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Investigation of cytotoxic properties of some natural aroma samples
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Natural aroma samples (cis-nerolidol, apolar ar-curcumene-rich fraction of the Curcuma xanthorrhiza Roxb. essential oil, bisabolol, patchoulol, santalol, cedrol, salicylic acid, geranic acid, and isobutylangelate) were screened for cytotoxicity and cytoproliferative activity on HeLa cell line using Cytotoxicity Detection Kit (LDH) 
1) and Cell Proliferation Reagent WST-1, respectively. Curcumin has been used as a reference sample.

Cis-nerolidol, apolar fraction of the C. xanthorriza essential oil, bisabolol, patchoulol, santalol and cedrol All compounds studied were active against HeLa cells in concentrations compared to those of curcumin. However, concentrations of necessary to decrease the cytoproliferative activity are comparable with concentrations necessary to achieve 50% cytotoxicity. Among the set of aroma compounds studied, curcumin and were shown to possess the strongest cytotoxic properties (15.0±5.0 μM and 16.5±6.7 μM, respectively). Low cytotoxicity and influence on HeLa cell viability was demonstrated for salicylic acid, geranic acid, and isobutylangelate.
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The search for new effective anticancer drugs is the most intensive among medicinal plants. Essential oils derived from aromatic plants have been reported to exhibit a wide spectrum of therapeutic properties. During the last years this type of samples has also been screened for their cytotoxic activity against different types of tumor cells [1].    
We evaluated in vitro cytotoxicity and the influence of several aroma samples sesquiterpenes (cis-nerolidol, cedrol, santalol (representing the mixture of alpha- and beta-santalol), patchoulol, bisabolol, geranic acid, isobutylangelate, salicylic acid, and ar-curcumene-rich fraction of Curcuma xanthorriza Roxb. essential oil) on cell viability of HeLa cells. Curcumin in the same range of concentrations have been used as a reference compound. 

Table 1: Cytotoxic and cytoproliferative effect of aroma samples on HeLa cells 

	Compound
	The concentration necessary to achieve cytotoxicity of 50%, μM
	The concentration necessary to achieve a decrease of cytoproliferative activity by 50 %, μM

	Curcumin
	15.0±5.0  
	18.3±5.7

	Cis-nerolidol
	16.5±6.7  
	20.4±7.8

	Bisabolol
	39.0±8.0  
	33.6±6.4

	Cedrol
	48.3±5.8  
	40.0±8.1

	Santalol
	29.6±2.6  
	28.8±13.3

	Patchoulol (80%)
	48.3±14.0  
	40.6±11.7

	Geranic acid
	> 5000
	> 1500

	Isobutilangelate
	> 150
	> 130

	Salicylic acid
	> 1000
	> 1000

	Apolar fraction of C. xanthorrhiza Roxb. essential oila
	> 100?


	> 100?


aIn ar-curcumene equivalent

.

According to our results (Table 1), curcumin and cis-nerolidol demonstrated the highest cytotoxic activity among the aroma compounds under investigation in concentrations around 15μM. Comparable concentrations of bisabolol, cedrol, santalol, patchoulol and apolar fraction of C. xanthorriza Roxb. essential oil are sufficient to achieve 50% of cytotoxicity on HeLa cell line. Oppositely, geranic acid, isobutylangelate and salicylic acid did not show a pronounced cytotoxic effect against HeLa cells.

For all the aroma compounds concentrations necessary to achieve a 50% decrease of cytoproliferation was approximately the same as those necessary for 50% cytotoxicity in HeLa cells.

Cis-nerolidol is widely used as a fragrant  in comsmetics, detergents etc., however, no toxicological or genotoxic data are available [2]. Previously, we observed cytotoxic activity of natural and synthetic nerolidol on HeLa cells as well as antiviral activity of those samples against mouse polyomavirus [3]. Since higher cytotoxicity synthetic nerolidol in comparison with natural nerolidol was suggested to be explained by different isomer composition: synthetic nerolidol represents a mixture with a prevalence of cis-nerolidol (40.7%) and trans-nerolidol (58.3%), since natural nerolidol contains more than 99% of trans isoform [3].  
Our findings confirm the importance of spatiochemical structure of aroma compouds. Further study of deep intracellular processes under the influence of these substances would help to understand mechanisms of their cytotoxicity. 
Experimental

Aroma compounds: Curcumin (99.3%), geranic acid (97.2%), and salicylic acid (100%) were purchased from Sigma-Aldrich (Vienna, Austria). Cedrol (98%), santalol (containing 67% alpha-santalol and 23% beta-santalol), patchoulol (containing minimum 80% (-) patchoulol), and apolar fraction of Curcuma xanthorrhiza Roxb. (containing 84% AR-curcumene, 3% beta-curcumene, 21.8% trans-beta-farnesene, 1.9% sesquithujene, 1.6% beta-elemene) were purchased from Kurt Kitzing GmbH (Nördlingen, Germany). Cis-nerolidol (99.9%), bisabolol (containing no less than 95% alpha-bisabolol), and isobutylangelate (minimum 90% purity) were purchased from Charabot S.A. (Grasse, France), Symrise AG (Holzminden, Germany), and Miltitz Aromatics GmbH (Bitterfeld, Germany), respectively. Each aroma compound was dissolved in dimethylsulfoxide (DMSO) and subsequently diluted in the medium. The maximum concentration of DMSO in the medium was 0.5% to avoid DMSO toxicity or interference with the effect of aroma compounds.

Cells: HeLa (human cervix carcinoma) cell lines were grown in the RPMI 1640 medium (Sigma-Aldrich, Vienna, Austria) supplemented with 2mM l-glutamine and 10% FBS.

Cytotoxicity: Cytotoxic activity of aroma compounds within 24 hours after the treatment was evaluated using Cytotoxicity Detection Kit (LDH) (Roche Diagnostics GmbH, Mannheim, Germany) according to manufacturer’s protocol. 
Cell viability: The influence of the aroma samples under investigation on viability of HeLa cells was tested using Cell Proliferation Reagent WST-1 (Roche Diagnostics GmbH, Mannheim, Germany). Cell proliferation was measured after 24 hours of incubation with aroma samples
.

The range of concentrations both for cytotoxicity and cytoprolipheration assays was between 1μM and 1mM, with step of 2 μM , 10 μM and 100 μM for intervals 1 to 10 μM, 10 to 100μM and 100 μM-1mM respectively.
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