies: Health Effects of 
Cannabis
• No or insufficient evidence to support or refute that 

cannabinoids are effective for:
• cancer-associated anorexia cachexia syndrome and anorexia nervosa
• cancers, including glioma
• irritable bowel syndrome 
• Epilepsy (?)
• spasticity in patients with paralysis due to spinal cord injury
• chorea and certain neuropsychiatric symptoms associated with 

Huntington’s disease
• symptoms associated with amyotrophic lateral sclerosis (ALS)
• Parkinson’s disease or levodopa-induced dyskinesia
• dystonia
• treatment for mental health outcomes in individuals with schizophrenia or 

schizophreniform psychosis
• achieving abstinence in the use of addictive substances

National Academies of Sciences, Engineering, and Medicine. 2017. 
The health effects of cannabis and cannabinoids: The current state 
of evidence and recommendations for research. Washington, DC: 
The National Academies Press. doi: 10.17226/24625.
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National Academies: Health Effects of 
Cannabis

• Limited evidence that cannabis or oral 
cannabinoids are ineffective for:

• improving symptoms of dementia (cannabinoids)
• improving intraocular pressure associated with 

glaucoma (cannabinoids)
• reducing depressive symptoms in individuals with 

chronic pain or MS (nabiximols, dronabinol, and 
nabilone)

National Academies of Sciences, Engineering, and Medicine. 2017. 
The health effects of cannabis and cannabinoids: The current state 
of evidence and recommendations for research. Washington, DC: 
The National Academies Press. doi: 10.17226/24625.

Chemotherapy induced nausea and 
vomiting

• Small studies compared THC (dronabinol, 
nabilone) to dopamine antagonists

• Dronabinol showed anti-emetic efficacy over neuroleptics 
(but high risk of bias) NNT = 3.4

• Depression (13%), hallucinations (6%), paranoid 
delusions (5%), occurred, but patients preferred cannabis 
over control (RR 0.33; 95% CI 0.24-0.44) 

• Smoking relief 70-100% vs. capsule relief 76-88%
• The standard of care for prevention of CINV for highly and moderately 

emetogenic chemotherapy is: 5-HT3 receptor antagonist, dexamethasone, 
aprepitant/fosaprepitant

Tramer MR, Carroll D, Campbell FA, et. al. BMJ 2001; Musty RE, Rossi R J Cannabis Ther
2001; 
Todaro B. J Natl Compr Canc Netw. 2012
Machado Rocha FC, Stefano SC, De Cassia Haiek R, et. al. Eur J Cancer Care 2008
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Chronic (neuropathic and cancer) pain

• Review of trials with >30% reduction 
in pain

• 2 cancer pain trials

• 6 neuropathic pain trials

• Concluded moderate quality of evidence 
to support the use of cannabis for 
chronic pain

• Small study of cannabis + oxycodone
• enhanced analgesic effect of oxycodone

• Small yet significant increases in 
oxycodone abuse liability

Whiting PF, Wolff RF, Deshpande S, et al. JAMA 2015
Grant I. Report to the State of California 2010
CooperZD, BediG, RameshD, et al. Neuropsychopharmacology. 2018 

Common analgesics for 
neuropathic pain
*to achieve 30% 
reduction in pain

Multiple sclerosis-associated spasticity

• American Academy of Neurology (AAN) evidence-
based guideline recommendations

• Oral cannabis extract, synthetic THC, Sativex®
• Several double-blinded RCTs > 1,000 patients

• Subjectively improved spasticity and pain
• Sativex also helped with urinary frequency

• Objective measures not significant

• Smoked cannabis
• Data inadequate to determine safety/efficacy

Yadav V, Bever C, Bowen J, Bowling A, et. Al. Neurology 2014
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Cachexia and appetite stimulation

• 8 controlled studies in AIDS-related cachexia
• 3 studies of smoked marijuana (up to 67 patients)

• Others used dronabinol
• Non-statistically significant weight gain, increase 

appetite, and improve functional status
• Megestrol 750 mg weight gain > dronabinol 5 mg

• Combo did not lead to additional weight gain

• Cancer patient results were less consistent, thus 
no sufficient evidence 

Abramovici H.  Health Canada 2013
Timpone JG, Wright DJ, Li N, et. al.  AIDS Res Hum Retro 1997

Treatment of cancer

• Systemic review of literature on clinical and 
experimental effects on gliomas

• Preclinical evidence 
• inhibition of cell growth
• inhibition of tumor angioneogensis
• apoptosis of tumor cells

• Clinical evidence
• Intratumoral injection THC in glioblastoma  no clinical 

benefit
• Two other studies pending

Rocha F. J. Journal of Neuro-Oncology 2014.
Guzman M. Br J Cancer. 2006
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Seizures

• Uncontrolled case series in intractable childhood-
onset epilepsy

• 23 children with Dravet’s treated for 3 months
• 39% had reduction in Seizure frequency

• 137 children with various rare epilepsies for 3 months
• Approx. 50% had reduction in seizure frequency 

• 261 mainly children with severe epilepsy for 3 months
• Median reduction of seizure frequency of 45%

• Adults case reports and patient surveys
German study no effect

Friedman D, Devinsky D, NEJM 2015
Iffland K, Grotenhermen F. Cannabis & Cannabinoid Research 2017
Gloss D, Vickery B. Cochrane Database Syst rev 2014

NIDA (http://drugabuse.gov/sciencefair/)  

“Should I be worried my son is going to get 
addicted?”
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Lifetime dependency risk with use

32%

Hall and Degenhardt. Lancet. 2009
Strahny A. CBHSQ Report. 2013

23%
17% 15%

9%

%

0

25

50

75

100

MJ addiction 
risk in teens

Brain development in adolescence

Limbic region
• Immediate rewards
• Impulsive behavior

Prefrontal region
• Long term gain
• Thoughtful behavior

http://erichengelhardt.net/neuro-facts.html accessed 5/28/2013
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Meier MH, et al. Proc Natl Acad Sci. 2012 

 Prospective study of 1,037 individuals followed from 
birth (1972/1973) to 38 years of age

 Within-person IQs :
 Never used  100.64
 Used, never regularly  101.24
 Used regularly 90.77

 Impairment of learning, memory, and executive 
functions

“Is cannabis going to fry my brain?”

• The study assessed the impact of 3 months of MMJ 
treatment on executive function, exploring whether MMJ 
patients would experience improvement in cognitive 
functioning, perhaps related to primary symptom alleviation

• 9 of 11 participants reported seeking out MMJ treatment for 
two or more conditions or symptoms.

Gruber, SA, et al.  Frontiers in Pharmacology 2016 
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Improvements on executive function

• Medical marijuana patients showed: 
• Improved time to complete tasks
• Improved clinical state and health

• Decrease in conventional pharmaceuticals
• 42% reduced opiate use

• Medical cannabis may not lead to same cognitive 
consequences as recreational users

• Recreational users seek “euphoric” or “mellow” 
state 

• Medical users seek to alleviate symptoms

Gruber, SA, et al.  Frontiers in Pharmacology 2016 

Potential AEs from chronic cannabis use
Respiratory  Increased sputum production, wheezing, bronchitis

 Potential increase in chronic bronchitis, emphysema, and airway 
inflammation

Gastrointestinal  Cannabinoid hyperemesis syndrome
Genitourinary  Increased risk of failing a drug test
Reproductive  Menstrual cycle disruption

 Decreased sperm count
 Impotence and decreased libido
 May decrease lactation

Hematology/
Oncology

 Potential increased risk of nasopharyngeal carcinoma
 Potential for increased risk of lung cancer, however, data is inconclusive. 
 Many products may contain other carcinogens. Cannabis smoke contains 

known carcinogens
Metabolic/Endocrine  Potential to increase insulin resistance in adipose tissue

“Are there other effects of cannabis besides 
in the brain?”
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THC Medium dose = 7 – 18 mg
There is a known tolerance to THC down regulation of CB1 

receptors,and G-protein activation
High probability of tolerance with chronic use, and low with 

intermittent 

Chronic = daily for a week, intermittent = weekly

CBD (Epidiolex®) Oral solution  100 mg/mL
Starting dosage 2.5 mg/kg twice daily; maximum 10 mg/kg 
twice daily

L Zuurman, et al. Br J Clinical Pharmacology. 2008
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/210365lbl.pdf

“I want to try it…How much should I take?” 

“Eating it is the safest way to take it, right?”

http://azmarijuana.com/dans-stash/marijuana-consumption-styles/
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Absorption variability from eating THC

• Onset of effect is variable: 1-3 hours due to slow 
absorption from the gut 

• The percentage that is absorbed is variable:  after oral 
ingestion ranges from 5-20% in the controlled 
environment of clinical studies:  weight, metabolism, 
gender and eating habits play a role in absorption

• Duration of action is variable:  4 – 8 hours

Agurell S, Halldin M, Lindgren JE, et al. Pharmacological reviews. 1986

Cannabis infused creams, lotions and oils
• THC not charged, but lipophilic 

properties limit it getting to site of 
action

• Most products claim no psychoactive 
effects, so THC not getting absorbed

• Patch with occlusion and vehicle to 
enhance absorption

Images from: http://dailyleafdeals.com/apothecanna-product-review ; 
http://www.americanpharmaceuticalreview.com/Featured-Articles/170872-
Lipids-in-Transdermal-and-Topical-Drug-Delivery
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Drug interaction considerations

• THC substrate of CYP3A4 & 2C9
• ↑ sedation, ataxia:  CNS depressants, anticholinergics
• ↑ heart rate: sympathomimetics
• ↑ effects of:  hexobarbital, hydrocortisone, clozapine, phenytoin, 

warfarin
• ↓ effects of: propofol, indinavir, theophylline

• CBD substrate of CYP3A4 & 2C19
• ↑ liver enzyme elevations: valproate 
• ↑ effects of: substrates of UGT1A9 (Propofol, fenofibrate, diflunisal), 

UGT2B7 (Gemfibrozil, lamotrigine, morphine, lorazepam), CYP2C8 
(Phenytoin), and CYP2C9 (Phenytoin) 

• ↑ or ↓ effects of: of substrates CYP1A2 (theophylline, caffeine) and 
CYP2B6 (bupropion, efavirenz)

Horn JR, Pharmacy Times 2014

Acute cardiovascular effects of THC

Heart rate HRV
The variation in the time interval 
between heartbeats (RR-interval)

↓ HRV is a predictor of mortality 
after MI

L Zuurman, et al. Br J Clinical Pharmacology. 2008

“No one has ever died from using cannabis”
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Cannabis use and long-term mortality 
among survivors of AMI

Frost L, et al.  American Heart Journal. 2013

CRESCENDO trial of the weight-loss drug 
rimonabant (inhibits eCB system)
• More than 18,000 patients

• Evaluated the cardiovascular outcomes
• Because of known CNS effects, screened neurological and 

psychiatric symptoms at baseline, 1, 3, and every 3 months for the 
duration of the trial

• Stopped after an average of 14 months
• Rimonabant group compared with the placebo group 

• gastrointestinal side effects (33% vs. 22%)
• neuropsychiatric side effects (32% vs. 21%)
• serious psychiatric side effects (2.5% vs. 1.3%)
• 4 : 1 patients committed suicide during the study

• “Any mortality associated with cardiovascular preventive 
therapy is generally viewed as unacceptable”

Roberfroid D, et al.  The Lancet. 2010
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Review today’s session

• Analyzed the common conditions for which 
cannabis is used and the current supporting 
evidence 

• Described the acute effects and long-term risks of 
cannabis, and its effect on the reward pathway of 
the brain.

• Discussed cannabis dosing options and interpreted 
possible drug interactions
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