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Abstract

:

Pain is the predominant symptom of many clinical diseases and is frequently associated with neurological and musculoskeletal problems. Chronic pain is frequent in the elderly, causing suffering, disability, social isolation, and increased healthcare expenses. Chronic pain medication is often ineffective and has many side effects. Nonsteroidal over-the-counter and prescription drugs are frequently recommended as first-line therapies for pain control; however, long-term safety issues must not be neglected. Herbs and nutritional supplements may be a safer and more effective alternative to nonsteroidal pharmaceuticals for pain management, especially when used long-term. Recently, topical analgesic therapies have gained attention as an innovative approach due to their sufficient efficacy and comparatively fewer systemic side effects and drug–drug interactions. In this paper, we overview the main natural herbal pain relievers, their efficacy and safety, and their potential use as topical agents for pain control. Although herbal-derived medications are not appropriate for providing quick relief for acute pain problems, they could be used as potent alternative remedies in managing chronic persistent pain with minimal side effects.
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1. Introduction


Pain is a typical symptom that is frequently linked to neurological and musculoskeletal disorders [1,2]. It is more prevalent in women and older persons, and there are rising tendencies in general populations [1,2,3]. Pain is also the primary symptom of several common clinical illnesses that are frequently coexisting [1,2]. Chronic pain is common among older persons, causing severe suffering, disability, social isolation, and higher healthcare expenses and burdens [3,4]. Furthermore, chronic pain medication is generally ineffective and limited by adverse effects [3,5].



Nonsteroidal drugs are often recommended as first choice remedies for pain control; however, it is important to consider the long-term use safety issues [4,5]. Herbs and nutritional supplements may offer a safer and often effective alternative to nonsteroidal pharmaceuticals for pain management, particularly for long-term use [6,7,8].



Recently, topical analgesic therapies, where the active compounds are applied via the skin and create therapeutically effective concentrations only at the administration site, have gained attention as an innovative approach due to their sufficient efficacy and comparatively fewer systemic side effects and drug–drug interactions [9,10]. In this work we overview the main natural herbal painkillers, discuss their efficacy and safety, and their prospective use as topical pain relievers.




2. Pain Mechanisms and Control


The definition of pain by the International Association for the Study of Pain (IASP), states “Pain is an unpleasant sensory and emotional experience associated with, or resembling that associated with, actual or potential tissue damage” [2]. There are two main types of pain: nociceptive and neuropathic pain [1,2,3]. Pain that is characterized by both nociceptive and neuropathic properties is called nociplastic [1,2,3] (Figure 1).



The biggest difference between nociceptive and neuropathic pain is that nociceptive pain is caused by tissue damage [1,2,3]. Nerve cell endings that initiate sensations of pain are nociceptors that can respond to chemical (inflammatory), mechanical, or thermal stimuli [1]. Nociception involves the four processes of transduction, transmission, perception, and modulation [1]. Peripheral nociceptors are sensitized during inflammation [1,2]. The types of ion channels present in a nociceptor influence the excitability and behavior of the cell. The nociceptors transmit the electrical signaling information to the dorsal horn of the spinal cord, where a complex network of neurons process nociception and pain via synaptic connections [1,2]. Not a single pathway is responsible for the perception of pain in the CNS; rather, many pathways are involved in the transmission of pain signals to the cerebral cortex [1,2]. The sense of pain is the outcome of the processing of electrical signals in distinct brain areas. This describes the variety of emotions a person may have when experiencing pain [1,2].



Neuropathic pain is caused by nerve damage and can occur without the presence of noxious stimuli [3]. Much neuropathic pain is chronic [3]. Neuropathic pain is characterized by hyperalgesia and allodynia and is caused by a disease or lesion of the central or peripheral nervous system [11]. Recent evidence suggests that pro-inflammatory cytokines, such as interleukin-1b (IL-1b), released by immune cells, microglia, and astroglia in the spinal cord play crucial roles in the etiology of neuropathic pain [12]. These agents can trigger a cascade of neuroinflammation-related events that may prolong and aggravate the initial insult, ultimately resulting in pain and chronicity [13]. Furthermore, inflammation increases the expression of cyclooxygenase-2 (COX-2) and results in the production of prostaglandins (PGE) [14]. PGE2 is a factor that causes pain. It can sensitize primary sensory neurons, induce central sensitization, and promote the release of pain-related neuropeptides [15]. Metalloproteinases (MMPs) are predominantly associated with tissue remodeling and inflammation in neurodegenerative diseases [16]. In the chronic phase of neuropathic pain, these substances play crucial roles in nociception and hyperalgesia [17,18] (Figure 2).



Based on the evidence from randomized clinical trials, the best options to alleviate local neuropathic pain are topical analgesics including 5% lidocaine patches, 8% capsaicin patches, and botulinum toxin A [10].



Lidocaine is a local anesthetic aminoamide acting mainly via blockage of voltage-gated sodium channels (Nav). It binds preferably to the open or inactivated Nav, suppressing intracellular influx of Na+, thus inhibiting the electrical impulse initiation and propagation. Phenytoin, a member of the hydantoin family, acts via a non-selective blockade of Nav, thus resulting in decreased neuron firing and exerting anticonvulsant and anti-neuropathic activities [19]. Ambroxol is a mucolytic and potent local anesthetic drug acting via Nav inhibition [20] and proinflammatory cytokine suppression, [21] reducing repetitive firing and neuronal excitability mainly due to Nav1.8 subtype blockage [20]. Amitriptyline, a tricyclic antidepressant, exerts antinociceptive activity due to the inhibition of Nav1.7, Nav1.8, and Nav1.9 subtypes [22]. A tricyclic antidepressant, doxepin, also possesses Nav-blocking properties and can be used topically for the treatment of local neuropathic pain [23]. Other drugs capable of controlling local neuropathic pain via Nav channel inhibition include funapide (a selective Nav1.7 suppressor) [24], NSAIDs, opioids, agonists of α2 adrenergic receptors [25].



Another group of topical local neuropathic pain-controlling drugs belongs to the transient receptor potential channel (TRP) family modulators [10]. The proteins from this channel family are responsible for the development and support of chronic pain [10]. Capsaicin is a selective agonist of transient receptor potential vanilloid 1 channel (TRPV1), activating it and later resulting in desensitization [26]. Cannabinoids have a similar mechanism of action [27]. The NSAIDs diclofenac, xefocam, and ketorolac suppress TRPV1 and transient receptor potential ankyrin channel (TRPA) [28]. Cooling drugs, such as menthol, at lower concentrations act via activation of transient receptor potential melastatin 8 (TRPM8) [29].



Voltage-gated calcium channel modulators are gabapentin, an antiepileptic and anxiolytic drug [30], and, in preclinical models, lidocaine, phenytoin, and menthol [10].



N-methyl-D-aspartic acid receptor modulators suppress the receptors, thus preventing a secondary hyperalgesia [31]. This mechanism is common for ketamine [32], and, at preclinical level, for antidepressants [33], diclofenac [34], and lidocaine [35]. One of the mechanisms of action of NSAID diclofenac is proinflammatory prostaglandin synthesis suppression via cyclooxygenase -2 (COX) inhibition resulting in antinociception [25]. GABA receptor (GABAR) activation by agonists leads to an intracellular increase in K+ ions and decrease in Ca2+ ions, resulting in the inhibition of signal suppression [36,37]. A selective agonist of GABAR is baclofen [38]. Potent antinociceptive drugs are α-adrenergic receptor modulators, clonidine (α2-AR agonist) [39] and prazosin (α1-AR antagonist) [40]. Exocytotic neurotransmitter release is modulated by SNAP-25 and SNAP-23 proteins, which are targeted by botulinum toxin A [41,42,43].



Thus, medicines used for local neuropathic pain treatment exert their actions via a wide variety of receptors, ion channels, and proteins, opening many possibilities to develop novel topical analgesic formulations. Topical application is an important administration route for drugs requiring local action on the skin, thereby avoiding their systemic absorption and adverse side effects.




3. Natural Herbal Analgesic Substances


3.1. Lavender (Lavandula angustifolia Mill.)


True lavender, or Lavandula angustifolia Mill., is a tiny perennial shrub in the Lamiaceae family common to Mediterranean regions that is highly valued for its decorative qualities and the aromatic and therapeutic characteristics of its essential oils [44]. Lavender (Lavandula angustifolia Mill.) has been traditionally used to alleviate neurologic conditions, such as insomnia and anxiety, and as an analgesic remedy [44]. The main active compounds of lavender include linalool, linaloyl acetate, perillyl alcohol, and 1,8 cineole (eucalyptol) [44].



Lavender essential oil consistently inhibited spontaneous nociception and the effect was comparable to that of tramadol in the in vivo model of formalin-induced pain in male Wistar rats [45]. Furthermore, lavender essential oil alleviated neuropathic pain in mice with spared nerve injury after an acute oral administration of 100 mg/kg. The mechanisms of the observed effect were related to the decreased phosphorylation of ERK1, ERK2 and JNK1 kinases, and decreased the levels of iNOS in the spinal cord, as well as the involvement of the endocannabinoid system [46]. The active compound of lavender essential oil, linalool, has been found to be responsible for the reduction of mechanical hyperalgesia in conditions of chronic inflammatory and neuropathic pain via modulation of peripheral and central opioid and cannabinoid 2 receptors [47]. Recent findings showed that olfactory stimulation by lavender essential oil inhibited nociceptive signal processing at the input stage of the central trigeminal system in mice in vivo [48]. Lavender oil was more effective than ibuprofen in stress-related disorders in an in vivo study on rats where exploratory, anxiolytic, and anti-depressant activities were evaluated using open field test, light/dark transition box activity, and forced swim test [49].



In the single-blinded, randomized clinical trial, 90 patients with osteoarthritis of the knee were randomly assigned to three groups: intervention (aromatherapy massage with lavender essential oil), placebo (massage with almond oil), and control (without massage) [50]. The pain was assessed with Visual Analogue Scale immediately after the intervention and after 1 and 4 weeks after it. Based on the pain severity after one week of the intervention, aromatherapy massage with lavender essential oil could relieve pain in patients with knee osteoarthritis [50].



The results of a systematic review of eight studies of aromatherapy massage with lavender essential oil revealed that lavender was effective in alleviating labor pain and anxiety [51]. In six trials involving 415 participants, lavender significantly reduced pain in women with episiotomy assessed with Visual Analog Scale [52]. Short-term (up to two weeks) beneficial effects of lavender essential oil in reducing emotional stress, pain, muscular tension, and fatigue were seen, but no long-lasting effects of aromatherapy for cancer patients have been reported in a systematic review [53]. Ninety patients undergoing hemodialysis with arteriovenous fistula were included in a randomized controlled and experimental clinical trial to evaluate the effects of topically applied and inhaled lavender essential oil on the intensity of pain [54]. Both applications significantly decreased the severity of pain at the time of arterial insertion of needles [54]. The effects of aromatherapy massage with lavender essential oil on neuropathic pain severity and quality of life was evaluated in an open label randomized controlled clinical study of 46 patients [55]. The intervention group received aromatherapy massage three times per week for a period of 4 weeks. Neuropathic pain scores significantly decreased, and quality of life scores significantly improved in the intervention group in the fourth week of the study [55]. A massage application with lavender essential oil had a longer effect in decreasing postoperative pain of patients in the first hours after gynecologic surgery in a randomized, placebo-controlled study of 45 patients where the pain levels of the patients were evaluated with a Verbal Rating Scale) at the 30th min and the 3rd h after the application [56]. Aromatherapy with lavender essential oil helped in control of pain intensity for 172 abdominal surgical patients assessed in a randomized control trial [57]. Aromatherapy massage with lavender oil was effective in the management of painful myogenous temporomandibular disorders and limited mouth opening in a randomized controlled clinical trial of 91 patients [58]. Treatment with lavender aromatherapy reduced opioid demand of morbidly obese patients undergoing laparoscopic adjustable gastric banding in a prospective randomized placebo-controlled study carried out on 54 patients [59].



Lavender is “generally recognized as safe” (GRAS) as a food by the U.S. Food and Drug Administration [44]. Lavender is well tolerated in adults, but no data about the safety and efficacy of lavender are reported for infants and nursing mothers. Lavender oil exerts antiandrogenic and estrogenic activity, therefore topical application around the breast should not be performed [44]. Prolonged use of essential oil could cause the local skin irritation [53].




3.2. Rosemary (Rosmarinus officinalis L.)


Rosemary (Rosmarinus officinalis L.) belongs to the Lamiaceae family. It is an evergreen, perennial, branched shrub with fragrant needle-shaped dark green leaves that can grow up to one meter high [60]. It is native to the Mediterranean region, and its leaves are used extensively in the Mediterranean diet as spices and flavorings [60]. Rosemary (Rosmarinus officinalis L.) has been traditionally used as a mild antispasmodic and mild analgesic agent to alleviate rheumatic pain, spasms, neuralgia, headaches, migraine, and nervous agitation [18]. Its main constituents comprise carnosic acid, carnosol, rosmarinic, and ursolic acids [60].



Rosemary oil was found to have agonistic effects on the α1 and α2 adrenergic receptors at a concentration of up to 25 µL/L in in vitro experiments with circular smooth muscle strips of guinea pig stomach, resulting in improved blood circulation and reduced pain [61]. Rosemary essential oil (100, 300 and 600 mg/kg, IP) demonstrated a dose-dependent antinociceptive effect in vivo, evaluated by the significant decrease in the dysfunction in the pain-induced functional impairment model in the rat [62]. Furthermore, the antinociceptive properties of rosemary ethanolic extract were comparable to those of tramadol (3.16–50 mg/kg, IP in mice, and 1.0–31.62 mg/kg, IP in rats) or acetylsalicylic acid (31.62–562.32 mg/kg, PO) in vivo in a model of arthritic pain in rodents evaluated by acetic acid-induced writhing test and formalin test [63]. Rosemary essential oil (20 mg/kg, PO) was effective in reducing pain in combination with acetaminophen (60 mg/kg, IP) and codeine (30 mg/kg, IP) in vivo in mice [64]. Furthermore, rosemary essential oil (0.1, 0.5, and 1.0% w/w) could increase percutaneous absorption of diclofenac topical gel in mice [65]. The nano emulsion containing essential oils of peppermint and rosemary reduced osteoarthritis pain by increasing antioxidant capacity and ameliorating the histopathological features of the rats’ knee joint [66]. Hydroalcoholic extract of rosemary (10–50 mg/kg, IP) and carnosol (0.5–2 mg/kg, IP) inhibited formalin-induced pain and inflammation in mice via action on nicotinic receptors [67]. Micromeric, oleanolic, and ursolic acids from rosemary exerted anti-inflammatory and antinociceptive activities in vivo in a model of arthritic pain in mice evaluated by acetic acid-induced writhing test and formalin test with efficacy comparable to a typical clinical analgesic, ketorolac (10 mg/kg, IP) [68].



Non-volatile rosemary compounds, cirsimaritin, rosmanol, and salvigenin (50–200 mg/kg), could modulate GABA receptors and exert CNS activity in vivo in mouse models of antinociception [69].



The topical application of rosemary reduced the frequency and severity of recurrence of musculoskeletal pain in hemodialysis patients [70]. Aromatherapy massage with rosemary essential oil could increase life quality scores and reduce the severity of neuropathic pain in 46 patients with diabetes [55]. Although there are many studies on the antinociceptive effect of rosemary in vitro and in vivo, more studies should be performed to evaluate its safety and efficacy in clinical practice.



Rosemary is classified as “generally safe” or GRAS by the U.S. Food and Drug Administration, however, high dosage or prolonged rosemary or its active compound administration should be avoided [18]. Higher doses of rosemary may cause miscarriage, and pregnant and nursing women should not take rosemary as a supplement [60,71]. People with high blood pressure, ulcers, Crohn’s disease, or ulcerative colitis should not take rosemary preparations [72].




3.3. Peppermint (Mentha piperita L.)


Peppermint (Mentha piperita L) is a perennial herb in the Lamiaceae family that is glabrous and intensely fragrant [73]. It is grown in temperate regions of Europe, Asia, the United States of America, India, and Mediterranean countries due to its distinct aroma [73]. Peppermint (Mentha piperita L.) and its main active ingredient menthol has been used as an analgesic remedy to alleviate gastric problems, neuromuscular pain, and visceral pain [73]. Peppermint contains menthol, menthone, and menthyl acetate as major ingredients, and 1,8-cineole, pulegone, caffeic acid, flavonoids, tannins, and bitter substances as minor ingredients [73]. Menthol induces the sensation of cooling by activating TRPM8, an ion channel in cold-sensitive peripheral sensory neurons, and could also modulate neurotransmitter receptors, the irritant receptor, TRPA1, and voltage-gated ion channels [74]. Peppermint oil also exerts smooth muscle relaxant properties [75]. Both peppermint oil and its active compound menthol could block calcium channels (IC50 7.7–28.1 µg/mL) in guinea pig ileal smooth muscles in vitro [76]. Furthermore, menthol (0.1–30 mM) enhanced circular smooth muscle relaxation, directly inhibiting gastrointestinal smooth muscle contractility via the inhibition of Ca2+ influx through sarcolemma L-type Ca2+ channels [77]. This activity was not related to the transient receptor potential cation channel subfamily M member 8 (TRPM8) activation or signaling via nitrous oxide [77]. Peppermint oil could also regulate the enteric nervous system via modulation of the transient receptor potential cation channel, subfamily A, member 1 (TRPA1) receptor, external Ca2+ release, and activation of G-protein [78]. Peppermint oil could decrease visceral pain via modulation of gut-located TRPM8 and/or TRPA1 receptors of the transient receptor potential cation channel superfamily [74,75,79].



Twelve randomized trials were overviewed in a meta-analysis on the use of the peppermint oil in the treatment of irritable bowel syndrome, with results indicating that peppermint oil is a safe and effective therapy for pain and global symptoms [80]. Peppermint oil could also alleviate pain in pediatric functional abdominal pain disorders [81], functional dyspepsia [82], and reduce colonic spasm in colonoscopy [83]. Peppermint oil, due to its smooth muscle relaxation properties, could also alleviate pain in a pilot study of 38 patients suffering from dysphagia and chest pain [84]. In a randomized controlled trial of 80 cardiac patients subjected to intravenous catheterization, aromatherapy (inhalation of peppermint essence) could significantly reduce pain and anxiety [85].



Cutaneous application of a menthol 10% solution could exert significant pain relief, as evaluated by the visual analog scale in a randomized, double-blind, placebo-controlled, crossed-over study of 35 patients with 118 migraine (without aura) attacks [86]. Nasal application of peppermint essential oil (1.5%) caused considerable reduction in the intensity and frequency of headache and decreased pain similar to lidocaine (4%) in a double-blind, parallel, randomized controlled trial of 120 adult patients with a diagnosis of migraine [87]. Menthol was also effective in the case of a tension-type headache [88]. Cutaneous application of peppermint oil (containing 10% menthol) effectively decreased neuropathic pain in a patient with postherpetic neuralgia [89].



In a randomized clinical trial of 55 breastfeeding women, menthol essence (four drops on the nipple and areola after each feeding for 10 or 14 days) significantly reduced nipple fissure pain, as evaluated by the visual analog scale [90]. In a double-blind randomized controlled trial of 126 breastfeeding mothers, lanolin, peppermint, and dexpanthenol creams equally effectively reduced the pain of traumatic nipples [91].



Peppermint is “generally recognized as safe” (GRAS) as a food by the U.S. Food and Drug Administration, however, large doses can cause heartburn, nausea, and vomiting [73]. Allergic reactions, including headache, have been reported to menthol [73]. If peppermint is used on the nipples, it should be used after nursing and wiped off before the next nursing [90]. Peppermint is not recommended for patients who have a hiatus hernia, gastroesophageal reflux, arrhythmia, or hemolytic anemia [73].




3.4. Ginger (Zingiber officinale Roscoe)


Ginger, the rizhome of Zingiber officinale Roscoe (Zingiberaceae), is a plant originating from in the Indo-Malayan region, and is cultivated mainly in the tropics of Asia, Africa, America, and Australia [92,93,94]. It has been used as a spice and medicine for over 2000 years, and more recently as dietary supplement [92,93,94]. Ginger (Zingiber officinale Roscoe) exerts a wide range of biological activities, including pain relief, protection against nausea, vomiting, male infertility, alleviating diabetes, reducing inflammation, and fighting obesity [92,93,94]. The main active compounds of ginger are terpenes and phenolics, especially gingerols [94]. The anti-inflammatory action of ginger was thought to be related to the inhibition of key enzymes of the arachidonate metabolic pathway: cyclooxygenase (COX) and 5-lipoxygenase (LOX) [95]. Furthermore, it could also suppress the induction of inflammatory genes [96].



The ginger active compound zerumbone inhibited IL-1β, IL-6, and TNF-α in a mouse model of neuropathic pain, thus demonstrating hyperalgesic and antiallodynic activities [97]. In a rat model of oral ulcerative mucositis, ginger active compounds [6]-gingerol and [6]-shogaol reduced pain by acting on sodium channels [98]. Ginger oil (for one month PO) significantly suppressed acute carrageenan-, dextran-, and formalin-induced chronic inflammation, as well as acetic acid-induced writhing movements in mice [99].



Ginger (250 mg PO) effectively decreased postpartum pain severity in a double-blinded, randomized, placebo-controlled trial of 128 mothers [100]. Ginger (250 mg PO) was as effective as mefenamic acid (250 mg) and ibuprofen (400 mg) in relieving pain in women with primary dysmenorrhea in a double-blind comparative clinical trial conducted on 150 participants [101]. The effects of ginger in alleviating the symptoms of primary dysmenorrhea were overviewed in a systematic review and meta-analysis of randomized clinical trials, and the results confirmed the efficacy of this therapy assessed by a pain visual analogue score [102].



Sublingual feverfew/ginger effects were evaluated in a double-blind placebo-controlled pilot study of 60 patients with 221 migraine attacks [103]. The results showed that sublingual feverfew/ginger is a safe and effective therapy to alleviate migraine symptoms [103].



In a case study, a patient with osteoarthritis received 7 consecutive days of ginger therapy in an integrative medical center and afterwards for a further 24 weeks at home [104]. Over the course of 24 weeks, ginger therapy significantly reduced osteoarthritis symptoms, with no side effects being recorded [104]. Furthermore, ginger not only decreased rheumatoid arthritis symptoms, but could also stop rheumatoid arthritis-induced bone destruction [105].



Ginger has a long history of use as a food and medicine and is “generally recognized as safe” (GRAS) as a food flavoring by the U.S. Food and Drug Administration [93]. Mild common side effects are stomach upset, nausea, eructation, and dyspepsia [93]. Due to antiplatelet activity, ginger should be administered with precautions for patients using anticoagulative drugs [93].




3.5. Feverfew (Tanacetum parthenium L.)


Tanacetum parthenium (L.) Schultz-Bip is commonly known as feverfew (Family: Asteraceae). This perennial herb ranges in height from 14 to 45 cm and has feather-like, greenish-yellow leaves [106,107]. It is widespread in Europe’s hedgerows and wastelands and has been grown as a decorative and therapeutic plant for centuries [106,107]. Historically, feverfew leaves or their infusion have been used to alleviate symptoms associated with a wide range of medical conditions, including but not limited to: fevers, allergies, migraine headaches, rheumatoid arthritis, tooth pain, nausea, stomach pain, infertility, menstruation, and labor problems [106,107]. The main active compounds of the feverfew are sesquiterpene lactones, especially parthenolide, flavonoid glycosides, and pinenes [106,107].



Feverfew extract (10, 20, 40 mg/kg, PO) significantly reduced acetic acid-induced writhing in mice and carrageenan-induced paw edema in rats, demonstrating antinociceptive and anti-inflammatory properties [108]. Feverfew extract was also effective in relieving painful diabetic peripheral neuropathy in streptozotocin-diabetic rats [109]. The multiple effects of feverfew flower extract were evaluated after acute administration of 30–1000 mg/kg PO in mice [106]. The writhing test was used to determine analgesic efficacy. There was a dose-dependent decrease in the frequency of abdominal contractions when the floral extract was administered [106]. Feverfew extract reduced mechanical hypersensitivity related to the acute inflammatory phase induced by carrageenan similarly to diclofenac and ibuprofen, as assessed by paw pressure test [106]. An increase in pain threshold, which peaked 30 min after treatment, was observed in an osteoarthritis model induced by intraarticular injection of monoiodoacetate [106]. Moreover, feverfew extract was effective in a chronic constriction injury model of neuropathic pain, showing activity similar to the antiepileptic drug gabapentin [106]. Feverfew flower extract was found to dramatically diminish mechanical hypersensitivity generated by multiple doses of the anticancer drug oxaliplatin and antiviral drug dideoxycytidine, demonstrating efficacy in chemotherapy-induced neuropathic pain [106].



Patients using feverfew for up to 6 months of treatment reported fewer headaches, according to a study involving eight individuals who received feverfew medication and nine placebo-controlled patients [110]. These findings were confirmed in a randomized double-blind placebo-controlled trial including 72 migraine patients [111]. A systematic review of randomized controlled trials and their clinical findings and potential implications suggested a benefit of feverfew in migraine prophylaxis [112].



A daily dosage of 125 mg of a dried feverfew leaf preparation containing at least parthenolide 0.2% is recommended for the prevention of migraine, the effect being similar to a known 5-HT antagonist, methysergide maleate [107].



Feverfew is generally considered as safe. Mouth ulceration and nervous system reactions have been reported as adverse reactions when taking feverfew preparations, although they were mild and did not lead to discontinuation [107] Side effects from feverfew can include abdominal pain, indigestion, gas, diarrhea, nausea, vomiting, and nervousness. Rarely, allergic reactions to feverfew have been reported [107]. People who are allergic to chamomile, ragweed, or yarrow may also be allergic to feverfew and should therefore avoid taking it. Feverfew may increase the risk of bleeding, especially taken together with blood-thinning medications, and may interact with anesthesia [107]. Pregnant and nursing women, as well as children under 2, should not take feverfew. Treatment with feverfew lasting for more than one week should not be discontinued abruptly, as it might result in rebound headache, anxiety, weariness, muscular stiffness, and joint discomfort [107].




3.6. Turmeric (Curcuma longa L.)


Curcuma longa L., or Indian saffron, is a herbaceous, perennial, rhizomatous plant of the Zingiberaceae family, native to south-eastern Asia and widely used as a spice especially in Indian, Middle Eastern, Thai, and other Asian cuisines [113]. Traditional uses of turmeric (Curcuma longa L.) include alleviation of inflammation, better wound healing, and use as an antioxidant, painkiller, and antibacterial compound [113]. Curcumin, a polyphenolic molecule, is responsible for turmeric biological activities [113]. Curcumin can regulate inflammatory cytokines such as interleukin (IL)-1 beta, IL-6, IL-12, Tumor necrosis factor (TNF)-alpha, interferon (IFN) gamma, and associated AP-1, NF-kappa B, and JAK-STAT signaling pathways [113]. Due to the ability to suppress inflammation, it has been used in autoimmune diseases such as rheumatoid arthritis, inflammatory bowel disease, and multiple sclerosis [113].



In preclinical studies, it was demonstrated that curcumin can reduce inflammatory and neuropathic pain [113,114]. Through its antioxidant and anti-inflammatory properties, curcumin can alleviate inflammatory bowel diseases [115]. Curcumin (100 mg/kg, 5 days, PO) suppressed the amount of NF-ĸB, COX-2, 5-LOX, and iNOS expression in inflammatory bowel disease, and inhibited toll-like receptor-4 (TLR-4)-induced NF-ĸB activation in experimental colitis in Sprague–Dawley male rats [116]. Curcumin (60, 120 mg/kg, 7 days, IP) reduced the production of spinal IL-1β through inhibition of the aggregation of NAcht leucine-rich repeat protein 1 inflammasome and activation of the Janus kinase 2-signal transducer and activator of transcription 3 signaling pathway in astrocytes, and alleviated neuropathic pain [29].



In a double-blind, randomized, placebo-controlled trial involving 160 patients with knee osteoarthritis, turmeric extract (4 months, PO) decreased pain as assessed by visual analog scale, and reduced the presence of inflammatory markers in patients’ blood [117]. The efficacy of curcumin (500 mg capsule, 3 × day PO for 28 days) and diclofenac (50 mg tablet 2 × day PO for 28 days) to alleviate pain was compared in a randomized, open-label, parallel, active controlled clinical trial involving 139 patients with knee osteoarthritis [118]. The severity of pain was evaluated by visual analogue scale score at days 14 and 28. Curcumin had a similar efficacy compared to diclofenac, but demonstrated better tolerance among patients with knee osteoarthritis [118]. Furthermore, in a double-blind randomized placebo-controlled trial involving 72 older adults with osteoarthritis-related knee pain, curcumin 5% ointment (2 × day, 6 weeks) significantly decreased the mean pain intensity [119].



Turmeric is generally safe and well tolerated. Higher doses are needed to produce a systemic effect because of its limited absorption [113,114]. Curcumin can inhibit platelet-activating factor and arachidonic acid platelet aggregation; therefore, concomitant use of turmeric with other drugs with similar pharmacologic potential, such as naproxen, may increase the risk of bleeding, and therapy modification is recommended [113,114].





4. Emerging Herbal Therapies


4.1. Clove (Syzygium aromaticum L.)


Clove (Syzygium aromaticum) is an aromatic evergreen plant that belongs to the family of Myrtaceae [120,121]. It is an aromatic plant widely cultivated in tropical and subtropical countries, rich in volatile substances. Clove is one of the most valuable spices and has been used for centuries as a food preservative and for medicinal purposes [120,121].



Eugenol, the primary active component of clove (Syzygium aromaticum L.) oil, has been used in traditional medicine to alleviate dental pain [120,121]. Clove’s spicy aroma and pungent flavor are attributed to eugenol, a volatile bioactive naturally occurring phenolic monoterpenoid that is a member of the phenylpropanoids [120,121]. Similar to the capsicum in peppers, clove oil gives the skin or mucosa a warming feeling following application [120,121]. The transient receptor potential cation channel subfamily V member 1 (TRPV-1), also known as vanilloid receptor 1, is responsible for clove oil’s therapeutic effects. The receptor desensitizes nerve endings close to the skin’s surface when it is activated [120,121]. Additionally, clove oil contains potent antibacterial qualities that can aid in wound healing and infection prevention [120,121]. Although clove oil is used traditionally, detailed clinical investigations should be performed before its wider application as an alternative remedy for pain control.



If used properly, clove oil is regarded as safe, however, excessive or repeated use can make it toxic [120,121]. The most frequent adverse effect of clove oil is tissue irritation, which manifests as discomfort, swelling, redness, and a burning (as opposed to warming) sensation [120,121].




4.2. Clover (Trifolium Species)


Clover (genus Trifolium) is a family of roughly 300 annual and perennial plants (Fabaceae) [122]. Clovers are often short-lived herbs with alternate complex leaves that are typically composed of three toothed leaflets [122]. Except for Southeast Asia and Australia, clover grows in most temperate and subtropical regions of the world; cultivated species have naturalized in temperate regions worldwide [122]. The plants can be cultivated as a cover crop or utilized as a green manure, in addition to being helpful as livestock feed. Clover honey is a frequent secondary product of clover production, as the blossoms are particularly attractive to bees [122].



Clover (Trifolium) species in folk medicine are used for their analgesic and antiseptic properties, and as a remedy to alleviate rheumatic disturbances [123]. The main bioactive compounds in clover species are estrogenic isoflavones: daidzein, genistein, formononetin, biochanin A, coumestrol, and naringenin. Minor compounds include other flavonoids, pterocarpans, coumarins, and tyramine [122].



Red clover is mainly used as a phytoestrogen for the treatment of menopause symptoms and bone and cardiovascular health support during pre-menopause or menopause [124,125,126,127].



Although there are no clinical data available yet, in vivo studies show that in the case when pain threshold was reduced due to estrogen deprivation, red clover extract (500 mg/kg of body weight) given to ovariectomized (OVX) and normal (control) rats for 90 and 180 days could restore it to normal levels, as assessed by tail flicking and formalin test methods [128]. Moreover, the clover active compound formononetin exerted anxiolytic activity in a chronic pain model in mice in vivo via the suppression of inflammation and neuronal hyperexcitability [129]. However, detailed clinical studies are needed to evaluate clover use in folk medicine for analgesic and antirheumatic purposes.



Clover does not have serious side effects during prolonged use [123,124,130]. Clover preparations may include headache, nausea, and rash [123,124,130]. Pregnant or breastfeeding women should not take red clover [123,124,130].





5. Pros and Cons of Natural Painkillers: Their Efficacy vs. Traditional Therapy


Pain, a global public health priority, is an unpleasant sensory and emotional experience related to real or potential tissue damage [5]. About twenty percent of adults globally experience pain, and ten percent are newly diagnosed with chronic pain each year [4]. Current pain management strategies rely mostly on nonsteroidal anti-inflammatory drugs (NSAIDs) [5]. These medications are the first-line treatment for mild to moderate pain, followed, if ineffective, by stronger opioids [131]. However, the use of opioids is compromised due to their many negative side effects and possibility of addiction [131]. Opioids are capable of causing drowsiness, nausea/vomiting, constipation, tolerance, physical dependency, and respiratory depression [131].



Therefore, it is necessary to develop alternatives for pain management, particularly those derived from plants [6,7] (Figure 3).



Plant extracts, instead of simple components, allow for synergistic properties or efficacy against multiple targets. Phenolic plant compounds are strong antioxidants with potent anti-inflammatory properties; thus, suppression of inflammation signaling pathways is one of the main mechanisms of action of plant-derived painkillers. Furthermore, different plant extracts also have their specific targets, such as GABA receptors and transient receptor potential channels, summarized in Figure 4.



Chronic pain patients frequently utilize a variety of complementary therapies. Increasingly, these treatments have been subjected to the same rigorous evaluation as all modern practices based on scientific evidence [1]. More than 60% of patients with chronic pain sooner or later chose alternative treatments to drugs [6].



The main question about using herbal remedies to alleviate acute or chronic pain is related to the ability to respond quickly. Traditional therapies with NSAIDs or analgesic drugs are fast enough and very effective, however, the use of narcotic drugs is always related to heavy and hardly tolerable side effects [1]. In such a situation, herbal-based drugs might have anti-inflammatory, analgesic, and muscular relaxant characteristics with fewer side effects [7]. The mechanism of action of a number of herbs has already been identified, and is similar to that of synthetic drugs [7]. However, there are herbal remedies where traditional use has demonstrated their efficacy, but the mechanism of action is still unknown [7]. Furthermore, herbs usually consist of ingredient mixtures, while traditional drugs are pure compounds [6,7,8]. Usually, pain-relieving properties of natural herbal drugs originate from their numerous constituents, capable of acting via distinct molecular pathways. However, multiple herbal ingredients could also be responsible for the interaction with other synthetic drugs used by the patient.



Thus, to sum up, plant-derived drugs could be good candidates with negligible side effects for chronic persistent pain management, but not suitable to provide fast relief under acute pain conditions.
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Figure 1. Main pain types. 
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Figure 2. Peripheral neuropathic pain targets (non-opioid). Nav—voltage gated sodium channels, TRPV1—transient receptor potential vanilloid 1 channel, TRPA—transient receptor potential ankyrin channel, TRPM8—transient receptor potential melastatin 8 channels, VGCC—voltage-gated calcium channels, NMDAR—N-methyl-D-aspartic acid receptor, COX-2—cyclooxygenase 2, GABAR—GABA receptor, SNAP-23 and SNAP-25—SNARE protein complex components. 
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Figure 3. Main herbs exerting antinociceptive activity. 
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Figure 4. Main analgesic mechanisms of herbal painkillers. Nav—voltage gated sodium channels, TRP–transient receptor potential channels, VGCC—voltage-gated calcium channels, COX-2—cyclooxygenase 2, LOX—5-lipoxygenase. 
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