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ABSTRACT

Cocoa has been reported to have medicinal
properties. It contains a wide range of phyto-
chemicals, including polyphenols, which have
been shown to exert anti-inflammatory and
antioxidant actions, and also to have a positive
effect on pain. Other components of cocoa
might be able to positively influence pain per-
ception through various mechanisms. Despite
encouraging results from preclinical studies,
there is a lack of evidence of antinociceptive
effects of cocoa from clinical trials in humans.
Further research is needed to better identify the
active principles in cocoa, to understand the
underlying mechanisms of action, and to
establish efficacy in humans.
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Key Summary Points

Cocoa and its derived products have been
described as potential medicines.

Cocoa contains a wide range of
phytochemicals. The main constituents
are methylxanthines and flavan-3-ols.

Different anti-inflammatory and anti-
nociceptive effects have been attributed to
compounds isolated from cocoa and other
plants.

We stated the possible relationship
between cocoa intake and anti-
inflammatory anti-nociceptive effects.

INTRODUCTION

Pain is a global public health problem. Effica-
cious pain treatment relies on effective drugs to
ensure an optimal analgesia with minimal
adverse effects. Because of the adverse reactions,
the physical dependence, and the tendency to
abuse observed with the available drugs, it
seems necessary to look for new molecules [1].

Since the 17th century, cocoa has been
reported to have medicinal properties and has
been used for various purposes, including the
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treatment of angina and heart pain [2]. A wide
variety of active compounds are present in
cocoa beans. Among them, methylxanthines
and flavan-3-ols (e.g., proanthocyanidins) are
well represented. There are also other classes of
polyphenols (such as flavonols, anthocyanins,
stilbenoids, and phenolic acid derivatives),
amides/amines, and alkaloids [3].

According to this, currently, catechin
polyphenols, anthocyanidins, and proantho-
cyanidins are considered the main cocoa com-
pounds with anti-inflammatory and anti-
nociceptive effects [4]. Therefore, this review
aims to resume the evidence regarding the anti-
inflammatory and anti-nociceptive effects of
cocoa flavonoids. This article is based on previ-
ously conducted studies and does not contain
any studies with human participants or animals
performed by any of the authors.

COCOA AND PAIN: EXPERIMENTAL
STUDIES

Furthermore, it has recently been observed that
the activation of trigeminal neurons and the
expression of proteins involved in nociception
in the ganglion and spinal cord were inhibited
by cocoa [5, 6]. A study conducted by Bowden
et al. [6] showed an inhibition of neurogenic
inflammatory orofacial pain in rats fed with a
diet rich in cocoa.

Further, a study conducted by Cady et al. [7]
showed how dietary cocoa administration was
able to increase the circulating levels of differ-
ent peptides with anti-inflammatory and anti-
nociceptive properties and on the other hand
counteracted the inflammation by inhibiting
the expression of pro-phlogogenic proteins and
neuronal sensitization [7].

Specifically, male Sprague–Dawley rats were
fed either a control diet or a cocoa-enriched diet
prior to injection of complete Freund’s adjuvant
(CFA) into the temporomandibular joint cap-
sule. CFA contains heat-killed mycobacteria
and, when injected, induces a painful long-
lasting inflammatory status, thus promoting
prolonged activation of trigeminal ganglion
neurons and glia. Cocoa stimulated an increase
in the glial expression of the glutamate

transport protein GLAST, which removes the
excitatory neurotransmitter glutamate from the
external environment around second-order
neurons. In the spinal trigeminal nucleus, cocoa
was also able to decrease the expression of cal-
citonin gene-related peptide (CGRP). In this
regard, several studies suggest how, at the glial
cell level, the release of CGRP is able to increase
cellular activation, resulting in an increased
production of proinflammatory molecules.
Similarly, CGRP was also shown to be able to
increase the synthesis of protein kinase A (PKA)
and purinoreceptor (P2X) 3, enhancing the
sensitization of nociceptive neurons also at the
level of the spinal glia. Cocoa repressed the
CFA-dependent increase in the levels of P2X
and PKA. Another important finding from this
study was that dietary cocoa increased the
expression of the anti-inflammatory protein
MAP kinase phosphatases 1 (MKP-1). MKP reg-
ulate the cellular responses mediated by the
mitogen-activated protein kinase (MAPK) and
are involved in inflammatory and nociceptive
processes. Furthermore, cocoa was able to
counteract the inflammation induced by
cytokines dependent by CFA and repress CFA-
induced expression of glial-fibrillary-associated
protein (GFAP) and OX-42, respectively, mark-
ers of astrocytes and microglia activation [7].

These results are in agreement with those
obtained in another study by Cady et al. [8], in
which rats fed a diet enriched in cocoa showed
elevated basal levels of the MAPK phosphatases
MKP-1 and MKP-3, therefore inhibiting the
neural peripheral flogosis mediated by MAPK.
Accordingly, dietary cocoa was reported to
repress the expression of the inducible nitric
oxide synthase (iNOS) and repress the basal
neuronal expression of CGRP.

As is known, iNOS is able to, when activated,
favor an increased production of NO, a funda-
mental free radical gas with effects in starting
and magnifying the inflammatory process and
pain [8]. It is probable that cocoa repression of
CGRP and iNOS expression involves upregula-
tion of MKP and inhibition of MAPK pathways,
since both CGRP and iNOS gene expression has
been shown to be regulated through multiple
pathways, including the MAPK pathways [8].
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Moreover, different compounds from cocoa
could be able to provide anti-nociceptive effects
by affecting neurons and glial cells [9, 10].
Supporting this hypothesis, flavonoids, by
repressing the nuclear factor k-light-chain-en-
hancer of activated B cells (NF-kB) and MAP
kinase pathways, seem to be able to decrease the
activation of the microglia and inhibit cytoki-
nes release [9, 10]. Flavonoids are also reported
to have a neuroprotective effect and to preserve
cognitive functions by acting against oxidative
stress and neuroinflammation [11].

POTENTIAL PAIN-MODIFYING
EFFECTS

Polyphenols

Evidence from folk medicine suggests that fla-
vonoids derived from medicinal plants may
have analgesic effects [1]. Evidence supports
that flavonoid glycosides have a wide variety of
biological activities, including anti-inflamma-
tory and analgesic activities, with few side
effects [12, 13].

The most represented polyphenols in cocoa
beans are proanthocyanidins (about 58% of the
polyphenol content), catechins (about 37%),
and anthocyanidins (about 4%) [14]. Quercetin,
clovamide, deoxyclovamide, and trans-resvera-
trol are also contained in cocoa beans [15].

There is abundant evidence that certain pro-
inflammatory cytokines, such as interleukin 1b
(IL-1b), IL-6, and tumor necrosis factor a (TNF-
a), play a specific role in the process of patho-
logical pain [16] and in both in vitro and in vivo
studies have reported cocoa’s ability to reduce
cytokines, chemokines, reactive oxygen species
(ROS), NO, and other molecules involved in
inflammatory response [17].

Cocoa extracts or isolated flavonoids have
shown anti-inflammatory properties in some
in vitro studies. A cocoa extract and some fla-
vonoids (epicatechin and isoquercitrin) reduced
macrophage secretion of TNF-a and monocyte
chemoattractant protein (MCP)-1. [18]. Simi-
larly, epicatechin suppressed the production of
IL-6 and IL-8 in stimulated whole blood cells
culture [19].

However, other in vitro studies have shown
that some oligomers were able to increase the
production of TNF-a, IL-1, and IL-6 in periph-
eral blood mononuclear cells under stimulation
with lipopolysaccharide [20, 21].

Aside from cytokines, cocoa can influence
other inflammatory molecules. NO production
was reduced by a cocoa extract, epicatechin,
and procyanidin B1 and B2 in stimulated mac-
rophages [22, 23]. Furthermore, cocoa and fla-
vonoids were found to reduce the generation of
ROS in various types of cells in vitro [24]. In
addition to this, in intestinal epithelial cells,
hexameric cocoa procyanidins have been
reported to modulate the activation of the
transcription factor NF-kB, mediated by TNF-a.
NF-kB regulates the expression of genes encod-
ing for molecules and enzymes involved in the
inflammatory process [cytokines, i-NOS,
cyclooxygenase 2 (COX-2), adhesion molecules,
acute phase proteins and others] [26].

Quercetin has been demonstrated to exert
anti-inflammatory, antioxidant, and analgesic
actions [27]. A wide spectrum of animal models
indicated that quercetin could increase the pain
threshold. Various mechanisms seem to be
responsible for the analgesic effects of querce-
tin, involving both the central and the periph-
eral nervous system. These mechanisms include
NO production, activation of c-aminobutyric
acid (GABA) and serotonin receptors, opioid-
like effects, and inhibition of transient receptor
potential cation channel subfamily V member 1
(TRPV-1)/NMDA receptors, cytokine produc-
tion, and oxidative stress [27, 28] (Fig. 1).

Clovamide(N-caffeoyl-3-O-hydroxytyrosine),
a typical example of the class of the N-phenyl-
propenoyl-L-amino acids, is structurally similar
to rosmarinic acid, a phenolic compound with
anti-inflammatory properties (inhibition of:
oxidative burst, cytokine secretion, and NF-kB
activation) [3, 29].

These findings suggest that the pain-reliev-
ing action of cocoa may be predominantly due
to the anti-inflammatory effect of its polyphe-
nols. These compounds may also act through
the modulation of opioidergic mechanisms and
by interfering with GABAergic systems and NO
pathways (Fig. 1).
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Methylxanthines

The most important methylxanthines repre-
sented in cocoa are caffeine and theobromine
[30]. According to this, different analgesic
drugs, particularly those containing acet-
aminophen and aspirin, contain caffeine [31].

In preclinical studies, caffeine has been
shown to exhibit several effects on nociception,
depending on dose, nociceptive test, stimulus
intensity, and species. The action of some
analgesics (acetaminophen, amitriptyline,
oxcarbazepine, cizolirtine) is inhibited by low

doses of caffeine. The underlying mechanism
might be the block of central adenosine A1
receptors [31]. At higher doses (approximately
15–45 mg/kg), caffeine augments antinocicep-
tion by acetaminophen and others non-ster-
oidal anti-inflammatory drugs (NSAIDs) and
produces intrinsic antinociception in some
preclinical models. At even higher doses
(50–100 mg/kg), it shows an intrinsic antinoci-
ceptive action in a wide range of tests. The
systems involved in the antinociceptive action
include the role of the central cholinergic and
noradrenergic pathways as well as the blockade

Fig. 1 Cocoa for pain relief. The figure resumes all the
putative mechanisms involved in the anti-inflammatory
and anti-nociceptive effects of cocoa by compounds:

polyphenols [23–29], methylxanthines [32, 33], N-
acylethanolamines [34–36], biogenic amines [36–38],
alkaloids [39–42], and tryptophan [43–48]
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of the central adenosine receptors A2B and A2A,
and of the microglial COX [32].

Various evidence in this sense suggests how
paracetamol and NSAIDs with added caffeine
can act with an adjuvant effect on intrinsic
analgesia in different headache conditions. In
this regard, antinociceptive action within the
headache is thought to involve modulation of
central blood flow [32].

Mechanisms implicated in anti-nociceptive
and adjuvant effects involve inhibition of central
adenosine A2B (and possibly A2A) receptors,
inhibition of COX in microglia, engagement of
central cholinergic systems, and involvement of
central noradrenergic systems [32].

Clinical studies with caffeine have indicated
adjuvant analgesic actions in combination with
acetaminophen and NSAIDs and intrinsic anal-
gesia in several headache conditions. Efficacy in
headache states may involve alterations in
central blood flow [32].

All of these findings suggest that cocoa might
act as a modulator of painful sensations also by
virtue of its methylxanthine content (Fig. 1).

Anandamide

In almost all the steps of the pain pathway,
cannabinoid receptors and ligands have been
described as having a pivotal role [33].

The two most abundant N-acylethanolami-
nes found in chocolate (N-oleoylethanolamine
and N-linoleylethanolamine) are reported not
to activate brain cannabinoid receptors, but to
inhibit anandamide degradation, thus causing
the accumulation of non-metabolized anan-
damide at its sites of action [34]. Anandamide,
an endogenous cannabinoid, is only present in
small concentrations and, in addition, is
unstable [35]. The efficacy in vivo of these
compounds needs further investigations [35].

This highlights that the opioid pathway is
also one of the possible mechanisms by which
cocoa may exhibit its analgesic action (Fig. 1).

Biogenic Amines

The psychoactive constituents of cocoa include
biogenic amines, such as tyramine and

phenylethylamine (PEA), which are only pre-
sent in low concentrations [36].

A large amount of evidence indicates that a
possible neuromodulator of the aminergic
synapses may be represented by the PEA. With
regard to this, in fact, in the event of depres-
sion, it has been observed that the main
metabolite of PEA, represented by phenylacetic
acid, is reduced in the biological fluids of
patients affected by this pathological condition
[37].

A possible diatribe also sees the relationship
between cocoa and PEA as a possible causal
condition of migraine. Brain PEA may be a
neuromodulator of aminergic synapses. Pheny-
lacetic acid, the main metabolite of PEA, is
decreased in the biological fluids of depressed
subjects [37].

One interesting controversy around choco-
late and PEA is the question of whether choco-
late can cause migraines and whether this may
be due to PEA. In fact, there are other foods
containing PEA, tyramine, or histamine (for
example cheese and wine), which are also sup-
posed to trigger migraines. However, results
among various studies are inconclusive and the
relationship between chocolate and migraines
still has to be clarified [38] (Fig. 1).

Alkaloids

Cocoa also contains salsolinol, up to a concen-
tration of 25 lg/g. This tetrahydroisoquinoline
alkaloid is a dopaminergic active compound
[39].

In particular, salsolinolis referred to bind to
the dopamine D3-receptor involved in the
reward system [3]. Moreover, it seems to be able
to activate l-opioid receptors on GABAergic
neurons in rats [40]. However, it has a poor
ability to cross the blood–brain barrier [41]. The
analgesic action of salsolinol seems to also
involve a peripheral mechanism [42] (Fig. 1).

Tryptophan

Chocolate contains serotonin (5-HT) and its
precursor, tryptophan (TRP) [43]. Selective
serotonin reuptake inhibitors (SSRIs), which
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increase serotonin levels in the brain, are
effective antidepressants. They are currently
also used for the management of chronic pain.

Seltzer et al. [44] showed an improvement in
pain tolerance and mood after TRP supple-
mentation in healthy subjects. Despite these
findings, acute TRP depletion seemed not to
affect cold pressure pain in a study by Abbott
et al. [45], which also demonstrated that acute
TRP depletion was able to inhibit morphine-
induced analgesia. These findings suggested a
complex role of 5-HT in the modulation of pain
[45]. Research by Martin et al. [46] found that
acute TRP depletion decreased both heat pain
tolerance and threshold. Furthermore, acute
TRP depletion was reported to decrease brain
5-HT levels, and to increase visceral perception
and negative emotional bias in patients with
irritable bowel syndrome [47].

Because of its content in 5-HT and TRP,
cocoa might influence the perception of pain, as
the neurotransmitter serotonin is involved in
the molecular mechanisms underlying pain
transmission and mood regulation [48] (Fig. 1).

FUTURE PERSPECTIVES
IN TREATMENT OF PAIN

To date, the pharmacological approaches to
treat neuropathic pain (NP) are not encourag-
ing. To improve the current knowledge on NP
and its underlying mechanisms and to discover
new therapeutic molecules, several animal
models of NP have been generated [49].

Flavonoids are considered a promising alter-
native to alleviate NP, especially because of
their anti-inflammatory properties [50].

From this point of view, quercetin is an
extremely interesting molecule, because it
interferes with peculiar biological pathways
involved in inflammation process [50]. In fact,
quercetin has demonstrated a good ability to
reduce the expression of various interleukins
(such as IL-6 and IL-2) and also iNOS, NF-jB,
p38 MAPK, and TNF-a levels. In addition to this,
quercetin has been shown to attenuate heat
hypersensitivity and mechanical allodynia and
also to reduce pronociceptive cytokine produc-
tion and the oxidative imbalance of

inflammatory pain. Quercetin chronic treat-
ment has been able to ameliorate cold allodynia
as well as hyperalgesia. Quercetin has also been
evaluated in treating cancer pain, demonstrat-
ing a good analgesic activity in Ehrlich tumor-
induced hyperalgesia [50].

Epigallocatechin-3-gallate (EGCG), the most
important tea catechin, has been reported to be
able to relieve pain through its anti-inflamma-
tory and antioxidant activity [49]. EGCG has
been described to have antinociceptive actions
and to exert beneficial effects on neuronal
damage in animal models, with a positive
influence on peripheral nerve injuries, thermal
hyperalgesia, and diabetic neuropathy. EGCG
seems to interfere with different molecular sig-
naling pathways involved in NP. Furthermore, a
possible role of EGCG in ameliorating bone
cancer pain has been shown [49].

Other polyphenolic compounds have been
reported to exert beneficial effects on NP, such
as hesperidin [51], diosmin [52], naringenin
[53].

Although there is increasing evidence from
preclinical studies of analgesic properties of
flavonoids, there are not at present clinical trials
supporting these results in humans. Therefore,
further research is needed [49].

The reported results on cocoa suggest that
putative pathophysiological mechanisms
specifically involved in pain might be positively
affected and modulated by cocoa flavonoids.
Starting from this point of view, further
research should be addressed to this topic aim-
ing to support clinical evidence on the peculiar
anti-nociceptive effects of cocoa.

CONCLUSIONS

Cocoa is a flavonoid-rich food with worldwide
popularity. Results from epidemiological, pre-
clinical, and human intervention studies sug-
gest that cocoa may exert positive effects in
various chronic pathologies, such as cardiovas-
cular diseases and other conditions related to
inflammation and oxidative stress (Fig. 1).

Pain is a global public health problem and
constitutes one of the most significant societal
issues in both cost and suffering.
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Many plants containing polyphenols have
been commonly used in popular medicine to
relieve pain. Flavonoids have been demon-
strated to have antinociceptive properties and
they might be useful for the development of
new natural analgesics.

The two studies by Cady et al. [7, 8] men-
tioned above are extremely interesting because
they demonstrate a possible action of dietary
cocoa in relieving pain, and provide novel
mechanistic data about the effects of cocoa in
relevant animal models.

However, further research is needed to better
identify the active principles in cocoa, to
understand the underlying mechanisms of
action, and to establish efficacy in humans.
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