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Cannabis and Endocannabinoid Research

Cannabis is one of the most investigated
therapeutically active substances in history, far 
exceeding nearly all pharmaceutical agents.

• Google Scholar search results for “cannabinoid”

– 1980-1993: 3930 citations

– Since 1993: 66,000 citations

• Google Scholar search results for “endocannabinoids”

– 1980-1993: 287 citations

Since 1994: 31,800 citations



Endocannabinoid System

• The endocannabinoid system (ECS) is an 
endogenous signaling system found 
throughout the animal kingdom that 
influences multiple metabolic pathways in 
providing homeostatsis.

• Components:
– transmembrane endocannabinoid receptors, (CB1, 

CB2, TRPV-1), and other targets

– endogenous ligands, endocannabinoids,

– proteins involved in synthesis, transport, and 
metabolism of the receptors and ligands.



Endocannabinoid System Roles

Eat

Sleep

Relax: physical and mental

Forget: memory extinction, relief for 
dwelling on situations, pain, etc.  

Protect: cytoprotection, neuroprotection,

immunomodulation, metabolic 
regulation, neural plasticity, emotional 
memory, embryological development, 
cancer control, etc. DiMarzo



Pharmacologic effects of cannabinoids
Analgesic

Antispasmotic

Anti-anorectic

Antiemetic

Neuroprotectant

Anti-cancer

Antiproliferative

Anti-metastatic

Anti-angiogenesis

Antioxidant

Antibacterial (MRSA)

Antifungal

Antiparasitic

Anti-inflammatory
Immunosuppressive
Anti-host vs graft
Dermatologic

Anti-psoriatic
Anti-eczema
Anti-keratotic
Anti-pruritic
UV light reducing

Bronchodilatory
Anti-glaucoma
Anti-diabetic
Bone-stimulant

Anxiolytic
Antipsychotic
Antidepressant
Vasorelaxant
Anti-ischemic
Anticonvulsant

GI motility
GI secretions
Stomach acid
Acid reflux
Sleep induction



Activation and Metabolism of the 
Endocannabinoids

Natural endocannabinoids are synthesized on 
demand as an adaptive response to cellular stress, 
aimed at re-establishing cellular homeostasis. 

Endocannabinoids are rapidly metabolized mostly 
near their site of action.

Plant cannabinoids are broken down and excreted 
exclusively by hepatic metabolism (Cytochrome P-
450 metabolic pathways)



The animal kingdom excepting insects is 
designed with  endocannabinoid system



CB1 Receptor Distribution in Human CNS

(Terry, 2010)

with the distribution of CB1 receptors (17), which de-

creased slowly over time. Radioactivity in the brain peaked

by approximately 30 min and was approximately 3.2 SUV

for all areas of the neocortex (Figs. 2 and 3A). Areas with

high CB1 receptor density (e.g., putamen) had an even

greater concentration of radioactivity, peaking over 4.0

SUV in most subjects. Radioactivity in the brain decreased

slowly, remaining within approximately 85% of the peak by

2 h and within approximately 60% of the peak by 5 h. We

averaged radioactivity concentration from 20 to 60 min

after injection to represent brain uptake (brain uptake20–60;

Supplemental Table 3).

Two regions of the brain consistently demonstrated less

uptake of radioactivity than other regions. The first region,

pons, had a peak SUV of approximately 2.4 within 8 min.

After the peak, washout of radioactivity from the pons was

1.5–2 times faster than from other regions at 60–120 min

after injection. The second region, white matter, typical ly

peaked at an SUV of approximately 1.2 about 15 min after

injection and remained nearly constant until the end of the

scan, with minimal washout of radioactivity.

The skull had a significant uptake of radioactivity, which

could reflect bone or marrow (Fig. 3B). Among regions of

the skull, the clivus, which contains significant amounts of

marrow, had the greatest uptake of radioactivity, suggesting

that marrow more avidly takes up 18F-FMPEP-d2 or its

radiometabolites.

Plasma Analysis

The concentration of 18F-FMPEP-d2 in arterial plasma

peaked at 1–2 min and then rapidly declined because of

distribution in the body, followed by a slow terminal phase

of elimination. To quantify the exposure of the brain to 18F-

FMPEP-d2, we fitted the concentration of 18F-FMPEP-d2

after its peak to a triexponential curve (Fig. 4A). Of the 3

associated half-lives, the first 2 (; 0.4 and 5.7 min) largely

reflected distribution and the last (; 82 min) reflected

elimination (i.e., metabolism and excretion). However,

the 3 components accounted for nearly equal portions of

the total AUC0-N : approximately 18%, 28%, and 33%. The

portion before the peak accounted for approximately 20%

of the AUC0-N . The concentration of 18F-FMPEP-d2 in the

plasma of some subjects remained the same or slightly

increased during the 2 later imaging intervals (150–180 and

210–240 min) but declined during the rest intervals (120–

150, 180–210, and 240–270 min). During the rest intervals,

subjects arose from the camera and walked around,

suggesting that the shifting of fluid in the body may have

mobil ized and redistributed 18F-FMPEP-d2.

FIGURE 2. 18F-FMPEP-d2 in human brain. PET images

from 30 to 60 min after injection of 18F-FMPEP-d2 were

averaged (left column) and coregistered to subject’s MR

images (middle column). PET and MR images are overlaid in

right column.

FIGURE 3. Time–activity curves of 18F-FMPEP-d2 in brain

from single subject scanned for 300 min. (A) Decay-

corrected measurements from putamen (n), prefrontal cortex

(h ), cerebellum (d , pons (s ), and white matter (· ) were fitted

with unconstrained 2-tissue-compartment model (–). Puta-

men was consistently region of highest brain uptake. White

matter was consistently region of lowest brain uptake,

followed by pons. (B) Decay-corrected measurements from

same subject demonstrate uptake of radioactivity in clivus

(¤ ), occiput () ), and parietal bones (: ). Concentration

(Conc) is expressed as SUV, which normalizes for injected

activity and body weight.

IMAGING CB1 RECEPTORS USING 18F-FMPEP-d2 • Terry et al. 115

by on July 5, 2014. For personal use only. jnm.snmjournals.org Downloaded from 



CB2 Receptor Distribution

(Ahmad, 2013)



Sites of the Cannabinoid Receptors
CB1: located in the 
Central Nervous system
• Adipose tissue
• Connective tissue
• Endocrine glands
• Exocrine glands
• GI tract
• Heart
• Leukocytes
• Liver
• Skin
• Spleen
• Testes, uterus

CB2 located in the
Immune system
• Monocytes
• Macrophages
• B-cells
• T-cells
• Liver 
• Spleen
• Tonsils
• CNS
• GI tract

McPartland, 2008



Depolarization-Induced Suppression of Excitation 

Ca2+

channel

Na+, K+

channels

Glutamate

Presynaptic cell
Action potential

NMDA

Postsynaptic cell

AMPA

• Action potential 
from depolarized 
neuron arrives at 
axon terminal and 
opens voltage-
gated calcium 
channels.

• Ca2+ influx releases 
glutamate vesicles, 
glutamate diffuses 
across synaptic 
cleft to activate 
receptors in 
postsynaptic cell.

(Wilson & Nicholl, 2002)



AMPA

Ca2+

channel

Na+, K+

channels

Glutamate

Presynaptic cell
Action potential

NMDA  mGLU NMDA

Postsynaptic cell

• Strong stimulus of 
presynaptic cell 
increases glutamate 
release, which 
upregulates other 
glutamate receptors 
in the post-synaptic 
cell. 

• Upregulated 
glutamate receptors 
open Ca2+ channels 
in the post-synaptic 
cell.

Ca2+

channel

(Wilson & Nicholl, 2002)

Depolarization-Induced Suppression of Excitation 



Ca2+

channel

Na+, K+

channels

Glutamate

Presynaptic cell
action potential

Postsynaptic cell

NMDA  mGLU NMDA

• Ca2+ influx into 
post-synaptic cell 
stimulates the 
synthesis and 
release of 2-AG.

• 2-AG diffuses 
retrograde to 
presynaptic CB1, 
which closes pre-
synaptic Ca2+ 

channels and stops 
vesicle release.

Ca2+

channel AMPA

(Wilson & Nicholl, 2002)

Depolarization-Induced Suppression of Excitation 



Ca2+

channel

Na+, K+

channels

GABA

Presynaptic cell
action potential

Postsynaptic cell

GABAA

• Ca2+ influx into 
post-synaptic cell 
stimulates the 
synthesis and 
release of 2-AG.

• 2-AG diffuses 
retrograde to 
presynaptic CB1, 
which closes pre-
synaptic Ca2+ 

channels and stops 
vesicle release

Ca2+

channel

Depolarization-Induced Suppression of Inhibition

GABAB

(Wilson & Nicholl, 2002)



Cannabinoids play immunomodulatory role

Abundant evidence indicates that cannabinoids 
modulate immune responses.  Activation effectively 
down-regulates immune activity without compromising 
efficacy of the immune system
.
Δ⁹-THC attenuates allogenic host-versus-graft response 
indicating possible role in transplant rejection.

Nagarkatti et al 2015

In a Simian monkey study chronic Δ-9-THC 
administration prior to and during simian 
immunodeficiency virus (SIV) infection ameliorates 
disease progression, attenuates viral load and tissue 
inflammation, significantly reducing morbidity and 
mortality of SIV-infected macaques.     Winsauer et al, 2011



Secondary structure   CB1  Tertiary structure

The CB1 and CB2 Endocannabinoid Receptors
Seven transmembrane G-Protein-Coupled 

Receptors 

CB1 Receptor: 472 amino acids
CB2 Receptor: 360 amino acids

Courtesy of Patricia Reggio, PhD.



Endocannabinoid systems 
- don’t all work the same

Polymorphisms - genetic variability in the 
endocannabinoid receptors affect the 
functionality of the ECS. 

. . .   Spectrum of clinical 
endocannabinoid deficiency syndromes



Possible Human Endocannabinoid Deficiency 
Syndromes• Implicated in:

– Schizophrenia
– Migraine
– Multiple sclerosis
– Huntington’s disease
– Parkinson’s
– Irritable bowel syndrome (McPartland, 2014)

– “Failure to Thrive” Syndrome
– Anorexia
– Chronic motion sickness
– Fibromyalgia (Dunnett, 2007)

– Menstrual symptoms (Dunnett, 2007)

– Seizure disorders

– Mood disorders, depression and happiness



Upregulating the ECS

• Various activities (exercise, massage, 

manipulation, and acupuncture)  and 

various medications (acetaminophen and 

NSAIDS)

• Various pathologic conditions upregulate

the ECS in response to injury and illness 



“modulating endocannabinoid activity may 
have therapeutic potential in almost all diseases 
affecting humans, including obesity/metabolic 
syndrome, diabetes and diabetic complications, 
neurodegenerative, inflammatory, 
cardiovascular, liver, gastrointestinal, skin 
diseases, pain, psychiatric disorders, cachexia, 
cancer, chemotherapy induced nausea and 
vomiting among many others”.

Modulating the eCB system in health and
Disease: successes and failures

Pal Pacher and George Kunos
Apr 2013, NIH, NIAAA



Synthetic & phytocannabinoid medications

dronabinol, Marinol®, (synthetic ∆-9-THC) 

2 mg, 5 mg, 10 mg caps in sesame oil

nabilone, Cesamet®, (synthetic ∆-9-THC) 

1 mg capsule in povidone, corn starch, FD&C 
blue #2, red iron oxide, gelatin, and titanium 
dioxide

nabiximols, Sativex®, (~ 1 : 1 THC to CBD as a  
plant extract) 0.1 ml = 2.7 mg THC; 2.6 mg 

CBD and 5% other derivatives

cannabidiol, Epidiolex® (99% CBD, 1% non-THC 

cannabinoids) plant derived cannabidiol, CBD



Synthetic THC dronabinol, (Marinol®)
Why not just use dronabinol instead of cannabis?

The efficacy of dronabinol, (Marinol®) pales compared to 
whole-plant cannabis because:

Dronabinol is a single, isolated synthetic cannabinoid – one of 104 
active cannabinoid constituents in the cannabis plant.

Dronabinol lacks the synergistic effects of multiple cannabinoids, 
flavonoids, and terpenes

Non-THC components of the plant possess various therapeutic 
properties: neuroprotective, bone stimulation, antipsychotic, anti-
epileptic, antibacterial, antidiabetic, vasorelaxant, anxiolytic, 
antispasmodic, analgesic, etc.

Dronabinol is highly psychoactive, often dysphoric

Patients, when given the choice, prefer whole-plant cannabis 
Medicinal use of Cannabinoids: an International cross-sectional 
survey on administration forms, (Journal of Psychoactive Drugs, 2013)



Modulating the eCB System with 
Cannabis Plant Preparations 

• Cannabis flowering tops, keif, and hashish

• Oils: solvent or supercritical CO2 extracted

• Tinctures: cannabis oils diluted with EtOH, 
glycerin, various oils, and water

• Infusing cannabis oils into: olive oil, ghee, other

• Salves: cannabis oils blended with other oils

• Suppositories: cannabis oil blended with PEG or 
theobroma cacao (cocoa butter) or other oils

• Foods, beverages, candies, capsules, etc.



Therapeutic opportunities from non-psychotropic plant cannabinoids

Izzo et al., 2009



The “Entourage Effect” 

There are ~ 104 cannabinoids, ~200 terpenes, and 
numerous flavonoids in the female cannabis flowers.  

The non-THC components of the cannabis plant 
possess numerous therapeutic properties including: 
neuroprotection, bone stimulation, anxiolytic, 
antipsychotic, anti-epileptic, antibacterial, 
antimalarial, antidiabetic, vasorelaxant, antinausea, 
analgesic, antispasmodic, anti-rheumatoid arthritic …

Combined the ensemble of these molecules in 
whole plant cannabis is more effective than are the 
individual molecules.

Practically speaking the cannabis constituents of 
interest can be reduced to the quantities and ratios of 
THC and CBD (at this time).  



Terpenes
• Terpenes are biologically active plant constituents providing 

numerous pharmacologic effects. (Russo, E., 2011)

• They are fragrant molecules not only in cannabis but in many 
plants and animals (Paduch et al. 2007).

• The most common terpenes in cannabis are “Generally 
Recognized as Safe” as food additives, as attested by the US 
Food and Drug Administration.

• Terpenes are slowly lost to evaporation.   When cannabis and 
its oils are heated they are rapidly lost. 

• To optimize the absorption of terpenes therapeutically, 
cannabis must be inhaled. Inhaled terpenes have about 70% 
bioavailability (Kohlert, C., et al., 2000)

• Oral terpene bioavailability results in very low plasma levels. 

• Dermal absorption is rapid with maximal concentration in 
blood about 10 min after application. 



Some Therapeutic Properties of Terpenes
α Pinene: bronchodilating (4), anti-inflammatory (5), AChE inhibitor 
(2)

Limonene: anxiolytic (6,7), antidepressant (10), apoptosis in breast 
cancer (15)

Linalool: sedative (8), anti-anxiety (9), analgesic (16), anticonvulsant 
(17)

ß Myrcene: sedating, muscle relaxant, hypnotic (11), analgesic (12)

ß Caryophyllene: gastric cytoprotection (13), antimalarial (18), CB2 
agonist (19)

Nerolidol: sedative (20), potent antimalarial (21,22)

Humulene: anti-inflammatory (23), anticancer (24)

Terpenoid concentrations above 0.05% are considered of pharmacological interest 

The qualities of cannabis that distinguish it as sativa and indica strains is thought 
to be due to the quantity of ß Myrcene.  Reportedly, β-Myrcene in indica strains is 
greater than 0.5% associated with ‘couch lock’; sativa strains normally less than 
0.5% (3).



Principal phytocannabinoids
Structure activity relationships



Compare common plant cannabinoids

THCV tetrahydrocannabivarin

- THC tetrahydrocannabinol

CBD  cannabidiol



Optimize clinical effects of 
cannabinoid augmentation by

controlling several variables

1. Method of administration

2. Dosage

3. Frequency of use 

4. Cannabinoid ratios:  THC, THCA, CBD, 
CBDA, CBG, THCV, CBN, others



Methods of Administration
Smoke and Vapor       Bioavailability: 2-56%, 10-25%

Avoids first-pass metabolism

Oral forms                Bioavailability: 10-20%, 4-20%,
6% cookies

Topical & Transdermal Minimal absorption 
Avoids first-pass metabolism

Rectal and vaginal Bioavailability: twice oral route
(THC hemisuccinate) Lower first-pass metabolism

M.A. Huestis, Human Cannabinoid Pharmacokinetics,
Chemistry & Biodiversity Vol.4 (2007) 1770-1804.



Delivery Method Strengths and Weaknesses

Smoke and Vapor (flowers and vaporizers)
Strength: Rapid onset, easy dose titration
Weaknesses: pulmonary irritant; inappropriate 

method in people with respiratory disease; 
very short duration of action 

Clinical Utility: broadly applicable

Oromucosal (tincture, oil)
Strength: intermediate onset, easy dose titration
Weakness: variable onset and effects if swallowed 

vs held in mouth, not fast enough onset for some 
conditions, palatability

Clinical Utility: broadly applicable, good for 
cannabis-naïve patients



Delivery Method Strengths and Weaknesses
Enteral (capsules, edibles, tinctures, when swallowed)

Strength: convenient, long duration
Weakness: erratic bioavailability, slow onset, first-

pass metabolism, most common misused 
inappropriately and to cause adverse effects, 
may be more psychoactive, no homogenous 
products
Clinical Utility: baseline dosage, insomnia

Topical (salves, liniments)
Strengths: non-psychoactive at most doses, anti-

pruritic and analgesic, anti-inflammatory, 
muscle-relaxant, cidal for many dysplastic cells

Weakness: little research
Clinical Utility: arthritis, eczema, psoriasis, trigger pt



Delivery Method Strengths and Weaknesses
Transdermal (patch)

Strengths: convenient, likely high bioavailability, 
low abuse potential

Weakness: slow onset, may be difficult to achieve 
correct dosage

Clinical Utility: personal preference, need for 
consistent dosing, avoid first-pass metabolism

Rectal
Strength: potentially higher bioavailability and 

faster onset than oral, reduced psychoactivity
Weakness: inconvenient, formulation can affect 

absorbability
Clinical utility: end-of-life, pelvic conditions, low 

back symptoms



Optimize clinical effects of 
cannabinoid augmentation by

controlling several variables

1. Method of administration

2. Dosage

3. Frequency of use 

4. Cannabinoid ratios:  THC, THCA, CBD, 
CBDA, CBG, THCV, CBN, others



Phytocannabinoid metabolism 

• Phytocannabinoids are metabolized in the liver by 
the CYP-450 metabolic pathways

• Genetic variations in the hepatic CYP-450 metabolic 
pathways are manifest as slow, intermediate, and 
fast metabolizers

• Cannabidiol, CBD, potently inhibits CYP3A 
isoforms and CYP2C19

• There are no significant drug-drug interactions 
between cannabinoids and other medications

A wide range of phytocannabinoid blood levels and 
duration of action can be expected when developing a 
treatment plans. 



Mean plasma concentrations of Δ9-THC, 11-hydroxy-THC (11-OH-
THC) and 11-nor-9-carboxy-THC (THC-COOH) of six subjects 

during and after smoking cannabis containing about 34 mg of THC

Metabolism
of  Smoked 
Cannabis

THC and 
11-OH-THC
are active 
molecules. 
THC-COOH
is the inactive
metabolite.

(MA Huestis, 1992)



Metabolism

Inhaled cannabis:  Most THC is eliminated 
over ~ 1 hour; duration of action with active 
metabolites is 2 - 3 hours.

Ingested cannabis: THC is eliminated over ~ 
5 - 8 hours; duration of action of active 
metabolites is approximately 5 – 10 hours.



Mean plasma concentrations of Δ9-THC, 11 hydroxy-THC (11-OH-
THC) and 11-nor-9-carboxy-THC (THC-COOH) of six cancer 

patients after ingestion of one oral dose of THC 15mg 
(estimated from single graphs for each patient)

Metabolism
of Ingested
Cannabis

THC and 
11-OH-THC
are active 
molecules. 
THC-COOH
is the inactive
metabolite.

(Frytak et al., 1984)



Metabolism

Inhaled cannabis:  Most THC is eliminated 
over ~ 1 hour; duration of action with active 
metabolites is 2 - 3 hours.

Ingested cannabis: THC is eliminated over ~ 
5 - 8 hours; duration of action of active 
metabolites is approximately 5 – 10 hours.



Dosing and Frequency

Dosing range
• Very wide range from a few milligrams per day 

to hundreds of milligrams daily
• Widen the therapeutic window with brief 

periods of abstention

Frequency of dosing
• P.R.N., or as needed
• Daily administration:  morning, evening or 

bedtime
• Multiple or frequent administrations daily



Optimize clinical effects of 
cannabinoid augmentation by

controlling several variables

1. Method of administration

2. Dosage

3. Frequency of use 

4. Cannabinoid ratios:  THC, CBD, THCA, 
CBDA, CBG, THCV, CBC, CBN, and others



Type 1:
“Marijuana”: 50-150:1 THC:CBD, most strains

Type 2:
“CBD-Rich” Balanced THC:CBD, many strains:

Type 3: 
Fiber type: 20-30:1 CBD:THC, rare strains

Hemp: (Rope, fiber, < 0.3% THC in much of the world
food, and oil)

Cannabinoid Ratios



Acid
Cannabinoids

In the green 
plants the
acid forms
Predominate

Cannabinoids 
in acid form 
gradually 
decarboxylate
with drying or 
rapidly with 
heating



Non-enzymatic decarboxylation of
THCA to THC

Non-enzymatic
Decarboxylation

(heat)

CO2

THCA 
tetrahydrocannabinolic acid

THC
tetrahydrocannabinol

Non-psychoactive compound Psychoactive compound



Acid cannabinoids – unstable - Prone to 
decarboxylation by heat, friction, sunlight, 
etc.  

Heated, burned, vaporized, baked, and most 
processed cannabis extracts are devoid of 
acid cannabinoids.

Carboxylated vs Decarboxylated Ratios, 
especially THCA : THC 



Other Therapeutic Considerations

• Cannabinoid synergism

• Whole plant vs single molecule CBD

• Cannabis – as an “adaptogen”

• Tolerance and auto-regulation



Synergism of Cannabinoids, Terpenes, 
and Flavonoids

FACT:  There are reportedly 104 plant cannabinoids, 150-200 
terpenoids and numerous flavonoids in cannabis sativa 
species. The combination work synergistically to contribute to 
the therapeutic effect of cannabis.

• Costa, et al, August 2008

Antihyperalgesic effect of a Cannabis sativa extract 
in a rat model of neuropathic pain: mechanisms 
involved

• Marcu, McAllister, et al, January 2010

Cannabidiol Enhances the Inhibitory Effects of Δ9-
THC on Human Glioblastoma Cell Proliferation and 
Survival, Molecular Cancer Therapeutics 



Glioblastoma multiforme (U251)
THC 1.7 umol/l and CBD 0.4 umol/l   ~ 4 : 1 ratio

(S.D. McAllister, et al, 2010)



Glioblastoma multiforme (U251)
THC 5.4 umol/l and CBD 0.9 umol/l   6:1 ratio

(S.D. McAllister, et al, 2010)



Bell shaped vs. Increasing Responses
Comparing CBD  and whole plant extract

Gallili et al. (2015)



Advances in cannabinoid therapy

• Greater selection of non-psychotropic 
cannabinoids: CBD, THCA and others may 
provide better targeted therapies.

• Many conditions in which frequent use is 
indicated, CBD-dominant - low THC strains 
may prove to be a better choice. (Anxiety, 
hepatitis, etc.)

• THCA may be a good substitute for THC to 
reduce psychoactivity.

• Processed oils typically forfeit much of their 
volatile fraction ~ terpenes are mostly lost. 



Limitations

• Social and legal Issues

• Cost

• Limited access to products that are cleanly 
grown and produced, with specific cannabinoid 
ratios

• Risk of discovery

• Altered performance (short term memory loss)

• Adverse effects (dry mouth and mucus 
membranes, sleepy, woozy, loss of balance)



Considerations in Cannabinoid Therapy

• Identify risks vs. benefits for each patient.

• Vape pens though rapid, discreet, and easy to 
titrate are problematic regarding quality issues 
(solvents, vehicles, metals and contaminants).

• Smoked flowers are easy to titrate though 
problematic as smoke is a respiratory irritant –
inappropriate in some cases.

• Ingested forms – Slow onset of action but much 
longer duration of action. 

• Suppository forms – THC is not absorbed by rectal 
suppository whereas the pro-drug THC-HS (THC-
hemisuccinate) is well absorbed by suppository.   
More research is needed to improve absorption.



Precautions

• Anxiety and panic in the neophyte or THC sensitive

• Syncope and/or fall risk especially with high dose

• Smoking > bronchitis ~  No COPD, emphysema, or 

cancers

• Habit Forming ~ Not addictive, no/very little 

withdrawal

• Drug Drug interaction: CYP450 2C and 3A families for 

CBD (monitor clobazam and other anticonsulsants)

• Association with the hyperemesis syndrome

• Human fetal and neonatal development appear to be 

unharmed –(Melanie, D. 1994)



Conditions in Clinical Practice
Rank order - Hergenrather 2017 

• Pain (acute pain, chronic inflammatory, neuropathic)
• Mental disorders (all kinds)
• Cancers
• Gastrointestinal disorders
• Insomnia
• Migraine headaches
• Harm reduction, alternative to opioids . . . 
• Spastic disorders
• Autoimmune disorders
• Neurodegenerative disorders
• Glaucoma
• Skin diseases
• Epilepsy, Autism, Tourettes, ADD, Dystonia, Dementia

• AIDS and other infections



Method of Admininistration (MOA):

☐ Oral tincture or spray, with measured cannabinoid content. 

☐ Vapor or smoke

☐ Full extract cannabis oil

☐ Suppositories 

☐ Topical

Cannabinoid ratio: Preferred ratio of principle cannabinoids, 
THC:CBD.  Different ratios may be employed at different times of 
day to optimize functionality/minimize functional impairment.

☐ High THC strains, Type 1, (THC:CBD ~ 50-150 : 1)

☐ Balanced THC & CBD stains, Type 2, (THC:CBD  ~ 1 : 1)

☐ High CBD strains, Type 3, (CBD:THC ~ 20 : 1 )

Development of a Treatment Plan



Frequency: Frequency varies depending therapeutic goal, 
hepatic metabolism, and MOA.  
☐ Once daily
☐ Twice daily, AM before breakfast or PM, and bedtime
☐ Three times daily, every 8 hours ~ AM, PM, and bedtime
☐ Other _____________

Suggested Dose:  Wide range in dosing depending on 
tolerance and individual differences. Generally, dosing is 
based on [THC], increased by slow titration to effective dose.
☐ 1 – 2 ½ mg per dose
☐ 2 1/2 mg to 5 mg per dose
☐ 5 - 10 mg per dose
☐ 10 - 25 mg per dose
☐ 25 - 50 mg per dose
☐ > 50 mg per dose

Development of the Treatment Plan



Target dose:

☐ Minimum: ______mg mixed cannabinoids daily, 
preferably in divided doses.

☐ Maximum target dose __________mg/ day:

Tolerance (a reminder): Develops to small or large steady 

dosing with induction of auto-regulation of cannabinoid CB1 

receptor population (internalization of CB1 receptors). From 

onset seems to develop in ~ a week, as it also seems to fall off 

in about a comparable time interval.

Development of the Treatment Plan



Footnotes: 

1. All products are considered to be organically grown and 
produced. 

2. Products have accurately measured cannabinoid content 
(terpene content when available). 

3. Hold dose if too sleepy

4. Drug-Drug interactions: For nearly all conventional 
pharmaceuticals there is no significant drug-drug 
interactions with cannabis/cannabinoids. 

Development of the Treatment Plan



Thank you for your attention

Jeffrey Hergenrather MD
Private practice, Sebastopol, CA
Email: jhergmd@gmail.com
Website: drjeffhergenrather.com

mailto:jhergmd@gmail.com

