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Abstract

Chronic pain is a serious concern for the healthcare system, considering the high public expense.
Many drugs, such as opioids, non-steroidal anti-inflammatory drugs, amitriptyline, duloxetine, and
pregabalin, can be used considering the type of pain (nociceptive, neuropathic, or nociplastic). This
is because prescription drugs have a significant negative impact on patient health and the economy,
increasing the risk of drug interactions and side effects. Nutraceuticals/supplements may be useful
to reduce safety issues, particularly in elderly patients. A new fixed nutraceutical formulation
containing lycopene (Solanum lycopersicum), sulforaphane (Brassica oleracea), silymarin (Silybum
marianum), reduced glutathione, escin (Aesculus hippocastanum), tryptophan, and green tea (Camellia
sinensis) can be used to manage the pain even if its action on pain has not been proved in clinical
trials. Nevertheless, the evidence of a strong anti-nociceptive effect by escin and green tea, alongside
the antioxidant and anti-neuropathic pain properties of other components, may be useful as adjuvant
therapy to reduce drug dosage and prescription. Additionally, patients in polytherapy may benefit
from the presence of two hepatoprotective compounds, such as glutathione and silymarin. The aim
of this narrative review is to evaluate the data available on both efficacy and safety of the described
nutrients in the management of pain.

Keywords: chronic pain; nutrients; antioxidants; safety; interactions

1. Introduction

The International Association for the Study of Pain (IASP) defines chronic pain as an unpleasant
sensory and emotional experience associated with, or resembling that associated with, actual or
potential tissue damage [1]. Chronic pain has a prevalence of 20% in Western World [2] and it can be
classified as nociceptive (tissue or potential tissue damage), neuropathic (disease or injury affecting
the nervous system) and nociplastic (in absence of tissue or nerve damage but with persistent
activation of the nociceptive system) [3,4]. Drug prescription for chronic pain management is useful
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for symptom management; in particular: i) opioids modulating opioid receptors , k and O they are
commonly used for both nociceptive and neuropathic pain [5-7]; ii) antidepressants (e.g.
amitriptyline and duloxetine) increasing serotonin and norepinephrine levels decrease neuropathic
pain and improve mood disorders [8,9]; iii) gabapentinoids (e.g. gabapentin and pregabalin) acting
on a2d subunit of voltage gated calcium channels improve neuropathic pain [10,11]. Finally, non-
steroidal-anti-inflammatory drugs (NSAIDs) inhibits cyclooxygenases (COX) 1 and 2 enzymes,
reducing nociceptive and inflammatory pain. Paracetamol (acetaminophen), an atypical NSAID, has
a centrally located mechanism of action on COX shows antinociceptive properties [12,13].

Nevertheless, opioids, antidepressants, anti-epileptics and /or NSAIDs could induce side effects
and/or drug interactions, particularly in both elderly and poly-treated patients [4]. Opioids are
characterized by tolerance, dependence, abuse and by the insurgence of a high number of side effects
including stypsis, and confusion [7,14]. Other central acting drugs including gabapentin, pregabalin,
serotonin and norepinephrine reuptake inhibitors (SNRI), amitriptyline determine dizziness and
confusion [13,15,16]. Amitriptyline acts on multiple receptors including H1, al and M1 receptors
causing several side effects including drowsiness, weight gain, hypotension, QT increase, urinary
retention [17]. Gabapentin and pregabalin need judicious monitoring of estimated glomerular
filtration rate (eGFR) since they are mainly eliminated by kidney [16]. Duloxetine may increase blood
pressure and is a major cytochrome (CYP450) 2D6 inhibitor [8]. Drugs like NSAIDs can induce
bleeding, gastrointestinal, renal, and cardiovascular side effects, whereas paracetamol liver
insufficiency [18-20]. In this context, nutraceuticals may strengthen drugs” action and allow to reduce
the dosage of pharmaceuticals [21,22]. Nutraceuticals are derived from plants or foods, generally
characterized by adjuvant activity. The term “nutraceutical” describes “a food or part of a food,
such as a dietary supplement, that has a medical or health benefit, including the prevention and
treatment of disease”. Despite the presence of several substances used as nutraceutical supplement
in pain management, including palmitoylethanolamide (PEA), alpha-lipoic acid and acetyl-L-
carnitine, in this narrative review, we describe the role of new substances that could be involved in
chronic pain management, such as lycopene (Solanum lycopersicum), sulforaphane (SFN, Brassica
oleracea), silymarin (Silybum marianum), reduced glutathione, escin (Aesculus hippocastanum),
tryptophan and green tea (Camellia sinensis) [23], could be used. Lycopene is a natural pigment of the
carotenoid family, easily found in fruits and vegetables, especially tomatoes. It exerts antioxidant,
anti-cancer and anti-inflammatory action. Lycopene seems to have several potential benefits in
cardiovascular illnesses and cancer. It could be potentially useful in patients with prostatic cancer,
benign prostate hyperplasia (BPH), diabetes and obesity [24,25]. Silymarin (Silybum marianum) is a
flavonolignan complex. This compound exerts several actions including hepatoprotective,
hypocolesterolemic, antioxidant, anti-inflammatory and anticancer properties [26]. Reduced
glutathione (GSH) has anti-oxidant and hepatoprotective effects, through the transformation of
hydrogen peroxide in water [24,27]. Escin (Aesculus hippocastanum) is used in blunt trauma or venous
insufficiency, for its anti-oedema and anti-inflammatory properties. Its action is dependent from
triterpene saponins and has glucorticoid-like activity, reducing pain and swelling [28]. Sulforaphane
is present in cabbage, broccoli, and Brussels sprouts. It has anti-inflammatory, anti-cancer, and
antioxidant effects. Its properties appear to be beneficial for patients with urological comorbidities.
The mechanisms of its actions seem to include the inhibition of phase I metabolic enzymes and the
arrest of the cell cycle in the G2/M and G1 phases, which contribute to its antioxidant and anticancer
effects. [24,29]. Tryptophan is an essential amino acid that the human body cannot produce and must
be obtained through diet. This compound offers various potential benefits, including the modulation
of mood, sleep, chronic pain, attention, and social functioning. As a precursor to serotonin,
tryptophan plays a key role in regulating these functions and the symptoms associated with their
pathological disruptions [30].

Green tea, a widely recognized commercial product, exerts its effects through plant polyphenols,
with epigallocatechin-3-gallate (EGCG) being the most significant. This extract provides a range of
beneficial effects, including antioxidant, cardiovascular, muscular, and anti-cancer properties. Its
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mechanisms of action are diverse, encompassing the inhibition of mutagenesis, transformation,
angiogenesis, genotoxicity, cell proliferation, and more. Multiple targets may be involved in these
processes. [31,32].

Despite the presence of several nutraceuticals/supplements available on market, their clinical
efficacy is often suboptimal due to low dosage of single components and absence of clinical
randomized trials. In this narrative review we aim to outline the pharmacological characteristics of a
new fixed combination nutrient and demonstrate how it might be used to treat chronic pain collecting
the available evidence for each single component.

2. Referent Scientific Databases

The PubMed, Embase, and Cochrane library databases were searched for articles published until
17 March 2025. Publications found using the primary search's reference lists were included in the
secondary search. Before the full-text articles were obtained for eligibility assessment, the records
were first filtered by title and abstract. After then, all reference lists were searched for citations in the
remaining publications. Papers were deemed eligible if they included any of the words “pain,”
tryptophan,
“lycopene.” All citations were downloaded into Mendeley, and duplicates were deleted. After the

a i i s i i

“nutraceuticals,” “escin,” “sulforaphane,” “glutathione, green tea,” “silymarin,” or
initial round of exclusions, the full-text articles were retrieved and subjected to two separate
eligibility checks to prevent bias of exclusion. The current review includes the research that was
deemed eligible. Manuscripts that lacked complete texts, showed no signs of pain-related effects, or

were not in English were excluded.
3. Pharmacological Effects on Pain

3.1. Lycopene (Solanum lycopersicum) and Glutathione

In an experimental model of diabetic neuropathy induced by streptozotocin, Kuhad et al. [33]
showed that lycopene reduces hyperalgesia through Tumor Necrosis Factor (TNF)-a and nitric oxide
(NO) inhibition. The authors also consider COX 2 inhibition as another possible mechanism of
lycopene’s action in this setting. In agreement, Sengupta et al. [34] reported in experimental study
that diallylsulfide, lycopene and theaflavin have an antioxidative effects able to reduce colon
carcinogenesis. The effect was related to the reduced expression of cyclooxygenase-2 and inducible
nitric oxide synthase.

Zhang et al. [35], documented, in experimental models of peripheral nerve injury, that repeated
intrathecal lycopene administration improved neuropathic pain. In this model, the increase of TNF-
« associated with damage resulted in the downregulation of connexin 43 (Cx43) in astrocytes. This
protein plays a role in both gap-junction formation and pain transduction. Lycopene reverts this
mechanism, restoring the expression of Cx43. In experimental models, Lu et al. [36] found that
lycopene can slow down disc degeneration by changing Nuclear factor (erythroid-derived 2)-like-2
factor (N1f2) and lowering oxidative stress. Additionally, this compound decreases damage to the
extracellular cartilage matrix of nucleus pulposus cells. These findings could have positive
implications for the management of both cervical pain and low-back pain.

Moreover, Yin et al. [37], in an experimental model of burn injury, observed the increase of
mechanical pain threshold in the dorsal horn after lycopene administration. These authors
documented, in the lycopene-treated group, an increased expression of mammalian target of
rapamycin (mTOR), glial fibrillary acidic protein (GFAP), p4EBP, ionized calcium-binding adapter
molecule (Iba) 1 decreased and sirtuin (SIRT) 1. Shen et al. [38], reviewing data from experimental
models of neuropathic pain in the literature, found that lycopene decreased cold and heat
hyperalgesia and increased GSH, superoxide dismutase (SOD), and catalase (CAT). In an animal
model, Goel et al [39] showed that lycopene reduces both cold and thermal hyperalgesia, oxidative
stress and neurological damage including demyelination and swelling. In agreement, Hu et al. [40],
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reported that lycopene administration in animal model of neuropathic pain, enhances limb motility,
most likely via lowering oxidative stress and cell-apoptosis.

Additionally, lycopene has a neuroprotective effect on microglia in experimental settings as
shown by Hsiao et al. [41]. These authors, analyzing the effect of lycopene in microglia cell culture
stimulated by lipopolysaccharide, showed a neuroprotective effect. The authors highlighted the
importance of dietary lycopene, which they believe to be the most powerful antioxidant on the
market, in nutraceuticals.

Despite the absence of dedicated papers on reduced glutathione and pain, a significant role of
autophagy impairment/modulation and oxidative stress has been described in experimental models
of neuropathic pain [42]. Therefore, we can suppose that the administration of glutathione may be
useful to eventually contrast pain related to oxidative stress (see also the Lycopene section).

3.2. Silymarin (Silybum marianum)

Only a few data about silymarin's specific action in pain have been published.

Hassani et al. [43], showed in experimental models that intraperitoneal silymarin prevents
formalin-induced nociception, through the inhibition of prostaglandin E2 (PGE2), leukotrienes, NO,
interleukin (IL) 1-8 and TNF-a. Silymarin is also a scavenger, and this may account for its beneficial
properties. In contrast the authors documented that silymarin has not effect in experimental models
of nerve injury (neuropathic pain).

Zugravu et al. [44] in a double-arm study with 122 rheumatoid arthritis patients, evaluated the
antinociceptive and anti-inflammatory effects of silymarin as an add-on treatment to conventional
disease-modifying antirheumatic drugs. The oral administration of silymarin improved patients’
clinical conditions in terms of morning stiffness, pain (both intensity and duration), disease activity,
the number of tender and sensitive joints, functional status, and mood. On the other hand, there was
no discernible improvement in inflammatory markers. In a clinical study, in patients with
Rheumatoid Arthritis, Elahi et al., documented that a three-month treatment with silymarin (3 doses
of 140 mg/day) induces a decrease on high-sensitivity C-reactive protein levels suggesting that
Silymarin could be used as an adjuvant in the treatment of rheumatoid arthritis [45].

3.3. Escin (Aesculus hippocastanum)

Escin exerts its antinociceptive actions through different mechanisms: 1) Increase of
glucocorticoid receptor (GR) expression, with glucocorticoid-like activity; 2) inhibition of nuclear
factor kappa-light-chain-enhancer of activated B cells (NF-kB) and hyaluronidase, which explains the
anti-inflammatory and anti-edema activity; 3) inhibition of the bradykinin pathway [28,46];
protection of the endothelium from hypoxic damage through reactive oxygen species (ROS)
reduction, platelet endothelial cell adhesion molecule-1 (PECAM-1) expression modulation,
phospholipase A2 expression, leukotriene B4, and neutrophil adhesiveness decrease [28,46,47].

Several studies on nociceptive pain (and particularly blunt trauma) have been published [46—
49]. Wetzel et al. [50] analyzing the effect of escin-containing gel (1% or 2%) in 158 patients with sport
trauma, documented that escin gel produced faster tenderness and pain reduction.

Despite escin’s principal effect in nociceptive pain, Zhang et al. [51], investigated its efficacy in
an experimental model of neuropathic pain induced by chronic constriction injury (CCI) of the sciatic
nerve. In this study, the administration of escin for 14 days resulted in neuropathic pain improvement
through the increasing of thermal threshold, the downregulation of TNF and IL18, toll-like receptor
4 (TLR4), NF-«B, glial fibrillary acidic protein (GFAP), and nerve growth factor (NGF).

3.4. Tryptophan

The tryptophan pathway and metabolites play a role in pain modulation [52]. In particular,
damage and potential harms on the tryptophan-kynurenine pathway are co-players in chronic pain
insurgence and persistence, particularly in nociplastic pain [52]. Despite this observation,
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norepinephrine, but not serotonin (of which tryptophan is a precursor), is involved in pain
improvement. Therefore, SNRI and not selective serotonin reuptake inhibitors (SSRI), are used in the
treatment of neuropathic pain. However, some guidelines suggest using SSRIs to modulate
behavioural symptoms in patients with fibromyalgia [4,53,54]. King [55], in five patients managed
with oral tryptophan, observed an improvement in pain symptoms and sensory deficits following
rhizotomy and cordotomy. Schweiger et al., [56] reported that a nutraceutical containing tryptophan
plus vitamin D, coenzyme Q10, alpha-lipoic acid, and magnesium, showed a statistically significant
pain improvement in patients with fibromyalgia, 1 and 3 months after the beginning of the treatment.

These data suggest that tryptophan supplementation play a role in pain modulation, particularly
in nociplastic pain [24,56].

3.5. Green Tea (Camellia sinensis)

Green tea has anti-inflammatory, anti-nociceptive, and antioxidant effects. Epigallocatechin-3-
gallate (EGCG), the main component of green tea, provides nociceptive pain-relieving properties by
inhibiting the expression of genes that generate inflammatory cytokines. According to preclinical
studies, green tea is clinically effective in alleviating nociceptive pain, especially that which is brought
on by rheumatoid arthritis and osteoarthritis [57].

In a double-blind, placebo-controlled, randomized clinical trial, Eshghpour et al. [58] found that
green tea lowers the mean VAS value and the amount of analgesics used after surgery in 44 patients
who had third molar surgery, without any adverse effects.

In an open-label randomized clinical trial, 50 knee osteoarthritis patients were randomly
assigned to receive diclofenac tablets alone or diclofenac plus green tea tablets [42]. In comparison to
the diclofenac alone group, individuals treated with diclofenac + green tea shown statistically
significant improvements in Visual Analogue Scale (VAS) pain, total Western Ontario and McMaster
Universities (WOMAC), and WOMAC physical function. Gastrointestinal side effects were observed
by just one subject. Inflammatory cytokines were successfully decreased by epigallocatechin-3.
Weight loss associated with green tea could be another potential (although small) advantage.

Additionally, green tea extracts are quite effective topically for nociceptive pain, particularly
when combined with other therapies. We showed that the combination of high-intensity pulsed
magnetic fields (PEMFs) and a topical cream containing devil’s claw, green tea, and arnica effectively
reduced low back pain [57]. PEMFs may vehiculate this compound deeply, leading to increased
therapeutic efficacy. In this study, the treatment induced a statistically significant decrease of NRS
(from 7.59 +2.49 to 1.90 + 2.26).

Numerous experimental research have been carried out in neuropathic pain models in addition
to its well-known effectiveness in nociceptive pain. Neuronal nitric oxide synthases (nNOS)/NO,
chemokine (C-X3-C motif) ligand 1 (CX3CL1), Janus kinase (JNK), NF-«B, and TNF-a are the primary
targets that epigallocatechin-3 modulates in experimental models. The reduction of CX3CL1,52,
which affects the microglia-neuron networking, decreased thermal hyperalgesia, suggesting that
epigallocatechin-3 acting on nNOS/NO lessens allodynia. Lastly, hyperalgesia and pain perception
are effectively reduced by the action of epigallocatechin-3 on JNK and NF-«B. [59].

3.6. Sulforaphane (Brassica oleracea)

The anti-inflammatory and antioxidant effects of SFN have been observed in experimental
models. Among the most important targets Nrf 2, IL-1f3, TNFa, and calcitonin gene-related peptide
(CGRP) have been described [60].

In an animal model of chronic constriction injury (CCI)-induced neuropathic pain, Wang and
Wang [61] found that intraperitoneal SFN reduced inflammatory cytokines and decreased pain and
allodynia in a dose-dependent way. The administration of naloxone reduced the effects of SFN on
behavioral sensitivity without altering the levels of inflammatory cytokines. The authors found that
administering SFN enhanced the expression of p-opioid receptors, most likely due to a selective effect
on neurons rather than immune cells. Similar outcomes regarding the reduction of inflammatory
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modulators were seen in other neuropathic pain models, such as diabetic neuropathy [62,63]. In
agreement, Redondo and colleagues [64] reported that the administration of SFN (5 and 10 mg/kg)
reduced inflammatory pain and improved the analgesic effects of morphine by preventing oxidative
stress and inflammatory reactions brought on by peripheral inflammation. This suggests that SFN,
both by itself and in combination with morphine, may be a novel treatment option for chronic
inflammatory pain.

Lucarini et al. [65] provide further insights on SFN’s action in neuropathic pain induced by
oxaliplatin. They showed, in a preclinical study, an involvement of hydrogen sulfide (H,S) release
and the modulation of potassium Kv7 channels by isothiocyanates. Therefore, the neuroprotective
effects of SFN as well as its effects on neuropathic pain could be related to the decrease of reactive
oxygen species (ROS) and inflammation as well as to the activation of potassium channels induced
by st.

The authors showed in a preclinical investigation that isothiocyanates cause the emission of
hydrogen sulfide and modulate potassium Kv7 channels. Therefore, the effects of SFN in neuropathic
pain modulation may be associated with the activation of potassium channels and the reduction of
ROS and inflammation.

Guadarrama-Enriquez et al. [66] evaluated the effects of intraperitoneal SFN in an experimental
model of edema and nociceptive pain. Antinociceptive effects were evaluated with the plantar test.
The compound showed central and peripheral action, and its efficacy was comparable to NSAIDs or
opioids (i.e., tramadol, ketorolac, and indomethacin). The authors report that SFN works similarly to
one of the most potent NSAIDs, ketorolac, by inhibiting COX-2, the nucleotide-binding domain, the
leucine-rich-containing family, pyrin domain-containing (NLRP) 3, IL-6, IL-1f3, NF-kB, and maybe
other inflammatory cascade targets. It is noteworthy that variations in myrosinase activity, an
enzyme triggered by simple chopping or chewing, are responsible for variations in SFN
bioavailability among various human Brassica oleraceae varieties.

Finally, Lu et al. [67] highlighted the action of SFN in delaying intervertebral disc degeneration
through the activation of Nrf-2. Sulforaphane, increasing Nrf2 entry in the nucleus, determined the
increase of heme oxygenase-1 (HO-1) and therefore an increased clearance of ROS. Sulforaphane
increases Nrf-2 transcription, decreasing the methylation of the initial 15 CPGs of the Nrf-2 promoter.
Another SEN mechanism of action is the prevention of Kelch-like ECH-associated protein 1 (Keap1)
binding with Nrf-2 (chemical modification of cysteine residues (mainly cys151) of Keap1. This leads
to a reduced ubiquitination/degradation of Nrf-2, with an increase of its beneficial effect.

The mechanism of action of each component is summarized in Table 1 and Figure 1.

Table 1. Mechanism of action of each nutraceutical component.

Compound | Mechanism References
Lycopene TNF-a and NO inhibition. [33]
COX 2 inhibition [33]
Restoring the expression of Cx 43 [35]
Modulation on Nrf2 and autophagy modulation [36]

Reduced glial activation. Decrease of the expression of | [37]
markers like pS6, mTOR, GFAP, p4EBP, Iba 1 and SIRT
1.

Reduction of thermal and cold hyperalgesia, increase of | [38]
CAT, GSH, SOD, MDA levels and signs of
histopathological nerve damage, reduction of cell

apoptosis.

Neuroprotective effect on microglia [41]
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Silymarin Inhibition of PGE2, leukotrienes, NO, cytokines | [43]
production IL 1-8 and TNF-«a reduction, and neutrophils
infiltration. Silymarin is also a scavenger, and this may

account for its beneficial properties.

Reduced Antioxidant effects [42]

glutathione

Escin Glucocorticoid like activity with inhibition of NF-xB and | [47]
hyaluronidase
Action on bradykinin pathway [28]
Antioxidant effect and endothelium protection [46,68]
Downregulation of TNF and IL1fs, TLR4, NF-«kB, GFAP | [51]
and NGF.

Targeting of MMP9, SRC, PTGS 2, and MAPK 1, PKC, the | [46,69]
T-cell receptors signaling pathway, TRP channels, and
TNE.

Tryptophan | Improvement of pain related dysfunction including | [56]

mood disorders and insomnia, acting on serotonin
pathway

Green tea Inhibition of PMNs, NADPH-oxidase, myeloperoxidase, | [59]
and to favor scavenging of superoxide anions.

Inhibition of nNOS/NO; CX3CL1, JNK, and NF-«xB; TNF- | [59]

a.
Sulforaphane | Inhibition of Nrf 2, IL-13, TNFa, COX-2, NLRP 3, NF-«B | [60]

and CGRP

Increase of 1L-10 [66,67]

Increase of u opioid receptor expression [61]

Inhibition of the release of H2S and of potassium Kv7 | [65]

channels activation

CAT, catalase; CGRP, calcitonin gene-related peptide; Cx, connexin; COX, cyclooxygenase;
H2S, hydrogen sulphide; CX3CL1, chemokine (C-X3-C motif) ligand 1; GFAP, glial
fibrillary acidic protein; GSH, reduced glutathione; IL, interleukin; Ibal, ionized calcium-
binding adapter molecule 1; INK, Janus Kinase; MAPK, mitogen-activated protein kinase;
MMDA, malondialdehyde; MMP, metalloproteinase; mTOR, mammalian target of
rapamycin; NADPH, Nicotinamide Adenine Dinucleotide Phosphate Hydrogen; NGF,
nerve growth factor; NF-xB, Nuclear factor kappa-light-chain-enhancer of activated B cells ;
NLRP, nucleotide-binding domain, leucine-rich—containing family, pyrin domain—containing;
NO, nitric oxide; NOS, nitric oxide synthase; Nrf2, Nuclear factor erythroid 2-related factor
2; PG, prostaglandin; PMN, polymorphonuclear leukocytes; PKC, protein kinase C; PTGS,
prostaglandin-endoperoxide synthase; SIRT1, sirtuin 1; SOD, superoxide dismutase; SRC,
Steroid Receptor Coactivator; TLR4, toll-like receptor 4, TNF, Tumor Necrosis Factor; TRP,

transient receptor potential.
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Figure 1. Structure of nutrients. The components display different effects: Escin, epigallocatechin-3-gallate,
sulforaphane and silymarin exert an antioxidant and anti-inflammatory effect. Glutathione and silymarin act
as hepatoprotective substances, with glutathione being also an antioxidant. Tryptophan is an adjuvant for side

effects associated with pain.

4. Discussion

Pain is a complex and subjective symptom, strictly imbricated with lifestyle and behavioral
impairment. Its pathogenesis is various and not completely known, involving several mechanisms
including inflammation, damage to nervous system and persistent sensitization [3,70,71]. Multiple
treatments are available to manage this clinical condition [4,53,72,73].

In this context, the role of nutraceuticals appears to be very useful to reduce drugs prescription.
The global nutraceuticals market size was valued at USD 712.97 billion in 2023 [74]. Patients are
constantly pursuing therapeutic options that are safe, due to the increasing diffidence to drug
prescription and consumption and the high number of drugs consumed, especially by the elderly.
[75,76]. We describe a new possible nutraceutical association in pain treatment. Nevertheless, the
nutraceuticals/supplement that are more commonly used in this clinical setting are different.
Palmitoylethanolamide is an endogenous fatty acid amide, and lipid modulator. It enhances the
effects of endocannabinoids or phytocannabinoids acting on peroxisome proliferator-activated
receptor (PPAR-a), transient receptor potential vanilloid type 1 (TRPV1, allosteric modulation), G
protein-coupled receptor 55 (GPR55), and cannabinoid receptors. Furthermore, it mitigates the
activity of inflammatory enzymes and inhibits mast cell degranulation [77].

Acetyl-l-carnitine is a neuroprotective and neurotrophic molecule, particularly effective in
neuropathic pain [78,79]. It is both a drug and a nutraceutical depending on the dosages. This
endogenous substance modulates pain through different actions: antioxidant activity, an increase of
mitochondrial function and repair factors such as nerve growth factor (NGF), activation of
metabotropic glutamate receptor 2 (mGlu2) and of NF-kB and increasing the expression of mGlu2.

Alpha-lipoic acid is a substance found in red meats, vegetables, and potatoes. It has antioxidant
effects, neuroprotective effects through the Protein kinase B (PKB) pathway, and NF-kB inhibitory
activity [80,81].

All these compounds show good clinical efficacy in pain modulation [79,81,82] with an excellent
safety profile. Nevertheless, the available combination of nutraceuticals created by pharmaceutical
industries is numerous, and no head-to-head comparison of these products exists.
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To prescribe the appropriate nutraceutical in certain clinical circumstances, it may be very
helpful to undertake clinical research comparing the effectiveness of various chemicals in nociceptive,
nociplastic, and neuropathic pain. Similarly, a good therapeutic pharmacological approach is not
possible in the absence of high-quality human pharmacokinetics investigations. Since nutraceuticals
are subject to less stringent regulations than pharmaceuticals, they frequently lack evidence on
pharmacokinetics and efficacy in real-world settings, despite having generally acceptable safety
standards. Actually, only safety evaluations are often needed by the European Food Safety
Authority (EFSA) and other international organizations. The bioavailability, half-life, and other
pharmacokinetic properties of the same chemical may vary depending on the nutraceutical
formulation. Additionally, a number of nutraceuticals are derived from plants that typically include
many components, making it difficult to isolate the active ingredient. [83,84].

Due to its antioxidant, anti-inflammatory, and neuroprotective properties as well as its
hepatoprotective effects, a new formulation that contains silymarin, green tea, tryptophan, escin,
lycopene, SEN, and reduced glutathione may present an opportunity for patients who have received
multiple treatments [26,27]. Furthermore, tryptophan offers an advantage in modulating mood and
sleep, giving patients a complete range of clinical benefits [24]. The presence of substances of well-
known clinical efficacy like escin, green tea and silymarin renders this co-formulation reliable.

The compounds show synergistic anti-inflammatory and antioxidant effects, potentially acting
both on innate and humoral immune response, and reducing apoptosis [31,47,85]. These compounds
may together increase the effect of other drugs used in pain management, allowing to a dosage
reduction. For example, SFN increasing the u opioid receptor expression [66], could reduce the drug
tolerance that is one of the main concerns related to opioid prescription [86]. Nevertheless, these and
other effects must still be demonstrated with more solid evidence in clinical studies.

Although there is considerable clinical support for treating nociceptive pain, there is little
information on how well it works for neuropathic pain, despite this being rationally demonstrated
[38]. Anideal option is a multimodal treatment that incorporates non-pharmacological, nutraceutical,
and pharmaceutical techniques [57,87,88]. The compound may be useful in nociplastic and
neuropathic pain also considering the role of lycopene in modulating microglia [41,89-91].
Considering these findings, it is logical that if the most of the preclinical data will be validated in
clinical trials, this novel nutraceutical could end up becoming a substance utilized as an adjuvant for
all forms of pain.

We decided to investigate the combination of these molecules because 1) no other such
association is already on the market; 2) the effects of the included compounds are synergistic and
may cover all types of pain; and 3) a high level of safety is expected.

Notwithstanding the excitement around the realization of its potential, more work must be done
to enhance this compound's function in pain relief. Besides, clinical trials for nociceptive,
neuropathic, and nociplastic pain must demonstrate the effectiveness of the nutraceutical
combination. This narrative review proofs that a nutraceutical containing SFN, green tea, glutathione,
escin, lycopene, silymarin and tryptophan may be useful as adjuvant for pain management,
considering the synergic action of its compounds. Furthermore, the hepatoprotective action of
silymarin and glutathione helps to prevent liver injury.

However, after everything exposed, one question still remains and that is:

What about the safety of herbal medicinal products and active substances?

The safety of medicinal plants is a crucial topic in pharmacy, as many people worldwide use
herbal remedies either as alternatives to or in conjunction with conventional medicines. While
medicinal plants can offer therapeutic benefits, their safety depends on several factors. Namely,
therapeutic benefits of some medicinal plants depend on their toxicity, adulteration with incorrect
species or synthetic drugs [92], interaction with prescribed medications [93], and even contamination
with heavy metals, pesticides, or microbes due to poor cultivation/processing practices [94]. Thus,
there are different regulatory aspects to avoid or to minimize the potential health hazards. For
instance, since 2007 WHO provides comprehensive guidelines for herbal medicines covering various
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aspects, including quality control, Good Manufacturing Practices (GMP), Good Agricultural and
Collection Practices (GACP), safety monitoring, and regulation and registration to ensure the safety,
efficacy, and quality of herbal products [95]. Also, the United States Food and Drugs Administration
classifies most herbal products as dietary supplements, which means they are subject to limited
regulation compared to prescription drugs, according to US federal law [96]. Nevertheless, it seems
that the best regulations on herbal substances and preparations, which gives companies a clear
reference point to for successful development of and application of herbal medicinal product(s) are
established in European Union. Namely, in the Directive 2001/83/EC of the European Parliament and
of The Council on the Community code relating to medicinal products for human use [97] is giving
complete definitions of terms and all procedures about assessment, placing on the market and
analyzing the herbal medicinal products. The roof committee responsible for giving the scientific
opinions on herbal substances and preparations on behalf of the European Medicines Agency (EMA)
is the Committee on Herbal Medicinal Products (HMPC) [98]. In spite of some complains and/or at
least, not affirmative opinions of some producers of herbal medicinal products, there is a quite order
in EU about bringing herbal medicinal products to market within the EU and, about establishing EU
standards for national procedures. Moreover, in the Directive 2001/83/EC of the European Parliament
and of The Council on the Community code relating to medicinal products for human use, all
pathways and procedures about registration of certain herbal medicinal product whether for
traditional use, or its stand alone or mixed application are completely defined and explained and also
there is a List of the national competent authorities on the European Economic Area in charge for
food, medicinal and health products [99]. It is also important to point out that on the initiative and
under organization of the Global Coalition for Regulatory Science Research (GCRSR) the Global
Summit on Regulatory Sciences that took place in Beijing on September 2018 (GSRS2018) [100], the
participants of the summit agree that establishing transparent analytical approaches and data
analytics methods plays a crucial role in future developing and evaluating the technologies for
assessment of natural supplements and medicines.

5. Conclusions

Pain is a complex, multifactorial condition that often requires a multimodal therapeutic
approach. In this context, nutraceuticals represent a promising adjunct to conventional
pharmacological treatments, particularly given their favorable safety profiles and potential to target
various pain mechanisms, including nociceptive, neuropathic, and nociplastic pathways. The
compounds discussed—such as palmitoylethanolamide, acetyl-L-carnitine, alpha-lipoic acid,
silymarin, green tea extract, tryptophan, escin, lycopene, sulforaphane, and glutathione—exhibit
synergistic antioxidant, anti-inflammatory, neuroprotective, and hepatoprotective properties,
suggesting that their combined use may enhance therapeutic efficacy while reducing reliance on
conventional drugs.

Despite encouraging preclinical and limited clinical data, robust evidence from well-designed
human trials is still lacking. Furthermore, the wvariability in nutraceutical formulations,
bioavailability, and pharmacokinetics underscores the need for stringent quality control and
regulatory oversight. The regulatory frameworks established in the European Union, particularly
under Directive 2001/83/EC, offer a comprehensive model for the safe development and evaluation
of herbal medicinal products. However, global harmonization and improved methodological
standards in clinical research are imperative to fully establish the efficacy, safety, and therapeutic role
of these compounds in pain management. If future clinical trials substantiate the promising
preclinical findings, the proposed nutraceutical combination could serve as a valuable adjuvant in
the comprehensive management of pain across diverse patient populations.

6. Patents
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1T202300005970A1 Drolessano: Preparato energizzante, antiossidante e detossificante ad uso
orale a base di licopene Broccoli, Cardo mariano, glutatione ridotto, ippocastano, teina e triptofano
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