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Summary. Excoecaria lucida Sw. is an evergreen shrub widely distributed in Cuba and 
throughout the Caribbean region. In spite of its extended traditional use as anti-
asthmatic and antimicrobial by the local population, scientific reports on the species are 
almost nonexistent. This paper focuses on the isolation and characterization of com-
pounds present in the crude extract of E. lucida Sw. leaves through the combined use of 
chromatographic and spectroscopic techniques (medium pressure liquid chromatogra-
phy, thin-layer chromatography, gas chromatography, nuclear magnetic resonance 1H, 
and mass spectrometry). A total of 15 nonpolar substances were identified in the four 
main fractions obtained; some of these substances could be related with the antimicro-
bial properties attributed to the species. 
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Introduction 
 
If the therapeutic potential of a plant extract is going to be explored, com-
prehensive information on its phytochemistry, pharmacological, and toxico-
logical properties must be gathered and researched. However, since a single 
crude plant extract may contain a huge number of bioactive compounds, 
this very complexity is one of the biggest challenges that scientists will find 
in attempting to identify major compounds or chemical groups in a crude 
extract. Chromatographic and spectroscopic techniques are the logical 
choice that allows a phytochemical screening of a plant extract. 

Excoecaria lucida Sw. (basionym, Gymnanthes lucida Sw.) is an evergreen 
shrub with a narrow crown; it can grow up to 9 m tall. It is widely distrib-

Unauthenticated | Downloaded 05/19/23 02:06 PM UTC



A. Ochoa et al. 

 

430 

uted throughout Cuba, Belize, Guatemala, Honduras, Mexico, and the 
United States [1, 2]. In Cuban popular culture, its leaves have been used as 
anti-asthmatic, antimicrobial, or against toothaches [2]. Only a small 
amount of information exists in relation to this species. To the best of our 
knowledge, a single study on the antimicrobial activity of the bark and one 
research on the composition of the essential oil from the leaves have been 
published [3, 4]. 

Although the information related to Excoecaria lucida Sw. is without 
doubt poor, a diversity of secondary metabolites such as tannins, flavon-
oids, alkaloids, and terpenoids has been reported in the Excoecaria genus 
(Euphorbiaceae). Macrocyclic diterpenes (ingenanes, pepluanes, paralianes, 
and jatrophanes) also commonly appear in literature dealing with the ge-
nus. A complex mixture of different biological activities has been described 
for these latter compounds, where their cytotoxic effects against some 
melanomas and carcinomas can be highlighted. Macrocyclic diterpenes 
have also proved their value in the treatment and prophylaxis of inflamma-
tory conditions and have as well shown analgesic and antibacterial activities 
[5–8]. 

The aim of this study was to evaluate compounds present in the least 
polar leaf extracts from Excoecaria lucida Sw. Previous experiences with 
other members of the Excoecaria genus suggested that a wide range of dif-
ferent metabolites should be expected. Our purpose entailed the use of di-
verse chromatographic and spectroscopic techniques. 

 
 

Experimental Procedures 
 

Collection of Plant Material and Preparation of the Extract/Total 
Extract Fractioning 

 
To prepare the plant material for the extract, leaves from Excoecaria lucida 
Sw. were collected in the ecological reserve of Siboney-Juticí (Santiago de 
Cuba, Cuba). A voucher specimen was archived in the herbarium of the 
Eastern Center of Ecosystems and Biodiversity (code 154 HAC-SC No. 
7384). Leaves were dried at room temperature in the shadow and powdered 
in a hammer mill. The dried powder was macerated with 95% ethanol for  
72 h and stirred three times a day. The macerate was filtered and concen-
trated under reduced pressure at 40 °C in a rotary evaporator (IKA-Werke, 
Germany). A total of 100 g of the dry extract were dissolved in a methanol–
water 8:2 (v/v) mixture. Four fractions were obtained following a liquid–
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liquid extraction employing n-hexane, dichloromethane, ethyl acetate, and 
n-butanol. The hexane phase (18.34 g) was selected for characterization of its 
constituents in a medium pressure liquid chromatography device (MPLC) 
coupled to an ultraviolet detector set at 267 nm (C-660 and C-635, Büchi, 
Switzerland). 

 
Chromatographic Separation and Spectroscopic  

Measurements 
 

A total of 8.15 g of the hexane phase was divided in a set of new fractions 
employing an MPLC with gel-silica 60 as stationary phase. The column was 
eluted with an increasing polarity gradient of different mixtures of  
n-hexane, dichloromethane, and methanol. The new fractions were grouped 
according to their behavior on a thin-layer chromatography (TLC). Iodine 
vapors and ultraviolet light at two wavelengths (254 and 365 nm) were used 
as revelators. Grouped fractions were analyzed by nuclear magnetic reso-
nance (NMR-H1) at 500 MHz (Varian Inc., CA). Samples for NMR-H1 analy-
sis were dissolved in deuterated chloroform (Cambridge Isotope Laborato-
ries, Inc., MA). 

Fractions obtained by TLC and characterized by NMR-H1 were subse-
quently analyzed by a SHIMADZU GC/MS-QP2010 Gas Chromatography–
Mass Spectrometry (GC–MS) equipment in those cases where a mixture of 
substances was suspected. Conditions were as follows: Rtx-5 MS capillary 
column (30 m × 0.25 mm × 0.25 μm) and helium as carrier gas with a flow 
rate of 1 mL min−1. The injection port temperature was 250°C while the ion-
trap and transfer-line temperatures were 250 and 260 °C, respectively. The 
oven temperature was programmed from 60 to 250 °C with an increase of  
3 °C per minute. Electron impact spectra in positive ionization mode (70 
e−V) were acquired in a rank of masses between m/z 40 and 500, and scan 
time was 0.6 s. 

 
Compound Identification 

 
Linear retention indexes were calculated in relation to a homologous series 
of n-alkanes (C8-C24). Percentages of constituents were determined on the 
basis of their GC-FID peak areas using the normalization procedure without 
corrections for response factor (EZChrom v 6.7 software). Compounds were 
identified as far as possible by comparison of fragmentation patterns in 
their mass spectra with those stored on the NIST library and with literature 
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data [9]. Identity was confirmed in many compounds by means of their lin-
ear retention indexes. 

 
Results and Discussion 

 
Medium Pressure Liquid Chromatography–Thin-Layer Chroma-

tography and Proton Nuclear Magnetic Resonance Analysis 
 

The MPLC produced a total of 79 fractions that were grouped in 13 fractions 
according to their behavior on TLC. Four of them seemed to be purer (they 
appeared as a single spot in TLC) and were analyzed by NMR-1H. 

Fraction 1 (F1) shows multiple signals from 0.77 to 0.88 ppm, belonging 
to CH3-terminal groups and denoting a mixture of compounds or a well-
ramified hydrocarbon. The intense sign at 1.23 ppm confirms the presence 
of multiple CH2 groups. At 1.57, 1.65, 1.98, and 1.99 ppm also appear some 
small signals, probably belonging to hydrogens in beta and alpha position 
to a carbonyl function, suggesting that the spot belongs to a mixture of oxy-
genated alkanes. 

Fraction 2 (F2) shows multiple signals that are characteristic of a CH3-
terminal (from 0.82 to 0.98 ppm) and –CH2- signals at 1.22 and 1.28 ppm. A 
singlet at 1.65 ppm and other signals at 2.01 and 5.26 ppm point out to pro-
tons linked to or in the neighborhood of a single unsaturated bond. Mean-
while, the doublet at 4.06 ppm and the triplet at 2.28 indicate a hydroxyl 
and a carbonyl moiety substitution. All those signals conjure up an oxygen-
ated terpene that is unsaturated and branched but probably not a pure one. 

Fraction 3 (F3) looks similar to F2 with hydrocarbon signals at 0.80, 
0.85, and 1.23 ppm but with a system at 4.84, 5.09, and 5.35 ppm that is 
clearly related to a conjugated diene pattern substitution. Signals at 2.01 
ppm correspond to protons in the vicinity of the aforementioned unsatu-
rated carbons. The strong signal at 4.02 ppm denotes a CH2-OH substitu-
tion. 

NMR H1 for Fraction 4 (F4) also reveals a hydrocarbonated substitution 
with signals from 0.63 to 1.00 ppm and from 1.21 to 1.31 ppm. The high 
number of signals reveals a mixture of compounds. Only other two signals 
are relevant: at 1.98 and 2.26 ppm. Probably both signals are related to the 
bond of a carbonyl moiety. 

Considering results altogether, it is clear that the traditional criteria of 
grouping multiple fractions by its behavior in TLC do not guarantee the pu-
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rity of the isolated compounds. The use of hyphenated techniques is there-
fore clearly necessary during the isolation process in natural products. 

 
 

Gas Chromatography–Mass Spectrometry Analysis (GC–MS) 
 

According to the GC–MS results, none of the four fractions is a pure com-
pound. The retention indexes, abundance, and the most important mass 
fragments for each isolated compound are shown in Table I. Figure 1 shows 
the chromatogram for F1. The most abundant compound (56.98%) appears 
mixed with four other compounds in a small portion of the whole chroma-
togram (minutes 47 to 54). 

 

 
Fig. 1. GC–MS chromatogram obtained for Fraction 1 (F1) 

 
 

As Table I shows, compounds F1-1, F1-2, and F1-5 represent 89.7% of 
the total area. They are ethyl ester derivates of C16, C17, and C18 saturated 
fatty acids. Fragments m/z = 88 and 101 are the most abundant in all of 
them. Those fragments correspond to the alpha and beta carbonyl bond-
breaking. In all three cases, the molecular ions 284, 298, and 312 were identi-
fied (Fig. 2). This behavior agrees with the NMR H1 signals from 0.77 to 0.88 
ppm and those at 1.23, 1.57, 1.65, 1.98, and 1.99 ppm. However, although 
compounds in fractions F1-3 and F1-4 are unsaturated, the NMR H1 spectra 
were unable to detect the unsaturations, probably because of the low con-
centration of those same substances. 

Free fatty acids as hexadecanoic and octadecanoic acid have been pre-
viously reported in other species of the genus (Excoecaria agallocha) [10]. In 
the past, free fatty acids have been ascribed antimicrobial activity in derma-
tological applications [11, 12]. They have also been referred as good antioxi-
dants [13, 14], mainly the hexadecanoic acid [15]. 
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Table I. Summary of compounds identified in fractions from one to four (F1–F4) 

Fractions–
peaks 

Compounds Area
(%) 

RI MS fragment ions (relative  
abundance %) 

F1 
F1-1 Hexadecanoic acid, ethyl ester 56.98 1999 88 (100)                  101 (54.91) 
F1-2 Heptadecanoic acid, ethyl ester   4.42 2099 88 (100)                  101 (54.37) 
F1-3 Z,E-2,13-Octadecadien-1-ol   3.48 2167 81 (100)                    67 (93.68) 

95 (64.58)                 55 (56.05) 
F1-4 (E)-9-Octadecenoic acid, ethyl ester   6.73 2173 55 (100)                    69 (68.66)  

88 (63.21)                 83 (61.59)  
97 (55.06)                 96 (50.34) 

F1-5 Octadecanoic acid, ethyl ester 28.39 2199 88 (100)                  101 (56.35) 
F2 

F2-1 Phytol 65.74 2119 71 (100)                    57 (46.71) 
F2-2 Hexanoic acid, 4-hexadecyl ester 34.26 2362 99 (100) 

F3 
F3-1 Neophytadiene 46.01 1842 68 (100)                    95 (98.21) 

82 (83.13)                 57 (77.89) 
123 (60.88) 

F3-2 11-Hexadecen-1-ol, (Z) 22.17 1867 82 (100)                    81 (96.04) 
95 (96.03)                 68 (76.00)  
57 (73.13) 

F3-3 R-(Z)-14-Methyl-11-hexadecen-1-ol 31.82 1881 81 (100)                    95 (97.84) 
57(82.47)                  68 (73.40) 

F4 
F4-1 2-Heptadecanone   2.78 1850 58 (100)                    43 (89.04) 

71 (55.03) 
F4-2 8-Hexylpentadecane   5.01 2060 57 (100)                    71 (72.96) 

 85 (55.04) 
F4-3 Heneicosane 25.08 2095 57 (100)                    71 (79.32) 

 85 (59.65) 
F4-4 Tricosane 28.29 2298 57 (100)                    71 (81.69) 

85 (62.43) 
F4-5 Tetracosane 38.12 2389 57 (100)                    71 (83.92) 

85 (62.50) 
 

Fraction F2 consists in a mixture of two compounds (Table I). The main 
component (F2-1) represents a 65.74% of the fraction and corresponds to 
phytol. This compound exhibits two important mass fragments, m/z =71 
and 57. Both mass fragments are related to the split of the molecule in its 
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unsaturated carbon and at its alpha position. The second molecule (F2-2) 
exhibits only one important peak at m/z = 99. This peak is related with the 
scission of the ester group. For both compounds, the retention indexes con-
firm the proposed structures, all in agreement with NMR H1 information. 
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Fig. 2. EI positive ionization mode mass spectrum for palmitic acid ethyl ester (F1-1) 
 
 

Three are the compounds identified in Fraction 3 (F3) (Table I), where 
(F3-1) results the major compound with 46.01%. The fragmentation pattern 
of m/z 68, 82, 95, and 123 reveals a diene moiety which is consistent with α, 
β, γ, and δ diene ruptures and at the same time with the information offered 
by NMR with a signal at 5.35 ppm. The minority compounds of this fraction 
(F3-2 and F3-3) are revealed as two closely related unsaturated alcohols 
with very similar mass fragmentation patterns. F3-2 and F3-3 can be dis-
criminated thanks to their chromatographic retention indexes. 

The last fraction (F4), as happened with F1, has a complex mixture. A 
total of five substances were isolated in this fraction (Table I). Compounds 
F4-3, F4-4, and F4-5 are in a clear majority in relation to the other two com-
pounds present (F4-1 and F4-2). F4-3, F4-4, and F4-5 represent altogether a 
92.21% of the fraction and are lineal alkanes with 21, 23, and 24 carbon at-
oms. In all of them, the classical mass fragmentation pattern for lineal al-
kanes is observed with the loss of units characteristic of methylene groups 
(m/z = 14). The most abundant fragments were m/z 57, followed by the m/z 
71 and 85 fragments. As usually happens with this kind of compound, in 
none of them was it possible to obtain the molecular peak which was identi-
fied with the help of the Kovats retention index. F4-2 is a branched alkane 
while the compound F4-1 was identified as 2-heptadecanone, in accordance 
with the signals at 1.98 and 2.26 ppm of the NMR spectrum. For F4-1, the 
most abundant mass peak m/z = 58 is equivalent to a fragmentation in the 
alpha position relative to the carbonyl moiety. The other important peaks 
confirmed the hydrocarbonated backbone of the ketone. 
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Conclusions 
 

Through the combined use of several chromatographic (MPLC, TLC, and 
GC) and spectroscopic techniques (NMR-H1 and MS), the isolation and 
characterization of 15 compounds from the crude extract of Excoecaria lucida 
Sw. leaves were possible. All compounds were characterized as hydrocar-
bons (saturated or not) with an oxygen substitution in the form of a ketone, 
alcohol, ester, or acid. Identification of these compounds in E. lucida in-
creases the phytochemical knowledge of the species and gives scientific 
evidence to its ethnobotanical uses, mainly its potential antimicrobial activ-
ity. For the first time, this type of study has been made on this species. 
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