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ABSTRACT

Peppermint (Mentha x piperita L.), a hybrid of spearmint and watermint, has been widely utilized in traditional medicine
for its aromatic, cooling, and analgesic properties. The principal bioactive constituent, menthol, is primarily responsible
for peppermint’s muscle relaxant and pain-relieving effects. Recent pharmacological investigations have elucidated that
menthol acts as a selective agonist of transient receptor potential melastatin 8 (TRPM8) channels, producing a cooling
sensation that modulates nociceptive transmission. Additionally, menthol influences voltage-gated sodium channels,
calcium influx, and neurotransmitter release, thereby contributing to peripheral and central analgesic effects. Beyond
sensory modulation, menthol exhibits smooth and skeletal muscle relaxation by interfering with calcium mobilization
within muscle fibers and inhibiting contractile responses mediated by muscarinic and histaminergic pathways.
Experimental studies demonstrate that topical peppermint oil or menthol formulations significantly reduce muscle
tension, improve blood flow, and alleviate symptoms of myalgia, tension-type headaches, and exercise-induced muscle
soreness. Preclinical data from animal models show dose-dependent attenuation of inflammatory mediators, oxidative
stress markers, and neuronal hyperexcitability following menthol administration. Clinical evidence supports the topical
application of peppermint oil (2-10% concentration) for localized muscle pain, with favorable safety and tolerability
profiles. Its rapid onset of action, minimal systemic absorption, and low incidence of adverse effects make it an attractive
alternative or adjunct to conventional muscle relaxants and analgesics. However, variability in oil composition,
formulation type, dosage, and application frequency influences therapeutic outcomes. Standardization of peppermint oil
products and rigorous, large-scale randomized controlled trials are necessary to establish optimal therapeutic protocols.
Furthermore, nanocarrier-based delivery systems and synergistic polyherbal formulations represent promising avenues
for enhancing bioavailability, targeted delivery, and sustained release of menthol for muscle relaxation. This review
consolidates mechanistic insights, experimental and clinical evidence, and formulation strategies related to peppermint’s
role in muscle relaxation. By bridging traditional usage with modern pharmacological understanding, it highlights
peppermint and menthol as potential safe, effective, and accessible interventions for managing muscle pain and related
disorders.
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INTRODUCTION
Muscle pain and tension—whether from exercise, stress, injury, or chronic conditions—affect a large portion of the
population and often impair daily function. Conventional treatments include NSAIDs, centrally acting muscle

(12 However, these medications may carry side effects such as sedation, gastrointestinal

relaxants, and physical therapy.
irritation, or dependence, prompting interest in safer, plant-derived alternatives.™! Among these, peppermint (Mentha x
piperita) and its principal active ingredient, menthol, have long been used topically to relieve muscle aches, spasms,
and tension. Understanding the pharmacological mechanisms underlying menthol’s analgesic and muscle-relaxant
properties is critical for evidence-based integration into therapeutic regimens.[*®!

1. Chemical Profile and Traditional Usage

Menthol is a monoterpenoid alcohol that exists primarily as the (—)-isomer in peppermint oil, responsible for its
characteristic minty aroma and cooling effects. Historically, peppermint has been used across cultures for a spectrum of
ailments—from gastrointestinal discomfort and headaches to muscle aches and skin irritation./*”! Despite widespread

traditional use, scientific understanding of menthol’s mechanism of action has only recently matured.

2. Cooling Sensation and TRPMS8 Activation

Menthol’s hallmark cooling sensation arises from activation of the transient receptor potential melastatin 8 (TRPMS8)
ion channel, expressed in cold-sensitive peripheral sensory neurons. Upon menthol binding, TRPM8 channels open to
allow Ca?" and Na" influx, leading to neuronal depolarization and cooling perception, mimicking the effects of cold
stimuli.®®! Genetic and pharmacological studies confirm that TRPMS is the principal mediator of menthol-induced
analgesic effects in acute and inflammatory pain models; knockout or inhibition of TRPMS8 eliminates these analgesic
effects. Furthermore, analgesia appears to involve activation of endogenous opioid pathways—evidenced by its

attenuation with naloxong. %!

3. Inhibition of Voltage-Gated lon Channels and Neuronal Excitability

Menthol additionally exerts direct neuroinhibitory actions by modulating ion channels critical for neuronal
excitability.*** In dorsal horn neuron cultures, menthol suppressed repetitive action potentials, reduced neuronal
excitability, and inhibited synaptic transmission by blocking voltage-gated sodium (Na*) and calcium (Ca?") channels,
and by enhancing GABA, receptor-mediated inhibition.The blockade of voltage-gated Na* channels reduces neuronal
firing, while inhibition of Ca?* channels further diminishes neurotransmitter release.l**!

4. Muscle Relaxation via Calcium Channel Modulation

Beyond its neural effects, menthol also relaxes smooth and skeletal muscle through direct inhibition of L-type voltage-
gated Ca?* channels.'®"! In guinea-pig ileum, cardiac muscle, synaptosomes, and retinal neurons, menthol inhibited
K*-induced Ca?" influx and competed with antagonists of dihydropyridine-sensitive channels, demonstrating robust
calcium-blocking properties.”®*! In human colon smooth muscle, menthol reduced spontaneous and stimulated
contractions primarily by blocking L-type Ca?* influx, independent of TRPMS or neural influences.”>?! Additionally,
menthol suppresses vascular smooth muscle contraction via antagonizing Ca?" channels and modulating the

RhoA/ROCK pathway, contributing to muscle and vascular relaxation.?>!
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5. Additional Molecular Targets: GABA, and Sodium Channels

[24]

Menthol’s analgesic repertoire extends to central inhibitory modulation."™ It acts as a positive allosteric modulator of

GABA, receptors—augmenting inhibitory neurotransmission in central regions, including the periaqueductal gray,

n [25.26

enhancing analgesia and relaxatio 1 Moreover, menthol directly inhibits voltage-gated Na* channels in both

neuronal and skeletal muscle preparations, though with less potency compared to thymol, suggesting local anesthetic-
like properties.?”?!

6. Counter-Irritant Effects and Desensitization

Topically applied menthol initially stimulates peripheral nociceptors, producing a cooling counter-irritant effect that can
desensitize pain fibers and activate central inhibitory pathways—a mechanism common to topical analgesics.”*% At
higher concentrations, menthol may paradoxically induce cold allodynia, underscoring the importance of dose
optimization. Repeated or prolonged exposure may also cause desensitization of TRPMS8 receptors, reducing
responsiveness over time.1*+3%

7. Formulation Considerations and Safety

Peppermint oil and menthol creams or gels are widely used in over-the-counter products for muscle pain and spasms.
While clinical evidence remains limited for muscle-specific applications, safety profiles are favorable when used
topically at regulated concentrations.® Notably, menthol may exacerbate symptoms when inhaled by infants and is
contraindicated in facial applications near the airway in young children.Composition and concentration of active
compounds vary considerably between products, affecting efficacy and tolerability.*!

Pharmacognosy of Peppermint (Mentha x piperita)

Peppermint is a hybrid of Mentha spicata and Mentha aquatica, widely used in traditional medicine for gastrointestinal
disorders, headaches, and muscle pain. Its main active constituent, menthol, constitutes ~30-50% of the essential oil

and is largely responsible for its analgesic and muscle-relaxant effects.

Menthol acts via transient receptor potential (TRP) channels, particularly TRPM8, producing a cooling sensation and

modulating nociceptive transmission.!

Mechanisms of Analgesic Action

e TRPMS8 Activation — Produces cold sensation, reducing pain perception by counter-stimulus mechanism.

e \oltage-Gated Sodium Channel Inhibition — Reduces excitability of peripheral nerve endings, lowering muscle
pain.

e Calcium Channel Modulation — Inhibits excessive calcium influx into muscle fibers, reducing spasms.

e Anti-inflammatory Effects — Menthol suppresses pro-inflammatory cytokines (IL-6, TNF-o), indirectly

lowering pain.1*®

Evidence from Preclinical Studies
Animal models show that topical menthol application increases mechanical pain thresholds and reduces chemically
induced muscle hyperalgesia. Studies in rodent models also demonstrate menthol’s ability to inhibit muscle contraction

via calcium antagonism.®”)
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Clinical Evidence

Topical peppermint oil (2-10% menthol) has been clinically tested for:

e Tension-type headaches — Forehead application significantly reduced headache intensity within 15 minutes.

e Myofascial pain syndrome — Application over trigger points led to reduced muscle tenderness.®®

Safety and Dosage Considerations

e Topical peppermint is generally safe; however, concentrations above 10% may cause skin irritation or burning
sensation. Oral ingestion of large doses can lead to gastrointestinal upset or bradycardia due to menthol’s cardiac

depressant action.

Neuromodulatory Effects of Menthol

Menthol activates TRPM8 receptors, which are cold-sensitive ion channels found on sensory neurons. Activation
induces a cooling sensation and modulates nociceptive signaling by reducing neuronal excitability. "
Anti-Inflammatory Action

Menthol exhibits anti-inflammatory activity by inhibiting COX-2 expression and reducing prostaglandin synthesis,

which plays a significant role in pain and muscle spasm relief.

Enhancement of Blood Flow
Topical peppermint oil increases local blood flow due to vasodilatory effects, promoting clearance of inflammatory

mediators and improving oxygen delivery to tense muscles.!"

Central Nervous System (CNS) Effects
Menthol’s sensory stimulation may modulate CNS pain perception via descending inhibitory pathways, reducing

muscle spasm-related discomfort.

Synergistic Action in Polyherbal Formulations
Combining peppermint oil with other herbal extracts (e.g., camphor, eucalyptus) can enhance analgesic and muscle

relaxant efficacy due to synergistic pharmacodynamics.!*?

Potential Role in Sports Recovery
Menthol-containing topical formulations are widely used in sports medicine for delayed-onset muscle soreness

(DOMS), improving recovery and reducing perceived muscle stiffness.[*’!

Safety and Irritation Profile
While generally safe, prolonged or high-concentration use can cause skin irritation; thus, proper formulation and

concentration control are essential for safe therapeutic use.[*’!

DISCUSSION

The analgesic and muscle relaxant properties of peppermint (Mentha x piperita) have been increasingly recognized in
both traditional medicine and modern pharmacological research. The primary bioactive compound, menthol, acts
through multiple molecular mechanisms that contribute to its pain-relieving and muscle relaxant effects. Menthol’s

most prominent pharmacodynamic action is the activation of transient receptor potential melastatin 8 (TRPMS)
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channels, producing a cooling sensation that modulates nociceptive signal transmission. This cooling effect indirectly

desensitizes pain receptors and reduces muscle hyperalgesia.

In addition to TRPMS8 activation, menthol exhibits voltage-gated sodium channel blockade, which reduces neuronal
excitability and inhibits the propagation of pain signals. This mechanism resembles the mode of action of local
anesthetics, offering an explanation for its rapid onset of analgesic action in topical applications. Moreover, menthol
has been found to modulate calcium influx in smooth and skeletal muscle fibers, contributing to muscle relaxation and

reduction in spasm frequency.

Preclinical studies using animal models have demonstrated that topical menthol application can significantly attenuate
muscle contractility induced by chemical or electrical stimulation. In human clinical studies, peppermint oil
formulations containing 10-16% menthol have shown efficacy in relieving tension-type headaches, myofascial pain,
and delayed onset muscle soreness (DOMS). Additionally, menthol-containing topical analgesics are well tolerated,
with minimal systemic absorption and few adverse effects, making them a safe alternative to systemic analgesics for

localized muscle pain.

The anti-inflammatory properties of peppermint oil also contribute to its therapeutic effects. Menthol suppresses the
production of pro-inflammatory mediators such as prostaglandins, TNF-a, and interleukins, which are implicated in
muscle pain pathogenesis. This dual action—modulating both sensory perception and inflammation—enhances its

clinical utility.

However, certain limitations exist. The concentration of menthol in topical preparations significantly influences
efficacy; concentrations below 5% may be insufficient for therapeutic benefit, whereas those exceeding 20% may cause
skin irritation. Moreover, the variability in peppermint oil composition due to differences in cultivation, extraction, and

formulation can lead to inconsistent clinical outcomes.

Future research should focus on standardized formulations, optimized dosing regimens, and advanced delivery systems
such as nanoemulsions or liposomal carriers to enhance penetration and sustain therapeutic levels in target tissues.
Combining menthol with other natural or synthetic analgesics may also yield synergistic effects for managing muscle

pain.

Overall, menthol-rich peppermint oil remains a promising, safe, and cost-effective therapeutic option for managing
painful muscle conditions. With further evidence-based standardization, it could become a more widely adopted

alternative or adjunct to conventional pharmacotherapy.

CONCLUSION

The therapeutic potential of peppermint (Mentha x piperita) and its major bioactive constituent, menthol, in muscle
relaxation and pain management is supported by a growing body of preclinical and clinical evidence. Menthol exerts its
analgesic effects through a multimodal mechanism involving activation of transient receptor potential melastatin 8
(TRPMB8) channels, desensitization of nociceptive C-fibers, modulation of calcium ion influx, and inhibition of voltage-
gated sodium channels. These mechanisms lead to reduced neuronal excitability, alleviation of muscle spasms, and

attenuation of pain perception, particularly in conditions such as myalgia, tension headaches, and neuropathic pain.
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Beyond its direct neuromodulatory actions, menthol’s cooling sensation elicits a psychophysical response that
contributes to perceived analgesia and improved muscle comfort. The topical application of peppermint oil has been
shown to induce localized vasodilation, enhance microcirculation, and reduce inflammatory mediators, thereby aiding
muscle recovery. Such properties make peppermint-based formulations attractive in sports medicine, physical therapy,

and complementary pain management.

Clinical studies have demonstrated the safety and efficacy of menthol-containing preparations, with minimal adverse
effects when used topically in recommended concentrations. Furthermore, its natural origin, cost-effectiveness, and
broad availability make it a viable alternative or adjunct to conventional pharmacological agents, particularly for

patients seeking plant-based therapies.

Despite promising results, several gaps remain. Variability in peppermint oil composition due to cultivation conditions,
extraction methods, and storage can significantly influence pharmacological outcomes. Standardization of bioactive
content, especially menthol concentration, is essential for consistent therapeutic effects. Moreover, while short-term
benefits are well-documented, the long-term efficacy and safety profile of continuous topical use require further
investigation through large-scale, randomized controlled trials.

Future research should explore optimized delivery systems, such as nanoemulsions, liposomal carriers, or transdermal
patches, to enhance menthol’s skin penetration, prolong its analgesic effect, and minimize potential skin irritation.
Additionally, integrating peppermint formulations with other synergistic phytochemicals may yield broader-spectrum

analgesic and anti-inflammatory benefits.

In conclusion, menthol from peppermint oil offers a scientifically supported, safe, and accessible muscle relaxant and
analgesic option, particularly in topical applications. Continued advances in formulation science, coupled with rigorous
clinical validation, will be key to unlocking its full therapeutic potential and integrating it more effectively into

mainstream pain management strategies.
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