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ABSTRACT

The resolution of inflammation is an active process controlled by
endogenous mediators with selective actions on neutrophils and monocytes.
The initial phase of the acute inflammatory response is characterized by the
production of pro-inflammatory mediators followed by a second phase in
which lipid mediators with pro-resolution activities may be generated.
Failure to resolve inflammatory debris is, among other issues, associated
with chronic inflammation. Current approaches to pain management do not
address resolving chronic inflammation, nor injury repair. Widespread use of
NSAIDs, for example, inhibit autocoids and further complicate resolution.
Novel approaches involving redundancy of multimodal alternative pathways
simultaneously involved in the pain mitigation process, are logically
justifiable

INTRODUCTION

Persistent pain in neuropathic conditions is often resistant to conventional
analgesic therapy, providing most patients with only partial, if any,
symptomatic relief (1). Chronic pain is a frequent condition calling for
improved analgesics, and it affects an estimated 20% of people worldwide
(2,3). Treatment of such complex pain with one or a combination of two
analgesics at the most is typical, although generally inadequate (4,5)

It seems prudent to make use of endogenous repair and homeostasis
mechanisms, already available in the body. Cannabinoids, classified as
endogenously produced and locally acting autacoids, are scientifically
recognized as natural anti-inflammatory compounds with superior efficacy
versus NSAIDs (non-steroidal anti-inflammatory drugs) that decrease pain
(6) and lower fever. In higher doses Cannabanoids decrease pain but without
well-known negative side effects of long-term use. These include risk of
serious gastrointestinal side effects such as perforation, ulceration, or
bleeding (7,8). Current chronic pain treatments have numerous
shortcomings. Tolerability, addiction and overdose potential, and serious
adverse effects often limit their use over an extended period, and the pain
control achieved by such drugs are often not ideal (7). Even the effects of
often-prescribed drugs such as pregabalin or opioids are disappointing for
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patients suffering from neuropathic pain. Furthermore, some classes of
analgesics might decrease pain, but can also negatively interfere with our
body repair systems, such as the non-steroidal anti-inflammatory drugs
(NSAIDs) including cyclooxygenase (COX) inhibitors.

While it is widely known these last compounds inhibit pro-inflammatory
cascades in many chronic pain states. Much less known is that the same
inhibition impairs the biological activity of endogenous repairing and
protecting molecules, such as the lipoxins and the resolvins. These

molecules with “pro-resolving” properties are representative of the temporal
cellular and biochemical events in the onset and resolution of inflammation
(9,10). The early phase of inflammation is characterized by the release of
pro-inflammatory mediators and extravascular accumulation of neutrophils,
followed by infiltration of monocytes that differentiate into macrophages.
This phase is characterized by the formation of anti-inflammatory and pro-
resolution mediators, e.g., lipoxins (LXs) and resolvins. These mediators
stop further neutrophil trafficking and facilitate the removal of inflammatory
debris such as apoptotic cells. The macrophage ingestion of apoptotic cells
results in potent anti-inflammatory effects through the production of anti-
inflammatory cytokines such as TGF-B1, IL-10 and PGE2, as well as the
decreased release of pro-inflammatory mediators, including IL-8, TNF-a and
TXA2 (11).

TAMING INFLAMMATION REQUIRES RESOLUTION
AND A ROBUST eCS

The resolution of inflammation is an active process controlled by
endogenous mediators with selective actions on neutrophils and monocytes.
The initial phase of the acute inflammatory response is characterized by the
production of pro-inflammatory mediators followed by a second phase in
which lipid mediators with pro-resolution activities may be generated. The
identification of these mediators has provided evidence for the dynamic
regulation of the resolution of inflammation. Among these endogenous local
mediators of resolution, LXs, lipid mediators typically formed during cell—
cell interaction, were the first to be recognized. More recently, families of
endogenous chemical mediators, termed resolvins and protectins, were
discovered (12).
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LXs and aspirin-triggered LXs are considered to function as ‘braking

signals’ in inflammation, limiting the trafficking of leukocytes to the
inflammatory site. LXs are actively involved in the resolution of
inflammation-stimulating non-phlogistic phagocytosis of apoptotic cells
(also known as inflammatory debris) by macrophages, . Furthermore, LXs
have emerged as potential anti-fibrotic mediators that may influence pro-
fibrotic cytokines and matrix-associated gene expression in response to
growth factors (10). Further, DHA Omega 3 assists resolvins and related
compounds (e.g., protectins) through pathways involving cyclooxygenase
and lipoxygenase enzymes to resolve the inflammatory responses. Failure to
resolve inflammatory debris is, among other issues, associated with chronic
inflammation.(13)

NSAIDs inhibit the synthesis of many autacoids - a class of natural
compounds which are generated only as-needed and act as tissue hormones
and natural pain relievers, thus NSAIDs do not contribute to resolving
chronic inflammation, nor do they repair injury (14). Not only NSAIDs
negatively influence inflammatory resolution. Opioids are also increasingly
recognized as pro-inflammatory compounds. Opioid-induced glial activation
and its pro-inflammatory consequences are regarded as factors for failure of
analgesia as well as a pathogenetic base for the emergence of opioid
tolerance (15,16). In all of these cases analgesics negatively interfere with
endogenous autacoid repair and anti-inflammatory processes (6). New
inroads in the treatment of chronic pain via the autacoids seems like a
promising way of identifying new analgesic compounds, acting via
endogenous healing mechanisms. It seems indeed quite logical to make use
of endogenous repair and homeostasis mechanisms, already available in the
body. Autacoid Medicine may be a new paradigm for the design of the 21st
century pain medicine (18).

Cannabinoids, particularly endocannabinoids (e.g., PEA), their cannabinoid
receptors and enzymes that construct and deconstruct the neurotransmitter
cannabinoids only as needed, comprising the Endocannabinoid System
(eCS), are responsible for regulating homeostasis via signaling throughout
the central and peripheral nervous systems. Furthermore, cannabinoids
interacting, directly or indirectly, with CB2 receptors are scientifically
recognized as natural anti-inflammatory, anti-pain autacoid compounds.
These anti-inflammatory cannabinoids uniquely act on the immune system
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through the mammalian endogenous communication system known as the
eCS (22) with superior efficacy versus NSAIDs. Both cannabinoids and
NSAIDs are shown to decrease pain (6) and lower fever, but cannabinoids
achieve this without any well-known negative side effects of long-term use.
Long-term risks of NSAID use include not only serious gastrointestinal side
effects. According to a recent meta-analysis, the potential increased risk of
coronary heart disease is significant (19,20).

CLINICAL ENDOCANNABANOID DEFICIENCY

But because of life stresses, both internal (e.g., oxidative stress) and external
(e.g., environmental, as well as, psychological stress) to living mammals
over the lifespan, the Endocannabinoid System (eCS) can become less
efficient due to diminished performance, or availability, of any and/or all the
eCS components (i.e., receptors, neurotransmitters and their associated
enzymes) (23). Diminished eCS performance can lead to an overall
disruption of homeostasis and therefore chronic, systemic inflammation,
poor wellness and over the lifespan, painful age-related discomforts (23).

Diminished homeostasis leads to increased inflammation which can result in
damaged tissues, nerves, and joints, often associated with age related
discomfort. Chronic conditions of diminished eCS performance from life
stresses, 1llnesses and aging have been described as Clinical
Endocannabinoid Deficiency (CECD). Several otherwise unexplained
conditions including, but not limited to, migraine, irritable bowel syndrome,
autoimmune-mediated maladies, and fibromyalgia have been attributed to
CEDC (23,24,25).

The NIH has patented the Cannabis derived compound CBD (Cannabidiol)
for its antioxidant and anti-inflammatory properties (26). Subsequent
research has established CBD as an effective anti-inflammatory plant-
derived phyto-cannabinoid compound for use in pain mitigation related to
tissue and nerve damage typically due to inflammation in mammals. CBD is
also known to help sustain a robust body-wide endoCannabinoid (eCB)
System Tone (eCS Tone) based on optimal performance of the various

components of the “classic” endocannabinoid system (eCS) (i.e.,
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cannabinoid receptors CB1 and CB2, the eCB neurotransmitter ligands ANA
and 2-AG, and their metabolic enzymes FAAH or MAGL) (27,28).

Cannabis as a genus (i.e., both Marijuana and Hemp plant families) has been
classified by the US Drug Enforcement Administration (DEA) as a Class 1

Controlled Substance. ‘Marijuana’, the Cannabis plant family with flowers
containing naturally significant quantities of psychoactive THC
(Tetrahydrocannabinol) and nominal amounts of non-psychoactive CBD.
Hemp plants, the Cannabis plant family with strong fibers (legally classified
as Industrial Hemp) have naturally significant amounts of CBD but only
trace amounts of THC (<0.3% dry weight). As a result of strict DEA
classification of all of Cannabis instead of only THC-laden Marijuana, has
caused a hopelessly confusing condition regarding CBD legality resulting in
tightly controlled limits on CBD research as well as a total lack of federal
regulations required to ensure FDA product safety labeling. Because of the
many positive wellness related effects of CBD acting on the eCS, CBD has
attracted considerable attention and interest from the public (29). The key
influence of CBD is on the endogenous signaling process of homeostasis
that maintains physiological/biochemical balance necessary for wellness in
all living mammals (30).

All vertebrate animals have an endoCannabinoid system (eCS). In fact, the
eCS is ubiquitous in nearly all animals from mammals to the more primitive
phyla such as Cnidaria; the early emergence of the eCS in the evolution of
the Phyla, and its conservation throughout the millennia, indicates its long-
standing biological importance (31). The eCS, providing homeostatic
balance after various stresses to the nervous, immune, and other organ
systems, opened the door to novel approaches for the management and
treatment of inflammatory and immune-related disease states (32).

The eCS consists of three parts: (1) endogenous ligands, (2) G-protein
coupled receptors (GPCRs), and (3) enzymes to construct, degrade and
recycle the ligands. Four endogenous cannabinoid molecules have been
identified as ligands in the eCS to date: ANA (anandamide (or
arachidonoylethanolamide), 2-AG (2-arachidonoyl glycerol), OEA
(oleoylethanolamide), and PEA (palmitoylethanolamide). Three G-coupled
protein receptors have been described (CB1, CB2, now including GPRS5S5 -
aka CB3), with others being considered (e.g., GPR119) (33).
Coincidentally, the phytochemicals are produced in large quantities by the
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Cannabis Sativa L plants (predominantly CBD in Hemp and THC in
Marijuana). These plant-based cannabinoids (termed phytocannabinoids) can
interact with this system as ligands (31,34).

The eCS is a biological signaling system involved in regulating various
physiological and biological dynamic balancing processes (homeostasis) in
all mammals. Furthermore, the eCS is essential to CNS homeostasis and
plays a significant role in the regulation of the inflammatory processes and
pain signaling.(35) The endocannabinoid system has been shown to have a
homeostatic role (i.e., steady internal dynamic biochemical balancing
conditions) by controlling several metabolic functions, such as energy
storage and nutrient transport (35). Homeostasis - the dynamic state of
equilibrium management concerning the constancy of the internal
environment in which the cells of the body live and survive - defines the
condition of optimal functioning for the organism, or wellness. Equilibrium
variables of great importance to proper body function include body
temperature, fluid balance, and rates of gas exchange. Other variables
include the pH of extracellular fluid, the concentrations of sodium,
potassium and calcium ions, as well as that of the blood sugar level all
needing to be regulated despite changes in the environment, diet, health, or
level of activity (35).

Each of these variables is controlled by one or more regulators or
homeostatic mechanisms, which together maintain the living organism (e.g.,
mammal). Optimum health and wellness depend on robust operational tone,
or efficiency, of the eCS to regulate homeostasis throughout the mammalian
lifespan. Disruption of homeostasis due to oxidative stress, disease, aging,
inflammation (32) or other conditions of modern life can result in reduced
eCS performance or poor eCS Tone, yielding various age-related
discomforts in which pain is typically involved (35). Certain painful
conditions have been positively associated with Clinical Endocannabinoid
Deficiency (CECD). Emerging literature documents CECD as an etiology in
migraine, fibromyalgia, irritable bowel syndrome, psychological disorders,
and of other illnesses and conditions potentially contributing to various
additional age-related discomforts.(24)

The best-known natural endogenous endocannabinoids are anandamide

(ANA), 2 acyl-glycerol (2AG) and palmitoylethanolamide (PEA).(36) These
naturally produced bioactive lipid autocoids are capable of interacting
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directly or indirectly with the endocannabinoid receptors such as CB1,, CB2,
and CB3 (aka GPR55), the activation thereof is responsible for different
properties including, but not limited to, anti-inflammatory, antioxidant and
analgesic properties. These receptors are sensitive to endogenous
cannabinoids, as well as phytocannabinoids and certain related compounds
derived from plants and/or cannabinoids of synthetic derivation, which
belong to receptors coupled to protein G (37).

CBI1 and CB2 receptors are structurally similar. CB1 receptors are abundant
in the central nervous system, particularly the hippocampus and associated
cortical regions, in the brain and in the basal ganglia. CB2 receptors are
abundant in the gut and peripheral nervous system mostly associated with
the immune system. CB2 receptors being primarily present in T cells, the
mastocytes, B lymphocytes and at the level of the hematopoietic cells as
well as in the peripheral nervous terminations, play a key role in the
antinociceptive, antalgic and anti-inflammatory activity. Endocannabinoids
of natural origin, including PEA, represent an important alternative to the
traditional anti-inflammatory drugs treating inflammation (brain neuro-
inflammation or other types of inflammatory conditions) and in all

conditions characterized by painful symptomatology (30). PEA’s protective
effects are mediated by its cellular targets, including direct activation of CB3
(i.e., GPRS55) and PPAR-a receptors and the indirect activation of
cannabinoid receptors CB1 and CB2 and TRPV1 channels (38,39). CBD and
THC are natural phytocannabinoid compounds in Cannabis (plant families
commonly known as Marijuana and Hemp). CBD and THC are mammalian
CB (cannabinoid) receptor agonists that have been used to reduce pain in

humans for millennia. But THC is psychoactive and its use and research into
its mechanism of action have been severely limited by the Drug
Enforcement Administration (DEA) listing of Cannabis, including CBD, as a
continuing Class 1 Controlled Substance for many decades.(38) Recent
studies indicate potential damage to the fetus of pregnant women using
CBD, especially inauthentic CBD oils that may contain heavy metals that
cannabis is good at extracting from the soil (40).

Because, in 2018, CBD became an FDA approved drug (i.e., CBD isolate
product for pediatric seizures known as Epidiolex®) (41), CBD and other
Cannabis derived phytocannabinoids (i.e., THC) are currently entangled in
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State and Federal legal issues, alternative approaches to maintaining robust
eCS tone functioning into old age are necessary and desirable.

TOWARD PAIN RESOLUTION WITH A NON-CLASSICAL
ENDOCANNABINOID

Endogenous endocannabinoids show promise. Palmitoylethanolamide (PEA)
is a non-classical endocannabinoid (autacoid) bioactive lipid mediator
belonging to the N-acyl-ethanolamine (NAE) fatty acid amide family (42).
Synthesized on demand within the lipid bilayer (43) it acts locally (44) and
is found in all tissues including the brain (45). PEA is thought to be
produced as a pro-homeostatic protective response to cellular injury and is
usually up-regulated in disease states. Its pleiotropic effects include anti-
inflammatory, analgesic, anticonvulsant, antimicrobial, antipyretic, anti-
epileptic, immunomodulatory and neuroprotective activities (46).

PEA’s multi-faceted effects are due to its unique mechanisms of action that
affect multiple pathways at different sites (44) primarily targeting the
nuclear receptor peroxisome proliferator-activated alpha (PPAR-a), PEA also
acts on novel cannabinoid receptor, CB3 - G protein-coupled receptor 55
(GPR55) and G protein-coupled receptor 119 (33,36,47,48,49).The
cannabinoid receptor CB3 plays a role in mechanical hyperalgesia associated
with inflammatory and neuropathic pain (50). Moreover, PEA indirectly
activates cannabinoid receptors CB1 and CB2 through inhibiting the
degradation of the endocannabinoid, anandamide (ANA), a phenomenon
known as the “entourage effect” (43).

However, given the redundancy and complex nature of the underlying
pathogenesis, therapies are expected to incorporate more than PEA for
optimal efficacy. Multi-modal, alternative pathways including a variety of
receptors, neurotransmitters and regulatory systems_participate in the pain
process (51). Therefore novel approaches involving redundancy of
multimodal alternative pathways simultaneously involved in the pain
mitigation process, are logically justifiable as a unique approach (52).
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SUMMARY

The Endocannabinoid System is a natural endogenous communication
system in all mammals that regulates homeostasis. Homeostasis represents
the dynamic balancing of biological processes necessary for proper
operation and therefore wellness to persist throughout the lifespan. A major
portion of the eCS is located in the microbiome where the immune system is
also resident. Inflammation is considered a necessary ‘far from
homeostasis’ condition. However, if it is not controlled and resolved, it can
become the source of chronic inflammation leading to long term tissue and
nerve damage, resulting in various age-related discomforts. Natural
endogenous cannabanoids act in a retrograde manner to down-modulate
inflammation and pain signals to the brain and offer potential for improved
therapeutic approaches.

REFERENCES

1. E. B. Russo, “Cannabinoids in the management of difficult to treat pain.”

Therapeutics and Clinical Risk Management, vol. 4, no. 1, pp. 245-259,
2008

2. Breivik H, Collett B, Ventafridda V, Cohen R, Gallacher D. Survey of
chronic pain in Europe: prevalence, impact on daily life, and treatment. Eur J
Pain 2006;10:287.

3. Goldberg DS, Summer JM. Pain as a global public health priority. BMC
Public Health 2011;11:770.

4. Institute of Medicine (IOM). Relieving pain in America: a blueprint for
transforming prevention, care, education, and research. Washington, DC:
The National Academies Press, 2011.

5. Fiorenzani, P., S. Lamponi, A. Magnani, I. Ceccarelli, and A. M. Aloisi.
2014. In Vitro and In Vivo characterization of the new analgesic
combination Beta- caryophyllene and docosahexaenoic acid. Evid. Based
Complement. Alternat. Med. 2014

10
© Robert Rager, Tama Copeman, Zachary Phillips, 2022



6. A.L. Klauke, I. Racz, B. Pradier, et al. The cannabinoid CB2 receptor-
selective phytocannabinoid beta-caryophyllene exerts analgesic effects in

mouse models of inflammatory and neuropathic pain Eur
Neuropsychopharmacol, 24 (4) (2014), pp. 608-620

7. Wolfe MM, Lichtenstein DR, Singh G. Gastrointestinal toxicity of
nonsteroidal antiinflammatory drugs. New England Journal of Medicine.
1999;340(24):1888— 1899.

8. Fiorucci S, Antonelli E, Morelli A. Mechanism of non-steroidal anti-
inflammatory drug-gastropathy. Digestive and Liver Disease.
2001;33(2):S35-S43

9. McPartland, J.M. et al. (2014) Care and Feeding of the Endocannabinoid
System: a Systematic Review of Potential Clinical Interventions That Up-
regulate the Endocannabinoid System. PLoS ONE 9, €89566.)

10. Maderna, P, Godson, C. Lipoxins: Resolutionary Road. British Journal of
Pharmacology (2009)158,947-959

11. Serhan CN, Brain SD, Buckley CD, Gilroy DW, Haslett C, O'Neill LA,
et al. Resolution of inflammation: state of the art, definitions and terms.
FASEB J. 2007;21:325-332.)

12. Serhan CN, Chiang N, Van Dyke TE. Resolving inflammation: dual anti-
inflammatory and pro-resolution lipid mediators. Nat Rev. 2008a;8:349—
361.)

13. https://pubchem.ncbi.nlm.nih.gov/compound/
445580#section=Pharmacology- and-Biochemistry

14. KK Keppel Hesselink JM. Autacoids: A New Fundament for Pain
Medicine of the 21th Century. Anaesthesia. Critical Care and Pain
Management. 2016; 1: 3-6.

15. Keppel Hesselink JM. Glia as a new target for neuropathic pain, clinical
proof of concept for palmitoylethanolamide, a glia modulator. Anesth Pain
Intensive Care 2011; 15: 143-5.

16. O’Sullivan, S. E. (2007). "Cannabinoids go nuclear: evidence for
activation of peroxisome proliferator-activated receptors". British Journal of
Pharmacology. 152 (5): 576-582.

11
© Robert Rager, Tama Copeman, Zachary Phillips, 2022



17.Kepppel Hesselink, JM (2012). "New Targets in Pain, Non-Neuronal
Cells, and the Role of Palmitoylethanolamide" (review). The Open Pain
Journal. 5: 12-23.

18. Jan M. Keppel Hesselink. “Autacoids: A New Fundament for Pain
Medicine of the 21th Century”. Anaesthesia, Critical Care and Pain
Management 1.1 (2016): 3- 6.)

19. Ray WA, Disease CH, Varas-Lorenzo C, Chung CP, Castellsague J,
Murray KT, et al. Cardiovascular risks of nonsteroidal anti-inflammatory

drugs in patients after hospitalization for serious. Circ Cardiovasc Qual
Outcomes. 2009

20. Baigent C, Bhala N, Emberson J, Merhi A, Abramson S, Arber N, et al.
Vascular and upper gastrointestinal effects of non-steroidal anti-

inflammatory drugs: Meta-analyses of individual participant data from
randomized trials. Lancet. 2013;382(9894):769-79.

21. RR Cristino, L.; Bisogno, T.; Di Marzo, V. Cannabinoids and the
Expanded Endocannabinoid System in Neurological Disorders. Nat. Rev.
Neurol. 2020, 16, 9— 29.

22.VV Zou, S.; Kumar, U. Cannabinoid Receptors and the Endocannabinoid
System: Signaling and Function in the Central Nervous System. Int. J. Mol.
Sci. 2018, 19, 833.

23. Pacher, P. and Kunos, G. (2013) Modulating the Endocannabinoid
System in Human Health and Disease—Successes and Failures. FEBS J. 280,
1918-1943)

24. Russo, E.B. (2004) Clinical Endocannabinoid Deficiency (CECD): Can
This Concept Explain Therapeutic Benefits of Cannabis in Migraine,
Fibromyalgia, Irritable Bowel Syndrome and Other Treatment-Resistant
Conditions? Neuroendocrinol. Lett.25, 31-39

25. A Conversation With Dr. Ethan Russo On CBD & Clinical
Endocannabinoid Deficiency, https://www.projectcbd.org/ science/cbd-
clinical-endocannabinoid- deficiency-dr-ethan-russo

26. US Patent US6630507 Cannabinoids as Antioxidants and
Neuroprotectants.

12
© Robert Rager, Tama Copeman, Zachary Phillips, 2022



27. Cravatt BF, Giang DK, Mayfield SP, Boger DL, Lerner RA, Gilula NB.
Molecular characterization of an enzyme that degrades neuromodulatory
fatty-acid amides. Nature. 1996;384:83—87.

28. Endocannabinoid System... What Is It? (https://www.crescolabs.com/
endocannabinoid-system/)

29. National Academies. The Health Effects of Cannabis and Cannabinoids:
The Current State of Evidence and Recommendations for Research.
Washington, DC: The National Academies Press. 2017.

30. What Is Homeostasis? https://www.scientificamerican.com/article/what-
is- homeostasis/.)

31. Silver RJ. The Endocannabinoid System of Animals. Animals (Basel).
2019 Sep 16;9(9):686

32. Morena, M.; Patel, S.; Bains, J.S.; Hill, M.N. Neurobiological
interactions between stress and the endocannabinoid system.
Neuropsychopharmacology 2016, 41, 80—102.

33. Godlewski, G.; Oftertaler, L.; Wagner, J. A.; Kunos, G. (2009).
"Receptors for acylethanolamides—GPRS5 and GPR119". Prostaglandins &
Other Lipid Mediators. 89 (3—4): 105-297.

34. Medeiros, R., G. F. Passos, C. E. Vitor, J. Koepp, T. L. Mazzuco, L. F.
Pianowski, et al. 2007. Effect of Two Active Compounds Obtained From the

Essential Oil of Cordia Verbenacea on the Acute Inflammatory Responses
Elicited by LPS in the Rat Paw. Br. J. Pharmacol. 151:618-627.

35. Chovatiya R and Medzhitov R. (2014) Stress, Inflammation, and
Defense of Homeostasis. Molecular Cell 54

36. Whyte LS, Ryberg E, Sims NA, Ridge SA, Mackie K, Greasley PJ, Ross
RA, Rogers MJ (Sep 2009). "The putative cannabinoid receptor GPR55
affects osteoclast function in vitro and bone mass in vivo". Proceedings of
the National Academy of Sciences of the United States of America. 106 (38):
16511-6.

37. Keppel Hesselink JM. 2018. Chronic Pain and the Use Of
Palmitoylethanolamide. Journal of the Neurological Sciences. 5(2):104-248.

13
© Robert Rager, Tama Copeman, Zachary Phillips, 2022



38. Roviezzo, F.; Rossi, A., et.al., Palmitoylethanolamide Supplementation
during sensitization Prevents Airway Allergic Symptoms in the Mouse.
Front. Pharmacol. 2017, 8, 857.

39. Petrosino S, Schiano Moriello A, Cerrato S, Fusco M, Puigdemont A, De
Petrocellis L, Di Marzo V. The anti-inflammatory mediator
palmitoylethanolamide enhances the levels of 2-arachidonoyl-glycerol and
potentiates its actions at TRPV1 cation channels. Br J Pharmacol. 2016
Apr;173(7):1154-62.

40. Placement in Schedule V of Certain FDA-Approved Drugs Containing
Cannabidiol: Final Order. US Drug Enforcement Administration,
Department of Justice. Fed Regist. 2018 Sep 28; 83(189):48950-3.

41. Argueta DA, Ventura CM, et al. A Balanced Approach for Cannabidiol
Use in Chronic Pain. Front Pharmacol. 2020; 11: 561

42. Epidiolex approved by FDA https://www.accessdata.fda.gov/
drugsatfda docs/nda/2018/2103650rig1s000TOC. cfm

43. D’ Agostino, G.; Russo, et. al. Palmitoylethanolamide protects against the
amyloid-25-35-induced learning and memory impairment in mice, an
experimental model of Alzheimer disease. Neuropsychopharmacology 2012,
37, 1784-1792.

44. Esposito, E.; Cuzzocre, S. Palmitoylethanolamide in homeostatic and
traumatic central nervous system injuries. CNS Neurol. Disord. Drug Targets
2013, 12, 55-61.

45. Scuderi, C.; Stacca, C.; Valenza, M.; Ratano, P.; Bronzuoli, M.R.;
Bartoli, S.; Steardo, L.; Pompili,

46. De Palma, L.; Santamato, A.; Montillo, V.; Fiore, P. Co-ultra-micronized
palmitoylethanolamide/luteolin treatment as add-on to intensive neuro-
rehabilitation in a young patient with traumatic brain injury. Gazz Med. Ital.
Arch. Sci. Med. 2018, 177, 237-242.

47. Petrosino, S.; Di Marzo, V. The pharmacology of palmitoylethanolamide
and first data on the therapeutic efficacy of some of its new formulations. Br.
J. Pharmacol. 2017, 174, 1349—1365. therapeutics. Behav Pharmacol. 2021
Apr 1;32(2&3):142-152.

14
© Robert Rager, Tama Copeman, Zachary Phillips, 2022



48. Rautiainen, S.; Manson, J.E.; Lichtenstein, A.H.; Sesso, H.D. Dietary
supplements and disease prevention—A global overview. Nat. Rev.
Endocrinol. 2016, 12, 407-420.

49. Bronzuoli, M.R.; Facchinetti, R.; et. al. Palmitoylethanolamide Dampens
Reactive Astrogliosis and Improves Neuronal Trophic Support in a Triple
Transgenic Model of Alzheimer’s Disease: In Vitro and In Vivo Evidence.
Oxid Med. Cell Longev. 2018, 2018, 4720532.

50. Staton C., Hatcher J.P, et al 2008. The Putative Cannabinoid Receptor
GPRS55 Plays a Role in Mechanical Hyperalgesia Associated With
Inflammatory and Neuropathic Pain. Volume 139; Issue 1; p225-236.)

51. Kandasamy R, Morgan MM. 'Reinventing the wheel' to advance the
development of pain E.; Fumagalli, L.; Campolongo, P.; et al.
Palmitoylethanolamide controls reactive gliosis and exerts neuroprotective
functions in a rat model of Alzheimer’s disease. Cell Death Dis. 2014, 11,
el419.

52. Piscitelli F, D1 Marzo V. "Redundancy" of endocannabinoid inactivation:
new challenges and opportunities for pain control. ACS Chem Neurosci.
2012;3(5):356- 363.]

15
© Robert Rager, Tama Copeman, Zachary Phillips, 2022



