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            Abstract

            
               
The Mentha genus includes several species such as Mentha rotundifolia L., which is widely distributed around the Mediterranean basin, America and in western Asia.  The plant is recommended in folk
                  medicine for the treatment of various diseases. It has also been used to discover biomolecules that have significant beneficial
                  effects with fewer side effects. Mentha rotundifolia (L) leaves are potential as an antihypertensive cause of terpenes which contain in them. 36 different terpenes and terpenoids
                  have been identified and selected from this plant.  This study evaluated the mechanism of phytoconstituents from the above
                  plant in the inhibition of angiotensin-converting enzyme-related carboxypeptidase (ACE2) with molecular docking. Selected
                  ligands were docked on the receptor (PDB ID: 1R4L) using Auto Dock Vina and analysed by PyMol. 2D and 3D structures of compounds
                  were drawn by the Chem Draw program. The standard drug that has been taken for the study, lisinopril, has shown a binding
                  affinity of -7.8 Kcal/mol. Calacorene, one of the terpenes present in the plant, has interacted with Phe274, Asp367, Glu406,
                  Thr445, Thr371 residues of protein and produced a docking score similar to that of the standard drug Lisinopril. In the light
                  of the results obtained, the plant studied is promising as a source of natural hypotensive agent that can be further developed
                  as a lead molecule. 
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               Introduction

            The angiotensin-converting enzyme (ACE) linked carboxy peptidase, ACE2 is a specific type I integral membrane protein having
               805 amino acids, which contains 1 HEXXH + E zinc-binding consensus sequence. ACE2 has been involved in the maintenance of heart function and also as an active receptor
               for the corona virus that produces severe acute respiratory syndrome (SARS). The active site of ACE2 is 42% equal to that
               of its adjacent homolog, i.e. somatic angiotensin-converting enzyme (SACE; 
            

            

            
                  
                  Table 1

                  The Binding Affinity of Ligand, Standard and Compounds towards human angiotensin-converting enzyme-related carboxypeptidase
                     (ACE2) (1R4L)
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                           (-)Germacrene D
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                           22

                           
                        
                        	
                              
                           
                           Epi-bicyclosesquiphellandrene
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                           23
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                           Myrcene

                           
                        
                        	
                              
                           
                           -5.7
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                           -5.6
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                           36
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                           37

                           
                        
                        	
                              
                           
                           XXH(co-crystallized ligand of 1R4L)
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                           38
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                  Figure 1

                  (1a) Calacorene position in the protein 1R4L and (1b) interactions of calacorene with Phe274, Asp367, Thr445, Thr371, Glu406.

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/8d082f20-09e8-4905-83c8-04184486527f/image/3a574e8c-3746-4c92-904b-97136ecac080-upicture1.png]

            EC 3.4.15.1), a peptidyl dipeptidase which plays a meaningful role in the renin-angiotensin system for maintaining BP homeostasis
               (Towler et al., 2004). 
            

            ACE inhibitors are prescribed for regulating chronic and acute elevated blood pressure, left ventricular dysfunction and failure
               of heart, prevention of strokes and kidney ailments in individual suffering from high BP or diabetes. But there are various
               issues related to these drugs toleration and safety. The USFDA is conducting global investigations on the limits of impurities,
               particularly nitrosamine, in these particular drugs. These drugs are generally contraindicated in Pregnancy or breastfeeding
               cases. These drugs, if prescribed with COX inhibitors, results in the decrease of hypotensive effects of ACE Inhibitors  (Sidorenkov & Navis, 2014). 

            Mentha plant is one of the privileged medicinal plants in ancient medicine. This particular plant is mainly a leafy plant grouped in the
               Lamiaceae family. Starting from ancient times, various parts of this plant have been prescribed for various treatments. The
               plant possess cardiovascular   (Awang, 1999; Hawthorn et al., 1988), pulmonary  (Balakrishnan, 2015), gastrointestinal  (Mikaili, Mojaverrostami, Moloudizargari, & Aghajanshakeri, 2013), neuro-psychiatric, endocrine, immune-modulatory, antimicrobial, Hypotensive and antispasmodic activities  (Pattnaik, Subramanyam, Bapaji, & Kole, 1997; Shahbazi, 2015; Singh, Shushni, & Belkheir, 2015).
            

            The active phytochemicals isolated in the diethyl ether extract of M. rotundifolia are Sabinene, Terpinen-4-ol, Terpinolene, Piperitenone, Piperitoneoxide, 1,2-epoxymenthyl acetate, Germacrene D, T-muurolol,
               α-pinene, α-caryophyllene alcohol, Aromadendrene, β-pinene, Borneol, Cadina-1,4-diene, Calacorene, Camphene, α-carvotanacetone,
               cis-calamenene, Caryophyllene oxide, epi-bicyclosesquiphellandrene, Jasmine, Limonene, Lisinopril, Myrcene, Neophytadiene,
               p-Cymene, p-Cymenene  (Brada, Bezzina, Marlier, & Lognay, 2006).
            

            Terpenes and terpenoids are a broad group of natural compounds possessing important biological activities and are prescribed
               for human diseases. Taxol (anticancer drug) and Artimesinin (antimalarial drug) are  the most well-known terpene derivatives.
               In the last few decades, many new terpenoids from the marine environment has been identified, with new structures and promising
               bioactivities, with more to be discovered in the future. Semisynthetic derivatives of terpenes also play a major role in the
               development of terpenoid-derived molecules. Recent technologies like environmental genomics and other “-omics” will surely
               help in the isolation and development of new terpenoids from nature  (Wang, Tang, & Bidigare, 2005). 
            

            Computational techniques are generally used to predict the activity of various compounds. In silico studies add axiomatically
               to starting pharmaceutical developments and are crucial in the identification of specific targets. The aim of this study is
               to analyse the activity of M. roduntifolia as human angiotensin-converting enzyme-related carboxypeptidase (ACE2) inhibitors  by the help of computational techniques.
            

         

         
               
               Material and Methods
               
            

            A desktop operated by Windows 10pro, Intel® CoreTM i3-8100 (3.6 GHz), 64-bit, hard disc drive 1TB and RAM memory 4 GB were
               used to run the molecular docking process. Softwares used for In silico docking were Autodock 1.5.6, Autodock Vina 1.1.2 program
               and visualized by PyMol 1.3. The 3D structure of the enzyme used in this research (human angiotensin-converting enzyme-related
               carboxypeptidase (ACE2) was obtained from Protein Data Bank (PDB code: 1R4L) through the website http: //www.rcsb.org/pdb.
               2D and 3D structures of compounds were generated by using ChemDraw.
            

         

         
               Results and Discussion

            
               In-silico Analysis
               
            

            Various terpenes obtained from Mentha rotundifolia leaves were docked into the protein (1R4L) binding pocket, and the dock scores were shown in Table  1. A docking score equivalent to that of the standard ligand was observed, with calacorene having a value of -7.8. The binding
               pocket and interactions of Calacorene were shown in Figure  1. 
            

         

         
               Conclusions

            From the result, it can be concluded that Calacorene has the highest activity in inhibiting the human angiotensin-converting
               enzyme-related carboxypeptidase (ACE2). Moreover, the binding scores also revealed that calacorene has a similar affinity
               towards the receptor as the standard drug Lisinopril. There is no ambiguity that more terpenes and its synthetic derivatives
               will become available and will have a more significant role in the treatment of various human ailments in future.
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