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Learning Objectives 
After reviewing this material, the learner will 
be able to: 

• Explain the pitfalls of drawing a distinction 
between medical cannabis and recreational 
cannabis. 

• Explain the risks of legalizing cannabis for 
medical purposes prior to educating clinicians. 

• Describe the reasons patients turn to self-directed 
care when trying cannabis treatment. 

• Describe the sources patients turn to for 
information on cannabis treatment. 

• List the different ways patients access cannabis. 

• Describe challenges that may arise when patients 
purchase cannabis under self-directed care. 

• List and describe common cannabis products. 

• Review various routes and methods of cannabis 
administration. 

• Describe various dosing methods for cannabis. 
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COURSE OUTLINE 

Introduction 

The Importance of 
Knowing Cannabis History 



Introduction 
Self-directed cannabis care has become standard under 
prohibition, and even with legalization it is becoming 
increasingly commonplace in the United States. People across 
the country are using cannabis for myriad purposes including 
in the treatment of a wide variety of conditions without the 
guidance of health or medical professionals. Regardless of 
approval, it is crucial to patient safety and the growth and 
efficacy of cannabinoid medicine that healthcare providers 
understand the following: 1) the factors driving patient 
avoidance of professional guidance in their cannabis use, 2) 
how patients access information and products, and 3) how 
patients go about treating themselves with cannabis. Knowing 
these details will assist healthcare providers in counseling 
patients safely, appropriately, and effectively, and in taking an 
active role in harm reduction. 

Before diving into the specifics of self-directed care, it is important to understand the 
complex cultural framework of controversy that surrounds the legalization and medical 
adoption of cannabis in the United States. This framework—which is complicated by 
pervasive stigma and sensationalized reporting, rapid legalization, healthcare provider bias 
and unpreparedness, and inequities across clinical practice regulations that restrict provider 
behavior—often pushes patients who view cannabis as a medical option to self-treat, 
purposely avoiding the attention (and guidance) of health and medical professionals. 

A Cultural Framework of Complexity and Controversy  
A. Medical vs. Recreational Cannabis 

While the cannabis plant is neither inherently “medical” or “recreational”, the pattern of 
legalization in the U.S. has created a non-scientific regulatory distinction between cannabis 
used for medical purposes and cannabis used for recreational purposes. 

Medical use is defined as the use of cannabis or cannabinoid products to treat a medical 
condition.1 This distinction has played a critical role in the fight to legalize cannabis as it 
distances compassionate use from the common perception of misuse and abuse that plagues 
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the characterization of recreational use. Yet, many states with medical cannabis programs 
constrain this definition by restricting medical use to very limited sets of debilitating 
diagnoses, also referred to as “qualifying condition lists.” In contrast, recreational use has 
typically referred to any use of cannabis that does not expressly treat qualifying medical 
conditions.2 This delineation leaves vulnerable those patients choosing to treat “non-
qualifying” medical conditions with cannabis. While their only recourse may be to bypass 
the medical cannabis program to access cannabis through the recreational market, these 
patients would likely not self-identify as recreational consumers. 

Attempts have also been made to differentiate medical from recreational use by potency—
THC potency, specifically. Being that THC causes the classic euphorigenic and intoxicating 
effects associated with cannabis use, many state legislatures have tried to distinguish 
medical from recreational use based on the amount of THC that cannabis or  cannabinoid 
products contain. Anecdotal accounts, however, suggest that some patients require high 
doses of THC to effectively treat their condition(s), challenging the wholesale categorization 
of recreational cannabis as high-THC cannabis, and medical cannabis as low-THC cannabis. 
For patients requiring higher concentrations of THC, high-THC cannabis or cannabinoid 
products are often the more economical choice.  

The faulty thinking regarding potency also plays out in recreational markets, where 
dispensaries are flooded with high-THC products, assuming that adult consumers are 
predominantly seeking the euphorigenic effects of cannabis and that recreating requires it. 
But trends suggest that recreating might mean more than just getting high. In October 2020, 
45% of surveyed cannabis users aged 21 years and over reported replacing or reducing 
their alcohol consumption with cannabis since the beginning of the coronavirus pandemic in 
the spring of that year.3 This is yet another example illustrating how the binary use of the 
terms medical and recreational become murky and non-specific. While replacing alcohol 
with cannabis or cannabinoid products could hardly be considered a medical use, it may not 
quite fit the description of recreation either. The argument could even be made that seeking 
relaxation through winding down with cannabis 
actually characterizes a wellness use instead. In 
reality, medical users may use cannabis for reasons 
other than treating their qualifying condition, and 
even to recreate. Likewise, many adults who may 
not consider themselves medical users use cannabis 
therapeutically to “wind down,” addressing 
concerns of stress, anxiety, insomnia, and more. 

The struggle to differentiate between medical and 
recreational use has pervaded political and 
regulatory sensibilities as well, leaving politicians, 
legislators, and even scientific and medical 
authorities wrestling with the competing notions that 
“medical cannabis” may be “good,” while 
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recreational cannabis is “bad.” However, just as cannabis is neither medical or recreational, 
it also is neither inherently good or bad. The terms medical and recreational characterize 
the use of cannabis, not cannabis itself.  

On the other hand, cannabis is inherently medicinal. It is a diverse plant genus of 
innumerable chemical varieties, and all chemical compositions, regardless of THC content 
(high or low), can have therapeutic utility when appropriately applied. Put another way, a 
cannabis or cannabinoid product someone may use to experience a high can be the same 
another uses to treat a medical condition. While people use cannabis for a variety of 
purposes (i.e., medical, recreational, and spiritual), the medicinal potential of any given 
product remains constant. In effect, the intention or motivation behind cannabis use does not 
preclude its therapeutic potential (although it can be misapplied). 

As more states consider legalizing adult use, loose application of the term recreational in 
the media and in political debate maintains a pejorative narrative painting cannabis use as 
a vice. The stigma surrounding the term also impedes intelligent discourse about public 
health and safety. A more appropriate (and disarming) synonym for adult use is personal 
use. Under personal use, a responsible adult may use cannabis at their discretion, be it for 
medical, recreational, spiritual, therapeutic, or wellness purposes; and they may use it alone 
or socially. Personal use regulations would focus much less on deterring adult access and 
much more on ensuring that the public is properly educated about the benefits and risks of 
cannabis; that inappropriate access and exposure to cannabis by children is limited; that 
health and medical providers are prepared to impartially guide and oversee medical use; 
and that the industry is held accountable for producing and manufacturing consistently high 
quality and safe cannabis and cannabinoid products.  

While the regulatory tension between medical and recreational use came honestly, it has 
ultimately resulted in an arbitrary trifurcation of the cannabis market into distinct medical, 
recreational, and now hemp-CBD industries, creating dueling supply chains, complicated 
regulatory frameworks, compounded inefficiencies, and endless confusion for consumers, 
patients, and health and medical professionals alike, leaving most—especially patients—to 
figure it all out for themselves. 

B. Rapid Legalization, and Healthcare Provider Bias and 
Unpreparedness 

Cannabis legalization is markedly outpacing clinician education and training in cannabinoid 
medicine, leaving health and medical professionals miseducated, undereducated, and 
poorly equipped to help patients navigate the cannabis space. The number of people 
accessing cannabis for medical purposes is increasing at a significantly greater rate than the 
number of healthcare providers trained to counsel them, and the gap is only widening as 
both states and nations continue to legalize cannabis globally. 
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Despite the existence of over 24,000 PubMed citations pertaining to cannabis science, 
cannabis pharmacology, and preclinical and clinical trials demonstrating its therapeutic 
potential,4 many healthcare providers continue to learn about cannabis only as a drug of 
abuse or a gateway to other drug use. As a result, clinicians often code any cannabis use 
by patients as substance use disorder (sometimes written as cannabis use disorder or 
marijuana use disorder) in medical records. This leaves patients in the precarious position of 
having access to cannabis without credible guidance on how to use it safely or effectively, 
and sometimes with clinicians who harbor misinformed beliefs and biases against the plant 
and those who use it. 

C. Restrictions on Healthcare Providers 
Also out of pace with legalization are the regulations governing medical practice. Medical 
systems large and small continue to place heavy restrictions on their healthcare providers, 
preventing many from counseling their patients on the medical use of cannabis. Even in 
states where cannabis has been legalized for medical or adult use, censorship remains 
common. In 2016, to help prepare state medical boards and their licensees to navigate the 
newly emerging landscape of legal cannabis, the Federation of State Medical Boards 
(FSMB) released its Model Guidelines for the Recommendation of Marijuana in Patient 
Care,5 and FSMB leadership subsequently wrote a companion journal article entitled 
“Medical Board Expectations for Physicians Recommending Marijuana”.6 However, as a 
national advisory body, the FSMB lacks the authority to govern state medical boards and 
medical institutions at large. Thus, it remains incumbent on state and federal governments to 
direct institutional cannabis policy reform, should neither medical systems nor medical 
boards take up the efforts themselves. For institutions receiving federal funding, autonomous 
reform is unlikely without the express consent of the federal government.  

Such is the landscape for health and medical professionals in many healthcare settings. 
Some providers advise their patients anyway, risking both their licenses and livelihoods. 

Most, however, defer to their employers, but 
at the cost of withholding valuable counsel 
from their patients. The choice to withhold 
advice is professionally risky as well, as 
“errors of omission”—i.e., harms caused to a 
patient due to the failure of a doctor to 
provide appropriate counsel—is grounds for 
medical malpractice. In the end, health and 
medical professionals find themselves caught 
in a tangle of bureaucratic red tape, with 
little latitude to operate in the best interests of 
their patients. This is an unfortunate and 
precarious situation for clinicians and patients 
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alike; after all, who better than those who are expert in pharmacology and physiology to 
guide and manage medical cannabis use?  

In 2002, the United States Court of Appeals for the Ninth Circuit (with jurisdiction over the 
district courts in Alaska, Arizona, Eastern, Northern, and Southern California, Hawaii, 
Idaho, Montana, Nevada, Oregon, and Eastern and Western Washington) sided with 
physicians in Conant v. Walters, affirming a doctor’s right to recommend medical cannabis 
use.7,8 The decision acknowledged the government’s concern that doctors might recommend 
cannabis “in bad faith,” but determined that doctors who use honest medical judgement 
should not fear federal sanctions. Despite rulings like Conant v. Walters, however, 
widespread institutional reform does not appear on the horizon. 

Self-Directed Care: Education and Access 
A. Self-Education 

Given the disarray characterizing legalization, regulation, and medical oversight, many 
patients have had to educate themselves, turning to sometimes less-than-credible sources of 
information like unverifiable websites and online discussion forums for advice and answers 
regarding medical cannabis use. The internet being the most prevalent resource, a simple 
search engine inquiry using the phrase “medical cannabis” generates over 175 million 
results in under 1 second. 

Information is also commonly gleaned through other sources: other patients, family and 
friends, books, podcasts, dispensary attendants, growers, etc. The sheer amount of 
information a patient has access to is overwhelming. It can also be confusing, is often 
inaccurate, and can lead patients to make poorly-guided decisions when trying to use 
cannabis responsibly. Despite these negatives, many patients continue to do their cannabis 
research online to avoid condemnation and rejection from their healthcare providers. The 
feeling that their providers know very little and have no interest in learning about cannabis 
is, unfortunately, pervasive9 and, too often, founded. Healthcare providers who accept that 
cannabis is becoming a medicine of choice for many patients and who choose to be 
educated about it can better guide their patients in its use. Even individuals using cannabis 
for other personal purposes will benefit from clinicians who are knowledgeable in the 
science and application of cannabis.  

While health and medical professionals are increasingly rising to the call, a considerable 
number of patients are still relying on self-education to determine what cannabis and 
cannabinoid products to use, how to take them, and where to get them. 
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B. Access, Availability, and Navigating Cannabis Markets 
As cannabis legalization expands, so does the demand for the plant and its derived 
products. Accessing quality cannabis and cannabinoid products, however, is not always 
straightforward. One complicating factor is the number and variety of cannabis markets that 
currently exist. 

The Legacy Market: Before legalization, patients bought cannabis from illegal growers 
and illicit (better known as legacy or heritage) market suppliers. Despite there now being 
legal ways to purchase cannabis and cannabinoid products, some patients, for varying 
reasons, still buy it from such suppliers. Unfortunately, the composition, quality, and safety 
of products from legacy suppliers are largely unknown. Beyond general identifiers like a 
strain name, or “sativa” or “indica”, which are rarely accurate, purchasers of unregulated 
products are often uninformed about what exactly they are buying. 

The Home Grow Market: The same concerns exist in the legal arena where patients 
might grow for themselves or procure their cannabis through a designated grower who is 
responsible for growing cannabis on their behalf (also known as a caregiver). Without test 
results or consistent growing conditions, cannabis from personal grows can lack the 
precision and consistency necessary for routine use. This is less of a concern for patients and 
caregivers seasoned in home growing, who have honed their skills in the cultivation of 
cannabis varieties that work best for them over time. Notwithstanding the limitations of 
regulations that cap personal plant counts or canopy size, home growing is also considered 
a more economical option.  

The Retail Market: Retail cannabis and 
cannabinoid products provide yet another layer 
of complexity. Retail products are divided into 
two distinct channels: hemp-derived and 
marijuana-derived. Since the 2018 Farm Bill, 
hemp-derived cannabinoid products (i.e., CBD) 
have found their way into big chain stores, e-
commerce sites, supplement shops, fitness 
studios, restaurants, and more. As of 2021, the 
FDA is still deliberating on how to best regulate 
the CBD market for safety and quality, leaving 
market operators to set safety and quality 
standards for themselves. Thus, despite the 
widespread acceptance of CBD, the U.S. CBD 
market remains an unregulated one where 
product consistency, integrity, safety, and quality 
often come into question. Comparatively, 
marijuana-derived cannabis and cannabinoid 
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products, which are distributed through licensed dispensaries, are tightly regulated through 
state-controlled medical or adult use systems, enabling increased patient confidence that 
products meet minimal safety, integrity, and quality requirements. The most reputable hemp- 
and marijuana-derived retail products are typically accompanied by certificates of analysis 
(COAs), which report their chemical composition and attest that they have met minimal 
testing standards. Even this minimal data can prove useful to patients attempting to identify 
products that might consistently work for them and the condition(s) they intend to address. It 
is the chemical profile that denotes the cannabinoids, terpenes, and other contents present 
in products that indicate which product may best address a patient’s needs.10  

One downside of the retail market, though, is its relative expense compared to legacy or 
home grow markets, challenging both industry and regulators to find ways to improve 
patient access to cannabis through affordability. Another pitfall is that retail brands and 
dispensaries still liberally identify cannabis and cannabinoid products by strain name or by 
“sativa” or “indica,” which, without a comprehensive label or COA, are insufficient in 
describing the chemical profile of a given product. Retail products are also subject to 
labeling limitations and are prohibited from displaying medical claims, while dispensary 
attendants, as laypersons, are restricted from providing medical information. These are just 
a few of many variables inside the retail market that limit patients’ ability to make informed 
purchasing choices. 

The Pharmaceutical Market: Pharmaceutical cannabinoid drugs have been available to 
patients via medical prescription since 1985, when the FDA approved the synthetic THC 
analogue Marinol (generic name: dronabinol) and the semi-synthetic THC derivative 
Cesamet (generic name: nabilone) for the treatment of chemotherapy-induced nausea and 
vomiting and a limited number of other indications. More recently, in 2018, the FDA 
approved the cannabis extract Epidiolex® (generic name: cannabidiol), a 90% pure CBD 
cannabinoid drug, for the prescribed treatment of a small set of rare and difficult-to-treat 
seizure disorders. Sativex (generic name: nabiximols) is another cannabis extract approved 
for prescription use in the United Kingdom and other European nations for symptomatic 
multiple sclerosis. The use of pharmaceutical cannabinoid drugs is not common, which is 
likely due to several limitations, including there being few indications for their use, high costs 
associated with off-label prescribing, and increased adverse effects compared to their whole 
plant counterparts. Anecdotal patient reports suggest that cannabis and cannabinoid 
products are tolerated better than pharmaceutical cannabinoid drugs. 

Navigating cannabis markets is no easy feat, especially without direction. Yet, equipped 
with the best information one can glean from available sources, patients have remained 
more expert than their health and medical providers in medical cannabis use.  

Some patients describe their experience as empowering, but many others report frustration. 
Compared to legacy users and home growers, novice medical users find traversing the retail 
market inefficient and expensive, having to determine which cannabis and cannabinoid 
products work best for them through trial and error. This is where health and medical 
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providers can be of immense help—in offering professional guidance to patients to help 
ensure they know what to look for in a product to address their needs, and also in the 
oversight of their medical use. 

Self-Directed Care: Anecdotal Pharmacology  
Until recently, cannabis pharmacology was by and large inferred from anecdotal patient 
experience. In fact, much of the current body of clinical knowledge has been cultivated 
through the observation of patients’ use of various methods of cannabis administration. As 
“unscientific” as it is, extensive anecdote and observation have been useful in determining 
rudimentary pharmacologic parameters, such as onset, magnitude, anticipated effects, and 
duration of cannabis effects according to different forms of cannabis administration.  

It is through this lens that we proceed to review cannabis pharmacokinetics, which refers to 
the body’s absorption, distribution, metabolism, and excretion of cannabis. Cannabis 
pharmacodynamics, on the other hand, are concerned with the effects of cannabis and the 
mechanisms of action of its various constituent chemicals. The pharmacokinetics of cannabis—
that is, how the body absorbs, distributes, processes, and removes cannabis—is embedded in 

this module because it is the anecdotal 
patient experience of the plant’s 
pharmacokinetics that has aided self-
directed care in the absence of 
professional clinical oversight. Cannabis 
pharmacodynamics will be reviewed in 
later modules. Understanding the 
pharmacokinetics and 
pharmacodynamics of cannabis (i.e., 
the pharmacology of cannabis) helps to 
1) elucidate the therapeutic benefits 
patients may receive, and 2) minimize 
adverse or unwanted effects.  
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Common Routes of Administration, Absorption, & 
Bioavailability 
Absorption into the body and distribution throughout the body vary significantly depending 
on diverse routes and methods of administration, chemical profile, concentration, amount 
consumed, metabolism by the liver and other tissues, and degree of excretion through feces, 
urine, sweat and oral fluid. These processes are dynamic, may change over time, and may 
be affected by the frequency and magnitude of exposure to cannabis or cannabinoid 
products. 

The savviest of patients can figure out how to work with such dynamic processes, learning 
that there are several different ways to administer cannabis to themselves under self-directed 
care, each route of administration affecting them differently. Ongoing research is helping us 
understand why. 

      

A. Pulmonary Methods 
Smoking remains the most common method of cannabis administration, with vaporization a 
close second. Both methods have a quick onset, with early effect occurring within a minute 
of inhalation and peak effect occurring at 10 minutes. This quick onset makes dosing titration 
simple for patients, as they can determine if additional dosing is needed to reach their 
desired effect or symptom relief after 10 minutes. The effect of inhaled cannabis lasts from 2 

Routes of Administration, Duration of Action, & Bioavailability (BA)

Route Pulmonary Gastrointestinal Transmucosal Cutaneous

Methods Smoking, vaping, 
aerosols, dabbing

Capsules and 
edibles

Nasal or oral tinctures, 
oils, oral dissolving 
strips or tablets

Suppositories 
(rectal or vaginal 
capsules or oils)

Topical lotions, 
salves, creams; 
Transdermal 
patches

Onset 
(minutes) 3-10 30-120 15-45 10-15 30-120

Duration 
(hours) 2-4 6-8 2-4 (up to 6-8) 2-8 1-8 (up to 12+ with 

patches)

BA 25%–30% 4%–20% 20%–30% 13.5%–67% (THC-
hemisuccinate) Variable

Rates & BA are slightly variable across different cannabinoids; the above rates and BA are based on the 
pharmacokinetic study of THC; the BA of CBD, other pCBs, and terpenes are not well studied.

Adapted from MacCallum and Russo9
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to 4 hours. Dabbing, another form of pulmonary administration, is the act of heating 
concentrates on an extremely hot surface to produce a vapor that can be inhaled. 

While smoking is the most common method of administration, it is not without downside. 
One disadvantage is that when smoking, most cannabis is lost to side stream smoke (i.e., 
smoke that passes from a cigarette into the surrounding air rather than into the smoker's 
lungs). Another drawback is that combustion for smoking occurs at 600-900 degrees 
Celsius, which leads to the production of harmful byproducts such as tar, polycyclic aromatic 
hydrocarbons (PAH), carbon monoxide, and ammonia. Regular use can lead to respiratory 
issues caused by such byproducts, including acute cough, chronic cough (bronchitis), sore 
throat, hoarseness, and mucus buildup – all of which subside after cessation of use.11 The 
effects of cannabis smoking on the lungs has been extensively studied, and no correlation 
has been found between cannabis smoking and emphysema or increased risk of lung 
cancers. One report concluded that cannabis smoking appeared protective against the 
development of lung cancer in users who regularly smoked tobacco, noting a decreased risk 
of lung cancer in people who smoked both cannabis and tobacco cigarettes compared to 
tobacco-only smokers.11 

Vaporizing, often referred to as “vaping,” is an increasingly common method of 
administration under self-directed care. The main difference between vaporizing and 
smoking is that vaporization heats cannabis to 160-230 degrees Celsius, causing production 
of fewer byproducts and resulting in fewer pulmonary symptoms. Vaporization, however, 
does not eliminate the harmful byproduct PAH. Vaping devices that use unprocessed flower 
and enable precise temperature control may be safer options than vape pens and similar 
devices that use extracted oils. The latter may pose more health risk due to heating of the 
carrier oils often used to dilute and deliver the cannabis extract. The 2019 e-cigarette or 
vaping product use-associated lung injury (EVALI) crisis implicated Vitamin E acetate used in 
vape cartridges as a primary cause of severe lung injury. In general, vaping as an 
alternative to smoking is a new enough technological change that long term problems may 
not yet be apparent.  

Cannabis inhalers are a new entrant in the cannabis pulmonaries category, adapted from 
the common metered-dose inhaler. Inhalers deliver their cannabis material without using 
heat, typically via an aerosolized powder or oil. While pharmacokinetic studies have yet to 
be done on this new form factor, it is expected that inhalers will perform similarly to the 
more traditional pulmonary methods. 

Studies indicate that the bioavailability of the cannabinoids by inhalation routes range 
widely from 2% to 56%. Bioavailability (BA) is the proportion of a substance entering the 
body’s circulation that is able to have an active effect. The wide range of BA for inhalation 
routes is due to the variability in smoking dynamics, including the inherent differences in the 
number, duration, spacing, hold time, and volume of puffs. On average, pulmonary BA falls 
between 25%–30%. This might be higher with vaping methods, as there is less side stream 
loss.  

Distribution is restricted. May not be  
reproduced, copied or replicated in any  
form without the express and written  
authorization of Pivital EDU. 13



THC is detectable in the plasma immediately after the first inhalation via smoking or vaping, 
and is generally quickly accompanied by the onset of effects (3-10 minutes). Plasma 
concentrations increase rapidly, with peak concentrations occurring at about 10 minutes, 
even if the subject continues smoking beyond that time. Mean peak levels depend on the 
concentration of phytocannabinoids (pCBs) in the material being smoked. 

Plasma levels decrease to about 60% at 15 minutes, 20% at 30 minutes, and then to <5 ng/
ml within two hours due to the distribution of 70% of inhaled pCBs and their metabolites into 
peripheral, highly vascularized tissues (predominantly adipose). With a plasma detection 
limit of 0.5 ng/ml, detection windows can vary from 3 to 12 hours after smoking low-dose 
cannabis products, and from 6 to 27 hours after smoking higher dose cannabis products. 

B. Gastrointestinal Methods 
Ingestible forms of cannabis include capsules 
and edibles. Edibles remain the most common 
method of gastrointestinal (GI) administration. 
Edibles are foods that have been infused with 
cannabis and may include such varied forms as 
candies, gummies, gum, lozenges, mints, 
infused coffees and teas, juices, butter and 
other cooking oils, baked goods, and infused 
foods. Cannabis edibles that are regulated by 
state law typically contain up to 10 mg of THC 
and/or CBD, and some edible products may 
come in denominations of 2.5 or 5 mg (i.e., 
gummies, chocolate bar segments, or mints). 
These doses aim to ensure that patients dose-control and do not consume more cannabis 
than they can tolerate. Depending on the individual, multiples of these amounts may seem 
necessary for desired effect or symptom relief.  

Juiced raw cannabis is also increasing in popularity. When 
freshly harvested, cannabis contains high concentrations of 
CBGA, THCA, CBDA, other pCBs in their acidic forms, as well 
as terpenes and terpenoids. Only trace amounts of neutral 
cannabinoids are present, rendering the chemical profile non-
euphorigenic and non-intoxicating. Patients aiming to avoid the 
intoxicating effects of THC while seeking to benefit from the 
whole plant may opt for this method of consumption.  

In the GI route of cannabis administration, cannabinoids are absorbed through the intestinal 
tract. Absorption here is much slower than in the lungs, and compared to pulmonary 
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methods, GI methods display delayed onset of effect, delayed peak cannabinoid 
concentrations, and extended duration of activity with a delayed return to baseline. Myriad 
variables, including the type of product used and its chemical profile, concentration, and 
amount consumed, the presence of other food in the gut, the integrity of the gut (i.e., leaky 
or diseased), and individual rates of digestion and metabolism can affect the rate of 
absorption and BA of pCBs.  

The BA of THC by ingestion averages 
around 10%–20% of the total ingested 
amount but has been observed as low as 
4–6%. This low BA is attributable to the 
many factors already noted, as well as to 
first-pass metabolism. When THC is 
absorbed through the intestine, it enters into 
hepatic circulation, passing first into the 
liver before entering the systemic 
circulatory system. In the liver, THC is 
metabolized by CYP450 isoenzymes into 
11-OH-THC (11-hydroxy-THC).12 Whereas 
only 10-20% of inhaled THC is converted to 
11-OH-THC, up to 100% of the absorbed portion of ingested THC may be hydroxylated into 
11-OH-THC. This is critical to note as 11-OH-THC binds more strongly to receptors of the 
endocannabinoid system, resulting in up to a 10-fold enhancement of THC’s euphorigenic 
and intoxicating effects.13,14 

In a study that measured plasma concentrations of THC and its metabolites (11-OH-THC and 
the inert end-metabolite THC-COOH) after ingestion of a single Marinol (generic name: 
dronabinol) capsule, peak plasma levels were seen at 1-2 hours, with similar THC and 11-
OH-THC concentrations, and higher THC-COOH concentrations. But, of note, two 11-OH-
THC peaks were observed due to enterohepatic circulation, explaining why higher 11-OH-
THC concentrations occurred later, about 6-10 hours after ingestion. Plasma THC and 11-
OH-THC levels fell below the measurement limits of 0.5ng/mL by 25 hours, while THC-
COOH was still measurable for more than 50 hours.15 

The effects of ingested cannabis can take 30-120 minutes from consumption to onset, and 
can last up to 8 hours (or longer depending on the dose consumed). A common error by 
novice users is redosing ingestibles too soon after consuming their first dose. Experienced 
users know to wait 8-10 hours before redosing as peak concentrations of 11-OH-THC are not 
reached until 6-10 hours after initial ingestion. Redosing too soon can result in the 
overconsumption of THC and overexposure to 11-OH-THC. Patients may turn to ingestibles 
for their longer duration of activity, finding them more suitable for use as they require less 
frequent dosing than other methods of administration. 
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C. Transmucosal Methods 
The transmucosal route of administration provides for fairly rapid absorption of cannabis 
directly into the systemic circulation through the mucosal membranes. When applied to the 
oral mucosa, it is likely that some product gets swallowed as well, wherein the swallowed 
portion will behave as an ingested product. Many cannabis products are available for nasal 
or oral mucosal application by being rubbed into the gumline or nasal septum, taken 
sublingually, or placed inside the cheek.  

1. Tinctures and Oils (Oral or nasal application) 

Tincture is a common method of transmucosal administration. Tinctures are alcohol extracts 
of cannabis administered by dropping under the 
tongue, spraying into the mouth, or rubbing into the 
oral or nasal mucosa. While similar to tinctures, 
infused oils (e.g., glycerin or avocado, coconut, or 
hemp seed oil) perform best because pCBs are 
naturally lipophilic and distribute better in fats than in 
liquids like alcohol or water. For this reason it is 
common for tinctures to be added to oils as a 
finished product. When taken orally, patients should 
hold a tincture in their mouths for 1-2 minutes before 
swallowing to maximize absorption. Tinctures are 
often chosen for their ease of administration. 
Manufacturers typically use 1 mL-calibrated droppers 
so that patients can measure the amount they use 
with precision.  

The use of Fully Extracted Cannabis Oils (FECOs) is 
another method of transmucosal administration that is 
growing in popularity. FECO is a highly concentrated oil produced most commonly from 
CO2 or ethanol extraction, resulting in an oil that retains much of the chemical constituents 
of its starting material. Just 0.1 mL of FECO can contain 20-50 mg of pCBs and is often used 
by patients wanting to consume a higher amount of pCBs to reach their desired effect with 
less product, or to get more product for the dollar.  

Onset of effect can take 15-45 minutes. Because transmucosal absorption avoids first-pass 
metabolism, the BA of pCBs via this route is higher, around 20–30%. The duration of effects 
can last about 2-4 hours but may persist as long as 6-8 hours depending on concentration, 
amount consumed, and how much was swallowed rather than absorbed in the oral 
mucosa.15,16 
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Nanotechnology has ushered in a new wave of tincture 
products for patients to use, boasting nano-emulsification 
techniques that claim to improve the BA of water-based 
tinctures. It must be noted that no clinical trials have been 
performed on these products to confirm efficacy. Any increase 
in bioavailability would need to be accounted for in dosing, 
especially if a liposomal product is a pCB isolate. 

Another recent innovation in cannabis oral transmucosal products are sublingual strips and 
oral dissolving tablets. These products are placed and held under the tongue, releasing 
pCBs for rapid oromucosal absorption as the product melts or dissolves. Some consumers 
find these forms easier to use than tinctures, which require holding liquid in the mouth for a 
minute or longer to facilitate rapid pCB absorption.  

2. Suppositories (Rectal or vaginal application) 

Suppositories may be chosen when patients prefer to minimize the euphorigenic and 
intoxicating effects of cannabis when using a variety or product high in THC or when using 
highly concentrated oils (like FECO). 
Because venous return from the lower third 
of the rectum flows into the general, systemic 
circulation rather than into the hepatic portal 
system, rectally administered cannabis 
avoids first-pass metabolism in the liver when 
the suppository is positioned correctly. Not 
only does this allow patients to avoid the 
enhanced euphorigenic and intoxicating 
effects of 11-OH-THC, it can also improve the 
BA of pCBs delivered rectally vs. by oral 
ingestion. Research has shown that ∆9-THC-
hemisuccinate used in rectal suppositories 
provides the highest BA, ranging from 13.5%17 to, in one study, 67%.18 Onset of effect 
occurs around 10-15 minutes, and peak plasma levels of THC are reached in 2-8 hours.15 

3. Cutaneous Methods 

Cutaneous methods allow the patient to absorb cannabis directly into or through the skin. 
Topicals include lotions, creams, salves, and oils. Patients might apply topicals directly to the 
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skin to decrease and manage localized pain, 
soreness, and inflammation, such as that caused by 
arthritic joints.  

The absorption of topicals varies from person to 
person, and product to product. Phytocannabinoids 
are highly hydrophobic, making transport across 
the aqueous layer of the skin the rate-limiting step 
in absorption and diffusion. It can take 30 minutes 
to 2 hours from product application to onset of 
effect. There is not much data describing the rate 
of absorption or BA of pCBS applied topically, but 
what is known is that the permeabilities of CBD and 
CBN are about 10-fold higher than for THC, and 
that CBD does not appear to have any effect on 
the rate of THC absorption.   

The effect of topicals is localized, meaning that a patient will not experience euphoria or 
intoxication (a “high”) from using them. The topical route of administration bypasses first-
pass hepatic metabolism, and generally there is very little systemic absorption 
(transcutaneous patches being the most likely exception). Patients like topicals because they 
can use them liberally and as often as desired for effect while avoiding internal 
consumption.  

Transdermal patches, however, are designed to deliver cannabinoids deeper into the skin 
where they can enter systemic circulation and reach more distant tissue targets. As such, 
transdermal patches work best when applied to highly vascularized areas. Some patients 
report the onset of therapeutic effects as soon as 20 minutes after application. The few 
studies done show that cannabinoids delivered transdermally reach steady state levels within 
several hours, but avoid the initial high peak seen with inhalation, and remain steady for at 
least 8-12 hours. Detectable serum levels may persist as long as 96 hours with some 
products.  

Dosing 
Dosing of internal routes of administration is perhaps the most common concern of both 
patients and healthcare providers when it comes to the use of cannabis. One of the major 
problems with self-directed care is that authoritative guidance on dosing is not readily 
available due to the lack of clinical research. As a result, patients are quick to turn to the 
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internet, where answers to their dosing questions are 
immediate but potentially inaccurate or negligible.  

Safe, accurate, and effective dosing depends on several 
factors including the patient’s desired outcome, lifestyle 
habits, diet, metabolism, general state of health, medical 
history, medical condition(s) of concern, use of additional 
medications, and prior experience with cannabis products. 
While dosing is very individualized, there are a few general 
guidelines available to follow.  

One mainstream approach is “microdosing”—intermittently dosing cannabis medicine in 
microdoses (i.e., the lowest available dose). A microdose can range from a fraction of 1 mg 
to 2.5 mg of pCBs per dose (per drop, per pull, per mL, etc.). Patients may microdose 
cannabis as needed for relief.  

Another common guidance that may build upon microdosing is the “start low and go slow” 
approach. Starting with a low initial dose, possibly a microdose, a patient gradually 
increases the dosage over the course of days (or longer) until they achieve their desired 
effect. The dose at which symptomatic relief is finally reached is colloquially referred to as 
the “minimal effective dose.” The minimal effective dose is the lowest amount of cannabis 
necessary to be effective without causing side effects and can be different for every person.  

Metabolism 
Cannabis metabolism occurs to a small degree in the lungs, heart, brain, and intestines, but 
predominantly occurs in the liver by microsomal hydroxylation and subsequent oxidation 
catalyzed by cytochrome P450 enzymes. CYP450 enzymes (CYPs) are responsible for the 
metabolism of most chemicals and hundreds of pharmaceutical drugs that enter into systemic 
and hepatic circulation (drug interactions will be reviewed in more detail in later modules). 

THC is metabolized by isoenzymes CYP3A4 and CYP2C9. It is hydroxylated to 11-OH-THC, 
then oxidized to water-soluble THC-COOH (11-nor-9-carboxy-THC) and other inactive 
metabolites. As mentioned previously, the degree of this conversion is dependent on route of 
administration, and it should be noted, again, that 11-OH-THC binds more strongly to 
receptors of the endocannabinoid system, resulting in up to a 10-fold enhancement of THC’s 
euphorigenic and intoxicating effects.13,19 

CBD is metabolized by CYP3A4, CYP2C9 and CYP2C19. CBD is metabolized into 7-OH-
CBD and 6-OH-CBD.  
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Distribution and Elimination 
There is little to no data describing the distribution and 
elimination of pCBs other than THC and its metabolites. 
Upon cessation of inhalation, plasma concentrations of 
THC decrease quickly due to rapid distribution into 
highly vascularized tissues of the body (primarily 
adipose, but also the lungs, heart, and brain) and 
metabolism.  One study showed peak serum 
concentrations at 9 minutes even if the subjects 
continued smoking for another 15-20 minutes due to 
this rapid redistribution.15 

Maximum levels of THC in the brain occur 2-4 hours 
after administration, and represent about 0.06% of 
the administered dose. In contrast to this limited 
retention in the brain, THC is preferentially stored in 
adipose tissues. The ratio of adipose to brain THC 
concentrations was 21:1 after seven days of 
consecutive exposure and 64:1 after 27 days.13 
Other studies have confirmed the amount of THC 
retained in the brain is much less than 1% of the 
administered dose.  

Within five days, a total of 80%–90% of THC is 
excreted, mostly as 11-OH-THC and the water-soluble 
THC-COOH (cannabinoid metabolites may be 
conjugated with glucuronic acid to make them more 
water soluble for urinary excretion). More than 65% 
is eliminated in feces and about 25% in urine. The primary fecal metabolite is 11-OH-THC, 
while the primary urine metabolite is THC-COOH. Urinary THC-COOH concentrations drop 
linearly until reaching a level of 20-50 ng/ml, then decrease at a much slower rate. 
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Other Considerations 
Research has only refined our pharmacologic understanding of cannabis. The plant’s 
chemistry is complicated, and the rapid pace of cannabis research continually expands what 
is known about it. Cannabis contains more than 500 different chemical compounds, 
comprised of over 140 pCBs and 18 different classes of chemicals, including terpenes and 
terpenoids, flavonoids, alkaloids, nitrogenous compounds, amino acids, hydrocarbons, 
simple and fatty acids, and carbohydrates, all of which certainly contribute to the 
pharmacologic properties of cannabis. 
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Glossary 

Adult use The regulated use of cannabis by adults, typically over 21 years; 
often used interchangeably with “recreational use” and may refer 
to any use of cannabis not intended to treat a medical condition. 
Adult use is more accurately synonymous with “personal use”; see 
“Personal use”. 

Bioavailability (BA) The proportion of a substance (like cannabinoids) entering the 
body’s circulation that is able to have an active effect.  

Cannabis 
pharmacodynamics

The effects and mechanisms of action of cannabis and its 
components in the body. 

Cannabis 
pharmacokinetics

The body’s processes of absorption, distribution, metabolism, and 
excretion of cannabis. 

Cannabis treatment The application of cannabis for medical purposes. 

Caregiver In certain jurisdictions, a “caregiver” can be lawfully designated 
to provide personal care for a medical cannabis patient; a 
caregiver might grow cannabis on behalf of a patient, purchase 
cannabis product on the patient’s behalf at a dispensary, or both. 
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Dispensary An entity that acquires, possesses, sells, distributes, transmits, 
gives, dispenses, or otherwise provides cannabis and cannabis 
products to qualifying patients and (where applicable) adult 
consumers. 

Dosing The administration of cannabis; typically refers specifically to the 
quantity of cannabinoids to be administered for treatment of a 
medical issue, illness, or disease.  

Edibles A subset of ingestibles; foods or beverages that have been infused 
with cannabis, including butters, baked goods, gummies, candies, 
and other edible or drinkable forms.  

First-pass effect A phenomenon in which an administered substance is 
metabolized, primarily by the liver, before it reaches systemic 
circulation or its site of action, resulting in altered amounts of 
active agents reaching systemic circulation; most relevant for 
orally ingested substances absorbed through the intestinal tract. 

Fully extracted 
cannabis oils 
(FECOs)

Highly concentrated oils produced most commonly from CO2 or 
ethanol extraction, resulting in oils that retain much of the 
chemical constituents of their starting material. A transmucosal 
administration method, FECOs are more concentrated medicines 
that therefore can be used in smaller amounts. 

Infused oil An oil-extract; while similar to tinctures, infused oils (e.g., glycerin 
or avocado, coconut, or hemp seed oil) perform best because 
phytocannabinoids distribute better in fats than in liquids like 
water or alcohol. For this reason it is common for tinctures to be 
added to oils as a finished product.   
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Ingestibles Any form of cannabis or cannabis product taken by swallowing 
(or feeding tube), including capsules, edibles, and (in some 
instances) oils.  

Lipophilic A substance, compound, or other material that has an affinity for 
lipids. Cannabinoids are lipophilic, meaning they permeate fat 
and distribute well throughout oil-based preparations. 

Medical use The regulated use of cannabis for medical purposes; the use of 
cannabis to address or treat medical conditions.  

Medicinal Having healing properties. 

Methods of 
administration

The various methods used to apply cannabis, which include 
pulmonary (e.g., smoking, vaping), gastrointestinal (capsules and 
edibles), transmucosal (e.g., tinctures, suppositories), and 
cutaneous (topicals and transdermals). 

Oils A versatile form of cannabis medicine that can be used in 
transmucosal formulations, edibles, capsules, suppositories, and 
topicals. 

Personal use The use of cannabis alone or socially for discretionary purposes, 
including medical use, recreational use, spiritual use, therapeutic 
use, and for wellness; see “Adult use”. 

Recreational use A type of personal use; the use of cannabis to experience 
euphoria (a “high”) or intoxication. 
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Routes of 
administration

The various routes by which cannabis can be administered, which 
include pulmonary, gastrointestinal, transmucosal, and cutaneous. 

Self-directed care The use of medical cannabis without professional clinical 
oversight. 

Sidestream smoke Smoke that passes from a cigarette into the surrounding air rather 
than into the smoker’s lungs. Most cannabis is lost to sidestream 
smoke when it is smoked. 

Smoking Historically, the most commonly used method to administer 
cannabis; a quick-acting dosing method, smoking involves heating 
cannabis to 600-900 degrees Celsius to combust the material and 
is associated with the production of harmful byproducts and 
respiratory irritation. 

Tinctures An alcohol-extract commonly administered as drops under the 
tongue or as spray into the mouth, but can also be administered 
as drops into foods or beverages, acting more like an edible. 

Vaporization A quick-acting dosing method of increasing popularity; involves 
heating cannabis to 160-230℃ to liberate the constituent 
phytochemicals for inhalation with fewer harmful byproducts 
compared to smoking. 

11-OH-THC (11-
hydroxy-THC)

The main metabolite of ∆9-THC formed through hydroxylation by 
CYP450 isoenzymes; more intoxicating than ∆9-THC. 
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