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Abstract. The compound carvone is a monoterpene oxygen derivative. It 
is presented by light yellow liquid. These compound characteristic a spicy 
smell and had a sweet taste. In the carvone observed two enantiomeric forms 
(S)-(+) and (R)-(-). It is used in perfumery and cosmetics, although it’s 
considered a potential allergen. It’s also used to flavor food and 
pharmaceutical products. The scope of these work was to predict different 
properties of l-carvone as physiochemical and lipophilic, water solubility, 
pharmacokinetics, drug likeness and pharmaceutical properties of the 
compound.  

1 Introduction 
Carvone is a monoterpene oxygen derivative. It occurs in two enantiomer forms that 
presented different biological properties. It is seen in caraway and dill fruits, and presented a 
spice odour. Its enantiomer [CAS 6485-40-1], (usually referred to as l-carvone). Usually in 
the mint leaves hold a Carvone that connected with mint odour, especially in leaves from 
spearmint (Mentha spicata L.) where it’s most prevalent in its chemical composition [1-3]. 
Carvone and the oils contained in it are used to flavor food products, it is used in perfumery, 
cosmetics and aromatherapy. 

Carvone isolated from essential oils has the following parameters: density at 20℃ from 
0.9603 to 0.9659, refractive index at 20℃ from 1.4988 to 1.5003, boiling point between 230 
and 231℃, polarization from +56 to +60° and from -57 to -62°, solubility in 50% ethanol 
1:17, in 60% ethanol 1:4-5, in 70% ethanol 1:1.5-2 and purity over 98%. It has different 
solubility - it is insoluble in non-polar liquids, and it is soluble in polar liquids [3].  

It has been established that carvone exhibits antimicrobial properties against various test 
cultures:  in bacteria (+ and -) [4-6] yeasts and fungi [7-11], antioxidant activity [12, 13] and 
other biological properties, for example antinociceptive and anti-inflammatory [14, 15], 
antihyperglycemic [16], inflammatory [17], anaesthetic[18], pharmacological [19], etc. [20-
25] due to which the essential oils containing it find a variety of applications. 
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The essential oils of cumin and fennel fruits, of spearmint leaves and others that contain 
carvone are used in perfumery and cosmetics [1, 3]. However, there are studies that have 
found carvone, to be considered a potential allergen [26-30].  

Essential oils containing carvone are also included in aromatic compositions used to 
flavour various foods [3]. 

The diverse application of essential oils containing carvone is a prerequisite for the study 
of some of their physicochemical properties, to establish their stability. Research has been 
conducted to determine various parameters – physicochemical (density, surface tension and 
refractive index), kinetic and thermodynamic (surface energy, surface heat capacity, reaction 
rate constant) of essential oil of spearmint and its main component carvone [11].  

Prediction of some of its biological properties is the subject of this work. 

2 Materials and methods 
SwissADME (absorption, distribution, metabolism and excretion): By means of it, free 
access to various properties and predictive models necessary in determining physicochemical 
parameters and for evaluating pharmacokinetics is obtained [31]. 

The "Rule of Five" was used and other rules that are equal to the "Rule of Five" were 
proposed [32, 33]. 

Hopkins presented developed concepts [34] which eight physicochemical properties 
using 771 marketed oral drugs [34]. The QED is concept for ordinary drug-likeness rules 
[31]. 

3 Results and discussion 
Some physicochemical parameters of l-carvone are presented in Table 1.  

Table 1. Presentation of physicochemical properties in the compound (l-carvone). 
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Lipophilicity characteristics of l-carvone is presented in Table 2.  
Table 2. Lipophilicity characteristics of the l-carvone. 

iLOGP XLOGP3 WLOGP MLOGP SILICOS-IT Consensus Log Po/w 
2.27 2.71 2.49 2.10 2.64 2.44 

* Presentation of names according [31]. 
 

Log P data defines l-carvone as lipophilic. Two approaches to predict water solubility 
applying an ESOL model. (Solubility class: Log S Scale: Insoluble & lt; -10 weakly & lt; -6, 
moderately & lt; -4 soluble & lt; -2 very & lt; 0 & lt; high) presented according Ali et al. [24]. 
A third predictor has been developed from SILICOS-IT  (Log S Scale: Insoluble & lt; - 10 
weakly & lt; -6, moderately & lt; -4 soluble &lt; -2 very & lt; 0 & lt; high), the linear 
coefficient was presented (R2 = 0.75).  

Water solubility characteristics of l-carvone are presented in Table 3. The l-carvone 
molecule has a high water solubility. For the prediction of passive absorption of the 
gastrointestinal tract, as well as in drug development, the BOILED-Egg model is used, which 
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is very rapid, spontaneous and, effective [36]. The molecules with a high absorption from the 
gastrointestinal tract is colored white, and this is most likely to penetrate the brain – in yellow 
[31]. It is known that between 50 and 90% of molecules with therapeutic properties from the 
five main isoforms of citral are biotransforate from cytochrome P450 (CYP) isoenzymes [37, 
38].  

Table 3. Characterization solubility of water in the l-carvone. 

 
Pharmacokinetics parameters of l-carvone are presented in Table 4. The data indicates a 

high level of absorption of the gastrointestinal tract and a high BBB, i.e. l-carvone is a non-
substrate of P-gp, it is also a non-inhibitor of the cytochrome P450 isozymes. L-carvone is a 
compound with a weak permeability which is determined by the coefficient (Log Kp) [38]. 
Access to five different filters, are given by section SwissADME. The Lipinski et al. [39] 
filter the rule with different methods [32, 40-42]. The specific needs of the end-user with 
respect to the chemical space are formed by the different evaluations which allow a choice 
of diverse methods. A description of each rule violation appears in the output panel [31].  

Table 4. Pharmacokinetics parameters of the l-carvone. 
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Drug-likeness rule and Bioavailability score of l-carvone are presented in Table 5. l-

Carvone presented rule in SwissADME, and according [43] the molecule is minimal. In the 
model of Brenk et al. [44] compounds are smaller hydrophobic with those obtained by 
"Lipinski's rule of 5" to extend the possibilities of optimization of lead. For example, lead 
optimization was developed by [45, 46] using method with molecular weight between 100 
and 350 Da.  

Table 5. Presentation of rule of Druglikeness and Bioavailability score in the l-carvone. 

Lipinski 
et al. [20] 

Ghose et al. 
[32] 

Veber  et al. 
[40] 

Egan et al. 
[41] 

Muegge et al. 
[42] 

Bioavailability 
score 

Yes; 0 
violation 

No; 1 violations 
MW < 160 

Yes Yes No; 2 violation: 
MW < 200; 

Heteroatoms < 2 

0.55 

 
The medically important properties of l-carvone are presented in Table 6. No reaction 

alerts were observed for PAIN alert, but reaction alerts were observed for Brenk et al. [44].  
Table 6. Medicinal chemistry properties of the compound (l-carvone). 

Pains Brenk et al. [44] Leadlikeness Synthetic accessibility 
(SA) 

0 alert 1 alerts: 
isolated_alkene 

No; 1 violation:  
MW < 250 

3.33 

 

ESOL Ali et al. [35] SILICOS-IT 
Log S 

 
Solubility Class Log S 

 
Solubility Class Log S 

 
Solubility Class 

mg/ml mol/L mg/ml mol/L mg/ml mol/L 
-2.41 5.81e-01 3.87e-03 S -2.72 2.85e-01 1.90e-03 S -2.16 1.04e+00 6.95e-03 S 
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Therefore, there is some deviation in terms of its drug similarity. It is seen that the 
molecule is at the prediction site of BOILED-Egg (Fig. 1). The molecule l-carvone is seen as 
red point of P-gp (PGP).  

 
Fig. 1. Perceptive evaluation of passive gastrointestinal absorption (HIA) and Brain penetration 
(BBB) using BOILED-Egg (WLOGP vs TPSA). 

l-Carvone was evaluated for drug-likeness by bioavailability radar (Fig. 2). For it six 
physicochemical properties including and Insaturation and Flexibiliti outline an optimum 
space (pink area) were predicted [31]. 

In Fig. 2 the Bioavailability Radar of the compound is presented, which is in the pink 
zone with small deviations in some parameters. 

 
Fig. 2. Biavailability Radar schematic diagram of l-carvone. 

4 Conclusion 
In order to act as a drug, l-carvone must meet certain requirements that will allow the relevant 
biological events to take place. The SwissADME tool makes it possible to calculate medically 
important physicochemical, pharmacokinetic and other parameters of flavoring substances. 
This is important in the application of the aromatic component in the cosmetic and food 
products, subject to further research. 

4

BIO Web of Conferences 122, 01008 (2024)
EE&AE 2024

https://doi.org/10.1051/bioconf/202412201008



References 
1. K. Bauer, D. Garbe, H. Surburg, Common Fragrance and Flavour Materials. 

Preparation, Properties and Uses, (IV Compl. Revised Edition. Wiley-VCH Verlag 
GmbH, Weinheim, Germany, 2001) 

2. K. Baser, G. Buchbauer, Hand Book of Essential Oils: Science, Technology, and 
Applications, (Taylor and Francis Group, LLC CRC Press in an imprint of Taylor and 
Francis Group, an Informa business, 2010) 

3. A. Stoyanova, Guide for the Specialist in the Aromatic Industry, (Plovdiv, BNAEOPK, 
2022) 

4. K. Aggarwal, S. Khanuja, A. Ahmad, T. Santha Kumar, V. Gupta, S. Kumar, 
Antimicrobial activity profiles of the two enantiomers of limonene and carvone 
isolated from the oils of Mentha spicata and Anethum sowa. Flavour Fragr. J. 17, 59 
(2002)  

5. M. Esfandyari-Manesh, Z. Ghaedi, M. Asemi, M. Khanavi, A. Manayi, H. Jamalifar, F. 
Atyabi, R. Dinarvand, Study of antimicrobial activity of anethole and carvone loaded 
PLGA nanoparticles. J. Pharm. Res. 7, 290 (2013) 

6. I. Moro, G. Gondo, E. Pierri, R. Pietro, C. Soares, D. de Sousa, A. dos Santos, 
Evaluation of antimicrobial, cytotoxic and chemopreventive activities of carvone and 
its derivatives. Braz. J. Pharm. Sci. 53 (2018) 

7. C. Morcia, M. Malnati, V. Terzi, In vitro antifungal activity of terpinen-4-ol, eugenol, 
carvone, 1,8-cineole (eucalyptol) and thymol against mycotoxigenic plant pathogens. 
Food Addit. Contam. Part A. 5, 1 (2011) 

8. S.-H. Mun, O.-H. Kang, D.-K. Joung, S.-B. Kim, J.-G. Choi, D.-W. Shin, D.-W. 
Kwon, In vitro anti-MRSA activity of carvone with gentamicin. Exp. Ther. Med. 7, 
891 (2014) 

9. C. Giovana, N. de Simone, L. de Priscilla, C. Paula, F. Marcelo, M. Marcelle, P. 
Janaina, R. de Thais, F. Jose, Antifungal and cytotoxic activity of purified 
biocomponents as carvone, menthone, menthofuran and pulegone from Mentha spp. 
Afr. J. Plant Sci. 10, 203 (2016) 

10. Y. Chan, K. Siow, P. Ng, U. Gires, B. Majlis, Plasma polymerized carvone as an 
antibacterial and biocompatible coating. Mater. Sci. Eng. C 68, 861 (2016) 

11. I. Iliev, H. Fidan, V. Gandova, S. Stankov, Y. Koleva, A. Stoyanova, Antibacterial 
activity and physicochemical properties of spearmint (Mentha spicata L.) and its main 
compound l-carvone. Oxid. Commun. 45, 655 (2022) 

12. M. Elmastas, I. Dermirtas, O. Isildak, H. Aboul-Eneinet, Antioxidant activity of S-
carvone isolated from spearmint (Mentha spicata L. fam Lamiaceae). J. Liq. 
Chromatogr. Relat. Technol. 29, 1465 (2006)  

13. S. Sabir, D. Singh, J. Rocha, In vitro antioxidant activity of S-carvone isolated from 
Zanthoxylum alatum. Pharm. Chem. J. 49, 187 (2015) 

14. M. Da Rocha, L. Oliveira, C. Santos, D. de Sousa, R. de Almeida, D. Araújo, 
Antinociceptive and anti-inflammatory effects of the monoterpene α, β-epoxy-carvone 
in mice. J. Nat. Med. 67, 743 (2013) 

15. C. Sousa, B. Neves, A. Leitão, A. Mendes, Elucidation of the mechanism underlying 
the anti-inflammatory properties of (S)-(+)-carvone identifies a novel class of sirtuin-1 
activators in a murine macrophage cell line. Biomedicines. 9, 777 (2021) 

5

BIO Web of Conferences 122, 01008 (2024)
EE&AE 2024

https://doi.org/10.1051/bioconf/202412201008

https://www.scopus.com/authid/detail.uri?authorId=57809929600
https://www.scopus.com/authid/detail.uri?authorId=57203166871
https://www.scopus.com/authid/detail.uri?authorId=26026336300


16. U. Muruganathan, S. Srinivasan, D. Indumathi, Antihyperglycemic effect of carvone: 
Effect on the levels of glycoprotein components in streptozotocin-induced diabetic rats. 
J. Acute Dis. 2, 310 (2013) 

17. T. Marques, M. Marques, J.-V. Medeiros, R. Silva, A. dos Reis Barbosa, T. Lima, D. 
de Sousa, R. de Freitas, Cyane-carvone, a synthetic derivative of carvone, inhibits 
inflammatory response by reducing cytokine production and oxidative stress and shows 
antinociceptive effect in mice. Inflammation, 37, 966 (2014) 

18. L. Faliagkas, D. Vokou, G. Theophilidis, Local anaesthetic properties vs. neurotoxicity 
for (+)- and (−)-carvone: An ex vivo electrophysiological study. Planta Med. Lett. 2, e6 
(2015) 

19. A. Bouyahya, H. Mechchate, T. Benali, R. Ghchime, S. Charfi, A. Balahbib, P. 
Burkov, M. Shariati, J. Lorenzo, N. El Omari, Health benefits and pharmacological 
properties of carvone. Biomolecules. 11, 1803 (2021) 

20. D. De Sousa, F. De Farias Nóbrega, R. Almeida, Influence of the chirality of (R)-(−)- 
and (S)-(+)-carvone in the central nervous system: A Comparative study. Chirality. 19, 
264 (2007) 

21. M. Sánchez-Borzone, L. Delgado-Marín, D. García, Inhibitory effects of carvone 
isomers on the GABA a receptor in primary cultures of rat cortical neurons: Effects of 
carvone isomers on GABA a receptor. Chirality. 26, 368 (2014) 

22. B. Hassan, S. Moulay, El Abed Soumya, El Harchli El Hassan, B. Saïd, I. Saad, The 
Effect of carvacrol and carvone treatments on the cedar wood surface physico-
chemical properties. Int. J. Sci. Eng. Res. 6, 767 (2015) 

23. U. Muruganathan, S. Srinivasan, Beneficial effect of carvone, a dietary monoterpene 
ameliorates hyperglycemia by regulating the key enzymes activities of carbohydrate 
metabolism in streptozotocin-induced diabetic rats. Biomed. Pharmacother. 84, 1558 
(2016) 

24. F. Demirci, Y, Noma, K. Başer, Microbial transformation of (−)-carvone. Z. Nat. C. 
59, 389 (2004) 

25. National Library of Medicine. PubChem, 
https://pubchem.ncbi.nlm.nih.gov/compound/643779. 

26. M. Corazza, A. Levratti, A. Virgili, Allergic contact cheilitis due to carvone in 
toothpastes. Contact Dermat. 46, 366 (2002) 

27. C. Hansson, O. Bergendorff, J. Wallengren, Contact urticaria caused by carvone in 
toothpaste. Contact Dermat., 65, 362 (2011) 

28. C. Аhlgren, T. Axéll, H. Möller, M. Isaksson, R. Liedholm, M. Bruze, Contact 
allergies to potential allergens in patients with oral lichen lesions. Clin. Oral. Investig. 
18, 227 (2014) 

29. L. Kroona, G. Warfvinge, M. Isaksson, C. Ahlgren, J. Dahlin, Ö. Sörensen, M. Bruze, 
Quantification of l-carvone in toothpastes available on the Swedish market. Contact 
Dermat. 77, 224 (2017) 

30. Regulation (EC) No 1223/2009 of the European Parliament and of the Council, of 30 
November 2009, on Cosmetic Products; Official Journal of the European Union, 59 
(2009). Available online: https://ec.europa.eu/  

31. A. Daina, O. Michielin, V. Zoete, SwissADME: a free web tool to evaluate 
pharmacokinetics, drug-likeness and medicinal chemistry friendliness of small 
molecules. Sci. Rep. 7, 42717 (2017) 

6

BIO Web of Conferences 122, 01008 (2024)
EE&AE 2024

https://doi.org/10.1051/bioconf/202412201008

https://pubchem.ncbi.nlm.nih.gov/compound/643779
https://ec.europa.eu/
https://www.nature.com/articles/srep42717
https://www.nature.com/articles/srep42717
https://www.nature.com/articles/srep42717
http://www.nature.com/articles/srep42717


32. A. Ghose, V. Viswanadhan, J. Wendoloski, A Knowledge-based approach in designing 
combinatorial or medicinal chemistry libraries for drug discovery. 1. A Qualitative and 
quantitative characterization of known drug databases. J. Combin. Chem. 1, 55 (1999) 

33. S. Bhal, K. Kassam, I. Peirson, G. Pearl, The Rule of five revisited:  applying log D in 
place of log P in drug-likeness filters. Mol. Pharm. 4, 556 (2007) 

34. G. Bickerton, G. Paolini, J. Besnard, S. Muresan, A. Hopkins, Quantifying the 
chemical beauty of drugs. Nat. Chem. 4, 90 (2012) 

35. R. Ali, A. Marella, T. Alam, R. Naz, M. Akhter, M. Shaquiquzzaman, R. Saha, O. 
Tanwar, M. Alam, J. Hooda, Review of biological activities of hydrazones. Indones J. 
Pharm. 23, 193 (2012) 

36. L. Di, P. Artursson, A. Avdeef, G. Ecker, B. Faller, H. Fischer, J. Houston. M. Kamsy, 
E. Kerns, S. Kramer, H. Lennernas, K. Sugano, Evidence-based approach to assess 
passive diffusion and carrier-mediated drug transport. Drug Discov. Today. 17, 905 
(2012) 

37. C. Ogu, J. Maxa, Drug interactions due to cytochrome P450. Bayl. Univ. Med. Cent. 13, 
421 (2000) 

38. D. Ranjith, C. Ravikumar, SwissADME predictions of pharmacokinetics and drug-
likeness properties of small molecules present in Ipomoea mauritiana Jacq. Res. J. 
Pharmacogn. Phytochem. 8, 2063 (2019) 

39. C. Lipinski, F. Lombardo, B. Dominy, P. Feeney, Experimental and computational 
approaches to estimate solubility and permeability in drug discovery and development 
settings. Adv. Drug Delivery Rev. 23, 3 (1997) 

40. D. Veber, S. Johnson, H.-Y. Cheng, B. Smith, K. Ward, K. Kopple, Molecular 
properties that influence the oral bioavailability of drug candidates. J. Med. Chem. 45, 
2615 (2002) 

41. W. Egan, K. Merz, J. Baldwin, Prediction of drug absorption using multivariate 
statistics. J. Med. Chem. 43, 3867 (2000) 

42. I. Muegge, S. Heald, D. Brittelli, Simple selection criteria for drug-like chemical 
matter. J. Med. Chem. 44, 1841 (2001)  

43. J. Baell, G. Holloway, New substructure filters for removal of pan assay interference 
compounds (pains) from screening libraries and for their exclusion in bioassays. J. 
Med. Chem. 56, 271 (2010) 

44. R. Brenk, A. Schipani, D. James, A. Krasowski, I. Gilbert, J. Frearson, P. Wyatt, 
Lessons learnt from assembling screening libraries fordrug discovery for neglected 
diseases. Chem. Med. Chem. 3, 435 (2008) 

45. M. Hann, G. Keseru, Finding the sweet spot: the role of nature and nurture in 
medicinal chemistry. Nature Rev. Drug Discov. 11, 355 (2012) 

46. P. Ertl, A. Schuffenhauer, Estimation of synthetic accessibility score of drug-like 
molecules based on molecular complexity and fragment contributions. J. Cheminform. 
1, 1 (2009) 

 

7

BIO Web of Conferences 122, 01008 (2024)
EE&AE 2024

https://doi.org/10.1051/bioconf/202412201008

https://www.nature.com/articles/nchem.1243
https://www.nature.com/articles/nchem.1243
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Daniel+F.++Veber
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Stephen+R.++Johnson
https://pubmed.ncbi.nlm.nih.gov/?term=Merz+KM+Jr&cauthor_id=11052792
https://pubmed.ncbi.nlm.nih.gov/?term=Baldwin+JJ&cauthor_id=11052792
https://pubmed.ncbi.nlm.nih.gov/?term=Heald+SL&cauthor_id=11384230
https://pubmed.ncbi.nlm.nih.gov/?term=Brittelli+D&cauthor_id=11384230

	1 Introduction
	2 Materials and methods
	3 Results and discussion
	4 Conclusion
	References

