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What are Cannabinoids and How Do They Work?
Cannabinoids are a class of compounds that were first discovered in cannabis plants but
have since been identified as naturally occurring in many vertebrate animals. Cannabinoids
include phytocannabinoids such as THC and CBD, endocannabinoids which are an intrinsic part
of the body’s signaling systems, and cannabinoids synthesized by scientists (such as the FDAapproved drug dronabinol) which are used to treat a number of disease conditions.
There are several metabolic factors that can influence onset times, absorption rates,
duration of effects, and the time a cannabinoid such as CBD takes to reach its maximum
concentration in the bloodstream. Variations in product formulations, as well as individuals,
though, can result in variable effects—thus, two different people can take the same amount of the
same product and have different results . An individual’s response is affected by factors such as
history of cannabis use, genetics, body size, and composition and distribution of fat, as well as
one’s health status, diet, microbiome, and individual differences in metabolism and liver
function.

Factors in Delivery Methods of Cannabinoids
Onset
Onset is when an individual begins to feel the effects of a compound. In general,
oromucosal administration has faster onset times than oral administration. Onset times for topical
administration are more difficult to measure because of the variability of product formulations,
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but the range of onset times is closer to that of oral administration than oromucosal
administration.
For most people, sublingual administration has the fastest range of onset times, followed
by topical, then oral administration1,2,3,4.

Duration
Duration describes how long the effects of a compound last. Notably, the effects of a
compound might subside before the compound itself is eliminated completely from one’s body.
This phenomenon is because the lipophilic properties of cannabinoids cause them to be readily
stored in adipose tissues throughout the body and continually released over time into the
surrounding areas. Long-term use of cannabinoids increases the amount of time it takes before
CBD is no longer detectable in your body.
Topical administration tends to result in the longest duration, followed by oral and
oromucosal administration, which have similar ranges. Because metabolic factors differ from
person to person, the range of duration times for each of these delivery methods can overlap.
While concentrations of CBD delivered through sublingual or topical administration gradually
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decrease after reaching their peaks, oral administration of CBD results in a second peak in
concentration that extends the duration of effects4,5,6.

Bioavailability
Bioavailability is the amount of an active compound that is distributed throughout the
body following administration. Bioavailability is sometimes referred to as absorption, and even
scientists are in contention over how the terminology should be correctly used7.
There are very few clinical studies on the bioavailability of CBD, but based on what is
known of THC pharmacokinetics combined with the limited number of studies that have been
performed in animals and humans, sublingual and oral administration are reported to have
comparable bioavailability ranges. Oromucosal administration is expected to exhibit slightly
better bioavailability because this route mainly avoids the digestive tract and resulting
metabolism, unlike orally administered CBD.
For transdermal administration, there have been no published studies on bioavailability
rates so far, but it is known that CBD is 10 times more permeable across human skin than THC
is8.
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Co-administration with fats has been shown to increase cannabinoid bioavailability9.
Absorption rates increase when CBD is taken with food or when it is taken in the form of
softgels, which include lipids such as oil to increase absorption.

Different Ways to Administer Cannabinoids
Oromucosal administration (a.k.a. intraoral administration)
Oromucosal administration refers to the absorption of a substance through any of the
mucosal linings on the inside of the mouth. Regions inside the mouth are often divided into
sublingual (under the tongue) and buccal (pronounced “buckle” and referring to the rest of the
oral cavity such as the cheeks and roof of the mouth). The skin (or more technically, the
epithelial lining) of the mouth is highly vascularized, meaning that there are many small blood
vessels running directly under the skin. Oral administration takes advantage of the high
permeability of the mucous membranes in the mouth.

Sublingual administration is the recommended location for cannabinoid tinctures because
it allows the individual to easily hold the product and delay swallowing for 30-60 seconds for
maximal absorption. (A small portion of oromucosally administered cannabinoid product is
nearly always swallowed and subsequently undergoes the slower administration method of oral
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delivery.) Individuals may also “swish” a tincture for 30 seconds before swallowing, but some
individuals prefer not to taste the tincture or experience the viscous texture of the liquid.

The onset of effects is between 15 and 45 minutes, with maximum concentration reached
in a matter of minutes4. Studies have indicated a range of 9-23% bioavailability10 and a duration
of effects that lasts 4-12 hours, with effects gradually lessening over time.
Administration of cannabis through the oral mucous membrane is an extraordinarily fast
and direct method of cannabis delivery. This method effectively transports cannabinoids across
the mucous membranes and into the bloodstream for circulation to the brain, where cannabinoids
activate receptors to effect physiological changes. The direct nature of absorption allows for the
administration of precise and metered doses in a delivery method that is acceptable for most
people.

Oral administration
Cannabinoids administered orally have been reported to have onset times between 60 and
180 minutes and last approximately 6-8 hours. The convenience of orally administered
cannabinoids makes them ideal for management of chronic disease and or symptoms, but the
delayed onset time can make titration of serving size difficult. Pharmacokinetic studies have
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reported that orally administered cannabinoids reach their maximum concentration in the
bloodstream at around 2 hours, with absorption rates reported between 6 and 20%11,12.
Oral administration has a reduced bioavailability and delayed onset time compared with
other delivery methods such as oromucosal or inhaled administration because the cannabinoids
have to first traverse the digestive tract; this “first-pass metabolism” means the cannabinoid
formulation is metabolized by the liver, which reduces the concentration of active cannabinoids
that enter the bloodstream for distribution throughout the body.
While digestion by the liver does delay relative onset times and reduce bioavailability, it
is also responsible for enterohepatic circulation, a process where a portion of the cannabinoids
are transported back to the liver for secondary metabolism and subsequent redistribution. This
biological process leads to a second peak in plasma concentration that extends the duration of
effects for orally administered cannabis.
Eating or drinking cannabis products, such as in a tincture, food or beverage product, or
in a capsule is a way to consistently control the amount of THC and CBD (or whatever
combination of cannabinoids one desires) that is consumed (because the ingestible product can
be manufactured in a systematic, consistent, and measured way). Because the onset of activity is
more delayed than in the more immediate response of inhaled cannabis, choosing edible and
potable cannabis products can be a good option for people who are managing a more chronic
condition.
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Somewhere in between: Nanoemulsions
Nanoemulsions are increasing being used in the food industry because they can
encapsulate bioactive compounds. In the cannabis industry, nanoemulsions are used to produce
tiny, stable parcels of cannabinoids that are encapsulated in droplets that make them more
resistant to the body’s metabolic processes and thereby increases overall bioavailability and
therapeutic potential of the cannabinoids. In general, nanomedicine delivery systems are
nontoxic, biodegradable, and do not activate an immune response, but it’s not yet clear by how
much nanoemulsion delivery improves bioavailability. A study in rats noted a 65% increase in
bioavailability when rats were administered a CBD nanoemulsion versus pure CBD oil; while
it’s been noted that the metabolism of CBD is different in rats and humans, the researchers still
expected a huge increase in bioavailability for nanoemulsified CBD administered to humans13,14.

Topical administration (a.k.a. transdermal administration)
Transdermal delivery describes absorption of a substance through the skin via patches or
other formulations applied directly to the skin. Sometimes the more general term topical
administration is used to differentiate gel- or lotion-like formulations from skin patches. Patches
have the advantage of being specifically packaged to deliver a certain dose over a predetermined
amount of time. Self-applied formulations such as cannabinoid-infused gels, lotions, and oils are
more variable.
Because topicals can be applied directly to the area of discomfort, this delivery method is
highly beneficial for localized pain relief, muscle soreness, tension, and inflammation rather than
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a more distributed, systemic effect. Transdermal delivery also allows for prolonged delivery of
an active treatment compound over time. With inhalation, ingestion, and intraoral delivery
methods, the concentration of cannabinoids in the blood rises, peaks, then dips. Transdermal
methods can deliver a more consistent level of cannabinoids, with levels decreasing steadily over
time. Due to variability of product formulations, topically administered cannabinoids exhibit
variable bioavailability. More studies are needed to better understand the mechanics of
transdermal cannabinoid transport.
Another advantage of transdermal delivery is how well-tolerated it is across a variety of
medical conditions. Most people who turn to a transdermal application are those who are trying
to manage long-term chronic pain. When pain can be managed in large part by transdermal
cannabinoids, healthcare providers can sometimes reduce treatment complexity and number of
prescriptions, which in turn has the added benefit of often increasing ease of following the
treatment plan.

Pulmonary Administration (a.k.a. Inhalation, or Smoking and
Vaporization)
Smoking
Combustion is a term that describes when the cured cannabis plant is lit on fire and the
smoke is inhaled. Combustion occurs at temperatures of 230° C (446° F) and above, essentially
the temperature that dried cannabis flowers and hash products reach when burned and smoked.
Though combustion is a great way to decarboxylate cannabis (a chemical breakdown process),
thus releasing the active cannabinoids and terpenes, it also releases associated smoke toxins that
are highly undesirable. These toxic inhalants include known carcinogens such as benzene, carbon
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monoxide, toluene, naphthalene, acetaldehyde, phenol, and hydrogen cyanide at levels
comparable to inhalation of tobacco smoke15. These known byproducts of combustion are
thought to be a major culprit in smoking-related cancers and can at the very least pose respiratory
hazards. Interestingly, though, cannabis smokers do not seem to have increased risk for lung or
oral cancers; scientists hypothesize that there are protective effects of cannabis that
counterbalance the harmful effects of the combustion byproducts16.

Vaporizing
Vaporizers heat cannabis to a temperature at which active cannabinoids are released (i.e.,
the temperature point of decarboxylation) but aim to keep the temperature below the temperature
threshold of combustion, the point at which smoke is formed (at 266°-446° F or 190°-200° C).
Vaporizing avoids most of the smoke and toxins associated with combustion (smoking) and thus
can decrease the respiratory symptoms that are associated with long-term inhalation of
combusted cannabis. It should be noted that the short-term effects of smoking cannabis do not
seem to worry physicians; the health consequences produced from inhalation of combusted
smoke develop primarily following chronic use17,18,19.
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Smoking and vaporization are not the recommended methods of therapeutic
administration of cannabis because of the risks associated with the toxic byproducts produced as
well as the difficulty in precise dosing. Not only is 30-50% of cannabis lost to “side-stream”
smoke that is not inhaled, but the bioavailability of inhaled cannabis is largely dependent on
varying factors such as depth of inhalation, duration, and volume of smoke, which can differ
significantly from person to person and from session to session20.

The Molecular Mechanics of Cannabinoid Action
How Cannabinoids Work: The Ligand-Receptor Relationship
Processes in the body are mediated by molecules interacting; these interactions are
mediated by molecules binding to each other (one major class of molecules interacts with others
in a way often described as a lock and key, for example). In the endocannabinoid receptor system
(and other biological systems like it), interactions involve ligand–receptor mechanics. A ligand
(the key) is a molecule that can bind proteins designed to detect them, which is called a receptor
(the lock).
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The binding of ligands to their specific receptors is how cells gather information about
and respond to their environments. Based on the sequence of molecular and cellular events that
happens after ligand–receptor binding, our bodies can change or maintain the state they’re in.
Every receptor has a binding site of a specific shape and structure that determines what
molecule can bind to it. Some receptor proteins are highly selective—their binding sites are
shaped to fit only a highly specific set of ligands—but the vast majority of receptors have
binding sites that are more general and can fit a number of possible ligands. Some ligands bind
strongly, whereas others come and go more easily.

Different types of binding lead to different effects
When a ligand binds to the main (orthostatic) site of a receptor, it can act as an agonist or
as an antagonist. An agonist triggers a physiological response, whereas an antagonist binds to
the receptor and blocks any response. As a consequence, antagonists prevent other potential
agonists from binding the receptor and triggering a response. In this way, ligands compete with
one another for available binding sites on the receptors they can fit into.
Another kind of ligand–receptor binding involves allosteric sites, which are locations on
the receptor that don’t trigger the receptor’s usual cascade of effects but instead change the shape
of the receptor itself and thereby change the shape of the binding site. Allosteric modulators can
be described as positive, neutral, or negative: positive allosteric modulators make it easier for
certain ligands to bind, neutral modulators do not affect the orthostatic site, and negative
modulators block (or significantly decrease) the ability of the usual ligands to bind.
Scientists, once they understand the specific receptor proteins and what endogenous or
exogenous ligands bind to that receptor, can harness the specificity of a ligand–receptor system
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to affect desired outcomes. For instance, they can develop a drug that binds to a specific receptor
type so tightly that ligands that usually bind there cannot, thus blocking its usual function; this is
how some antipsychotic drugs work.

Part of Us: The Endocannabinoid System
The endocannabinoid system is widely distributed throughout the brain and spinal cord
and plays a prominent role in the regulation of many physiological processes including
inflammation, appetite regulation, metabolism, thermogenesis, immune response, cardiovascular
function, digestion, synaptic plasticity, pain, memory, movement, sleep/wake cycles, regulation
of stress and emotion, and digestion21,22,23.

The cannabinoid receptors and the endocannabinoids
The ECS consists of the two cannabinoid receptors CB1 and CB2, the endocannabinoids
AEA (also known as anandamide and N-arachidonoylethanolamine) and 2-AG (2arachidonoylglycerol), and the enzymes that break those endocannabinoids down: FAAH (fatty
acid amide hydrolase) and MAG lipase (monoacylglycerol lipase)24. AEA is the predominant
player in the ECS.
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Aside from releasing FAAH or MAG lipase to move through the cellular spaces and
degrade unbound endocannabinoids, the ECS also regulates reuptake, a process where cells
reabsorb transmitters for future re-release. These reuptake systems take AEA away from the
intercellular space where they interact with the cannabinoid receptors. In short, enzyme
degradation and reuptake both reduce the concentration of active endocannabinoids in the
body25.
CBD has low binding affinity at the orthostatic sites of the CB1 and CB2 receptors, so
it’s likely that CBD exerts its physiological effects through more indirect pathways. This is in
contrast to THC, for instance, which directly activates the ECS by binding to the CB1 and CB2
receptors. CBD is known to be a negative allosteric inhibitor of the CB1 receptor—meaning that
once CBD has bound to the receptor, the CB1 receptor’s orthostatic site changes, making it
difficult for the agonist THC to bind and activate the signal cascade.
CBD is also known to reduce the amount of FAAH in the body, consequently increasing
AEA levels and leading to an increase in the positive effects that result from activation of the
ECS. Similarly, CBD also affects the cellular systems that are responsible for the AEA reuptake
process. CBD reduces the activity of reuptake systems, allowing for more AEA to continue
circulating, binding, and activating the cannabinoid receptors.
Indirect effects on other neurotransmitter receptor signaling systems such as the
serotonin, NMDA, opiate, and GABA ligand-receptors allow endocannabinoids to modulate
other networks outside of the ECS.
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The molecular mechanisms that underlie the effects of cannabinoids on the mind and
body are still being explored. Scientists and clinicians are endeavoring towards improved
understanding of the function, mechanics, and chemistry of cannabinoids: basic research is being
conducted in laboratory and animal models to elucidate the pathways that involve cannabinoids,
setting the foundation for rigorous clinical and translational studies.

