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Introduction
We gathered clinical experience since 2010 using an oral formulation
of an endogenous lipid messenger, an autacoid, in a great many
neuropathic pain disorders [1]. This compound palmitoylethanolamide
(PEA), is the prototype of lipid autacoids, able to counteract chronic
inflammation and chronic pain. PEA is available since 2005 as a
supplement (nutraceutical) [2] (Figure 1). Currently there only two
high quality and patent-based formulations clinically tested and
available (without prescription needed), one product is developed in
Italy (Normast, 300 and 600 mg tablets), and one in the Netherlands
(PeaPure, 400 mg capsules). In our Dutch Institute for Neuropathic
Pain we have worked with both formulations in patients suffering from
a number of chronic pain disorders, mainly in neuropathic pain, and
documented our findings in various case-report series [3,4]. Since 2
decades new lipid autacoids have been discovered. This will change
the landscape of the treatment of chronic pain, especially since these
classes are devoid of the troublesome side effects we know from classical
analgesics.

Inhibition of Neuroinflammation by ‘following where
Nature Leads’
Chronic pain and chronic (neuro-)inflammation go hand in hand.
Inhibiting chronic inflammation often has a positive impact on pain
symptoms in chronic pain. However, there are only corticosteroids
and NSAID’s (non-steroidal anti-inflammatory drugs) available for the
clinician to inhibit chronic inflammation and both classes are fraud
with side effect problems.
Lipid autacoids are endogenous molecules, fit for various oral
and parenteral formulations to treat chronic pain and inflammation
via influencing natural existing biochemical pathways in our body.
While PEA is already available and has been clinically tested as tablet,
capsule, suspension and cream, other lipid autacoids are more difficult
to administer orally and are in need for more research and development
work at the moment.
It was already in 1986 that the eminent neuroscientist professor
Erminio Costa (1924 - 2009) delivered a keynote lecture in Washington:
‘To follow where nature leads’. Costa pointed out how nature itself can
become our tutor in developing new therapeutic inroads, in so far as we
can trigger and activate endogenous repair and defense mechanisms of
the body by administrating the endogenous molecules related to these
pathways [5]. The modern lipid autacoids, such as the lipoxins, resolvins,
the protectins, the maresins as well as the N-acyl-ethanolamides to
which PEA belongs, are classes of compounds activating nature in its
action, and their mechanism of actions has been perfected during many
millions of years evolution in animals and plants [6].
The first molecule entering the clinic from this group of lipid
autacoids and which was developed according to Costa’s vision
was PEA [7]. It was the famous Nobel laureate professor Rita LeviMontalcini (1909-2012) who identified the anti-neuroinflammatory
activity of PEA [8,9]. Levi-Montalcini and her group demonstrated
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Figure 1: Molecular structure of palmitoylethanolamide, first determined in
1957.

that lipid amides of the N-acyl-ethanolamine type (such as PEA)
are naturally occurring molecules capable of modulating immune
cells such as the mast cells [10]. In 2002 this concept of local antiinflammatory autacoids was ‘rediscovered’ for a different class of
lipid-autacoids called the resolvins [11]. Up to the beginning of this
century it was general thought that inflammatory processes are slowly
phasing out, once the inflammatory trigger is vanished. The work on
the modulatory effects of PEA on overactive mast cells created the base
of a new paradigm in inflammation biology and pain medicine. The
leading idea of Levi-Montalcini was that tissue accumulation of N-acylethanolamines is a biological significant response during pathological
degenerative conditions in order to control such inflammation. Since
this millennium we know that PEA indeed acts as a negative feedback
molecule preventing escalation of neuro-inflammation via its activation
of the nuclear receptor PPAR-α [12,13].

Lipid Autacoids of Aliamides: Brakes on Pathological
Inflammation
Autacoids are a locally produced modulating factors, influencing
locally the function of cells and/or tissues, which are produced on
demand and which subsequently are metabolized in the same cells and/
or tissues [14]. There are different classes of lipid autacoids: the N-acylethanolamides (NAEs), lipoxins (Lxs) protectins (Pts), resolvins
(Rvs) and maresins(Mss) currently seem the most important. The
key function of these molecules is to inhibit overactive and activated
immune cascades and thus act like a ‘stop’ signal in inflammation
processes otherwise becoming pathological, a break. Such autacoids are
referred as ‘nature’s way to resolve inflammation’, clearly supporting the
concept of ‘to follow where nature leads’ Costa introduced in 1986 [15].
N-acyl-ethanolamides are derived from membrane phospholipids,
N-acylphosphatidylethanolamine (NAPE) [16]. PEA is one such
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N-acylethanolamide. Resolvins are metabolites of the polyunsaturated
omega-3 fatty acids: eicosapentaenoic acid (EPA), docosahexaenoic
acid (DHA) and docosapentaenoic acid (DPA). The metabolites of EPA
are termed E resolvins (RvEs), those of DHA are termed D resolvins
(RvDs), and those of DPA are termed resolvins D (RvDsn-3DPA)
and resolvins T (RvTs) [1]. Protectins (Pts) and Maresins (Mss) are
also derived from omega-3 fatty acid docosahexaenoic acid (DHA).
Lipoxins are synthesized from arachidonic acid [17].
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to locally boost the synthesis of for instance the resolvins. Another
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Importantly, most of the lipid autacoids are effective in the
nanomolar range, and for many the upstream targets have been
identified [19]. In a number of models for central neuro-inflammation
lipid autacoids proved to have a clear anti-inflammatory effect. This also
holds true for the precursors, such as docosahexaenoic acid (DHA).
DHA treatment in an inflammation paradigm, could reduce the
inflammation induced activation of microglia, phosphorylation of p38
mitogen-activated protein kinase (MAPK), and reduce the production
of proinflammatory cytokines, such as TNF-α and interleukin-1β - IL1β) [20].

Conclusion
In many chronic pain states there is a disturbed balance between
over activated inflammatory factors and inflammation resolving and
inhibiting factors. Recently more insight is gained into the natural
inhibitors for these overactive inflammation processes. The body can
synthesize a series of lipid inflammation-resolving and inhibiting
endogenous factors. In line with the vision of professors Costa and
Rita Levi-Montalcini more attention has been given recently to
these natural corrective mechanisms based on autacoids. These are
endogenous molecules, produced on demand, and acting directly in
tissue was they were produced. There are a number of relevant families
of these autacoids: the N-acylethanolamides to which PEA belongs, the
lipoxins, resolvins, protectins and maresins. Relevant (high) dosages of
polyunsaturated ω-3 precursors are supposed to stimulate enhanced
synthesis of some of these autacoids. Low dose aspirin seems to boost
its synthesis. The N-acyl-ethanolamides are formed from membrane
phospholipids. PEA is a prototype and available as a food supplement.
PEA can be dosed easily and up to 2400 mg/day (for instance 3 times
2 capsules), and troublesome side effects nor drug-drug interactions
are unknown, while the compound has been evaluated in a number of
RCTs, in a population over 5000 patients [1].
Lipid autacoids might become an important new inroad in treating
chronic pain. Boosting endogenous lipid autacoid synthesis with high
dose and high quality ω-3 formulations seems possible and logical. New
formulations of these molecules are underway.

J Mol Histol Med Physiol, an open access journal

1. Hesselink JMK (2012) New Targets in Pain, Non-Neuronal Cells, and the Role
of Palmitoylethanolamide. Open Pain Journal 5: 12-23.
2. Hesselink, JMK Kopsky DJ, Witkamp RF (2014) Palmitoylethanolamide
(PEA)-‘promiscuous’ anti-inflammatory and analgesic molecule at the interface
between nutrition and pharma. Pharma Nutrition 2: 19-25
3. Hesselink JMK, Hekker TA (2012) Therapeutic utility of palmitoylethanolamide
in the treatment of neuropathic pain associated with various pathological
conditions: a case series. J Pain Res 5: 437-442.

5. Kopsky DJ, Hesselink JMK (2012) Multimodal stepped care approach with
acupuncture and PPAR-α agonist palmitoylethanolamide in the treatment of
a patient with multiple sclerosis and central neuropathic pain. Acupunct Med
30: 53-55.
6. Sepe N, De Petrocellis L, Montanaro F, Cimino G, Di Marzo V (1998) Bioactive
long chain N-acylethanolamines in five species of edible bivalve molluscs.
Possible implications for mollusc physiology and sea food industry. Biochim
Biophys Acta 1389: 101-111.
7. Keppel Hesselink, JM (2013) Evolution in pharmacologic thinking around
the natural analgesic palmitoylethanolamide: from nonspecific resistance to
PPAR-α agonist and effective nutraceutical. J Pain Res 6: 625-634.
8. Levi-Montalcini R, Skaper SD, Dal Toso R, Perrelli L, Leon A (1996) Nerve
growth factor: from neurotrophin to neurokine. Trends Neurosci 19: 514-520.
9. Hesselink JMK (2013) Professor Rita Levi-Montalcini on nerve growth factor,
mast cells and palmitoylethanolamide, an endogenous anti inflammatory and
analgesic compound. J Pain Relief 2: 114.
10. Aloe L, Leon A, Levi-Montalcini R (1993) A proposed autacoid mechanism
controlling masto cyte behavior. Agents Actions 39: C145-C147.
11. Serhan CN, Hong S, Gronert K, Colgan SP, Devchand PR, et al. (2002)
Resolvins: a family of bioactive products of omega-3 fatty acid transformation
circuits initiated by aspirin treatment that counter proinflammation signals. J
Exp Med 196: 1025-1037.
12. LoVerme J, La Rana G, Russo R, Calignano A, Piomelli D (2005) The search
for the palmitoylethanolamide receptor. Life Sci 77: 1685-1698.
13. Lo Verme J, Fu J, Astarita G, La Rana G, Russo R, et al. (2005) The nuclear
receptor peroxisome proliferator-activated receptor-alpha mediates the antiinflammatory actions of palmitoylethanolamide. Mol Pharmacol 67: 15-19.
14. Hesselink JMK (2015) The terms ‘autacoid’, ‘hormone’ and ‘chalone’ and how
they have shifted with time Auton Autacoid Pharmacol 35: 51-58.
15. Chandrasekharan JA, Sharma-walia N (2015) Lipoxins: nature’s way to resolve
inflammation. J Inflamm Res 181-192.
16. Tsuboi K, Ikematsu N, Uyama T, Deutsch DG, Tokumura A, et al. (2013)
Biosynthetic pathways of bioactive N-acylethanolamines in brain. CNS &
Neurol Disord Drug Targets 12: 7-16.
17. Spite M, Serhan CN (2010) Novel Lipid Mediators Promote Resolution of Acute
Inflammation. Circulation Research 107: 1170-1184.
18. Olutayo O, Chinthamani S, McCall A, Duffey ME, Baker OJ (2012) Resolvin
D1 prevents TNF-α-mediated disruption of salivary epithelial formation. Am J
Physiol Cell Physiol 302: C1331-C1345.
19. Cox R Jr, Phillips O, Fukumoto J, Fukumoto I, Parthasarathy TP (2015)
Resolvins Decrease Oxidative Stress Mediated Macrophage and Epithelial Cell
Interaction through Decreased Cytokine Secretion. PLoS One 10: e0136755.
20. Lu Y, Zhao LX, Cao DL, Gao YJ (2013) Spinal injection of docosahexaenoic acid
attenuates carrageenan-induced inflammatory pain through inhibition of microgliamediated neuroinflammation in the spinal cord. Neuroscience 241: 22-31.

Volume 1 • Issue 2 • 1000108

