According to the National Institutes of Health, nearly 25 million Americans experience daily discomfort.1 This kind of discomfort can affect mood, mobility and quality of life.2 The reasons for physical discomfort vary, but the way we experience that discomfort doesn’t: Our peripheral nerves are responsible for delivering sensory information (an itch, temperature change, physical pressure, etc.) to the brain. 
Palmitoylethanolamide (PEA)
Palmitoylethanolamide (PEA) is a unique kind of fatty acid that can inhibit discomfort.3 Your body naturally produces PEA as part of a healthy inflammatory and immune response.4 In fact, PEA inhibits the secretion of compounds from mast cells, a type of white blood cell. Over time, our mast cells decrease in number, causing our remaining mast cells to work harder.5
That can make them overly sensitive, activating processes linked to nerve discomfort. By inhibiting compounds released by mast cells, PEA promotes your body’s natural response to uncomfortable nerve stimuli at the cellular level.6-8
Honokiol
Honokiol is a naturally occurring lignan compound derived from several species of magnolia, many of which have been used in traditional Asian medicine for centuries.9 Now, scientists are discovering that honokiol has applications for nerve health and comfort.
Honokiol has been shown to support the “calming” GABA receptors in the brain, which in turn helps alleviate discomfort.10-12 Furthermore, honokiol is quickly taken up into the brain in animal models, making it an ideal ingredient for nerve health and comfort.13,14
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Pyridoxine, also known as vitamin B6, is necessary for the transformation and utilization of amino acids for many functions in the body, including energy production and neurotransmitter synthesis. Vitamin B6 is also involved in the production of hemoglobin, intrinsic factor, and is a vital component in the formation of the myelin sheath that surrounds nerve cells. But in order for pyridoxine to be used by the body it must first be converted to pyridoxal 5'-phosphate (P5P), a process that takes place in the liver. Individuals with compromised liver function have difficulty making this conversion and consequently may be at risk of a vitamin B6 deficiency. Supplementing with pyridoxal 5'-phosphate ensures the most bioactive form of vitamin B6.

R-lipoic acid is a powerful antioxidant. In the body, R-lipoic acid helps support healthy mitochondria, cellular energy, and protects against oxidative stress. *
Alpha-lipoic acid, the universal antioxidant, consists of two different forms, “R” and “S,” which have different properties.1 The “R” form is the biologically active component (native to the body) that is responsible for lipoic acid’s phenomenal antioxidant effect. The “S” form is not very biologically active. Alpha-lipoic acid supplements typically consist of the “R” and “S” form in a 50/50 ratio. That means a 100 mg alpha-lipoic acid supplement usually provides 50 mg of the biologically active “R” form.
The human body normally produces and uses the “R” form of lipoic acid.2 
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Chinese skullcap (Scutellaria baicalensis) is rich in a compound called baicalin, with known anti-inflammatory properties that complement those in cutch tree.1, 2
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Benfotiamine, a fat-soluble form of vitamin B1 (thiamine), provides healthy blood sugar metabolism support and helps protect the body’s tissues against advanced glycation end products (AGEs) and oxidative stress.
Benfotiamine is also more bioavailable than the water-soluble thiamine.1 In a landmark study, benfotiamine effectively increased transketolase activity in cell cultures by an astounding 300%, compared to a mere 20% for thiamine. This robust activation was sufficient to block three of the four major metabolic pathways. Benfotiamine also blocked the activation of the transcription factor known as nuclear factor-kappa B (NF-kB). 2
Overall, benfotiamine can modulate glucose metabolism and promote healthy blood glucose levels already within the normal range. By doing so, benfotiamine also helps inhibit the formation of AGEs and supports healthy endothelial function.3
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Phellodendron bark and MAO-B
Phellodendron amurense, commonly known as amur cork tree, has many health benefits, including neuroprotective properties. In a detailed 2016 screening study, Phellodendron amurense ranked as one of the most potent extracts for inhibiting the activity of monoamine oxidase-B (MAO-B), an enzyme involved in the metabolism of dopamine.1
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Health benefits of curcumin
Inhibits inflammation — Curcumin extract inhibits inflammatory factors like NF-kappaB,1,2 which can affect your joints. Curcumin also inhibits the metabolism of arachidonic acid, as well as the activities of cyclooxygenase, lipoxygenase, and cytokines.3,4
Brain and immune system health — Curcumin extract promotes immune system health by inhibiting inflammatory factors in the body.5-7 Curcumin can also benefit your mind. Studies suggest that curcumin supports healthy brain function and offers neuro-protective benefits.8-10
Digestive, joint, and pancreatic health — Evidence suggests that curcumin helps promote healthy bowel function and joint health.11-14 Curcumin also supports healthy pancreatic function by encouraging pancreatic islet health.15
Antioxidant support — Curcumin provides antioxidant protection.16,17 Curcumin also promotes cardiovascular health by supporting healthy cholesterol levels already within normal range, helping to inhibit vascular inflammation, and more.18
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Vitamin D is best known for its role in building strong bones. But it also has an important impact on brain and nerve tissue.11,12
Numerous studies have established that vitamin D deficiency (levels less than 20 ng/mL) and insufficiency (20 ng/mL to 30 ng/mL) are strongly associated with neuropathy in diabetics.1,13-15
One study found that diabetics with deficient vitamin D levels have two-fold greater odds of neuropathy.14
Clinical trials have established that 50,000 IU of vitamin D3 weekly significantly reduces symptoms of diabetic nerve damage and improves quality of life.9,10
And in one study, 50,000 IU of vitamin D given every two weeks significantly reduced the size of diabetic foot ulcers after 12 weeks.16

Folic acid is a B vitamin that lowers levels of homocysteine,17 an amino acid that is linked to the development of cardiovascular disease and is dangerously toxic to nerves.18
In a 2001 study involving 65 patients with type II diabetes, the risk of nerve damage more than doubled with each 5 mmol/L increase in homocysteine.19
Chinese patients who have type II diabetes with neuropathy also have significantly lower levels of folate than those without neuropathy.20
A recent study of patients with diabetic neuropathy showed that 1,000 mcg of folic acid given daily for 16 weeks, lowered homocysteine levels, and markedly increased nerve conduction velocity and signal strength.8
An animal study found that folic acid treatment could protect against neuropathy by increasing nerve growth factor, a protein essential for promoting nerve healing.21
Acetyl-L-Carnitine
Acetyl-L-carnitine is a form of the amino acid L-carnitine that has shown to have neuroprotective and analgesic effects in the peripheral nervous system.22
Acetyl-L-carnitine works in multiple ways to protect nerves, including:23
· Reducing harm from oxidative stress and helping to prevent nerve cell death,
· Relieving pain by reducing the concentration of the pain-signaling neurotransmitter glutamate at the synapses,
· Facilitating nerve regeneration and nerve damage repair,
· Promoting the health of nerve cell membranes, and
· Amplifying responses to nerve growth factor.
In people with diabetes, acetyl-L-carnitine at doses of 1,500 mg/day to 3,000 mg/day improves nerve conduction velocity and strength, reduces pain and disability scores, increases numbers of nerve fibers, and regenerates damaged nerve fibers.5-7
Benfotiamine
Benfotiamine is the fat-soluble form of thiamine (vitamin B1).
One key factor involved in the development and progression of diabetic neuropathy is increased glycation, a process in which glucose and other sugars interact with proteins.
Glycation is a process in which glucose and other sugars bind irreversibly to proteins, lipids and nucleic acids, causing them to become dysfunctional. The dysfunctional molecules created by glycation are known as advanced glycation end products (AGEs).24-26
AGEs damage nerves by inhibiting their function, which in turn affects their activity, and by triggering an inflammatory response that further damages nerve cells.27
Studies have shown that benfotiamine reduces pain and restores normal sensation in patients suffering from diabetic neuropathy.2-4
The best results have been seen with doses ranging from 320 mg to 600 mg daily, for periods as short as three weeks, though benefits steadily increased with longer treatment duration.2-4
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[bookmark: bb0900][bookmark: bb0135][bookmark: bb0145]Chlorogenic acid (CGA) is a polyphenol most often present in plants, fruits, and vegetables. Coffee is said to be the richest source of CGA. This is formed by the esterification of caffeic acid and quinic acid. Chemically, it is also referred to as 5-caffeoylquinic acid. Chlorogenic acid has been shown to have a variety of biological properties, including antioxidant, antibacterial, hypoglycemic, hypolipidemic, and anticancer activity (Meng et al., 2013). Additionally, accumulating evidence has shown that CGA exhibits antinociceptive action in several neuropathic models. In a CCI-induced neuropathic pain model, CGA significantly attenuated the development of mechanical hyperalgesia (Bagdas et al., 2013). Furthermore, this phenolic compound had a strong antinociceptive effect in diabetic neuropathy animals (Bagdas et al., 2014).

[bookmark: bb0540][bookmark: bb1480][bookmark: bb1440][bookmark: bb0140][bookmark: bb0150][bookmark: bb1435]A recent study documented the protective role of CGA in cadmium (Cd)-induced oxidative brain damage in neuropathy by preserving antioxidant homeostasis and maintaining mitochondrial functions (Hao et al., 2015). Interestingly, changes in Kv channel currents in trigeminal neurons have been postulated as the underlying mechanism for neuropathic pain (Y. J. Zhang et al., 2014). Moreover, CGA was proven to be effective in alleviating STZ- induced diabetic neuropathic pain, possibly through an antioxidative mechanism, downregulation of COX-2 expression (Ye et al., 2016) and a reduction in inflammatory response (Bagdas et al., 2020, Bao et al., 2018). CGA has also been described as a promising treatment for diabetic peripheral neuropathy (Yan et al., 2020). Based on these results, it seems like CGA could be a good candidate for treating neuropathic pain.

[bookmark: bb0165][bookmark: bb0250][bookmark: bb0425][bookmark: bb0500][bookmark: bb0580][bookmark: bb0315][bookmark: bb1465][bookmark: bb1330][bookmark: bb0080]Crocetin is one of the important natural carotenoids abundantly found in Crocus sativus L. (saffron) flowers. The dried stigmas of saffron flowers are largely utilized as natural pigments in the textile, food, and pharmaceutical industries (Bathaie et al., 2014). In addition to crocetin, picrocrocin, safranal, and crocin are the other constituents of saffron. Fortunately, crocetin and related compounds have also been identified in Gardenia jasminoides fruits using advanced analytical techniques (Carmona et al., 2006). Crocetin is the aglycone part of crocin possessing a C-20 carbon chain with multiple double bonds and a carboxylic group (G. Gutheil et al., 2011). It has been reported that crocetin exhibits numerous pharmacological effects, including antioxidant, anti-inflammatory, cardiovascular, neurodegenerative, anticonvulsant, anticancer, and antihypertensive (G. Gutheil et al., 2011, Guo et al., 2022, Hong and Yang, 2013). Recently, the inhibitory effects of crocetin and its derivatives have also been investigated for treating cancer and inflammation (Chu et al., 2018). Moreover, the compound mitigates the inflammation and deposition of amyloid-β (Aβ) in AD mouse models (J. Zhang et al., 2018). Crocetin’s antioxidant and anti-inflammatory actions against neuroinflammation plays a key role in the relief of neuropathic pain. However, there is a scarcity of evidence associated with the effect of crocetin on neuropathic pain. Crocetin administration at a high dose substantially decreased mechanical and thermal allodynia in SNI- induced neuropathic pain in mice, which could be attributed to its antioxidant property and reduction in proinflammatory mediators such as TNF-β, IL-1β etc (X. Wang et al., 2017). Fortunately, saffron extracts and other chemical constituents like crocin have been studied for antinociceptive activity in CCI animal models (Amin et al., 2017).
.
[bookmark: bb0515][bookmark: bb0770][bookmark: bb0430][bookmark: bb0520][bookmark: bb1280][bookmark: bb0240]Hesperidin is a well-known non-bitter flavanone glycoside, exclusively present in grapefruits and citrus fruits. The chemical structure of hesperidin is composed of an aglycone part called hesperitin, linked with rutinose as a glycone moiety. Citrus aurantium (bitter orange) yields the bitter compound neohesperidin, which is an isomer of hesperidin (Hajialyani et al., 2019). Hesperidin exerts several pharmacological effects, including antidiabetic, antihypertensive, antihyperlipidemic, anticarcinogenic, cardioprotective, and neuroprotective (Hajialyani et al., 2019, Kuntić et al., 2014). All these pharmacological effects could be primarily attributed to an antioxidant defense mechanism and the reduction of pro-inflammatory mediators like cytokines. Previous research suggests that hesperidin can be used as an analgesic, sedative, and anti-inflammatory agent (Galati et al., 1994, Hajimahmoodi et al., 2014). It is also thought to be a useful neuroprotective compound in the treatment of neuropathic pain. Hesperidin (50 and 100 mg/kg) has demonstrated promising neuroprotective action in STZ-induced diabetic neuropathic pain in rats. Hesperidin, on the other hand, reduced ROS, cytokines, and membrane-bound enzymes when it was combined with insulin. Overall, hesperidin ameliorated neuropathic pain by controlling hyperglycemia and high cholesterol levels (Visnagri et al., 2014). Another study using the CCI model found that hesperidin alone (5 doses; 10–1000 mg/kg) or in combination with diosmin (10 and 100 mg/kg) exacerbated a decrease in mechanical and thermal hyperalgesia in rats by binding to the D2, GABAA, and opioid receptors. Despite the fact that hesperidin did not interact with 5-HT1A receptors to demonstrate its antihyperalgesic effect (Azucena I. Carballo-Villalobos et al., 2016).
[bookmark: bb0235]Hesperidin (100 mg/kg) was recently reported to have an antihyperalgesic effect in a CCI-induced model in rats. Hesperidin alleviated mechanical and thermal hyperalgesia in this study, which could be associated with lower levels of cytokines such as TNF-α, IL-1β, and IL-6 (A. I. Carballo-Villalobos et al., 2017). These findings support the potential use of this molecule in both peripheral and central neuropathic pain, possibly through its binding to various receptors (dopamine, GABAA, and opioid) and reducing the proinflammatory mediators.

[bookmark: bb0550][bookmark: bb1460][bookmark: bb1040]Naringenin and naringin are flavonoids largely found in grapefruit and other citrus fruits and juices (Hare & Elliot, 2003). Naringin is metabolized to naringenin in the presence of intestinal bacteria, so it is easily absorbed from the gut (Zbarsky et al., 2005). Naringin, chemically, is 4′,5,7-trihydroxy flavonone-7-rhamnoglucoside. In-vitro and in-vivo studies have shown that naringin has beneficial effects on osteoporosis, atherosclerosis, cardiovascular disorders, diabetes mellitus, and rheumatological conditions (Raja Kumar et al., 2019).

[bookmark: bb0190][bookmark: bb1070][bookmark: bb0700][bookmark: bb0975][bookmark: bb0695][bookmark: bb0395]In addition, naringin has displayed chemo-preventive effects on a variety of cancers (Bharti et al., 2014). Naringenin has recently garnered a lot of attention due to its anti-inflammatory, antioxidant cardio-protective, neuro-protective, antiviral, antibacterial, and anticancer properties (Salehi et al., 2019). Both of these phytochemicals prevent the release of lipopolysaccharide-induced pro-inflammatory mediators (Kanno et al., 2006; H. Y. Park et al., 2012). With this background, naringin was evaluated for its neuroprotective effect on STZ-induced diabetic neuropathic pain in rats. Naringin administration (40 and 80 mg/kg) for 4 weeks significantly reduced the levels of nociceptive threshold, endogenous antioxidant, and membrane-bound inorganic phosphate enzyme. In addition to alleviating diabetic symptoms with naringin + insulin, neuropathic pain was reduced, possibly through an antioxidant, antiapoptotic mechanism, and downregulation of inflammatory mediators in neuronal cells (Kandhare et al., 2012). Another study demonstrated that naringin's analgesic and antioxidant activity is mediated by its binding to D471 and N628 amino acid residues on TRPV1 receptors (Eom et al., 2021).
[bookmark: bb0590][bookmark: bb0340][bookmark: bb1160]On the other hand, mechanical allodynia and thermal hyperalgesia were attenuated by naringenin in a dose-dependent manner in SNL-induced peripheral neuropathic pain by inactivation of glial cells and suppression of pro-inflammatory mediators in the spinal cord (Hu & Zhao, 2014). Another study reported that naringenin (10 mg/kg, i.p.) suppressed PSNL-induced mechanical allodynia, whereas the number of writhes, nociceptive responses, and bradykinin and prostaglandin E2 levels were reduced by naringenin in chemically-induced inflammatory models of nociception. Moreover, it has been reported that the glutamatergic and opioid systems are responsible for the anti-allodynic and antinociceptive effects of naringenin (Dallazen et al., 2017). According to the recent study conducted on STZ-induced diabetic neuropathic pain in rats, naringenin (25, 50, 100 mg/kg) in combination with insulin ameliorated diabetic conditions and neuropathic pain by altering inflammatory cytokine release, oxidative nitrosative stress, and matrix metalloproteinases (Singh et al., 2020). All of these findings suggest that naringin and naringenin could be potential therapeutic candidates in the development of novel drugs for the treatment of painful and/or inflammatory diseases.

[bookmark: bb0085][bookmark: bb0030][bookmark: bb0050][bookmark: bb0390][bookmark: bb0965][bookmark: bb1425]Papain, a proteolytic enzyme, is obtained from Carica papaya fruits. It possesses a wide variety of nutritional, medical, and pharmaceutical applications. Papain primarily breaks peptide bonds present in basic amino acids, especially arginine, lysine, and phenylalanine. It is a high molecular weight enzyme consisting of 212 amino acids with four disulfide bridges. It is stable under a wide range of temperatures and pH (3–9) (Amri & Mamboya, 2012). Several biological activities of papaya extracts and papain, including anti-inflammatory, analgesic and immunomodulatory have been reported in acute and chronic experimental models (Acharya et al., 2016, Ahmed and Ramabhimalah, 2012, Emele et al., 1966, Pandey et al., 2016). Papain (50 mg/kg and 100 mg/kg, p.o.) was tested for its ability to protect against SNL-mediated neuropathic pain in rats via antioxidant and anti-inflammatory mechanisms. In this study, various parameters of nociceptive threshold such as foot deformity score, cold allodynia, motor coordination test, spontaneous locomotor activity, and transfer latency time were recorded along with estimation of biochemical markers, namely glutamate, calcium, tissue protein, lipid peroxides, reduced glutathione, and superoxide dismutase. In addition, papain (100 mg/kg, p.o.) significantly alleviated neuropathic pain through a decrease in oxidative stress and excitotoxicity in sciatic nerve homogenate (Yaidikar et al., 2019). These findings proved that papain may be an excellent candidate for the development of neuropathic pain medicine. Nonetheless, more research on a variety of neuropathic pain models and their underlying mechanisms is anticipated.

[bookmark: bb0420][bookmark: bb0530][bookmark: bb1010][bookmark: bb1015][bookmark: bb0560][bookmark: bb0665][bookmark: bb0015][bookmark: bb0940][bookmark: bb0825][bookmark: bb1255][bookmark: bb0450]Zinc, the second most important element in the body after iron, plays a key role in cellular metabolism, immune responses, gene expression, wound healing, and neurological functions. Zinc is abundantly found in the central nervous system (Fukada and Kambe, 2011, Hambidge and Krebs, 2007). Additionally, this mineral stimulates the expression of nearly 300 genes involved in the synthesis of macromolecules such as proteins, cell growth, and proliferation (Prasad, 2014). Zinc deficiency may contribute to oxidative stress, which further damages DNA, induces apoptosis, and impairs immunity (Prasad, 2014, Prasad and Bao, 2019). It is believed that zinc alleviates pain due to its anti-inflammatory property (Hennigar et al., 2021). Numerous studies suggest that zinc depletion in the spinal cord dorsal horn increases neuropathic pain, enhances prostaglandin levels and sensitizes nociceptive C fibres (Jo et al., 2008). Therefore, zinc is regarded as a key player in the treatment of neuropathic pain. Zinc alleviates neuropathic pain by decreasing inflammatory mediators such as IL-1B and nerve growth factor (NGF). Moreover, zinc also suppressed the level of substance P in fibromyalgia patients (Abdelrahman & Hackshaw, 2021). The pain-relieving effect of Zn could also be attributed to its strong binding affinity for the NR2A subunit of the NMDA receptor (Nozaki et al., 2011). In a paclitaxel-induced neuropathic pain model, pain was significantly reduced by Zn through inhibition of TRPV1 receptor activity (J. Luo et al., 2018). A recent study has demonstrated the analgesic effect of Zn along with some vitamins in patients with chronic low back pain (Unal et al., 2021). More recently, in a SCI-induced neuropathic model, Zn inhibited ferroptosis in neurons by reducing oxidative stress and activating of the NRF2/HO-1 and GPX4 signaling pathways (Ge et al., 2021).

[bookmark: bb0915][bookmark: bb1430][bookmark: bt0055][bookmark: bt0060]Another trace element that is widely recommended is magnesium, which is used to treat a variety of painful conditions such as perioperative pain and other acute and chronic pains. Numerous studies have shown the beneficial effects of magnesium in the management of neuropathic pain, including diabetic neuropathy, postherpetic neuralgia [PHN], chemotherapy-induced neuropathic pain, and cancer-related neuropathy (Na et al., 2011). Mg considerably prevents central sensitization and pain hypersensitivity which might be attributed to its antagonistic action at the NMDA receptors through inhibition of calcium ion influx. As a result, calcium ion channels are also the therapeutic targets for Mg in neuropathic pains (Yaksh, 2006). Several preclinical and clinical studies, as represented in Table 11, Table 12 have been conducted to examine the antinociceptive effect of Mg (Shin et al., 2020

