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Chapter I: Ocular Health and Ocular Disease 

Learning Objectives 
1. Discuss assessment protocols to determine level of endocannabinoid deficiencies of the

ocular system.
2. Discuss therapeutic strategies to address endocannabinoid deficiencies of the ocular

system.
3. Discuss patient care guidelines to implement cannabinoid therapy with standard of care

pharmaceutical regimens pertaining to the ocular system.
4. Discuss educational guidelines for patients to monitor clinical outcomes when

implementing cannabinoid protocols for ocular disorders.

The Endocannabinoid System and THC and Cannabidiol (CBD) - Introduction 
The endocannabinoid system (ECS) is a lipid-derived signaling system discovered within the 
past decade. Cannabinoids, which are homeostatic regulators, circulate throughout human and 
animal systems continuously, affecting all physiological processes. The endocannabinoid 
system is comprised of CB1 and CB2 receptors, which bind directly or indirectly to cannabinoids 
and phytocannabinoids, CB1 receptors are excitatory and are located in the central nervous 
system, lungs, liver, and kidney. CB2 receptors regulate immunological responses and are 
located in the immune and circulatory systems. Endogenous compounds, such as anandamide 
and arachidonylglerol (2-AG), are made by mammals from lipids and bind directly to the CB1 
and CB2 receptors, serving as neurotransmitters for cannabinoids. Cannabidiol (CBD oil), a 
non-psychotropic cannabinoid naturally occurring in human and animal species, is also a 
phytocannabiniod, derived from the industrial hemp plant. While CBD does not bind directly with 
receptors, it does affect stress genes, such as Soat2 and Cyp27a1, which control sterol (i.e., 
cholesterol) metabolism. CBD increases the amount of anandamide and other vital lipids, 
thereby indirectly increasing the availability of circulating cannabinoids to bind with CB1 and 
CB2 receptors. 

Research has shown that cannabidiol, in the form of CBD oil, has therapeutic benefits 
individually and adjunctively with other interventions, Cannabidiol (CBD) made from legal, 
industrial hemp contains less than .3% THC, rendering it non-psychoactive. CBD oil has 
antiemetic, anxiolytic, antitumoral, and immunologically inhibitory properties. Three categories 
differentiate the types of clinical endocannabinoid deficiency (CECD), which are associated with 
different disease process and disorders: genetic, acquired, and idiopathic autoimmune. Many 
disorders have a combination of CECD origins, and supplementation with cannabidiol (CBD) 
requires ongoing assessment to facilitate optimal benefit for the individual. 

The Human Endocannabinoid System 
The human endocannabinoid system is responsible for memory networks in the brain, both 
excitatory and inhibitory, including the neurogenesis of hippocampal granule cells, which 
regulate the timing of the endocannabinoids in accordance with the brain’s needs, pain 
perception, mood, appetite and taste regulation, and metabolic function, which regulates the 
storage of energy and transport of cellular nutrition. The endocannabinoid system affects the 
lipocytes and fat cells, collectively known as adipocytes, hepatocytes, the gastrointestinal tract, 
musculoskeletal system, and endocrine system. Cannabinoid receptors CB1 and CB2 facilitate 



The Endocannabinoid System and Cannabidiol | THC and CBD, Physiology, and Health 
Author: Michele R. Reillo, Ph.D. 

the responses of the endocannabinoid system in the body, which are critical to maintaining 
homeostasis. CB1 receptors are located in the central and peripheral nervous systems as well 
as the lungs, kidneys, and liver. CB2 receptors are predominantly expressed in the immune 
system and hematopoietic cells. The direct effects of endocannabinoids on multiple organ 
systems correlates with the clinical outcomes in such conditions as hyperinsulinemia, diabetes, 
atherosclerosis, cardiovascular disease, and obesity. Because some phytocannabinoids, 
cannabinoids of the cannabis plant, and hemp cannabidiol (CBD) mimic components of the 
endocannabinoid system of the human body, the effects are of interest in the medical 
management of multiple disorders, including disorders of the ocular system, which is directly 
affected by the immunological and cardiovascular systems. Indeed, research indicates that both 
THC and cannabidiol (CBD) have neuroprotective and therapeutic ocular benefits. 

Cannabidiol (CBD) 
Cannabidiol (CBD) is a non-psychotropic and non-toxic compound which has been 
demonstrated to positively affect the human endocannabinoid system. Cannabidiol, derived 
from the hemp plant, demonstrates anti-inflammatory and immune-modulating properties. 
Cannabidiol has a low affinity for CB1 and CB2 receptors in the human body, but acts as an 
indirect antagonist of their agonists. (Antagonists are defined as substances that stop or inhibit 
the effects of another substance on the cellular surface, producing the same effect as a 
substance which would normally bind to the receptor. Agonists are chemicals that bind to 
receptors and elicit a biological response.) Therefore, cannabidiol may enhance the therapeutic 
effects of THC, possibly by increasing the density of the CB1 receptors. Cannabidiol (CBD) has 
been demonstrated to cross the blood-brain barrier and exert antioxidant, antimicrobial, and 
neuroprotective properties, rendering it valuable in the prevention and treatment of oxidative 
ocular disorders and diseases. 

Tetrahydrocannabinol (THC) is the active ingredient in the cannabis plant. THC, a cannabinoid 
compound, binds to CB1 cannabinoid receptors in the human brain, simulating the naturally 
occurring cannabinoids produced by the human body. In the human body, CB1 receptors are 
located in the cerebral cortex, which describes the frontal regions of the brain, the basal ganglia, 
the cerebellum, the hypothalamus, the anterior congulate cortex, and the hippocampus. THC 
inhibits the release of neurotransmitters, including Glutamate, GABA, noradrenalin, dopamine, 
5-HT, and acetylcholine. Despite the rapid inactivation of THC by the fatty acid amide hydrolase,
THC, and other exogenous cannabinoids, are sustainable for extended periods of time and are
associated with physiological effects that are beneficial in the prevention and management of
certain ocular disorders.

Human Ocular System 
The human eye is an asymmetrical globe, approximately one inch in diameter, comprised of five 
major components; the iris, cornea, pupil, sclera, and conjunctiva. The interpretation of vision is 
articulated as light projects through the pupil, a circular opening, and the lens, which allows the 
focus of light onto the rear (posterior) portion of the eye. The retina, which is collection of 
light-sensing cells, converts light into electrical impulses that are signaled to the brain. Central 
vision is controlled by the macula, a small, highly sensitive area located inside the retina, and 
the fovea, a small depression within the macula, which provides the most acute vision. Genetic 
dominance influences the color of the eye, located within the iris, the pigmented area covered 
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by the clear dome called the cornea. The eye is protected by a fine layer of tissue which covers 
the anterior (front) of the organ, with the exception of the cornea. 

Medical Cannabis and Cannabidiol (CBD): Ocular Disorders and Diseases 
Diseases of the ocular system directly related to oxidative stress include retinal diseases such 
as glaucoma, uveitis, macular degeneration, and diabetic retinopathy. The human body evokes 
an active inflammatory response to mitigate damage from injury or infection via microglial cell 
and macrophage release. However, activation of microglial cells and macrophages is also 
associated with the release of glutamate, reactive oxidative species (ROS), nitric oxide (NO), 
and tumor necrosis factor (TNF), causing an escalation of inflammation, vascular deterioration, 
and neurodegradation. THC and cannabidiol (CBD), according to El-Ramessay and Tang 
(2008), block the oxidative stress response and activation of proteins such as p-38 MAPK and 
microglial cells, providing neuroprotection to the retinal ganglion cells. Further, THC in cannabis 
sativa possesses anti-inflammatory and analgesic effects, according to Formukong and Evans 
(1988), warranting consideration in the management of ocular disorders. 

Glaucoma 
Glaucoma describes an array of ocular disorders associated with intraocular pressure 
imbalance, both elevated and normal to low, with associated loss of retinal ganglion cells, nerve 
damage, and visual loss, leading to possible blindness. Glaucoma is either categorized as open 
angle (slow onset and progression) or closed angle (painful and rapid progression) and pertains 
to the angle between the iris and the cornea through which fluid flows as a part of the trabecular 
network. Because the incidence of glaucoma increases exponentially with age, the 
neuroprotective benefits of cannabidiol (CBD) are of particular interest. 

Research indicates that the release of excessive glutamate, a vital neurotransmitter normally 
present in retinal ganglion cells, induces ischemia-related neurotoxicity and cell death. 
Cannabidiol (CBD) has been demonstrated as a non-psychoactive antioxidant which reduces 
the production of reactive oxygen species (ROS). El-Remmessey demonstrated in 2003 that 
cannabidiol (CBD) is neuroprotective against glutamate-induced retinal injury, preventing 
formation of lipid peroxides, nitrite and nitrate compounds, and nitrotyrosine, the physiological 
basis for the development of glaucoma. 

Research indicates that THC decreases intraocular pressure by dilating microvasculature 
leading away from the anterior uvea in the eye, thereby reducing the ultrafiltration pressure in 
aqueous humor formation (Green, Wynn, Padgett, 1978). Additionally, THC has been shown to 
reduce the retinal ganglion cell death induced by glaucoma through the reduction in intraocular 
pressure (Cranfurther, the dall, Matragoon, Khalifa, et.al, 2007). Exploration of the use of 
non-psychoactive cannabidiol (CBD) in glaucoma prevention and management, and cannabis 
sativa, which possesses high levels of THC, in the treatment and management of glaucoma, 
are warranted in view of the literature. 

Uveitis 
Uveitis describes a collective group of inflammatory ocular diseases, which produce edema and 
tissue destruction leading to vision loss or blindness. While the uvea of the eye is affected, other 
physiological components such as the lens, retina, optic nerve, and vitreous humor are likely 
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targets. Anterior uveitis, (associated with rheumatologic and infectious diseases), intermediate, 
(associated with sarcoidosis and multiple sclerosis), posterior (associated with choroiditis and 
infectious diseases), and panuveitis (associated with Behcet’s disease), respond to anti-
inflammatory effects of cannabidiol (CBD) after the occurrence, according to Liu and Khalifa 
(2005). Preventatively, cannabidiol (CBD) was found to exert neuroprotection against uveitis via 
the blockage of oxidative stress and damaging effects of endotoxins. 

THC has been demonstrated to induce anti-inflammatory responses in the retina, vitreous 
humor, and optic nerve, lending medical application of cannabis sativa to the management of 
uveitis as well. THC appears to antagonize the CB2 receptors, evoking an immunomodulatory 
effect in the human and animal subjects. Research supports the consideration of both 
cannabidiol (CBD) and THC in the prevention and management, respectively, of uveitis 
associated with autoimmune and traumatic injury (Abrams, Couey, Shade, et.al, 2011). 

Macular Degeneration 
Two forms of age-related macular degeneration are associated with vision loss in individuals 
over the age of sixty years. The dry form causes the distortion of vision through the deposits of 
drusen, or yellow matter in the macula. The wet form, which is characterized by the growth of 
abnormal blood vessels from the choroid beneath the macula, distorts vision and has an 
increased likelihood of causing central blindness. The activation of microglial cells of the retina 
in dry macular degeneration enhances tissue damage caused by the underlying inflammatory 
disorder. Research indicates that cannabidiol (CBD) provides effective neuroprotective and 
anti-inflammatory properties, information of critical importance in geriatric medicine. 
Consideration of the preventive use of cannabidiol (CBD) may be warranted with introduction in 
the young adult (Tan JS, Wang JJ, Flood, V, et. al., 2007). 

THC possesses anti-VEGF (anti-Vascular Endothelial Growth Factor) properties, 
which reduces the formation of aqueous vitreous humor and enhances regression of abnormal 
blood vessels in the eye (Ibid., 2007). In combination with nutritional supplements, medical 
cannabis may be considered to decrease the incidence of conversion from dry macular 
degeneration to the vision-threatening wet form. 

Diabetic Retinopathy 
Diabetic retinopathy is associated with the deterioration of the blood-retinal barrier and 
cell-death of the retinal ganglion cells, culminating in visual loss. The dysregulation of glucose 
metabolism, which is characteristic of diabetes mellitus, enhances cell hyperpermeability in the 
retina, increasing the susceptibility of injury by reactive oxidative species (ROS). Cannabidiol 
(CBD) has been demonstrated to reduce oxidative and nitrative stress in diabetic retinas by 
maintaining the integrity of the blood-retinal barrier through blockage of glutamate accumulation 
and neuronal cell death. Research suggests assessing the use of cannabidiol (CBD) in diabetes 
to reduce inflammation and provide neuronal protection, essential to the prevention of diabetic 
retinopathy. 

Research indicates that THC has an immune modulator effect that inhibits the severity of the 
autoimmune response in diabetic retinopathy, which occurs when elevated levels of glucose 
triggers the oxygen deprived retina to grow excess blood vessels, which progressively leads to 
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blindness. Additional damage occurs with the activation of microglial cells, which are responsible 
for the removing the dying nerve cells, producing a damaging autoimmune response. THC has 
been found to decrease hyperinsulinemia systemically, which reduces the potential for diabetic 
retinopathy and regulates the intensity of the immune response to retinal ganglion cell death. 
Research indicates that Cannabidiol (CBD) and medical cannabis possess neuroprotective 
properties, which may reduce the incidence of diabetic retinopathy and the degree of 
ocular damage in the advent of disease. 

CEN Medical Cannabis Pharmacological Prescription and Coding System: Ocular 
Disorder Application 
The CEN Medical Cannabis Pharmacological Prescription and Coding System (CEN/MCPPCS) 
provides language that enables the health care practitioner to communicate with the dispenser 
of medical cannabis. The first two letters of the system refer to the cannabis type: cannabis 
sativa, cannabis indica, or cannabis hybrida. The numerical value in percentage to the right of 
the colon refers to the recommended THC content in percentage, and the numerical value in 
sequence to the right of the THC percentage refers to the recommended CDB content. 

(CEN/MCPPCS); Cannabis type (sativa, indica, hybrida; THC percentage or range/CBD 
percentage or range) or Hemp Cannabidiol (CBD) 

Example: The cannabis sativa strain recommendation is 13% to 20% and the CBD percentage 
is .05% for glaucoma. The prescription would therefore read: 

Mary Jane Rider 
Date of Birth: 03-09-1950. 
Diagnosis: Open-Angle Glaucoma (ICD-9 code: 365.05) 
CS: 13%/ .05%. Use via a vaporizer twice daily for one month. 
Rich Jones, M.D. 

The patient would then travel to a dispensary and provide the dispensary technician with the 
prescription. The technician would provide the patient with choices of medical cannabis strains 
meeting the physician’s criteria, and fill the prescription accordingly. 
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Composition Assignments 
1. Please answer the following question: Cannabidiol (CBD) is a suitable adjunctive therapy

for the patient with diabetes retinopathy.
a. True
b. False

2. Please go to www.libraryworld.com and enter username CEN. Select an article from the
CEN library on an aspect of cannabidiol (CBD) and the ocular system. Write a two
hundred word critical analysis paper on this research article and determine the following
in your paper:

a. Author and affiliation
b. Study population
c. Purpose
d. Outcome of the study
e. Importance of the research
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Chapter II: Neurological Health and Disease 

Learning Objectives 
1. Discuss assessment protocols to determine level of endocannabinoid deficiencies of the

neurological system.
2. Discuss therapeutic strategies to address endocannabinoid deficiencies of the

neurological system.
3. Discuss patient care guidelines to implement cannabinoid therapy with standard of care

pharmaceutical regimens pertaining to the neurological system.
4. Discuss educational guidelines for patients to monitor clinical outcomes when

implementing cannabinoid protocols for neurological disorders.

The Endocannabinoid System and THC and Cannabidiol (CBD) - Introduction 
The endocannabinoid system (ECS) is a lipid-derived signaling system discovered within the 
past decade. Cannabinoids, which are homeostatic regulators, circulate throughout human and 
animal systems continuously, affecting all physiological processes. The endocannabinoid 
system is comprised of CB1 and CB2 receptors, which bind directly or indirectly to cannabinoids 
and phytocannabinoids, CB1 receptors are excitatory and are located in the central nervous 
system, lungs, liver, and kidney. CB2 receptors regulate immunological responses and are 
located in the immune and circulatory systems. Endogenous compounds, such as anandamide 
and arachidonylglerol (2-AG), are made by mammals from lipids and bind directly to the CB1 
and CB2 receptors, serving as neurotransmitters for cannabinoids. Cannabidiol (CBD oil), a 
non-psychotropic cannabinoid naturally occurring in human and animal species, is also a 
phytocannabiniod, derived from the industrial hemp plant. While CBD does not bind directly with 
receptors, it does affect stress genes, such as Soat2 and Cyp27a1, which control sterol (i.e., 
cholesterol) metabolism. CBD increases the amount of anandamide and other vital lipids, 
thereby indirectly increasing the availability of circulating cannabinoids to bind with CB1 and 
CB2 receptors. 

Research has shown that cannabidiol, in the form of CBD oil, has therapeutic benefits 
individually and adjunctively with other interventions, Cannabidiol (CBD) made from legal, 
industrial hemp contains less than .3% THC, rendering it non-psychoactive. CBD oil has 
antiemetic, anxiolytic, antitumoral, and immunologically inhibitory properties. Three categories 
differentiate the types of clinical endocannabinoid deficiency (CECD), which are associated with 
different disease process and disorders: genetic, acquired, and idiopathic autoimmune. Many 
disorders have a combination of CECD origins, and supplementation with cannabidiol (CBD) 
requires ongoing assessment to facilitate optimal benefit for the individual. 
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The Human Endocannabinoid System: Cerebral Endocannabinoid Network 
The human endocannabinoid system is responsible for memory networks in the brain, both 
excitatory and inhibitory, including the neurogenesis of hippocampal granule cells, which 
regulate the timing of the endocannabinoids in accordance with the brain’s needs, pain 
perception, mood, synaptic plasticity, motor learning, appetite and taste regulation, and 
metabolic function, which regulates the storage of energy and transport of cellular nutrition. 
Cannabinoid receptor binding sites are located in the forebrain areas associated with higher 
cognitive function, forebrain, midbrain, and hindbrain areas associated with movement control, 
and hindbrain areas associated with motor and sensory functions attributed to the autonomic 
nervous system. The endocannabinoid system affects the lipocytes and fat cells, collectively 
known as adipocytes, hepatocytes, in the gastrointestinal tract, musculoskeletal system, and 
endocrine system. The endogenous arachidonate-based lipids, anandamide and 
2-arachidonoylglycerol (2-AG) are physiological ligands for the cannabinoid receptors.

Cannabinoid receptors CB1 and CB2, two G-protein-coupled receptors, facilitate the responses 
of the endocannabinoid system in the body, which are critical to maintaining homeostasis. CB1 
receptors are located in the central and peripheral nervous systems, as well as the lungs, 
kidneys, and liver. CB2 receptors are predominantly expressed in the immune system and 
hematopoietic cells. 

The direct effect of endocannabinoid deficiency (CECD) correlates with multisystemic clinical 
outcomes in such conditions as hyperinsulinemia, diabetes, dementia, cardiovascular disease, 
multiple sclerosis, and obesity. Three primary categories are herein defined to discuss 
endocannabinoid deficiency (CECD): genetic, acquired, and idiopathic autoimmune. Genetic 
endocannabinoid deficiency (CECD) relates to hereditary acquisition of a disorder; acquired 
refers to an infectious of traumatic origination, and idiopathic autoimmune refers to etiologies for 
endocannabinoid deficiencies (CECD) which do not have direct associations. Diseases and 
disorders are assigned to one or more of these categories because often secondary disorders 
arise with physiological changes associated with the primary diagnosis. For example, HIV has 
been associated with endocannabinoid deficiency (CECD) and the disease is categorized as 
acquired, originating from an infectious source. The presentation of multiple sclerosis in 
HIV/AIDS, which affects the neurological system, supports adding the category of idiopathic 
autoimmune as well to the assessment. Because the endocannabinoid system facilitates 
communication and coordination between various cell types, deficiencies directly affect 
physiological homeostasis. 

Cannabidiol (CBD), a non-psychotropic cannabinoid naturally occurring in human and animal 
species, occurs as a phytocannabinoid, CBD oil, which is derived from the industrial hemp plant. 
The restorative effects of cannabidiol (CBD oil), which increases anandamide and other lipid 
neurotransmitters, thereby restoring the endocannabinoid system, are of interest in the medical 
management of multiple disorders, including disorders of the neurological system, which is 
directly affected by the immunological. Indeed, research supports that 
plant-derived cannabidiol (CBD) has neuroprotective benefits. 
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Cannabidiol (CBD) 
Cannabidiol (CBD) is a non-psychotropic and non-toxic compound, which has been 
demonstrated to positively affect the human endocannabinoid system. Cannabidiol (CBD), 
derived from the hemp plant, demonstrates anti-inflammatory and immune-modulating 
properties. Cannabidiol (CBD) has a low affinity for CB1 and CB2 receptors in the human body, 
but acts as an indirect antagonist of their agonists. (Antagonists are defined as substances that 
stop or inhibit the effects of another substance on the cellular surface, producing the same 
effect as a substance which would normally bind to the receptor. Agonists are chemicals that 
bind to receptors and elicit a biological response.) Therefore, cannabidiol (CBD) may enhance 
the therapeutic effects of THC, possibly by increasing the density of the CB1 receptors. 
Cannabidiol (CBD) has been demonstrated to cross the blood-brain barrier and exert 
antioxidant, antimicrobial, and neuroprotective properties, rendering it valuable in the prevention 
and treatment of oxidative neurological disorders and diseases. 

Tetrahydrocannabinol (THC) is the active ingredient in the cannabis plant. THC, a cannabinoid 
compound, binds to CB1 cannabinoid receptors in the human brain, simulating the naturally 
occurring cannabinoids produced by the human body. In the human body, CB1 receptors are 
located in the cerebral cortex, which describes the frontal regions of the brain, the basal ganglia, 
the cerebellum, the hypothalamus, the anterior congulate cortex, and the hippocampus. THC 
inhibits the release of neurotransmitters, including Glutamate, GABA, noradrenalin, dopamine, 
5-HT, and acetylcholine. Despite the rapid inactivation of THC by the fatty acid amide hydrolase,
THC, and other exogenous cannabinoids, are sustainable for extended periods of time and are
associated with physiological effects that are beneficial in the prevention and management of
certain neurological disorders.

Human Brain 
The brain is the core governing structure of the human body. At a weight of over three pounds, 
the human brain, comprised of eighty-six billion neurons and associated glial cells and blood 
vessels, is the largest and most complex of all mammalian brains. The human cerebral cortex, a 
thick layer of neural tissue, is divided into four lobes of the forebrain; the frontal, parietal, 
temporal, and occipital lobes. Each lobe is comprised of cortical areas associated with particular 
executive functions, including self-control, planning, reasoning, abstract thought, motor control, 
language, and vision. The two hemispheres of the brain are defined by lateralization processes, 
such as language, which is associated with left-sided hemispheric dominance, and 
spatiotemporal reasoning, which is associated with right-sided dominance. The cerebellum, or 
hindbrain, located at the base of the brain above the brainstem, coordinates voluntary 
movements such as posture, balance, coordination, speech, and learned motor behaviors. 
Further, the brainstem, which includes the medulla oblongata, pons, and the midbrain, regulates 
motor and sensory aspects of the central nervous system, as well as cardiac and respiratory 
functions. Finally, the endocannabinoid system, comprised of neuromodulatory lipids and 
receptors in the brain, regulates the vast array of physiological processes essential for human 
life. 

Amyotrophic Lateral Sclerosis (ALS) 
Amyotrophic lateral sclerosis (ALS), Lou Gehrig's Disease, is a neurodegenerative disorder 
characterized by muscle spasticity, rapid and progressive weakness, muscle wasting, 
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dysphagia, expressive aphasia, and respiratory failure. Endocannabinoid deficiency (CECD), 
noted as genetic and acquired in ALS, has been documented, and is characterized by 
decreased cannabinoid availability and subsequent decline in the number of CB1 receptors. 
CB1 receptors are critical in the cerebral cortex and are responsible in reducing TAU protein 
proliferation. Further, CB2 receptors are also rendered dysfunctional in ALS, causing expedited 
inflammatory responses, which correlate with the aggressive clinical neurological decline in 
affected individuals. Research supports the administration of cannabidiol (CBD) preventatively 
for neuroprotection in individuals with hereditary risk factors, and post-diagnosis, to decrease 
neuroinflammation, reduce neurodegeneration, and increase cerebral plasticity. Because 
cannabidiol (CBD) has an analgesic and antispasmodic effect, administration of cannabidiol 
(CBD) is supported by clinical research in the adjunctive management of spasm and associated 
pain in ALS. 

Recently, THC has been evaluated for relief of specific symptoms of ALS, including pain, 
spasticity, dysphagia, and speech impairment. Case studies indicate low doses of THC with 
CBD oil warrant consideration in the medical management of individual patients. 

Alzheimer’s Disease 
Alzheimer’s disease is a progressive neurodegenerative disorder, which affects the cerebral 
neurons causing loss of memory, language and cognitive abilities, and mood and behavioral 
changes. The death of neurons that normally produce acetylcholine, the neurotransmitter that 
facilitates communication within brain, characterizes a progressive neurological deterioration. 
Hippocampal nerve cells are initially affected causing short-term memory decline. With 
progression to the cerebral cortex, the decline of language skills and the impairment of 
judgment are clinically noted. The endocannabinoid deficiency (CECD), which characterizes 
Alzheimer’s, is categorized as both genetic and idiopathic autoimmune. Aggregation of 
amyloid-beta tau proteins and profound neurodegeneration, neuroinflammation, and 
neurotoxicity, which characterize Alzheimer’s, were induced in animal models. Reversal of 
social recognition dysfunction and anxiety was demonstrated after the administration of 
cannabidiol (CBD), a non-psychoactive phytocannabinoid that exhibits neuroprotective, anti-
inflammatory, and anti-oxidant properties, and promotes neurogenesis in the brain. Further 
research supports using cannabidiol (CBD) with THC as a preventive measure against 
Alzheimer’s, noting the anti-inflammatory and neuroprotective properties of CBD. Thus, 
cannabidiol (CBD) in combination with THC can be useful after diagnosis, and proactively, in 
the management of Alzheimer’s disease. 

Parkinson’s Disease 
In Parkinson’s disease, which affects the substantia nigra in the midbrain, the production of 
dopamine, and the basal ganglia, progressive symptoms including bradykinesia, muscle and 
joint stiffness, impaired balance, dysphasia, impaired reaction time, memory, sleep 
disturbances, depression, and anxiety, are associated with endocannabinoid deficiency (CECD) 
of genetic origin. Research indicates that the administration of cannabidiol (CBD) with low dose 
THC reduced dystonia, spasticity, and phytocannabinoid administration. Research indicates a 
positive human response to adjunctive use of cannabidiol (CBD) with low dose THC in the 
management of dystonia, tremor, psychosis, spasticity, and associated neuropathic pain. 
Because cannabidiol (CBD) exhibits neuroprotective and anti-inflammatory properties, 
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administration is recommended prophylactically in individuals at genetic risk for disease 
development to preserve neuronal integrity and CB1 and CB2 receptor functionality in the 
cerebral cortex. 

Huntington’s Chorea 
Huntington’s chorea, a progressive neurodegenerative disorder, which affects motor 
coordination, causes involuntary movement patterns, cognitive and psychiatric decline, and 
behavioral abnormalities, is categorized as a disease associated with genetic endocannabinoid 
deficiency (CECD). In Huntington’s chorea, CB1 receptors in the basal ganglia are significantly 
reduced, which affects the upregulatory responses of the CB2 receptors in lesioned areas. 
Cannabinoids, which normally provide neuroprotection, are progressively diminished in 
Huntington’s chorea, which accounts for the neuronal destruction throughout the cerebral cortex 
and associated symptomatology, including painful dystonic movements, anxiety, and 
depression. Cannabidiol (CBD) with low dose THC has been demonstrated to slow progressive 
dystonic symptoms and associated pain, relieve anxiety, and enhance well-being in patients 
affected by the disease. In individuals at genetic predisposition for the development of 
Huntington’s chorea, the neuroprotective effects of cannabidiol (CBD) may slow the onset and 
severity of symptoms associated with Huntington’s chorea. 

Cerebral Ischemia and Stroke 
Cerebral ischemia refers to injury to the cerebral cortex as a result of an obstruction within the 
circulatory system of the brain. Factors that contribute to cerebral ischemia and stroke include 
atherosclerosis, hypertension, diabetes, and nicotine use. Cerebral thrombosis, or cerebral 
embolism, interrupts cerebral blood flow, resulting in paralysis, expressive and receptive 
aphasia, and/or death. The acquired endocannabinoid system deficiency (CECD), which 
precedes cerebral ischemia and cerebral stroke, reflects forebrain CB1 and CB2 receptor 
dysfunction and diminished circulating cannabinoids. Indeed, immediate administration of 
cannabidiol (CBD) up to four hours after a cerebral ischemic incident reduced inflammatory and 
residual motor deficits in human subjects. The antioxidant, anxiolytic, and neuroprotective 
properties of cannabidiol (CBD) with low dose THC were also found to be preventative in 
subjects predisposed to cerebral ischemia, enhancing cerebral function through restoration of 
circulating cannabinoids and functionality of CB1 and CB2 receptors. 

Multiple Sclerosis 
Multiple sclerosis is a neurodegenerative disorder characterized by the production of lesions in 
the cerebral cortex and spinal cord and diminished myelin cell production. Classified as 
remitting-relapsing, in which exacerbations with residual deficits and recovery spanning over 
years, or progressive, which alludes to a downward spiral of neurological deterioration following 
diagnosis, until death, multiple sclerosis affects such functions as motor coordination, cognition, 
and thermoregulation. The endocannabinoid system deficiency (CECD) in multiple sclerosis is 
idiopathic autoimmune, and sensory pathways are affected as myelin sheath destruction occurs. 
Pain and spasticity affect nearly all patients with multiple sclerosis. Cannabidiol (CBD), with low 
dose THC, which has neuroprotective and analgesic affects, effectively reduces pain and 
spasticity associated with multiple sclerosis. Administration of cannabidiol (CBD) early in the 
diagnosis of multiple sclerosis is suggested to reduce the neuroinflammatory response within the 
cerebral 
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cortex, enhance cannabinoid binding to CB1 and CB2 receptors, and reduce potential myelin 
cell destruction. 

Schizophrenia 
Schizophrenia is a psychiatric disorder characterized by abnormal social behavior, inability to 
discern reality from fantasy, confused thought processes, hallucinations, limited social 
interactions and emotional expression, and inactivity. Research indicates that circulating 
cannabinoids in the forebrain are depleted and CB1 receptors become less dense, causing 
decrease receptivity. The endocannabinoid deficiency (CECD) in schizophrenia appears to be 
genetic and pharmacological approaches, which have focused upon the antagonism of 
dopamine receptors, have been of limited value. The administration of cannabidiol (CBD) has 
been shown to increase the density of CB1 receptors and increase available cannabinoids in 
the brain. Anxiety, hallucinations, and behavioral modification have been noted, warranting 
concurrent administration of cannabidiol (CBD) in the management of schizophrenia. 

Epilepsy 
Dravet syndrome or Severe Myoclonic Epilepsy of Infancy (SMEI), is form of irretractable 
epilepsy, which emerges in infancy with prolonged and frequent seizure activity. Behavioral and 
developmental delays, motor development and coordination, language and speech acquisition, 
growth and nutritional deficiencies, immunosuppression, sensory integration disorders, and 
autonomic nervous system dysregulation characterize this disorder. Sudden unexplained death 
in epilepsy is prevalent as well. Endocannabinoid deficiency (CECD) is categorized as 
idiopathic autoimmune in light of the decrease in circulating cannabinoids and the reduced 
density of both CB1 and CB2 receptors. Research has conclusively demonstrated the benefit of 
the administration of cannabidiol (CBD) in Dravet syndrome - reducing persistent seizure 
activity in the majority of human subjects, reducing associated symptoms, and improving 
cognitive function. Increased cannabinoid availability and increased density of CB1 and CB2 
receptors correlates with neurological improvement in Dravet, supporting the possible 
concurrent and preventative use of cannabidiol (CBD) in other forms of epileptic disorders. 

Migraine 
Migraine is a chronic neurological disorder characterized by moderate to severe headaches 
accompanied by autonomic nervous symptoms, including nausea and vomiting, light, sound, 
and smell sensitivities, and pain. Approximately one-third of individuals present with an aura, or 
transient visual, auditory, sensory, linguistic, or motor disturbance prior to migraine onset. 
Endocannabinoid deficiency (CECD) in migraine is categorized as genetic, with statistically 
significant hereditary prevalence. CB1 receptors in the cerebral cortex and trigeminal nucleus of 
the brainstem appear unable to process neurotransmitters, causing inflammatory responses, 
which induce severe pain. Cannabidiol (CBD) is suggested to reduce neurovascular 
inflammation and provide analgesia in migraine and prophylaxis in chronic migraine. 

Cancer of the Brain 
Malignancy in the human brain can be the primary source of the respective cancer or 
secondary metastasis from a primary site. The anticarcinogenic effects of cannabidiol (CBD) 
and THC in certain types of cancer are well documented. Gliomas and brain metastasis from 
breast and lung cancer are potential targets for cannabidiol (CBD) therapy. Cannabinoids 
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produce antitumor effects through induction of cell death, cell growth inhibition, and inhibition of 
tumor angiogenesis. Endocannabinoid deficiency (CECD) in oncology is categorized as genetic 
and/or acquired and responds to administration of concentrated cannabidiol (CBD) and THC. 
Neuroprotection of non-transformed cells has also been demonstrated, suggesting adjunctive 
cannabidiol (CBD) with combination THC therapy when chemotherapy and/or radiation are also 
recommended. 

Depression & Anxiety 
Major affective mood disorders, including depression and anxiety, are targets for cannabidiol 
(CBD) therapy. Depression, which is characterized by pervasive and persistent low mood, low 
self-esteem, and loss of interest in normally enjoyable activities, affects CB1 receptors in such 
areas as the anterior cingulate cortex and the subgenual cingulate. Neurodegeneration of the 
ventricles is also noted in chronic depression, highlighting CB2 receptor dysregulation as well. 
In anxiety disorders, CB1 receptors in the amygdala, which elicits the fight or flight response, 
and in the anterior cingulate cortex, are affected. Excessive and persistent worry characterizes 
this disorder. Both depression and anxiety are categorized as either genetic or acquired 
endocannabinoid deficiencies (CECD), which respond to the administration of cannabidiol 
(CBD). The anxiolytic and antidepressant properties of cannabidiol (CBD) increase available 
circulating cannabinoids to affected cerebral areas in both disorders and enhance receptivity of 
dysfunctional CB1 and CB2 receptors. 

Chronic Traumatic Encephalopathy (CTE) 
Chronic traumatic encephalopathy (CTE) is associated with repetitive concussion to the brain, 
tau protein expression, neurodegeneration, mood disorders, including rage and depression, and 
dementia. CTE in football, basketball, boxing, and soccer, and among combat military 
personnel, affects the endocannabinoid system as an acquired deficiency. Depending upon the 
area of traumatic injury, regional CB1 and CB2 receptors are affected. Available cannabinoids 
decline in CTE, affecting serotonin and dopamine responses, neurotransmitter communication, 
and the density of CB1 and CB2 receptors. Administration of cannabidiol (CBD) with low dose 
THC after the development of CTE has demonstrated a positive response, with reduction in 
symptomatology. Preventative THC with cannabidiol (CBD) administration is recommended for 
individuals at risk for CTE because cannabidiol (CBD) and low dose THC reduce 
neuroinflammatory responses, are anxiolytic, thereby reducing cell death, and are restorative in 
the functionality of affected CB1 and CB2 receptors. 
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Endocannabinoid Deficiency (CECD) Classification: Neurological Disorders 
Disorder Origin of CECD 
ALS Genetic, Acquired 
Alzheimer’s Genetic 
Parkinson’s Genetic 
Huntington’s Chorea Genetic 
Cerebral Ischemia and Stroke Genetic, Acquired 
Multiple Sclerosis Idiopathic Autoimmune 
Epilepsy and Dravet’s Genetic 
Migraine Genetic, Acquired 
Depression, Anxiety Genetic, Acquired 
CTE Acquired 

CEN Medical Cannabis Pharmacological Prescription and Coding System 
Neurological Disorder Application 
The CEN Medical Cannabis Pharmacological Prescription and Coding System (CEN/MCPPCS) 
provides language that enables the health care practitioner to communicate with the dispenser 
of medical cannabis. The first two letters of the system refer to the cannabis type: cannabis 
sativa, cannabis indica, or cannabis hybrida. The numerical value in percentage to the right of 
the colon refers to the recommended THC content in percentage, and the numerical value in 
sequence to the right of the THC percentage refers to the recommended CDB content. 

(CEN/MCPPCS); Cannabis type (sativa, indica, hybrida; THC percentage or range/CBD 
percentage or range) or Hemp Cannabidiol (CBD) 

Example: THC is recommended for the patient for Chronic Traumatic Encephalopathy (CTE), 
(ICD-9: 363.20). The prescription would therefore read: 

Marvin James Reynolds 
Date of Birth: 09-01-1989 
Diagnosis: Chronic Traumatic Encephalopathy (CTE), ICD-9 code: 
CS: 14-19%/ 6-8%. Use cannabis sativa every 6 hours as needed via vaporizer. 
Margaret Henderson, M.D. 

The patient would then be able to purchase the cannabis sativa at a dispensary, offering the 
prescription to the pharmacist or technician. 
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Composition Assignments 
1. Please answer the following question: Cannabidiol (CBD) is a suitable adjunctive therapy

for the patient with migraines.
a. True
b. False

2. Please go to www.libraryworld.com and enter username CEN. Select an article from the
CEN library on an aspect of cannabidiol (CBD) and the neurological system. Write a
two hundred word critical analysis paper on this research article and determine the
following in your paper:

a. Author and affiliation
b. Study population
c. Purpose
d. Outcome of the study
e. Importance of the research

Bibliography 
Abrams, D. I., C. A. Jay, S. B. Shade, H. Vizoso, H. Reda, S. Press, M. E. Kelly, M. C. 

Rowbotham, & K. L. Petersen (2007). Cannabis in painful HIV-associated sensory 
neuropathy: A randomized placebo-controlled trial. Neurology, 68, 516-521. 

Bakheit, Abdel Magid O. (2012). The pharmacological management of post-stroke 
muscle spasticity. Drugs Aging, 29, 941-947. 

Barichello, Tatiana, Renan A. Ceretta, Jacqueline S. Generoso, Ana Paula Moreira, 
Lutiana R. Simōes, Clarissa M. Comim, João Quevedo, Márcia Carvalho Vilela, 
Antonio Waldo Zuardi, José A. Crippa, & Antônio Lucio Teixeira (2012). 
Cannabidiol reduces host immune response and prevents cognitive impairments in 
Wistar rats submitted to pneumococcal meningitis. European Journal of Pharmacology, 
697, 158-164. 

Basavarajappa, Balapal S. (2007). Neuropharmacology of the endocannabinoid signaling 
mechanisms, biological actions and synaptic plasticity. Current Neuropharmacology, 5, 
81-97.

Berman, Jonathan S., Catherine Symonds, & Rolfe Birch (2004). Efficacy of two cannabis 
based medicinal extracts for relief of central neuropathic pain from brachial plexus 
avulsion: results of a randomized controlled trial. Pain, 112, 299-306. 

Bilsland, Lynsey G., James R. Dick, Gareth Pryce, Stefania Petrosino, Vincenzo di Marzo, 
David Baker, & Linda Greensmith (2006). Increasing cannabinoid levels by 
pharmacological genetic manipulation delays disease progression in SOD1 mice. 
The Federation of American Societies for Experimental Biology, 20, 1004-1018. 

Bologov, Anastasia, Mikhal Gafni, Ora Keren, & Yosef Sarne (2011). Dual protective and 
neurotoxic effects of cannabinoid drugs in vitro. Cellular and Molecular Neurobiology, 
31, 195-202. 



The Endocannabinoid System and Cannabidiol | THC and CBD, Physiology, and Health 
Author: Michele R. Reillo, Ph.D. 

Bonn-Miller, Marcel O., Kimberly A. Babson, & Ryan Vandrey (2014). Using cannabis to 
help you sleep: heightened frequency of medical of medical cannabis use among those 
with PTSD. Drug and Alcohol Dependence, 136, 162-165. 

Booz, George W. (2011). Cannabidiol as an emergent therapeutic strategy for lessening the 
impact of inflammation on oxidative stress. Free Radical Biology and Medicine, 51(5), 
1054-1061. 

Bossong, Matthijs G., J. Martin Jansma, Sagnik Bhattacharyya, & Nick F. Ramsey (2014). 
Role of the endocannabinoid system in brain function relevant for schizophrenia: an 
overview of human challenge studies with cannabis or ∆9-tetrahydrocannabinol (THC). 
Progress in Neuro-Psychopharmacology & Biological Psychiatry, 52, 53-69. 

Bragg, Raphael J., Katherine E. Burdick, Pamela DeRosse, & Anil Malhotra (2012). 
Cognitive and clinical outcomes associated with cannabis use in patients with bipolar I 
disorder. Psychiatry Research, 200, 242-245. 

Braida, Daniela, Simona Pegorini, Maria Vittoria Arcidiacono, Gian Giacomo Consalez, 
Laura Croci, & Mariaelvina Sala (2003). Post-ischemic treatment with cannabidiol 
electroencephalographic flattening, hyperlocomotion and neuronal injury in gerbils. 
Neuroscience Letters, 346, 61-64. 

Brook, George (2008). National industrial hemp strategy. Manitoba Agriculture, Food and 
Rural Initiative Agriculture and Agri-Food Canada, 1-348. 

Buczynski, Matthew W. & Loren H. Parsons (2010). Quantification of brain endocannabinoid 
levels: methods, interpretations and pitfalls. British Journal of Pharmacology, 160, 423- 
442. 

Cabral, G. A., E. S. Raborn, L. Griffin, J. Dennis, & F. Marciano-Cabral (2008). CB2 
receptors in the brain: role in central immune function. British Journal of Pharmacology, 
153, 240-251. 

Capettini, Luciano S. A., Silvia Q. Savergnini, Rafaela F. da Silva, Nikos Stergiopulos, 
Robson A. S. Santos, François Mach, & Fabrizio Montecucco (2012). Update on the role 
of cannabinoid receptors after ischemic stroke. Mediators of Inflammation, 10, 1-8. 

Carter, Gregory T., Mary E. Abood, Sunil K. Aggarwal, & Machael D. Weiss (2010). 
Cannabis and amyotrophic lateral sclerosis: hypothetical and practical applications, and a 
call for clinical trials. American Journal of Hospice and Palliative Medicine, 27(5), 347- 
356.



The Endocannabinoid System and Cannabidiol | THC and CBD, Physiology, and Health 
Author: Michele R. Reillo, Ph.D. 

Chen, Jing, Kalpana S. Paudel, Andrei V. Derbenev, Bret N. Smith, & Audra L. 
Stinchcomb (2009). Simultaneous quantification of arandamide and other endo- 
cannabinoids in dorsal vagal complex in rat brainstem by LC-MS. Chromatographia, 
69(1-2), 1-7. 

Chiarlone, Anna, Luigi Bellocchio, Cristina Blazquez, Eva Resel, Edgar Soria-Gomez, 
Astrid Cannich, Jose J. Ferrero, Onintza Sagredo, Cristina Benito, Julian Romero, Jose 
Sanchez-Prieto, Beat Lutz, Javier Fernandez-Ruiz, Ismael, Galve-Roperh, & Manuel 
Guzman (2014). A restricted population of CB1 cannabinoid receptors with 
neuroprotective activity. Proceedings of the National Academy of Sciences, 111(22), 
8257-8262. 

Cilio, Maria Roberta, Elizabeth A. Thiele, & Orrin Devinsky (2014). The case for 
assessing cannabidiol in epilepsy. Epilepsia, 55(6), 787-790. 

Collin, C., P. Davies, I. K. Mutiboko, & S. Ratcliffe (2007). Randomized controlled 
Trial of cannabis-based medicine in spasticity caused by multiple sclerosis. 
European Journal of Neurology, 14, 290-296. 

Consroe, Paul, Joan Laguna, James Allender, Stuart Snider, Lawrence Stern, Reuven 
Sandyk, Kurt Kennedy, & Karl Schram (1991). Controlled clinical trial of cannabidiol 
in Huntington’s disease. Pharmacology, Biochemistry, & Behavior, 40, 701-708. 

Costa, Barbara, Anna Elisa Trovato, Francesca Comelli, Gabriella Giagnoni, & Mariapia 
Colleoni (2007). The non-psychoactive cannabis constituent cannabidiol is an orally 
effective therapeutic agent in rat chronic inflammatory and neuropathic pain. 
European Journal of Pharmacology, 556, 75-83. 

Croxford, J. Ludovic (2003). Therapeutic potential of cannabinoids in CNS disease. Adis 
Data Information, 17(3), 179-202. 

De Bitencourt, Rafael Mariano, Fabricio Alano Pamplona, & Reinaldo Naoto Takahashi 
(2013). A current overview of cannabinoids and glucocorticoids in facilitating extinction 
of aversive memories: potential extinction enhancers. Neuropharmacology, 64, 389-395. 

De la Ossa, Dolores Hernán, Mar Lorente, Maria Esther Gil-Alegre, Sofia Torres, Elena 
Garcia-Taboada, María del Rosario Aberturas, Jesús Molpeceres, Guillermo Velasco, 

Ana 
Isabel Torres-Suárez (2013). Local delivery of cannabinoid-loaded microparticles 
inhibits tumor growth in a murine xenograft model of glioblastoma multiforme. PLOS 
One, 8(1), 1-8. 

Deiana, Serena (2012). Medical use of cannabis. Cannabidiol: A light for schizophrenia? 
Drug Testing Analysis, 5, 46-51. 



The Endocannabinoid System and Cannabidiol | THC and CBD, Physiology, and Health 
Author: Michele R. Reillo, Ph.D. 

Devinsky, Orrin, Maris Roberta Cilio, Helen Cross, Javier Fernandez-Ruiz, Jacqueline 
French, Charlotte Hill, Russell Katz, Vincenzo di Marzo, Didier Justras-Aswad, 
William George Notcutt, Jose Martinez-Orgado, Philip J. Robson, Brian G. Rohrback, 
Elizabeth Thiele, Benjamin Whalley, & Daniel Friedman (2014). Cannabidiol: 
Pharmacology and potential therapeutic role in epilepsy and other neuropsychiatric 
disorders. Epilepsia, 55(6), 791-802. 

Deshpande, Laxmikant, Robert E. Blair, Julie M. Ziobro, Sompong Sombati, Billy R. 
Martin, & Robert J. DeLorenzo (2007). Endocannabinoids block status epilepticus in 
cultured hippocampal neurons. European Journal of Pharmacology, 558(1-3), 52-59. 

Di Iorio, Giuseppe, Marreo Lupi, Fabiola Sarchione, Ilaria Matarazzo, Rita Santacroce, 
Filippo Petruccelli, Giovanni Martinotti, & Massimo di Giannantonio (2013). The 
endocannabinoid system: a putative role in neurodegenerative diseases. International 
Journal of High Risk Behavoir and Addiction, 2(3), 100-106. 



The Endocannabinoid System and Cannabidiol | THC and CBD, Physiology, and Health 
Author: Michele R. Reillo, Ph.D. 

DiPatrizio, Nicholas V. & Daniele Piomelli (2012). The thrifty lipids: Endocannabinoids 
and the neural control of energy conservation. Trends in Neuroscience, 35(7), 403-411. 

Dirikoc, Sevda, Suzette A. Priola, Mathieu Marella, Nicole Zsürger. & Joëlle Chabry (2007). 
Nonpsychoactive cannabidiol prevents prion accumulation and protects neurons against 
prion toxicity. Neurobiology of Disease, 27 (36), 9537-9544. 

Do Monte, Francis H., Rimenez R. Souza, Rafael Bitencourt, & Juliana A. Kroon (2013). 
Infusion of cannabidiol into infralimbic cortex facilitates fear extinction via CB1 
receptors. Behavioural Brain Research, 250, 23-27. 

Dowie, Megan J., Natasha L. Grimsey, Therri Hoffman, Richard L. M. Faull, & Michele 
Glass (2014). Cannabinoid receptor CB2 is expressed on vascular cells, but not 
astroglial cells in the post-mortem human Huntington’s disease brain. Journal of 
Chemical Neuroanatomy, 59/60, 62-71. 

El-Alfy, Abir T., Kelly Ivey, Keisha Robinson, Safwat Ahmed, Mohamed Radwan, 
Desmond Slade, Ikhlas Khan, Mahmoud ElSohly, & Samir Ross (2010). 
antidepressant-like effect of ∆9-tetrahydrocannabinol and other cannabinoids 
isolated from Cannabis sativa L. Pharmacology, Biochemistry and Behavior, 95, 
434-442.

Elphick, Maurice R. (2012). The evolution and comparative neurobiology of endocannabinoid 
signaling. Philosophical Transactions of the Royal Society, 367, 3201-3215. 

Espejo-Porras, Francisco, Javier Fernández-Ruiz, Roger G. Pertwee, Raphael Mechoulam, 
Concepción García (2013). Motor effects of the non-psychotropic phytocannabinoid 
cannabidiol that a.re mediated by 5-HT(1a) receptors. Neuropharmacology, 75, 155-163. 

Esposito, Giuseppe, Daniele de Filippis, Rosa Carnuccio, Angelo A. Izzo, & Teresa Iuvone 
(2005). The marijuana component cannabidiol inhibits beta-amyloid induced tau protein 
hyperphosphoralation through Wnt/beta-catenin pathway rescue in PC 12 cells. Journal of 
Molecular Medicine, 8(4), 253-258. 

Esposito, Giuseppe, Daniele de Filippis, Luca Steardo, Caterina Scuderi, Claudia Savani, 
Vincenzo Cuomo, & Teresa Iuvone (2006). CB1 receptor selective activation inhibits beta- 
amyloid-induced iNOS protein expression in C6 cells and subsequently blunts tau protein 
hyperphosphorylation in co-cultured neurons. Neuroscience Letters, 404, 342-346. 

Esposito, G. C. Scuderi, C. Savani, L. Steardo, Jr., D. de Filippis, P. Cottone, T. Luvone, 
V. Cuomo, & L. Steardo (2007). Cannabidiol in vivo blunts beta-amyloid induced
neuroinflammation by suppressing IL-1beta and iNOS expression. British Journal of
Pharmacology, 151, 1272-1279.



The Endocannabinoid System and Cannabidiol | THC and CBD, Physiology, and Health 
Author: Michele R. Reillo, Ph.D. 

Esposito, Giuseppe, Caterina Scuderi, Marta Valentina, Giuseppina Ines Togna, Valentina 
Latina, Daniele de Filippis, Mariateresa Cipriano, Maria Rosaria Carratu, Teresa Iuvone, 
& Luca Steardo (2011). Cannabidiol reduces alphabeta-induced neuroinflammation and 
promotes hippocampal neurogenesis through PPARgamma involvement. PLOS One, 
6(11), 1-8. 

Eubanks, Lisa M., Claude J. Rogers, Albert E. Beuscher, IV, George F. Koob, Arthur J. 
Olson, Tobin J. Dickerson, & Kim D. Janda (2006). A molecular link between the active 
component of marijuana and alzheimer’s disease pathology. Molecular Pharmaceuticals, 
3(6), 773-777. 

Fernández-Ruiz, Javier, Miguel Moreno-Martet, Carmen Rodríguez-Cueto, Cristina Palomo- 
Garo, María Gómez-Cañas, Sara Valdeolivas, Carmen Guaza, Julián Romero, Manuel 
Guzmán, Raphael Mechoulam, & José A. Ramos (2011). Prospects for cannabinoid 
Therapies in basal ganglia disorders. British Journal of Pharmacology, 163, 1365-1378. 

Fujii, Mutsumi, Prativa Sherchan, Paul R. Krafft, William B. Rolland, Yoshiteru Soejima, 
& John H. Zhang (2014). Cannabinoid type 2 receptor stimulation attenuates brain 
edema by reducing cerebral leukocyte infiltration following subarachnoid hemorrhage 
in rats. Journal of Neurological Sciences, 342, 101-106. 

García-Arencibia, Moisés, Sara González, Eva de Lago, José A. Ramos, Raphael 
Mechoulam, Javier Fernández-Ruiz (2007). Evaluation of the neuroprotective effect of 
cannabinoids in a rat model of Parkinson’s disease: importance of antioxidants and 
cannabinoid receptor-independent properties. Brain Research, 1134, 162-170. 

Gates, Peter J., Lucy Albertella, & Jan Copeland (2014). The effects of cannabinoid 
administration on sleep: a systematic review of human studies. Sleep Medicine 
Reviews (article in press), 1-22. 

Gloss, D. & B. Vickrey (2014). Cannabinoids for epilepsy. The Cochrane Collaboration, 3, 
1-23.

Grotenhermen, Franjo (2006). Cannabinoids and the endocannabinoid system. 
Cannabinoids, 1(1), 10-14. 

Grotenhermen, Franjo & Gero Leson (2003). Reassessing the drug potential of industrial 
hemp. Drug Potential of Fibre Hemp, 1-48. 

Grundy, Robert I., Monica Rabuffetti, & Massimiliano Beltramo (2001). Cannabinoids and 
neuroprotection. Molecular Neurobiology, 24, 29-51. 

Guiterrez, Tannia & Andrea G. Hohmann (2011). Cannabinoids for the treatment of 
neuropathic pain: are they safe and effective? Future Neurology, 6(2), 129-133. 



The Endocannabinoid System and Cannabidiol | THC and CBD, Physiology, and Health 
Author: Michele R. Reillo, Ph.D. 

Hampson, A. J., M. Grimaldi, M. Lolic, D. Wink, R. Rosenthal, & J. Axelrod (1998). 
Neuroprotective antioxidants from marijuana. Annals of the New York Academy of 
Science, 274-282. 

Haney, Margaret, Erik W. Gunderson, Judith Rabkin, Carl L. Hart, Suzanne K. Vosburg, 
Sandra D. Comer, & Richard W. Foltin (2007). Dronabinol and marijuana in HIV- 
positive marijuana smokers: Caloric intake, mood, and sleep. Journal of Acquired 
Immune Deficiency Syndrome, 45(5), 545-554. 

Harvey, Benjamin S., Katharina S. Ohlsson, Jesper L. V. Mååg, Ian F. Musgrave, Scott D. 
Smid (2012). Contrasting protective effects of cannabinoids against oxidative stress and 
amyloid-B evoked neurotoxicity in vitro. Neurotoxicology, 33, 138-146. 

Hayakawa, Kazuhide, Kenichi Mishima, Keiichi Irie, Mai Hazekawa, Shohei Mishima, 
Masayuki Fujioka, Kensuke Orito, Nobuaki Egashira, Shutaro Katsurabayashi, 
Kotaro Takahaski, Katsunori Iwasaki, & Michihiro Fujiwara (2008). Cannabidiol 
prevents a post-ischemic injury progressively induced by cerebral ischemia via a 
high-mobility group box1-inhibiting mechanism. Neuropharmacology, 55, 1280-1286. 

Hayakawa, Kazuhide, Kenichi Mishima, Masanori Nozako, Mai Hazekawa, Keiichi Irie, 
Masayuki Fujioka, Kensuke Orito, Kohji Abe, Nobuyoshi Hasebe, Nobuaki Egashira, 
Katsunori Iwasaki, & Michihiro Fujiwara (2007). Delayed treatment with cannabidiol has 
a cerbroprotective action via a cannabinoid receptor-independent myeloperoxidase- 
inhibiting mechanism. Journal of Neurochemistry, 102, 1488-1496. 

Hayakawa, Kazuhide, Kenichi Mishima, Masanori Nozako, Ayumi Ogata, Mai Hazekawa, 
An-Xin Liu, Masayuki Fukioka, Kohji Abe, Nobuaki Egashira, Katsunori Iwasaki, & 
Michihiro Fujiwara (2007). Repeated treatment with cannabidiol but not tetrahydro- 
cannabidiol has a neuroprotective effect without the development of tolerance. 
Neuropharmacology, 52, 1079-1087. 

Hayakawa, Kazuhide, Kenichi Mishima, & Michihiro Fujiwara (2010). Therapeutic 
potential of non-psychotropic cannabidiol in ischemic stroke. Pharmaceuticals, 3, 
2197-2212. 

Hebert-Chatelain, Etienne, Leire Reguero, Nagore Puente, Beat Lutz, Francis Chaouloff, 
Rodrigue Rossignol, Pier-Vincenzo Piazza, Giovanni Benard, Pedro Grandes, & Giovanni 
Marsicano (2014). Cannabinoid control of brain bioenergetics: exploring the subcellular 
localization of the CB1 receptor. Molecular Metabolism, 3(4), 495-504. 

Herkenham, Miles (1989). Cannabinoid receptor localization in brain: relationship to motor 
and reward systems. Annals of the New York Academy of Sciences, 19-32. 

Hill, Andrew J., Claire M. Williams, Benjamin J. Whalley, & Gary J. Stephens (2012). 
Phytocannabinoids as novel therapeutic agents in CNS disorders. Pharmacology & 
Therapeutics, 133, 79-97. 



The Endocannabinoid System and Cannabidiol | THC and CBD, Physiology, and Health 
Author: Michele R. Reillo, Ph.D. 

Hofmann, Mackenzie E. & Charles J. Frazier (2013). Marijuana, endocannabinoids, and 
epilepsy: Potential and challenges for improved therapeutic intervention. Experimental 
Neurology, 244, 43-50. 

Hwang, Jeannie, Crista Adamson, David Butler, David R. Janero, Alexandros Maktiyannis, 
& Ben A. Bahr (2010). Enhancement of endocannabinoid signaling by fatty acid amide 
hydrolase inhibition: a neuroprotective therapeutic modality. Life Sciences, 86, 615-623. 

Iring, András, Éva Ruisanchez, Miriam Leszl-Ishiguro, Belá Horváth, Rita Benkö, 
Zsombor Lacza, Zoltán Járai, Péter Sándor, Vincenzo Di Marzo, Pál Pacher, & Zoltán, 
Benyó (2013). Role of endocannabinoids and cannabinoid-1 receptors in cerebrocortical 
blood flow regulation. PLOS One, 8(1), 1-11. 

Iuvone, Teresa, Giuseppe Esposito, Ramona Esposito, Rita Santamaria, Massimo di Rosa, 
& 

Angelo A. Izzo (2004). Neuroprotective effect of cannabidiol, a non-psychactive 
component from Cannabis sativa, on beta-amyloid induced toxicity in PC 12 cells. 
Journal of Neurochemistry, 89, 134-141. 

Jiang, Wen, Yun Zhang, Lan Xiao, Jamie van Cleemput, Shao-Ping Ji, Guang Bai, & Xia 
Zhang(2005). Cannabinoids promote embryonic and adult hippocampus neurogenesis 
and produce anxiolytic- and antidepressant-like effects. The Journal of Clinical 
Investigation, 115(11), 3104-3106. 

Jones, Nicholas A., Sarah E. Glyn, Satoshi Akiyama, Thomas D. M. Hill, Andrew J. Hill, 
Samantha E. Weston, Mathew D. A. Burnett, Yuki Yamasaki, Gary J. Stephens, Benjamin 
J. Whalley, & Claire M. Williams (2012). Cannabidiol exerts anti-convulsant effects in
animal models of temporal lobe and partial seizures. Seizure, 21, 344-352.

Katona, István & Tamás F. Freund (2008). Endocannabinoid signaling as a synaptic circuit 
breaker in neurological disease. Nature Medicine, 14(9), 923-930. 

Kim, Hee Jung, Angela H. Shin, & Stanley A. Thayer (2011). Activation of cannabinoid 
type 2 receptors inhibits HIV-1 envelope glycoprotein gp 120-induced synapse loss. 
Molecular Pharmacology, 80(3), 357-366. 

Kouri, Naomi, Kenichi Oshima, Makio Takahashi, Melissa E. Murray, Zeshan Ahmed, 
Joseph E. Parisi, Sho-Hui C. Yen, & Dennis W. Dickson (2013). Corticobasal 
degeneration with olivopontocerebellar atrophy and TDP-43 pathology: an unusual 
clinicopathologic variant of CBD. Acta Neuropathologia, 125, 741-752. 

Krishnan, S., R. Cairns, & R. Howard (2009). Cannabinoids for the treatment of dementia 
(review). The Cochrane Collaboration, 1-20. 



The Endocannabinoid System and Cannabidiol | THC and CBD, Physiology, and Health 
Author: Michele R. Reillo, Ph.D. 

Lafenêtre, Pauline, Francis Chaouloff, & Giovanni Marsicano (2007). The endocannabinoid 
system in the processing of anxiety and fear and how CB1 receptors may modulate fear 
and extinction. Pharmacological Research, 56, 367-381. 

Lara-Celador, Idoia, Lourdes Castro-Ortega, Antonia Álvarez, Felipe Goñi-de-Cerio, 
Jaione Lacalle, & Enrique Hilario (2012). Endocannabinoids reduce cerebral damage 
after hypoxic-ischemic injury in perinatal rats. Brain Research, 1474, 91-99. 

Lemos, José Inácio, Leonardo Barbosa Resstel, & Francisco Silveira Guimarães (2010). 
Involvement of the prelimbic prefrontal cortext on cannabidiol-induced attenuation of 
contextual conditioned fear in rats. Behavioural Brain Research, 207, 105-111. 

Liang, Caihua, Michael D. McClean, & Carmen Marsit (2009). A population-based case- 
control study of marijuana use and head and neck squamous cell carcinoma. Cancer 
Prevention Research, 2, 759-768. 

Liu, Qing, Manjunatha Bhat, Wayne D. Bowen, & Jianguo Cheng (2009). Signaling 
pathways from cannabinoid receptor-1 activation to inhibition of N-methyl-d-aspartic 
acid mediated calcium influx and neurotoxicity in dorsal root ganglion neurons. The 
Journal of Pharmacology and Experimental Therapeutics, 331(3), 1062-1070. 

Lotan, Itay, Therese A. Treves, Yaniv Roditi, & Ruth Djaldetti (2014). Cannabis (medical 
marijuana) treatment for motor and non-motor symptoms of Parkinson disease: an open- 
label observational study. Clinical Neuropharmacology, 37, 41-44. 

Maa, Edward and Paige Figi (2014). The case for medical marijuana in epilepsy. Epilepsia, 
55(6), 783-786. 

Maccarrone, M., G. Bernardi, A. Finazzi Agro, & D. Centonze (2011). Cannabinoid receptor 
Signaling in neurodegenerative diseases: a potential role for membrane fluidity 
Disturbance. British Journal of Pharmacology, 163, 1379-1390. 

Marchalant, Yannick, Kevin Baranger, Gary L. Wenk, Michel Khrestchatisky, & Santiago 
Rivera (2012). Can the benefits of cannabinoid receptor stimulation on 
neuroinflammation, neurogenesis and memory during normal aging be useful in AD 
prevention? Journal of Neuroinflammation, 9(10), 1-3. 

Martin-Moreno, Ana María, Begoña Brera, Carlos Spuch, Eva Carro, Luis García-Garcia, 
Mercedes Delgado, Miguel A. Pozo, Nadia G. Innamorato, Antonio Cuadrado, & María L. 
de Ceballos (2012). Prolonged oral cannabinoid administration prevents 
neuroinflammation, lowers Beta-amyloid levels and improves cognitive performance in Tg 
APP 2576 mice. Journal of Neuroinflammation, 9(8), 1-15. 

Mathern, Gary, Astrid Nehlig, & Michael Sperling (2014). Cannabidiol and medical 
marijuana for the treatment of epilepsy. Epilepsia, 55(6), 781-782. 



The Endocannabinoid System and Cannabidiol | THC and CBD, Physiology, and Health 
Author: Michele R. Reillo, Ph.D. 

McGeeney, Brian F. (2012). Cannabinoids and hallucinogens for headache. Headache: The 
Journal of Head and Face Pain, 53(3), 447-458. 

McKee, Ann C., Robert C. Cantu, Christopher J. Nowinski, E. Tessa Hedley-Whyte, Brandon 
E. Gavett, Andrew E. Budson, Veronica E. Santini, Hyo-Soon Lee, Caroline A. Kubilus, &
Robert A. Stern (2009). Chronic traumatic encephalopathy in athletes: Progressive
tauopathy following repetitive head injury. Journal of Neuropathology and Experimental
Neurology, 68(7), 709-735.

Mckee, Ann C., Brandon E. Gavett, Robert A. Stern, Christopher J. Nowinski, Robert C. 
Cantu, Neil W. Kowall, Daniel P. Perl, E. Tessa Hedley-Whyte, Bruce Price, Chris 
Sullivan, Peter Morin, Hyo-Soon Lee, Caroline A. Kubilus, Daniel H. Daneshvar, Megan 
Wulff, & Andrew E. Budson (2010). TDP-43 proteinopathy and motor neuron disease in 
chronic traumatic encephalopathy. Journal of Neuropathology and Experimental 
Neurology, 69(9), 918-929. 

McKee, Ann C., Thor D. Stein, Christopher J. Nowinski, Robert A. Stern, Daniel H. 
Daneshvar, Victor E. Alvarez, Hyo-Soon Lee, Garth Hall, Sydney M. Wojtowicz, 
Christine M. Baugh, David O. Riley, Caroline A. Kubilus, Kerry A. Cormier, Matthew A. 
Jacobs, Brett R. Martin, Carmela R. Abraham, Tsuneya Ikezu, Robert Ross Reichard, 
Benjamin L. Wolozin, Andrew E. Budson, Lee E. Goldstein, Neil W. Kowall, & Robert 
C. Cantu (2013). The spectrum of disease in chronic traumatic encephalopathy. Brain,
136, 43-46.

Mechoulam, R. (2002) Discovery of endocannabinoids and some random thoughts on their 
possible roles in neuroprotection and aggression. Prostaglandins, Leukotrienes and 
Essential Fatty Acids, 66(2/3),93-99. 

Meisel, Karl & Joseph H. Friedman (2012). Medical marijuana in Huntington’s disease: 
report of two cases. Medicine and Health, 95, 178-179. 

Micale, Vincenzo, Vincenzo di Marzo, Alexandra Sulcova, Carsten T. Wotjak, & Filippo 
Drago (2013). Endocannabinoid system and mood disorders: Priming a target for new 
therapies. Pharmacology & Therapeutics, 138, 18-37. 

Morena, Maria & Patrizia Campolongo (2014). The endocannabinoid system: An 
emotional buffer in the modulation of memory function. Neurobiology of Learning 
and Memory, 112, 30-43. 

Mulder, Jan, Misha Zilberter, Susana J. Pasquare, Alan Alpar, Gunnar Schulte, Samira G. 
Ferreira, Attila Kofalvi, Ana M. Martin-Moreno, Erik Kelmperna, Heikid Tanila, 
Masahiko Watanabe, Ken Mackie, Tibor Hortobagyl, Maria L. de Ceballos, & Tibor 
Harkany (2011). Molecular reorganization of endocannabinoid signaling in Alzheimer’s 
disease. Brain, 134(4), 1041-1060. 



The Endocannabinoid System and Cannabidiol | THC and CBD, Physiology, and Health 
Author: Michele R. Reillo, Ph.D. 

Müller-Vahl, Kirsten R. (2013). Treatment of Tourette syndrome with cannabinoids. 
Behavioural Neurology, 27, 119-124. 

Napchan, Uri, Dawn C. Buse, & Elizabeth W. Loder (2011). The use of marijuana or 
synthetic cannabinoids for the treatment of headache. Headache: The Journal of Head & 
Face Pain, 502-505. 

Novotna, A., J. Mares, S. Ratcliffe, I. Novakova, M. Vachova, O. Zapletalova, C. Gasperini, 
Montalban, A. Klimek, P. Davies, & the Sativex Spasticity Study Group (2011). A 
randomized, double-blind, placebo-controlled, parallel-group, enriched-design study of 
nabiximols (Sativex®), as add-on therapy, in subjects with refractory spasticity caused 
by multiple sclerosis. European Journal of Neurology, 18, 1122-1131. 

Nurmikko, T. J et al. (2008). Sativex® improves pain control in patients with unresponsive 
and persistent neuropathic pain. Pain, 133, 210-220. 

Ooms, Martin, Roma Rietjens, Janaki Raman Rangarajan, Kathleen Vunckx, Sara 
Valdeolivas, Frederik Maes, Uwe Himmelreich, Javier Fernandez-Ruiz, Guy Bormans, 
Koen van Laere, & Cindy Casteels (2014). Early decrease of type 1 cannabinoid receptor 
binding and phosphodiesterase 10A activity in vivo in R6/2 Huntington mice (article in 
press). Neurobiology of Aging, 1-12. 

Pazos, M. R., V. Cinquina, A, Gómez, R. Layunta, M. Santos, J. Fernádez-Ruiz, & José 
Martinez-Orgado (2012). Cannabidiol administration after hypoxia-ischemia to 
newborn rats reduces long-term brain injury and restores neurobehavioral function. 
Neuropharmacology, 63, 776-783. 

Pope, C., R. Mechoulam, & L. Parsons (2010). Endocannabinoid signaling in neurotoxicity 
and neuroprotection. Neurotoxicology, 31(5), 562-571. 

Price, Theodore J., Amol Patwardhan, Armen N. Akopian, Kenneth M. Hargreaves, & 
Christopher M. Flores (2004). Modulation of trigeminal sensory neuron activity by the 
dual cannabinoid-vanilloid agonists anandamide, N-arachidonoyl-dopamine and 
arachidonyl-2-chloreothylamide. British Journal of Pharmacology, 141, 118-1130. 

Ramírez, Beléz G., Cristina Blázquez, Teresa Gómez del Pulgar, Manuel Guzmán, & Maria 
L. de Ceballos (2005). Prevention of Alzheimer’s disease pathology by cannabinoids:
neuroprotection mediated by blockade of microglial activation. The Journal of
Neuroscience, 25(8), 1904-1913.

Ramirez, Servio H., Janoa Hasko, Andrew Skuba, Shongshan Fan, Ryan McCormick, Holly 
Dykstra, Nancy Reichenbach, Istvan Krizbal, Anu Mahadevan, Ming Zhang, Ronald 
Tuma, Young-Jin Son, & Yuri Persidsky (2012). Activation of the cannabinoid 2 
receptor attenuates leukocyte-endothelial interactions and blood-brain barrier 
dysfunction under inflammatory conditions. Journal of Neuroscience, 32(12), 4004- 
4016. 



The Endocannabinoid System and Cannabidiol | THC and CBD, Physiology, and Health 
Author: Michele R. Reillo, Ph.D. 

Rezapour-firouzi, Soheila, Seyed Rafie Arefhosseini, Mehrangiz Ebrahimi-Mamaghani, 
Medhi Farhoudi, Behzad Baradaran, Torbati Mohammad Ali, & Fatemeh Zamani 
(2013). Erythrocyte membrane fatty acids in multiple sclerosis patients and hot- 
nature dietary intervention with co-supplemented hemp-seed and evening-primrose 
oils. African Journal of Traditional and Complementary Alternative Medicine, 10(6), 
519-527.

Rom, Slava & Yuri Persidsky (2013). Cannabinoid receptor 2: Potential role in 
immunomodulation and neuroinflammation. Journal of Neuroimmune Pharmacology, 
8, 608-620. 

Rossi, Silvia, Giogio Bernardi, Diego Centoze (2010). The endocannabinoid system in the 
inflammatory and neurodegenerative processes of multiple sclerosis and of amyotropic 
lateral sclerosis. Experimental Neurology, 224, 92-102. 

Russo, Ethan (1998). Cannabis for migraine treatment: the once and future prescription? An 
historical and scientific review. Pain, 76, 3-8. 

Ryan, Duncan, Alison J. Drysdale, Carlos Lafourcade, Roger G. Pertwee, & Bettina Platt 
(2009). Cannabidiol targets mitochondria to regulate intracellular CA2+ levels. The 
Journal of Neuroscience, 29(7), 2053-2063. 

Schubart, C. D., I. E. C. Sommer, P. Fusar-Poli, L. de Witte, R. S. Khan, & M. P. Boks 
(2014). Cannabidiol as potential treatment for psychosis. European 
Neuropsychopharmacology, 24, 51-64. 

Scotter, Emma L., Mary E. Abood, & Michele Glass (2010). The endocannabinoid 
system as a target for the treatment of neurodegenerative disease. British Journal of 
Pharmacology, 160, 480-498. 

Schröder, Sven, Kathrin Beckmann, Giovanni Franconi, Gesa Meyer-Hamme, & Thomas 
Friedemann, Henry Johannes Greten, Matthias Rostock, & Thomas Efferth (2013). Can 
medical herbs stimulate regeneration or neuroprotection and treat neuropathic pain in 
chemotherapy-induced neuropathy? Evidence-Based Complementary and Alternative 
Medicine, 1-53. 

Shirazi-zand, Zahra, Leila Ahmad-Molaei, Fereshteh Motamedi, & Nima Naderi (2013). The 
role of potassium BK channels in anticonvulsant effect of cannabidiol in 
pentylenetetrazole and maximal electric shock models of seizure in mice. Epilepsy & 
Behavior, 28, 1-7. 

Sirven, Joseph I. (2013). Medical marijuana for epilepsy: Winds of change. Epilepsy & 
Behavior, 29, 435-436. 



The Endocannabinoid System and Cannabidiol | THC and CBD, Physiology, and Health 
Author: Michele R. Reillo, Ph.D. 

Skaper, Stephen D. & Vincenzo Di Marco (2012). Endocannabinoids in nervous system 
health and disease: the big picture in a nutshell. Philosophical Transactions of the Royal 
Society, 367, 3193-3200. 

Solinas, Marta, Paola Massi, Valentina Cinquina, Marta Valenti, Daniele Bolognini, Marzia 
Gariboldi, Elena Monti, Tiziana Rubino, & Daniela Parolaro (2013). Cannabidiol, a non- 
psychoactive cannabinoid compound, inhibits proliferation and invasion in U87-MG and 
T98G glioma cells through a multitarget effect. PLOS One, 8(10), 1-9. 

Starowicz, Katarzyna & Vincenzo di Marzo (2013). Non-psychotropic analgesic drugs from 
the endocannabinoid system: “magic bullet” or “multiple-target” strategies? European 
Journal of Pharmacology, 716, 41-53. 

Svensson, Mattias, Puran Chen, & Oscar Hammerfjord (2010). Dendritic cell regulation by 
cannabinoid-based drugs. Pharmaceuticals, 3, 2733-2750. 

Toth, Cory C., Nicole M. Jedrzejewski, Connie L. Ellis, & William H. Frey, II (2010). 
Cannabinoid-mediated modulation of neuropathic pain and microglial accumulation in a 
model of murine type 1 diabetic peripheral neuropathic pain. Molecular Pain, 6, 1-22. 

Valvassori, Samira S., Daniela V. Bavaresco, Giselli Scaini, Roger B. Varela, Emilio L. 
Streck, Marcos H. Chagas, Jaime E. C. Hallak, Antonio W. Zuardi, José A. Crippa, 
João Quevedo (2013). Acute and chronic administration of cannabidiol increases 
mitochondrial complex and creatine kinase activity in the rat brain. Revista Brasileira de 
Psiquiatria, 35, 380-386. 

Vanderová, Katerina, Evžen Růžiĝka, Viktor Voříšek, & Peter Višňovský (2004). Survey on 
cannabis use in Parkinson’s disease: Subjective improvement of motor symptoms. 
Movement Disorders, 19(9), 1102-1106. 

Wade, Derick, Petra Makela, Philip Robson, Heather House, & Cynthia Bateman (2004). Do 
cannabis-based medicinal extracts have general or specific effects on symptoms in 
multiple sclerosis? A double-blind, randomized, placebo-controlled study on 160 patients. 
Multiple Sclerosis, 10, 434-441. 

Wade, Derick T., Philip Robson, Heather House, Petra Makela, & Julia Aram (2003). A 
preliminary controlled study to determine whether whole-plant cannabis extracts can 
improve intractable neurogenic symptoms. Clinical Rehabilitation, 17, 21-29. 

Walter, Lisa, Allyn Franklin, Anke Witting, Christian Wade, Yiheng Xie, George Kunos, 
Ken Mackle, & Nephi Stella (2003). Nonpsychotropic cannabinoid receptors regulate 
microglial cell migration. The Journal of Neuroscience, 23(4), 1398-1405. 

Wang, Huikun & Carl R. Lupica (2014). Release of endogenous cannabinoids from ventral 
tegmental areadopamine neurons and the modulation of synaptic processes. Progress in 
Neuro-Psychopharmacology & Biological Psychiatry, 52, 24-27. 



The Endocannabinoid System and Cannabidiol | THC and CBD, Physiology, and Health 
Author: Michele R. Reillo, Ph.D. 

Ware, Mark A. Tongtong Wang, Stan Shapiro, Ann Robinson, Thierry Ducruet, Thao Huynh, 
Ann Gamsa, Gary J. Bennett, & Jean-Paul Collet (2010). Smoked cannabis for chronic 
neuropathic pain: a randomized, controlled trial. Canadian Association Journal, 182(14), 
E694-E701. 

Wilkerson, Jenny L. & Erin D. Milligan (2011). The central role of glia in pathological 
pain and the potential of targeting the cannabinoid 2 receptor for pain relief. 
International Scholarly Research, 1-19. 

Wilsey, Barth, Thomas Marcotte, Alexander Tsodikov, Jeanna Millman, Heather Bentley, 
Ben Gouaux, & Scott Fishman (2008). A \randomized, placebo-controlled, crossover 
trial of cannabis cigarettes in neuropathic pain. The Journal of Pain, 9(6), 506-521. 

Wilsey, Barth, Thomas Marcotte, Reena Deutsch, Ben Gouaux, Staci Sakai, & Haylee 
Donaghe (2013). Low-dose vaporized cannabis significantly improve neuropathic pain. 
The Journal of Pain, 14(2), 136-148. 

Witting, Anke, Patrick Weydt, Soyon Hong, Michel Kliot, Thomas Moser, & Nephi 
Stella (2004). Endocannabinoids accumulate in spinal cord of SOD1 transgenic mice. 
Journal of Neurochemistry, 89, 1555-1557. 

Yiangou, Yiangos, Paul Facer, Pascal Durrenberger, Iain P. Chessell, Alan Naylor, Chas 
Bountra, Richard R. Banati, & Praveen Anand (2006). COX-2, CB2 and P2X7- 
immunoreactivities are increased in activated microglial cells/macrophages of 
multiple sclerosis and amyotrophic lateral sclerosis spinal cord. Bio Med Central, 
6(12), 1-14. 

Zajicek, J. P., H. P. Sanders, D. E. Wright, P. J. Vickery, W. M. Ingrams, S. M. Reilly, 
A. J. Nunn, L. J. Teare, P. J. Fox, & A. J. Thompson (2005). Cannabinoids in multiple 
sclerosis (CAMS) study: safety and efficacy data for 12 months follow up. Journal of 
Neurology and Neurosurgical Psychiatry, 76, 1664-1669. 

Zarruk, Juan G., David Fernández-López, Isaac García-Yébenes, María S. García-Gutiérrez, 
José Vivancos, Florentino Nombela, Magdalena Torres, María C. Burguete, Jorge 
Manzanares, Ignacio Lizasoain, & María A. Moro (2011). Cannabinoid type 2 
receptor activation downregulates stroke-induced classic and alternate brain 
macrophage/microglial activation concomitant to neuroprotection. Stroke, 43, 211-219. 

Zuardi, A. W., J. A. S. Crippa, J. E. C. Hallak, F. A. Moreira, & F. S. Guimarães (2006). 
Cannabidiol, a Cannabis sativa constituent, as an antipsychotic drug. Brazilian 
Journal of Medical and Biological Research, 39, 421-429. 



The Endocannabinoid System and Cannabidiol | THC and CBD, Physiology, and Health 
Author: Michele R. Reillo, Ph.D. 

Chapter III: Gastrointestinal Health and Disease 

Learning Objectives 
1. Discuss assessment protocols to determine level of endocannabinoid deficiencies of the

gastrointestinal system.
2. Discuss therapeutic strategies to address endocannabinoid deficiencies of the

gastrointestinal system.
3. Discuss patient care guidelines to implement cannabinoid therapy with standard of care

pharmaceutical regimens pertaining to the gastrointestinal system.
4. Discuss educational guidelines for patients to monitor clinical outcomes when

implementing cannabinoid protocols for gastrointestinal disorders.

The Endocannabinoid System and THC and Cannabidiol (CBD) - Introduction 
The endocannabinoid system (ECS) is a lipid-derived signaling system discovered within the 
past decade. Cannabinoids, which are homeostatic regulators, circulate throughout human and 
animal systems continuously, affecting all physiological processes. The endocannabinoid 
system is comprised of CB1 and CB2 receptors, which bind directly or indirectly to cannabinoids 
and phytocannabinoids, CB1 receptors are excitatory and are located in the central nervous 
system, lungs, liver, and kidney. CB2 receptors regulate immunological responses and are 
located in the immune and circulatory systems. Endogenous compounds, such as anandamide 
and arachidonylglerol (2-AG), are made by mammals from lipids and bind directly to the CB1 
and CB2 receptors, serving as neurotransmitters for cannabinoids. Cannabidiol (CBD oil), a 
non-psychotropic cannabinoid naturally occurring in human and animal species, is also a 
phytocannabiniod, derived from the industrial hemp plant. While CBD does not bind directly with 
receptors, it does affect stress genes, such as Soat2 and Cyp27a1, which control sterol (i.e., 
cholesterol) metabolism. CBD increases the amount of anandamide and other vital lipids, 
thereby indirectly increasing the availability of circulating cannabinoids to bind with CB1 and 
CB2 receptors. 

Research has shown that cannabidiol, in the form of CBD oil, has therapeutic benefits 
individually and adjunctively with other interventions, Cannabidiol (CBD) made from legal, 
industrial hemp contains less than .3% THC, rendering it non-psychoactive. CBD oil has 
antiemetic, anxiolytic, antitumoral, and immunologically inhibitory properties. Three categories 
differentiate the types of clinical endocannabinoid deficiency (CECD), which are associated with 
different disease process and disorders: genetic, acquired, and idiopathic autoimmune. Many 
disorders have a combination of CECD origins, and supplementation with cannabidiol (CBD) 
requires ongoing assessment to facilitate optimal benefit for the individual. 

Human Endocannabinoid System 
The human endocannabinoid system is responsible for memory networks in the brain, both 
excitatory and inhibitory, including the neurogenesis of hippocampal granule cells, which 
regulate the timing of the endocannabinoids in accordance with the brain’s needs, pain 
perception, mood, synaptic plasticity, motor learning, appetite and taste regulation, and 
metabolic function, which regulates the storage of energy and transport of cellular nutrition. 
Cannabinoid receptor binding sites are located in the forebrain areas associated with higher 
cognitive function, forebrain, midbrain, and hindbrain areas associated with movement control, 
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and hindbrain areas associated with motor and sensory functions attributed to the autonomic 
nervous system. The endocannabinoid system affects the lipocytes and fat cells, collectively 
known as adipocytes, hepatocytes, in the gastrointestinal tract, musculoskeletal system, and 
endocrine system. The endogenous arachidonate-based lipids, anandamide and 
2-arachidonoylglycerol (2-AG) are physiological ligands for the cannabinoid receptors.
Cannabinoid receptors CB1 and CB2, two G-protein-coupled receptors, facilitate the responses
of the endocannabinoid system in the body, which are critical to maintaining homeostasis. CB1
receptors are located in the central and peripheral nervous systems as well as the lungs,
kidneys, and liver. CB2 receptors are predominantly expressed in the immune system and
hematopoietic cells.

The direct effect of the endocannabinoid deficiency (CECD) correlates with multisystemic 
clinical outcomes in such conditions as hyperinsulinemia, diabetes, dementia, cardiovascular 
disease, multiple sclerosis, and obesity. Three primary categories are herein defined to discuss 
endocannabinoid deficiency (CECD): genetic, acquired, and idiopathic autoimmune. Genetic 
endocannabinoid deficiency (CECD) relates to hereditary acquisition of a disorder, acquired 
refers to an infectious of traumatic origination, and idiopathic autoimmune refers to etiologies for 
endocannabinoid deficiencies (CECD) which do not have direct associations. Diseases and 
disorders are assigned to one or more of these categories because often secondary disorders 
arise with physiological changes associated with the primary diagnosis. For example, colon 
cancer has been associated with endocannabinoid deficiency (CECD) and the disease is 
categorized as genetic, originating from a hereditary source. The presentation of primary 
multifocal leukoencephalopathy (PML), which affects the neurological system, supports adding 
the category of idiopathic autoimmune as well to the assessment. Because the 
endocannabinoid system facilitates communication and coordination between various cell types, 
deficiencies directly affect physiological homeostasis. 

Cannabidiol (CBD), a non-psychotropic cannabinoid naturally occurring in human and animal 
species, occurs as a phytocannabinoid, CBD oil, which is derived from the industrial hemp plant. 
The restorative effects of cannabidiol (CBD oil), which increases anandamide and other lipid 
neurotransmitters, thereby restoring the endocannabinoid system, are of interest in the medical 
management of multiple disorders, including disorders of the gastrointestinal system, which is 
directly affected by the immunological and neurological systems. Indeed, research supports that 
plant-derived cannabidiol (CBD) has anti-inflammatory benefits. 

Cannabidiol (CBD) 
Cannabidiol (CBD) is a non-psychotropic and non-toxic compound, which has been 
demonstrated to positively affect the human endocannabinoid system. Cannabidiol (CBD), 
derived from the hemp plant, demonstrates anti-inflammatory and immune-modulating 
properties. Cannabidiol (CBD) has a low affinity for CB1 and CB2 receptors in the human body, 
but acts as an indirect antagonist of their agonists. (Antagonists are defined as substances that 
stop or inhibit the effects of another substance on the cellular surface, producing the same 
effect as a substance which would normally bind to the receptor. Agonists are chemicals that 
bind to receptors and elicit a biological response.) Therefore, cannabidiol (CBD) may enhance 
the therapeutic effects of THC, possibly by increasing the density of the CB1 receptors. 
Cannabidiol (CBD) has been demonstrated to cross the blood-brain barrier and exert 
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antioxidant, antimicrobial, and neuroprotective properties, rendering it valuable in the prevention 
and treatment of gastrointestinal disorders and diseases. 

Tetrahydrocannabinol (THC) is the active ingredient in the cannabis plant. THC, a cannabinoid 
compound, binds to CB1 cannabinoid receptors in the human brain, simulating the naturally 
occurring cannabinoids produced by the human body. In the human body, CB1 receptors are 
located in the cerebral cortex, which describes the frontal regions of the brain, the basal ganglia, 
the cerebellum, the hypothalamus, the anterior congulate cortex, and the hippocampus. THC 
inhibits the release of neurotransmitters, including Glutamate, GABA, noradrenalin, dopamine, 
5-HT, and acetylcholine. Despite the rapid inactivation of THC by the fatty acid amide hydrolase,
THC, and other exogenous cannabinoids, are sustainable for extended periods of time and are
associated with physiological effects that are beneficial in the prevention and management of
certain gastrointestinal disorders.

Human Gastrointestinal System 
The human gastrointestinal system is responsible for the digestion of food and assimilation into 
the body. Beginning in the oral cavity, saliva facilitates the production of a bolus of matter, which 
is then swallowed, passing down the esophagus into the stomach. Amylase, which is contained 
in saliva, and gastric juices, breakdown food as peristalsis moves the matter to the small 
intestine. Chyme is dissolved in the small intestine and absorbed into the blood. Reabsorption of 
water and various minerals occurs in the colon of the large intestine and waste matter passes 
through the rectum to the anus for defecation. 

The human gastrointestinal system is comprised of the upper and lower tracts. The upper 
gastrointestinal tract consists of the esophagus, stomach, and duodenum. The lower 
gastrointestinal tract consists of most of the small intestine and the large intestine. The 
accessory organs of the digestive system include the salivary glands, pancreas, liver, 
gallbladder, teeth, and tongue. These organs have a significant role in the digestive process, 
including mastication and taste (salivary), synthesis of bile salts, lipid and plasma protein 
metabolism, detoxification (liver), bile storage (gallbladder), and endocrine and exocrine 
functions (pancreas). 

Gastrointestinal Health and Diseases 
Diseases of the gastrointestinal system directly related to oxidative stress include disorders 
such as emesis, gastroesophageal reflux disease (GERD), gastric ulcer, irritable bowel 
syndrome, Crohn’s Disease, colon cancer, and colorectal cancer. The human body evokes an 
active inflammatory response to mitigate damage from injury or infection via microglial cell and 
macrophage release. However, activation of microglial cells and macrophages is also 
associated with the release of glutamate, reactive oxidative species (ROS), nitric oxide (NO), 
and tumor necrosis factor (TNF), causing an escalation of inflammation, microvascular 
deterioration, and endocannabinoid degradation. Cannabidiol (CBD), according to El-Ramessay 
and Tang (2008), blocks the oxidative stress response and activation of proteins such as p-38 
MAPK and microglial cells, reducing damage associated with inflammatory responses. 
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Nausea and Emesis 
Endocannabinoid receptors, specifically CB1, located in the base of the fifth ventricle in the 
cerebral cortex, are associated with nausea and emesis. Emesis is associated with acquired 
clinical endocannabinoid deficiency (CECD), induced by infectious processes such as 
staphylococcus enteritis and chemotherapy, such as Adriamycin. Chronic and severe, acute 
emesis is associated with electrolyte imbalance and dehydration, which can be life-threatening. 
Research supports treatment with THC and cannabidiol (CBD) to increase circulating 
cannabinoids, which are decreased in antigen and pharmacological blockade. 

Gastroesophageal Reflux Disease (GERD) 
Gastroesophageal reflux disease (GERD) is a chronic disorder caused by a failure of the lower 
esophageal sphincter, a valve which inhibits stomach acid, duodenal bile, and enzymes from 
returning to the esophagus. Failure of the esophageal sphincter causes chronic inflammation, 
pain, and mucosal damage in the esophagus. Clinical endocannabinoid deficiency (CECD) in 
GERD is defined as acquired or genetic and affects CB1 receptors in the gastrointestinal tract. 
Research indicates that administration of cannabidiol (CBD) increases circulating 
endocannabinoids, reducing esophageal sphincter pressure, and directly protects the gastric 
mucosa, rendering CBD useful in both prevention and management of GERD. 

Gastric Ulcer 
Gastric ulceration refers to a localized area of erosion of the stomach lining. Abdominal pain and 
bleeding are associated with gastric ulceration. Often, Heliobacter pylori, a type of bacteria 
found in contaminated food and water, is present upon endoscopy. Triple antibiotic therapy is 
instituted to address Helicobacter pylori. Clinical endocannabinoid deficiency (CECD) in gastric 
ulceration is classified as acquired, affecting the CB1 receptors in the gastrointestinal tract, 
which are associated with motility and gastric emptying, as well as CB2 receptors which 
modulate immune system response in the presence of infections. Research indicates that 
administration of cannabidiol (CBD) improves CB1 receptivity and increases cannabinoid 
availability, thereby improving reduced stasis associated with gastric erosion. 
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Irritable Bowel Syndrome 
Irritable Bowel Syndrome (IBS) is a functional gastrointestinal disorder, which affects the motility 
of the colon and associatively, the consistency of the fecal matter, without damaging the 
gastrointestinal mucosa. By definition, the symptoms of abdominal pain exceeding three times 
per month, relieved by a bowel movement, constitutes IBS. Subtyping of IBS into four 
categories: IBS with constipation (IBS-C), in which fecal matter is hard > 25% of the time with 
watery fecal matter > 25% of the time; IBS with diarrhea (IBS-D), with watery fecal matter 25% 
of the time and hard fecal matter greater than 25% of the time; Mixed IBS (IBS-M), with hard 
stools 25% of the time and watery stools 25% of the time, and Unsubtyped IBS (IBS-U), with 
hard stools and watery stools less than 25% of the time. 

Clinical endocannabinoid deficiency (CECD) in IBS is considered idiopathic autoimmune and 
affects both cerebral and gastrointestinal CB1 and CB2 receptors. Glial cells actively mediate 
the inflammatory processes in the gastrointestinal system via CB2 receptors. Research has 
demonstrated that reactive inflammation in the bowel improved with the administration of 
Cannabidiol (CBD) with THC, which acts directly upon CB2 receptors in the bowel and CB1 
receptors in the cerebral cortex, mediating the comorbidity factors of depression and anxiety 
which are integral in the manifestation of IBS. 

Crohn’s Disease 
Crohn’s disease, or regional enteritis, is an inflammatory bowel disease that can affect any part 
of the gastrointestinal tract and is associated with abdominal pain, diarrhea or occult positive 
stools, fever, and weight loss. Associated autoimmune symptoms external to the 
gastrointestinal tract include dermatitis, arthritis, fatigue, and ocular inflammation. Crohn’s 
disease predisposes the individual to bowel obstruction and colon cancer. Clinical 
endocannabinoid deficiency (CECD) in Crohn’s disease has both genetic and acquired 
classifications, since nicotine use increases the likelihood of developing this inflammatory bowel 
disease. Research indicates that cannabidiol (CBD) restores CB1 receptor capabilities, 
facilitating relaxation of the lower esophageal sphincter and modulation of colonic motility. 
Cannabidiol (CBD) administration also restores functionality of central and peripheral CB1 
receptors, components of the endocannabinoid system that are imperative in the prevention 
and remediation of nausea and emesis. 

Colon Cancer 
Colon and colorectal cancers refer to the formation of malignancies in the tissues of the colon 
and rectum. Most of these malignancies are adenocarcinomas, which secrete mucus and other 
fluids. Clinical endocannabinoid deficiency (CECD) in colon and colorectal cancer is deemed 
genetic and acquired. CB1 and CB2 receptors in the gastrointestinal tract are targets for 
cannabidiol (CBD) and THC therapy because CBD with THC triggers cell death through an 
endoplasmic reticulum stress pathway, which activates autophagy and promotes apoptosis. 
Further, CBD upregulates the intracellular adhesion molecule, which decreases cancer cell 
invasiveness. Indeed, the use of cannabidiol (CBD) with THC is suggested to prevent colon and 
colorectal cancer through preservation of the endocannabinoid system and receptor 
functionality. 
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Pancreatic Cancer 
The development of malignancy in the pancreas, a glandular organ based behind the stomach, 
occurs primarily in the third decade of life. Pancreatic adenocarcinoma represents the majority 
of the cases and the malignancy is generally diagnosed in an advanced stage, rendering a poor 
prognosis. Symptoms include darkened urine, poor appetite, weight loss, lightened feces, 
abdominal and back pain, and jaundice. Clinical endocannabinoid deficiency (CECD) in 
pancreatic cancer is classified as genetic and acquired, with over twenty-five percent of cases 
being associated with nicotine use, obesity, and diabetes. 

Cannabidiol (CBD) has been demonstrated to inhibit pancreatic cancer cell growth through the 
stimulation of CB1 receptors in the pancreas. Cannabinoids inhibit reactive oxidative stress 
(ROS) and inhibits the Krebs cycle, culminating in an anti-tumoral effect. Mediation of cancer 
cell metabolism by cannabidiol (CBD) induces autophagy, the catabolic mechanism that 
involves the destruction of dysfunctional cellular components by liposomes, and malignant cell 
growth. Administration of cannabidiol (CBD) preventively in individuals at hereditary or acquired 
risk of pancreatic cancer is therefore warranted. 

Hepatic Cancer 
The liver filters the circulating blood continuously in the human body, converting substances 
absorbed from the gastrointestinal system into usable chemicals for absorption, and removing 
toxins and chemical byproducts, which are then excreted. The likelihood of hepatocellular 
carcinoma increases because of the function of the liver. Predisposition to hepatic cancer arises 
directly from hepatitis, and secondarily from metastasis from a primary malignant site, such as 
the lung. Clinical endocannabinoid deficiency (CECD) in hepatocellular carcinoma is classified 
as acquired, and associated with infectious hepatitis B and C, and alcohol and nicotine use. 
Symptoms included jaundice, weight loss, nausea and emesis, and abdominal pain. Research 
noted anti-tumoral effect in hepatocellular carcinoma attributable to induction of cancer cell 
death, inhibition of cell proliferation, and inhibition of tumor angiogenesis. In hepatic malignancy, 
cannabinoids appear to kill tumor cells and protect non-transformed cells from malignancy, 
supporting use of cannabidiol (CBD) preventively in individuals at risk of developing 
hepatocellular carcinoma and among individuals diagnosed with metastasis to the liver from a 
primary source. 

Cirrhosis 
Cirrhosis of the liver refers to the development of fibrosis scarring of the liver and the formation 
of regenerative nodules, which appear as the organ attempts to repair the damage. Cirrhosis is 
most often associated with alcoholism, hepatitis B, hepatitis C, and fatty liver disease. Ascites 
and hepatic encephalopathy, portal hypertension and esophageal varices are life-threatening 
complications of cirrhosis. Liver transplantation has been poised as the only option in advanced 
cirrhosis. 
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Clinical endocannabinoid deficiency (CECD) is acquired in cirrhosis of the liver, attributable to 
the aforementioned risk factors. Research has shown that stimulation of CB2 receptors with 
cannabidiol (CBD) reduced portal hypertension, infiltration of inflammatory cells, and decreased 
fibrosis. In the management of cirrhosis of the liver, cannabidiol (CBD) is suggested for 
individuals in the early stages of cirrhosis and those at greatest risk for the development of the 
disease. 

Endocannabinoid Deficiency (CECD) Classification: Gastrointestinal Disorders 
Disorder Origin of CECD 
GERD Acquired 
Gastric ulcer Acquired 
IBS Genetic 
Crohn’s disease Genetic 
Colon and Colorectal Cancer Genetic 
Pancreatic Cancer Acquired 
Cirrhosis of liver Acquired 

CEN Medical Cannabis Pharmacological Prescription and Coding System: 
Gastrointestinal Disorder Application 
The CEN Medical Cannabis Pharmacological Prescription and Coding System (CEN/MCPPCS) 
provides language that enables the health care practitioner to communicate with the dispenser 
of medical cannabis. The first two letters of the system refer to the cannabis type: cannabis 
sativa, cannabis indica, or cannabis hybrida. The numerical value in percentage to the right of 
the colon refers to the recommended THC content in percentage, and the numerical value in 
sequence to the right of the THC percentage refers to the recommended CDB content. 

(CEN/MCPPCS); Cannabis type (sativa, indica, hybrida; THC percentage or range/CBD 
percentage or range) or Hemp Cannabidiol (CBD) 

Example: Cannabidiol (CBD oil) is recommended for the patient. The concentration of the CBD 
oil is 19.5% and the patient is to ingest 50 mg. of CBD oil four times each day every six hours, 
as adjunctive therapy in the treatment of colon cancer, (ICD-9: 363.20). The prescription would 
therefore read: 

Charles Gary Reynolds 
Date of Birth: 09-01-1939. 
Diagnosis: Adenocarcinoma of the colon, ICD-9 code: 153.9 
CBD: 0.00%/ 19.5%. Take 50 mg. of CBD oil by mouth four times daily, every 6 hours. Use 
dropper as indicated. 
Zakra Kahn, M.D. 

The patient would then be able to purchase the CBD oil online or at a dispensary, offering the 
prescription to the pharmacist or technician. 
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THC is also recommended for discomfort. The patient would be able to purchase this at a 
dispensary. 

Charles Gary Reynolds 
Date of Birth: 09-01-1939 
Diagnosis: Adenocarcinoma of the colon, ICD-9: 153.9 
CS: 15-20%/ 1.1% 
Use every four hours via vaporizer as needed. 
Zakra Kahn, M.D. 

Composition Assignments 
1. Please answer the following question. Cannabidiol (CBD) is a suitable adjunctive therapy

for the patient with abdominal pain secondary to liver disease.
a. True
b. False

2. Please go to www.libraryworld.com and enter username CEN. Select an article from the
CEN library on an aspect of cannabidiol (CBD) and the gastrointestinal system. Write a
two hundred word critical analysis paper on this research article and determine the
following in your paper:

a. Author and affiliation
b. Study population
c. Purpose
d. Outcome of the study
e. Importance of the research
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Chapter IV: Musculoskeletal Health and Disease 

Learning Objectives 
1. Discuss assessment protocols to determine level of endocannabinoid deficiencies of the

musculoskeletal system.
2. Discuss therapeutic strategies to address endocannabinoid deficiencies of the

musculoskeletal system.
3. Discuss patient care guidelines to implement cannabinoid therapy with standard of care

pharmaceutical regimens pertaining to the musculoskeletal system.
4. Discuss educational guidelines for patients to monitor clinical outcomes when

implementing cannabinoid protocols for musculoskeletal disorders.

The Endocannabinoid System and THC and Cannabidiol (CBD) - Introduction 
The endocannabinoid system (ECS) is a lipid-derived signaling system discovered within the 
past decade. Cannabinoids, which are homeostatic regulators, circulate throughout human and 
animal systems continuously, affecting all physiological processes. The endocannabinoid 
system is comprised of CB1 and CB2 receptors, which bind directly or indirectly to cannabinoids 
and phytocannabinoids, CB1 receptors are excitatory and are located in the central nervous 
system, lungs, liver, and kidney. CB2 receptors regulate immunological responses and are 
located in the immune and circulatory systems. Endogenous compounds, such as anandamide 
and arachidonylglerol (2-AG), are made by mammals from lipids and bind directly to the CB1 
and CB2 receptors, serving as neurotransmitters for cannabinoids. Cannabidiol (CBD oil), a 
non-psychotropic cannabinoid naturally occurring in human and animal species, is also a 
phytocannabiniod, derived from the industrial hemp plant. While CBD does not bind directly with 
receptors, it does affect stress genes, such as Soat2 and Cyp27a1, which control sterol (i.e., 
cholesterol) metabolism. CBD increases the amount of anandamide and other vital lipids, 
thereby indirectly increasing the availability of circulating cannabinoids to bind with CB1 and 
CB2 receptors. 

Research has shown that cannabidiol, in the form of CBD oil, has therapeutic benefits 
individually and adjunctively with other interventions, Cannabidiol (CBD) made from legal, 
industrial hemp contains less than .3% THC, rendering it non-psychoactive. CBD oil has 
antiemetic, anxiolytic, antitumoral, and immunologically inhibitory properties. Three categories 
differentiate the types of clinical endocannabinoid deficiency (CECD), which are associated with 
different disease process and disorders: genetic, acquired, and idiopathic autoimmune. Many 
disorders have a combination of CECD origins, and supplementation with cannabidiol (CBD) 
requires ongoing assessment to facilitate optimal benefit for the individual. 

Human Endocannabinoid System 
The human endocannabinoid system is responsible for memory networks in the brain, both 
excitatory and inhibitory, including the neurogenesis of hippocampal granule cells, which 
regulate the timing of the endocannabinoids in accordance with the brain’s needs, pain 
perception, mood, synaptic plasticity, motor learning, appetite and taste regulation, and 
metabolic function, which regulates the storage of energy and transport of cellular nutrition. 
Cannabinoid receptor binding sites are located in the forebrain areas associated with higher 
cognitive function, forebrain, midbrain, and hindbrain areas associated with movement control, 
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and hindbrain areas associated with motor and sensory functions attributed to the autonomic 
nervous system. The endocannabinoid system affects the lipocytes and fat cells, collectively 
known as adipocytes, hepatocytes, in the gastrointestinal tract, musculoskeletal system, and 
endocrine system. The endogenous arachidonate-based lipids, anandamide and 
2-arachidonoylglycerol (2-AG) are physiological ligands for the cannabinoid receptors.
Cannabinoid receptors CB1 and CB2, two G-protein-coupled receptors, facilitate the responses
of the endocannabinoid system in the body, which are critical to maintaining homeostasis. CB1
receptors are located in the central and peripheral nervous systems, as well as the lungs,
kidneys, and liver. CB2 receptors are predominantly expressed in the immune system and
hematopoietic cells.

The direct effect of the endocannabinoid deficiency (CECD) correlates with multisystemic 
clinical outcomes in such conditions as hyperinsulinemia, osteoporosis, diabetes, dementia, 
cardiovascular disease, multiple sclerosis, and obesity. Three primary categories are herein 
defined to discuss endocannabinoid deficiency (CECD): genetic, acquired, and idiopathic 
autoimmune. Genetic endocannabinoid deficiency (CECD) relates to hereditary acquisition of a 
disorder; acquired refers to an infectious of traumatic origination, and idiopathic autoimmune 
refers to etiologies for endocannabinoid deficiencies (CECD) which do not have direct 
associations. Diseases and disorders are assigned to one or more of these categories because 
often secondary disorders arise with physiological changes associated with the primary 
diagnosis. For example, diabetes has been associated with endocannabinoid deficiency 
(CECD) and the disease is categorized as genetic, originating from a hereditary source. The 
presentation of rheumatoid arthritis, which affects the musculoskeletal and immune systems, 
supports adding the category of idiopathic autoimmune as well to the assessment. Because the 
endocannabinoid system facilitates communication and coordination between various cell types, 
deficiencies directly affect physiological homeostasis. 

Cannabidiol (CBD), a non-psychotropic cannabinoid naturally occurring in human and animal 
species, occurs as a phytocannabinoid, CBD oil, which is derived from the industrial hemp plant. 
The restorative effects of cannabidiol (CBD oil), which increases anandamide and other lipid 
neurotransmitters, thereby restoring the endocannabinoid system, are of interest in the medical 
management of multiple disorders, including disorders of the musculoskeletal system, which is 
directly affected by the immunological and neurological systems. Indeed, research supports that 
plant-derived cannabidiol (CBD) has neuroprotective and anti-inflammatory benefits. 

Cannabidiol (CBD) 
Cannabidiol (CBD) is a non-psychotropic and non-toxic compound, which has been 
demonstrated to positively affect the human endocannabinoid system. Cannabidiol (CBD), 
derived from the hemp plant, demonstrates anti-inflammatory and immune-modulating 
properties. Cannabidiol (CBD) has a low affinity for CB1 and CB2 receptors in the human body, 
but acts as an indirect antagonist of their agonists. (Antagonists are defined as substances that 
stop or inhibit the effects of another substance on the cellular surface, producing the same 
effect as a substance which would normally bind to the receptor. Agonists are chemicals that 
bind to receptors and elicit a biological response.) Therefore, cannabidiol (CBD) may enhance 
the therapeutic effects of THC, possibly by increasing the density of the CB1 receptors. 
Cannabidiol (CBD) has been demonstrated to cross the blood-brain barrier and exert 
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antioxidant, antimicrobial, and neuroprotective properties, rendering it valuable in the prevention 
and treatment of musculoskeletal disorders and diseases. 

Tetrahydrocannabinol (THC) is the active ingredient in the cannabis plant. THC, a cannabinoid 
compound, binds to CB1 cannabinoid receptors in the human brain, simulating the naturally 
occurring cannabinoids produced by the human body. In the human body, CB1 receptors are 
located in the cerebral cortex, which describes the frontal regions of the brain, the basal ganglia, 
the cerebellum, the hypothalamus, the anterior congulate cortex, and the hippocampus. THC 
inhibits the release of neurotransmitters, including Glutamate, GABA, noradrenalin, dopamine, 
5-HT, and acetylcholine. Despite the rapid inactivation of THC by the fatty acid amide hydrolase,
THC, and other exogenous cannabinoids, are sustainable for extended periods of time and are
associated with physiological effects that are beneficial in the prevention and management of
certain musculoskeletal disorders.

Human Musculoskeletal System 
The human musculoskeletal system is a complex organ system, which provides the structure 
and support for the function of movement. Comprised of skeleton, muscle, cartilage, tendons, 
ligaments, joints, and connective tissue, the musculoskeletal system supports and protects the 
internal organs, and provides form to the human body. Calcium and phosphorus are stored in 
the human skeleton and hematopoietic components arise from the bone marrow. Muscle fibers 
and connective tissues adhere to the skeletal system, providing form, and bones are bound to 
each through joints, with cartilage protecting the ends of bone as they interact with one another. 
The contraction of muscles enables movement of the bone attached to a respective joint. 

The endocannabinoid system affects the function and integrity of the musculoskeletal system. 
CB1 and CB2 receptors are located throughout the musculoskeletal system and are targets for 
the treatment of disorders of movement, and diseases of bone and muscle that are related to 
clinical endocannabinoid deficiencies (CECD). 

Musculoskeletal Health and Diseases 
Diseases of the musculoskeletal system directly related to clinical endocannabinoid deficiency 
(CECD) and associated reactive oxidative stress, include disorders such as osteoarthritis, 
rheumatoid arthritis, osteoporosis, bone cancer, bone fracture, and muscle spasm. The human 
body evokes an active inflammatory response to mitigate damage from injury or malignancy via 
microglial cell and macrophage release. However, activation of microglial cells and 
macrophages is also associated with the release of glutamate, reactive oxidative species 
(ROS), nitric oxide (NO), and tumor necrosis factor (TNF), causing an escalation of 
inflammation, microvascular and osteoblast and osteoclast deterioration, and endocannabinoid 
degradation. Cannabidiol (CBD), according to El-Ramessay and Tang (2008), blocks the 
oxidative stress response and activation of proteins such as p-38 MAPK and microglial cells, 
reducing damage associated with inflammatory responses. 

Osteoarthritis 
The most common form of arthritis, osteoarthritis, causes an inflammatory response, which 
affects the musculoskeletal system, including joint, bone, and cartilage. Symptoms include pain, 
limited range of motion, and swelling of the affected area. As osteoarthritis degrades cartilage 
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over time, direct contact between bones increases symptoms. A disorder of the skeletal system, 
which affects joints and cartilage as well and bone, osteoarthritis most commonly occurs in the 
spine, knees, hips, and hands. 

Clinical endocannabinoid deficiency (CECD) associated with osteoarthritis is both genetic and 
acquired, affecting CB2 receptors in the musculoskeletal system. Risk factors associated with 
acquired CECD related to osteoarthritis include obesity, sedentary lifestyle, smoking, and 
traumatic injury. Administration of cannabidiol (CBD) with THC preventatively and 
post-diagnosis of osteoarthritis is suggested to reduce the inflammatory response throughout 
the musculoskeletal system, and increase anandamide production, which enhances 
cannabinoid binding to CB2 receptors, thereby reducing cartilage destruction. 

Rheumatoid Arthritis 
Rheumatoid arthritis is a multisystemic idiopathic autoimmune disorder, which affects the 
musculoskeletal system and manifests as a progressive deterioration of the joints, primarily. As 
a secondary manifestation, rheumatoid arthritis affects the cardiac, pulmonary, and ocular 
systems. Pain and debilitation reduce mobility and function over time. CB2 receptors are 
affected in the idiopathic autoimmune clinical endocannabinoid deficiency (CECD) associated 
with rheumatoid arthritis, causing an abnormal inflammatory response. Research indicates that 
prophylactic administration of cannabidiol (CBD) with THC reduces inflammatory responses by 
enhancing receptivity to binding via lipid neurotransmitters bolstered by CBD administration. 
CBD with THC is recommended after diagnosis as well, as adjunctive therapy with medications 
and physical therapy to manage symptoms and enhance mobility in rheumatoid arthritis. 

Bone Cancer 
Malignancy of the bone can be either primary or secondary. Bone-derived malignancies arise 
from cells and tissues of the skeletal system. Secondary bone cancers metastasize from 
primary cancer sites, including carcinomas of the prostate, breast, thyroid, lungs, and kidneys. 
Clinical endocannabinoid deficiency (CECD) associated with bone cancers are idiopathic 
autoimmune and reflect abnormality in CB2 receptor function. Research supports using 
cannabidiol (CBD) with THC to prevent metastasis from primary cancer sites, as well as 
prophylactic use in adult populations. 

Osteoclast Formation 
Osteoclast formation involves the re-absorption of bone tissue, which is critical for the 
maintenance, repair, and restructuring of the skeletal system. The osteoclast disassembles and 
reabsorbs bone and osteoblasts form new bone. The endocannabinoid system controls the 
immune function via the CB2 receptors in the skeletal system, regulating cellular production. 
Clinical endocannabinoid deficiency (CECD) associated with osteoclast impairment is defined 
as idiopathic autoimmune. Reduction in osteoclast formation affects the stability and strength of 
the skeletal system. Research indicates that increasing levels of lipid neurotransmitters, such as 
anandamide, using cannabidiol (CBD) increases production of viable osteoclasts, thereby 
reducing and/or ceasing osteoclast deterioration and associated skeletal manifestations. 
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Osteoporosis 
Osteoporosis is a disorder of the skeletal system, which causes progressive reduction in bone 
mass and density, altering the proteins within the bones. As microstructural changes occur in 
osteoporosis, the likelihood of fracture and pain occurs with alterations in posture. Considered 
genetic and acquired relative to clinical endocannabinoid deficiency (CECD), osteoporosis 
affects primarily perimenopausal women and the elderly and is associated with morbidity and 
mortality related to hip and spinal fractures. Administration of cannabidiol (CBD) is highly 
recommended for at-risk populations, because CB2 receptors are critical in the regulation of 
bone cell homeostasis. 

Bone fracture 
Traumatic injury to the bone is associated with pain, reduced mobility, and reduced range of 
motion. The endocannabinoid system regulates osteoblast and osteoclast formation via CB2 
receptors. In acquired CECD, administration of cannabidiol (CBD) reduces abnormal 
inflammatory responses, increases the production of viable osteoblast and osteoclasts, and 
provides analgesic benefit. Cannabidiol (CBD) is recommended for adults throughout the 
lifespan to reduce the severity of bone fracture in the event of trauma, and enhance the 
recovery in the event of a traumatic injury. 

Muscle Spasm 
The contraction of involuntary muscles, which produce a hypertonic response and associated 
pain, defines spasm. The incident and force of muscle spasm is associated with the excitatory 
CB1 receptor, a component of the endocannabinoid system. In clinical endocannabinoid 
deficiency (CECD), which affects the musculoskeletal system, anandamide levels decrease, 
causing hyperactivity of misdirected nerve impulses. An acquired CECD, spasm of the muscle, 
causes debilitating pain and immobility. Restoration of the CB1 receptor uptake via cannabidiol 
(CBD) with THC administration produces analgesia. Similarly, increased CB2 function reduces 
abnormal immunological responses, thereby reducing inflammation around the affected area. 
Cannabidiol (CBD) is recommended preventatively for athletes and active adults to prevent 
sudden onset of muscle spasms and post-incident with analgesics and physical therapy to 
reduce symptoms. 

Sarcoma of the Muscle 
Malignancy of the muscle, defined as sarcoma of the muscle, is associated with tumor 
production. Clinical endocannabinoid deficiency (CECD), considered idiopathic in sarcoma of 
the muscle, can be restored with cannabidiol (CBD) with THC and used as adjunctive treatment 
with chemotherapy and genetic augmentation to treat sarcoma of the muscle. Because 
metastasis is common with this malignancy, early intervention with cannabidiol (CBD) with THC 
is warranted to reduce the incidence of malignant cell proliferation. 
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Endocannabinoid Deficiency (CECD) Classification: Neurological Disorders 
Disorder Origin of CECD 
Osteoarthritis Idiopathic Autoimmune, Acquired 
Rheumatoid Arthritis Idiopathic Autoimmune 
Bone Cancer Idiopathic Autoimmune 
Bone Fracture Acquired 
Muscle Spasm Acquired 
Osteoclast Formation Idiopathic Autoimmune 
Osteoporosis Genetic, Acquired 
Sarcoma of the Muscle Idiopathic Autoimmune 

CEN Medical Cannabis Pharmacological Prescription and Coding System: 
Musculoskeletal Disorder Application 
The CEN Medical Cannabis Pharmacological Prescription and Coding System (CEN/MCPPCS) 
provides language that enables the health care practitioner to communicate with the dispenser 
of medical cannabis. The first two letters of the system refer to the cannabis type: cannabis 
sativa, cannabis indica, or cannabis hybrida. The numerical value in percentage to the right of 
the colon refers to the recommended THC content in percentage, and the numerical value in 
sequence to the right of the THC percentage refers to the recommended CDB content. 

(CEN/MCPPCS); Cannabis type (sativa, indica, hybrida; THC percentage or range/CBD 
percentage or range) or Hemp Cannabidiol (CBD) 

Example: The patient presents with severe lumbar pain. The prescription for cannabis sativa 
would therefore read: 

Jane Smith 
DOB: 11-09-1950 
Lumbar stenosis, ICD-9 724.02 
CS: 18-20%/ 4-6% 
Use via vaporizer every four hours as needed for pain. 
Margaret Holder, M.D. 

The patient would then be able to purchase the CBD oil online and the cannabis sativa at a 
dispensary, offering the prescription to the pharmacist or technician. 
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Composition Assignments: 
1. Please answer the following question. Cannabidiol (CBD) is a suitable adjunctive therapy

for the patient with osteopenia.
a. True
b. False

2. Please go to www.libraryworld.com and enter username CEN. Select an article from the
CEN library on an aspect of cannabidiol (CBD) and the musculoskeletal system. Write
a two hundred word critical analysis paper on this research article and determine the
following in your paper:

a. Author and affiliation
b. Study population
c. Purpose
d. Outcome of the study
e. Importance of the research
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Chapter V: Cardiovascular Health and Cardiovascular Disease 

Learning Objectives 
1. Discuss assessment protocols to determine level of endocannabinoid deficiencies of the

cardiovascular system.
2. Discuss therapeutic strategies to address endocannabinoid deficiencies of the

cardiovascular system.
3. Discuss patient care guidelines to implement cannabinoid therapy with standard of care

pharmaceutical regimens pertaining to the cardiovascular system.
4. Discuss educational guidelines for patients to monitor clinical outcomes when

implementing cannabinoid protocols for cardiovascular disorders.

The Endocannabinoid System and THC and Cannabidiol (CBD) - Introduction 
The endocannabinoid system (ECS) is a lipid-derived signaling system discovered within the 
past decade. Cannabinoids, which are homeostatic regulators, circulate throughout human and 
animal systems continuously, affecting all physiological processes. The endocannabinoid 
system is comprised of CB1 and CB2 receptors, which bind directly or indirectly to cannabinoids 
and phytocannabinoids, CB1 receptors are excitatory and are located in the central nervous 
system, lungs, liver, and kidney. CB2 receptors regulate immunological responses and are 
located in the immune and circulatory systems. Endogenous compounds, such as anandamide 
and arachidonylglerol (2-AG), are made by mammals from lipids and bind directly to the CB1 
and CB2 receptors, serving as neurotransmitters for cannabinoids. Cannabidiol (CBD oil), a 
non-psychotropic cannabinoid naturally occurring in human and animal species, is also a 
phytocannabiniod, derived from the industrial hemp plant. While CBD does not bind directly with 
receptors, it does affect stress genes, such as Soat2 and Cyp27a1, which control sterol (i.e., 
cholesterol) metabolism. CBD increases the amount of anandamide and other vital lipids, 
thereby indirectly increasing the availability of circulating cannabinoids to bind with CB1 and 
CB2 receptors. 

Research has shown that cannabidiol, in the form of CBD oil, has therapeutic benefits 
individually and adjunctively with other interventions, Cannabidiol (CBD) made from legal, 
industrial hemp contains less than .3% THC, rendering it non-psychoactive. CBD oil has 
antiemetic, anxiolytic, antitumoral, and immunologically inhibitory properties. Three categories 
differentiate the types of clinical endocannabinoid deficiency (CECD), which are associated with 
different disease process and disorders: genetic, acquired, and idiopathic autoimmune. Many 
disorders have a combination of CECD origins, and supplementation with cannabidiol (CBD) 
requires ongoing assessment to facilitate optimal benefit for the individual. 

The Human Endocannabinoid System 
The human endocannabinoid system is responsible for memory networks in the brain, both 
excitatory and inhibitory, including the neurogenesis of hippocampal granule cells, which 
regulate the timing of the endocannabinoids in accordance with the brain’s needs, pain 
perception, mood, synaptic plasticity, motor learning, appetite and taste regulation, and 
metabolic function, which regulates the storage of energy and transport of cellular nutrition. 
Cannabinoid receptor binding sites are located in the forebrain areas associated with higher 
cognitive function, forebrain, midbrain, and hindbrain areas associated with movement control, 



The Endocannabinoid System and Cannabidiol | THC and CBD, Physiology, and Health 
Author: Michele R. Reillo, Ph.D. 

and hindbrain areas associated with motor and sensory functions attributed to the autonomic 
nervous system. The endocannabinoid system affects the lipocytes and fat cells, collectively 
known as adipocytes, hepatocytes, in the gastrointestinal tract, musculoskeletal system, and 
endocrine system. The endogenous arachidonate-based lipids, anandamide and 
2-arachidonoylglycerol (2-AG) are physiological ligands for the cannabinoid receptors.
Cannabinoid receptors CB1 and CB2, two G-protein-coupled receptors, facilitate the responses
of the endocannabinoid system in the body, which are critical to maintaining homeostasis. CB1
receptors are located in the central and peripheral nervous systems as well as the lungs, heart,
kidneys, and liver. CB2 receptors are predominantly expressed in the immune system and
hematopoietic cells.

The direct effect of the endocannabinoid deficiency (CECD) correlates with multisystemic 
clinical outcomes in such conditions as hyperinsulinemia, osteoporosis, diabetes, dementia, 
cardiovascular disease, multiple sclerosis, and obesity. Three primary categories are herein 
defined to discuss endocannabinoid deficiency (CECD): genetic, acquired, and idiopathic 
autoimmune. Genetic endocannabinoid deficiency (CECD) relates to hereditary acquisition of a 
disorder; acquired refers to an infectious of traumatic origination, and idiopathic autoimmune 
refers to etiologies for endocannabinoid deficiencies (CECD) which do not have direct 
associations. Diseases and disorders are assigned to one or more of these categories because 
often secondary disorders arise with physiological changes associated with the primary 
diagnosis. For example, diabetes has been associated with endocannabinoid deficiency 
(CECD) and the disease is categorized as genetic, originating from a hereditary source. The 
presentation of atherosclerosis, which affects the vascular system, supports adding the category 
of acquired as well to the assessment. Because the endocannabinoid system facilitates 
communication and coordination between various cell types, deficiencies directly affect 
physiological homeostasis. 

Cannabidiol (CBD), a non-psychotropic cannabinoid naturally occurring in human and animal 
species, occurs as a phytocannabinoid, CBD oil, which is derived from the industrial hemp plant. 
The restorative effects of cannabidiol (CBD oil), which increases anandamide and other lipid 
neurotransmitters, thereby restoring the endocannabinoid system, are of interest in the medical 
management of multiple disorders, including disorders of the cardiovascular system, which is 
directly affected by the immunological and neurological systems. Indeed, research supports that 
plant-derived cannabidiol (CBD) has anxiolytic and anti-inflammatory benefits. 

Cannabidiol (CBD) 
Cannabidiol (CBD) is a non-psychotropic and non-toxic compound, which has been 
demonstrated to positively affect the human endocannabinoid system. Cannabidiol (CBD), 
derived from the hemp plant, demonstrates anti-inflammatory and immune-modulating 
properties. Cannabidiol (CBD) has a low affinity for CB1 and CB2 receptors in the human body, 
but acts as an indirect antagonist of their agonists. (Antagonists are defined as substances that 
stop or inhibit the effects of another substance on the cellular surface, producing the same 
effect as a substance which would normally bind to the receptor. Agonists are chemicals that 
bind to receptors and elicit a biological response.) Therefore, cannabidiol (CBD) may enhance 
the therapeutic effects of THC, possibly by increasing the density of the CB1 receptors. 
Cannabidiol (CBD) has been demonstrated to cross the blood-brain barrier and exert 
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antioxidant, antimicrobial, and neuroprotective properties, rendering it valuable in the prevention 
and treatment of cardiovascular disorders and diseases. 

Tetrahydrocannabinol (THC) is the active ingredient in the cannabis plant. THC, a cannabinoid 
compound, binds to CB1 cannabinoid receptors in the human brain, simulating the naturally 
occurring cannabinoids produced by the human body. In the human body, CB1 receptors are 
located in the cerebral cortex, which describes the frontal regions of the brain, the basal ganglia, 
the cerebellum, the hypothalamus, the anterior congulate cortex, and the hippocampus. THC 
inhibits the release of neurotransmitters, including Glutamate, GABA, noradrenalin, dopamine, 
5-HT, and acetylcholine. Despite the rapid inactivation of THC by the fatty acid amide hydrolase,
THC, and other exogenous cannabinoids, are sustainable for extended periods of time and are
associated with physiological effects which are beneficial in the prevention and management of
certain cardiovascular disorders.

Human Cardiovascular System 
The cardiovascular system is comprised of the heart and circulatory system. The 
endocannabinoid system interfaces with the cardiovascular system, mainly via CB1 receptors. 
Perfusion, cardiac output, blood pressure, and vessel patency are all influenced by the 
endocannabinoid system within the cardiovascular system. The intrinsic relationship between 
the two becomes evident in the development of abnormalities of the cardiovascular and 
circulatory systems, including cardiac arrhythmias, atherosclerosis, and myocardial ischemia. 
Clinical endocannabinoid deficiency (CECD) affects the function of the heart and cannabidiol 
(CBD) is currently being evaluated as a pharmaceutical in certain cardiac disorders. 

Cardiovascular Disorders and Diseases: Atherosclerosis 
Atherosclerosis, which reduces increases the risk of stroke, myocardial infarction, and 
hypertension, is directly related to the clinical endocannabinoid deficiency (CECD) and 
dysfunctional response of the immune system to the presence of endothelial adhesion 
molecules. The CB2 receptors located throughout the circulatory system regulate immune 
responses. Research indicates that phytocannabinoids, such as cannabidiol (CBD), reduce 
inflammatory responses to the presence of abnormal endothelial molecules and also reduce 
reactive oxidative stress (ROS), which is associated with cell death. CBD, therefore, as a 
potent anxiolytic, is suggested for the prevention of atherosclerosis, a disorder with basis in 
genetic and acquired Clinical Endocannabinoid Deficiency (CECD). THC in low doses may 
increase circulatory blood flow, thereby increasing oxygenation, supporting the use of 
CBD/THC in atherosclerosis management. 

Cardiomyopathy 
Cardiomyopathy is characterized by decreased diastolic and systolic myocardial performance 
and is associated with increased oxidative stress and expression of adhesion molecules. 
Vascular adhesion molecules increase fibrosis and connective tissue proliferation, ultimately 
culminating in cell death. Cardiomyopathy is considered an acquired clinical endocannabinoid 
deficiency (CECD) and is often associated with diabetes mellitus and metabolic syndrome. 
Research supports that CB1 and CB2 receptors respond to cannabidiol (CBD) in 
cardiomyopathy, improving cardiac dysfunction, reducing oxidative stress and associated cell 
death, and reducing inflammatory response by improving CB2 receptivity via increased 
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anandamide levels. Reduction in fibrosis was likewise associated with cannabidiol (CBD) 
administration, supporting the importance of improved cellular glucose usage in such conditions 
as diabetes and hyperinsulinemia, which thereby improves cardiomyopathy associated with 
these disorders. In primary cardiomyopathy, benefits are likewise reflected, warranting 
consideration of cannabidiol (CBD) supplementation. 

Hypertension 
Hypertension, in which circulating blood pressure exceeds human physiological normatives, is 
associated with cerebral vascular incident, dementia, myocardial infarction, and peripheral 
vascular disease. As both acquired and genetic clinical endocannabinoid deficiency (CECD), 
affecting CB1 and CB2 receptors throughout the body, hypertension is affected by reduced 
circulating cannabinoids. Administration of cannabidiol (CBD) increases anandamide levels, a 
lipid neurotransmitter that binds with CB1 and CB2 receptors directly, which correlates with 
relaxation of blood vessels and corresponding reduction in systemic blood pressure. 
Cannabidiol (CBD) supplementation is therefore supported for individuals at risk for malignant 
hypertension and adjunctively for individuals diagnosed and treated with hypertension, as 
deemed appropriate by the attending physician. 

Myocardial Ischemia 
Myocardial ischemia refers to the restriction of blood supply to the heart, reducing the oxygen 
and glucose required for cellular function. As a result of myocardial ischemic incidences, 
damage to the tissue of the myocardium occurs and is demonstrable through electrocardiogram 
and echocardiogram. Associated with acquired clinical endocannabinoid deficiency (CECD), 
myocardial ischemia is associated with decreased available cannabinoids to both CB1 and CB2 
receptors located in the cardiac muscle. Research indicates that administration of cannabidiol 
(CBD) improves outcome in myocardial ischemia, reducing residual damage, and may be 
indicated preventatively in individuals with diabetes, hypertension, and atherosclerosis to 
prevent or reduce the severity of myocardial ischemic episodes. 

Myocardial Infarction 
Myocardial infarction refers to the cessation of blood flow to a portion of the cardiac muscle, with 
associated oxygen reduction, and damage to the myocardial tissue. Blockage of a coronary 
artery is commonly associated with myocardial infarction, which may or may not proceed to 
cardiac arrest and possible death. The accumulation of blood cells and cholesterol, and 
subsequent immune response, which adds further blockage within a coronary artery, contributes 
to the likelihood of myocardial infarction. Endocannabinoid receptors in the myocardial tissue, 
both CB1 and CB2, are affected by clinical endocannabinoid deficiency. Research indicates that 
the administration of cannabidiol (CBD) improved outcome in myocardial infarction and in 
prevention of atherosclerosis, which is associated with myocardial infarction. Cannabidiol (CBD) 
reduced inflammation and abnormal immunological response within the coronary arteries, 
reducing the likelihood of endothelial wall plaque formation. Adjunctive administration of 
cannabidiol is warranted for consideration in the management and prevention of myocardial 
infarction and associated cell death. 
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Endocannabinoid Deficiency (CECD) Classification: Cardiovascular Disorders 
Disorder Origin of CECD 
Atherosclerosis Acquired 
Cardiomyopathy Acquired 
Hypertension Genetic, Acquired 
Myocardial Ischemia Acquired 
Myocardial Infarction Acquired 

CEN Medical Cannabis Pharmacological Prescription and Coding System: 
Cardiovascular Disorder Application 
The CEN Medical Cannabis Pharmacological Prescription and Coding System (CEN/MCPPCS) 
provides language that enables the health care practitioner to communicate with the dispenser of 
medical cannabis. The first two letters of the system refer to the cannabis type: cannabis sativa, 
cannabis indica, or cannabis hybrida. The numerical value in percentage to the right of the colon 
refers to the recommended THC content in percentage, and the numerical value in sequence to 
the right of the THC percentage refers to the recommended CDB content. 

(CEN/MCPPCS); Cannabis type (sativa, indica, hybrida; THC percentage or range/CBD 
percentage or range) or Hemp Cannabidiol (CBD) 

Cannabis sativa must be used carefully in cardiovascular diseases involving arrhythmias and 
tachycardia. For peripheral vascular disease, THC may be useful in pain reduction. 

Harry Thomas 
DOB: 06-07-1946 
Diagnosis: Peripheral Vascular Disease, ICD-9, 443.9 
CS: 6.5%/6.5% 
Use via vaporizer every six hours as needed for pain. 
John Young, M.D. 

Purchase of CBD oil may be completed online. Purchase of cannabis sativa may be done at 
dispensary with presentation of the prescription. 
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Composition Assignments 
1. Please answer the following question. Cannabidiol (CBD) is a suitable adjunctive therapy

for the patient with angina.
a. True
b. False

2. Please go to www.libraryworld.com and enter username CEN. Select an article from the
CEN library on an aspect of cannabidiol (CBD) and the cardiovascular system. Write a
two hundred word critical analysis paper on this research article and determine the
following in your paper:

a. Author and affiliation
b. Study population
c. Purpose
d. Outcome of the study
e. Importance of the research
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Chapter VI: Pulmonary Health and Pulmonary Disease 

Learning Objectives 
1. Discuss assessment protocols to determine level of endocannabinoid deficiencies of the

pulmonary system.
2. Discuss therapeutic strategies to address endocannabinoid deficiencies of the

pulmonary system.
3. Discuss patient care guidelines to implement cannabinoid therapy with standard of care

pharmaceutical regimens pertaining to the pulmonary system.
4. Discuss educational guidelines for patients to monitor clinical outcomes when

implementing cannabinoid protocols for pulmonary disorders.

The Endocannabinoid System and Cannabidiol (CBD) - Introduction 
The endocannabinoid system (ECS) is a lipid-derived signaling system discovered within the 
past decade. Cannabinoids, which are homeostatic regulators, circulate throughout human and 
animal systems continuously, affecting all physiological processes. The endocannabinoid 
system is comprised of CB1 and CB2 receptors, which bind directly or indirectly to cannabinoids 
and phytocannabinoids, CB1 receptors are excitatory and are located in the central nervous 
system, lungs, liver, and kidney. CB2 receptors regulate immunological responses and are 
located in the immune and circulatory systems. Endogenous compounds, such as anandamide 
and arachidonylglerol (2-AG), are made by mammals from lipids and bind directly to the CB1 
and CB2 receptors, serving as neurotransmitters for cannabinoids. Cannabidiol (CBD oil), a 
non-psychotropic cannabinoid naturally occurring in human and animal species, is also a 
phytocannabiniod, derived from the industrial hemp plant. While CBD does not bind directly with 
receptors, it does affect stress genes, such as Soat2 and Cyp27a1, which control sterol (i.e., 
cholesterol) metabolism. CBD increases the amount of anandamide and other vital lipids, 
thereby indirectly increasing the availability of circulating cannabinoids to bind with CB1 and 
CB2 receptors. 

Research has shown that cannabidiol, in the form of CBD oil, has therapeutic benefits 
individually and adjunctively with other interventions, Cannabidiol (CBD) made from legal, 
industrial hemp contains less than .3% THC, rendering it non-psychoactive. CBD oil has 
antiemetic, anxiolytic, antitumoral, and immunologically inhibitory properties. Three categories 
differentiate the types of clinical endocannabinoid deficiency (CECD), which are associated with 
different disease process and disorders: genetic, acquired, and idiopathic autoimmune. Many 
disorders have a combination of CECD origins, and supplementation with cannabidiol (CBD) 
requires ongoing assessment to facilitate optimal benefit for the individual. 

The Human Endocannabinoid System 
The human endocannabinoid system is responsible for memory networks in the brain, both 
excitatory and inhibitory, including the neurogenesis of hippocampal granule cells, which 
regulate the timing of the endocannabinoids in accordance with the brain’s needs, pain 
perception, mood, synaptic plasticity, motor learning, appetite and taste regulation, and 
metabolic function, which regulates the storage of energy and transport of cellular nutrition. 
Cannabinoid receptor binding sites are located in the forebrain areas associated with higher 
cognitive function, forebrain, midbrain, and hindbrain areas associated with movement control, 
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and hindbrain areas associated with motor and sensory functions attributed to the autonomic 
nervous system. The endocannabinoid system affects the lipocytes and fat cells, collectively 
known as adipocytes, hepatocytes, in the gastrointestinal tract, musculoskeletal system, and 
endocrine system. The endogenous arachidonate-based lipids, anandamide and 
2-arachidonoylglycerol (2-AG) are physiological ligands for the cannabinoid receptors.
Cannabinoid receptors CB1 and CB2, two G-protein-coupled receptors, facilitate the responses
of the endocannabinoid system in the body, which are critical to maintaining homeostasis. CB1
receptors are located in the central and peripheral nervous systems as well as the lungs,
kidneys, and liver. CB2 receptors are predominantly expressed in the immune system and
hematopoietic cells.

The direct effect of the endocannabinoid deficiency (CECD) correlates with multisystemic 
clinical outcomes in such conditions as hyperinsulinemia, osteoporosis, diabetes, dementia, 
cardiovascular disease, multiple sclerosis, and obesity. Three primary categories are herein 
defined to discuss endocannabinoid deficiency (CECD): genetic, acquired, and idiopathic 
autoimmune. Genetic endocannabinoid deficiency (CECD) relates to hereditary acquisition of a 
disorder; acquired refers to an infectious of traumatic origination, and idiopathic autoimmune 
refers to etiologies for endocannabinoid deficiencies (CECD) which do not have direct 
associations. Diseases and disorders are assigned to one or more of these categories because 
often secondary disorders arise with physiological changes associated with the primary 
diagnosis. For example, asthma has been associated with endocannabinoid deficiency (CECD) 
and the disease is categorized as genetic, originating from a hereditary source. The 
presentation of neoplastic disease of the lung supports adding the category of idiopathic 
autoimmune as well to the assessment. Because the endocannabinoid system facilitates 
communication and coordination between various cell types, deficiencies directly affect 
physiological homeostasis. 

Cannabidiol (CBD), a non-psychotropic cannabinoid naturally occurring in human and animal 
species, occurs as a phytocannabinoid, CBD oil, which is derived from the industrial hemp plant. 
The restorative effects of cannabidiol (CBD oil), which increases anandamide and other lipid 
neurotransmitters, thereby restoring the endocannabinoid system, are of interest in the medical 
management of multiple disorders, including disorders of the pulmonary system, which is 
directly affected by the immunological, cardiovascular, and neurological systems. Indeed, 
research supports that plant-derived cannabidiol (CBD) has anti-tumoral and anti-inflammatory 
benefits. 

Cannabidiol (CBD) 
Cannabidiol (CBD) is a non-psychotropic and non-toxic compound, which has been 
demonstrated to positively affect the human endocannabinoid system. Cannabidiol (CBD), 
derived from the hemp plant, demonstrates anti-inflammatory and immune-modulating 
properties. Cannabidiol (CBD) has a low affinity for CB1 and CB2 receptors in the human body, 
but acts as an indirect antagonist of their agonists. (Antagonists are defined as substances that 
stop or inhibit the effects of another substance on the cellular surface, producing the same 
effect as a substance which would normally bind to the receptor. Agonists are chemicals that 
bind to receptors and elicit a biological response.) Therefore, cannabidiol may enhance the 
therapeutic effects of THC, possibly by increasing the density of the CB1 receptors. Cannabidiol 
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(CBD) has been demonstrated to cross the blood-brain barrier and exert antioxidant, 
antimicrobial, and neuroprotective properties, rendering it valuable in the prevention and 
treatment of pulmonary disorders. 

Tetrahydrocannabinol (THC) is the active ingredient in the cannabis plant. THC, a cannabinoid 
compound, binds to CB1 cannabinoid receptors in the human brain, simulating the naturally 
occurring cannabinoids produced by the human body. In the human body, CB1 receptors are 
located in the cerebral cortex, which describes the frontal regions of the brain, the basal ganglia, 
the cerebellum, the hypothalamus, the anterior congulate cortex, and the hippocampus. THC 
inhibits the release of neurotransmitters, including Glutamate, GABA, noradrenalin, dopamine, 
5-HT, and acetylcholine. Despite the rapid inactivation of THC by the fatty acid amide hydrolase,
THC, and other exogenous cannabinoids, are sustainable for extended periods of time and are
associated with physiological effects which are beneficial in the prevention and management of
certain pulmonary disorders.

Human Pulmonary System 
The pulmonary, or respiratory, system of specific organs executes the process by which oxygen 
and carbon dioxide are exchanged with external air. The lungs, trachea, bronchi, and 
diaphragm facilitate respiration and gaseous exchange, which facilitates oxygenation of the 
blood through diffusion. 

The endocannabinoid system is critical in facilitating the ability of the lungs to execute 
respiration. CB1 and CB2 receptors are dispersed throughout the respiratory system and 
research indicates that clinical endocannabinoid deficiencies contribute to the development of 
chronic and malignant pulmonary diseases. 

Pulmonary Disorders and Diseases: Asthma 
Asthma is an inflammatory disease of the respiratory system, which causes shortness of breath 
and reduced tidal volumes of the lungs. Reactive airway disease accompanies asthma, which is 
chronic, but can rapidly become fatal without intervention. The endocannabinoid system is 
critical in managing the inflammatory response in asthma via CB1 and CB2 receptors. CB1 
receptors activate bronchodilator effects by relaxing smooth muscle, thereby easing respiratory 
distress. CB2 receptors control immunological response in the lungs and the endocannabinoid 
system modulates the potential hyperactive response to an antigen. Clinical endocannabinoid 
deficiency (CECD) associated with asthma is both genetic and idiopathic autoimmune. 
Research indicates that elevating anandamide levels in the pulmonary system, via the intake of 
cannabidiol, reduced morbidity associated asthma by modulating the inflammatory response in 
asthma. 

Emphysema 
Emphysema, or Chronic Obstructive Pulmonary Disease (COPD), is a progressive disease of 
the lungs which restricts oxygenation and perfusion, thereby affecting not only the respiratory 
system, but also the cardiovascular and neurological systems. Clinical Endocannabinoid 
Deficiency (CECD) associated with emphysema is acquired, reflecting the increased incidence 
secondary to cigarette smoking. CB1 and CB2 receptors in the respiratory tract respond 
favorably to cannabidiol in clinical research, reducing chronic inflammation of the lungs and 
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inducing bronchodilation, which increases oxygenation. Cannabidiol (CBD) and THC possess 
anxiolytic and anti-inflammatory properties, and are warranted in emphysema to increase tidal 
volume and reduce inflammatory processes of the lung. 

Lung Cancer 
Lung cancer is an acquired malignancy that is most commonly associated with cigarette 
smoking. Genetic malformations occur early on in the use of tobacco and the development of 
malignancy may not occur until decades later. The endocannabinoid system is critical in 
maintaining homeostasis of the immunological system and both CB1 and CB2 receptors are 
affected by tobacco use. The acquired clinical endocannabinoid deficiency (CECD) associated 
with lung cancer, non-small cell and small cell alike, responds to the administration of 
cannabidiol (CBD) in clinical research. CBD oil with THC also inhibits metastasis of lung cancer, 
which commonly spreads to the brain and spine. Preventively, cannabidiol (CBD) is 
recommended in individuals who may be at risk for lung cancer, including those who have been 
exposed to second-hand smoking. In treatment, adjunctive therapy with cannabidiol (CBD) and 
THC may inhibit metastasis from primary lung tumors. 

Pneumonia (Interstitial) 
Pneumonia, associated with bacteria or viral infections, causes respiratory dysfunction and 
often distress in individuals with underlying autoimmune diseases, such as multiple sclerosis. 
Clinical endocannabinoid deficiency (CECD) associated with pneumonia affects CB2 receptors, 
which regulate immunological responses. Indeed, CECD deficiency may cause hyperactivity of 
certain white cells, which then further inhibit respiratory function. Cannabidiol (CBD) possesses 
antibacterial and anti-inflammatory properties, which may augment the benefit of antibiotic and 
steroidal therapies in the management of pneumonia. In individuals at increased risk for 
pneumonia, supplementation with cannabidiol routinely increases circulating anandamide, 
which then binds directly to CB2 receptors. In combination with preventative health practices, 
the addition of cannabidiol (CBD) may reduce the incidence or severity of the occurrence of 
bacterial and/or viral infections associated with pneumonia. 

Pulmonary Hypertension 
Pulmonary hypertension is a chronic and potentially life-threatening disorder, which increases 
the pulmonary artery pressure, increasing the likelihood of vessel rupture and mortality. 
Cannabidiol (CBD) induces relaxation of vessel walls, lowering systemic blood pressure. 
Research indicates administration of cannabidiol (CBD) in pulmonary hypertension significantly 
reduced pulmonary artery pressure by affecting CB1 binding abilities. In combination with 
treatment, supplementation with cannabidiol (CBD) is suggested in individuals at-risk or 
diagnosed with pulmonary hypertension. 

Endocannabinoid Deficiency (CECD) Classification: Pulmonary Disorders 
Disorder Origin of CECD 
Asthma Genetic 
Emphysema Acquired 
Lung Cancer Acquired 
Pneumonia Acquired 
Pulmonary Hypertension Idiopathic Autoimmune 
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CEN Medical Cannabis Pharmacological Prescription and Coding System 
Pulmonary Disorder Application 
The CEN Medical Cannabis Pharmacological Prescription and Coding System (CEN/MCPPCS) 
provides language that enables the health care practitioner to communicate with the dispenser 
of medical cannabis. The first two letters of the system refer to the cannabis type: cannabis 
sativa, cannabis indica, or cannabis hybrida. The numerical value in percentage to the right of 
the colon refers to the recommended THC content in percentage, and the numerical value in 
sequence to the right of the THC percentage refers to the recommended CDB content. 

(CEN/MCPPCS); Cannabis type (sativa, indica, hybrida; THC percentage or range/CBD 
percentage or range) or Hemp Cannabidiol (CBD) 

THC may be recommended for pulmonary disorders including COPD and asthma to relieve 
anxiety. 

The prescription would read: 
Ray Monty 
DOB: 12-13-56 
Diagnosis: COPD, ICD-9 492 
CS: 14-16%/6-9% 
Use via vaporizer every six hours as needed. 
Frank Jayne, M.D. 

Composition Assignments 
1. Please answer the following question. Cannabidiol (CBD) is a suitable adjunctive therapy

for the patient with non-small cell lung cancer.
a. True
b. False

2. Please go to www.libraryworld.com and enter username CEN. Select an article from the
CEN library on an aspect of cannabidiol (CBD) and the pulmonary system. Write a two
hundred word critical analysis paper on this research article and determine the following
in your paper:

a. Author and affiliation
b. Study population
c. Purpose
d. Outcome of the study
e. Importance of the research
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Chapter VII: Dermatological Health and Dermatological Disease 

Learning Objectives 
1. Discuss assessment protocols to determine level of endocannabinoid deficiencies of the

dermatological system.
2. Discuss therapeutic strategies to address endocannabinoid deficiencies of the

dermatological system.
3. Discuss patient care guidelines to implement cannabinoid therapy with standard of care

pharmaceutical regimens pertaining to the dermatological system.
4. Discuss educational guidelines for patients to monitor clinical outcomes when

implementing cannabinoid protocols for dermatological disorders.

The Endocannabinoid System and Cannabidiol (CBD) - Introduction 
The endocannabinoid system (ECS) is a lipid-derived signaling system discovered within the 
past decade. Cannabinoids, which are homeostatic regulators, circulate throughout human and 
animal systems continuously, affecting all physiological processes. The endocannabinoid 
system is comprised of CB1 and CB2 receptors, which bind directly or indirectly to cannabinoids 
and phytocannabinoids, CB1 receptors are excitatory and are located in the central nervous 
system, lungs, liver, and kidney. CB2 receptors regulate immunological responses and are 
located in the immune and circulatory systems. Endogenous compounds, such as anandamide 
and arachidonylglerol (2-AG), are made by mammals from lipids and bind directly to the CB1 
and CB2 receptors, serving as neurotransmitters for cannabinoids. Cannabidiol (CBD oil), a 
non-psychotropic cannabinoid naturally occurring in human and animal species, is also a 
phytocannabiniod, derived from the industrial hemp plant. While CBD does not bind directly with 
receptors, it does affect stress genes, such as Soat2 and Cyp27a1, which control sterol (i.e., 
cholesterol) metabolism. CBD increases the amount of anandamide and other vital lipids, 
thereby indirectly increasing the availability of circulating cannabinoids to bind with CB1 and 
CB2 receptors. 

Research has shown that cannabidiol, in the form of CBD oil, has therapeutic benefits 
individually and adjunctively with other interventions, Cannabidiol (CBD) made from legal, 
industrial hemp contains less than .3% THC, rendering it non-psychoactive. CBD oil has 
antiemetic, anxiolytic, antitumoral, and immunologically inhibitory properties. Three categories 
differentiate the types of clinical endocannabinoid deficiency (CECD), which are associated with 
different disease process and disorders: genetic, acquired, and idiopathic autoimmune. Many 
disorders have a combination of CECD origins, and supplementation with cannabidiol (CBD) 
requires ongoing assessment to facilitate optimal benefit for the individual. 

The Human Endocannabinoid System 
The human endocannabinoid system is responsible for memory networks in the brain, both 
excitatory and inhibitory, including the neurogenesis of hippocampal granule cells, which 
regulate the timing of the endocannabinoids in accordance with the brain’s needs, pain 
perception, mood, synaptic plasticity, motor learning, appetite and taste regulation, and 
metabolic function, which regulates the storage of energy and transport of cellular nutrition. 
Cannabinoid receptor binding sites are located in the forebrain areas associated with higher 
cognitive function, forebrain, midbrain, and hindbrain areas associated with movement control, 
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and hindbrain areas associated with motor and sensory functions attributed to the autonomic 
nervous system. The endocannabinoid system affects the lipocytes and fat cells, collectively 
known as adipocytes, hepatocytes, in the gastrointestinal tract, musculoskeletal system, and 
endocrine system. The endogenous arachidonate-based lipids, anandamide and 
2-arachidonoylglycerol (2-AG) are physiological ligands for the cannabinoid receptors.
Cannabinoid receptors CB1 and CB2, two G-protein-coupled receptors, facilitate the responses
of the endocannabinoid system in the body, which are critical to maintaining homeostasis. CB1
receptors are located in the central and peripheral nervous systems, as well as the lungs,
kidneys, and liver. CB2 receptors are predominantly expressed in the immune system and
hematopoietic cells.

The direct effect of the endocannabinoid deficiency (CECD) correlates with multisystemic 
clinical outcomes in such conditions as hyperinsulinemia, osteoporosis, diabetes, dementia, 
cardiovascular disease, multiple sclerosis, and obesity. Three primary categories are herein 
defined to discuss endocannabinoid deficiency (CECD): genetic, acquired, and idiopathic 
autoimmune. Genetic endocannabinoid deficiency relates to hereditary acquisition of a disorder, 
acquired refers to an infectious of traumatic origination, and idiopathic autoimmune refers to 
etiologies for endocannabinoid deficiencies (CECD) which do not have direct associations. 
Diseases and disorders are assigned to one or more of these categories because often 
secondary disorders arise with physiological changes associated with the primary diagnosis. For 
example, dermatitis has been associated with endocannabinoid deficiency (CECD) and the 
disease is often categorized as acquired, originating from an extrinsic source. The presentation 
of scleroderma, which is multisystemic, supports adding the category of idiopathic autoimmune 
as well to the assessment. Because the endocannabinoid system facilitates communication and 
coordination between various cell types, deficiencies directly affect physiological homeostasis. 

Cannabidiol (CBD), a non-psychotropic cannabinoid naturally occurring in human and animal 
species, occurs as a phytocannabinoid, CBD oil, which is derived from the industrial hemp plant. 
The restorative effects of cannabidiol (CBD oil), which increases anandamide and other lipid 
neurotransmitters, thereby restoring the endocannabinoid system, are of interest in the medical 
management of multiple disorders, including disorders of the dermatological system, which is 
directly affected by the immunological and neurological systems. Indeed, research supports that 
plant-derived cannabidiol (CBD) has analgesic, anti-tumoral, and anti-inflammatory benefits. 

Cannabidiol (CBD) 
Cannabidiol (CBD) is a non-psychotropic and non-toxic compound, which has been 
demonstrated to positively affect the human endocannabinoid system. Cannabidiol (CBD), 
derived from the hemp plant, demonstrates anti-inflammatory and immune-modulating 
properties. Cannabidiol (CBD) has a low affinity for CB1 and CB2 receptors in the human body, 
but acts as an indirect antagonist of their agonists. (Antagonists are defined as substances that 
stop or inhibit the effects of another substance on the cellular surface, producing the same 
effect as a substance which would normally bind to the receptor. Agonists are chemicals that 
bind to receptors and elicit a biological response.) Therefore, cannabidiol (CBD) may enhance 
the therapeutic effects of THC, possibly by increasing the density of the CB1 receptors. 
Cannabidiol (CBD) has been demonstrated to cross the blood-brain barrier and exert 
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antioxidant, antimicrobial, and antitumoral properties, rendering it valuable in the prevention and 
treatment of oxidative dermatologic disorders and diseases. 

Tetrahydrocannabinol (THC) is the active ingredient in the cannabis plant. THC, a cannabinoid 
compound, binds to CB1 cannabinoid receptors in the human brain, simulating the naturally 
occurring cannabinoids produced by the human body. In the human body, CB1 receptors are 
located in the cerebral cortex, which describes the frontal regions of the brain, the basal ganglia, 
the cerebellum, the hypothalamus, the anterior congulate cortex, and the hippocampus. THC 
inhibits the release of neurotransmitters, including Glutamate, GABA, noradrenalin, dopamine, 
5-HT, and acetylcholine. Despite the rapid inactivation of THC by the fatty acid amide hydrolase,
THC, and other exogenous cannabinoids, are sustainable for extended periods of time and are
associated with physiological effects, which are beneficial in the prevention and management of
certain dermatological disorders.

Human Dermatological System 
The largest organ of the human body is the skin, which protects and armors the underlying 
adipose tissue, muscle, ligaments, viscera, and skeletal system. Multiple layers of ectodermal 
tissue facilitate insulation, temperature regulation, sensation and synthesis of vitamin D and B 
for the human body. As the initial line of defense, the skin protects the body from pathogens 
and minimizes dehydration, managing water loss. Pigmentation of the skin varies in the world 
and originated from geographical location and climate category. 

The endocannabinoid system facilitates immunological and nervous system responses 
throughout the dermatological system via CB1, autonomically through CB1 receptors, and 
immunologically through CB2 receptors. Various manifestations of endocannabinoid deficiency 
affect the dermatological structures, increasing the incidence of diseases which affect the skin 
and underlying tissues 

Dermatological Disorders and Diseases: Dermatitis 
Chronic dermatological conditions, such as psoriasis, and acute conditions, such as contact 
dermatitis, cause rash, pruritus, increased risk of infection, and psychological stress. The 
immunological response often increases symptoms associated with dermatitis. CB1 and CB2 
receptors in genetic and acquired clinical endocannabinoid deficiency (CECD) in dermatitis 
respond to the administration of cannabidiol (CBD). Research indicates that cannabidiol (CBD) 
possesses anti-inflammatory and analgesic properties, which reduce symptoms. Further, the 
increased uptake of administered cannabidiol (CBD) has been found to regulate the 
immunological responses to dermatitis, thereby improving symptoms and reducing anxiety and 
depression associated with dermatitis. Cannabidiol (CBD) is suggested as adjunctive therapy in 
the management of both chronic and acute dermatitis. 

Diabetic Ulcer 
Diabetic ulceration occurs when decreased circulatory perfusion accompanies diabetes. 
Reduced blood flow to the periphery, including legs and feet, causes chronic ulceration, cellulitis 
and recurring infection. Clinical endocannabinoid deficiency (CECD) in diabetes mellitus 
responds to adjunctive administration of CBD oil with oral hypoglycemic agents and insulin. CB1 
and CB2 receptors are restored with cannabidiol (CBD) administration, reducing sensory and 
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dysfunctional immunological responses, respectively. Cannabidiol (CBD) possesses 
anti-inflammatory and anti-bacterial properties, which potentiate therapeutic healing options, 
such as hyperbaric oxygen therapy, in the management of diabetic ulcerations. 

Scleroderma 
Scleroderma, a systemic autoimmune disorder manifesting initially, and most frequently, as a 
dermatologic exacerbation, causes hardening of the skin and tissues. Alterations in oxygen 
perfusion and aberrant immunological responses contribute to symptoms of pain and fatigue. 
Clinical endocannabinoid deficiency (CECD) in scleroderma is considered idiopathic 
autoimmune, affecting CB1 and CB2 receptors throughout the human body. Administration of 
cannabidiol (CBD) has been shown to improve skin elasticity, reduce dermatological 
exacerbations, and relieve discomfort associated with this chronic disorder. 

Skin Cancer 
Malignancy of the skin includes such malignancies as squamous cell carcinoma and malignant 
melanoma. Tumoral growth and visceral dissemination of malignancy characterizes carcinoma 
of the skin, categorized as acquired and idiopathic autoimmune clinical endocannabinoid 
deficiency (CECD). Administration of cannabidiol (CBD) triggers malignant cell death, inhibiting 
tumor growth, and metastasis to viscera. Further, autophagy, which removes cellular waste, is 
enhanced by cannabidiol (CBD), expediting malignant cell death. 
Administration of cannabidiol (CBD) is warranted given conclusive research which supports 
anti-tumoral, anti-bacterial, and analgesic effects of CBD oil. 

Endocannabinoid Deficiency (CECD) Classification: Dermatological Disorders 
Disorder Origin of CECD 
Dermatitis Genetic, Acquired 
Diabetic Ulcer Acquired 
Scleroderma Idiopathic Autoimmune 
Skin Cancer Idiopathic Autoimmune 

CEN Medical Cannabis Pharmacological Prescription and Coding System 
Dermatological Disorder Application 

The CEN Medical Cannabis Pharmacological Prescription and Coding System (CEN/MCPPCS) 
provides language that enables the health care practitioner to communicate with the dispenser of 
medical cannabis. The first two letters of the system refer to the cannabis type: cannabis sativa, 
cannabis indica, or cannabis hybrida. The numerical value in percentage to the right of the colon 
refers to the recommended THC content in percentage, and the numerical value in sequence to 
the right of the THC percentage refers to the recommended CDB content.
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(CEN/MCPPCS); Cannabis type (sativa, indica, hybrida; THC percentage or range/CBD 
percentage or range) or Hemp Cannabidiol (CBD) 

The prescription for use in malignant melanoma may read as follows: 

Gertrude Folsom 
DOB: 4-5-1978 
Diagnosis: Malignant Melanoma, ICD-9: 172.9 
CS: 15-17%/0-1% 
Use via vaporizer every four hours as needed. 
Bert Maonet, M.D. 

Composition Assignments 
1. Please answer the following question. Cannabidiol (CBD) is a suitable adjunctive therapy

for the patient with cellulitis.
a. True
b. False

2. Please go to www.libraryworld.com and enter username CEN. Select an article from the
CEN library on an aspect of cannabidiol (CBD) and the dermatological system. Write a
two hundred word critical analysis paper on this research article and determine the
following in your paper:

a. Author and affiliation
b. Study population
c. Purpose
d. Outcome of the study
e. Importance of the research
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Chapter VIII: Endocrine Health and Endocrine Disease 

Learning Objectives 
1. Discuss assessment protocols to determine level of endocannabinoid deficiencies of the

endocrine system.
2. Discuss therapeutic strategies to address endocannabinoid deficiencies of the endocrine

system.
3. Discuss patient care guidelines to implement cannabinoid therapy with standard of care

pharmaceutical regimens pertaining to the endocrine system.
4. Discuss educational guidelines for patients to monitor clinical outcomes when

implementing cannabinoid protocols for endocrine disorders.

The Endocannabinoid System and Cannabidiol (CBD) - Introduction 
The endocannabinoid system (ECS) is a lipid-derived signaling system discovered within the 
past decade. Cannabinoids, which are homeostatic regulators, circulate throughout human and 
animal systems continuously, affecting all physiological processes. The endocannabinoid 
system is comprised of CB1 and CB2 receptors, which bind directly or indirectly to cannabinoids 
and phytocannabinoids, CB1 receptors are excitatory and are located in the central nervous 
system, lungs, liver, and kidney. CB2 receptors regulate immunological responses and are 
located in the immune and circulatory systems. Endogenous compounds, such as anandamide 
and arachidonylglerol (2-AG), are made by mammals from lipids and bind directly to the CB1 
and CB2 receptors, serving as neurotransmitters for cannabinoids. Cannabidiol (CBD oil), a 
non-psychotropic cannabinoid naturally occurring in human and animal species, is also a 
phytocannabiniod, derived from the industrial hemp plant. While CBD does not bind directly with 
receptors, it does affect stress genes, such as Soat2 and Cyp27a1, which control sterol (i.e., 
cholesterol) metabolism. CBD increases the amount of anandamide and other vital lipids, 
thereby indirectly increasing the availability of circulating cannabinoids to bind with CB1 and 
CB2 receptors. 

Research has shown that cannabidiol, in the form of CBD oil, has therapeutic benefits 
individually and adjunctively with other interventions, Cannabidiol (CBD) made from legal, 
industrial hemp contains less than .3% THC, rendering it non-psychoactive. CBD oil has 
antiemetic, anxiolytic, antitumoral, and immunologically inhibitory properties. Three categories 
differentiate the types of clinical endocannabinoid deficiency (CECD), which are associated with 
different disease process and disorders: genetic, acquired, and idiopathic autoimmune. Many 
disorders have a combination of CECD origins, and supplementation with cannabidiol (CBD) 
requires ongoing assessment to facilitate optimal benefit for the individual. 

The Human Endocannabinoid System 
The human endocannabinoid system is responsible for memory networks in the brain, both 
excitatory and inhibitory, including the neurogenesis of hippocampal granule cells, which 
regulate the timing of the endocannabinoids in accordance with the brain’s needs, pain 
perception, mood, synaptic plasticity, motor learning, appetite and taste regulation, and 
metabolic function, which regulates the storage of energy and transport of cellular nutrition. 
Cannabinoid receptor binding sites are located in the forebrain areas associated with higher 
cognitive function, forebrain, midbrain, and hindbrain areas associated with movement control, 
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and hindbrain areas associated with motor and sensory functions attributed to the autonomic 
nervous system. The endocannabinoid system affects the lipocytes and fat cells, collectively 
known as adipocytes, hepatocytes, in the gastrointestinal tract, musculoskeletal system, and 
endocrine system. The endogenous arachidonate-based lipids, anandamide and 
2-arachidonoylglycerol (2-AG) are physiological ligands for the cannabinoid receptors.
Cannabinoid receptors CB1 and CB2, two G-protein-coupled receptors, facilitate the responses
of the endocannabinoid system in the body, which are critical to maintaining homeostasis. CB1
receptors are located in the central and peripheral nervous systems as well as the lungs,
kidneys, and liver. CB2 receptors are predominantly expressed in the immune system and
hematopoietic cells.

The direct effect of the endocannabinoid deficiency (CECD) correlates with multisystemic 
clinical outcomes in such conditions as hyperinsulinemia, osteoporosis, diabetes, dementia, 
cardiovascular disease, multiple sclerosis, and obesity. Three primary categories are herein 
defined to discuss endocannabinoid deficiency (CECD): genetic, acquired, and idiopathic 
autoimmune. Genetic endocannabinoid deficiency relates to hereditary acquisition of a disorder; 
acquired refers to an infectious of traumatic origination, and idiopathic autoimmune refers to 
etiologies for endocannabinoid deficiencies (CECD) which do not have direct associations. 

Diseases and disorders are assigned to one or more of these categories because often 
secondary disorders arise with physiological changes associated with the primary diagnosis. For 
example, has been associated with endocannabinoid deficiency (CECD) and the disease is 
categorized as genetic, originating from a hereditary source. The presentation of primary 
multifocal leukoencephalopathy (PML), which affects the neurological system, supports adding 
the category of idiopathic autoimmune as well to the assessment. Because the 
endocannabinoid system facilitates communication and coordination between various cell types, 
deficiencies directly affect physiological homeostasis. 

Cannabidiol (CBD), a non-psychotropic cannabinoid naturally occurring in human and animal 
species, occurs as a phytocannabinoid, CBD oil, which is derived from the industrial hemp plant. 
The restorative effects of cannabidiol (CBD oil), which increases anandamide and other lipid 
neurotransmitters, thereby restoring the endocannabinoid system, are of interest in the medical 
management of multiple disorders, including disorders of the endocrine system, which is directly 
affected by the immunological and neurological systems. Indeed, research supports that 
plant-derived cannabidiol (CBD) has neuroprotective and anti-inflammatory benefits. 

Cannabidiol (CBD) 
Cannabidiol (CBD) is a non-psychotropic and non-toxic compound, which has been 
demonstrated to positively affect the human endocannabinoid system. Cannabidiol (CBD), 
derived from the hemp plant, demonstrates anti-inflammatory and immune-modulating 
properties. Cannabidiol (CBD) has a low affinity for CB1 and CB2 receptors in the human body, 
but acts as an indirect antagonist of their agonists. (Antagonists are defined as substances that 
stop or inhibit the effects of another substance on the cellular surface, producing the same 
effect as a substance which would normally bind to the receptor. Agonists are chemicals that 
bind to receptors and elicit a biological response.) Therefore, cannabidiol (CBD) may enhance 
the therapeutic effects of THC, possibly by increasing the density of the CB1 receptors. 
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Cannabidiol (CBD) has been demonstrated to cross the blood-brain barrier and exert 
antioxidant, antimicrobial, and neuroprotective properties, rendering it valuable in the prevention 
and treatment of oxidative endocrine disorders and diseases. 

Tetrahydrocannabinol (THC) is the active ingredient in the cannabis plant. THC, a cannabinoid 
compound, binds to CB1 cannabinoid receptors in the human brain, simulating the naturally 
occurring cannabinoids produced by the human body. In the human body, CB1 receptors are 
located in the cerebral cortex, which describes the frontal regions of the brain, the basal ganglia, 
the cerebellum, the hypothalamus, the anterior congulate cortex, and the hippocampus. THC 
inhibits the release of neurotransmitters, including Glutamate, GABA, noradrenalin, dopamine, 
5-HT, and acetylcholine. Despite the rapid inactivation of THC by the fatty acid amide hydrolase,
THC, and other exogenous cannabinoids, are sustainable for extended periods of time and are
associated with physiological effects which are beneficial in the prevention and management of
certain endocrine disorders.

Human Endocrine System 
The endocrine system refers to the collection of glands of an organism that secrete hormones 
directly into the circulatory system to be carried towards a distant target organ. The major 
endocrine glands include the pineal gland, pituitary gland, pancreas, ovaries, testes, thyroid 
gland, parathyroid gland, hypothalamus, gastrointestinal tract and adrenal glands. The 
endocrine system is in contrast to the exocrine system, which secretes its hormones using 
ducts. The endocrine system is an information signal system like the nervous system, yet its 
effects and mechanism are classifiably different. The endocrine system's effects are slow to 
initiate, and prolonged in their response, lasting from a few hours up to weeks. The nervous 
system sends information very quickly, and responses are generally short lived. In vertebrates, 
the hypothalamus is the neural control center for all endocrine systems. The field of study 
dealing with the endocrine system and its disorders is endocrinology, a branch of internal 
medicine. 

Special features of endocrine glands are, in general, their ductless nature, their vascularity, and 
commonly the presence of intracellular vacuoles or granules that store their hormones. In 
contrast, exocrine glands, such as salivary glands, sweat glands, and glands within the 
gastrointestinal tract, tend to be much less vascular and have ducts or a hollow lumen. 
In addition to the specialized endocrine organs mentioned above, many other organs that are 
part of other body systems, such as bone, kidney, liver, heart and gonads, have secondary 
endocrine functions. For example the kidney secretes endocrine hormones such as 
erythropoietin and renin. 

A number of glands that signal each other in sequence are usually referred to as an axis, for 
example, the hypothalamic-pituitary-adrenal axis. As opposed to endocrine factors that travel 
considerably longer distances via the circulatory system, other signaling molecules, such 
as paracrine factors involved in paracrine signaling diffuse over a relatively short distance. 
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Endocrine Disorders and Diseases: Diabetes 
Diabetes is an endocrine disorder with a strong hereditary component, affecting children and 
adults throughout the lifespan. The development of insulin resistance and glucose dysregulation 
characterizes diabetes mellitus, affecting the cardiovascular, immunological, and neurological 
systems as well as the endocrine system. Clinical endocannabinoid deficiency (CECD), 
characterized as genetic and acquired, affects excitatory CB1 receptors and 
immune-responsive CB2 receptors in the endocrine system. Research supports the benefit of 
cannabidiol (CBD) in reducing insulin resistance and as a hypoglycemic agent. Preventatively in 
individuals at risk for diabetes mellitus, and as adjunctive therapy under physician supervision in 
management of serum glucose, cannabidiol is suggested to improve disease management and 
prevent secondary manifestations of the disease, such as diabetic neuropathy. 

Hypothyroidism 
Hypothyroidism is a disease that affects the thyroid glands ability to secrete associated 
hormones, leading to weight gain, fatigue, immune dysfunction, and internal temperature 
regulation dysfunction. Medical management includes hormonal supplementation, and 
cannabidiol (CBD) has been shown to improve symptoms of hypothyroidism as adjunctive 
therapy. CB1 receptors are directly affected in hypothyroidism, which is considered idiopathic 
autoimmune and genetic in relation to clinical endocannabinoid deficiency (CECD). In 
individuals at risk for the development of hypothyroidism, preventative administration is 
warranted to improve the function and receptivity of CB1 receptors to anandamide, the lipid 
neurotransmitter that is increased by CBD oil. 

Thyroid cancer 
Malignant tumors of the thyroid affect hormonal function, rendering the individual with profound 
symptoms of fatigue and depression. Clinical endocannabinoid deficiency (CECD) in thyroid 
cancer affects CB2 receptors, reducing the ability of the immune system to eradicate 
malignancy. The anti-tumoral benefits of cannabidiol (CBD) are well documented and 
administration is suggested as adjunctive therapy in the management of thyroid cancer. In 
patients at risk for developing thyroid cancer, associated with hypothyroidism, prophylactic use 
of cannabidiol may be considered to prevent thyroid dysfunction. Metastatic disease associated 
with cancer has been inhibited by the use of cannabidiol in human studies, suggesting beneficial 
use in diagnosed metastatic disease. . 

Endocannabinoid Deficiency (CECD) Classification: Endocrine Disorders 
Disorder Origin of CECD 
Diabetes Genetic 
Hypothyroidism Genetic 
Thyroid cancer Idiopathic Autoimmune 
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CEN Medical Cannabis Pharmacological Prescription and Coding System 
Endocrine Disorder Application 
The CEN Medical Cannabis Pharmacological Prescription and Coding System (CEN/MCPPCS) 
provides language that enables the health care practitioner to communicate with the dispenser 
of medical cannabis. The first two letters of the system refer to the cannabis type: cannabis 
sativa, cannabis indica, or cannabis hybrida. The numerical value in percentage to the right of 
the colon refers to the recommended THC content in percentage, and the numerical value in 
sequence to the right of the THC percentage refers to the recommended CDB content. 

(CEN/MCPPCS); Cannabis type (sativa, indica, hybrida; THC percentage or range/CBD 
percentage or range) or Hemp Cannabidiol (CBD) 

Example: Cannabis sativa for diabetes mellitus may be purchased at a dispensary. An example 
prescription follows: 

Nancy Victorial 
DOB: 08-09-1945 
Diagnosis: Diabetes Mellitus, ICD-9: 250.00 
CS: 18%/1-3% 
Use via vaporizer every six hours as needed. 
David Read, M.D. 

Composition Assignments 
1. Please answer the following question. Medical cannabis is a suitable adjunctive therapy

for the patient with hypothyroidism.
a. True
b. False

2. Please go to www.libraryworld.com and enter username CEN. Select an article from the
CEN library on an aspect of cannabidiol (CBD) and the endocrine system. Write a two
hundred word critical analysis paper on this research article and determine the following
in your paper:

a. Author and affiliation
b. Study population
c. Purpose
d. Outcome of the study
e. Importance of the research
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Chapter IX: Reproductive Health and Gynecological Disease 

Learning Objectives 
1. Discuss assessment protocols to determine level of endocannabinoid deficiencies of the

reproductive system.
2. Discuss therapeutic strategies to address endocannabinoid deficiencies of the

reproductive system.
3. Discuss patient care guidelines to implement cannabinoid therapy with standard of care

pharmaceutical regimens pertaining to the reproductive system.
4. Discuss educational guidelines for patients to monitor clinical outcomes when

implementing cannabinoid protocols for reproductive disorders.

The Endocannabinoid System and Cannabidiol (CBD) - Introduction 
The endocannabinoid system (ECS) is a lipid-derived signaling system discovered within the 
past decade. Cannabinoids, which are homeostatic regulators, circulate throughout human and 
animal systems continuously, affecting all physiological processes. The endocannabinoid 
system is comprised of CB1 and CB2 receptors, which bind directly or indirectly to cannabinoids 
and phytocannabinoids, CB1 receptors are excitatory and are located in the central nervous 
system, lungs, liver, and kidney. CB2 receptors regulate immunological responses and are 
located in the immune and circulatory systems. Endogenous compounds, such as anandamide 
and arachidonylglerol (2-AG), are made by mammals from lipids and bind directly to the CB1 
and CB2 receptors, serving as neurotransmitters for cannabinoids. Cannabidiol (CBD oil), a 
non-psychotropic cannabinoid naturally occurring in human and animal species, is also a 
phytocannabiniod, derived from the industrial hemp plant. While CBD does not bind directly with 
receptors, it does affect stress genes, such as Soat2 and Cyp27a1, which control sterol (i.e., 
cholesterol) metabolism. CBD increases the amount of anandamide and other vital lipids, 
thereby indirectly increasing the availability of circulating cannabinoids to bind with CB1 and 
CB2 receptors. 

Research has shown that cannabidiol, in the form of CBD oil, has therapeutic benefits 
individually and adjunctively with other interventions, Cannabidiol (CBD) made from legal, 
industrial hemp contains less than .3% THC, rendering it non-psychoactive. CBD oil has 
antiemetic, anxiolytic, antitumoral, and immunologically inhibitory properties. Three categories 
differentiate the types of clinical endocannabinoid deficiency (CECD), which are associated with 
different disease process and disorders: genetic, acquired, and idiopathic autoimmune. Many 
disorders have a combination of CECD origins, and supplementation with cannabidiol (CBD) 
requires ongoing assessment to facilitate optimal benefit for the individual. 

The Human Endocannabinoid System 
The human endocannabinoid system is responsible for memory networks in the brain, both 
excitatory and inhibitory, including the neurogenesis of hippocampal granule cells, which 
regulate the timing of the endocannabinoids in accordance with the brain’s needs, pain 
perception, mood, synaptic plasticity, motor learning, appetite and taste regulation, and 
metabolic function, which regulates the storage of energy and transport of cellular nutrition. 
Cannabinoid receptor binding sites are located in the forebrain areas associated with higher 
cognitive function, forebrain, midbrain, and hindbrain areas associated with movement control, 
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and hindbrain areas associated with motor and sensory functions attributed to the autonomic 
nervous system. The endocannabinoid system affects the lipocytes and fat cells, collectively 
known as adipocytes, hepatocytes, in the gastrointestinal tract, musculoskeletal system, and 
endocrine system. The endogenous arachidonate-based lipids, anandamide and 
2-arachidonoylglycerol (2-AG) are physiological ligands for the cannabinoid receptors.
Cannabinoid receptors CB1 and CB2, two G-protein-coupled receptors, facilitate the responses
of the endocannabinoid system in the body, which are critical to maintaining homeostasis. CB1
receptors are located in the central and peripheral nervous systems as well as the lungs,
kidneys, and liver. CB2 receptors are predominantly expressed in the immune system and
hematopoietic cells.

The direct effect of the endocannabinoid deficiency (CECD) correlates with multisystemic 
clinical outcomes in such conditions as hyperinsulinemia, osteoporosis, diabetes, dementia, 
cardiovascular disease, multiple sclerosis, and obesity. Three primary categories are herein 
defined to discuss endocannabinoid deficiency (CECD): genetic, acquired, and idiopathic 
autoimmune. Genetic endocannabinoid deficiency (CECD) relates to hereditary acquisition of a 
disorder; acquired refers to an infectious of traumatic origination, and idiopathic autoimmune 
refers to etiologies for endocannabinoid deficiencies (CECD) which do not have direct 
associations. Diseases and disorders are assigned to one or more of these categories because 
often secondary disorders arise with physiological changes associated with the primary 
diagnosis. For example, endometriosis has been associated with endocannabinoid deficiency 
(CECD) and the disease is categorized as genetic, originating from a hereditary source. The 
presentation of breast cancer as well to the assessment adds the categorization of idiopathic 
autoimmune to the diagnosis. Because the endocannabinoid system facilitates communication 
and coordination between various cell types, deficiencies directly affect physiological 
homeostasis. 

Cannabidiol (CBD), a non-psychotropic cannabinoid naturally occurring in human and animal 
species, occurs as a phytocannabinoid, CBD oil, which is derived from the industrial hemp plant. 
The restorative effects of cannabidiol (CBD oil), which increases anandamide and other lipid 
neurotransmitters, thereby restoring the endocannabinoid system, are of interest in the medical 
management of multiple disorders, including disorders of the reproductive system, which is 
directly affected by the immunological and neurological systems. Indeed, research supports that 
plant-derived cannabidiol (CBD) has analgesic and anti-inflammatory benefits. 

Cannabidiol (CBD) 
Cannabidiol (CBD) is a non-psychotropic and non-toxic compound, which has been 
demonstrated to positively affect the human endocannabinoid system. Cannabidiol (CBD), 
derived from the hemp plant, demonstrates anti-inflammatory and immune-modulating 
properties. Cannabidiol (CBD) has a low affinity for CB1 and CB2 receptors in the human body, 
but acts as an indirect antagonist of their agonists. (Antagonists are defined as substances that 
stop or inhibit the effects of another substance on the cellular surface, producing the same 
effect as a substance which would normally bind to the receptor. Agonists are chemicals that 
bind to receptors and elicit a biological response.) Therefore, cannabidiol (CBD) may enhance 
the therapeutic effects of THC, possibly by increasing the density of the CB1 receptors. 
Cannabidiol (CBD) has been demonstrated to cross the blood-brain barrier and exert 
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antioxidant, antimicrobial, and anti-tumoral properties, rendering it valuable in the prevention 
and treatment of reproductive disorders and diseases. 

Tetrahydrocannabinol (THC) is the active ingredient in the cannabis plant. THC, a cannabinoid 
compound, binds to CB1 cannabinoid receptors in the human brain, simulating the naturally 
occurring cannabinoids produced by the human body. In the human body, CB1 receptors are 
located in the cerebral cortex, which describes the frontal regions of the brain, the basal ganglia, 
the cerebellum, the hypothalamus, the anterior congulate cortex, and the hippocampus. THC 
inhibits the release of neurotransmitters, including Glutamate, GABA, noradrenalin, dopamine, 
5-HT, and acetylcholine. Despite the rapid inactivation of THC by the fatty acid amide hydrolase,
THC, and other exogenous cannabinoids, are sustainable for extended periods of time and are
associated with physiological effects which are beneficial in the prevention and management of
certain reproductive disorders.

Human Reproductive System 
The reproductive system is comprised of sexual organs, which define the gender of the species. 
Reproductive organs facilitate procreation and sexual pleasure in human beings. Stressful 
lifestyles, environmental factors, and genetic influences affect sexual behavior and health in 
males and females. For example, sexually transmitted diseases, such as HIV, affect the immune 
system and inhibit the ability of the individual to fight opportunistic infections. The influence of 
the endocannabinoid system, with excitatory CB1 receptors and immunological CB2 receptors 
located throughout the reproductive system, is essential in understanding disorders which affect 
reproductive health. 

Reproductive Disorders and Diseases: Endometriosis 
Endometriosis is a painful, inflammatory disease in which endometrial tissue resides in the 
abdominal cavity. Affected by monthly hormonal changes, endometriosis proliferates, causing 
intra-abdominal bleeding and adhesions. Infrequently, endometriosis can progress to other 
organs, including the lungs. Even with hormonal and surgical intervention, endometriosis 
causes chronic pain and disability for millions of women. Often accompanied by mood 
fluctuations, case studies support the use of low dose THC in combination with CBD to manage 
PMS/PMDD, which may be associated with endometriosis. 

The endocannabinoid system regulates hormonal imbalance in the reproductive system. CB2 
receptors are affected by clinical endocannabinoid deficiency in endometriosis and 
phytocannabinoid replacement increases anandamide binding to the CB2 receptors. The 
anti-inflammatory and analgesic properties of cannabidiol (CBD) are effective adjunctively in the 
management of inflammatory conditions, such as endometriosis, and may be considered in 
individual plans of care. 

Endometrial Cancer 
Endometrial adenocarcinoma causes intra-abdominal masses in women. Early detection is 
associated with improved prognosis, but treatment is radiation and chemotherapy. Clinical 
endocannabinoid deficiency (CECD) associated with endometrial adenocarcinoma is idiopathic 
autoimmune, with deficits affecting CB2 receptors. Cannabidiol (CBD) has been shown to 
reduce tumor growth and inhibit metastasis and is therefore warranted as adjunctive therapy in 
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malignancy. Additionally, symptom relief with cannabidiol includes analgesia and reduced 
anxiety associated with the diagnosis. 

Prostate Cancer 
Prostate cancer affects millions of men and is associated with an excellent prognosis in early 
detection. Because many men do not receive prostate examinations and PSH screenings, later 
detection is associated with poor prognosis secondary to metastasis. Clinical endocannabinoid 
deficiency (CECD) in prostate cancer affects primarily the CB2 receptors and is considered 
idiopathic autoimmune. Preventatively, in early detection, and adjunctively with radiation or 
surgical intervention, cannabidiol (CBD) is suggested to maintain prostate health and inhibit 
metastasis of malignant cells in confirmed disease. 

Testicular Cancer 
Testicular cancer is a life-threatening malignancy that affects men across the life-span. Because 
of the proximity to the lymph system, testicular cancer is difficult to manage unless detected 
early in the disease. Categorized as an idiopathic autoimmune clinical cannabinoid deficiency 
(CECD), testicular cancer responds to adjunctive use of cannabidiol. CBD has been 
demonstrated to reduce malignant cell metastasis and is therefore recommended adjunctively in 
management of this disease process. 

Endocannabinoid Deficiency (CECD) Classification: Reproductive Disorders 
Disorder Origin of CECD 
Endometrial Cancer Idiopathic Autoimmune 
Endometriosis Idiopathic Autoimmune 
Prostate Cancer Idiopathic Autoimmune 
Testicular Cancer Idiopathic Autoimmune 

CEN Medical Cannabis Pharmacological Prescription and Coding System 
Reproductive Disorder Application 
The CEN Medical Cannabis Pharmacological Prescription and Coding System (CEN/MCPPCS) 
provides language that enables the health care practitioner to communicate with the dispenser 
of medical cannabis. The first two letters of the system refer to the cannabis type: cannabis 
sativa, cannabis indica, or cannabis hybrida. The numerical value in percentage to the right of 
the colon refers to the recommended THC content in percentage, and the numerical value in 
sequence to the right of the THC percentage refers to the recommended CDB content. 
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(CEN/MCPPCS); Cannabis type (sativa, indica, hybrida; THC percentage or range/CBD 
percentage or range) or Hemp Cannabidiol (CBD) 

Example: Cannabis sativa for endometrial adenocarcinoma may be purchased at a dispensary. 
An example prescription follows: 

Jayne Lacey 
DOB: 08-29-1965 
Diagnosis: Endometrial adenocarcinoma, ICD-9: 182.0 
CS: 19%/1-3% 
Use via vaporizer every six hours as needed. 
Victor Beall, M.D. 

Composition Assignments 
1. Please answer the following question. Medical cannabis is a suitable adjunctive therapy

for the patient with endometriosis.
a. True
b. False

2. Please go to www.libraryworld.com and enter username CEN. Select an article from the
CEN library on an aspect of cannabidiol (CBD) and the reproductive system. Write a two
hundred word critical analysis paper on this research article and determine the following
in your paper:

a. Author and affiliation
b. Study population
c. Purpose
d. Outcome of the study
e. Importance of the research
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Chapter X: Dental Health and Dental Disease 

Learning Objectives 
1. Discuss assessment protocols to determine level of endocannabinoid deficiencies of the

dental system.
2. Discuss therapeutic strategies to address endocannabinoid deficiencies of the dental

system.
3. Discuss patient care guidelines to implement cannabinoid therapy with standard of care

pharmaceutical regimens pertaining to the dental system.
4. Discuss educational guidelines for patients to monitor clinical outcomes when

implementing cannabinoid protocols for dental disorders.

The Endocannabinoid System and Cannabidiol (CBD) - Introduction 
The endocannabinoid system (ECS) is a lipid-derived signaling system discovered within the 
past decade. Cannabinoids, which are homeostatic regulators, circulate throughout human and 
animal systems continuously, affecting all physiological processes. The endocannabinoid 
system is comprised of CB1 and CB2 receptors, which bind directly or indirectly to cannabinoids 
and phytocannabinoids, CB1 receptors are excitatory and are located in the central nervous 
system, lungs, liver, and kidney. CB2 receptors regulate immunological responses and are 
located in the immune and circulatory systems. Endogenous compounds, such as anandamide 
and arachidonylglerol (2-AG), are made by mammals from lipids and bind directly to the CB1 
and CB2 receptors, serving as neurotransmitters for cannabinoids. Cannabidiol (CBD oil), a 
non-psychotropic cannabinoid naturally occurring in human and animal species, is also a 
phytocannabiniod, derived from the industrial hemp plant. While CBD does not bind directly with 
receptors, it does affect stress genes, such as Soat2 and Cyp27a1, which control sterol (i.e., 
cholesterol) metabolism. CBD increases the amount of anandamide and other vital lipids, 
thereby indirectly increasing the availability of circulating cannabinoids to bind with CB1 and 
CB2 receptors. 

Research has shown that cannabidiol, in the form of CBD oil, has therapeutic benefits 
individually and adjunctively with other interventions, Cannabidiol (CBD) made from legal, 
industrial hemp contains less than .3% THC, rendering it non-psychoactive. CBD oil has 
antiemetic, anxiolytic, antitumoral, and immunologically inhibitory properties. Three categories 
differentiate the types of clinical endocannabinoid deficiency (CECD), which are associated with 
different disease process and disorders: genetic, acquired, and idiopathic autoimmune. Many 
disorders have a combination of CECD origins, and supplementation with cannabidiol (CBD) 
requires ongoing assessment to facilitate optimal benefit for the individual. 

The Human Endocannabinoid System 
The human endocannabinoid system is responsible for memory networks in the brain, both 
excitatory and inhibitory, including the neurogenesis of hippocampal granule cells, which 
regulate the timing of the endocannabinoids in accordance with the brain’s needs, pain 
perception, mood, synaptic plasticity, motor learning, appetite and taste regulation, and 
metabolic function, which regulates the storage of energy and transport of cellular nutrition. 
Cannabinoid receptor binding sites are located in the forebrain areas associated with higher 
cognitive function, forebrain, midbrain, and hindbrain areas associated with movement control, 
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and hindbrain areas associated with motor and sensory functions attributed to the autonomic 
nervous system. The endocannabinoid system affects the lipocytes and fat cells, collectively 
known as adipocytes, hepatocytes, in the gastrointestinal tract, musculoskeletal system, and 
endocrine system. The endogenous arachidonate-based lipids, anandamide and 
2-arachidonoylglycerol (2-AG) are physiological ligands for the cannabinoid receptors.
Cannabinoid receptors CB1 and CB2, two G-protein-coupled receptors, facilitate the responses
of the endocannabinoid system in the body, which are critical to maintaining homeostasis. CB1
receptors are located in the central and peripheral nervous systems, as well as the lungs,
kidneys, and liver. CB2 receptors are predominantly expressed in the immune system and
hematopoietic cells.

The direct effect of the endocannabinoid deficiency (CECD) correlates with multisystemic 
clinical outcomes in such conditions as hyperinsulinemia, osteoporosis, diabetes, dementia, 
cardiovascular disease, multiple sclerosis, and obesity. Three primary categories are herein 
defined to discuss endocannabinoid deficiency (CECD): genetic, acquired, and idiopathic 
autoimmune. Genetic endocannabinoid deficiency (CECD) relates to hereditary acquisition of a 
disorder; acquired refers to an infectious of traumatic origination, and idiopathic autoimmune 
refers to etiologies for endocannabinoid deficiencies (CECD) which do not have direct 
associations. Diseases and disorders are assigned to one or more of these categories because 
often secondary disorders arise with physiological changes associated with the primary 
diagnosis. For example, periodontal disease has been associated with endocannabinoid 
deficiency and the disease is categorized as acquired, originating from an extrinsic source. The 
presentation of oral cancer, which affects the immune system, supports adding the category of 
idiopathic autoimmune as well to the assessment. Because the endocannabinoid system 
facilitates communication and coordination between various cell types, deficiencies directly 
affect physiological homeostasis. 

Cannabidiol (CBD), a non-psychotropic cannabinoid naturally occurring in human and animal 
species, occurs as a phytocannabinoid, CBD oil, which is derived from the industrial hemp plant. 
The restorative effects of cannabidiol (CBD oil), which increases anandamide and other lipid 
neurotransmitters, thereby restoring the endocannabinoid system, are of interest in the medical 
management of multiple disorders, including disorders of the dental system, which is directly 
affected by the immunological system. Indeed, research supports that plant-derived cannabidiol 
(CBD) has analgesic and anti-inflammatory benefits. 

Cannabidiol (CBD) 
Cannabidiol (CBD) is a non-psychotropic and non-toxic compound, which has been 
demonstrated to positively affect the human endocannabinoid system. Cannabidiol (CBD), 
derived from the hemp plant, demonstrates anti-inflammatory and immune-modulating 
properties. Cannabidiol (CBD) has a low affinity for CB1 and CB2 receptors in the human body, 
but acts as an indirect antagonist of their agonists. (Antagonists are defined as substances that 
stop or inhibit the effects of another substance on the cellular surface, producing the same 
effect as a substance which would normally bind to the receptor. Agonists are chemicals that 
bind to receptors and elicit a biological response.) Therefore, cannabidiol may enhance the 
therapeutic effects of THC, possibly by increasing the density of the CB1 receptors. Cannabidiol 
(CBD) has been demonstrated to cross the blood-brain barrier and exert antioxidant, 
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antimicrobial, and analgesic properties, rendering it valuable in the prevention and treatment of 
dental disorders and diseases. 

Tetrahydrocannabinol (THC) is the active ingredient in the cannabis plant. THC, a cannabinoid 
compound, binds to CB1 cannabinoid receptors in the human brain, simulating the naturally 
occurring cannabinoids produced by the human body. In the human body, CB1 receptors are 
located in the cerebral cortex, which describes the frontal regions of the brain, the basal ganglia, 
the cerebellum, the hypothalamus, the anterior congulate cortex, and the hippocampus. THC 
inhibits the release of neurotransmitters, including Glutamate, GABA, noradrenalin, dopamine, 
5-HT, and acetylcholine. Despite the rapid inactivation of THC by the fatty acid amide hydrolase,
THC, and other exogenous cannabinoids, are sustainable for extended periods of time and are
associated with physiological effects which are beneficial in the prevention and management of
certain dental disorders.

Human Dental System 
The human dental system includes teeth, gum, and oral cavity structures. Twenty primary and 
twenty-eight to thirty-two permanent teeth are included in the anatomical naming of tooth 
structures. Endocannabinoid receptors, both CB1 and CB2, are disseminated throughout the 
gums, tongue, salivary glands, maxillary and mandibular structures and glands, and oral cavity. 
Clinical endocannabinoid deficiency (CECD) in dental disease increases the incidence of 
infections and systemic disorders, including dissemination to the brain and heart. 

Dental Disorders and Diseases: Periodontal Disease 
Periodontal disease is generally considered an acquired Clinical Endocannabinoid Deficiency 
(CECD), secondary to behaviors which increase the incidence of disease: poor oral hygiene, 
cigarette smoking, and oral tobacco use. As adjunctive treatment with oral rinses and improved 
dental hygiene, cannabidiol (CBD) is recommended to alleviate the discomfort associated with 
the disease and also reduce the inflammatory processes. Research indicates improvement with 
administration of cannabidiol (CBD) and reduction in painful tissues within the oral cavity. 

Submandibular Gland Inflammation 
Submandibular gland inflammation is an acquired clinical endocannabinoid deficiency (CECD) 
associated with dehydration, poor oral hygiene, and chronic inflammatory disorders. 
Painful and swollen submandibular glands characterize this disorder, which responds to the 
analgesic and anti-inflammatory effects of cannabidiol (CBD), Consideration of adjunctive CBD 
oil with standard of care is warranted given research outcomes. 

Endocannabinoid Deficiency (CECD) Classification: Dental Disorders 
Disorder Origin of CECD 
Periodontal Disease Acquired 
Submandibular Gland Inflammation  Acquired, Idiopathic Autoimmune 
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CEN Medical Cannabis Pharmacological Prescription and Coding System Application 
The CEN Medical Cannabis Pharmacological Prescription and Coding System (CEN/MCPPCS) 
provides language that enables the health care practitioner to communicate with the dispenser 
of medical cannabis. The first two letters of the system refer to the cannabis type: cannabis 
sativa, cannabis indica, or cannabis hybrida. The numerical value in percentage to the right of 
the colon refers to the recommended THC content in percentage, and the numerical value in 
sequence to the right of the THC percentage refers to the recommended CDB content. 

(CEN/MCPPCS); Cannabis type (sativa, indica, hybrida; THC percentage or range/CBD 
percentage or range) or Hemp Cannabidiol (CBD) 

Example: Cannabis sativa for periodontal disease may be purchased at a dispensary. An 
example prescription follows: 

Larry Calder 
DOB: 08-09-1966 
Diagnosis: Diabetes Mellitus, ICD-9: 523.0 
CS: 18%/1-3% 
Use via vaporizer every six hours as needed. 
Gregory Pines, D.D.S. 

Composition Assignments 
1. Please answer the following question. Medical cannabis is a suitable adjunctive therapy

for the patient with periodontal disease.
a. True
b. False

2. Please go to www.libraryworld.com and enter username CEN. Select an article from the
CEN library on an aspect of cannabidiol (CBD) and the dental system. Write a two
hundred word critical analysis paper on this research article and determine the following
in your paper:

a. Author and affiliation
b. Study population
c. Purpose
d. Outcome of the study
e. Importance of the research
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