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Abstract

:

Chemical composition, antioxidant, and antiproliferative properties of C. ladanifer crude extracts, including hexane (Hex), dichloromethane (DCM), ethyl acetate (E.A) and ethanol (EtOH) were investigated. The chemical composition of C. ladanifer crude extracts was determined by use of GC-MS, whereas DPPH and FRAP assays were employed to determine its antioxidant capacity. The obtained results showed that the ethanolic extract exhibited a significant antioxidant effect recording an IC50 value of 266.6 ± 0.828 μg/mL with DPPH assay, and a higher reducing power 0.494 ± 0.035 using the FRAP test. The extracts exhibited significant antiproliferative activity against three cancer cell lines. The DCM extract exhibited the highest total polyphenol content (76.066 ± 9.978 μg AGE/mg) and was revealed to be more effective against HepG2 (31.54 ± 0.242 μg/mL). The Hex extract that presented the highest flavonoid content (50.209 ± 3.805 μg CE/mg) exhibited the highest antiproliferative activity against 22Rv1 and MDA-MB-231 recording IC50 values 11.32 ± 2.126 μg/mL and 82.4 ± 1.124 μg/mL, respectively. All four extracts exhibited minimal toxicity against human skin-derived fibroblast cells indicating the specificity of their observed anticancer activity. GC-MS analysis identified interesting phytochemicals underlying the obtained antioxidant and cytotoxic activities. Taken together, results of the current study highlight the significance of C. ladanifer as a valuable source of antioxidant and anticancer bioactive compounds, thereby warranting further detailed investigation.
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1. Introduction


The medicinal properties of plants have been around for thousands of years, and they are still widely employed today. Many of these medications began life as simple tinctures, teas and poultice-like substances before they were refined into more complex formulations. From medicinal plants came the first medicines ever discovered. Recently, novel, and significant medicines against numerous pharmacological targets have been discovered by the isolation and identification of pharmacologically active chemicals in medicinal plants [1].



Cistus plants, also commonly known as rock rose, have gained high biological interest due to their relevant aromatic and pharmacological potential applications. This genus is rich in biologically active compounds such as flavonoids, glycosides, and terpenoids, reputed to be responsible for various biological activities. Cistus species have been employed in the traditional medicine of the Mediterranean region as herbal infusions or as extracts for the treatment of a variety of skin conditions, as well as for their anti-diarrheal and anti-inflammatory properties [2,3,4,5,6,7]. Cistus ladanifer L. (Commonly known as gum rockrose, labdanum and brown-eyed rockrose), is a shrub species endogenous to the Mediterranean, European, western Africa and Asian regions, currently the subject of recent research in various pharmaceutical, cosmetic, and agri-food fields, and widely used in herbal medicine for its physiological properties. Since ancient times, C. ladanifer has been used to cure a variety of conditions, including diarrhea, dysentery, catarrh, and the pain associated with menstruation [5]. In addition to that, this species has a variety of fascinating qualities that have potential use in the culinary, medicinal, phytochemical, and biofuel sectors [8]. Moreover, this plant has significant pharmacological potential wherein several studies have reported antioxidant [5,8,9,10], anti-inflammatory, analgesic actions [11], hypoglycemic and hypolipidemic effects [12,13]. More recently, the cosmetic utility of extracts of two different Cistus species, Cistus incanus L. and Cistus ladanifer L., has been reported to possess sun protecting activity, thereby promoting their application as anti-hyperpigmentation and anti-melanoma products [14]. Antibacterial, antifungal, and antiproliferative potentials of C. ladanifer extracts were also described [5,14,15,16,17,18]. For further pharmacological evaluation of C. ladanifer, we investigated the chemical composition, antioxidant as well as antiproliferative activities against three different human cancerous cell lines including liver, prostate, and breast as reports describing the antiproliferative potential of this plant are limited [5,14,17]. To the best of our knowledge, the antiproliferative activity of C. ladanifer against liver (HepG2), prostate (22Rv1) and breast (MDA-MB-231) has not been previously investigated. Our data show potent antioxidant activities as well as specific and powerful anti-prostate cancer potential with an IC50 value as low as 11.32 ± 2.126 μg/mL. This underscores the pharmacological potential of the extracts under investigation that encourage further purification and structure–activity relationship studies.




2. Materials and Methods


2.1. Plant Material


Leaves of Cistus ladanifer were harvested from the Taza region in May 2017 (006°28.382′ E; 004°49.405′ N). The authentication of the plant was effectuated by Dr. Khabbach Abdelmajid. After being allowed to air-dry for several days at room temperature, leaves were ground into powder. Next, 20 g of air-dried aerial leaves of Cistus ladanifer were extracted using solvents (300 mL) with increasing polarity: n-hexane (Hex), dichloromethane (DCM), ethyl acetate (EA), and ethanolic (EtOH) for 5 h, in a Soxhlet extractor. At 45 °C and lowered pressure, the four extracts were concentrated, and then kept in a freezer at −20 °C until further usage.




2.2. Total Polyphenol Content


The content of phenolic compounds was quantified according to the method of [19]. Each extract (1 mg/mL) was combined with 0.10 mL Folin–Ciocalteu reagent and 0.30 mL sodium carbonate solution (2%). Next, the absorbance was spectrophotometrically read at a wavelength of 760 nm after 90 min of incubation and the concentration of phenols was measured in µg equivalents of gallic acid per mg of dry extract (μg GAE/mg of dry extract).




2.3. Total Flavonoids Content


The flavonoid contents were assessed by use of the method described in earlier published work [20]. A volume of 500 µL from each extract at (1 mg/mL) was combined with 76 µL sodium nitrite solution NaNO2 (5%), 150 µL of aluminum chloride AlCl3 (10.00%) and 500 µL NaOH (1.0 M) before being added to the previously prepared solution of nitrite NaNO2 (5%). Subsequently, the absorbance was measured at 510 nm and results were given in µg equivalent catechin per mg of dry extract (μg CE/mg of dry extract).




2.4. Antioxidant Activity


2.4.1. DPPH Test


The measurement of the antiradical activity of extracts was done by use of DPPH according to the method described in earlier study [21]. A range of concentrations (1000, 500, 250, 125, 62.12 μg/mL) of the extracts was prepared. Next, one milliliter of each extract was mixed with one milliliter of DPPH (0.05%). After 25 min of incubation, the absorbance was measured at a wavelength of 517 nm by use of an ultraviolet (UV) spectrophotometer (UNICO, USA). Ascorbic acid was used as a positive control (reference antioxidant). The DPPH radical’s % inhibition was determined using the following equation.


   I % =   A   C o n t r o l − A   s a m p l e     A   C o n t r o l     ×   100   








where A control is absorbance of the blank sample, while A sample is the absorbance of extract.




2.4.2. FRAP Test


One milliliter of the sample was treated with 2.50 mL K3Fe and 2.50 mL of 0.20 M phosphate buffer (pH = 6.6). Incubation was carried out for 30 min at 50 °C before the mixture was treated with one milliliter of trichloroacetic acid. Next, the mixture was centrifuged at 3000 rpm and 2.50 mL of the supernatant was combined with distilled water (2.50 mL) and 0.1 mL FeCl3 (0.1% w/v). Subsequently, the absorbance of the reaction medium was read at 700 nm against a similarly prepared blank that used as negative standard, while ascorbic acid was used as positive standard [22].





2.5. Cell Culture


Human prostate cancer 22Rv1, hepatocellular carcinoma HepG2, and human breast cancer MDA-MB-231 cell lines were tested for the antiproliferative efficacy of C. ladanifer extracts. Briefly, DMEM media supplemented with 10% Gibco BRL fetal serum, 1% L-glutamine, and 1% penicillin-streptomycin were used to culture cells at 37 ºC in a humidified environment of 95% air and 5% CO2.




2.6. Cell Viability Assay


Evaluation of cancer cell growth inhibition was performed by use of MTT method [23]. Briefly, 96-well plates with seeded cells (100 μL, 8 × 104 cells/well) were treated with different concentrations of reconstituted extract at concentrations ranging from 15.625 to 500 μg/mL before being incubated for 72 h at 37 °C. Untreated cells and Mitomycin were used as negative and positive control, respectively. After incubation for 72 h, 100 µL of the medium was replaced with 10 µL of MTT (5 mg/mL) reagent and plates were further incubated for 4 h. Next, the reading of plates was carried out at 570 nm using a Wallac Victor X3 multiplate reader. The following formula was used to determine the vitality of the cells:


   %   Cytotoxicity =    Absorbance   control    −    Absorbance   sample     Absorbance   control      ∗ 100   












2.7. Chemical Composition


The identification of phytocomponents present in the extracts was carried out using the GC-MS technique according to the protocol detailed in our previous studies [24]. The mass spectra were matched to the NIST database for identification of compounds [25].




2.8. Statistical Analysis


The data were presented with the means and standard deviations. The statistical analysis was carried out by use of ANOVA. When the p-value was less than 0.05, the values were statistically judged to be significant.





3. Results


3.1. Determination of Total Phenolic and Flavonoids Contents


The total phenolic (TPC) and flavonoids contents (TFC) of Cistus ladanifer extracts were determined as Gallic Acid Equivalent (GAE) by use of standard curve (R2 = 0.976). TFC was expressed as Catechin Equivalent (CE) using a calibration curve of catechin (R2 = 0.993). The obtained results are given in Table 1. The amount of TPC and TFC of all extracts ranged respectively from 67.366 ± 5.745 to 76.066 ± 9.978 μg AGE/mg of dry extract and from 35.634 ± 1.734 to 50.209 ± 3.805 μg CE/mg of dry extract. The dichloromethane extract of C. ladanifer was found to have the highest amount of phenolic contents of all the tested samples, while the hexanic extract showed the highest level of flavonoids.




3.2. Antioxidant Activity


3.2.1. DPPH Free Radical Scavenging Activity


The free radical scavenging effect of ethyl Acetate, ethanolic, dichloromethane, and hexanic extracts of Cistus ladanifer was evaluated by use of DPPH test. As shown in Figure 1, the antioxidant activity of the four extracts increased as a function of increasing extract concentration. The IC50 values in Table 2 clearly showed that ethanolic extract was markedly a more potent scavenger of DPPH than the other extracts scoring an IC50 of 266.6 ± 0.828 μg/mL. However, the dichloromethane extract was considered a less effective radical scavenger recording an IC50 of 825.16 ± 11.18 μg/mL. The DPPH scavenging activity of ascorbic acid is shown in Figure 2.




3.2.2. Reducing Power (FRAP)


The FRAP assay was determined by the ferric reducing ability (Figure 3). As shown in Figure 3, the reducing power of extracts was dose-dependent manner. The results in Table 2, showed that the ethanolic extract demonstrated a higher reducing power that differs significantly from other extracts (p < 0.01) with the absorbance of 0.494 ± 0.035 at the highest concentration 1000 µg/mL.





3.3. Evaluation of Antiproliferative Activity


Antiproliferative effect of Cistus ladanifer extracts was evaluated on 22Rv1, HepG2, and MDA-MB-231 cell lines. The viability and cytotoxicity index percentages were plotted against various extract concentrations using the MTT technique, which demonstrated time- and dose-dependent effects (Figure 4 and Figure 5). On the three tested cell lines, hexanic, dichloromethane, ethyl acetate, and ethanolic extracts exerted an antiproliferative effect after 72 h of treatment. IC50 values for the four extracts are shown in Table 3. In HepG2 cells, the antiproliferative effect of the four extracts exhibited moderate cytotoxicity, and the dichloromethane extract seems to be more active on this line scoring an IC50 of 31.54 ± 0.242 μg/mL. Ethyl acetate, hexanic, and ethanolic extracts reduced viability of this line with IC50 values of 97.74 ± 0.148; 109.6 ± 0.166 and 180.5 ± 0.64 μg/mL respectively. In both 22Rv1 and MDA-MB-231 cell lines, the hexanic extract exhibited higher antiproliferative activity compared to the other extracts scoring values of IC50 of 11.32 ± 2.126 μg/mL and 82.4 ± 1.124 μg/mL, respectively. In 22Rv1 cell line and in a dose-dependent manner, dichloromethane, ethyl acetate, and ethanolic extracts inhibit 22Rv1 cell growth with IC50 ranging from 45.96 ± 0.125 to 61.47 ± 0.551 μg/mL. In the human breast cell line MDA-MB-231, ethanolic, dichloromethane, and ethyl acetate presented an important antiproliferative activity in a dose-dependent manner growth with IC50 ranging from 144.255 ± 12.43 to 290.33 ± 68.63 μg/mL. Interestingly, 22Rv1 line was considerably affected by the four extracts, compared to the two cell lines HepG2 line and MDA-MB-231. However, there is no significant difference observed between the extracts. (p > 0.05).




3.4. Chemical Composition


The chemical composition of the ethanolic extract of C. ladanifer was analyzed by GC-MS. Main active components, peak area (%), and the molecular formula (M.F) were determined (Table 4 and Figure 6). The ethanolic extract was found to be rich in important compounds known by their pharmacological activities such as octacosane, heptadecanoic acid, longifolene, ledol, and borneol identified in major amounts.





4. Discussion


The biological features of phenolic compounds, such as antibacterial, antioxidant, and anticancer activity, have attracted a lot of attention [26]. The studied Cistus extracts here showed significant phenolic and flavonoid contents. The higher phenolic content of C. ladanifer was found in dichloromethane extract (76.066 ± 9.978 μg AGE/mg).



The redox properties of various compounds, which cause them to act as reducing agents, hydrogen donors, singlet oxygen quenchers, and potential metal chelators, are largely responsible for their antioxidant activity. It has been shown that this activity is responsible for preventing the excessive generation of reactive oxygen species (ROS). In addition, oxidative stress has been shown to have a significant role in the development of a number of human illnesses, including cancer, inflammation, and neurodegenerative disorders [27].



In the present work, C. ladanifer was subjected to the evaluation of its antioxidant activity and results revealed that ethanolic extract was more scavenging than other extracts scoring an IC50 of 266.6 ± 0.828 μg/mL. Our result was in agreement with previously reported findings [17], which demonstrated that ethanolic extract presents a high antioxidant activity when compared to acetone extract recording an IC50 of 7.85 µg/mL. Moreover, Amensour et al. [9] showed that methanolic extract exhibited a high antioxidant activity than ethanolic extract scoring 87.72% and 50.10% of DPPH inhibition respectively. For comparison purposes, our results showed a higher percentage of DPPH of inhibition (92.88%) with the ethanolic extract. Moreover, our findings are in agreement with Zidane study investigating the antioxidant potential of C. ladanifer [10]. In this work, it was reported that the methanolic leaf, stem, flower, and fruit extracts of C. lanadifer possessed an antioxidant activity with a percentage of inhibition 97.8%, 97.3%, 96.1%, and 95.9% respectively. A study by Gaweł-Bęben et al. [14], showed that C. ladanifer extracts from Poland exhibited a significant antioxidant activity with IC50 ranging from 4.08 to 10.20 μg/mL. The variability in the antioxidant activity of C. ladanifer extracts reported in this work can be due to the difference in extraction solvents, the difference in collection areas, and plant parts.



In the current work, FRAP assay showed that ethanolic extract possessed a higher reducing power of 0.494 ± 0.035 at the highest concentration of 1000 µg/mL when compared to other extracts. It is thus fitting that our results were in accordance with those found by Amensour et al. [9]. In addition, the aqueous extract from C. ladanifer showed a reducing power of 117.72 mmol Fe2+/100 g dry weight and 3.02 ± 0.07 mmol Fe2+/g [5,28].



Other antioxidant assays including TBARS and ORAC showed that aqueous extract presents an important antioxidant activity [5] also assays as, ABTS and Inhibition of lipid peroxidation of buffered egg, showed an important antioxidant activity of methanolic extract [9].



Antioxidant tests vary because of the different methods through which an extract interacts. Another study indicated that C. ladanifer leaves contain antioxidants such as tocopherol, ascorbic acid, and reducing sugars [29]. Based on our results, C. ladanifer extracts can serve as promising natural agent to scavenge free radicals involved in lipid oxidation in food and biological systems.



In our study, we also investigated the antiproliferative effect of C. ladanifer leaves extracts. The cell lines of hepatocellular carcinoma HepG2, the prostate cancer line 22Rv1, and the human breast MDA-MB-231 cell lines served as a model for our study. The MTT viability test demonstrated the antiproliferative potency of different extracts in a dose-dependent manner. On the HepG2 line, the dichloromethane extract proved to be more active when compared to the other extracts recording an IC50 of the order of 31.54 ± 0.242 μg/mL, as for the hexanic extract, it is more active on the lines 22Rv1 and MDA-MB-231 scoring an IC50 of the order of 11.32 ± 2.126 μg/mL and 82.4 ± 1.1243 μg/mL, respectively. Our results deserve more attention since our study is the first reporting anticancer activity of leaf extracts of C. ladanifer on cancer cell lines including HepG2, 22Rv1, and MDA-MB-231. The aqueous leaf extract of Spanish C. ladanifer was studied for its cytotoxic activity on cell lines of pancreas, breast and colon and showed IC50 values ranging from 0.49 to 16.10 mg/mL [5]. C. ladanifer extracts demonstrated antiproliferative action against two human skin cancer cells; malignant melanoma (A375) and squamous cell carcinoma (SCC-15), which, thus, confirmed our results [14].



In the case of our results, it is difficult to attribute the antiproliferative activity observed to a specific compound or group of compounds in the organic extracts of C. ladanifer leaves. Several secondary metabolites may indeed be present simultaneously in the extracts [30]. However, we can advance the hypothesis that the activity of the dichloromethane extract on the HepG2 line is probably attributed to its high polyphenol content when compared to other extracts (76.066 ± 9.978 μg AGE/mg). It has been reported that phenolic compounds enhance the apoptotic action and cause cell cycle arrest in HepG2 cells by inducing inactivation of transcription factors, which in turn activate the death pathways in liver cancer cells [31].



Moreover, the high antiproliferative potential of the hexanic extract of C. ladanifer leaves on the prostate and breast cancer cell lines can be explained by its high level of flavonoid compounds when compared to the other extracts (50.209 ± 3.805 μg CE/mg). Hormone-dependent cancer cell lines show a growth-inhibiting and cell death impact when exposed to flavonoids, which are found in many fruits and vegetables. Flavonoids, such as isoflavones, have been classified as phytoestrogens, which possess the ability to bind to the estrogen receptor and alter its activity, resulting in anti-estrogenic actions [6].



Several works have reported that antioxidant activity may correlate with anticancer potential. Reactive oxygen species (ROS) are involved in cancer, meanwhile, antioxidant agents are used to counteracting them. Plant extracts have been found to contain significant ROS scavenging and induce antiproliferative activities toward cancer cells through ROS-mediated activities [32]. In our case, there is no correlation between the two activities



The phytochemical composition of the ethanolic extract was also studied and the results showed that this extract is rich in compounds that are important from pharmacological and botanical viewpoints. These compounds are mainly constituted of octacosane, heptadecanoic acid, longifolene, ledol, and borneol, which can probably be responsible for the activities of this plant. All these compounds have been demonstrated in the literature for their biological effects including antioxidant and cytotoxic properties. The Dichloromethane and the hexanic extracts with an important antiproliferative activity were also studied for their chemical composition (data not shown) showing various classes of compounds known for their pharmacological activities including borneol, ledol, camphene and alpha tocopherol. The example of borneol, one of the important compounds found in the three extracts, is a monoterpenoid, which enhances antiproliferative activity by induction of apoptosis, reduces cancer cell growth through the triggering apoptotic cell death, and activates ROS-mediated DNA damage [33,34,35].



It was reported in many studies that C.ladanifer is a source of interesting compounds belonging to different chemical classes including kaempferol glycosides and phenolic acids (gallic and ellagic acids) with flavanol derivatives [14], tannins (the punicalagingallates and punicalines) [2,5], terpenes mainly monoterpenes and sesquiterpenes in essential oils [10], and labdane-type diterpenes in the secreted resin (Labdanum), Oxo-8-labden-15-oic acid, 7-oxo-8-labden-15-oic acid, oxocativic acid and sclareol are the main diterpenes found in labdanum extract of C. ladanifer [36]. Of note, Skorić and co-workers have reported the in vitro anticancer activity of labdane compounds derived from Cistus creticus sub. cretenicus (L.) [37]. Our extracts exhibited potent anti-prostate cancer activity. To our knowledge, this is the only report on prostate cancer cells using extracts from this specific species. The observed potent cytotoxicity against prostate cancer cells (22Rv1) could be associated with the high phenolic compounds content. In this context, polyphenol-rich extracts of two related Cistus species to the one under investigation, namely C. incanus L. and C. monspeliensis L., have been reported to be beneficial for the treatment of benign prostatic hypertrophy (BPH) condition [6]. The aerial parts of C. ladanifer are therefore considered a valuable repertoire of water-soluble polyphenolic compounds with potent antioxidant activity. Moreover, their potent and selective cytotoxic activities against other cancer cell lines requires further detailed investigation.




5. Conclusions


Cistus ladanifer, a plant known for its pharmacological activities that have been yet little explored. In this study, it is intended to investigate the chemical profile, antioxidant, and antiproliferative activities of the different extracts from C. ladanifer leaves. Our extracts showed an important antioxidant activity using DPPH and FRAP bioassays. Moreover, C. ladanifer revealed promising antiproliferative activity against HepG2, 22Rv1 and MDA-MB-231 cancer cell lines. These activities are probably associated with the characterized compounds in the plant, which are known by their biological activities as reported in previous works. Further investigations are therefore warranted aiming at identifying the responsible compounds for the reported activities.
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Figure 1. Scavenging effects of Cistus ladanifer Ethyl Acetate (E.A), Ethanolic (ETOH), Dichloromethane (Dichloro), and Hexanic (Hex) extracts on DPPH radicals (mean ± SD, n = 3 experiments, ns: not significant, p values; **: p < 0.01, *** p < 0.001). 
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Figure 2. DPPH radical scavenging activity of positive control Ascorbic acid. 
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Figure 3. Reducing power of Ethyl Acetate (E.A), Ethanolic (ETOH), Dichloromethane (Dichloro), and Hexanic extracts of Cistus ladanifer (mean ± SD, n = 3 experiments, ns: not significant, p values; **: p < 0.01, *** p < 0.001). 
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Figure 4. Antiproliferative activity of Cistus ladanifer extracts using the MTT assay for 22Rv1, HepG2 and MDA-MB-231 cell lines. 
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Figure 5. Cytopathic effects in MDA-MB-231 cancer cells after 72 h post-treatment with increasing concentration of Cistus ladanifer hexanic extract. 
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Figure 6. Chromatogram of the characterized ethanolic extract of C. ladanifer. 
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Table 1. Total phenolic and flavonoids contents of ethyl acetate, ethanolic, dichloromethane and hexanic extracts of Cistus ladanifer.
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	Extracts
	TPC (μg GAE/mg Dry Extract)
	TFC (μg CE/mg Dry Extract)





	E.A
	73.166 ± 8.804
	35.694 ± 6.192



	EtOH
	73.9 ± 8.7
	35.634 ± 1.734



	DCM
	76.066 ± 9.978
	44.421 ± 1.688



	Hex
	67.366 ± 5.745
	50.209 ± 3.805
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Table 2. Antioxidant effects of C. ladanifer extracts.
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	Extracts
	IC50 (µg/mL)
	FRAP





	E.A
	408.7 ± 1.334
	0.389 ± 0.021



	EtOH
	266.6 ± 0.8288
	0.494 ± 0.035



	Dichloro
	825.17 ± 11.18
	0.197 ± 0.0095



	Hex
	805.65 ± 14.63
	0.228 ± 0.0047
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Table 3. IC50 values of C. ladanifer extracts in cancer cells after being treated for 72 h. Values are expressed in μg of dry extract per mL.
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Extracts

	
Hex. Extract

	
DCM. Extract

	
E. A. Extract

	
EtOH. Extract




	
Cell Lines

	






	
HepG2

	
109.6 ± 0.166

	
31.54 ± 0.242

	
97.74 ± 0.148

	
180.5 ± 0.64




	
22Rv1

	
11.32 ± 2.126

	
45.96 ± 0.125

	
52.96 ± 0.044

	
61.47 ± 0.551




	
MDA-MB-231

	
82.4 ± 1.124

	
148.485 ± 25.22

	
290.33 ± 68.63

	
144.255 ± 12.43
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Table 4. Chemical compounds identified in the ethanolic extract of Cistus ladanifer bar.
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Peak

	
RT (min)

	
Name

	
Formula

	
Area (%)






	
1

	
7.7

	
Cyclohexanone, 2,2,6-trimethyl-

	
C9H16O

	
4.33




	
2

	
8.9

	
Cyclohexanol, 2,6-dimethyl-

	
(CH3)2C6H9OH

	
2.24




	
3

	
9.4

	
Isopinocarveol

	
C10H16O

	
1.93




	
4

	
9.5

	
Bicyclo[2.2.1]heptan-2-one, 1,7,7-trimethyl

	
C10H16O

	
2.30




	
5

	
9.8

	
Borneol

	
C10H18O

	
4.93




	
6

	
9.9

	
Pinanone

	
C10H16O

	
0.92




	
7

	
10.0

	
Trans-2-Caren-4-ol

	
C10H16O

	
0.61




	
8

	
10.2

	
Tridecane, 3-methylene-

	
C14H28

	
1.38




	
9

	
11.5

	
Bornyl acetate

	
C12H20O2

	
2.73




	
10

	
12

	
2,2-Dimethyl-3-vinyl-bicyclo[2.2.1]heptane

	
C11H18

	
1.69




	
11

	
12.4

	
.alpha.-Cubebene

	
C15H24

	
1.17




	
12

	
12.6

	
Cyclohexane, 1,2,3-trimethyl-

	
C9H18

	
0.71




	
13

	
12.9

	
Cyclopropanemethanol, .alpha.,2-dimethyl-2-(4-methyl-3-pentenyl)-

	
C12H22O

	
0.59




	
14

	
13.2

	
Bicyclo[3.1.1]heptan-3-one, 6,6-dimethyl-2-(2-methylpropyl)-

	
C13H22O

	
0.60




	
15

	
14.1

	
Bicyclo[4.4.0]dec-1-ene, 2-isopropyl-5-methyl-9-methylene-

	
C15H24

	
0.62




	
16

	
14.6

	
Benzo[h]quinoline, 2,3,4-trimethyl-

	
C16H15N

	
3.19




	
20

	
15.4

	
Bicyclo[7.2.0]undec-4-ene, 4,11,11-trimethyl-8-methylene

	
C15H24

	
0.64




	
21

	
15.6

	
Ledol

	
C15H26O

	
9.61




	
22

	
15.6

	
3-Cyclohexene-1-carboxaldehyde, 4-methyl-

	
C13H20O

	
0.71




	
23

	
15.7

	
Longifolene

	
C15H24

	
6.16




	
24

	
15.9

	
Cadinene

	
C15H24

	
2.15




	
25

	
16.1

	
Cadinol

	
C15H26O

	
1.22




	
26

	
16.4

	
Amorphene

	
C15H24

	
0.67




	
27

	
17.1

	
Cycloheptyl isopropylphosphonofluoridate

	
C11H22FO2P

	
0.77




	
28

	
17.1

	
Laminitol

	
C7H14O6

	
0.67




	
29

	
17.2

	
Benzenamine, 2,5-dihydromethyl-

	
C8H11N

	
1.33




	
30

	
18.1

	
Longifolenaldehyde

	
C15H24O

	
0.61




	
31

	
18.2

	
Bicyclo[3.1.1]heptane, 2,6,6-trimethyl (1a, 2b, 5a

	
C10H18

	
0.99




	
32

	
18.6

	
3-(3-Hydroxybicyclo[2.2.1]hept-2-ylidene)-2-methylpropionic acid, methyl ester

	
C12H18O3

	
0.87




	
34

	
19.7

	
n-Hexadecanoic acid

	
C16H32O2

	
0.86




	
36

	
20.1

	
Hexadecanoic acid, ethyl ester

	
C18H36O2

	
2.18




	
37

	
21.2

	
Heneicosane

	
C21H44

	
0.95




	
38

	
21.4

	
Phytol

	
C20H40O;

	
0.65




	
39

	
21.8

	
9,12-Octadecadienoic acid, ethyl ester

	
C20H36O2

	
2.71




	
40

	
21.9

	
9,12,15-Octadecatrienoic acid, ethyl ester, (Z,Z,Z)-

	
C20H34O2

	
2.17




	
41

	
22.1

	
Octadecanoic acid, ethyl ester

	
C12H22O2

	
2.5




	
42

	
22.5

	
6-Octen-1-ol, 3,7-dimethyl-, acetate

	
C12H22O2

	
0.91




	
43

	
23.0

	
Bi-1-cyclohexen-1-yl, 3,3,3′,3′,5,5,5′,5′-octamethyl-

	
C20H34

	
0.70




	
46

	
23.4

	
Methyl 18-methylnonadecanoate

	
C21H42O2

	
1.19




	
48

	
23.8

	
Heptadecanoic acid

	
C17H34O2

	
2.13




	
49

	
24.0

	
Heptadecanoic acid, ethyl ester

	
C19H38O2

	
5.53




	
50

	
24.1

	
2,6,10-Dodecatrien-1-ol, 3,7,11-trimethyl-

	
C15H26O

	
2.93




	
53

	
24.8

	
Bicyclo[2.2.1]heptane, 2,2,3-trimethyl-, endo-

	
C10H18

	
1.08




	
56

	
25.2

	
(+)-(Z)-Longipinane

	
C15H26

	
0.76




	
57

	
25.3

	
1,10-Dimethyl-2-methylene-trans-decalin

	
C13H22

	
4.01




	
59

	
26.4

	
Nonadecanoic acid, ethyl ester

	
C21H42O2

	
1.48




	
62

	
27.9

	
Octacosane

	
CH3(CH2)26CH3

	
6.59




	
66

	
29.2

	
Triacontyl acetate

	
CH3(CH2)26CH3

	
0.99




	
Total

	
96.66%
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