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

• Describe the pharmacodynamics of THC. 
• Describe the common effects of THC experienced 

by patients. 
• Describe the pharmacodynamics of CBD. 
• Describe the common effects of CBD that patients 

experience. 
• List the different minor cannabinoids. 
• Describe terpenes. 
• Describe and understand the difference between 

monoterpenes, sesquiterpenes, and triterpenoids. 
• Describe flavonoids. 
• Understand the difference between flavones, 

flavonols, and flavanones. 
• Describe the difference between whole plant 

versus isolate. 
• Describe the role of the biphasic curve in 

treatment. 
• Describe Marinol (generic name: dronabinol) 

and Cesamet (generic name: nabilone). 
• Define the CBD:THC ratio. 
• Explain the synergistic effect of THC and CBD.  
• List the different types of cannabis products. 
• Explain the significance of lab testing and 

labeling. 
• Describe the areas of information that lab testing 

should cover. 
• Describe why testing and labeling is relevant to 

consumer safety and patient care.  
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COURSE OUTLINE 

Introduction 

The Importance of 
Knowing Cannabis History 



Introduction 
Bridging cannabis science with medical practice requires the compound understanding of 
cannabis history, plant science, decades of anecdotal use, pharmacology, and 
endocannabinology—the study of the function, dysfunction, and modulation of the 
endocannabinoid system (ECS). These elements set the context through which researchers 
and clinicians can study and apply how cannabis works in and affects the human body.  

This module is dedicated to the review of the pharmacodynamics of the most clinically 
relevant chemical constituents of cannabis, discussing their observed effects and mechanisms 
of action. 

This module will close with refamiliarizing the learner with common routes of administration, 
focusing on how products are made, tested and labeled, as establishing a clinical context 
for cannabis science and safety requires both a sound understanding of how cannabinoids 
work and how to assess product safety.  

THC 101 
A. THC Basics 

Delta-9-tetrahydrocannabinol (THC) and 
cannabidiol (CBD) are the principal 
phytocannabinoids (pCBs) present in cannabis. 

Historically, THC predominance has always been 
characteristic of drug-type plants, but the very 
high THC concentrations of present-day chemovars 
are due to selective breeding. Throughout 
prohibition, the general cultural belief has been 
“the higher the THC content, the better the 
cannabis (and the higher the purchase price).” 

Practically speaking, there is much greater nuance to consider, as the concentration or 
dosage of THC deemed “appropriate” depends on a wide variety of factors (to be 
discussed shortly). 
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THC is a secondary metabolite produced by cannabis. Secondary metabolites are chemicals 
produced by plants for which no role has been found with relation to growth, 
photosynthesis, reproduction, or other primary functions. However, secondary metabolites 
do have roles as natural pesticides and antioxidants for the plant. Secondary metabolites 
ensure the survival of their host by providing it with protection. 

THC originates from its monocarboxylic acid precursor, tetrahydrocannabinolic acid 
(THCA). In the glandular trichomes of a freshly harvested raw cannabis plant, THCA 
predominates. THCA also has a precursor—cannabigerolic acid (CBGA). CBGA is a product 
of the alkylation of olivetolic acid with geranyl pyrophosphate, and the enzyme THCA 
synthase converts it to THCA.1 Potent THCA synthase activity is found in the tissues of 
cannabis buds. As a result, researchers believe that THCA is directly biosynthesized in the 
trichomes of the cannabis plant.2 From there, THCA decarboxylates into THC via a non-
enzymatic reaction caused by aging, drying, or heating, which results in the accumulation of 
THC in the secretory cavities of the leaf and the bud’s glandular trichomes. 

B. THC Pharmacodynamics 
(See Module 3 to review 
THC pharmacokinetics) 

THC, as a lipid, is highly lipophilic and easily 
crosses the blood-brain barrier where it 
functions as a partial agonist at cannabinoid 
receptor 1 (CB1) throughout the mammalian 
ECS. The interaction of THC with CB1 is 
responsible for the notable euphoric and 
intoxicating effects with which cannabis is so 
strongly associated. Patients may describe 
experiencing such effects when using THC-
dominant flower or products, and this should 
come as no surprise as CB1 receptors are 
found principally within the central nervous 
system.  

THC has a high affinity for both CB1 and cannabinoid receptor 2 (CB2). It is a partial 
agonist at CB1 and CB2, analogous to the endocannabinoid anandamide (AEA). In 
addition to its euphoric and intoxicating effects, THC also delivers analgesic, muscle 
relaxant, antiemetic, and antispasmodic effects.1 When binding to cannabinoid receptors 
(CBRs), THC modulates presynaptic activity to upregulate or downregulate presynaptic 
neurotransmission, potentially impacting symptomology of several common conditions. 
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For example, chronic pain and neuropathic pain result from the excitatory transmission of 
glutamate across a synaptic membrane. A properly functioning ECS is one in which 
endogenous cannabinoids (eCBs) are synthesized on the postsynaptic membrane in 
response to excess glutamate. These eCBs travel in retrograde fashion to bind to CBRs on 
the presynaptic membrane to downregulate glutamate release, which subsequently 
decreases the perception of pain. THC binds the same presynaptic CBRs to potentially 
achieve the same outcome. 

Chemotherapy-related conditions, including nausea, emesis, loss of appetite, cachexia, and 
neuropathic pain have been successfully treated using THC. Pfizer’s synthetic THC analogue, 
Marinol (generic name: dronabinol) was FDA approved in 1985 as a Schedule II drug 
(subsequently moved to Schedule III to improve patient access) for chemotherapy-related 
nausea and vomiting. Later, in 1992, approval was extended to stimulate appetite in AIDs-
induced wasting. It has also been acknowledged for off-label use to relieve multiple 
sclerosis-related muscle spasm and neuropathic pain.3  

In addition to pain, nausea, vomiting, and appetite stimulation, numerous studies have 
further demonstrated THC’s potential therapeutic role in the following conditions: cancer, 
neuropathy, headaches, PTSD, depression, neurodegenerative and neurological disorders, 
glaucoma, muscle spasms, asthma (as a bronchodilator), and more.4  

Potential adverse effects of THC are primarily mediated by its activity at CB1 and include 
anxiety, paranoia, increased heart rate or palpitations, dizziness, reduced motor 
coordination, and short-term cognitive impairments involving thinking, speaking, reading, or 
remembering. 

CBD 101 
A. CBD Basics 

Cannabidiol (CBD) is another secondary metabolite 
produced by cannabis. Cannabidiol is produced in the 
cannabis plant by an allele codominant with THC.1 
Like THC, CBD originates from an acidic precursor, 
cannabidiolic acid (CBDA). And like THCA, CBDA is 
biosynthesized from CBGA.2 CBDA synthase converts 
CBGA to CBDA. From there, CBDA decarboxylates 
into CBD with aging, drying, or heating.  

CBD is the most abundant pCB in agricultural hemp. 
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B. CBD Pharmacodynamics (See Module 3 to review CBD 
pharmacokinetics) 

While CBD is very much psychoactive, it is a non-euphoric and non-intoxicating pCB. It has 
low affinity for CB1 and CB2 receptors. Much research, as a result, has focused on CBR-
independent mechanisms of action. One such mechanism of action is CBD’s inhibitory effect 
on fatty acid amide hydrolase (FAAH), the primary degradative enzyme of the 
endocannabinoid anandamide.5 By reducing FAAH activity, CBD bolsters anandamide 
levels.  

Recent research has confirmed, however, that CBD can and does interact with CBRs at 
reasonably low concentrations by antagonizing CB1 and CB2 receptor agonists.6 Notably, 
CBD allosterically binds to CB1 receptors, changing the conformation of the receptor 
binding site. In doing so, CBD modulates CB1 activity upon binding THC, including 
diminishing the euphoric and intoxicating effects of THC.  

CBD is an agonist at serotonin (5-HT1A) receptors and transient receptor potential vanilloid 
type 1 (TRPV1) receptors. It inhibits glutamate excitotoxicity and enhances adenosine 
receptor signaling by inhibiting adenosine inactivation, suggesting a potential therapeutic 
role in pain and inflammation. CBD antagonizes TNF-alpha (conferring an implied role in 
nausea, IBD and rheumatic disease) and GPR55 & GPR30 (positing a role in 
endometriosis).4  

Studies have demonstrated CBD’s potential therapeutic roles in targeting the following 
conditions: seizure, anxiety, inflammation, overproduction of reactive oxygen species, 
neurotrauma and neurodegenerative diseases (i.e., Parkinson’s, Huntington’s, Alzheimer's, 
ALS, and MS), cancer, preservation of brain function in liver failure, and bone healing.4  

Potential CBD side effects include diarrhea, drowsiness, sedation, poor sleep, fatigue, 
changes in appetite, altered sensorium, and reversible liver toxicity. It should be noted that 
liver toxicity was only identified as a potential side effect of CBD during the clinical trials for 
Epidiolex (generic name cannabidiol), an FDA-approved medication consisting of CBD 
isolate in a solution of dehydrated alcohol, sesame seed oil, strawberry flavor, and 
sucralose.  

Minor Cannabinoids 
There are 113 known pCBs (and counting) in the cannabis plant, but most are considered 
“minor pCBs” because 1) their concentrations are generally much lower than THC and CBD, 
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and 2) our understanding of their roles and impact is far less developed. Nevertheless, it 
should be emphasized that the function of minor pCBS is assumed to be no less crucial than 
that of the major pCBs. As research progresses to better characterize the minor 
cannabinoids below, many will likely prove to be “major” pCBs indeed.  

THCA 

Tetrahydrocannabinolic acid (THCA) is the 
chemical precursor of THC. THCA is found 
abundantly in fresh cannabis plants, 
particularly in unfertilized female flowers, and 
is decarboxylated into THC via aging 
(compounded by exposure to air and light), 
drying (once harvested), or heating (smoking, 
vaporizing, or cooking).7 While THC has 
certainly dominated the cannabis discussion for 
decades, THCA has significant clinical potential 
of its own. 

THCA displays anti-inflammatory effects via inhibition of tumor necrosis factor alpha 
(TNF-α) in a dose-dependent manner.8 It also has powerful antiemetic properties, 
possibly via action upon the CB1 receptor.9 It exhibits potent neuroprotective activity via 
modulation of PPARγ pathways and may prove useful in the treatment of various 
neurodegenerative and neuroinflammatory diseases.10  Additionally, THCA has 
demonstrated potential utility in seizure prevention11 and potential anti-tumorigenic 
properties in cancer and tumor growth.12 

THCA has the added distinction of being non-euphorigenic and non-intoxicating.  

CBDA 

Similar to THCA, cannabidiolic acid (CBDA) is 
found in greatest abundance in fresh, 
unfertilized female cannabis flowers. Upon 
decarboxylation, CBDA is converted to CBD. 
Like THCA, CBDA is non-euphorigenic and non-
intoxicating. It has greater potency than CBD in 
inhibiting nausea and vomiting and reducing 
anticipatory nausea (which is notoriously 
difficult to treat) via activation of the 5-HT1A 

Distribution is restricted. May not be  
reproduced, copied or replicated in any  
form without the express and written  
authorization of Pivital EDU. 8



receptor.9,13 CBDA also displays strong anxiolytic activity,14 and has exhibited anti-
tumorigenic properties.12 

THCV  

Tetrahydrocannabivarin (THCV) is typically found in 
cannabis in minor amounts. However, chemovars rich 
with THCV have been developed.15 THCV is a neutral 
antagonist at CB1 at low doses, and it is an agonist at 
both CB1 and CB2 at high doses. THCV is much less 
euphorigenic and intoxicating than THC, but has 
demonstrated potential use as an anticonvulsant, anti-
inflammatory, analgesic, antioxidant, neuroprotectant, 
anti-obesity, and anti-hyperglycemic agent. 

      

CBDV 

Cannabidivarin (CBDV) inhibits diacylglycerol lipase 
(DAGL), one of the synthesizing enzymes of the 
endocannabinoid 2-AG. CBDV demonstrates strong 
anti-seizure activity similar to phenobarbital, possibly 
via a CB1-independent mechanism of action.16,17 It is 
non-euphorigenic and non-intoxicating, and has 
demonstrated potential use in targeting various forms 
of inflammation, including cutaneous inflammation in 
the case of acne.18 

      

CBG 

Cannabigerol (CBG) is present in cannabis in very 
small amounts. However, it is important to note that its 
precursor, CBGA, is the same precursor to THCA and 
CBDA. CBG has a low affinity for CB1 and CB2 but is 
a gamma-aminobutyric acid (GABA) uptake inhibitor 
with more potent effects than THC or CBD. Notably, 
CBG confers some uptake inhibition at 5-HT1A 
receptors, an action that could counter the potential 
antiemetic effects of CBD. It is also a potent alpha-2 
adrenocorticotropic receptor agonist.  
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Research has also demonstrated potential antimicrobial activity and proliferation 
inhibition of keratinocytes and cancer cells. CBG is non-euphorigenic and non-
intoxicating,15 and has demonstrated potential use in depression, psoriasis, cancer, 
overactive bladder and pain. It is even thought to have greater analgesic potential than 
THC.4 

      

Δ8-THC 

Delta-8-Tetrahydrocannabinol (Δ8-THC) is an isomer 
of Δ9-THC and functions similarly to Δ9 as a partial 
CB1 and CB2 agonist. As such, Δ8 displays similar 
effects to Δ9, including potential side effects. 
However, compared to Δ9-THC, Δ8 is less potent at 
CBRs and is less psychoactive overall.19 Δ8-THC has 
demonstrated potential use in nausea, anorexia, 
anxiety, pain, inflammation, and neuroprotection.20-23 

CBC 

Cannabichromene (CBC) is found in minor 
concentrations in cannabis plants. The biosynthetic 
enzyme for CBC is produced by a recessive gene. 
CBC has a low affinity for CB1 but interacts with 
TRPV channels and demonstrates a strong affinity 
for TRPV1. CBC has demonstrated potential use in 
pain, muscle spasms, depression, inflammation, 
and cancer. It also has antimicrobial properties. 

CBN 

Cannabinol (CBN), while a cannabinoid, is 
considered a degradation product, or artifact, of 
THC. It is formed by non-enzymatic oxidation of THC. 
As THC concentrations in cannabis products decrease 
during storage (with aging), the concentrations of 
CBN increase. CBN has anticonvulsant, antimicrobial, 
and anti-inflammatory properties. Additionally, CBN 
has been associated with sedating effects. 
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Ongoing research continues to identify additional previously unknown 
phytocannabinoids. In 2019, scientists reported the isolation of two novel 
phytocannabinoids, CBDP (cannabidiphorol) and THCP (tetracannabiphorol). While 
THCP appears to have a much higher affinity for the cannabinoid receptors than THC, 
studies have yet to examine its potential for medical application.24  

  

Terpenes  
As reviewed in Module 2, terpenes (and terpenoids) are chemical compounds common to 
all botanicals that influence aroma and flavor. Over 400 of these compounds have been 
isolated from cannabis, and while no single one is unique to cannabis, chemovars of 
cannabis biosynthesize unique terpene and terpenoid profiles.15  Terpenes are derived from 
isoprene building blocks, also called hemiterpenes (hemi meaning “half”). Terpene 
terminology refers to the number of these basic units in the molecule. Monoterpenes have 2 
isoprene units, sesquiterpenes have 3 units, and diterpenes have 4 units, etc.  

Monoterpenes  

Monoterpenes are the predominant terpenes found in cannabis and comprise 47-92% of 
the essential oil extracted from fresh plant material.15 There are several different types of 
monoterpenes. The most common monoterpenes are described here. 

a. Beta-myrcene  

Beta-myrcene is the predominant monoterpene in all cannabis chemovars. It is 
also found in hops and lemongrass. It has demonstrated potential use in 
insomnia, muscle spasms, and pain.⁴ 

b. Limonene 

Limonene is a cyclic monoterpene common also to citrus rinds, and additionally 
found in rosemary and juniper. Limonene is the parent compound to the entire 
family of monoterpenes. It has demonstrated potential use in depression, 
fatigue, anxiety, cancer, seizure, reflux, gallstones, inflammation, and weight 
loss.25  

c. Terpinolene 
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Terpinolene is a cyclic monoterpene. In addition to cannabis it is found in 
parsnip essential oil as well as in sage and lilac. Terpinolene has demonstrated 
potential use in insomnia and spasms, and in reducing LDL oxidation affecting 
atherogenesis, and coronary artery disease. It has also demonstrated use in 
sedation and has anti-neuroblastoma, antifungal, and larvicidal properties.4 

d. Linalool 

Linalool is a noncyclic monoterpene. It is commonly extracted from lavender, 
rose, and basil, and also present in neroli oil. Linalool has demonstrated use in 
anxiety, insomnia, heat and chemical burns, and pain. It has potential 
therapeutic use as an anticonvulsant and antidepressant; it exhibits 
antileishmanial activity, and exhibits synergistic effects with opioids upon 
inhalation.4 

e. Alpha-pinene 

Alpha-pinene is a bicyclic monoterpene. Not unique to cannabis, it is one of 
the most widely encountered terpenes in nature, especially common to 
coniferous trees and found in rosemary. It is an acetylcholinesterase inhibitor 
(AchEI), implying potential therapeutic use in inflammation and bronchospasm, 
and memory fatigue. It also exhibits prominent antibacterial activity against 
MRSA.1 

f. Beta-pinene 

Beta-pinene is another bicyclic monoterpene. It is usually found in conjunction 
with alpha-pinene. Beta-pinene has equal antibiotic effects as alpha-pinene 
against S. aureus, (MRSA), C. neoformans, and C. albicans.4 

g. Cis-ocimene 

Cis-ocimene is another of the most common monoterpenes found in nature. 
Mint and parsley are familiar sources of cis-ocimene. It has demonstrated 
potential use as an anticonvulsant, antifungal, antitumor, and pesticide.4 

h. Alpha-humulene (alpha Caryophyllene) 

Alpha-humulene is a principal constituent in hops (along with beta-
caryophyllene and beta-myrcene). Alpha-humulene has demonstrated use in 
cancer as it inhibits cell growth by 50%-75% when combined with beta-
caryophyellene.4 

Sesquiterpenes 
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Sesquiterpenes comprise 7%-47% of the essential oil extracted from fresh cannabis 
material.15 There are two predominant sesquiterpenes in cannabis showing therapeutic 
potential.  

a. Beta-caryophyllene 

Beta-caryophyllene is a dominant sesquiterpene that sometimes predominates 
over the monoterpene beta-myrcene. Outside of cannabis it is the principal 
constituent in black pepper, cloves, and hops. It is also a selective CB2 
receptor agonist, which makes this terpene a cannabinoid as well. Beta-
caryophyllene has demonstrated potential use in inflammation, pain, malaria, 
and cancer. There is evidence for it having cardioprotective, hepatoprotective, 
gastroprotective, neuroprotective, nephroprotective, anti-oxidant, antimicrobial, 
and immunomodulatory activities.4 

b. Nerolidol 

Nerolidol is a noncyclic sesquiterpene alkene alcohol. It is also found in ginger, 
jasmine, neroli, melaleuca, lavender, and lemongrass. It is used in Sativex 
(generic name: nabiximols), a pharmaceutical, plant-derived mouth spray 
containing CBD and THC often used to relieve symptoms of multiple sclerosis. 
Nerolidol has demonstrated potential use as a sedative and has antimalarial 
and antileishmanial effects.4 

Triterpenoids 

Triterpenoids are located in the roots of cannabis plants. There is one significant 
triterpenoid in cannabis.  

a. Friedelin 

Friedelin is found in the roots of cannabis. Friedelin is the predominant 
triterpenoid found in cannabis and is also found in the Japanese oak tree 
(Quercus salicina), bee sting bush (Azima tetracantha) and rock pine 
(Orostachys japonica). Friedelin has exhibited powerful anti-inflammatory, 
antipyretic, anticarcinogenic, and gastroprotection properties.4  

Flavonoids 
Flavonoids are the compounds found in most plants that provide color to flowers, fruits, and 
vegetables, and are a subclass of polyphenols. There are more than 5000 flavonoids 
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characterized, but only three types are known to be significant to 
cannabis: flavones (a term used interchangeably with ‘flavonoid’), 
flavonols, and flavanones. 

The pharmacology of cannabis flavonoids suggests many potential 
uses as well as effects on CYP450 enzymatic activity, but the 
clinical relevance in the context of cannabis use remains 
unknown.15 Flavonoid profiles vary from chemovar to chemovar, 
with the most notable difference existing between agricultural 
hemp and cannabis. 

Flavones 

Flavones—also referred to as flavonoids—are common to drug-
type cannabis (not hemp). Flavones are potent inhibitors of COX 
enzymes and prostaglandin E2 (PGE2) production, adding to the anti-inflammatory 
effect of cannabinoids. There are several different types of flavones in cannabis, 
including cannflavin A, cannflavin B, cannflavin C, vitexin, apigenin, isovitexin, luteolin, 
and orientin. Cannflavins (alternatively known as “cannaflavins”) A and B are 
specifically unique to cannabis and are potent anti-inflammatory compounds via PGE2 
and 5-lipoxygenase inhibition.26 They are cited as being 30 times more potent than 
aspirin and dexamethasone.27 Studies of these compounds also have generally shown 
antioxidant, antiviral, antidiabetic, antitumorigenic, and anti-obesity activities.26 

Flavonols 

Flavonols are inhibitors of CYP450 isoenzymes CYP2C9 and CYP3A4. There are two 
flavonols important to cannabis: kaempferol and quercetin. Kaempferol studies have 
shown antioxidant, anti-inflammatory, antimicrobial, anticancer (breast, ovarian, 
leukemia, gastric, pancreatic, lung, bladder, prostate, and colorectal), cardioprotective, 
neuroprotective, antidiabetic, estrogenic/antiestrogenic, anxiolytic, analgesic, and 
antiallergic activities.28 Quercetin is classified as an antioxidant and has been reported 
as having estrogenic activities.29,30 

Flavanones 

Some flavanones have strong antioxidant properties. They have demonstrated potential 
use in cardiovascular disease and certain cancers, also displaying antiviral, 
antimicrobial, anti-inflammatory, antiulcer, antiplatelet, and antiallergenic effects.31 There 
are two types of flavanones particularly relevant to cannabis: butin and eriodictyol. 
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Whole Plant vs. Isolates 
Whole plant refers to cannabis 
preparations that remain unprocessed 
or minimally processed in their raw 
form, and may be referred to as 
“complete spectrum” products as they 
maintain the most complete array of the 
plant’s original chemical composition of 
cannabinoid acids, cannabinoids, 
terpenes, flavonoids, fatty acids, amino 
acids, proteins, sugars, aldehydes, 
esters, glycoproteins, and more. As is 
typically true of botanical medicines, the 
combined chemical effects of the 
cannabis plant’s constituents are greater 
than the sum of its parts. Terpenes and 
flavonoids enhance and modulate the 
effects of pCBs, a phenomenon called 
the “entourage effect.”1 Anecdotal 
accounts report significant benefits to 
user experience associated with the use 
of the entire cannabis plant, meaning 
not just CBD or THC—but THC, CBD, and 
all the other pCBs, terpenes, and other 
naturally-occurring plant constituents. Whole plant use also eliminates the biphasic effect 
observed in treatment with isolates. The biphasic effect describes the distinct responses to 
different doses of drug (i.e., the positive and ineffective or negative effects) and is described 
in more detail below. In comparison to isolates, whole plant treatment greatly expands the 
therapeutic window. 

“Full spectrum” and “broad spectrum” are additional terms commonly used to describe 
cannabis extract products. Full spectrum preparations are the result of an extraction process 
that preserves the source plant’s phytochemical profile as fully as possible, resulting in a 
final product that closely resembles the whole plant’s original chemoprofile. Compared to 
whole plant preparations, though, full spectrum products tend to retain less phytochemical 
diversity, as more of the acidic pCBs will have converted into their neutral forms, and more 
of the fragile monoterpenes will have been lost during processing. “Broad spectrum” means 
a specific phytochemical or cohort of phytochemicals—typically THC—were intentionally 
removed during the extraction process and not replaced. Broad spectrum products thus 
maintain abundant, if incomplete, phytochemical diversity and still confer some entourage 
effect.  
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Synthetic Drugs  
Currently, there are two well-known 
pharmaceutical synthetic cannabinoid 
drugs approved for prescription sale in 
the United States: Marinol (generic name: 
dronabinol) and Cesamet (generic name: 
nabilone). They are synthetic isolates that 
generally are not well tolerated. Isolated 
chemicals have increased side effects 
when not buffered by supporting 
compounds. Synthetic isolates are most 
likely to present with biphasic effects, 
where the cannabinoid provides benefit 
when used in low doses and has the 
opposite (or worsening) effect at high 
doses. Colloquially, dose-limited benefit and risk of toxicity are characterized quantitatively 
as the “therapeutic window” or “therapeutic index” of a drug. Synthetic isolates typically 
have smaller windows or lower indices than naturally-occurring cannabinoids.  

Despite their limitations, synthetic cannabinoids (sCBs) hold a significant place in 
cannabinoid history, as Marinol (generic name: dronabinol) was used in the discovery of 
CB1 receptors, which was preemptive to the discovery of the ECS. Much of our standard, 
starting doses of whole plant cannabis medicine are based on the clinical studies using 
Marinol (generic name: dronabinol) and Cesamet (generic name: nabilone) dosing 
guidelines. 

a. Marinol  

Marinol (generic name: dronabinol) is a 
manufactured THC analogue (i.e., pure 
synthetic THC). It is a Schedule III drug 
and listed as Pregnancy Category C. It 
was approved by the FDA in 1985 for 
appetite stimulation in AIDS and 
chemotherapy-related nausea and 
vomiting. It has been further prescribed, 
off-label, for multiple sclerosis-related 

Distribution is restricted. May not be  
reproduced, copied or replicated in any  
form without the express and written  
authorization of Pivital EDU. 16

Biphasic Curve



muscle spasms and neuropathic pain.3 Marinol is prescribed in 2.5mg, 5mg, 
or 10mg doses in soft gel capsules. Marinol may lower seizure threshold by 
acting as a CYP450 inducer.32 

b. Cesamet 

Cesamet (generic name: nabilone) is a semi-
synthetic THC derivative. It is currently a 
Schedule II drug and listed as Pregnancy 
Category C. Cesamet was approved by 
the FDA in 1985 for refractory, 
chemotherapy-related nausea and 
vomiting but only as last resort due to the 
high rate of adverse effects it causes for 
patients taking it. Cesamet can be 
prescribed in 1 mg capsules. Cesamet may 
lower seizure threshold acting as a CYP450 inducer. 

Both Marinol (generic name: dronabinol) and Cesamet (generic name: nabilone) can 
present significant adverse side effects. With higher potency than natural THC, both can 
cause increased sympathomimetic effects like tachycardia, conjunctival injection, dry mouth, 
and orthostatic hypotension. 

Many other synthetic cannabinoids have been developed by researchers, primarily to study 
the ECS. Many of these cannabinoid molecules have much greater affinity for the CBRs than 
eCBs or pCBs. Unfortunately, illicit producers have hijacked these synthetic molecules for the 
production of intoxicating products like K2, Spice, or “bath salts”. As a result of uncontrolled 
dosage of these highly potent synthetic cannabinoids, serious medical injuries and death 
have occurred from their use.  

The CBD:THC Ratio 
The relative concentration of CBD to the concentration of THC in any chemovar or cannabis 
product is referred to as the CBD to THC ratio. Written as either CBD:THC or CBD/THC 
(with CBD always written first), this ratio describes the number of parts CBD to the number 
of parts THC present in a chemovar or product. The variations of this ratio confer unique 
therapeutic profiles, and this is a fundamental principle in applied cannabis medicine. 
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The 1:1 CBD:THC ratio is the most studied ratio in 
cannabis research. For instance, GW 
Pharmaceuticals’ Sativex (generic name: 
nabiximols) is a 1:1 CBD:THC extract of a 
patented cannabis chemovar approved for 
prescription use in the UK and other European 
nations. This formulation is approved for the 
treatment of pain and spasticity in multiple 
sclerosis. In the United States, the formulation is 
still undergoing due diligence in preparation for 
FDA review, with the first Phase III clinical trial 
studying nabiximols for multiple sclerosis (MS)-
associated spasticity having begun in late 2020. 
Government approvals notwithstanding, the 1:1 
ratio may pose a challenge to the inexperienced 
cannabis user or to patients who want to avoid 
the euphorigenic and intoxicating effects of THC. 
Unwanted effects begin to diminish around a 
ratio of 4:1 CBD:THC, lessening further with 
increasing CBD proportions.  

The saying “THC and CBD are better together” is 
common amongst cannabis researchers and 
clinicians. There are many reasons why this is 
true. For one, as just described, CBD dampens 
the euphorigenic and intoxicating effects of THC. 
Additionally, CBD and THC work through 
different pathways to exert similar effects on 
pain, nausea, inflammation and other symptoms, 
contributing to the synergism or entourage effect 
not seen with isolates. Anecdotally, this 
synergism allows a lower dose of each 
component to reach a therapeutic effect. This 
concept is particularly relevant when working 
with patients to determine the “minimal effective 
dose” of cannabis appropriate for their 
individual needs. The minimal effective dose is 
the lowest dose (mg) of any cannabinoid that a 
person might find effective while still tolerable 
before experiencing any unwanted side effects.  

Given that CBD and THC have similar therapeutic effects, some patients might prefer CBD 
for its lesser side effect profile. While that may be valid from a personal preference 
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standpoint, studies suggest that certain conditions might benefit from specific CBD:THC 
ratios. When preferred ratios are THC dominant, the entourage effect may prove helpful in 
moderating potential THC side effects. 

Cannabis Products  
The following reviews several administration methods discussed in Module 3. Please refer to 
Module 3 to examine the pharmacokinetics of each product type discussed.  

a. Raw plant 

Raw plant is the unprocessed, freshly 
harvested plant whose leaves and buds 
remain intact. The raw cannabis plant has not 
been aged, dried, or heated and therefore 
contains all present pCBs, terpenes, 
flavonoids, and other chemical components in 
their full and natural condition. The leaves 
and flowers (also called buds) are the parts 
of the cannabis plant most often used in 
patient treatment. These parts of the plant can 
be dried and used for smoking or vaping, or further processed into other forms 
of pulmonaries, ingestibles, transmucosals, topicals, transdermals, and 
suppositories.  

An increasingly popular way to use the raw cannabis plant is by juicing or 
incorporating it into a smoothie. When kept raw, pCBs exist predominantly in 
their acidic rather than their neutral form. As such, consuming juiced raw 
cannabis, full of THCA, can avoid the “high” caused from neutral THC. The 
plant can be consumed in higher quantities without causing alterations in 
cognition.  

b. Concentrates 

Cannabis concentrates are made through the mechanical processing of 
cannabis to remove inert and excess plant material, resulting in a yield of 
highly concentrated pCBs, terpenes (depending on the process), and other 
elements from the plant. Historically, consumers knew concentrated cannabis 
as hashish. Very simply, hashish is a cannabis concentrate made from 
mechanically or manually collecting the trichomes (colloquially known as 
“resin” or "kief") off the cannabis plant, resulting in a product higher in pCB 
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concentration than is found in unprocessed 
cannabis flower. Today, concentrates can be 
categorized by many names denoting a variety of 
forms: shatter, distillate, crumble, badder, budder, 
crystalline, honeycomb, rosin, hash, CO2, wax, 
tincture, oil, and more. These names are meant to 
refer to either the concentrate’s texture, extraction 
method, or both. 

When concentrates are made using various 
solvents (like water, ethanol, isopropyl alcohol, propane, butane (BHO), 
naphtha (RSO), or supercritical CO2, they are classified as extracts. After 
extraction, the concentrated yield can be further processed into oils or more 
solid products like shatter, crumble, or wax. These products can be used by 
vaping or dabbing and may be diluted with oils for use in vape pens. They also 
can be used to make edibles and other cannabis-infused products. Additionally, 
concentrates can be placed in capsules, topical formulations, or suppositories. 

c. Oils 

Cannabis oil, a form of concentrate made 
by extraction, can be administered as a 
pulmonary (vaped or dabbed), ingestible, 
transmucosal, topical, transdermal, or 
suppository. Perhaps the most well-known 
type of oil is Rick Simpson oil (RSO), a 
cannabis oil developed by a Canadian 
medical cannabis activist that contains 
higher levels of THC than most other 
cannabis oils.33  

d. Tinctures 

Tinctures are liquid formulations, characterized by the dilution of cannabis 
extract in coconut or MCT oil, glycerin, or alcohol most commonly. Tinctures 
can be administered as an ingestible and transmucosal (predominantly as a 
sublingual), and are sometimes administered through topical, transdermal, or 
suppository preparations.  

e. Edibles 

Concentrate-infused foods are known as “edibles.” Edibles come in a variety of 
forms including capsules, candies, gum, lozenges, infused drinks (coffees, teas, 
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sodas, etc.), infused cooking oils (such as butter or olive oil), baked goods, 
and more.  

f. Suppositories 

Cannabis extract can be encapsulated or processed into solid preparations 
that can be administered as rectal or vaginal 
suppositories.  

g. Topicals and transdermals 

Cannabis extract can be formulated into topicals, 
such as lotions, creams, salves, and oils, and into 
transdermals, such as patches. 

Laboratory Testing and Product Labeling  
Laboratory testing and detailed product labeling are prerequisite to making an educated, 
responsible, and safe cannabis product purchase. 

Without laboratory testing and labeling, the safety and content of a product cannot be 
determined by a patient or interpreted by a medical provider, and simply relying on the 
word of the grower, manufacturer, or seller is extremely risky.  

Unfortunately, there are no consistent standards when it comes to laboratory testing and 
labeling of cannabis products. Currently, each state that has legalized the cultivation, 
purchase, and use of medical cannabis has been responsible for creating its own standards. 
The resulting variation in laboratory testing processes and procedures can make it a 
challenge to advise patients effectively on purchasing. However, as the legalization of 
medical cannabis expands, and cannabis medicine continues to become a part of everyday 

culture, standardization of testing and labeling 
(along with a variety of other related standards) 
will surely develop.  

Laboratory testing serves a twofold purpose: 1) 
to ensure the safety of a product for patient use, 
and 2) to detail the content of a medicine so it 
can be used appropriately. Safety testing detects 
the presence of harmful bacteria, fungi, mold, 
heavy metals, pesticides, residual solvents, and 
other potentially hazardous content. Meanwhile, 
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content testing should yield a significant amount of the information provided on a cannabis 
product label.  

For starters, cannabis product labels should always detail the amount of CBD and/or THC 
contained in the product. If both CBD and THC are contained in the product, the ratio of 
CBD to THC should be provided. Such content should appear in measurable units on the 
label, whether in grams, milligrams, or other measurements, and serving size and number of 
servings per product should be declared. 

Lab testing should cover: 

• Cannabinoid profile 
• Cannabinoid concentration (i.e., 

potency) 
• Metals 
• Microbials (bacteria, fungus, virus) 
• Mold 
• Moisture content 
• Mycotoxins 
• Pesticides 
• Residual solvents 
• Terpene profile 

Appropriate and informative labeling might 
cover the following: 

• Cannabinoid profile 
• Cannabinoid concentration (as percentage of THC, CBD, etc. in product) 
• CBD:THC ratio 
• Chemotype & strain name (because consumers still use strain names for reference) 
• Terpenoid profile 
• Date of harvest/cultivation 
• Date of laboratory testing and lab name and test number 
• Date of manufacture 
• Disclosure revealing extraction process and solvents used in that process 
• Ingredients and allergens (if the product is in any form other than plant) 
• Manufacturer name 
• Manufacturer contact information (if the product is in any other form than plant) 
• Net weight in milligrams or grams & concentration per mL 
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Glossary 

Biphasic effect Describes the phenomenon of opposite responses to different 
doses of a drug (e.g., positive effects at low or moderate doses 
and ineffective or negative effects at higher doses); most 
commonly exhibited by isolate preparations (in contrast to 
whole plant, full spectrum, or broad spectrum preparations). 

Broad spectrum A cannabis preparation characterized by an incomplete 
phytochemical profile where specific cannabinoids—typically 
THC—have been intentionally removed during the extraction 
process.  

Cesamet (generic 
name: nabilone)

A semi-synthetic THC derivative; FDA-approved in 1985 for 
refractory, chemotherapy-related nausea and vomiting. 

Decarboxylate Undergo the elimination of a carboxylic acid group; with 
respect to phytocannabinoids, acidic pCBs decarboxylate to 
neutral pCBs via drying, heating, or aging (e.g., THCA 
decarboxylates into THC). 

Endocannabinology The study of the function, dysfunction, and modulation of the 
complex and intricate endocannabinoid system.  

Entourage effect The synergy displayed by botanical specimens or preparations 
in which the various compounds present enhance and/or 
mitigate the effects of each component. 
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Flavonoids Compounds found in most plants that provide color to flowers, 
fruits, and vegetables; noted for their antioxidant, anti-
inflammatory, and anti-nociceptive properties. In cannabis, 
flavonoids are separated into three categories: flavones, 
flavonols, and flavonones. 

Full spectrum A cannabis preparation characterized by a phytochemical 
profile that has been preserved as completely as possible 
through the extraction process.  

Isolate An isolated component extracted from cannabis (e.g., THC 
isolate, CBD isolate, etc.)  

Marinol (generic 
name: dronabinol)

A synthetic THC analogue; FDA-approved for appetite 
stimulation in chemotherapy-related nausea and vomiting 
(1985) and in AIDs-induced wasting (1992). 

Minimal effective 
dose

The lowest dose of any cannabinoid that a person might find 
effective while still tolerable before experiencing any unwanted 
side effects. 

Monoterpenes The predominant class of terpenes found in cannabis; make up 
much of the essential oil extracted from fresh plant material but 
are also the most volatile of the terpene classes and the first to 
be lost due to heating or aging.   

Sesquiterpenes A class of terpenes that are generally less abundant in 
cannabis but are more stable and evaporate at slightly higher 
temperatures compared to monoterpenes.  
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THC free A cannabis preparation characterized by an incomplete 
chemical profile where THC has been intentionally removed 
during the extraction process. 

Whole plant A cannabis product or preparation that has been minimally 
processed from its raw, natural form; examples of whole plant 
preparations may include juices or teas made with fresh, raw 
cannabis flowers, leaves, and/or roots.  
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