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Abstract: Introduction: L- Menthol is abundantly present monoterpene in nature and is effective against many diseases like microbial infection, inflammation or even in cancer. Many in-vitro anticancer/cytotoxicity studies confirm its anticancer potential. Material and methods: The data regarding the L-menthol and its possible mode of action was collected from the literature (PubMed and Google scholar). The author tried to collect and study all the literature available for the mechanism of action of L-menthol.  Results: L-menthol is among the few molecules which show activity against multiple targets especially tubulin polymerization like taxol, topoisomerase inhibition like Camptothecin. Other targets are proteins of the cell cycle, Ca+2 ion channels, and apoptosis.  Although it’s activity on in-vivo models is yet to be confirmed. Toxicity of L- menthol on animals is very low.  Discussion and Conclusions: All the studies till date showing the promising behaviour of L-menthol as anticancer agent.  It can be a very good candidate in anticancer drug discovery as it a works on multiple targets, abundantly available in nature and has very less toxicity towards normal cells.
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Introduction
L- Menthol is a naturally occurring cyclic monoterpene isolated from the peppermint plant Mentha x piperita (Lamiaceae), and can be synthesised chemically[1]. Like many other monoterpenes L-menthol is used in oral hygiene products, as a flavouring agent confectionary, pharmaceuticals, cosmetics, pesticides etc. [2, 3, 4]. Menthol also has many medicinal properties like anti-inflammatory antimicrobial etc. L-menthol is been used to treat many diseases from Vedic period in India. L-menthol shows very low or negligible toxicity towards animals [5]. Many in-vitro studies showed that menthol has anticancer properties as well [6]. Cancer is one of the most common cause of death all over the world. It causes death of thousands of people every year [7]. There are many anticancer drugs available now and most of them are from natural sources. Some of them inhibit cell cycle and some inhibits different enzyme which are responsible for the cell survival and growth. Most commonly used anticancer drugs are Tubulin dynamics modulators and Topoisomerases inhibitors. Although these drugs are very effective against many types of cancers but the problem is multiple drug resistance (MDR) when these are used for long term. Multiple drug resistance (MDR) significantly decreases the efficacy of anticancer drugs and causes cancer recurrence [8]. Now to cope with MDR researchers are trying to develop or discover the drug with multiple mode of action. One molecule BPR0Y007 was synthesised shows dual mode of action [9] but till now there are very few natural anticancer molecules show dual mechanism of action in-vitro studies showing that L-menthol is one of them. Most importantly few studies confirm its effect on Topoisomerase and few studies show its effect on tubulin polymerization. Although those studies were conducted in-vitro only but they confirm L-menthol has many targets especially tubulin polymerisation and action of topoisomerase enzymes. In this review author tries to cover all the targets of L-menthol confirmed in different studies.
Objective
The aim of this review is to affirm the mode of action of abundantly available monoterpene L-menthol as anticancer agent reported by different publications published in reputed journals.  All the data were gathered from authentic internet browsers like PubMed and Google scholar. The review is focused on the plausible targets of L-menthol as anticancer.

Methodology
Literature research

A systematic literature search was conducted to collect publications which weresuggestingchemicalstructure of L-menthol and its therapeutic values especiallyanticancerproperty of L-menthol. Literatures were collected from PubMed and Google scholar. The author also performed the advanced search of the literature using terms L-menthol and anticancer in all possible combinations.
Eligibility Criteria

Articles were selected based on the following criteria.

1. Every article within the open search should include at least two of the three terms “L-menthol”, “mechanism of action” anticancer, and cancer. 
2. The data should be from all the recent articles indicating L-menthol as anticancer in-vitro and in-vivo.
3. The abstract must imply to some extend to the mode of action of L-menthol.
Selection of Articles
Almost all the Articles indicating mode of action of L-menthol by using an open search strategy combining the term L-menthol, therapeutic use of L-menthol especially anticancer properties of L-menthol were included.
Discussion
Modulation of tubulin Polymerization: 

Microtubule plays different roles in eukaryotic and prokaryotic cells. During cell division, microtubule serves key structural component of the mitotic spindle on which the chromosomes segregate to the two daughter cells [10]. Microtubule. Microtubules structures consist of α- and β-tubulin heterodimers, and are involved in intracellular trafficking, cell movement, cell division. In the context of cancer, the tubulin family of proteins is recognized as the target of anticancer agents [11], which suppress the dynamics of the mitotic spindle to cause mitotic arrest and cell death, for example paclitaxel and the vinca alkaloids vincristine and vinblastine and the drugs with the targets are shown to be very promising anticancer agents for last 2 decades, the drugs showing modulatory effects towards tubulin polymerization are used to treat many cancers [12].   According to some in-vitro studies it is seen that L-menthol acts like Taxol and modulates tubulin polymerisation. [13].

Inhibition of Topoisomerases
DNA undergoes conformational and topological changes during replication and transcription. Topoisomerases are probably evolved to effectively deal with different conformational and topological changes in DNA [14]. It is known that activation of signaling pathways causes DNA damage induced by poisons of topoisomerase and can lead to cell death by apoptosis [15]. Therefore, targeting the inhibition of topoisomerases may be a clinical approach for the development of more efficient therapeutic strategies. Daunorubicin and etoposide act on type II topoisomerases [16], Camptothecin and indolocarbazole act on type I topoisomerases have been shown to stimulate DNA cleavage by topoisomerases leading to cell death [17]. One study shows that Menthol reduced topoisomerases I and II levels, which may be the cause of induction of cell death. L-Menthol is associated with topoisomerase inhibition-mediated DNA damage [18].
Arrest the cell at G2/M Phase
The polo-like kinase family plays a very important role in many cell cycle related events and is reported to be over-expressed in various types of tumours, including oropharyngeal carcinomas, melanomas, squamous cell carcinomas of the head and neck, NSCL cancer, and ovarian and endometrial cancer [19]. Polo-like kinase 1 (PLK1), a key regulator of cell cycle especially G2/M phase progression and promotes the nuclear translocation of Cdc25C and the CDK1-Cyclin B1 complex [20]. L-menthol causes the down regulation of PLK1 because of which entry of Cdc25 and CDK1 is blocked so the cell gets arrested at G2/M phase as Cdc25 and CD1 are crucial proteins for cell division.
Other studies also show that Plk1 inhibitors may be effective against cancer with RAS mutations and that tumor cells with mutations in TP53 are more sensitive to inhibition of Plk1[21]. Plk1 physically binds to the tumor suppressor p53 in mammalian cells, and inhibits transactivation activity as well as its pro-apoptotic function [22]. So L-menthol indirectly enhances the activity of TP 53 which is key protein in apoptotic pathway.

Suppression of (TRPM8 or Transient receptor potential melastatin-family member 8)

Transient receptor potential melastatin-subfamily member 8 (TRPM8) is an ion channel, and regulates the Ca+2 homeostasis [23]. Recent studies show that TRPM8 channels are also involved in cellular proliferation, survival, and invasion which are hallmarks of cancer. TRPM8 causes the change in the Ca+2 level inside and outside the cell modulation of the signaling pathways and transcription of genes that mediate the cellular responses to mitogens [24].TRPM8 is also associated with phosphorylation of extracellular growth factor-regulated kinase (ERK) and focal adhesion kinase (FAK)  and activation of AKT-GSK-3β and [25].  Which are hallmark of different types of cancer. In some kind of cancer it promotes the binding of RACK1 (Receptor for activated C-kinase)to HIF-1α (hypoxia-inducible factor-1)and RACK1-mediated degradation of HIF-1α [26]. L- Menthol induces mitochondrial membrane depolarization by modulating the expression of TRPM8, which causes the elevation of Ca+2. As TRPM8 activates AKT-GSK-3β and phosphorylation of extracellular growth factor-regulated kinase (ERK) and focal adhesion kinase (FAK), L-menthol indirectly inhibits cancer by activation of these molecules which are involved in cell proliferation. 

Activation of Apoptosis
Tumor necrosis factor:

Tumor necrosis factor superfamily (TNFSF) proteins play very important role in cell survival and apoptosis [27]. These bind with their receptors i.e. tumor necrosis factor receptor superfamily (TNFRSF) and activate many cellular pathways which are responsible for cell division and suicide. In recent studies it is found that L- menthol induces the production of TNFSF7 and TNFSF9 and their corresponding TNFRSFs (TNFRSF7, TNFRSF9) [28], which are down-regulated in many types of cancers [29].

Activation of caspases cascade
Caspases are a family of endoproteases and play critical role in cell regulatory networks controlling inflammation and cell death by apoptosis. Activation of apoptotic Caspases which results in activation or inactivation of substrates, and the generation of a cascade of signals permitting the controlled demolition of cellular components. In many types of cancer, caspases like caspases3, 8, 9 and 10 are dysregulated[30]. 

L-menthol treated cells show up-regulation of caspase10. Caspase10 plays very important role in initiation of apoptosis as it starts the cascade and induces other caspases like caspase3, caspase7 and caspase9 [28].

Suppression of HSP-90
Hsp90 (Heat shock protein-90) is a highly abundant and ubiquitous molecular chaperone which plays an essential role in many cellular processes which includes cell survival, cell cycle control, hormone and other signalling pathways [31]. It is important for the cell's response to stress condition and has a key role in maintaining cellular homeostasis [32] [33] .It acts as an anti-apoptotic factor via several mechanisms [34]. L-menthol down-regulates the expression of HSP90 and acts as HSP90 inhibitor. 

HSP90 regulates TNF-induced activation of IkB kinase (IKK) and NF-kB by interacting with the kinase domains of IKK and by forming a hetero-complex, containing NF-kB essential modulator and co-chaperone protein CDC37 [35]. It is reported that L-Menthol increased the levels of NF-kB, which may lead to cell death [36].

Regulation of other oncogenes and Apoptotic genes
 BCL-2 family proteins, have either pro- or anti-apoptotic activities, or they play important role in regulation of apoptosis, tumor genesis and cellular responses to anticancer therapy. In mammals, there are at least 12 core BCL-2 family proteins, having either three-dimensional structural similarity or predicted secondary structure that is similar to oncogene BCL-2 [37]. In one investigation, genes for many BCL-2 family proteins showed higher expression in L-menthol-treated cells.

A lot of interplay is also involved among various categories of proteins in effecting apoptosis. APAF1 is a key link in apoptosis [38], which is associated with pro-caspase-9 and cytochrome c, forming the apoptosome complex and activating caspase 9 (CASP9) that in turn cleaves and activates effector caspases. BCL2L10binds to this protein directly and prevents Bcl-XL (apoptosis inhibitor) binding to APAF1 [37]. In L-menthol treated cells higher expression of APAF1 and BCL2L10 is analysed which indicates the occurrence of apoptosome related pathway for apoptosis after L-menthol treatment.

Conclusion
L-Menthol is a monoterpene, abundantly available in nature and shows minimal toxicity in acute oral studies. Various in-vitro studies show that L-menthol has more than one targets as anticancer agent tubulin polymerization and topoisomerase enzymes and both are essential for cell growth and cell division [40]. Only few molecules have more than targets and L-menthol can be proved to be one of them, although detailed investigation is required to understand the full mechanism of action of menthol. If this effect will be proved in In-vivo studies as well then L-menthol can be a significant anticancer drug in future because of its multiple targets, abundant availability and low toxicity to normal cells. 

Future prospects
Although in present review the author tried to identify the exact mechanism of action of L-menthol suggested by different publications still its role on particular cell lines yet to be established and there are only few articles where in-vivo studies were conducted so in-vivo studies can give more insight about L-menthols effect as anticancer.
Key Message: L-menthol a natural anticancer agent with dual mode of action
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