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Abstract
Knowledge of the endocannabinoid system is relatively new and lacks depth. Regardless of the lack of knowledge about how the endocan-
nabinoid system works, why it may be activated or inhibited, or what effects it may have, recent evidence suggests that an understanding 
of the endocannabinoid system could be extremely important in preventing, managing, or even treating certain chronic conditions. An 
inadequate understanding of many neurological disorders leads to poor health outcomes for many individuals due to a lack of effective 
therapies for treating disorders that are complex and poorly understood. As more knowledge is gained about the endocannabinoid system, 
more therapies that treat symptoms and may even reverse some conditions are developed, but many uses of the endocannabinoid system 
are only theories at this time. The opportunities for viable therapeutic treatments that focus on the endocannabinoid system provide strong 
justification for increasing research of the endocannabinoid system.

INTRODUCTION

The goal of the following chapter is to suggest physiological and psychological effects of the endocannabinoid 
system on health in a number of circumstances. This chapter outlines a number of different literature sources that 
have been published in the past 20 years dealing with chronic conditions, the endocannabinoid system, and other 
neurotransmitters. It provides evidence of the possible physiological and psychological systems by which humans 
promote the idea that the endocannabinoid system may be an important factor to consider ways in which we aim to 
treat and manage certain chronic conditions.

HISTORY OF THE RUNNER’S HIGH

Many distance runners, whether elites or amateurs, often associate marathon running with pain, adversity, and 
agony. Despite the commonality of suffering, the number of finishers have increased exceptionally. Runningusa.org 
reports an estimated 25,000 finishers in 1976 and, due to steady increases over the past 37 years, ∼541,000 total finish-
ers in 2013. Races like the New York City ING Marathon and the Bank of America Chicago Marathon have increased 
to nearly 50,000 finishers in a single race. Why would a race associated with excessive pain and hardship become 
increasingly popular?

Examining the history of the marathon may help promote the idea that there are other benefits to distance 
running which may explain why the marathon attracts so many runners. Today’s marathon is named after the 
Greek town Marathon and the story of Phidippides. In 5th century BC, the Persian Empire began their conquest 
to expand into Greece by sailing into the bay of Marathon and engaging Athenian troops in the fields of Marathon 
(Christensen et al., 2009). During a 5-day pause from fighting, the Athenian general defending Marathon sent a 
herald named Phidippides, who was known for his running abilities, to Sparta for assistance fighting the Persian 
army (Christensen et al., 2009). Over 3 days, Phidippides ran an estimated 500 km to Sparta and then back to 
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Marathon to report that the Spartans would not send reinforcements to Marathon (Christensen et al., 2009). The 
Athenian’s attacked and defeated the Persian army without the Spartans (Christensen et al., 2009). After driving 
the Persians from Marathon, Phidippides was sent 40 km to Athens to report their victory (Christensen et al., 2009). 
Upon delivering the news, it is believed that Phidippides collapsed and died (Christensen et al., 2009). The mod-
ern marathon was first introduced in the 1898 Olympics as a 40 km race on the same route Phidippides is thought 
to have taken to Athens (Christensen et al., 2009). Although there is a lack of strong historical evidence that the 
story of Phidippides is true, his story suggests that some psychological drive may produce absurd physiological 
capabilities.

EFFECTS OF ENDOCANNABINOID SYSTEM STIMULATION

As running and other physically taxing sports have increased in popularity, the desire to understand the psy-
chological and physiological characteristics of physical activity has increased as well. The physiology of physical 
activity has been important in understanding health outcomes and experimental analysis of exercise has increased 
tremendously. Many recent studies have found acute physical activity to cause analgesia (Dietrich and McDaniel, 
2004). Exercise-induced hypoalgesia and analgesia has been studied since the 1980s and many peer reviewed texts 
outline hypoalgesia in subjects shortly after a number of different exercises including cycling, running, and swim-
ming (Sparling et al., 2003). However, the exact mechanisms which cause analgesia and hypoalgesia after physical 
activity are commonly debated (Dietrich and McDaniel, 2004). For many years, postexercise analgesia was thought 
to be caused by endorphins (Dietrich and McDaniel, 2004). However, other factors, like the endocannabinoid system, 
have been found to play a role in hypoalgesia and analgesia (Dietrich and McDaniel, 2004).

An anxiolytic effect is another psychological effect often observed in exercising individuals and more specifically 
in distance runners. The combination of anxiolytic and analgesic effects along with a feeling of euphoria during and 
after intense running has been labeled as the “runner’s high” (Boecker et al., 2008). These specific effects are not 
always observed by distance runners, but there are many factors which may contribute to this lack of consistency 
(Dietrich and McDaniel, 2004). Until recently, the idea that endorphins control and produce anxiolysis, analgesia, and 
feelings of euphoria dominated most thoughts about the “runner’s high” (Dietrich and McDaniel, 2004). Endorphins 
were predicted to increase opioid receptor activity in the central nervous system which lead to the observed effects 
of distance running (Dietrich and McDaniel, 2004). Many now discredit the theory that changes in endorphin levels 
are the source of the “runner’s high” based on the lack of conclusive and specific evidence that details the effects of 
increased endorphin levels on endogenous opioid receptors (Boecker et al., 2008). Most studies outlined increased 
plasma endorphin levels, specifically beta-endorphin levels, in peripheral areas (Boecker et al., 2008). Evidence that 
increased peripheral endorphin levels lead to an increase of endorphins crossing the blood–brain barrier where 
endogenous opioid receptors could be affected was inconclusive (Boecker et al., 2008). As studies were unable to 
show the ability of endorphins to have a significant impact on opioid receptors in the brain, which was commonly 
understood as the mechanism for the feelings of the “runner’s high,” exercise scientists began to examine other pos-
sible mechanisms for exercise-induced analgesia, anxiolysis, and euphoria.

In 1988, cannabinoid ligands were first developed, allowing for the characterization of endocannabinoid recep-
tors (Di Marzo et al., 1998). The discovery of cannabinoid ligands led to the distinction between cannabinoid recep-
tor 1 (CB1) and cannabinoid receptor 2 (CB2) (Di Marzo et al., 1998). Albeit playing a major role in the effects of 
marijuana, CB1 and other cannabinoid receptors have shown to be activated by internal stimuli naturally found in 
the human body (Di Marzo et al., 1998). At the time of their discovery CB1 and CB2 were known to interact with 
Δ9(−)-tetrahydrocannabinol (THC), but there was no evidence of endocannabinoids which interacted with CB1 and 
CB2 (Di Marzo et al., 1998). The idea that the human body would have a specific receptor that could be activated 
by a substance found in the plant, THC the main psychoactive chemical in marijuana, but did not interact with any 
endogenous substances was puzzling, and studying CB1 receptors eventually led to the discovery of anandamide 
(AEA) (Di Marzo et al., 1998). AEA is a CB1 receptor agonist and when tested in mice, produced similar effects of 
THC including locomotor activity limitations and analgesia (Campos and Guimarães, 2009). Cross-tolerance between 
AEA and THC also showed the link between AEA and CB1 receptor stimulation (Campos and Guimarães, 2009). 
Along with AEA, other endocannabinoids, including 2-arachidonoylglycerol (2-AG), have been discovered and have 
been shown to be CB1 and CB2 receptor agonists (Di Marzo et al., 1998).

Although the physiological effects of increased endocannabinoid levels, specifically AEA and AG-2, are rather 
consistent, the mechanism for the observable effects is still undetermined. Increased amounts of AEA and AG-2 
correlate to anxiolysis and analgesia, as observed in mice and in humans (Di Marzo et al., 1998). However, 
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endocannabinoids have different and sometimes contradicting effects depending on location (Di Marzo et al., 
1998). For example, in the CB1 receptor agonists in the basal ganglia cause inhibition of reuptake of GABA which 
limits GABA-mediated neurotransmission, but in the globus pallidus, CB1 receptor agonists enhance GABA-
mediated neurotransmission (Di Marzo et al., 1998). Although the endocannabinoid system can have multiple 
physiological effects and the exact mechanism of action is not clearly defined, endocannabinoid stimulation is 
correlated with decrease in anxiety behaviors and increase in pain threshold that correspond to the symptoms 
described as the “runner’s high.”

Understanding the neurological changes that occur during and after running could be of major importance when 
attempting to explain the rewarding feelings that may cause runners to engage in extremely demanding exercise like 
marathons or ultra-marathons. Prior to discovering neurological changes caused by exercise, it might be assumed 
that the sense of accomplishment may drive people to take on challenging and painful tasks. However, we now 
know that Phidippides may have been able to complete his exhaustive run to Athens because of other factors than 
his motivation to complete his duties as a herald. The increased pain threshold due to the stimulation of the endocan-
nabinoid system may have hidden his perception of bodily functions and played a role in Phidippides’s decision to 
run himself to death on his mission.

An animal study published by the National Academy of Sciences of the United States of America helps to outline 
endocannabinoid behavior during acute exercise using a mouse running wheel model (Fuss et al., 2015). The goal of 
their study was to link increased levels of AEA and AG-2 acting as CB1 and CB2 receptor agonists proceeding run-
ning to anxiolysis and analgesia (Fuss et al., 2015). Mice were separated into two groups, a run group and a control 
group. To allow mice to become accustomed to a running wheel, both groups were allowed to run on a running 
wheel for 3 days and averaged a distance of 5.4 km per day (Fuss et al., 2015). After 3 days of unrestricted access, 
both groups were inhibited from running on the wheel for 2 days (Fuss et al., 2015). On the 6th day, the run group 
was again given unrestricted access to the running wheel and mice in the run group ran an average of 6.5 km while 
the control group was again restricted from running. After the 6th day, plasma concentrations of AEA and AG-2 
were measured in both groups (Fuss et al., 2015). The run group was shown to have significantly higher plasma con-
centrations of AEA and AG-2. Anxiety-like behaviors (using a dark–light box) and thermal pain sensitivity (using a 
hotplate) were also measured immediately following the 6th day of running (Fuss et al., 2015). Mice that were a part 
of the run group showed decreased anxiety by spending significantly more time in the anxiety contributing lit com-
partment than the control group (Fuss et al., 2015). Pain threshold also increased in mice that were given access to the 
running wheel on the 6th day (Fuss et al., 2015). This showed that running reduced anxiety-like behavior, increased 
pain threshold, and increased plasma concentrations of endocannabinoids AEA and AG-2, but did not directly link 
endocannabinoids to the observed behaviors.

To show that behavioral changes were connected to CB1 receptors, the experiment was repeated, but the run 
group was treated with CB1 and CB2 antagonists (AM251 and AM630, respectively) (Fuss et al., 2015). To show that 
endorphins, which also increased in plasma concentrations in the run group, did not cause the observed behavioral 
changes, mice were treated with naloxone, a known inhibitor of endorphin signaling (Fuss et al., 2015). Mice in the 
run group that were treated with naloxone showed the same changes in anxiety-like behaviors and thermal pain sen-
sitivity as untreated mice in the run group in the first experiment (Fuss et al., 2015). Mice in the run group that were 
treated with the CB2 antagonist AM630 showed the same behavioral changes as untreated and naloxone treated mice 
in the run group (Fuss et al., 2015). However, mice in the run group that were treated with the CB1 antagonist AM251 
showed no significant behavioral changes compared to the control group which did not run (Fuss et al., 2015). This 
displayed the connection between CB1 receptors primarily activated by AEA and reduced anxiety-like behavior and 
decreased pain sensitivity (Fuss et al., 2015).

The mechanism for reduced anxiety-like behavior of CB1 receptors was further outlined based on predictions that 
CB1 receptors located on GABAergic neurons played a role in producing emotional benefits when running (Fuss 
et al., 2015). Previously, this was noted by removing CB1 receptors on GABAergic neurons and measuring the time 
that mice accessed a running wheel (Fuss et al., 2015). Mice without CB1 receptors on GABAergic neurons used the 
running wheel significantly less than the normal mice with CB1 receptors present on GABAergic neurons (Fuss et al., 
2015). To evaluate the role of GABAergic neurons in anxiety-like behavior, CB1 receptors were removed from one 
group of the mice and the same running procedures were used (Fuss et al., 2015). After running on the 6th day, the 
dark-box anxiety test was used to determine anxiety-like behavior in mice with and without CB1 receptors present 
on GABAergic neurons (Fuss et al., 2015). The control group, which did no running on the 6th day, with CB1 recep-
tors showed significantly more anxiety behavior than the run group with CB1 receptors (Fuss et al., 2015). However, 
anxiety behavior in mice without CB1 receptors on GABAergic neurons increased significantly, even when compared 
to the control group with CB1 receptors, and the control group and the run group without CB1 receptors were almost  
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identical (Fuss et al., 2015). This showed that even without increased endocannabinoid stimulation, CB1 receptors on 
GABAergic neurons decrease anxiety-like behavior, linking GABAergic neurons with decreased anxiety (Fuss et al., 
2015).

When data about the effects of endocannabinoids was originally found in mice it was extrapolated to humans, 
but since then many studies have shown that the endocannabinoid system also plays a similar role in anxiolysis and 
analgesia in humans. A study conducted at the School of Applied Physiology at the Georgia Institute of Technology 
aimed to show that the endocannabinoid system was stimulated by acute moderate exercise (Sparling et al., 2003). 
Participants in the study were assigned to either running, cycling, or sedentary group and each participant in their 
group either did moderate running or cycling or remained seated for 45 min (Sparling et al., 2003). Moderate exercise 
was defined as 70–80% of maximum heart rate. Blood sampling was used to measure plasma concentrations of AEA 
and AG-2 pre- and postexercise in all three groups (Sparling et al., 2003). In the two exercising groups, both AEA 
and AG-2 plasma concentrations increased significantly while the sedentary group showed little change in AEA and 
AG-2 plasma concentrations (Sparling et al., 2003).

A human study has also displayed exercise induced hypoalgesia controlled by the endocannabinoid system 
(Koltyn, 2000). The study also displayed that opioid antagonists, like endorphins, are most likely not the underlying 
cause of exercise induced hypoalgesia (Koltyn, 2000). Participants underwent thermal and pressure pain tests before 
and after exercise (Koltyn, 2000). Participants were also divided into two groups and one group received the opioid-
antagonist naloxone while the other group received a placebo (Koltyn, 2000). There was a significant increase in pain 
threshold and decreased levels of pain perception after exercise in both groups (Koltyn, 2000). The placebo group 
and the naloxone group both had increased pain thresholds, but there was no significant difference between the pain 
thresholds of the placebo and naloxone groups (Koltyn, 2000). Both groups also showed a significant decrease in 
pressure pain ratings after running and again there was no significant difference between the placebo and naloxone 
groups (Koltyn, 2000). The data revealed that exercise did induce analgesia, but opioid antagonists had little effect on 
levels of analgesia during exercise, suggesting the possibility of nonopioid antagonists inducing analgesia (Koltyn, 
2000). Pre- and postplasma concentrations of endocannabinoids, both AEA and AG-2, were measured for all partici-
pants and postmeasurements were shown to be significantly higher for both AG-2 and AEA, along with a number 
of other endocannabinoids (Koltyn, 2000). Although the exact effects of endocannabinoids were not tested in this 
study, it showed that nonopioid antagonists are a more likely cause for exercise-induced hypoalgesia and endocan-
nabinoids may produce those effects (Koltyn, 2000).

Later studies have concluded that the endocannabinoid system does play a major role in producing analgesic and 
anxiolytic effects in humans, although the mechanisms of endocannabinoids are still uncertain, endocannabinoids 
play a role in neurotransmitter activity resulting in analgesia and anxiolysis (Dietrich and McDaniel, 2004). Effects 
of endocannabinoids are most often attributed to inhibition of glutamate transmission, inhibition of dopamine reup-
take, and inhibition of GABA reuptake (Dietrich and McDaniel, 2004). As more of the central and peripheral effects 
of endocannabinoids are found and understood, manipulating the endocannabinoid system as a therapy for various 
chronic diseases becomes increasingly feasible.

POSSIBILITIES OF THERAPEUTIC USES OF THE ENDOCANNABINOID SYSTEM IN 
CHRONIC CONDITIONS

The physical health benefits of running are frequently observed and most Americans are at least aware that run-
ning produces cardiovascular benefits that have a positive effect on overall health. However, the psychological and 
neurological benefits have become clearer in recent years. Running is most often seen as a mode of prevention of 
chronic diseases like obesity and heart disease due to physical health benefits, but what if the psychological effects of 
running could be used to prevent chronic conditions and help manage symptoms of conditions like anxiety disorders 
and depression as well?

BRAIN DERIVED NEUROTROPIC FACTOR AND DEPRESSION

There is no single mechanism that has proven to be the cause of depression, but decreased brain-derived neu-
rotropic factor (BDNF) has been shown to cause some forms of depression (Heyman et al., 2012). Decreased levels 
of BDNF often occur due to hippocampal atrophy that has been found in some cases of depression (Heyman et al., 
2012). In a study of cyclists who underwent 60 min of intense cycling and blood concentrations of AEA, AG-2, and 
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BDNF were taken before and after exercise (Heyman et al., 2012). Increased plasma concentrations of AEA correlated 
with increased levels of BDNF, both due to acute exercise (Heyman et al., 2012). This study describes how exercise 
may be a possible alternative to antidepressant drugs that stimulate the release of BDNF (Heyman et al., 2012). Using 
exercise to stimulate the endocannabinoid system and also to increase BDNF may be a valuable treatment for depres-
sion due to hippocampal atrophy, but further research is necessary to prove endocannabinoid stimulation effective 
before it can be thought of as a way of treating depression (Bugg and Head, 2011).

CHRONIC PAIN

Hundreds of billions of dollars are spent every year to treat chronic pain in America. This cost measures only the 
cost of medications and does not measure the negative effects of using analgesic medications consistently over a long 
period of time (Gaskin and Richard, 2011). When used appropriately, exercise can significantly improve symptoms 
of chronic pain and can be a beneficial alternative or addition to pharmacological treatments used for pain reduction 
(Kaufmann et al., 2009). Many chronological pain disorders, like chronic regional pain syndrome and fibromyalgia, 
are incurable and have a poor long-term prognosis (Kaufmann et al., 2009). Along with chronic pain sensations, 
depression and anxiety are often associated with chronic pain. Exercise has occasionally been used to treat symptoms 
of chronic pain long before the discovery of the endocannabinoid system, but exercise may be proven more effective 
in treating chronic pain as the benefits of the endocannabinoid system are further studied (Kaufmann et al., 2009). 
AEA and AG-2 have already shown to be positively correlated with analgesia and anxiolysis (Jayamanne et al., 2006). 
If stimulating the endocannabinoid system through exercise can be proven to be an effective treatment for depres-
sion, exercise could be shown to treat three different symptoms of chronic pain which are extremely detrimental to 
the quality of life in many disorders (Taylor et al., 2015). Opioids are a common treatment for acute pain, for example, 
morphine prescribed after surgery, but opioids have proven to be mostly ineffective in treating chronic pain (Naugle 
et al., 2012). However, the endocannabinoid system works through nonopioid antagonists, again suggesting that the 
endocannabinoid system can be used to treat symptoms of chronic pain (Naugle et al., 2012).

There are many adverse side effects of pharmacological pain treatment and physiological and psychological 
dependence are common. There are side effects to endocannabinoid stimulation as well, but most side effects are 
thought to be beneficial when increased endocannabinoids are a result of physical activity (Koltyn, 2000). A short list 
of the side effects of physical activity includes cardiovascular and psychological benefits along with decreased risk 
of type 2 diabetes and some types of cancers. Replacing the adverse side effects of pharmacological pain treatments 
with the beneficial effects of exercise make exercise an even more favorable treatment of chronic pain. Many studies 
have outlined the effects of physical activity on treating depression and anxiety in patients with chronic pain disor-
ders and have proven that physical activity can help with pain management and improve mood (Naugle et al., 2012). 
Even though the mechanisms for elevated mood are still unsure, nonrelated studies have suggested that elevated 
mood in response to exercise is correlated with the endocannabinoid system (Sparling et al., 2003). Linking the 
endocannabinoid system to elevated mood in individuals with chronic pain could be crucial in developing a more 
effective nonpharmacological treatment for pain (Micale et al., 2013). At this point, a plethora of different modes of 
physical activity (like yoga, Tai Chi, and running) are used to treat chronic pain, but if the exact mechanism by which 
symptoms are improved is determined, a more efficient manner of improving common symptoms can be developed 
(Bushnell et al., 2013).

EPILEPSY

The fact that the endocannabinoid acts through modifying specific neuronal signaling implies that it may be used 
as an effective way of treating and managing certain neurological disorders. Recent discoveries have linked the 
endocannabinoid system to certain neurotransmitters and as the neurological effects of endocannabinoids are better 
understood, their application seems more plausible (Koltyn, 2000). Since 1990, the correlation between the abun-
dance of CB1 receptors and levels of glutamate and GABA neurotransmitters has been known (Katona and Freund, 
2008). Activation of CB1 receptors consistently results in the depletion of neurotransmitters and inhibits transmis-
sion across the synaptic cleft (Katona and Freund, 2008). CB1 receptors are predominantly found on presynaptic 
neurons and may be useful in controlling neurotransmission when an excess of neurotransmitters causes functional 
disabilities (Katona and Freund, 2008). Deleting CB1 receptors on glutamatergic neurons in mice caused reduced sei-
zure threshold and often resulted in death; showing CB1 receptors play a clear role in controlling glutamate activity 
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(Katona and Freund, 2008). The role of CB1 receptors on glutamatergic neurons may prove significantly important in 
managing epilepsy and reducing seizures that are a result of increased glutamate neurotransmission. Patients with 
intractable temporal lobe epilepsy have been shown to have a large decrease in CB1 receptors, specifically in areas 
that have been found to play a major role in epileptogenesis (Katona and Freund, 2008). There is significant evidence 
that shows that 2-AG signaling is increased during excess neuronal activity (Katona and Freund, 2008).

Head trauma has been found to increase endocannabinoid levels and decreased brain edema has been noted in 
instances when trauma increases the presence of 2-AG (Nagayama et al., 1999). Neuronal death is also common in head 
trauma and CB1 agonists have been shown to decrease neuronal death by up to 50% in animal studies (Nagayama 
et al., 1999). In these studies, CB1 activation was caused by exogenous cannabinoids, but these external stimuli have 
shown to have the same impact on CB1 receptors as endocannabinoids (Nagayama et al., 1999). Therefore, endocan-
nabinoids can be considered to serve as a protective factor for neurological damage due to head trauma. Brain dam-
age can also occur from excitotoxicity due to overstimulation by many neurotransmitters (Nagayama et al., 1999). 
In another mouse study, kainic acid was used to overstimulate glutamate transmission which leads to seizures and 
neuronal cell death (Marsicano et al., 2003). In some mice, CB1 receptors were actively removed and epileptic thresh-
old and neuronal cell death were measured (Marsicano et al., 2003). The mice with active CB1 receptors showed 
decreased epileptic episodes and decreased cell death along with increased plasma concentrations of AEA after 
kainic acid was administered (Marsicano et al., 2003). This study suggests that the endocannabinoid system may be 
a physiological protection system for excitotoxicity (Marsicano et al., 2003).

MUSCULOSKELETAL DISORDERS

Resistance exercise, like other forms of exercise, has been shown to cause decreased pain perception in humans 
shortly after exercise has been completed (Galdino et al., 2014). Most other studies have shown hypoalgesia as a 
result of high-intensity exercise like running and cycling, but pain perception using pressure stimuli was also influ-
enced by resistance exercise (Galdino et al., 2014). The hypoalgesic effect of resistance exercise may be of signifi-
cant importance for individuals suffering from musculoskeletal disorders like osteoarthritis (Galdino et al., 2014). 
Musculoskeletal disorders are most often associated with both muscular atrophy and pain. Resistance exercise may 
prove to be important in managing these symptoms partially due to the endocannabinoid system’s role in hypo-
algesia (Galdino et al., 2014). The effectiveness of resistance exercise to treat certain musculoskeletal disorders has 
already been proven based on the theory that strengthening various muscles allows for greater function (Galdino 
et al., 2014). The ability of resistance exercise to cause pain reduction partially due to the endocannabinoid system 
has also been experimentally proven (Galdino et al., 2014). Resistance exercise seems to be an even more effective 
treatment for musculoskeletal disorders when considering both the effects it has on managing pain and improving 
motor function.

ALZHEIMER’S DISEASE

Although there are a number of different theories about the cause of Alzheimer’s disease, its development has 
been linked to brain inflammation because of the ability of antiinflammatory drugs to decrease the rate of the dis-
ease and the increased presence of proinflammatory cytokines in individuals with Alzheimer’s disease (Bonnet and 
Marchalant, 2015). Although the exact cause of Alzheimer’s disease is unknown, chronic inflammation for many 
years before signs of Alzheimer’s disease arise has been consistently observed (Bonnet and Marchalant, 2015). On 
the basis of the common theory that Alzheimer’s disease is caused by an amyloid plaque that builds up in the brain, 
the endocannabinoid system in Alzheimer’s disease patients was studied to determine what, if any, changes to the 
endocannabinoid system may have occurred (Bonnet and Marchalant, 2015). The antiinflammatory role of endo-
cannabinoids may prove to be useful in preventing or slowing the development of Alzheimer’s disease. In cases of 
Alzheimer’s disease, cortical CB1 receptor presence was often decreased, but CB2 receptors were found at increased 
levels on microglia (Bonnet and Marchalant, 2015). In a rat study, cannabinoid receptor agonists have proven effec-
tive in improving memory function when amyloid beta was administered to cause Alzheimer’s like effects, most 
likely due to decreased action of microglia (Bonnet and Marchalant, 2015). Although a cure to Alzheimer’s disease 
is still not available, some drugs are efficient in blocking some of the symptoms. For example, memantine is used 
to control glutamatergic over activity in Alzheimer’s disease patients (Marchalant et al., 2008). Endocannabinoid 
agonists can have similar effects on glutamate, but memantine works postsynaptically, while endocannabinoids 
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primarily work presynaptically (Marchalant et al., 2008). A combination of both cannabinoid receptor agonists and 
memantine may prove to have greater benefits for Alzheimer’s disease patients that memantine alone.

AMYOTROPHIC LATERAL SCLEROSIS (ALS)

ALS is a neurodegenerative disease that causes decreased motor function by damaging nerves in the brain and 
spinal cord. Although ALS most often occurs in the case of motor neuron dysfunction, there are certain studies that 
have found acetylcholine receptor dysfunction can cause ALS in some cases (Palma et al., 2016). Skeletal muscle lack-
ing acetylcholine receptors can cause ALS even when there are no problems with motor neurons (Palma et al., 2016). 
A study published in January 2016 found that the endocannabinoid system may be useful in limiting the effects of 
acetylcholine receptor dysfunction in ALS patients (Palma et al., 2016). Muscle transplants directly from ALS patients 
that were placed in frogs shown to have desensitization of acetylcholine receptors. Administering the endocan-
nabinoid palmitoylethanolamide (PEA) decreased the desensitization of acetylcholine receptors in frogs and muscle 
function increased (Palma et al., 2016). This study showed that acetylcholine receptors play a significant role in ALS 
and also that the endocannabinoid system manipulation may be useful for ALS patients (Palma et al., 2016). There is 
also clinical evidence of one ALS patient who experienced increased muscle force and respiratory benefits by taking 
medication that increased PEA concentrations (Palma et al., 2016).

STRESS-RELATED DISORDERS

Stress-related disorders that are typically associated with anxiety are often caused by flaws in the normal actions 
of the prefrontal cortex (Heijnen et al., 2015). The prefrontal cortex has been shown to play a large role in controlling 
emotional reactions, specifically due to environmental stimuli, through control of the hypothalamic-pituitary-adre-
nal (HPA) axis (Heijnen et al., 2015). Different components of the prefrontal cortex have shown to have both inhibi-
tory and excitatory effects on the HPA axis (Heijnen et al., 2015). This link between the prefrontal cortex and the HPA 
axis has been correlated to stress-related reactions. Chronic stress can lead to dysfunction of prefrontal effects on the 
HPA axis and other important stress-related responses that have been shown to increase the risk of developing stress-
related disorders (Heijnen et al., 2015). Autoradiography has revealed that CB1 receptors are present on prefrontal 
cortex neurons, dendrites, and cell bodies and the endocannabinoid system plays a role in prefrontal cortex behavior 
(Heinjen et al., 2015). Studies have revealed anxiolytic effects in low doses of cannabinoids due to their actions on 
CB1 receptors located on cortical glutamatergic neurons (Heijnen et al., 2015). It is also important to note that mice 
studies which removed CB1 receptors on glutamatergic neurons caused anxiogenic effects similar to chronic stress 
conditions (Heijnen et al., 2015). Evidence points to CB1 receptors playing a large role in stress-related neurological 
response, neuroendocrine response, and regulation of stress-related behavior (Heijnen et al., 2015). Although the 
endocannabinoid system has not been shown to be the cause of stress-related disorders originating from prefrontal 
cortex activity, the endocannabinoid system plays a distinct role in stress-related responses which should be further 
studied. The endocannabinoid system may play a key therapeutic role in protecting against the development of 
stress-related disorders and in coping with effects of stress-related disorders.

Posttraumatic stress disorder (PTSD) often occurs when a traumatic event is followed by the formation of a fear 
memory. PTSD is commonly thought of as a disease that affects veterans, but PTSD can arise from nearly any trau-
matic event. The exact mechanism of fear memory formation in PTSD is unknown, but patients with PTSD show 
alterations to biochemical amounts in the brain (McLaughlin et al., 2014). Animal tests used to determine the ability 
of conditioning a fear response to a certain cue has been used to test the ability of endocannabinoids to influence 
the development of fear memories (McLaughlin et al., 2014). Certain cannabinoid receptor agonists were able to 
inhibit the consolidation of fear memories in mice, while others were found to enhance fear memory consolidation 
(McLaughlin et al., 2014). More specifically, THC and AEA were both shown to decrease the consolidation of fear 
memory, while 2-AG was shown to increase the consolidation of fear memory in mice (McLaughlin et al., 2014). 
Decreased memory extinction of fear memories is also common in PTSD and again, endocannabinoids were shown 
to play a role in memory extinction (Hauer et al., 2014). Specifically, limiting reuptake of AEA was proven to cause 
extinction of memories (McLaughlin et al., 2014). Animal studies show that endocannabinoids play a role in memory 
formation and extinction. The data from these studies may be useful in treating individuals with PTSD and other 
similar disorders (Hauer et al., 2014). The idea that endocannabinoids play a role in memory formation and extinc-
tion in humans is supported by data collected from PTSD patients (Hauer et al., 2014). Endocannabinoid plasma 
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concentrations, specifically AEA, were significantly changed in patients with PTSD (Hauer et al., 2014). There is no 
evidence to suggest that alterations in endocannabinoids cause PTSD, but there is sufficient evidence to support the 
theory that the endocannabinoid system can be a protective factor (Hauer et al., 2014). However, the use of exog-
enous cannabinoids carries risk of abuse and addiction; therefore, requiring more research before being determined 
efficacious in PTSD patients.

CONCLUSION

There is much to be learned through studying the endocannabinoid system and there is much potential for apply-
ing the ever increasing knowledge about the endocannabinoid system. Considerable evidence points to the possibil-
ity of implementing therapies to manage and/or treat certain chronic conditions that typically have a poor outlook 
through endocannabinoid regulation. Although all of the physiological actions of cannabinoid receptor agonists and 
antagonists are still unclear, we have discussed evidence of feasible effects that may be crucial in some circumstances. 
Along with appearing to have multiple effects, there are also a number of reasons why endocannabinoid system 
activity may increase. Even without an extensive understanding of the endocannabinoid system, there is evidence 
that the known effects of cannabinoid receptor activation may prove to have effective benefits for individuals with 
chronic conditions. Unfortunately, the incomplete knowledge of the endocannabinoid system makes it difficult to 
prescribe certain types of endocannabinoid stimulation to individuals with chronic conditions. Although certain 
drugs are effective in some chronic conditions, therapeutic treatment of the endocannabinoid system paired with 
current treatments may be increasingly beneficial for many patients. Exercise has an abundance of benefits that are 
unrelated to the endocannabinoid system, but examining the effects of exercise on the endocannabinoid system 
provides even more evidence for exercise as a therapy for numerous chronic diseases. This chapter presents an 
incomplete list of the many different possibilities of therapies for chronic diseases that focus on the endocannabinoid 
system. Regardless, this short summary provides ample evidence to show that further investigation would be an 
extremely useful investment and could be extremely beneficial for individuals suffering from a significant number 
of chronic diseases.
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