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Table 3

Adjusted coefficient of determination (R§ dj) for the 3 modeled responses.
Compounds Rgdj Compounds R?dj

log(ker) log(w;) log(wr) log(kir) log(w;) log(wr)

1 0.9995 0.9305 0.8374 8 0.9996 0.9016 0.9816
2 0.9995 0.9278 0.9754 9 0.9996 0.9901 0.9592
3 0.9995 0.8926 0.9763 10 0.9997 0.7972 0.7215
4 0.9996 0.9828 0.6205 11 0.9995 0.7923 0.6341
5 0.9997 0.8521 0.8258 12 0.9995 0.7876 0.8241
6 0.9993 0.8202 0.7595 13 0.9998 0.8588 0.7886
7 0.9995 0.9641 0.9497 Mean 0.9995 0.8844 0.8349

3.5. Determination of extraction efficiency

One gram of dried and powdered leaves was extracted as
described in Fig. 2. The leaves were first extracted for 1h. The
residue was recuperated and extracted again with fresh solvent
for 1 h. This was repeated until the exhaustion of leaves in dicen-
trine. Each extract obtained after each extraction was evaporated
to dryness separately and fractionated. The alkaloidic fraction was
injected separately onto HPLC column. The kinetics of the extrac-
tion was established by monitoring the peak area of dicentrine.

3.6. Method validation

Selectivity, response function, trueness, precision (repeatabil-
ity and intermediate precision), accuracy, linearity, range, limits of
detection (LOD) and quantification (LOQ) were the criteria deter-
mined to validate the method [20,24,25]. The validation of the
method was done during three days to evaluate time-dependant
intermediate precision. Data were analyzed with e-noval V3.0 soft-
ware (Arlenda, Liége, Belgium).

3.6.1. Calibration standards

Stock solution of 1mg/ml of dicentrine was prepared in
methanol. This solution was diluted and four concentration lev-
els (10, 25, 50 and 75 pg/ml) were used to establish the calibration
curve. Each level of the calibration standards was analyzed in dupli-
cate.

3.6.2. Validation standards

Validation standards were prepared within matrix. Dried extract
ofleaves was diluted in 40 ml of methanol. This solution was spiked
to reach final validation standards at 10, 25, 50, and 75 pg/ml of
dicentrine. Each level of the validation standards was analyzed
independently in triplicates.

4. Results and discussion
4.1. Experimental design

The first step is to verify the validity of the model for each
response. In total, 13 peaks were identified as aporphine alkaloids
in the total alkaloid extract. As depicted in Fig. 3a, the adequacy
between the experimental retention times and the predicted ones
is good. The adjusted coefficients of determination (Rgdj) are sum-
marized in Table 3. Furthermore, the corresponding residuals were
normally distributed for most compounds - for each response p-
values were >0.05; (p-values for log(kz) are presented in Table 4)
- and mainly located into the interval [-2,2] minutes (Fig. 3b).

Despite the high number of interactions added in the model
(see Eq. (1)), a curved tendency can be observed on the residu-
als in Fig. 3b. It suggests that some terms of higher orders (e.g.
pH3) could have been added in the model to avoid this slight lack
of fit situation. Additionally, the heteroscedasticity of the residuals

distribution in Fig. 3b highlights the need to perform the logarith-
mic transformation used to predict log(ks). Indeed, the p-value
computed on the modeled response (log(k:z)) were acceptable
(>0.05; see Table 4) for 10 of the 13 compounds suggesting that
the models were suitable for the optimization of the separation.

Then, once the responses are correctly modeled, the error can
be propagated from them to the separation criterion S. This step is
carried out to estimate the prediction error affecting S and to give
confidence in predicted optima. Thus, the predicted criterion was
computed over the whole experimental domain using a grid search
approach. Moreover, the probability to reach the criterion thresh-
old S > 0 min was also computed from 2000 Monte Carlo simulations
over each point of this grid [10-12]. Fig. 4 displays the probability
surfaces to at least reach a complete separation for each studied
parameters: P(S>0min).

The optimal separation was predicted at pH 3.0 with a gradi-
ent starting at 32% of methanol and whose slope was 0.42%/min.
In Fig. 4, the DS is hedged in by a red line. The DS corresponds to a
probability of 14% to get a complete separation. This quality level
may seem low, but in the light of the residuals range (between
—2 and +2min) all compounds should be separated at the opti-
mal operating conditions. This low quality level and the small DS
size also suggest that the method will not be very robust. However,
as depicted in Fig. 5b, the chromatogram recorded at the above
mentioned optimal operating condition allows the complete sep-
aration of all the investigated compounds and is in accordance to
the predicted chromatogram (Fig. 5a).

The use of DoE and DS allowed separating of 13 compounds
with UV and MS spectra indicating that they possess an aporphine
skeleton, among them dicentrine, a positional isomer of dicentrine
and neolitsine. Other compounds (isocorydine and glaucine) were
identified by the comparison of their mass spectrum with literature
and with our database [26].

4.2. Extraction efficiency

The kinetic of the extracted amount of dicentrine (Fig. 6)
showed that total extraction was observed after four 1 h extractions
(area=0). An extraction efficiency of 99.61 £ 0.01% (n=3) was then
obtained. For all experiments, four 1 h extractions using each time
fresh solvent were applied.

Table 4
Shapiro-Wilk normality test p-values for log(kz).
Compounds p-Value Compounds p-Value
1 0.243 8 0.524
2 0.028 9 0.446
3 0.028 10 0.057
4 0.091 11 0.433
5 0.075 12 0.127
6 0.004 13 0.502
7 0.622
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Fig. 5. (a) Predicted chromatogram at optimal conditions (see text for details), (b) experimental chromatogram recorded at optimal conditions of total alkaloids extract
of Spirospermum penduliflorum. Peak numbering: 1=unidentified peak, 2 =isocorydine, 3-6=unidentified peaks, 7 =glaucine, 8 =dicentrine, 9-11=unidentified peaks,
12 =neolitsine, 13 = unidentified peak.

4.3. Method validation extracts of S. penduliflorum. The assessed validation criteria were
method selectivity, trueness, precision, linearity, range, LOQ and
The method validation focused on the demonstration of the abil- LOD as well as the accuracy of the generated results. The selection

ity of the optimized method to accurately quantify dicentrine in of the most adequate response function was also performed during
the method validation phase [16,27]. To achieve this, the accuracy
profile methodology was endorsed which allows to decide about

3.00E+06 the validity of the method. This accuracy profile is based on the
predictive quality of future results that will be generated by the
2.50E+06 1 method under trial [28,29]. In this framework two values have to
be defined a priori. The first one is the acceptance limits. They rep-
© 2.00E+06 resent the maximum relative error that is acceptable for the future
& application of the method being validated. These acceptance limits
= 1.50E+06 1 ~d—rep 3 were set at £30% as commonly done for plant matrices [25,30,31].
- 1.00E+06 - =l—rop 2 The second one is the guarantee or minimum probability to have
——rep 1 future results included within these limits. It was set at 90%.
5.00E+05
4.3.1. Selectivity
0.00E=00 5 ' 5 ! : ' The selectivity of the method was insured by the comparison of

the retention time and mass spectra with the reference standard
of dicentrine. Mass spectra at the beginning, the middle and the
Fig. 6. Dicentrine peak area responses with increasing times of extraction obtained end of the chromatograph!c peak of dicentrine were recorded and
with the same powdered leaves of Spirospermum penduliflorum (n=3). found to be comparable (Fig. 7).

Extraction time (hour)
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Validation results of the HPLC-UV method for the determination of dicentrine in leaves extract of Spirospermum penduliflorum (3 series, 3 repetitions).

Validation criteria Dicentrine

Response function Weighted (1/X?) linear regression
Calibration range (4 levels)

10-75 pg/ml

Trueness Concentration (pug/ml)

Precision

Accuracy Concentration (pg/ml)
10
25
50
75

Linearity
Slope
Intercept
2

0.9995
-1.176
0.991

Relative bias (%)

-9.4

-5.6

-2.8

-1.4

Repeatability (RSD%) Intermediate precision (RSD%)
9.1 9.6

5.6 5.9

2.8 7.9

1.7 2.8

90% B-expectation lower and upper
tolerance limits of the relative error (%)
-28.6,9.9

-17.5,6.3

—-26.5,20.9

-8.3,5.6

4.3.2. Response function

Calibration standards without matrix were prepared at four
concentration levels of dicentrine. Analyses were performed in
duplicate. Validation standards were prepared independently with
the matrix and also contained known concentrations of dicen-
trine at the same four concentration levels. They were analyzed in
triplicate. These validation standard concentration levels were con-
sidered as conventionally true values. The concentration for both
calibration and validation standards ranged from 10 to 75 p.g/ml.
Different regression models were fitted on the calibration stan-
dards such as: simple linear regression, weighted (1/X) linear
regression, weighted (1/X2) linear regression, linear regression
through O fitted with the highest calibration level only, linear
regression after logarithmic transformation, quadratic regression,

weighted 1/X quadratic regression and weighted 1/X2 quadratic
regression.

According to accuracy index [17], the weighted (1/X2) linear
regression model was the most adequate calibration model. Indeed,
the 90% B-expectation tolerance intervals are included inside the
+30% acceptance limits within the range of 10-75 pg/ml of dicen-
trine [16,27,29]. These tolerance intervals are intervals one can
claim to include each future result with 90% probability, thus giving
a high level of guarantee about the suitability of the method for its
intended purpose [27,29].

4.3.3. Trueness
The systematic error between the accepted true values of the
validation standards and the mean experimental one represents
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Fig. 8. Accuracy profile of dicentrine obtained with a weighted (1/X?) linear regression model as calibration curve. The plain line is the relative bias (%), the dashed lines are
the S-expectation tolerance limits (8 =90%) and the dotted lines represent the acceptance limits (+30%).
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Fig. 9. Linearity profile of dicentrine. The continuous line is the identity line y =X, the dotted lines are the +30% acceptance limits expressed in concentration units (jg/ml
of dicentrine) and the dashed lines are the upper and lower S-expectation tolerance limits (8 =90%) also expressed in pg/ml of dicentrine.

the trueness of the method [16,29]. It can be expressed in relative
bias which did not exceed —10% (see Table 5) showing the adequate
trueness of the method.

4.3.4. Precision

Precision represents the variation of the results of dicentrine
in intraday (or repeatability) and interday conditions (intermedi-
ate precision) [20,24,29]. Precision was assessed during three days
(p=3)with three independent repetitions (n=3) at each of the four
concentration levels of the validation standards, leading to 9 results
per level of dicentrine and a total amount of 36 results. It was
evaluated in terms of relative standard deviation (RSD%) values.
These values did not exceed 10% for repeatability as well as for
intermediate precision.

4.3.5. Accuracy

Accuracy refers to the closeness of agreement between the test
result and the accepted reference value, namely the convention-
ally true value [20,24,29]. Accuracy takes into account the sum of
systematic and random errors giving the total error [29]. The accep-
tance limits have been set at +30% according to the complexity of
the matrix (plant extract) [25,30,31].

Fig. 8 shows that the 90% S-expectation upper and lower tol-
erance limits are totally included inside the acceptance limits for
the whole concentration range of 10-75 pg/ml of dicentrine when
a weighted (1/X?) linear regression model is used as calibration
curve. This demonstrates the accuracy of the results obtained by the
developed method [16,27,28]. This dicentrine concentration inter-
val is very small because of the closeness of the retention times of
dicentrine and of its isomer. A high concentration level of dicen-
trine may cause a coelution with its isomer, impairing its accurate
quantification.

4.3.6. LOD, LOQ and range

Limits of detection (LOD) and quantification (LOQ) were
3.0 pg/ml and 10.0 wg/ml respectively. The LOD was estimated
using the mean intercept of the calibration model and the resid-
ual variance of the regression. For the LOQ it was obtained from the
accuracy profile (Fig. 8) as the smallest concentration where the 90%
B-expectation tolerance limits remain inside the +30% acceptance

limits [16,20,29]. Consequently, the range over which the method
isvalid extends from 10 to 75 p.g/ml of dicentrine as shown in Fig. 8.

4.3.7. Linearity

The linearity of an analytical method is the ability within a
definite range to obtain results directly proportional to the concen-
tration of the analyte in the sample [16,20,29]. Good relationship
was shown between introduced and back calculated concentration.
Aregression line fitted on the back-calculated results obtained with
the selected calibration curve and the concentration levels of the
validation standards led to the equation:

Y =-1.176 4+ 0.9995X.

The linearity of the results generated by the method is demon-
strated in Fig. 9 showing that the 90% B-expectation tolerance limits
expressed in concentration units are totally included between the
+30% acceptance limits.

4.4. Sample analyses

Two samples of leaves of S. penduliflorum collected in the same
region but in different period were analyzed 3 times. Sample 1 was
collected in March 2007 while the second one in December 2009.
The amounts of dicentrine obtained using the newly developed and
validated method were respectively 1.42 +0.06% (m/m) for S1 and
1.01540.007% for S2.

5. Conclusion

A novel analytical method for the quantification of dicentrine
in leaves of S. penduliflorum was developed using DoE and DS
methodology. This methodology allowed the separation of dicen-
trine and its positional isomer without using specific column or
mobile phase. 11 other compounds were also separated and some
of them were identified by MS detection, showing the advantage
of hyphenated techniques for peak identification and to confirm
the selectivity of the analytical method. The encountered opti-
mal chromatographic method was not very robust but peaks
were sufficiently separated. This method was then successfully
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validated using the accuracy profile methodology within the range
of 10-75 pg/ml of dicentrine.

This analytical method is suitable for routine analyses and was
used for the quantification of dicentrine, the major vasorelaxing
compound, in two plant samples, giving results of 1.42 and 1.015%.
These preliminary results show the variability of the active princi-
ple content in plants according to their harvesting season. It also
shows the necessity of a quantification of dicentrine to standard-
ize the activity of the plant extract, and then of the development of
such avalidated method. Moreover, the developed method allowed
the separation of several alkaloids and molecules whose structures
were analyzed by MS. Nevertheless, MS did not allow to determine
the stereochemistry and to distinguish between isomers, but the
analytical method can also be the basis of preparative purifications
of crude extract of S. penduliflorum to provide enough pure com-
pounds for NMR analysis. The determination of the structures and
stereochemistries of these compounds could be finally envisaged.
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The essential oil from Cedrelopsis grevei leaves, an aromatic and medicinal plant from Madagascar, is
widely used in folk medicine. Essential oil was characterized by GC-MS and quantified by GC-FID.
Sixty-four components were identified. The major constituents were: (E)-g-farnesene (27.61%),
é-cadinene (14.48%), a-copaene (7.65%) and fS-elemene (6.96%). The essential oil contained a complex
mixture consisting mainly sesquiterpene hydrocarbons (83.42%) and generally sesquiterpenes
(98.91%). The essential oil was tested cytotoxic (on human breast cancer cells MCF-7), antimalarial
(Plasmodium falciparum), antiinflammatory and antioxidant (ABTS and DPPH assays) activities. C. grevei
essential oil was active against MCF-7 cell lines (ICso=21.5 mg/L), against P. falciparum, (ICs5o=17.5 -
mg/L) and antiinflammatory (ICso=21.33 mg/L). The essential oil exhibited poor antioxidant activity
against DPPH (ICso > 1000 mg/L) and ABTS (ICso = 110 mg/L) assays. A bibliographical review was carried
out of all essential oils identified and tested with respect to antiplasmodial, anticancer and antiinflamma-
tory activities. The aim was to establish correlations between the identified compounds and their
biological activities (antiplasmodial, anticancer and antiinflammatory). According to the obtained corre-
lations, 1,4-cadinadiene (R? = 0.61) presented a higher relationship with antimalarial activity. However,

Keywords:

Cedrelopsis grevei
Leaves essential oil
Chemical composition
Biological activities
Correlations

only (Z)-p-farnesene (R? = 0.73) showed a significant correlation for anticancer activity.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Cedrelopsis grevei is endemic species to Madagascar. This tree of
the vernacular, named ‘katafa’ or ‘katrafay’ (katra-bitter, fay-juice),
may reach 15 m in height, it has branches in gray bark and fragrant
(Smell of cedar) (Cabanis et al., 1969; Courchet, 1906). Flowering is
from September to December (after the first rains) and followed by
fruiting from October to December (Rasoanaivo and De La Gorce,
1998). The panniculus is the highly branched inflorescence bearing
a numerous small yellow flowers polygamous giving each a brown
capsule containing five valves fruit dry. This species is mainly pres-
ent in dense forests or dry bush (South and West Island), at 900 m
above sea level (Rasoanaivo and De La Gorce, 1998), on different
soil types: silica, limestone, sand, etc. The wood is rot resistant in-
sect and it is used in the production of royal tombs (Sakalava). In
addition, Cedrelopsis produces hardwood and sought for the
construction of houses and traditional cabinetry.

* Corresponding author. Tel.: +33 562256825; fax: +33 562256826.
E-mail address: jalloul.bouajila@univ-tlse3.fr (J. Bouajila).

0278-6915/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.fct.2013.02.008

Cedrelopsis was used in traditional medicine to treat malaria, fe-
ver and fatigue (Mulholland et al., 1999). C. grevei trunk bark has
wide-ranging empirical uses such as to relieve muscle fatigue
and reduce capillary fragility, as an ingredient of a cough syrup
against persistent catarrh and also as febrifuge and antihyperten-
sive beverages (Um et al., 2003). The bark essential oil is also used
to cure rheumatism and muscular pains and is known to exert
antifungal and antibiotic activities. All these popular uses may be
explained by the presence of biologically active volatile constitu-
ents. The widespread use of C. grevei in traditional medicine stim-
ulated us to explore its potential biological activity.

To the best of our knowledge, no previous study of the antican-
cer, antimalarial, antiinflammatory and antioxidant activities of
the essential oil of C. grevei have been reported. We report here
the chemical composition of the leaves essential oil of C. grevei
and its anticancer, antimalarial antiinflammatory and antioxidant
activities. Moreover, we reviewed bibliographical of all essential
oils having an activity against P. falciparum, MCF-7 cell line and
5-Lipoxygenase in order to identify, by correlation, the main active
compounds.
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2. Experimental part
2.1. Extraction of the essential oil

The leaves of C. grevei were collected in Antananarivo, Madagascar (June 2008).
The leaves are dried outdoors in the shade. Steam-distillation was used to extract
the essential oil according to the protocol of the European Pharmacopeia (European
Pharmacopoeia, 1983). The essential oil was dried by anhydrous sodium sulfate, fil-
tered and stored in sealed vials at 4 °C, prior to analyses.

2.2. Chemicals used

All chemicals used were of analytical reagent grade. All reagents were pur-
chased from Sigma-Aldrich-Fluka (Saint-Quentin France).

2.3. Gas chromatography and gas chromatography-mass spectrometry

Quantitative and qualitative analysis of the essential oil was carried out by gas
chromatography-flame ionization detection (GC-FID) and gas chromatography-
mass spectrometry (GC-MS), respectively. Gas chromatography analyses were car-
ried out on a Varian Star 3400 Cx chromatograph (Les Ulis, France) fitted with a fused
silica capillary DB-5MS column (5% phenylmethylpolysyloxane, 30 m x 0.25 mm,
film thickness 0.25 pm). Chromatographic conditions were 60-260 °C temperature
rise with a gradient of 5 °C/min and 15 min isotherm at 260 °C. A second gradient
was applied to 340 °C at 40 °C/min. Total analysis time was 57 min. For analysis pur-
poses, the essential oil was dissolved in petroleum ether. One microliter of sample
was injected in the split mode ratio of 1:10. Helium (purity 99.999%) was used as car-
rier gas at 1 mL/min. The injector was operated at 200 °C. The GC-MS system (Varian
Saturn 2000 ion trap GC/MS with CP-3800 GC) was used with the same chromato-
graphic conditions for GC-FID. Mass spectrometer was adjusted for an emission cur-
rent of 10 pA and electron multiplier voltage between 1400 and 1500 V. Trap
temperature was 250 °C and that of the transfer line was 270 °C. Mass scanning
was from 40 to 650 amu.

Compounds were identified by (i) comparison of their retention indices (RI) rel-
ative to C5-C24 n-alkanes obtained on a nonpolar DB-5MS column, with those pro-
vided in the literature and (ii) by comparison of their mass spectra with those
recorded in NIST 08 (National Institute of Standards and Technology), or reported
in published articles or by co-injection of available reference compounds. The sam-
ples were analyzed in duplicate.

The percentage composition of the essential oil was computed by the normali-
zation method from the GC peak areas, assuming identical mass response factor for
all compounds. Results were calculated as mean values of two injections from
essential oil, without using correction factors. All determinations were performed
in triplicate and averaged.
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2.4. Antioxidant activity

2.4.1. Free radical scavenging activity: DPPH test

Antioxidant activity was studied using 1,1-diphenyl-2-picrylhydrazyl free rad-
ical (DPPH) as described by Blois (1958) with some modifications. 1.5 mL of various
dilutions of essential oil (EO) was mixed with 1.5 mL of a 0.2 mmol/L methanolic
DPPH solution. After an incubation period of 30 min at 25 °C, the absorbances at
520 nm (the wavelength of maximum absorbance of DPPH) were recorded as A(sam-
pley using a Helios spectrophotometer (Unicam, Cambridge, UK). A blank experi-
ment was also carried out applying the same procedure to a solution without the
test material and the absorbance was recorded as Apank). The free radical-scaveng-
ing activity of each solution was then calculated as percent inhibition according to
the following equation:

% inhibition = 100(A blank) — A(sample) ) /A blank)

Antioxidant activity of the essential oil was expressed as ICsy, defined as the
concentration of the test material required to cause a 50% decrease in initial DPPH
concentration. Ascorbic acid was used as a standard. All measurements were per-
formed in triplicate.

2.4.2. ABTS radical-scavenging assay

The radical scavenging capacity of the samples for the ABTS (2,2'-azinobis-3-
ethylbenzothiazoline-6-sulphonate) radical cation was determined as described
by Re et al. (1999) with some modifications. ABTS radical cation was generated
by mixing a 7 mmol/L of ABTS at pH 7.4 (5 mmol/L NaH,PO,4, 5 mmol/L Na,HPO,4
and 154 mmol/L NaCl) with 2.5 mmol/L potassium persulfate (final concentration)
followed by storage in the dark at room temperature for 16 h before use. The mix-
ture was diluted with water to give an absorbance of 0.70 £ 0.02 units at 734 nm
using spectrophotometer (Helios). For sample, solutions of the essential oil in meth-
anol (100 pL) were allowed to react with fresh ABTS solution (900 pL), and then the
absorbance was measured 6 min after initial mixing. Ascorbic acid was used as a
standard and the capacity of free radical scavenging was expressed by ICso (mg/
L). The capacity of free radical scavenging (ICso) was determined using the same
previously used equation for the DPPH method. All measurements were performed
in triplicate.

All data of antioxidant activity were expressed as means + standard deviations
(SD) of triplicate measurements. The confidence limits were set at p < 0.05. SD did
not exceed 5% for the majority of the values obtained.

2.5. Antiplasmodial activity

The chloroquine-resistant FcB1-Columbia strain of P. falciparum (1Cs for chloro-
quine: 186 nM) was cultured continuously according to Trager and Jensen (1976)
with modifications (Desoubzdanne et al., 2008). The ICso values for chloroquine

"
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Fig. 1. Chromatograms of leaves essential oil of Cedrelopsis grevei (1: a-pinene; 2: p-pinene; 3: o-cymene; 4: m-cymene; 5: sylvestrene; 6: (E)-pinocarveol; 7:
isopinocampheol; 8: p-cymen-8-ol; 9: a-terpineol; 10: myrtenal; 11: §-elemene; 12: a-cubebene; 13: a-longipinene; 14: isoledene; 15: a-copaene; 16: g-bourbonene; 17: -
elemene; 18: isoitalicene; 19: cyperene; 20: 9,10-dehydro-isolongifolene; 21: a-gurjunene; 22: a-cedrene; 23: -caryophyllene; 24: p-gurjunene; 25: (Z)-p-farnesene; 26:
(Z)-p-farnesene; 27: neoclovene; 28: (E)-p-farnesene; 29: a-amorphene; 30: y-muurolene; 31: o-curcumene; 32: ar-curcumene; 33: g-selinene; 34: p-guaiene; 35:
viridiflorene; 36: a-muurolene; 37: a-bulnesene; 38: p-dihydroagarofuran; 39: y-cadinene; 40: s-cadinene; 41: 1,4-cadinadiene; 42: 4,5,9,10-dihydro-isolongifolene; 43: o-
calacorene; 44: elemol; 45: spathulenol; 46: lauric acid; 47: germacrene p-4-ol; 48: viridiflorol; 49: epicedrol; 50: (E)-isolongifolanone; 51: 2-p-tolyl-6-methyl-5-hepten-2-
ol; 52: hinesol; 53: daucol; 54: p-eudesmol; 55: o-bisabobloxide B; 56: bulnesol; 57: valeranone; 58: 5-allyl-4,7-dimethoxy-1,3-benzodioxole; 59: «-bisabolol; 60: y-
dodecalactone; 61: juniper camphor; 62: (Z)-p-santalol; 63: alloevodionol; 64: verticiol).
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were checked every 2 months, and we observed no significant variations. The par-
asites were maintained in vitro in human red blood cells (O*; EFS; Toulouse, France),
diluted to 4% hematocrit in RPMI 1640 medium (Lonza; Emerainville, France) sup-
plemented with 25 mM Hepes and 30 M NaHCO3 and complemented with 7% hu-
man AB* serum (EFS).

Parasites cultures were synchronized by combination of magnetic enrichment
followed by p-sorbitol lysis (5% of p-sorbitol in sterile water) as described by Lamb-
ros and Vanderberg (1979). The antimalarial activity of essential oil was evaluated
by a radioactive micromethod described elsewhere (Benoit-Vical et al., 1999). Tests
were performed in triplicate in 96-well culture plates (TPP) with cultures mostly at
ring stages (synchronization interval, 16 h) at 0.5-1% parasitemia (hematocrit,
1.5%). Parasite culture was incubated with each sample for 48 h. Parasite growth
was estimated by [*H]-hypoxanthine (Perkin-Elmer; Courtaboeuf, France) incorpo-
ration, which was added to the plates 24 h before freezing. After 48 h incubation,
plates were frozen-defrosted and each well was harvested on a glass fiber filter.
Incorporated (*H)-hypoxanthine was then determined with a B-counter (1450-
Microbeta Trilux; Wallac-Perkin Elmer). The control parasite cultures, free from
any sample, was referred to 100% growth. ICso were determined graphically in con-
centration versus percent inhibition curves. Chloroquine diphosphate was used as
positive control.

The antimalarial activity of essential oil was expressed by ICs, representing the
concentration of drug that induced a 50% parasitaemia decrease compared to the
positive control culture referred to as 100% parasitaemia (Mufioz et al., 1999).
According to the literature concerning plant antiplasmodial activities a sample is
very active if IC5o <5 mg/L, active if ICso between 5 and 50 mg/L, weakly active if
ICso between 50 and 100 mg/L and inactive if ICso > 100 mg/L (Ouattara et al., 2006).

2.6. Cytotoxicity evaluation

Cytotoxicity of essential oil was estimated on human breast cancer cells (MCF-
7). The cells were cultured in the same conditions as those used for P. falciparum,
except for the 10% human serum, which was replaced by 10% foetal calf serum (Lon-
za). For the determination of essential oil activity, cells were distributed in 96-well
plates at 3 x 10* cells/ well in 100 pL, and then 100 pL of culture medium contain-
ing sample at various concentrations were added. Cell growth was estimated by
(®H)-hypoxanthine incorporation after 48 h incubation exactly as for the P. falcipa-
rum assay. The (*H)-hypoxanthine incorporation in the presence of essential oil was
compared with that of control cultures without sample (positive control being
doxorubicin) (Cachet et al., 2009).

2.7. Antiinflammatory activity

5-Lipoxygenase is known to catalyze the oxidation of unsaturated fatty acids
containing 1,4-pentadiene structures. In the body, arachidionic acid (biological sub-
strate) is oxidized to hydroperoxyeicosatetraenoic acid (HPETE's) by the 5-Lipoxy-
genase. Linoleic acid (substrate) is oxidized in vitro to a conjugate diene by 5-
Lipoxygenase, the activity is evaluated by the spectrophotometric measurement
of the conjugated diene at 234 nm. 20 pL of various concentrations (0.23-3.16 g/
L) of essential oil was mixed individually with sodium phosphate buffer (pH 7.4)
containing 5-LOX (500 U) and 60 pL of linoleic acid (3.5 mM), yielding a final vol-
ume of 1 mL. However, the blank does not contain the substrate, but will be added
30 pL of buffer solution. The mixture was incubated at 25 °C for 10 min, and the
absorbance was determined at 234 nm. The percentage of enzyme activity was
plotted against concentration of the essential oil. The ICso value is the concentration
of essential oil that caused 50% enzyme inhibition (Bylac and Racine, 2003).

2.8. Statistical analysis

All data were expressed as mean + standard deviation of triplicate measure-
ments. The confidence limits were set at p <0.05. Standard deviations (SD) did
not exceed 5% for the majority of the values obtained.

3. Results and discussion
3.1. Chemical composition of the essential oil

The essential oil yield of C. grevei obtained from hydrodistillation
of leaves was 0.73%. Gauvin et al. (2004) have quantified the yield of
leaves essential oils, which were between 0.1% and 0.3%. The yield
of our work was far superior to that of Gauvin et al. (2004).

Sixty-seven components of leaves essential oil were identified
(Fig. 1). This essential oil contained a complex mixture consisting
mainly sesquiterpene hydrocarbons (82.80%) and oxygenated ses-
quiterpenes (13.19%) (Table 1). We had a little portion of oxygen-
ated monoterpenes (0.41%) and monoterpene hydrocarbons
(0.70%). The major essential oil constituents characterized were:

Table 1
Chemical composition of leaves essential oil of Cedrelopsis grevei.

No. RI Compounds % Area
1 927 a-Pinene 0.14
2 971 p-Pinene 0.20
3 1015 o-Cymene 0.13
4 1018 m-Cymene 0.18
5 1022 Sylvestrene 0.06
6 1137 E-pinocarveol 0.11
7 1175 Isopinocampheol 0.03
8 1178 p-Cymen-8-ol 0.03
9 1187 o-Terpineol 0.08

10 1196 Myrtenal 0.16

11 1334 J-Elemene 0.96

12 1346 o-Cubebene 0.72

13 1351 a-Longipinene 0.09

14 1365 Isoledene 1.01

15 1375 a-Copaene 7.67

16 1382 p-Bourbonene 0.17

17 1390 p-Elemene 6.98

18 1396 Isoitalicene 0.15

19 1400 Cyperene 1.27

20 1404 9,10-Dehydro-isolongifolene® 0.21

21 1409 a-Gurjunene 0.36

22 1413 «-Cedrene 0.19

23 1419 p-Caryophyllene 0.59

24 1428 B-Gurjunene 0.34

25 1432 (E)-a-bergamotene 0.15

26 1443 (Z)-p-farnesene 231

27 1453 Neoclovene 3.83

28 1469 (E)-p-farnesene 27.67

29 1471 o«-Amorphene 0.56

30 1475 y-Muurolene 1.61

31 1479 a-Curcumene 1.69

32 1481 ar-Curcumene 0.10

33 1484 p-selinene 0.77

34 1487 p-guaiene 0.17

35 1494 Viridiflorene 2.80

36 1498 o-Muurolene 2.58

37 1504 o-Bulnesene 0.62

38 1510 p-Dihydroagarofuran® 0.27

39 1513 y-Cadinene 0.87

40 1523 J-Cadinene 14.52

41 1532 1,4-Cadinadiene 0.31

42 1539 4,5,9,10-Dihydro-isolongifolene 0.53

43 1544 «-Calacorene 0.99

44 1549 Elemol 0.79

45 1556 Spathulenol® 0.25

46 1565 Lauric acid 0.18

47 1571 Germacrene p-4-ol 0.57

48 1588 Viridiflorol 1.23

49 1610 Epicedrol 2.50

50 1616 E-isolongifolanone 0.44

51 1627 2-p-Tolyl-6-methyl-5-hepten-2-ol* 0.25

52 1636 Hinesol 1.26

53 1639 Daucol 0.33

54 1651 p-Eudesmol 0.27

55 1654 o-Cadinol 1.62

56 1664 Bulnesol 0.14

57 1668 Valeranone 0.18

58 1677 5-Allyl-4,7-dimethoxy-1,3-benzodioxole® 0.15

59 1683 o-Bisabolol 0.05

60 1688 y-Dodecalactone 2.05

61 1693 Juniper camphor 0.09

62 1709 (Z)-p-santalol 2.14

63 1874 Alloevodionol® 132

64 1886 Verticol® 0.03

Total 100
Monoterpenes hydrocarbons 0.7
Monoterpenes oxygenated 0.41
Sesquiterpenes hydrocarbons 82.8
Sesquiterpenes oxygenated 13.19
Others 2.90

2 Tentatively identified supported by good match of MS.

(E)-p-farnesene (27.67%), é-cadinene (14.5%), o-copaene (7.67%)
and B-elemene (6.98%).
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One study in the literature has cited the chemical composition
of essential oil leaves of C. grevei. Gauvin et al. (2004) have shown
that the chemical composition of leaves essential oil of C. grevei
was dominated by (E)-p-farnesene (35.6%), f-pinene (12.8%), (Z)-
sesquisabinene-hydrate (9.8%) and ar-curcumene (8.6%). Their
essential oil contained monoterpene (hydrocarbons (16.5%) and
oxygenated (0.5%)), who were very poor in our work. On the other
hand, we found that our oil contained more J-cadinene (14.52%), o-
copaene (7.67%), p-elemene (6.98%), (Z)-p-farnesene (2.31%) com-
pared to Gauvin et al. (2004) respectively 0.4%, trace, 1.1% and
1%. Also, g-pinene (0.2%), f-caryophyllene (0.59%), and ar-curcum-
ene (0.1%) were obtained in lowest concentration compared to
study of Gauvin et al. (2004): 12.8%, 3.5% and 0.1% respectively.

We identified new compounds not reported in the previous
study Gauvin et al. (2004). The total content of these new com-
pounds (Fig. 2) varied between 1.32% and 3.83% like neoclovene
(3.83%), viridiflorene (2.80%), a-muurolene (2.58%), epicedrol
(2.50%), (Z)-B-santalol (2.14%), y-dodecalactone (2.05%) and allo-
evodionol (1.32%).

We compared the composition of the essential oil of our leaves
of C. grevei with those of bark from the same species. Cavalli et al.
(2003) have obtained (E)-p-farnesene (9.3%), o-copaene (7.7%), o.-
selinene (5.8%), p-selinene (4.5%) and é-cadinene (4.9%) as major
compounds, the contents completely different from those of our
essential oil, respectively, 27.67%, 7.67%, 0%, 0.77% and 14.58%.
The bark contained 114 compounds identified but our essential
oil consists of 64 compounds. Another study was conducted by
Rakotobe et al. (2008), dealing the essential oils of the bark of C.
grevei from several parts of Madagascar. The compounds have var-
ied with sampling sites but the major compounds (>20%) were o~
pinene, ishwarane, (7,6)-cadinene, «-copaborneol and eudesmol,
knowing that the total percentage of essential oil compounds iden-
tified are between 23.9% and 71.2%. This composition was mark-
edly different from our essential oil from the leaves.

It is supposed that this difference of chemical composition be-
tween our study and Gauvin et al. (2004) work quoted with the
top is due to the several factors like the process extraction to
use, the genetic factors and environmental (climatic, seasonal, geo-
graphical, and geological).

3.2. Antioxidant activity

Antioxidant activity of essential oil of C. grevei leaves has been
determined by DPPH and ABTS assays. To our knowledge there is
no published literature discussing the antioxidant activity of C. gre-
vei essential oil and no other Cedrelopsis’ species. All results were
presented in Table 2. The low reactivity by DPPH assay (ICso > 1000 -
mg/L) was explained by the high concentration of sesquiterpene
hydrocarbons in essential oil (83.43%). The ABTS assay showed a
moderate antioxidant activity of essential oil (ICso= 110 %+ 3.6 mg/
L). Although, the DPPH test is widely applied in the literature, it is
based on the use of a very crowded radical. However, the use of a
low crowded radical such as ABTS can be more suitable. In addition,
the DPPH test is performed in methanol while the ABTS test is car-
ried out mainly in water, conditions closer to the physiological con-
ditions. The differences between the two results can be explained by
the mechanism of the involved reaction. The ABTS radical reactions
involve electron transfer and take place at a much faster rate com-
pared to DPPH radicals (Ennajar et al., 2009) whose degree of discol-
oration is attributed to hydrogen donating ability of tested
compounds.

3.3. Cytotoxic activity

The essential oil showed a pronounced effect against the cell
line MCF-7 with the ICsq values of 21.5 + 2 mg/L (Table 2). A cyto-
toxic activity of C. grevei essential oil was showed for the first time.
To our knowledge, the abundant compounds ((E)-g-farnesene, -
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Fig. 2. Structures of new abundant compounds identified in leaves essential oil of Cedrelopsis grevei.

Table 2

Antioxidant, anticancer, antimalarial and antiinflammatory activities (ICso (mg/L)) of leaves essential oil of Cedrelopsis grevei.

Sample Antioxidant activity (DPPH assay) Antioxidant activity (ABTS assay) Anticancer activity Antimalarial activity Antiinflammatory activity
Essential oil >1000 110.0+£3.6 21.5+2.0 17.5+1.0 213105
Control 3.75+0.01° 1.84 £ 0.03* 0.22 £0.04° 0.14 + 0.09¢ 1.23 +0.14¢

@ Ascorbic acid.

> Doxorubicin.

¢ Chloroquine.

d

Nordihydroguaiaretic acid (NDGA).



Table 3

Cytotoxic activity (ICso (mg/L)) and chemical composition of essential oils. Our work, I: Cedrelopsis grevei. El Babili et al. (2011), II: Origanum campactum. Imelouane et al. (2010), lll: Lavandula dentata (flower); IV: Lavandula dentata (leaf).
Li et al. (2009), V: Schefflera heptaphylla. Al-Kalaldeh et al. (2010), VI: Laurus nobilis; VII: Origanum syriacum; VIII: Origanum vulgare; IX: Salvia triloba. Bendaoud et al. (2010), X: Schinus molle; XI: Schinus terebinthifolius. Sibanda et al.
(2004), XII: Heteropyxis dehniae. El Hadri et al. (2010), XIII: Salvia of ficinalis. Hussain et al. (2010a), XIV: Rosmarinus officinalis. Liu et al. (2009), XV: Melaleuca alternifolia. Monajemi et al. (2005), XVI: Citrus sinensis; XVII: Citrus medica;
XVIII: Citrus limon. Haber et al. (2008), XIX: Talouma gloriensis. Hussain et al. (2010b), XX: Mentha arvensis (Summer); XXI: Mentha arvensis (Winter); XXII: Mentha piperita (Summer); XXIII: Mentha piperita (Winter); XXIV: Mentha
longifolia (Summer); XXV: Mentha longifolia (Winter); XXVI: Mentha spicata (Summer); XXVII: Mentha spicata (Winter). Chabir et al. (2011), XXVIII: Melaleuca armillaris. Loizzo et al. (2007), XXIX: Satureia thymbra; XXX: Sideritis
perfoliata; XXXI: Laurus nobilis (leaves); XXXII: Laurus nobilis (fruits); XXXIII: Pistacia palestina; XXXIV: Salvia officinalis. Sharopov and Setzer (2012), XXXV: Artemsia scoparia. Sonboli et al. (2010), XXXVI: Dracocephalum surmandinum.
Cole et al. (2007), XXXVII: pure compounds).

Essential oil 1 1 1 v A% VI Vil VI IX X XI X1 Xl XV XV XVI XVII XVl XIX
Cytotoxic activity ~ 21.5 >100 985+1.02 101+x44 7.3 101.7+7.9 130+52.2 30.1+1.14 1743+73.04 54+10 47+9 3595+8.11* 5544+15 190.1+6.0 310° 05 1 10 14.1
Compounds
o-Pinene 0.14 0.62 838 7.78 5.82 038 0.64 335 434 6.49 3.18 123 206 0.2 1.5 02 1
p-Pinene 0.20 30,06 278 2224 455 0.6 13 8.98 4.96 3.09 2.57 0.2 0.91 16.3 3.7
E-pinocarveol 0.11 8.59 14.77
p-Cymen-8-ol 0.03 0.14 0.21 011 02
o-Terpineol 0.08 0,5 0.62 8.38 5.6 3.6 0.27 23 113
Myrtenal 0.16 6.81 8.18 0.1
o-Cubebene 0.72 0.25 0.39 0.21
a-Copaene 7.67 0.02 0.11 0.19 0.6 0.1
f-Bourbonene 0.17 0.06
p-Elemene 6.98 0.09 0.28
a-Gurjunene 036 0.02 0.08
a-Cedrene 0.19 0.04 0.29
p-Caryophyllene 059 0.78 561 037 25 1.79 223 0.04 029 16 1.68 1.12 7.56 0.9
p-Gurjunene 0.34 0.25 221
(E)-a-bergamotene  0.15 0.38
(Z)-p-farnesene 231 13
(E)-p-farnesene 27.67 0.27 237 0.49 0.2 113 34
7-Muurolene 1.61 0.02 0.05 0.07 09 0.2
p-Selinene 0.77 0.5 0.59 11 0.3
o-Muurolene 2,58 0.02 0.1 0.7 17
7-Cadinene 0.87 0.07 0.07 18.04 1.1 1.6
é-Cadinene 1452 0.1 0.27 069 28 33
1,4-Cadinadiene 0.31 0.8
o-Calacorene 099 0.01
Elemol 0.79 0.03 0.11
Spathulenol® 025 0.03 0.76 0.29 0.2
Viridiflorol 1.23 0.6 0.79
Epicedrol 2.50 0.42 0.33 082 3.1 0.46 0.2
p-Eudesmol 0.27 0.68
o-Cadinol 1.62 0.01 0.61 0.64
Bulnesol 0.14 0.03 0.64

XX XXI XXII XX XXIV XXV XXVI XXVII XXVIT  XXIX XXX XXXI XXXIT - XXX XXXIV - XXXV XXXVI  XXXVII

553+1.9 597422 752429 808+32 452+20 506+2.0 80.0+24 80.6+20 12+1 >400 >400 >400 >400  >400 >400 1000 14 20.6 19.7 69.6
o-Pinene 3.53 131 1.95 10.15 8.66 572 3.67 6.81 4.72 54 24 100
p-Pinene 5.7 4.3 2.01 242 033 29 8.9 346 214 6.48 3.01 213 0.1
E-pinocarveol 0.08
p-Cymen-8-ol 0.2 0.21
a-Terpineol 0.71 0.67 6.13 0.19 0.07 132 0.49 0.16 153 027 242 04 243 3.18 0.2 0.2
Myrtenal 0.11 0.1
o-Cubebene
a-Copaene 0.41 0.22 0.81 0.41 1.67 0.12 0.17 0.2 0.3 100
p-Bourbonene 0.23 0.17 1.82 1.12 0.61 0.31 0.93 0.56 024 0.92
p-Elemene 0.84 0.99 0.21 0,1 1 0.1

a-Gurjunene 034 0.24 0.51

95¢
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XIX

XVl
10

XVII

1

XVI
0.5
0.1

0.1
0.11

190.1£6.0 310°

XIvV

1.51

Xl
554.4+1.5
0.1

0.13

0.36

0.14

XII
0.31

0.67
0.3

0.57
0.88
1.17

X1
1743+73.04 54+10 47+9 3595+8.11°

0.11
0.37
3.11
0.61
0.78

0.02
0.12
0.12
0.36
0.09
0.22

1.35
0.59
0.75
0.37

VIII

130+52.2 30.1+1.14
29
0.21

VIl
0.

VI
101.7+7.9
0.57 0.94
0.16
0.09 046

101+44 73

v

0.99
0.77
1.02
0.78
0.17

11
0.95
0.73
1.21
0.08
0,47
0.13

>100 98.5+1.02

032 0.22

215
0.16

(E)-o-bergamotene
(2)-p-farnesene
1,4-Cadinadiene
a-Calacorene

Cytotoxic activity
Elemol

Essential oil
p-Gurjunene
(E)-p-farnesene
y-Muurolene
B-Selinene
a-Muurolene
y-Cadinene
é-Cadinene
Spathulenol?®
Viridiflorol
Epicedrol

Table 3 (continued)
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c- adinene and «-copaene) of this oil are not assessed against cancer.
Li et al. (2010) showed that g-elemene has an anticancer activity
against the cell line MCF-7 (ICso = 93.0 + 7.8 mg/L). This compound
was identified to 6.96% in our essential oil. In our results, f-elem-
ene has an ICsg higher than that of the essential oil. So, f-elemene
is not the responsible for anticancer activity in the essential oil. We
have the same trends for these three compounds «-pinene, j-
pinene and «-bisabolol as B-elemene, which have respectively
ICs0=172.2, 164.1 and 41.8 mg/L against the cell line MCF-7 (Van
Zyl et al., 2006).

The anticancer activity of the essential oil might be due to the
synergic effects of all the terpenes in the oil, or perhaps there are
some other active compounds responsible for the anticancer activ-
ity of the essential oil, which deserves attention in future study.

3.4. Antimalarial activity

The in vitro inhibitory effect of the C. grevei essential oil against
the chloroquine-resistant P. falciparum (FCR-3) was showed in Ta-
ble 2. The antimalarial activity (ICsq values) of the essential oil was
17.5 £+ 1 mg/L. Since the value of ICso was found between 5 and
50 mg/L, we can be considered that C. grevei essential oil has a good
activity against P. falciparum (Ouattara et al., 2006). This high value
of ICso compared to that of chloroquine (ICso = 0.1 + 0.09 mg/L) can
be explained by the low concentration of the active compound(s)
since the essential oil is a multi-components mixture. To our
knowledge and according to the literature, none of majority com-
pounds in the essential oil is known for antimalarial activity. Van
Zyl et al. (2006) showed that «-pinene has an antimalarial activity
(ICs0 = 1.20 £ 0.2 mg/L). This compound was identified to 0.14% in
our essential oil. In our results, ICsy of the antimalarial activity
for the essential oil was higher than those for p-pinene
(ICs0=294.7 mg/L) and o-bisabolol (ICso=307.3 mg/L), reported
by Van Zyl et al. (2006).

0.02

3.5. Antiinflammatory activity

The essential oil displayed in vitro 5-Lipoxygenase inhibitory
activity with an ICsq value of 21.33 £ 0.5 mg/L (Table 2). An essen-
tial oil with a 10 < ICsg < 30 mg/L is defined as a good 5-Lipoxyge-
nase inhibitor (Bylac and Racine, 2003). Therefore, we can conclude
that the essential oil of C. grevei is a good 5-Lipoxygenase inhibitor.

It has been reported that terpenes such as «-pinene and sesqui-
terpenes such as g-caryophyllene and «-bisabolol exhibited activ-
ity in the in vitro 5-Lipoxygenase assay (Bylac and Racine, 2003),
but no ICsq reported for these three compounds. The presence of
these components may contribute to the activity of this essential
oil as observed in the 5-Lipoxygenase assay.

3.6. Correlation

To study the role of the various compounds of an essential oil
for the biological activities obtained, we performed an assessment

\

1,4-cadinadiene (2)-B-farnesene

p-Eudesmol
o-Cadinol
Bulnesol

Fig. 3. Compounds with good correlations for anticancer ((Z)-g-farnesene) and
antimalarial (1,4-cadinadiene) activities.

2 ICsp calculated from percentage.




Table 4

Antimalarial activity (ICso (mg/L)) and chemical composition of essential oils. Our work, I: Cedrelopsis grevei. El Babili et al. (2011), II: Origanum camactum. Boyom et al. (2003), III: Xylopia phloiodora; IV: Pachypodanthium confine; V:
Antidesma laciniatum; VI: Xylopia aethiopica; VII: Hexalobus crispiflorus. Ortet et al. (2010), VIII: Artemisia gorgonum. Tabanca et al. (2005), IX: Arnica longifolia; X: Aster hesparius; XI: Chrysothamnus nauseosus. Kamatou et al., 2005, XII:
Salvia stenophylla; XIII: Salvia runcinata; XIV: Salvia repens. Lopes et al. (1999), XV: Virola surinamensis. Kamatou et al. (2007), XVI: Salvia albicaulis; XVII: Salvia dolomitica. Liu et al. (2009), XVIII: Melaleuca armillaris. Lanfranchi et al.
(2010), XIX: Daucus crinitus Desf. Van Zyl et al. (2006), XX: pure compounds (o-pinene, -pinene and a-bisabolol).

Essential oil 1 Il 11 v 4 VI vi Vi X X XI X X XV XV XVI XVl XV XIX XX
Antimalarial activity 21.5 34 179 166 294 178 2 5.2+0.7 No activity No activity No activity 4.38+1.07 1.23+0.31 1.68+0.26 9° 6.4+2.0 48+0.7 27.0+2.0 26.7 1.2+0.20 294.77 307.30
Compounds

o-Pinene 0.14 0.62 0.58 4.05 1.6 11 2.7 1.8 6.6 49.7 19 1.95 9.9 9548
p-Pinene 0.20 0.68 10.07 0.12 0.7 19.8 0.7 0.8 3 1.5 033 0.2 96.32
E-pinocarveol 0.11 0.4 0.3 0.5

Isopinocampheol 0.03 123 031 5.42

p-Cymen-8-ol 0.03 0.14 1.58 0.1 0.2

o-Terpineol 0.08 4.99 0.2 0.2 03 0.1 1 0.2 27 6.2 0.16

Myrtenal 0.16 0.28 2.85 0.1 0.1 0.2

o-Cubebene 0.72 0.52 1.04 036 0.1 0.1
a-Copaene 7.67 0.02 053 7.06 22 4.07 1327 0.2 0.1 4.6 0.2
p-Bourbonene 0.17 0.5 0.2 0.4
p-Elemene 6.98 058 0.73 134 192 0.3
Isoitalicene 0.15 0.1

Cyperene 1.27 0.34 15.54 3.95 11.53

a-Gurjunene 0.36 0.02 1.86 0.64 0.2

p-Caryophyllene 0.59 0.78 0.28 5.2 1.67 133 05 0.5 0.1 0.1 73 114 16 21 0.3 0.05 5.4
(E)-a-bergamotene 0.15 046 0.18 0.1

(E)-p-farnesene 27.67 0.2 0.2 0.2 34
7-Muurolene 1.61 0.02 035 0.7 264 193 0.2 0.1 0.3 0.02 0.6
ar-Curcumene 0.10 0.7 0.6 11

p-Selinene 0.77 0.28 0.3 0.12

Viridiflorene 2.80 03 35 14

o-Muurolene 2.58 0.02 15 184 129 0.2 0.5 0.5 0.1
y-Cadinene 0.87 0.07 11.27 3.51 0.3 253 0.1 0.2 0.2 0.12

s-Cadinene 1452 0.1 0.4 0.8 0.5 0.3 22 0.36

1,4-Cadinadiene 0.31 0.67 0.1

o-Calacorene 0.99 0.01 0.89 084 7.82 0.1 0.1 0.2

Elemol 0.79 204 124 1.09 13 0.09

Spathulenol® 025 003 102 216 14 633 197 33 2 0.2 0.3 1.0 20 15 0.22

Viridiflorol 123 03 245

Epicedrol 2.50 507 7.24 85 1.99 254 03 4 39 0.2 5.6

p-Eudesmol 0.27 115 1.08 0.1 0.2 25 7.7

a-Cadinol 1.62 001 05 1.16 3 1.41 0.1 0.3 0.8 0.02

o-Bisabolol 0.05 1.1 8.2 0.8 90.32

2 ICsp calculated from percentage.

w
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Table 5

Antiinflammatory activity (ICso (mg/L)) and chemical composition of essential oils. Our work, I: Cedrelopsis grevei. Lourens et al. (2004), II: Helichrysum dasyanthum; 1II: Helichrysum excisum; IV: Helichrysum felinum; V: Helichrysum
petiolare. Benites et al., 2009, VI: Lantana Camara. Ashour et al. (2009), VII: Bupleurum marginatum. Albano et al. (2012), VIII: Dittrichia viscosa; IX: Foeniculum vulgare; X: Origanum vulgare; XI: Salvia officinalis; XII: Thymbra capitata; XIII:
Thymus camphoratus; XIV: Thymus carnosus; XV: Thymus mastichina. Mulyaningsih et al. (2010), XVI: Kadsura longipedunculata. Dongmo et al. (2010), XVII: Canarium schweinfurthii (Lolodorf); XVIII: Aucoumea klaineana (Lolodorf); XIX:
Canarium schweinfurthii (Mbouda). Hamdan et al. (2010), XX: Citrus jambhiri; XXI: Citrus pyriformis. Nyiligira et al. (2004), XXII: Vitex pooara; XXIII: Vitex rehmannii; XXIV: Vitex obovata ssp. Abovata; XXV: Vitex obovata ssp. Wilmsii; XXVI:

Vitex zeyheri.

Essential oil 1 il 1 v V' Vi Vi X X XI X1 X
Antiinflammatory activity =~ 21.33+0.5 31.24+131 27.62+043 2289%759 2503+057 815 63.64 291.2+22. 67.7+23 2642%20.7 8279%60.6 933%10.5 3343x436
Compounds
a-Pinene 0.14 16.6 2.8 6.8 0.1 0.2 25.8 1.1 8.4 1.6 119
p-Pinene 0.20 6.2 1.1 0.4 0.3 6.8 3.2 0.1 0.9
(E)-pinocarveol 0.11 0.17 0.8
p-Cymen-8-ol 0.03 0.1 0.2 0.3
o-Terpineol 0.08 0.5 0.8 5.1 1.08 0.4 13 1.5 0.1 0.5
o-Cubebene 0.72 1.96 0.1
a-Copaene 7.67 0.1 25 4 13 0.52 0.7 0.1
p-Elemene 6.98 0.2 0.34
a-Gurjunene 0.36 0.1 1 0.1
p-Caryophyllene 0.59 133 5.7 276 14 0.1 5.53 1.7 0.9 1.1
(E)-a-bergamotene 0.15 0.1 0.9 0.1
(E)-p-farnesene 27.67 0.1 0.44
7-Muurolene 1.61 1.2
p-Selinene 0.77
Viridiflorene 2.80 0.1
o-Muurolene 2.58 22 0.18
7-Cadinene 0.87 0.1 2 1.69 3.7 0.7
$-Cadinene 14.52 5.7 0.2 0.1
1,4-Cadinadiene 0.31 0.1
a-Calacorene 0.99 133 0.4
Elemol 0.79
Spathulenol® 0.25 0.6 0.2 44
Viridiflorol 1.23 18.2 0.7 0.9 0.78 0.5
o-Cadinol 1.62
a-Bisabolol 0.05 0.1
XV XV XVI Xvi XV XIX XX XXI XXII XX XXIV XXV XXVI
5443 +64.5 1084.5+146.1 38.58+3.8 62.6+4.2 No activity No activity 40+1.36 38+0.82 25 40.5 42 48 64
o-Pinene 4.9 7 1.55 1.7 293 26 0.01 0.26 1.69 0.02 222 0.02 2.53
p-Pinene 238 53 0.81 0.4 0.8 1.2 0.44 0.92 0.16 1.57 3.01 0.23
(E)-pinocarveol 0.2 0.1
p-Cymen-8-ol
o-Terpineol 0.8 34 0.21 344 3.1 18 0.15 0.51 3.43
a-Cubebene 12 0.06
a-Copaene 2.83 739 11.79 0.3
p-Elemene 1.5 0.28
a-Gurjunene 1.16
p-Caryophyllene 04 0.5 0.19 3.82 3.64
(E)-a-bergamotene 0.32 0.28
(E)-p-farnesene 0.01
7-Muurolene 141 0.02 0.42 3.19 49 5.08
1.74 0.04 0.88 14.41 147
0.48
o-Muurolene 2.55 136 1.69
y-Cadinene 0.03 1.58 1.71 2.28
s-Cadinene 0.67 043 0.25
1,4-Cadinadiene 0.94
o-Calacorene 137 0.11 1.07
Elemol 1.1 0.5

(continued on next page)
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Table 5 (continued)

XII XIII

XI

VIII

VI

VI

v

11

Essential oil

291.2+22. 67.7+23 2642+20.7 8279+60.6 933%10.5 3343+436

63.64

22.89+7.59 25.03+x057 81.5

27.62+£0.43

31.24+1.31

2133+05

Antiinflammatory activity

3.07
0.75

0.1

Spathulenol®

0.38 1.52
3.27

1.58
2.85

0.34

0.2

Viridiflorol
o-Cadinol

3.57

0.3

o-Bisabolol

2 1Csg calculated from percentage.
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of the literature of all essential oils from various plants tested for
biological activities (anticancer, antimalarial and antiinflamma-
tory). Based on these results, we established correlations be-
tween biological activities and concentrations of compounds.
The aim of the study was to find correlation(s) between com-
pound(s) quantity and biological activity.

3.6.1. Correlation for cytotoxic activity

Data in Table 3 showed the cytotoxic activity against the MCF-
7 cells (ICso mg/L) of all essential oils in literature and their com-
pounds. Essential oils were extracted from Cedrelopsis grevei,
Origanum campactum, Lavandula dentata (flower and leaf), Sche-
fflera heptaphylla, Laurus nobilis, Origanum syriacum, Origanum
vulgare, Salvia triloba, Schinus molle, Schinus terebinthifolius, Het-
eropyxis dehniae, Salvia officinalis, Rosmarinus officinalis, Melaleuca
alternifolia, Citrus sinensis, Citrus medica, Citrus limon, Talouma
gloriensis, Mentha arvensis (Summer and Winter), Mentha piperita
(Summer and Winter), Mentha longifolia (Summer and Winter),
Mentha spicata (Summer and Winter), Melaleuca armillaris, Satur-
eia thymbra, Sideritis perfoliata, Laurus nobilis (leaves and fruits),
Pistacia palestina, Salvia officinalis, Artemsia scoparia, Dracoceph-
alum surmandinum and pure compounds (o-pinene, o-copaene
and B-caryophyllene).

We established correlations between compound contents and
anticancer activity against the MCF-7 cells. (Z)-p-farnesene
showed good correlation, R? = 0.73. To our knowledge, no litera-
ture cited this compound ((Z)-g-farnesene) for any anticancer
activity (Fig. 3).

3.6.2. Correlations for antimalarial activity

Data in Table 4 summarize chemical composition and the
antimalarial activity (ICso (mg/L)) of all essential oils cited in lit-
erature. These essential oils have been obtained from Cedrelopsis
grevei, Origanum camactum, Xylopia phloiodora, Pachypodanthium
confine, Antidesma laciniatum, Xylopia aethiopica, Hexalobus crisp-
iflorus, Artemisia gorgonum, Arnica longifolia, Aster hesparius,
Chrysothamnus nauseosus, Salvia stenophylla, Salvia runcinata, Sal-
via repens, Virola surinamensis, Salvia albicaulis, Salvia dolomitica,
Melaleuca armillaris, Daucus crinitus and pure compounds (o-
pinene, g-pinene and «-bisabolol).

We established correlations between compounds contents
and ICso of antimalarial activity. 1,4-cadinadiene showed good
correlation (R? = 0.61). To our knowledge, no literature cited this
compound (1,4-cadinadiene) for any antimalarial activity.

3.6.3. Correlations for antiinflammatory activity

Data in Table 5 showed the antiinflammatory activity (ICso
(mg/L)) of all essential oils in literature and their chemical compo-
sition. Essential oils were extracted from Cedrelopsis grevei, Heli-
chrysum dasyanthum, Helichrysum excisum, Helichrysum felinum,
Helichrysum petiolare, Lantana Camara, Bupleurum marginatum,
Dittrichia viscose, Foeniculum vulgare, Origanum vulgare, Salvia offi-
cinalis, Thymbra capitata, Thymus camphorates, Thymus carnosus,
Thymus mastichina, Kadsura longipedunculata, Canarium schwein-
furthii (Lolodorf and Mbouda), Aucoumea klaineana (Lolodorf), Cit-
rus jambhiri, Citrus pyriformis, Vitex pooara, Vitex rehmannii, Vitex
obovata ssp. Abovata, Vitex obovata ssp. Wilmsii and Vitex zeyheri.

We established correlations between compounds contents
and ICsp of antiinflammatory activity. This study showed that
there is no correlation between constituents and the ICsq of the
antiinflammatory activity.
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4. Conclusion

In conclusion, we have identified all volatile constituents of C.
grevei leaves essential oil and evaluated the antioxidant, antican-
cer, antimalarial and antiinflammatory activities. Our results
clearly show that this essential oil is active against cells line tested
(tumor MCF-7), parasite (FCR-3), and inhibitory 5-Lipoxugenase.
This anticancer activity against MCF-7 could be explained, in part,
by the presence of g-elemene. However other compounds may
have anticancer and antimalarial activity like the majority com-
pounds which are never evaluated. Based on established correla-
tions for antimalarial and anticancer activity, compounds such as
1,4-cadinadiene and (Z)-B-farnesene, could be the best candidates
for further analysis.

The results presented here can be considered as the first infor-
mation on the anticancer, antimalarial and antiinflammatory prop-
erties of C. grevei. In a future study, we will identify and investigate
the components responsible for the anticancer, antimalarial and
antiinflammatory activities of C. grevei. Consequently, those results
can be considered as a preliminary study in order to show the
importance and the originality of this endemic species.
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