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Course Outline

1. Chemical constituents of Cannabis sativa L. focus on three major 

constituents; Cannabinoids, Terpenoids, and Flavonoids

2. The function of the endocannabinoids system and cannabinoid receptors; 

CB1, CB2, signaling and function in the CNS, mechanism of action of 

cannabinoids 

3. Drug-Drug Interaction; opioids, selective H1 blocker SSRIs, Sympathomimetic 

drugs (amphetamine, cocaine), CNS inhibitors (sedatives, anxiolytics, TCAs), 

warfarin, etc.
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Medicinal Cannabis Prescription
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https://www.rnz.co.nz/news/national/407506/medicinal-cannabis-prescriptions-limited-by-cost-barriers-lack-of-evidence-survey



Definition of Medical Marijuana

 “Marijuana” is dried material from the Cannabis sativa plant, from leaves, 

stems and flower buds, and consists Tetrahydrocannabinol (THC), Cannabidiol

(CBD) and other cannabinoids. 

 “Medical marijuana” as defined by state laws is available in herbal form 

utilizing dried parts of the cannabis plant (only in some states), and 

essentially the same form that is sold illicitly.

 THC is the active ingredient sought after for its psychoactive effects.
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Definition of Medical Marijuana

 Marijuana is highly lipophilic which leads to its storage in adipose tissue, 

liver, muscle and spleen and redistributed into the users blood stream long 

after ingestion. 

 Because of the persistence in the body, marijuana can cause highly potent 

mental, physical and toxic effects in the users that are hard to control or 

predict.

 In addition, Marijuana causes dependence, tolerance and addiction. 

 The attempt to discontinue its use causes withdrawal symptoms consisting of: 

anxiety, depression, decreased appetite, headaches, insomnia, irritability, 

muscle tension, nausea, nightmares and unpleasant vivid dreams.
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Botanical of Cannabis sativa L.

Jin D. et al. Scientific Reports 2020: 10, 3309.



Botanical of Cannabis sativa L.
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Phytochemistry of Cannabis sativa L.

Jin D. et al. Scientific Reports 2020: 10, 3309.



Phytochemistry of Cannabis sativa L.
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Andre, CM et al. Front in Plant Sci, 2016: 7:19.



Chemical constituents of Cannabis 
sativa L.
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Chemical constituents of Cannabis 

sativa L.

 Marijuana, as used in the general population for smoked 

consumption, is an extract of the plant Cannabis sativa L.

 It consists of more than 421 components and more than 60 

pharmacologically active cannabinoids.

 The two most well described cannabinoids in marijuana are 

delta9-tetrahydrocannabinol (THC) and cannabidiol (CBD). 

12

Oberbarnscheidt et al. J Addict Res Ther. 2017, S11: 012.



Chemical constituents of Cannabis 

sativa L.

 THC and CBD are just two compounds from a family of 

around 113 bi- and tri-cyclic compounds cannabinoid

compounds found naturally in cannabis. 

 Both CBD and THC share the exact same molecular formula, 

C21H30O2, containing twenty-one atoms of carbon, thirty of 

hydrogen and two of oxygen. 

 Their molecular mass is practically identical with THC and CBD 

having masses of 314.469 g/mol 314.464 g/mol, respectively.
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Chemical constituents of Cannabis 

sativa L.

 THC has a tri-cyclic 21-carbon structure without nitrogen and 

with 2 chiral centers in transfiguration. 

 THC is volatile viscous oil with high lipid solubility and low 

water solubility and a pKa of 10.6. 

 The primary active metabolite of THC is 11-hydroxy-delta-

tetrahydrocannabinol (11-OH-THC) and the primary inactive 

metabolite is 11-nor-9- carboxy-delta-9-tetrahydrocannabinol 

(THC-COOH).
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Pharmacokinetics of Cannabis

 Inhalation/Smoking marijuana has the highest addictive potential due to 

rapid and efficient drug delivery from the lungs to the brain.

 A major fraction of THC is destroyed by pyrolysis, which causes the variance 

in systemic bioavailability between heavy and occasional users. 

 More than 2000 compounds mostly unknown in their exact clinical structure 

and physical and mental effects are produced by pyrolysis during smoking of 

marijuana. 

 These chemicals include different classes of chemicals including nitrogenous 

compounds, amino acids, hydrocarbons, sugar, terpenes and simple fatty 

acids.
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Pharmacokinetics of Cannabis

 Compared to inhalation, the onset of effects is delayed in oral use, peak 

concentrations are lower but the duration of pharmacokinetic effects are 

extended with a delayed return to baseline. 

 First pass metabolism means that only a fraction of the marijuana ingested 

actually becomes available in the blood stream.

 The suppository form of natural marijuana as well as synthetic THC is 

available as an ovular capsule that can be inserted vaginally or rectally. 

 The capsules are typically about an inch long and are made from a mixture of 

coconut oil infused with marijuana or FECO (Full Extract Cannabis Oil)-infused 

cocoa butter. 

 Once inserted, the capsule dissolves and is absorbed into the bloodstream 

through the thin lining of the intestinal wall .
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Pharmacokinetics of Cannabis

 In transcutaneous absorption, the transport across the skin layers is limited 

by the hydrophobic qualities of cannabis, making it the rate limiting step. 

 A transcutaneous carrier selected from the group consisting of water, short 

carbon chain alcohols, dimethysulfoxide, polyethylene glycol, polypropylene 

glycol, glycerin, mineral oil and mixtures thereof.

 The delivery to the brain when administered transcutaneously is much slower 

compared to smoking. 

 Steady state plasma concentrations were found to be maintained for at least 

48 h.
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Metabolism of Cannabis

 THC is metabolized in the liver by microsomal hydroxylation and oxidation via 

CP450 enzymes. 

 The hydroxylation of THC through CP450 enzymes leads to the production of 

the equipotent active metabolite 11-OH-THC. 

 Cytochromes involved in the oxidation of THC are CYP 450 2C9, 2C19 and 

3A4. 

 More than 100 THC metabolites including di- and trihydroxy compounds, 

ketones, aldehydes, and carboxylic acids, have been identified. 

 The oxidation of the psychoactive 11-OH-THC produces the inactive 

metabolite THC-COOH, which is with its conjugates the major end product of 

biotransformation. 

 Extra-hepatic sites in the brain, intestine and lung might contribute to the 

metabolism of cannabis.
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Metabolism of Cannabis

 Marijuana has been shown to affect the pharmacokinetics of other drugs in 

several ways through inhibition of the CP450 enzyme. 

 It mediates the absorption of other drugs and may also slow down the 

absorption of others and to enhance or delay the penetration of drugs into 

the brain. 

 Marijuana interacts through CP 450 with medications levels for example 

warfarin and theophylline and is linked to toxic levels or supra-therapeutic 

INR values. 

 Also antidepressants for example SSRIs inhibit the hepatic CP450 enzymes. 

 Prozac and Paxil extend the availability of marijuana in the serum due to 

competition with the enzyme.
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Distribution of Cannabis

 Central to Marijuana’s toxicity is that it is a highly lipophilic substance that is 

taken up by tissues that are highly perfused in the blood circulation, such as 

heart, lung, brain, muscle and liver as well as adipose tissues. 

 With prolonged marijuana exposure, fatty acid conjugates of THC and 11-OH-

THC are formed, increasing the stability of these compounds and allowing 

even its extended storage in the tissues. 

 Studies with radioactive tracers for THC have shown a large volume 

distribution of the active form of THC and its slow elimination from body 

stores long after use for continued pharmacological effects. 

 The half-life of infrequent users is 1.3 days and for frequent user it is 5 to 13 

days.
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Distribution of Cannabis

 Therefore the pharmacological effects of marijuana and also its toxic effects 

can persist for a prolonged period of time after the last ingestion or exposure, 

which makes it highly unpredictable. 

 Also the effects of marijuana increase in potency in frequent and long term 

users since cannabis release from storage in the tissues to be added to the 

newly ingested amount of marijuana.

 The pharmacokinetics of marijuana is distinct from other addictive 

substances, for example alcohol and opioids, which have a much shorter half-

life and do not have the quality to be stored and recirculate into the blood 

system. 

 Marijuana’s toxic effects persist and are much more unpredictable.
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Excretion of Cannabis
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Overall Clearance 

rate

Route of 

excretion

Conjugation Primary 

metabolites

Woman 11.8+-3 L/h Feces 65% Hepatic: water-soluble 

metabolite after 

conjugation with 

glucuronic acid

Feces: 11-OH-THC

Men 14.9 +-3.7 L/h Urine 20% Renal: Tubular 

reabsorption and low 

renal excretion of the 

unchanged drug

Urine: THC-COOH



Pharmacodynamics of Cannabis

 In the 1990s, the mechanism of action for many of the cannabinoids was 

determined with the discovery of the cannabinoid CB1 and CB2 receptors. 

 The CB1 receptors are found in high densities in the neuron terminals of the 

basal ganglia (affecting motor activity), cerebellum (motor coordination), 

hippocampus (short-term memory), neocortex (thinking), and hypothalamus 

and limbic cortex (appetite and sedation).

 To a lesser extent, the CB1 receptors are found in periaqueductal gray dorsal 

horn (pain) and immune cells. 
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Pharmacodynamics of Cannabis

 CB2 receptors are primarily found on immune cells and tissues and, when 

activated, can affect inflammatory and immunosuppressive activity.

 For example, CB2 receptors on leukocytes may modulate cell migration, 

although these effects are difficult to elicit from standard dosing. 

 CB2 receptors are also found in the brain.
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Pharmacodynamics of Cannabis

 The full agonist is the compound HU-210, which is a synthetic cannabinoid.

 The partial agonists are D9-tetrahydrocannabinol (THC), which is a 

cannabinoid found in cannabis, and anandamide, which is an endocannabinoid

found in humans.

 The antagonist is rimonabant, a synthetic cannabinoid studied for weight 

control.

 The inverse agonist is cannabidiol (CBD), which has no direct CB1 activity but 

is postulated to be an example of an inverse agonist.
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Route of Administration of Cannabis
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Formulation Absorption Peak 

concentration

Factors 

impacting 

absorption

Bioavailability

Inhalation/

Smoking

Quick Fast, 

rapid drug 

delivery to the 

brain

22 min Depth of 

inhalation, 

frequency of 

puffs, breath 

hold

Varies 

2-56 percent;

Heavy users

23-27 percent; 

Occasional users

10-14 percent

Oral mucosal/

sublingual
Fast 30 min High first past 

metabolism

Similar to oral 

route

Rectal Fast 15 min Low first past 

metabolism

Twice of oral 

route



Route of Administration of Cannabis
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Formulation Absorption Peak 

concentration

Factors 

impacting 

absorption

Bioavailability

Oral Slow 1-2 h, can be 

delayed to up to 

8 h

Degradation of 

the drug in the 

stomach and 

First-pass

Ranges from 10-

20 percent

Transcutaneous Slow 2 h Steady state 

plasma 

concentrations 

were found to 

be maintained 

for at least 48 h

Transport across 

the skin layers 

No first-pass 

metabolism

10 percent



Mechanism of Action
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Mechanism of Action

 Marijuana’s main sites of action are in the brain and the spinal cord. It binds 

to two types of G-protein-coupled receptors, CB1 and CB2. 

 CB1 receptors are predominantly expressed in the brain and located in the 

basal ganglia, cerebellum, hippocampus, association cortices, spinal cord and 

peripheral nerves. 

 Through antagonistic effects on the CB1 receptor, marijuana induces its 

mental and behavioral effects. 

 By acting on CB1 receptor, marijuana alters the user’s perceptions and mood 

and disturbs memory function and learning and leads to impaired judgment. 
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Mechanism of Action

 Additional central effects of marijuana are a disruption of psychomotor 

behavior, psychosis and loss of time perception as well as impairment in 

movement coordination. 

 Because of these perceptual aberrations, marijuana was originally classified 

as an hallucinogen.

 The CB2 receptors are mainly found in the peripheral tissues on cells in the 

immune system, the hematopoietic systems and in the spleen. 

 These receptors may play a role in the immune-suppressive activity of 

cannabis.
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Mechanism of Action

 Both cannabinoid receptors, CB1 and CB2, are G-protein coupled and become 

activated through inhibition of the adenylate-cyclase. 

 The activation of these receptors cause an inhibition of the release of the 

neurotransmitters acetylcholine and glutamate while indirectly affecting y-

aminobutyric acid, N-methyl-D-aspartate, opioid and serotonin receptors. 

 The cannabinoid receptors are predominantly located presynaptic rather than 

postsynaptic which means that cannabinoids modulate the neurotransmitter 

releases.
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Mechanism of Action

 Recent studies have shown that marijuana decreases the sensitivity to 

dopamine in the reward center in the brain, mainly the region in the 

mesolimbic dopamine system. 

 Dopamine neurons are located in the midbrain and dopamine is the 

neurotransmitter responsible for the brain’s pleasure and reward center. 

 The limbic system consists of the amygdala, the nucleus accumbens, the 

prefrontal cortex and the hippocampus. 

 In addition to the pleasure and reward, the mesolimbic dopamine system is 

associated with the functions of movement, preservation, and compulsion.
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Endocannabinoids
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Battista N. et al Front. Behav. Neurosci., 14 March 2012



Endocannabinoid system 

Battista N. et al Front. Behav. Neurosci., 14 March 2012



Endocannabinoid-Mediated Signaling

Zou, S., & Kumar, U. (2018). International journal of molecular sciences, 19(3), 833. 



Distribution of Cannabinoid Receptors

Zou, S., & Kumar, U. (2018). International journal of molecular sciences, 19(3), 833. 



Cannabinoid/CB receptor interactions
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Borgelt et al. PHARMACOTHERAPY 2013 ;33(2): 195-209.



Normal neurotransmission in network

Pertwee RG, Br J Pharm, 2008 153 (2):199-215.



Regulatory effects of cannabinoids

Pertwee RG, Br J Pharm, 2008 153 (2):199-215.



Route of Administration of Cannabis

Faculty of Health, Suan Sunantha University, September 2020 40

Mouhamed et al.Drug, Healthcare and Patient Safety. 2018, 45-66.
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Pharmaceutical Drugs Based on 

Cannabis
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Pharmaceutical Drugs Based on 

Cannabis – Approved Drug

 1. Nabiximol / Sativex® 

Manufacturer: GW Pharmaceuticals (GWPH on NASDAQ)

 Cannabis-Related Properties

Mouth spray whose chemical compound is derived from natural extracts of the 

cannabis plant. 

 Each 100 µL spray contains: 2.7 mg 9-THC and 2.5 mg CBD

 Dosage: Titration dose to the optimum dose (max 12 sprays daily)

 Suggested Medical Use

Treatment of neuropathic pain and spasticity in patients with Multiple 

Sclerosis (MS); Analgesic treatment in adult patients with advanced cancer 

who experience moderate to severe pain.
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Pharmaceutical Drugs Based on 

Cannabis - Approved Drug

 2. Dronabinol / Marinol® 

Manufacturer: Unimed Pharmaceuticals, a subsidiary of Solvay 

Pharmaceuticals

 Cannabis-Related Properties

Synthetic Delta-9 THC.

 Contains: 2.5, 5, 10 mg per capsule

 Dosage: 2.5 mg twice daily, 1 hr before lunch and dinner (max 10 mg twice 

daily)

 Suggested Medical Use

Treatment of nausea and vomiting for patients in cancer treatment; appetite 

stimulant for AIDS patients; analgesic to ease neuropathic pain in multiple 

sclerosis patients.
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Pharmaceutical Drugs Based on 

Cannabis - Approved Drug

 3. Nabilone / Cesamet®

Manufacturer: Valeant Pharmaceuticals International(VRX on NASDAQ)

 Cannabis-Related Properties

Synthetic cannabinoid similar to THC.

 Contains: 1 mg (2.7 µmol) per capsule

 Dosage: 1 or 2 mg twice daily (max 6 mg in divided doses 3 times daily)

 Suggested Medical Use

Treatment of nausea and vomiting in patients undergoing cancer treatment.
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Pharmaceutical Drugs Based on 

Cannabis - Approved Drug

 4. Cannabidiol/ Epidiolex®

Manufacturer: GW Pharmaceuticals 

 Cannabis-Related Properties

Cannabidiol is a cannabinoid that naturally occurs in the Cannabis sativa L. 

plant.

 Cannabidiol oral solution: 100 mg/mL for oral administration

 Dosage: The starting dosage is 2.5 mg/kg twice daily. The maintenance 

dosage of 5 mg/kg twice daily. The maximum do dosage of 10 mg/kg twice 

daily. 

 Suggested Medical Use

Treatment of seizures associated with Lennox-Gastaut syndrome (LGS) or 

Dravet syndrome (DS) in patients 2 years of age and older. 
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Cannabis Product: Cannabis Oil - Unapproved Drug
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https://www.medical-marijuana.news/blog/phoenix-tears-the-rick-simpson-story-review/
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Δ⁹-THC and CBD Drug-Drug Interactions

Kocis PT, Vrana KE (2020). Med Cannabis Cannabinoids.3:61–73 



Δ⁹-THC and CBD 

Drug-Drug Interactions

Kocis PT, Vrana KE (2020). Med Cannabis Cannabinoids.3:61–73 



Kocis PT, Vrana KE (2020). Med Cannabis Cannabinoids.3:61–73 



Chemical composition of seized 

cannabis in Thailand

 Cannabis indica obtained from the Office of the Narcotics Control Board 

(ONCB) of Thailand was examined for medical purposes. The ONCB cannabis 

was seized and distributed to our research group for investigation of chemical 

compositions and purification of major cannabinoids. Its essential oil was 

analysed and aromadendrene was identified as the major terpene. Small 

amounts of cannabinoids were also observed. The components of the seized 

cannabis were extracted using ethanolic extraction and supercritical CO2 

extraction. All crude extracts were analysed using high-performance liquid 

chromatography coupled with a cannabinoid analyser. All extracts contained 

cannabidiol (CBD), cannabinol (CBN), and 9 -tetrahydrocannabinol (9 -THC) 

as the major constituents. A preliminary study showed notable anticancer 

activities of CBD, CBN and 9 -THC against cervix carcinoma cell and 

epithelial human breast cancer cell. 

Lamdabsri V. et al. Maejo Int. J. Sci. Technol. 2021, 15(01), 37-47



Chemical composition of seized 

cannabis in Thailand
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Chemical composition of seized 

cannabis in Thailand
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Three cannabinoids separated from 

confiscated cannabis in Thailand

 Introduction: The female flower of Cannabis sativa L. (Cannabinaceae) 

contains many cannabinoids that possesses the psychological effects. 

Therefore, the scientific studies were still in dispute betweenusefulness and 

uselessness.

 Method: The present study was designed to isolate the major cannabinoids

compounds from confiscated cannabis and examine the neuroprotective

activities using two models; serum deprivation method and co-administration

of hydrogen peroxide assay. 

 Results: Three cannabinoids (CBD, CBN and THC) were isolated from the

confiscated cannabis. CBD and CBN significantly protected the cultured

neurons from the death caused by deprived serum under H2O2 induced

oxidative  stress. Significant difference was observed between the

percentage of neuron viability when treated with 10 ng/ml (31.8 nM) CBD

or 100 ng/ml (322nM) CBN under oxidative stress conditions.

 Conclusion: CBD was effective as a neuroprotective substance against

neurodegenerative disorders such as Parkinson’s and Alzheimer’s diseases. 
Kamkaen N et al Thammasat Medical Journal. 2020, 20 (4) , 286-296.



Three cannabinoids separated from 

confiscated cannabis in Thailand
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Three cannabinoids separated from 
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