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The Endocannabinoid System, Our Universal

Regulator

Chad A. Sallaberry'”, Laurie Astern

The endocannabinoid system (ECS) plays a very important role in the human body for our survival. This is due to its ability to play
a critical role in maintaining the homeostasis of the human body, which encompasses the brain, endocrine, and immune system, to
name a few. ECS is a unique system in multiple dimensions. To begin with, it is a retrograde system functioning post- to pre-syn-
apse, allowing it to be a “master regulator” in the body. Secondly, it has a very wide scope of influence due to an abundance of
cannabinoid receptors located anywhere from immune cells to neurons. Finally, cannabinoids are rapidly synthesized and degraded,
so they do not stay in the body for very long in high amounts, possibly enabling cannabinoid therapy to be a safer alternative to
opioids or benzodiazepines. This paper will discuss how ECS functions through the regulation of neurotransmitter function, apop-
tosis, mitochondrial function, and ion-gated channels. The practical applications of the ECS, as well as the avenues for diseases
such as epilepsy, cancer, amyotrophic lateral sclerosis (ALS), and autism, which have no known cure as of now, will be explored.

INTRODUCTION

Despite various medical advances, there are still many more func-
tions of the human body to uncover. Some of the less effective
treatments lie within the field of mental health, due to the lack
of accuracy and availability of tests for neurotransmitter function
as well as apoptotic activity. The existing neurotransmitter tests
utilize metabolites in urine (Hinz, Stein, Trachte, & Ucini 2010);
however, their applicability is currently very limited. We have
not been able to show that the neurotransmitter levels measured
in urine are as accurate as the actual levels in the central nervous
system (CNS) or peripheral nervous system (PNS).

Apoptotic diseases such as cancer, acquired immune deficien-
cy syndrome (AIDS), ALS, and autism, are all without an effective
cure at the moment, and they seem to have similar pathology which
involves neurotransmitter, mitochondrial, and apoptotic dysfunc-
tion (Favaloro, Allocati, Graziano, Di Lio, & De Laurenzi 2012).

The ECS, unlike the CNS, PNS, and circulatory system, is
one of the most understudied systems in the human body. It has
been documented that ECS is directly involved with various roles
in apoptosis, neurotransmitter levels, and homeostasis (Basavara-
jappa, Nixon, & Arancio, 2009). ECS seems to carry a stigma be-
cause of the word “cannabis.” In this paper, functions and possible
benefits of ECS will be discussed.
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The Endocannabinoid System Structure and Function

With all the complex cell signals, genetic mutations, and outside
influences, how do we manage to stay at homeostasis? The answer
is the endocannabinoid system. It is present nearly everywhere in
the human body and functions by maintaining the homeostasis of
the human body (Alger, 2013). This is achieved through a nega-
tive feedback loop which works by the activation of a postsynaptic
neuron synthesizing and releasing the endocannabinoids as they
target various cannabinoid (CB) receptors.

These CB receptors are G-protein-coupled receptors (Gambi
et al., 2005), which allow them to directly influence the incom-
ing signals. This functions as an “override” signal, which differs
from most other cells. As other cells have signal modifiers that can
do anything from amplifying to diverging signals, the neuron is
“over-riding” those cells. For example, a fracture in the toe would
result in cell death. The resulting lymphatic response would in-
crease blood flow and the migration of white blood cells to the
surrounding areas. The ECS would then recognize the excess lym-
phatic signals, and after deciding that there is no longer a need for
the increase of inflammation, the CB receptors in the surrounding
immune cells and tissues will begin to bind with cannabinoids and
start to slowly reduce these inflammatory responses.

A similar process occurs with pain signals in the brain. The
binding and stimulation of CB1 receptors will upregulate the gam-
ma-aminobutyric acid (GABA) neurotransmitters, thereby reduc-
ing pain signals throughout the brain. There are two main receptors
in the ECS: the CB1 and CB2 receptors. CB1 receptors are located
primarily within brain cells (including but not limited to the hip-
pocampus, amygdala, and hypothalamus), and are not as densely
expressed in the CNS, PNS, and the immune system. On the other
hand, the CB2 receptors are located primarily in the CNS, PNS,
immune system, and within white blood cells. Additionally, the ex-
istence of CB3 receptors is also hypothesized (Igbal, 2007). These
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receptors will most likely be vast, with each one having a unique
specialization despite being found in multiple locations throughout
the body (Mazarnes, & Carracosa 2006).

The Endocannabinoids

There are multiple known endocannabinoids that play a role in
the ECS. All of them seem to play a role in anti-proliferative, an-
ti-inflammatory, and anti-metastatic effects (Madia & Daeninck,
2016). Additionally, it appears that they have a role in neurotrans-
mitter, immune system, and mitochondrial function. There are two
main endocannabinoids: anandamide and 2-archidonyl glycerol
(2-AQG).

Anandamide is an endocannabinoid in the human body. With
the chemical formula C,)H, NO,, it is referred to as the “bliss mol-
ecule.” It can be released when one eats chocolate after a craving
(Mackie, 2008). Anandamide may be a very important cannabi-
noid to manipulate for controlling pain stimuli. This is due to an
interesting quality of anandamide in which the concentration of
anandamide dictates the type and number of receptors activated.
Anandamide also has the ability to make or break short-term con-
nections between nerve cells that directly affect memory. There is
speculation whether anandamide dulls and removes not only phys-
ical pain but psychological discomfort as well. If so, this could
be utilized to help individuals with posttraumatic stress disorder
(PTSD). This argument has particular merit as repression is a well-
known coping mechanism (De Petrocellis et al., 1998). Further-
more, anandamide has been shown to have anti-proliferative ef-
fects in breast cancer. It has also been shown to bind with a strong
affinity to the CB1 receptors, which may play a greater role in the
analgesic effects of the endocannabinoids.

2-Arachidonyl glycerol is the most prevalent endocannabi-
noid in the human body. Its chemical structure is quite similar to
anandamide, having the same carbon backbone but a different R-
group, C,.H, O, (Gonsiorek, 2000). It is considered a full agonist
of both the CB1 and CB2 receptors, playing a major role in ECS.
Due to its high expression in peripheral immune cells, it seems to
play a large role in anti-inflammation through immune suppres-
sion. Nonetheless, it also functions as a psychoactive endocan-
nabinoid when it binds to CB1 receptors within brain cells.

Cannabis

Gertsch, Pertwee, and DiMarzo (2010) show that cannabis con-
tains two very prevalent phyto-cannabinoids that target each CB
receptor: tetrahydrocannabinol (THC) which is the active phyto-
cannabinoid in cannabis primarily targeting the CB1 receptor, and
B-caryophyllene (a terpene), which selectively targets the CB2
receptor (Prakash, Pandey, Amcaoglu, Venkatesh, & Nagarkatti,
2009). These phyto-cannabinoids can mimic the action of endo-
cannabinoids. However, it is hard to measure exactly how many
of each of the CB receptors are being stimulated, and how much
of each phyto-cannabinoid is entering the blood stream. However,
since the cannabis plant can essentially function as a mass stimula-
tion to the ECS, the body recognizes these phyto-cannabinoids as
endocannabinoids.

Lipid Metabolism

The ECS runs through adipose tissue, demonstrating its role in
adipogenesis, lipogenesis, and glucose uptake, all of which are
stimulated by the CB1 receptor. Cannabinoids are unique in that
they are rapidly synthesized as well as broken down soon after be-
ing used, which creates fewer long-term side effects. The two main
enzymes that break down these endocannabinoids are fatty am-
ide acid hydrolase (FAAH) and monoacylglycerol lipase (MAGL)
(Petrosino & Dimarzo, 2010). The endogenous cannabinoid sys-
tem is extremely ubiquitous due to the fact that cannabinoids are
both rapidly synthesized and degraded, which creates less long-
term side effects.

Due to the previously stated ubiquitous nature, the effect of
having the cannabinoid levels constantly altered for an extended
period of time is not well known (Long et al., 2009). What is
known is that FAAH is the preferred enzyme for the degradation of
anandamide, whereas MAGL is the preferred enzyme for the deg-
radation of 2-AG. Inhibitors of these enzymes have demonstrated
success in stimulating the ECS. It is possible that by inhibiting one
or both of these enzymes, the levels of various neurotransmitter
could be adjusted and kept at a steady state for an extended period
of time. This can be accomplished by preventing the hydrolysis of
certain endo/phyto-cannabinoids that stimulate the release of vari-
ous neurotransmitters.

Apoptotic Pathway

Apoptosis, which is the programmed death of cells, is an essential
component of the cell cycle. This has multiple implications for
the human body, such as maintaining the homeostasis or eradicat-
ing potentially dangerous cancer cells. While many of the proteins
involved are known, the exact mechanisms of apoptosis are yet to
be elucidated. Apoptosis is not the only manner in which cell death
occurs; the other large contributor to cell death is necrosis (El-
more, 2007). However, unlike apoptosis, necrosis is highly toxic
to cells and results in inflammation due to cellular lysis, which
proceeds with cell death.

Apoptosis is generally caused by the activation of various
caspases, a family of enzymes that play an essential role in apop-
tosis. Caspase-2, 8, 9, and 10 are considered initiators, whereas
caspase-3, 6, and 7 are executioners. The three main pathways in
which apoptosis can occur are extrinsic, intrinsic, and the perforin/
granzyme pathway.

In the extrinsic pathway, there is a clustering of receptors as
well as the binding with their homologous ligand. For example,
Fas ligand to receptor binding results in the adapter Fas-associated
via death domain (FAA) and the binding of tumor necrosis factor
(TNF) to its corresponding receptor. This then binds TNF receptor-
associated death domain (TRADD; adapter protein) which associ-
ates with procaspase-8 through dimerization of the death effector
domain. This results in death-inducing signaling complex (DISC)
which catalyzes the caspase-8. Caspase-8 acts as an initiator which
then triggers the execution phase.

On the other hand, the intrinsic pathway does not require
external stimuli. Instead, it relies on intracellular stimuli produc-
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ing negative or positive signals. The signals can vary from loss of
apoptotic suppression to loss of growth factors and toxins, among
others. These stimuli cause changes in the mitochondria, resulting
in mitochondrial permeability transition (MPT), loss of transmem-
brane potential, and the release of two main groups of apoptotic
proteins, which then activate various caspases such as caspase-3
and 9.

The granzyme pathway is unique due to granzyme B’s ability
to cleave proteins at aspartate residues, resulting in direct activa-
tion of caspase-3, an executioner, thereby skipping the initiation
phase of apoptosis. Additionally, this pathway plays a large role
in T-cell- activated apoptosis. In a study conducted by Amcaoglu,
Ashok, Ugra, Mitzi, and Prakash (2010), THC has been shown to
cause cells to undergo enhanced and spontaneous apoptosis both
in vitro and in vivo. Interestingly, mice treated with only THC had
a higher rate of apoptosis than mice treated with both THC and
mitogen (a substance that influences mitosis or cell division). Ad-
ditionally, it was noted that active lymphocytes downregulated ex-
pression of CB2 receptors. However, CB1 agonists failed to have
a significant impact in reducing THC-activated apoptosis, whereas
CB2 agonists blocked the THC-induced apoptosis. This demon-
strates the role of ECS in controlling various disease states and
inflammation.

Mitochondrial Function

The mitochondria are responsible for converting carbohydrates
and fatty acids into adenosine triphosphate (ATP) and providing
energy for cells (Cooper, 2000). Uniquely, the mitochondria con-
tain their own DNA. Similar to nuclear genomes, mutations can
occur in mitochondrial genomes and cause disorders.

One of the main functions of ECS is modulating mitochondri-
al function. This can be accomplished through a variety of shared
pathways. For example, a calcium-based pathway demonstrates
how anandamide and 2-AG can modulate intracellular free calcium
(Nunn, Guy, & Bell, 2012). At low doses, anandamide produces
expected result displaying anxiolytic (anti-anxiety) effects. How-
ever, at high doses, anandamide may activate transient receptor
potential cation channel subfamily V member 1 (TRPV1), which
would produce the opposite effect by upregulating mitochondrial
function, thereby increasing anxiety. Anandamide has the ability
to induce such effects due to its ability to bind with CB1 receptors
at postsynaptic junctions, monitoring the opening of voltage-gated
Ca?* channels. This demonstrates that the modulation of calcium is
more complicated than originally thought.

The ECS may also modulate mitochondria through redox re-
actions. Once again, this is another example of how ECS uses CB1
and CB2 receptors as a system of checks and balances within it-
self. This is evident due to the ability of CB1 receptors to increase
reactive oxygen species (ROS), which results in an inflamma-
tory cascade and mitochondrial stress. However, CB2 decreases
ROS, resulting in the opposite effect. For example, an individual
with a diagnosis of cancer may require an increase of mitochon-
drial stress to stimulate appetite, and modulation of both receptors
through various agonists/antagonists might help control the activ-

ity of the mitochondria. There are many other pathways, including
the ceramide link and mechanistic target of rapamycin (mTOR)
pathways that play a role in mitochondrial function which will be
discussed later on in the paper.

An interesting fact regarding the mitochondria and their struc-
ture is the location of FAAH on the mitochondria, which is the
primary fatty acid that degrades anandamide. This appears to be a
strategic placement since anandamide plays a role in suppressing
mitochondrial function. This placement allows the mitochondria
to always be able to degrade anandamide if there was an excess of
anandamide in the mitochondria. It would not be surprising to find
that FAAH and MAGL (fatty acids) are located on various parts
of the cellular infrastructure in which the ECS plays an important
role in regulating. It cannot be emphasized enough how important
the concentration is, as it pertains to their effect on mitochondrial
function. Low concentrations of cannabinoids seem to benefit mi-
tochondrial lifespan, function, ROS, and permeability, while it can
cause serious damage to the mitochondria at higher concentrations.

Metabolic function and appetite have a direct association with
mitochondrial function (Lipina, Irving, & Hundal, 2014). Selec-
tively blocking the CB1 receptor was shown to have a profound
effect on appetite and metabolic function, which may be of help
to obese individuals. However, it also causes incredible mood
changes including anxiety and depression. This illustrates one of
the most important points of ECS, which is its interconnectivity.
ECS plays a role in the modulation of so many functions that in
an attempt to change one, we may end up altering so many other
functions that we cause more harm than good. It is not medically
sound to block an entire cannabinoid receptor type; perhaps the
focus should be on the individual pathways that are modulated by
cannabinoid-receptor binding. For example, increasing FAAH lo-
cated around the mitochondria could result in the degradation of
anandamide, which has a negative impact on the mitochondria,
while the remainder of anandamide can function separately and
carry on its duties throughout the body.

ECS and Mental Illness

ECS is intriguing and relatively unexplored in terms of the role
it plays in mental health. Manipulation of ECS might be benefi-
cial in the treatment of schizophrenic patients. For example, in a
clinical trial conducted with schizophrenic patients, anandamide
levels were significantly higher in the blood of patients with acute
schizophrenia when compared to healthy volunteers (7.79 + 0.50
vs. 2.58 = 0.28pmol/ml).

Anandamide is the second most common endocannabinoid
and is extremely vital in the human body (De Marchi et al., 2003).
The level of anandamide is an indicator of the acuity of the dys-
function of ECS as it relates to mental illness. Schizophrenia, as
summarized by the National Institute for Mental Health (National
Institute of Mental Health [NIMH], 2016b), is “a chronic and se-
vere mental disorder that affects how a person thinks, feels, and
behaves.” People with schizophrenia may seem like they have lost
touch with reality. Although schizophrenia is not as common as
other mental disorders, the symptoms can be very disabling.
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One can conclude that the more severe the mental illness, the
greater the dysfunction in the ECS. If we view mental illness on
a continuum instead of separate entities, it would lend a more ac-
curate view of mental illness. Some of the more common men-
tal illnesses such as depression, anxiety, and schizophrenia, share
similarities and generally contain overlapping symptoms when di-
agnosed. Sadness, suicidal thoughts, body dysmorphia, and panic
attacks are the general symptoms of these conditions. The biggest
difference is not the way someone feels, but the intensity of their
feelings.

Based on this information, it would be logical to assume men-
tal illnesses can be connected through a series of similar neuro-
chemical imbalances and the resulting symptoms. It is important
to note that some symptoms may intensify due to the positive or
negative feedback loops as a result of the imbalances in various
neurotransmitters, which give the appearance of a “new disease.”
For example, schizophrenic patients may appear to be solely de-
pressed or anxious due to the mass dysfunction of neurotransmit-
ters. These can then be amplified and may produce new symptoms
such as hallucinations or extreme mania. However, that does not
mean the chemical imbalances that cause depression or anxiety
are gone; they are simply amplified, or in some instances, reduced.
It appears that the different mental health illnesses may be inter-
connected in a web or network, which is maintained through neu-
rotransmitter function. By testing and observing neurotransmitter
function, one could obtain coordinates to see where in the web
or network the issues with neurotransmitter are occurring. Errors
in the ECS, which influence mood and perception, would help to
explain these errors and malfunctions. Therefore, mental illness
may be influenced by errors in the ECS as a result of miscom-
munication of the neurotransmitters. Since the ECS functions as a
retrograde system, it can have a direct influence on the associated
neurotransmitters. Therefore, targeting ECS might be a more ef-
fective treatment method than only addressing the neurotransmit-
ters themselves. The current approach to addressing mental illness
focuses on manipulating neurotransmitter release; however, this
seems more like a band-aid treatment than an actual cure. Treating
the underlying homeostatic issues through the ECS, thereby re-
storing neurotransmitter function, appears to be a more permanent
solution.

Current Treatments

For the treatment of depression, the most common anti-depressants
are selective serotonin reuptake inhibitors (SSRI) and other reup-
take inhibitors (NIMH, 2016a). Various reuptake inhibitors func-
tion by preventing the reuptake of their specific neurotransmitters
in the brain, allowing them to stay longer in the synapses and
increase their concentrations. However, this is only a temporary fix
that does not address the underlying cause of multiple neurotrans-
mitter imbalances. Additionally, SSRIs only targets serotonin, yet
most cases of depression are due to multiple neurotransmitter im-
balances. Focusing solely on one neurotransmitter is not likely to
result in improvement and could easily exacerbate the disease. The
fact that SSRIs may increase depression and suicidal thoughts for

some patients suggests that it may not be the best treatment option.

For anxiety, SSRIs are a common treatment; however, benzo-
diazepines are becoming the most prevalent form of treatment. The
primary action of benzodiazepines is to bind to a pocket formed
by GABA'’s alpha and gamma subunits (Griffin III, Kaye, Bueno,
& Kaye, 2013). This results in the conformational change in the
GABA-A receptor, which induces the inhibitory effect of GABA.
GABA is highly concentrated in the limbic system, which is the
system most closely associated with addiction. This is one of the
most prevalent issues with benzodiazepines, as focusing solely on
GABA increases the chance for addiction. Benzodiazepine’s short
half-life contributes to the extremely addictive nature of the drug.
Benzodiazepines are listed as a schedule IV drug (United States
Drug Enforcement Administration, n.d.), which implies that along
with its ability to treat disease, it has a relatively low potential for
abuse. However, this is not the case. According to the National
Institute on Drug Abuse (2017), there were approximately 8,700
overdose-related deaths in 2015, which was a 4.3-fold increase
from 2002.

New Directions

As stated above, there are clear concerns about the way mental
illnesses are being treated. One of the largest concerns is related
to a lack of neurotransmitter testing to determine the contributions
of various neurotransmitters to mental illness. From there, future
treatments should address the underlying causes without the utili-
zation of addictive substances.

GABA has a unique relationship with the ECS (Sigel et al.,
2011). When 2-AG is activated, it enhances the effects of GABA
by causing an increase of the GABA neurotransmitters in the hu-
man body (Manzanares & Carracosa, 2006). However, when the
CBI1 receptor is activated by endocannabinoids or phyto-canna-
binoids, it inhibits GABA. This is not surprising as the ECS is
responsible for a majority of the body’s homeostatic functions. If
one were to activate the body’s ECS by introducing an influx of
endocannabinoids or phyto-cannabinoids, and predetermine which
receptors were activated, it could give us bi-directional control
over GABA that current drugs fail to offer.

For example, to increase an individual’s GABA levels, one
could take a CBI1 inhibitor such as rimonabant, which prevents
CBI1 activation. This would result in 2-AG becoming the primary
endocannabinoid synthesized due to 2-AG’s affinity to the CB2
receptor, subsequently increasing GABA concentration. To de-
crease GABA, one could utilize an agonist of MAGL to increase
degradation of 2-AG. This would result in having a stable level of
anandamide concentration with a much lower 2-AG concentration.

Treatments that would directly affect the ECS might be more
beneficial than medication currently used to treat mental illnesses.
This is due to the ability of cannabinoids to correct the neurochem-
ical imbalances by attacking the source of the issue, rather than
just attempting to alleviate the symptoms.

Apoptotic Functions and Potential Cures for Cancer, ALS,
HIV, Autism, and Epilepsy
HIV
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HIV is generally caused by increased apoptosis of primarily CD4+
and CD8+ T-cells. Initially, HIV stimulates various cellular cas-
cades that eventually leads to permanent conformational changes
(Simon, Ho, & Karim, 2006). Not only is apoptosis increased in
HIV glycoproteins, but cellular activation is increased as well, re-
sulting in an increase in turnover of T-cells. This seems to indicate
an increase of T-cell destruction rather than a lack of T-cell produc-
tion.

T-cells are very important for the immune response against
pathogens, extracellular parasites, and other possible viral or bac-
terial organisms (Zhu & William, 2008). Unlike cancer, apopto-
sis is not suppressed, but rather excited in the presence of HIV.
However, one of the incredible mechanisms regarding ECS is that
even though it is considered a “negative feedback loop” as a result
of varying receptors and cannabinoids, it appears that it is pos-
sible to both decrease and increase apoptosis. Hypothetically, if
one were able to reduce T-cell apoptosis which occurs in the early
stage of HIV, one might be able to reverse the process completely
and eradicate the virus.

Cancer

Cancer is a result of multiple genetic mutations that allow cells
to multiply uncontrollably, evade apoptosis, become immortal,
and undergo metastasis. Some of the genes are proto-oncogenes,
such as Ras (Lodish, Berk, & Zipursky, 2000), while others are
tumor suppressor genes (TSG) (Zhu, et al, 2015), such as BRCA1
and BRCA2 (Lowe & Lin, 2000). p53 is another TSG, which also
plays an extremely important role as a cell-cycle checkpoint pro-
tein involving cycle arrest.

Common forms of cancer treatment include radiotherapy,
which blasts cancer cells with radiation in hopes of eradicating
all of the cancer cells, is not a sustainable treatment. There are
other pharmacological interventions. For example, Gleevec (ima-
tinib mesylate) has been shown to be especially effective (RX list,
2017) as an anti-cancer treatment. Gleevec functions as a small
molecule kinase inhibitor. As the action of Gleevec is targeted, it
is a much safer approach. However, this renders its use very selec-
tive, such that it has a high success rate only if the Philadelphia
chromosomal abnormality is present (Pray, 2008). An additional
problem with drugs such as Gleevec is their effect on the p-glyco-
protein (Schinkel, 1999), which functions as a “selective pump” in
the blood-brain barrier and other various sanctuaries in the body.
However, this function backfires with various anti-cancer drugs, as
it tends to pump them out in an attempt to detoxify the body.

The ECS should be evaluated as a possible alternative to treat
cancer. One of the keys to eradicating cancer is the selective in-
duction of apoptosis. THC has been shown to trigger apoptosis, as
mentioned earlier. If we could determine the appropriate cannabi-
noids (THC, THCA, CBD, 2-AG, etc.) associated with cancer, we
could take a step-wise approach to neutralize specific cancers. This
would be accomplished by injecting the specific cannabinoids into
the cancerous tumor via a virus or vector. Since CB2 has the larg-
est effect on apoptosis, we could enhance CB2 binding by utilizing
an antagonist of MAGL. This would prevent the cannabinoids that

generally bind to the CB2 receptor from being degraded, result-
ing in an increased and prolonged concentration of cannabinoids
within the blood stream.

The specific fatty acids to be blocked or enhanced may vary
from cancer to cancer, as would the cannabinoids used in treat-
ment. This may be an effective way to induce apoptosis inside the
cell, which would eradicate cancer while minimizing adverse reac-
tions commonly associated with conventional chemotherapy. This
could prove to be very successful due to the fact that once certain
mutations in the cell have resulted in cancer, the ability to pro-
cess a normal signal from p53 and other TSG/oncogenes is lost.
Through utilizing the ECS to override these cancerous cells, these
cells may be induced to attend to the new apoptotic signals.
Autism
Autism, or autism spectrum disorder (ASD), is a disease which
involves both physical and behavioral changes. The cells in the
CNS which are most affected are the GABAergic Purkinje neu-
rons (Goodenowe & Pastural, 2011). These neurons are the only
output of the cerebellar cortex and play a vital role in the function
and design of the cerebellum circuits. The loss of these specific
GABAergic neurons is one of the primary causes of autism. While
apoptosis gone awry could be the source of the disappearance of
these Purkinje neurons, this is typically not the case. The most
common catalysts which are responsible for their destruction are
alcohol and other toxins (Sudarov, 2013). However, since the neu-
rons are GABAergic, the ECS would not be able to replicate these
particular neurons, but manipulation of the system could allow us
to modulate the GABA signals that should occur within the de-
ceased Purkinje neurons.

Another indicator of autism is mass mitochondrial dysfunc-
tion, which can be detected in numerous ways, including but not
limited to: plasma lactate levels, carnitine levels, and glutathione
levels (Goodenowe & Pastural, 2011). Interestingly, the Purkinje
neuron has been associated with certain mitochondrial disorders
that signal autism. Excessive amounts of glutamate formed by mi-
croglia can form around Purkinje neurons. This can be caused by
presynaptic depolarization of climbing fiber neurons, which play a
role in massive action potential spikes (Ohtsuki, Piochon, & Han-
sel, 2009) and synaptic spillover, which can result in glutamate
toxicity.

Additionally, there is an interesting gender bias in autism,
with prevalence nearly four times as much in prepubescent males
than in prepubescent females. This is due to a four-fold increase of
estrogen in females, which seems to function as a protective mech-
anism for mitochondria, especially B-estradiol. It is therefore not
surprising that the mitochondrial malfunctions that are protected
best by B-estradiol are related to glutamate toxicity.

In addition to their role with the GABA/glutamate neurotrans-
mitters, the ECS has also been shown to play a direct role in con-
trolling mitochondrial malfunction. As previously mentioned, the
ECS is known to modulate many pathways, including Ca?* chan-
nels, Kir, MAPK, ¢/iNOS, mTor, and ceramide production. This
demonstrates that the ECS has a firm “hold” over mitochondrial
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production (Nunn, Guy, & Bell, 2012). Through these different
pathways, various endocannabinoids are expressed, exhibiting a
system of diverse responses within these pathways. These range
from increasing/decreasing apoptosis, increasing nNOD in neu-
rons, and decreasing iNOS in astrocytes.

There is also a plethora of other controls within these pathways
which are just as important with regards to mitochondrial produc-
tion. However, one of the most important pathways is mTOR,
which controls mitochondrial function and lifespan. Although
the ECS is generally considered anti-proliferative, throughout the
mTOR pathway (specifically CB2 activation), it has been dem-
onstrated that the ECS can become proliferative, solely through
low-level activation. This activation might provide treatment for
mitochondrial dysfunction in autism as a result of the ECS’s mass
control over the mitochondrial pathways.

A key to altering mitochondrial function in patients with au-
tism could be FAAH, which is the primary enzyme responsible
for degrading anandamide and THC (National Institute of Neuro-
logical Disorders and Stroke, 2013). FAAH inhibitors have been
known to show analgesic, anti-inflammatory, and anti-depressant
properties in mice. This makes sense since with FAAH lowered or
removed, the endogenous cannabinoid anandamide would be more
prevalent in the bloodstream, and it has been known to produce
the aforementioned effects through interactions with various parts
of the brain and immune cells. This could be a possible course of
treatment in individuals with autism, since their mitochondria may
be downregulated. Inhibiting FAAH would allow for prolonged
interaction with anandamide, which at the right concentration, will
upregulate mitochondrial function.

Amyotrophic Lateral Sclerosis (ALS)

ALS is a neurodegenerative disease that can affect nerve cells in
the brain and spinal cord (specifically motor neurons), resulting
in their death. Consequently, the brain loses the ability to control
muscles, including those of lung and heart (Ahn, Johnson, & Ben-
jamin, 2009). ALS is only understood up to a point, with multiple
theories in agreement that cell death contributes to this process.
One of the more salient theories is that apoptosis plays a large role
in ALS, and is responsible for the death of motor neurons (Satha-
sivam, Ince, & Shaw, 2001). It has been reported that in ALS, there
are changes in p53 proteins and the Bcl-2 family.

Cancer is another disease that exhibits mutations similar to
these proteins; however, opposite effects take place. In cancer,
there is uncontrolled cell growth, which contrasts with the uncon-
trolled cell death found in ALS. However, the cell death in ALS
specifically targets the motor neurons. In a study conducted by
Ranganathan and Bowser (2010), p53 levels were found elevated
significantly in the spinal cord, but not so in the motor neurons.
This finding might partially explain the death of motor neurons in
ALS, and suggests that ALS may be a two-tiered disease.

Another presenting issue in most ALS patients is their glu-
tamate levels (Foran & Trotti, 2009). Glutamate excitotoxicity is
very common in neurodegenerative diseases such as ALS. Various
glutamate transporters known as the excitatory amino acid trans-

porter (EAAT) family have a large role in glutamate regulation,
although structural differences exist. EEAT-2 appears to be impor-
tant in glutamate transport due to its abundance in the brain and
within the CNS. In postmortem studies of ALS patients, there is
a clear downregulation of EEAT-2 present within the ventral horn
of the spinal cord, demonstrating the presence of glutamate exci-
totoxicity.

Excitotoxicity is modulated primarily through the Ca*" path-
ways, which was discussed in the section on autism, and is influ-
enced by the ECS. So, it is not a surprise that glutamate is one of
the neurotransmitters that the ECS influences. ALS appears to be
the result of apoptosis and abnormalities with glutamate transport.
It seems that one may act as a catalyst for the other. It is possible
that the increase of apoptotic activity in caspases-8 (initiator) and
3 (executioner) can lead to the increased apoptosis of motor neu-
rons. This phenomenon then results in a dysregulation of gluta-
mate transport, subsequently causing excitotoxicity which can be
the primary factor in morphing ALS into a deadly disease.

Our hypothesis is that untreated ALS has an exponential
growth curve, despite not being apparent in the review conducted.
Once a certain percentage of motor neurons have died, there is
an increase in dysregulation of proteins (such as EEAT-2), which
result in the inevitable death of the ALS patients. We believe that
downregulation of apoptosis through the ECS will at some point
lead to an eventual cure. Another hypothesis is that some other po-
tential pathways may reduce the emission of glutamate, even after
the downregulation of various proteins.

Epilepsy

Epilepsy is a complex disease in which there are multiple theo-
rized causes, such as epigenetics, neurotransmitter imbalance, ion-
gated channel dysfunction, etc. However, we will be focusing on
the previously mentioned variables and their effect on epilepsy.

Epileptic seizures are not all the same (Bromfield, Cavazos, &
Sirven, 2006); there are partial seizures and generalized seizures.
The main cause of epilepsy is the failure of the membrane to reach
its equilibrium post-action potential (Bromfield et al., 2006). Ac-
tion potentials are formed due to depolarization of the neuronal
membrane, which prompts the release of neurotransmitters at the
axon terminal. These are brought about by net positive changes in
various ion fluxes such as the ligand or voltage-gated channels, or
changes in intracellular ion compartmentalization. There are eight
types of neurotransmitters in the brain; however, we will be focus-
ing primarily on the major excitatory and inhibitory neurotrans-
mitters, glutamate and GABA, respectively.

Neuronal excitability has many variables that can determine
how large the excitatory and inhibitory effect can be, including the
modulation of gene expression, type or number of gated channels,
and changes in extracellular ion concentrations. However, we no-
tice that a lot of these are modulated by the homeostatic functions
of the ECS (Rosenberg, Tsien, Whalley, & Devinsky, 2015). There
is a clear link between cannabis and its anticonvulsant properties,
but it is important to note the difference between the exogenous
cannabinoids in cannabis and the endogenous cannabinoids that
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the body produces (Alger, 2014). For example, it makes sense that
the exogenous/phyto-cannabinoids have a much broader effect on
our body. This effect can be referred as the “generalized cannabi-
noid arc.” When smoking marijuana, regardless of the strain, there
are a series of effects that generally occur. This could be due to the
fact that, although they mimic the endogenous cannabinoids in our
body, they were not designed to modulate our various systems.

Since the cannabinoids are endogenous in nature, we would
argue that every endocannabinoid and CB receptor play a specific
role in the homeostatic function of the muscle, organelle, or cas-
cade that it controls. So, despite the success thus far that has been
achieved by treating epilepsy with cannabis, perhaps a more opti-
mal treatment route would be to utilize the ECS directly. Despite
the challenges, we believe that it would provide a more effective
treatment for epilepsy. This raises the question of how we use the
intricate pathways of ECS to manipulate the neurotransmitters and
action potentials. Interestingly, the most efficient way to stimulate
short-term endothelial CB (eCB) mobilization would be utilizing
depolarizations of postsynaptic membranes that last from 1s to
10s. Action potentials are also depolarizations, specifically involv-
ing the neuronal membrane. If artificial stimulation of eCB is a
similar process to these action potentials, it would make sense that
the body’s natural response to these action potentials is to control
them with ECS due to the homeostatic function of the systems.

One could hypothesize that an error within ECS could result
in epilepsy. The most promising treatment for epilepsy may be uti-
lizing the CB1 receptors located throughout the brain, specifically,
for their response to action potentials and their ability to manipu-
late GABA in epilepsy. Regardless of whether the miscommunica-
tion in the ECS is the cause or simply a side effect of epilepsy, a
possible path to curing it is through manipulating the ECS with a
prolonged cannabinoid therapy. To achieve this, we must direct
research into the specificity of each endocannabinoid and their re-
spective receptors. Once we fully decode the ECS and its role with
respect to epilepsy, we would be able to not only stop seizures,
but also, through extended therapy, correct the errors causing the
prolonged firing of action potentials which induce the occurrence
of seizures.

CONCLUSION

The ECS is one of the, if not the most, important systems in our
body. Its role in the homeostatic function of our body is undeni-
able, and its sphere of influence is incredible. Additionally, it also
plays a major role in apoptotic diseases, mitochondrial function,
and brain function.

Its contribution is more than maintaining homeostasis; it
also has a profound ability in regulation. Working in a retrograde
fashion and with a generally inhibitory nature, ECS can act as a
“kill switch.” However, it has been shown to play an inhibitory or
stimulatory role based on the size of the influx of cannabinoids,
resulting in a bimodal regulation. Furthermore, due to the nature of
the rate of degradation of cannabinoids, it does not have as many
long-term side effects as most of the current drugs on the market.

RESEARCH

The ECS may not only provide answers for diseases with no
known cures, but it could change the way we approach medicine.
This system would allow us to change our focus from invasive
pharmacological interventions (i.e. SSRIs for depression, benzo-
diazepines for anxiety, chemotherapies for cancer) to uncovering
the mystery of why the body is failing to maintain homeostasis.
Understanding the roles of ECS in these diseases confers a new
direction for medicine which may eradicate the use of some of the
less tolerable therapeutics.
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