
Citation: Viveiros, M.M.; Barreto,

M.C.; Seca, A.M.L. Laurus azorica:

Valorization through Its

Phytochemical Study and Biological

Activities. Separations 2022, 9, 211.

https://doi.org/10.3390/

separations9080211

Academic Editor: Małgorzata

Starowicz

Received: 5 July 2022

Accepted: 6 August 2022

Published: 9 August 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

separations

Article

Laurus azorica: Valorization through Its Phytochemical Study
and Biological Activities
Mariana M. Viveiros 1, Maria Carmo Barreto 1,2 and Ana M. L. Seca 1,2,3,*

1 Faculty of Sciences and Technology, University of Azores, Rua Mãe de Deus, 9501-321 Ponta Delgada, Portugal
2 cE3c—Centre for Ecology, Evolution and Environmental Changes, Azorean Biodiversity Group,

CHANGE—Global Change and Sustainability Institute, Faculty of Sciences and Technology,
University of the Azores, 9500-321 Ponta Delgada, Portugal

3 LAQV-REQUIMTE, University of Aveiro, 3810-193 Aveiro, Portugal
* Correspondence: ana.ml.seca@uac.pt; Tel.: +351-296-650-174

Abstract: Laurus azorica (Seub.) Franco is an endemic species from the Azores, traditionally used
in all the islands as a seasoning in cooking. The studies carried out with this species refer mainly
to its essential oils. The study that was developed here allowed, for the first time, to determine
the chemical composition and biological activities of the ethanol extract, fractions, and pure com-
pounds from L. azorica. The hexane fraction was analyzed by GC–MS and revealed the presence of
48 compounds, comprising mainly fatty acids, fatty alcohols and terpenes, the family of fatty alcohols
identified here for the first time in the genus Laurus. Three sesquiterpene lactones—costunolide,
11,13-dehydrosantonin and reynosin—were isolated for the first time in L. azorica from the same
fraction, and structurally characterized using spectroscopic techniques. The compounds identified
belong to families known to have relevant medicinal and nutritional properties. Regarding an-
tioxidant activities, the results obtained showed a moderate radical scavenging effect of extracts
and fractions, while in the β-carotene bleaching assay, costunolide was shown to be the most ac-
tive (IC50 = 4.08 ± 0.76 µg/mL), about 3.6 times more active than the standard, gallic acid, which
presented IC50 = 14.56 ± 0.13 µg/mL. Although the inhibition of extracellular matrix-degrading
enzymes was not detected, the ethanol extract showed good inhibitory activity of tyrosinase, with an
IC50 of 12.04 ± 0.23 µg/mL, only 6.6-fold lower than the control kojic acid. The results presented
deepen the knowledge about a little studied species, opening new perspectives for the development
of value-added applications in the food and cosmeceutical fields.

Keywords: Laurus azorica; GC–MS profile; sesquiterpene lactones; radical scavenging activity;
β-carotene bleaching; anti-tyrosinase; costunolide; 11,13-dehydrosantonin; reynosin; fatty alcohols

1. Introduction

Plant extracts are proving to be a considerable source of phytochemicals with beneficial
effects [1]. They are excellent in the development of, for example, food additives [2,3], new
medicines and cosmetic products [4,5]. These phytochemicals have been explored due to
their diversified medicinal effects and nutritional value, showing the potential to replace
synthetic ones [6,7]. Despite this, much remains to be investigated regarding the isolation
and identification of secondary metabolites from poorly studied natural sources, as well as
the investigation of new applications for plants, extracts and secondary metabolites.

Laurus azorica (Seub.) Franco, known in the Azores as “louro-das-ilhas” and “louro-
bravo”, is an important member of the native highland subtropical forest species, Laurisilva,
although it is not always the dominant tree species [8]. It belongs to the genus Laurus and
the family Lauraceae [9], and it is one of those plants little studied from the chemical point
of view and whose biological activities are important to value. On the other hand, it belongs
to the same genus as Laurus nobilis L., native to Mediterranean countries, well known as a
condiment to traditional dishes and whose chemical composition and health/nutritional
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effects are already studied [10–12]. The great diversity of documented beneficial effects of
L. nobilis suggests similar properties for Laurus target species.

Laurus azorica has traditionally been used in all the Azores archipelago as a seasoning
in cooking [13]. This species has also been used as a disinfectant [13] and the oil from the
ripe berries has been used to treat wounds, as well as being used for illumination [14].

The few published studies involving Azorean L. azorica are focused on its chemical com-
position of essential oils (mainly composed of monoterpenes and sesquiterpenes [15]), and
its bioactivities (hepatoprotective [16], insecticidal [17], fumigant [18], and molluscicide [19]
effects). The antithrombin activity of dichloromethane and methanol extracts of L. azorica [20]
and the antioxidant activities of ethanol, aqueous and hydroalcoholic extracts from the
leaves [21] are the only published studies not involving the essential oils of this species.

Separation and hybrid methods are essential to isolate, purify, identify, and even
quantify the secondary metabolites from natural sources [22,23], while sensitive bioassays
allow for the assessment of potential applications. Therefore, this study was designed
to (using gas chromatography coupled to mass spectrometry (GC–MS), thin layer chro-
matography (TLC) and nuclear magnetic resonance (NMR)) isolate, identify and quantify
secondary metabolites, and then evaluate the antioxidant and enzymatic inhibition poten-
tial of lipophilic constituents of L. azorica. This will contribute to increasing the knowledge
that we have of this species, both from the point of view of both its chemical profile and
potential biological effects.

2. Materials and Methods
2.1. Chemicals

All the solvents used in preparative chromatography (TLC and CC) were of analytical
grade. Solvents used for GC–MS analysis were purchased from Panreac and Acros Organics
and were of analytical grade. Chemicals such as N,O-bis(trimethylsilyl)trifluoroacetamide
(BSTFA) (99%) and trimethylsilyl chloride (TMSCl) (99%), purchased from Sigma-Aldrich,
were used as derivatization agents. Octadecane (99%), myristic acid (99%), ethyl hep-
tadecanoate (>99%), (9Z) octadecenoic acid (99%), (9Z,12Z) octadecadienoic acid (99%),
β-sitosterol (99%), phytol (97%), squalene (98%) and 1-monolaurin (99%) were purchased
from Sigma-Aldrich and used as standards for qualitative and quantitative GC–MS analysis.

2.2. Plant Material

Aerial parts of Laurus azorica (Seub.) Franco were collected in a small area around GPS
coordinates (37◦78′53.57′′ N, −25◦46′46.18′′ W) in Estrada das Lombadas, Ribeira Grande,
São Miguel Island, Azores, in February 2020. The species was taxonomically identified by
Prof Luís Silva, responsible for the Ruy Telles Palhinha Herbarium (AZB), where a voucher
specimen number AZB 3669 was deposited. The leaves were separated from the stems and
air-dried in the absence of light.

2.3. Extract Preparation and Liquid/Liquid Partition

About 200 g of dried and ground L. azorica leaves were extracted with EtOH (10% w/v)
by maceration at room temperature, under mechanical agitation and in the absence of light,
by 3 cycles of 72 h each, with solvent renewal at the end of each cycle. The extraction yield
was 13.7%.

About 10 g of dry EtOH extract was suspended in water (200 mL) and fractionated by
liquid–liquid partition using the solvent n-hexane (3 × 200 mL). The solvent of these com-
bined hexane fractions was evaporated to dryness in a rotary evaporator, under vacuum, at
a temperature of 40 ◦C, obtaining the lipophilic fraction of L. azorica (fraction A).

2.4. Isolation of Secondary Metabolites

Fraction A (2.56 g) was fractionated by column chromatography (CC) using silica gel
230–400 Mesh as the stationary phase, and mixtures of hexane: ethyl acetate (Hx:AcOEt) of
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increasing polarity (9:1; 8:2; 7:3; 1:1; 3:7; 0:10) as the mobile phase. Sixty subfractions were
collected (FA.1–FA.60).

Subfraction FA.7 was purified by preparative TLC (20 × 20 cm) on silica gel 60 with a
fluorescent indicator (GF254), using CHCl3 as eluent, yielding 4 fractions (FA.7.1–FA.7.4),
while FA.8 was rechromatographed on similar conditions (TLC on silica gel 60 GF254, eluted
with CHCl3 (twice), giving 4 fractions (FA.8.1–FA.8.4). The fractions FA.7.1 (20.3 mg) and
FA.8.1 (8.0 mg) are pure, consisting of compound 1 (28.3 mg).

Subfractions FA.32 and FA.33 were purified by preparative TLC, using as eluents
Hx:AcOEt (1:1) and Hx:AcOEt (4:6), respectively, giving rise to two fractions each,
FA.32.1–FA.32.2 and FA.33.1–FA.33.2. The fractions FA.32.2 (1 mg) and FA.33.2 (0.4 mg) are
pure fractions, which led to obtaining compound 2 (1.4 mg).

Subfraction FA.34 was rechromatographed on a similar preparative TLC, eluted with
Hx:AcOEt (1:1) and gave two fractions (FA.34.1–FA.34.2). Compound 3 was identified on
the pure fraction FA.34.2 (1.2 mg).

2.5. Identification of Isolated Compounds by Spectroscopic Techniques

Compounds 1, 2 and 3 were identified by analyzing 1D (1H, 13C, DEPT 90 and 135) and
2D (COSY, HSQC, HMBC (71 ms) and H2BC) NMR spectra, obtained at room temperature
using a Bruker Avance NMR apparatus operating at 300.13 MHz and 500.13 MHz for 1H.
Chemical shifts (δ) are expressed in ppm, with respect to the internal tetramethylsilane
reference, while coupling constants (J) are expressed in Hz.

The mass spectra of the pure compounds were obtained using an LXQ Linear Ion Trap
mass spectrometer (ThermoFinnigan) and positive-mode electrospray (ESI(+)). The ESI
conditions were as follows: 5 kV, capillary temperature at 275 ◦C and gas flow at 5 U. Data
collection and analysis were performed using the Xcalibur Data System version 2.0.

Compound 1: Costunolide, whitish solid; 1H, 13C NMR data in Table 1. MS ESI(+) m/z
233 [M + H]+, m/z 255 [M + Na]+, (calcd for C15H20O2 232).

Table 1. 1H, 13C, COSY, HMBC and H2BC NMR data of compound 1 (in CDCl3; 300.13 MHz;
δ = ppm).

Carbon 1H 13C (DEPT *) COSY HMBC H2BC

1 4.85 dd, J = 4.7; 11.1 Hz 127.1 (CH) H-2, H-14 - C-2
2 2.18–2.32 m 26.2 (CH2)

H-1 C-1, C-3, C-4 C-1, C-32.31 s
3 2.02–2.07 m 39.5 (CH2) H-3 (2.29–2.36)

C-1, C-2, C-4, C-15 C-22.29–2.36 m H-3 (2.02–2.07)
4 - 141.5 - - -
5 4.74 d, J = 9.9 Hz 127.3 (CH) H-6, H-15 C-3, C-7, C-15 C-6
6 4.57 t, J = 9.3 Hz 81.9 (CH) H-5, H-7 C-4, C-5, C-8 C-5, C-7
7 2.53–2.62 m 50.4 (CH) H-6, H-8, H-13 - C-6
8 1.62–1.75 m 28.0 (CH2) H-8 (2.07–2.14)

C-6, C-7, C-10 C-7, C-92.07–2.14 m H-8 (1.62–1.75)
9 2.09–2.18 m 40.9 (CH2) H-8, H-9 (2.45),

C-1, C-7, C-8, C-10 -2.45 dd, J = 6.1; 13.4 Hz H-9 (2.09–2.18),
H-14

10 - 136.9 - - -
11 - 140.1 - - -
12 - 170.5 - - -
13 5.53 d, J = 3.4 Hz 119.7 (CH2)

H-7 C-7, C-11, C-12 -
6.23 d, J = 3.4 Hz

14 1.42 s 16.1 (CH3) H-1, H-9 C-1, C-9, C-10 -
15 1.70 d, J = 1.4 Hz 17.4 (CH3) H-5 C-3, C-4, C-5 -

* DEPT 90 and 135. Mm—multiplet, s—singlet, d—doublet, t—triplet, dd—double doublet.

Compound 2: 11,13-Dehydrosantonin, yellow solid; 1H, 13C NMR data in Table 2. MS
ESI(+) m/z 245 [M + H]+ and m/z 267 [M + Na]+, (calcd for C15H16O3 244).
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Table 2. 1H, 13C, COSY, HMBC and H2BC NMR data of compound 2 (in CDCl3; 500.13 MHz;
δ = ppm).

Carbon 1H 13C (DEPT *) COSY HMBC H2BC

1 6.70 d, J = 9.9 Hz 154.7 (CH) H-2 C-3, C-5, C-9, C-10,
C-14 C-2

2 6.27 d, J = 9.8 Hz 126.0 (CH) H-1 C-4, C-10 C-1
3 - 186.3 - - -
4 - 129.1 - - -
5 - 150.7 - - -
6 4.77 dd, J = 1.3; 11.6 Hz 81.4 (CH) H-7, H-15 C-4, C-5, C-7, C-8 C-7
7 2.68–2.74 m 50.3 (CH) H-6, H-8, H-13 - C-6, C-8

8 1.74–1.83 m
2.19–2.23 m

21.7 (CH2)
H-7, H-8

(2.19–2.23)
H-8 (1.74–1.83),

H-9

C-7, C-9 C-7, C-9

9 1.59–1.60 m
1.92–1.95 m

37.7 (CH2) H-8, H-9
(1.92–1.95)

H-9 (1.59–1.60)

C-7, C-8, C-10,
C-14 C-8

10 - 41.3 - - -
11 - 137.5 - - -
12 - 169.2 - - -
13 5.56 d, J = 3.2 Hz

6.25 d, J = 3.2 Hz 119.7 (CH2) H-7, H-13 (6.25)
H-13 (5.56) C-7, C-11, C-12 -

14 1.32 s 25.2 (CH3) - C-1, C-5, C-9, C-10 -
15 2.17 d, J = 1.3 Hz 10.9 (CH3) H-6 C-3, C-4, C-5 -

* DEPT 90 e 135. Ss—singlet, d—doublet, dd—double doublet, m—multiplet.

Compound 3: Reynosin, white solid; 1H, 13C NMR data in Table 3. MS ESI(+) m/z 249
[M + H]+ and m/z 271 [M + Na]+, (calcd for C15H20O3 248).

Table 3. 1H, 13C, COSY, HMBC and H2BC NMR data of compound 3 (in CDCl3; 500.13 MHz;
δ = ppm).

Carbon 1H 13C (DEPT *) COSY HMBC H2BC

1 3.53 dd, J = 4.5; 11.5 Hz 78.2 (CH) H-13 C-9, C-14 C-2
2 1.53–1.61 m

1.83–1.87 m
31.3 (CH2) H-1, H-3 C-1, C-3, C-4, C-10 C-1, C-3

3 2.13–2.14 m
2.32–2.36 m

33.5 (CH2) H-2,
H-3 (2.32–2.36)

C-1, C-2, C-4,
C-5, C-15 C-2

4 - 142.4 - - -

5 2.17–2.20 m 52.9 (CH) H-6, H-15 C-1, C-4, C-6, C-7,
C-10, C-14, C-15 C-6

6 4.04 t, J = 10.9 Hz 79.6 (CH) H-5, H-7 C-8, C-11 C-5, C-7
7 2.54 dt, J = 3.1; 11.4 Hz 49.6 (CH) H-2, H-6, H-13 C-6, C-11 C-6, C-8
8 1.58–1.63 m

2.07–2.10 m
21.5 (CH2) H-7, H-9 C-6, C-7, C-10 C-7, C-9

9 1.33–1.39 m
2.07–2.11 m

35.7 (CH2) H-8,
H-9 (2.07–2.11),
H-9 (1.33–1.39)

C-1, C-5, C-7,
C-8, C-10, C-14 C-8

10 - 42.9 - - -
11 - 139.2 - - -
12 - 170.7 - - -
13 5.42 d, J = 3.1 Hz

6.09 d, J = 3.1 Hz
117.1 (CH2) H-7 C-7, C-11, C-12 -

14 0.82 s 11.6 (CH3) - C-1, C-5, C-9, C-10 -
15 4.87 s

4.99 s
110.7 (CH2) H-5,

H-15 (4.99),
H-3, H-15 (4.87)

C-3, C-4, C-5 -

* DEPT 90 e 135. Ss—singlet, d—doublet, t—triplet, dd—double doublet, dt—double triplet, m—multiplet.
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2.6. GC–MS Analysis

Four aliquots (ca. 20 mg each) of a dried hexane fraction of L. azorica (fraction A) were
dissolved in four screw-cap glass tubes with 1 mL of dichloromethane. To each tube was
added the internal standard (300 µL of octadecane standard solution at 17.9 mg/10.0 mL),
250 µL of pyridine, 250 µL of BSTFA and 50 µL of TMSCl; all of them were silylated at 70 ◦C
for 30 min [24,25]. Each silylated tube was analyzed, in duplicate, by GC–MS using the
QP2010 Ultra Shimadzu instrument. Separation of compounds was performed on a DB-5
J&W capillary column (30 m × 0.25 mm internal diameter, 0.25 µm film thickness) using
helium as the carrier gas (1.16 mL/min). The chromatographic conditions were as follows:
initial temperature 100 ◦C for 2 min; temperature rise at 10 ◦C/min to 150 ◦C; at 3 ◦C/min
to 235 ◦C; at 10 ◦C/min to 260 ◦C; at 2.3 ◦C/min to 300 ◦C, which was held for 5 min. The
inlet temperature was 320 ◦C; the transfer line temperature was 300 ◦C, using splitless 1:50.

The mass spectrometer detector was operated in electron impact (EI) mode with
an energy level of 70 eV, and data were collected at a rate of 1 scan/s in a range of m/z
50–1000. The ion source was maintained at 200 ◦C. The chromatography performance
lasted 60.22 min and the fraction components were identified by comparison with the MS of
authentic compounds obtained in the same experimental conditions, or with the MS library
supplied with the equipment (NIST 14 Mass Spectral and Wiley Registry of Mass Spectral
Data), as well as by detailed analysis of the mass spectrum obtained, seeking to identify
typical fragmentation patterns of natural compound families described in the literature.

A calibration curve for each identified compound of fraction A was achieved using
standard solutions of different concentrations (4 to 5 different concentrations), consisting of
at least one standard compound from each family of organic compounds identified (namely,
myristic acid, heptadecanoic acid ethyl ester, phytol, monolaurin, oleic acid, squalene,
linoleic acid and sitosterol) and the internal standard (octadecane). The standard solutions,
before being injected into the GC–MS, were subjected to the derivatization process described
above. The quantitative analysis was performed by interpolation on the calibration curves,
with the correlation coefficient r2 ≥ 0.99.

To statistically compare the mean in independent aliquots, a one-way analysis of
variance (ANOVA) followed by Duncan’s multiple-range test, was applied using GraphPad
Software (GraphPad Prism version 7 for Windows) (p < 0.001 was considered statistically
significant in all analyses).

2.7. Biological Activities
2.7.1. DPPH Radical Scavenging Activity

Antioxidant activity was determined using the DPPH spectrophotometric method
modified from Blois [26]. In a 96-well plate, serial dilutions were performed in methanol
at different concentrations, between 250 µg/mL and 0.244 µg/mL for the extract, fraction
and compounds. DPPH was added to the microwells so that the final concentration was
45 µg/mL. After 30 min in the dark, absorbance (Abs) was measured at 515 nm. The
percentage of antioxidant activity (% AA) was calculated with the following formula:

% AA = [(Abscontrol − Abssample)]/(Abscontrol)] × 100

where Abscontrol is the absorbance of the control and Abssample is the absorbance of the
sample. Results were expressed as IC50 (sample concentration required for 50% inhibi-
tion/scavenging of the DPPH radical), calculated by interpolation from the % AA vs.
concentration curve. Trolox was used as a positive control of antioxidant activity.

2.7.2. ABTS Radical Scavenging Activity

The assay of antioxidant activity by the ABTS method was performed using the
method described by Re et al. [27] and adapted by Zárate et al. [28]. An ABTS solution was
prepared by mixing 7 mM ABTS and 2.4 mM potassium persulfate in equal amounts and
placing in the dark for 12–16 h. 1 mL of the solution was diluted with the necessary amount
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of methanol to obtain an Abs of 0.7 at 734 nm. In a 96-well plate, serial dilutions were
performed in methanol at different concentrations, between 250 µg/mL and 0.244 µg/mL
for the extract, fractions, and compounds. The ABTS solution was added to the microwells
and, after 8 min of incubation, Abs was measured at 405 nm. The % AA was calculated
with the following formula:

% AA = [(Abscontrol − Abssample)]/(Abscontrol)] × 100

where Abscontrol is the absorbance of the control and Abssample is the absorbance of the
sample. Results were expressed as IC50 calculated by interpolation from the % AA vs.
concentration curve. Trolox was used as a positive control of the antioxidant activity.

2.7.3. Inhibition of β-Carotene Bleaching Assay

Antioxidant activity was determined according to the methods described in
Barreira et al. [29] and Lu et al. [30] and adapted by Zárate et al. [28]. A solution of β-
carotene (2 mg of β-carotene in 10 mL of chloroform) was prepared. In a 100 mL flask, 2 mL
of the solution, 40 mg of linoleic acid and 400 mg of Tween 80 were placed. The resulting
mixture was evaporated under vacuum at 40 ◦C in order to remove the chloroform, and
100 mL of distilled water was added. In a 96-well plate, serial dilutions were performed in
methanol at different concentrations, between 75 µg/mL and 0.146 µg/mL for the extract,
and between 250 µg/mL and 0.244 µg/mL for the fractions and compounds. 160 µL of
β-carotene solution was added and the Abs was measured at 490 nm. The plate was
incubated at 50 ◦C for 120 min and the Abs was measured again. The inhibition of lipid
peroxidation was calculated using the following formula:

Degradation rate (DR) = ln(a/b) × 1/t

where “a” is the initial absorbance (0 min), “b” is the absorbance at 120 min and “t” is the
total assay time (120 min). The % AA was calculated with the following formula:

% AA = (DRcontrol − DRsample) DRcontrol × 100

Results were expressed as IC50, calculated by interpolation from the % AA vs. concentra-
tion curve. Gallic acid was used as a control of inhibition of the β-carotene bleaching activity.

2.7.4. Tyrosinase Inhibition Assay

The assay was performed according to the method described by Shimizu et al. [31],
modified by Manosroi et al. [32] and adapted by Zárate et al. [28]. In a 96-well plate, serial
dilutions were performed at different concentrations, between 250 µg/mL and 0.488 µg/mL
for the extract, fraction and compounds, in 100 mM phosphate buffer, pH 6.8. To the same
96-well plate, 25 µL of buffer and 25 µL of tyrosinase enzyme solution were added and
incubated for 20 min at 37 ◦C. Then, 50 µL of the 1.66 mM tyrosine solution was added and
the Abs was measured at 490 nm every 10 min for 30 min. The % enzyme inhibition was
calculated using the following formula:

% of tyrosinase inhibition = [(Abscontrol − Abssample)/Abscontrol] × 100

where Abscontrol is the absorbance of buffer + tyrosinase + solvent and Abssample is the
Abs of buffer + tyrosinase + sample. The results were expressed as IC50 (concentration
that inhibits 50% of the enzyme activity), calculated by interpolation from the inhibition of
tyrosinase vs. a sample concentration curve. Kojic acid was used as the standard inhibitor.

2.7.5. Statistical Analysis

The assays were carried out in triplicate. The results were expressed as mean
values ± standard deviations. The data were analyzed using a one-way ANOVA with
Tukey’s test; p < 0.05 was considered statistically significant.
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3. Results and Discussion
3.1. Structural Characterization of Isolated Compounds

The analysis of a lipophilic fraction from L. azorica leaves (fraction A) by preparative
chromatographic techniques led to the isolation of three compounds. The chemical struc-
tures of the isolated compounds, shown in Figure 1, were determined by analyzing the
NMR and ESIMS spectra.
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The analysis of the NMR data (Table 1) obtained in compound 1, and comparing them
with the 1H and 13C data described in the literature [33–36], allowed us to elucidate the
chemical structure of compound 1, which corresponds with costunolide (C15H20O2). The
MS spectrum of compound 1 exhibits signals at m/z 233 [M + H]+ and at m/z 255 [M + Na]+,
data consistent with the chemical formula of costunolide.

Costunolide (1) is a sesquiterpene lactone from the germacranolide subclass, isolated
for the first time from the root of the species Saussurea costus (Falc.) Lipsch (syn Saussurea
lappa Clarke) [37,38]. The natural occurrence of costunolide (1) is also reported in Laurus
novocanariensis [36,39] and in L. nobilis [34,35,40–42], while in L. azorica, costunolide (1)
was identified here for the first time. The spectroscopic data indicated in Table 1 are
in accordance with the previously reported data, which also confirm the chiral centers
configuration indicated in compound 1 (Figure 1).

Costunolide has been described as having several therapeutic effects [38], confirmed
by in vivo studies, such as an anticancer effect, by several different pathways against
gastric adenocarcinoma and osteosarcoma in xenografted mice models [37], and an anti-
inflammatory effect [38].

As for compound 2, the MS data showed peaks at m/z 245 [M + H]+ and m/z 267
[M + Na]+, which means that the compound has a molecular mass of 244, suggesting
the molecular formula C15H16O3. The chemical structure of compound 2 was eluci-
dated based on NMR data (Table 2), which are in agreement with those indicated in
the literature [43,44], confirming that compound 2 corresponds to 11,13-dehydrosantonin,
another sesquiterpene lactone from the eudesmanolide subclass, biosynthesized from
α-santonin [10,45]. In L. azorica, it was identified for the first time in this study, having
already been isolated from the dichloromethane extract of the leaves of L. nobilis harvested
in Turkey [41,46]. Studies carried out with 11,13-dehydrosantonin have mainly evaluated
its cytotoxic activity [43,45,46].

Regarding compound 3, the analysis of the spectroscopic data (Table 3) and the
comparison with those reported in the literature [35,47] allowed the structural elucidation
of compound 3 (Figure 1), identifying it as reynosin. The MS spectrum shows two peaks
at m/z 249 [M + H]+ and m/z 271 [M + Na]+, which indicates that the compound has a
molecular mass of 248, consistent with the molecular formula C15H20O3 of reynosin.
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Like 11,13-dehydrosantonin (2), reynosin (3) is also a sesquiterpene lactone from the
eudesmanolide subgroup [10], having been isolated first from the species Ambrosia con-
fertiflora [48]. In this study, it was identified in L. azorica for the first time, having already
been isolated and identified in the species L. nobilis [35,41,42,46] and L. novocanariensis [39].
Reynosin is described as a cytotoxic agent against A2780 human ovarian cancer cell
lines [41], and able to inhibit nitric oxide production in lipopolysaccharide (LPS)-activated
murine macrophages [49].

3.2. GC–MS Analysis of Fraction A

The hexane fraction of the ethanolic extract from L. azorica leaves, called fraction A,
was also analyzed by GC–MS to further assess the lipophilic profile of this species, both
with regard to volatile compounds and fatty acids whose reference method of analysis
is GC–MS. This analysis allowed the identification and quantification of 48 compounds
(Table 4).

Table 4. Results of qualitative and quantitative analysis of a lipophilic fraction of L. azorica leaves by
GC–MS.

Rt (min) Identified Compounds
Mean (SD)

mg/100 g Extract mg/100 g Dried Plant mg/100 g Fresh Plant

Fatty Acids Family

18.3 Myristic acid (C14:0) 59.9 (5.68) 15.8 (1.50) 9.37 (0.866)

24.0 Palmitic acid (C16:0) 414 (30.2) 106 (10.4) 66.3 (6.51)

28.6 Linoleic acid (C18:2. Ω-6) 175 (4.44) 46.2 (1.17) 28.5 (0.501)

28.8 α-Linolenic acid (C18:3. Ω-3) 300 (8.93) 79.1 (2.35) 49.3 (1.47)

34.9 Eicosanoic acid (C20:0) 57.1 (4.64) 15.0 (1.22) 9.37 (0.761)

38.6 13-Docosenoic acid (Z) (C22:1. Ω-9) 44.9 (2.71) 11.8 (0.713) 7.37 (0.444)

38.7 Docosanoic acid (C22:0) 48.2 (6.68) 12.7 (1.07) 7.90 (0.665)

40.3 Tricosanoic acid (C23:0) 44.0 (2.22) 11.8 (0.868) 7.38 (0.541)

42.0 Tetracosanoic acid (C24:0) 227 (35.6) 59.7 (3.72) 37.2 (2.32)

45.7 Hexacosanoic acid (C26:0) 130 (5.68) 34.2 (1.50) 21.3 (0.933)

49.7 Octacosanoic acid (C28:0) 63.6 (4.09) 16.7 (1.08) 9.88 (0.939)

53.9 Triacontanoic acid (30:0) 71.2 (6.12) 18.8 (1.61) 11.4 (0.833)

Total 1635 428 265

Terpenoid Family

6.5 L-Linalool (Isomer) 9.62 (0.713) 2.03 (0.188) 1.58 (0.117)

9.2 Linalool 14.4 (1.24) 4.00 (0.237) 2.49 (0.148)

11.7 Caryophyllene oxide 45.7 (3.84) 12.0 (1.01) 7.67 (0.706)

17.3 10-epi-Gazaniolide 22.5 (0.310) 5.73 (0.467) 3.57 (0.291)

17.7 Dehydrosaussurea lactone 27.2 (1.52) 7.16 (0.400) 4.46 (0.249)

18.0 Neophytadiene 49.0 (3.81) 12.9 (1.00) 7.89 (0.500)

21.6 Spirafolide 59.2 (4.85) 15.6 (1.28) 9.71 (0.796)

22.3 Dehydrocostus lactone 359 (27.8) 91.5 (5.30) 58.9 (4.56)

22.6 Costunolide 13.2 (0.606) 3.49 (0.160) 2.17 (0.0994)

27.6 Phytol 394 (21.3) 106 (3.06) 65.8 (1.91)

28.2 Reynosin 802 (52.7) 215 (16.2) 134 (10.1)
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Table 4. Cont.

Rt (min) Identified Compounds
Mean (SD)

mg/100 g Extract mg/100 g Dried Plant mg/100 g Fresh Plant

29.0 Deacetyllaurenobiolide 834 (65.2) 220 (17.2) 137 (10.7)

Total 2629 694 435

Fatty Alcohols Family

40.4 1-Tetracosanol 137 (4.63) 36.6 (2.24) 22.4 (0.761)

44.0 1-Hexacosanol 402 (29.2) 111 (7.79) 69.0 (4.85)

47.8 1-Octacosanol 165 (11.7) 45.3 (3.18) 25.9 (1.79)

51.9 1-Triacontanol 131 (10.9) 34.5 (2.87) 21.5 (1.79)

56.1 1-Dotriacontanol 65.7 (4.62) 17.3 (1.22) 10.8 (0.758)

Total 900 245 150

Glycerol Derivatives

6.1 Glycerol 41.8 (2.14) 11.0 (0.564) 6.86 (0.351)

37.9 1-Monopalmitin 53.9 (3.81) 14.2 (1.00) 8.85 (0.625)

Total 95.7 25.2 15.7

Sterol Family

49.5 Campesterol 6.55 (0.228) 1.73 (0.0600) 1.08 (0.0374)

50.1 Stigmasterol 35.9 (2.77) 9.47 (0.729) 5.90 (0.454)

51.3 3β-Hydroxy-stigmast-5-ene 278 (12.5) 73.2 (3.30) 45.6 (2.05)

Total 320 84.4 52.6

Other Compounds

8.9 Acetic acid cinnamyl ester 18.6 (1.75) 4.70 (0.439) 2.93 (0.273)

22.5 Ethyl hexadecanoate * 79.8 (6.13) 21.0 (1.62) 12.9 (0.890)

50.8 16-Hentriacontanone 55.6 (4.60) 15.7 (1.51) 9.12 (0.755)

Total 154 41.4 24.9

Unidentified compound

12.6 Hydroxylated sesquiterpene lactone
Mr = 220 (m/z 73, 105, 131, 277, 292) 47.8 (2.01) 12.6 (0.530) 7.84 (0.330)

13.5 Hydroxylated sesquiterpene lactone
Mr = 220 (m/z 73, 143, 159, 187, 277, 292) 44.2 (3.73) 11.6 (0.981) 7.25 (0.611)

13.7 Hydroxylated sesquiterpene lactone
Mr = 220 (m/z 73, 208, 277, 292) 92.0 (5.54) 24.2 (1.46) 15.1 (0.910)

13.9 Isomer of compound at Rt = 13.7
(m/z 73, 208, 277, 292) 27.7 (2.47) 7.30 (0.651) 4.55 (0.406)

14.3 Hydroxylated sesquiterpene lactone
Mr = 222 (m/z 73, 143, 204, 279, 294) 21.7 (1.98) 5.71 (0.522) 3.46 (0.232)

16.1 Hydroxylated sesquiterpene lactone
Mr = 220 (m/z 73, 105, 159, 202, 277, 292) 26.0 (2.42) 6.85 (0.638) 4.40 (0.260)

16.3 Isomer of compound at Rt = 16.1
(m/z 73, 105, 159, 202, 277, 292) 26.1 (1.15) 6.88 (0.302) 4.29 (0.188)

17.1 Unidentified hydroxylated compound 24.5 (2.16) 6.04 (0.583) 3.45 (0.326)

20.6 Non-hydroxylated compound Mr = 230
(m/z 91, 128, 215, 230) 24.0 (2.11) 6.00 (0.458) 3.74 (0.285)
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Table 4. Cont.

Rt (min) Identified Compounds
Mean (SD)

mg/100 g Extract mg/100 g Dried Plant mg/100 g Fresh Plant

32.6 Unidentified compound
(m/z 73, 147, 177, 267, 305, 395) 70.6 (4.76) 18.6 (1.25) 11.6 (0.781)

34.3 Unidentified compound
(m/z 73, 93, 129, 147, 183, 369) 52.2 (3.60) 13.8 (0.949) 8.57 (0.591)

Total 457 120 74

Rt—Retention time. SD—Standard deviation. * Mixed with an unidentified compound.

Considering that fraction A, before being injected into the GC–MS, was derivatized,
compounds that have hydroxyl groups in their chemical structure were detected as silylated
derivatives. However, the compounds existing in the fraction and identified in Table 4 are
the corresponding non-silylated ones.

Table 4 shows fraction A as a complex mixture of metabolites belonging to the families
of fatty acids, long-chain alcohols, terpenes, sterols, esterified fatty acids and a small
quantity of other kinds of compounds.

The results of quantitative analysis, indicated in Table 4, show that the total mass of
compounds corresponds to 74.6% (SD = 4.47) of the mass of fraction A analyzed. Thus,
these results are representative of the chemical composition of fraction A.

The five most abundant compounds in fraction A are deacetyllaurenobiolide (Rt
29.0 min, 137 mg/100 g fresh leaves), reynosin (Rt 28.2 min, 134 mg/100 g fresh leaves),
palmitic acid (Rt 24.0 min, 66.3 mg/100 g fresh leaves), 1-hexacosanol (Rt 44.0 min,
69.0 mg/100 g fresh leaves) and phytol (Rt 27.6 min, 65.8 mg/100 g fresh leaves), belonging
to four different classes of natural compounds: two sesquiterpene lactones, one of them
isolated by preparative chromatography and characterized by spectroscopic techniques
(Section 3.1, compound 3), a saturated fatty acid, a long-chain alcohol and a diterpene.

Table 4 presents for the first time the fatty acids profile of L. azorica leaves. Fatty acids
represent 26.0% of all compounds identified (Figure S1 in Supplementary Material).

The most abundant fatty acids are palmitic acid (C16:0) and α-linolenic acid (C18:3.
Ω-3). The preponderance of these two acids agrees with what was observed in wild L. nobilis
leaves [50]. α-Linolenic acid is an essential polyunsaturated acid in the human diet, being
described as having anti-inflammatory, antioxidant, antitumor, neuroprotective and anti-
obesity effects [51,52]. Palmitic acid is a saturated fatty acid, also present in the human diet,
that has been described as having harmful effects on health [53], such as increasing the risk
of cardiovascular diseases. However, this negative effect has been questioned [54].

The results obtained also show that saturated fatty acids correspond to 68.2% of the
total fatty acids, a higher percentage than that of unsaturated acids, which is in opposition
to the results obtained by Dias et al. [50] for wild L. nobilis leaves, but in agreement with
those obtained by the same research group in cultivated plants. This means that the
saturated:unsaturated acid proportion is variable and dependent, not only on the species,
but also on other factors, such as being cultivated or wild.

Regarding terpenes, this is the most abundant family, corresponding to 42.8% of
the mass of analyzed fraction A. Here were identified and quantified two monoterpenes,
corresponding to 0.845% of the total mass of terpenoids; two open-chain diterpenes, corre-
sponding to 15.3%; and seven identified sesquiterpene lactones that constitute 72.5% of the
total terpenes in fraction A (Figure S2 in Supplementary Material).

It should be noted that, in Table 4, seven compounds included in the unidentified
category exhibit mass spectra with a fragmentation pattern very similar to that observed in
the spectra of the identified hydroxylated sesquiterpene lactones, suggesting that they be-
long to the same class. If we take these into account, then sesquiterpene lactones constitute
82.3% of the total mass of terpenes in the lipophilic fraction of L. azorica.
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The most abundant are two sesquiterpene lactones, deacetyllaurenobiolide and reynosin,
previously identified in L. nobilis [10].

Terpenes in general and sesquiterpene lactones, in particular, are structurally very
diverse and exhibit a wide variety of biological activities. Some of the sesquiterpene lactones
identified, as mentioned in the previous section, exhibit antitumor, anti-inflammatory,
antimalarial, antimicrobial, antioxidant and antidiabetic properties [37,55].

Concerning the family of fatty alcohols, it is the third most abundant family in
the lipophilic fraction of L. azorica (14.7%). Interestingly, this is the first time that com-
pounds belonging to this family have been identified in the genus Laurus. The most
abundant is 1-hexacosanol, described as being able to be used to prevent diabetes-induced
nephropathy [56].

3.3. Biological Activities

Oxidative stress occurs due to an imbalance between the production of free radicals
and the body’s ability to neutralize their harmful effects [57]. One way to help reduce the
harmful effects of oxidative stress is to provide the body with antioxidants. Additionally,
the enzyme tyrosinase is involved in melanogenesis, so the inhibition of this enzyme,
overactivated in the aging process, helps to counteract the appearance of blemishes on
the skin.

The ethanolic extract from L. azorica leaves (EtOH extract), its hexane fraction (fraction
A) and the pure costunolide (compound 1) isolated from fraction A were evaluated for
their antioxidant potential by different methods (DPPH and ABTS and the inhibition of
β-carotene bleaching), and inhibition of the enzyme tyrosinase. Regarding compounds 2
and 3, it was not possible to assess their potential since the amounts were not sufficient to
carry out the tests. The obtained results are presented in Table 5.

Table 5. IC50 values (µg/mL) of antioxidant activity by the DPPH and ABTS methods and the
inhibition of β-carotene bleaching.

Sample DPPH ABTS β-Carotene

EtOH extract 59.19 ± 1.52 a 6.78 ± 0.35 a 10.41 ± 1.11 a

Fraction A >250 b 170.63 ± 4.56 b 14.74 ± 1.13 b

Compound 1 >250 b >250 c 4.08 ± 0.76 c

Trolox * 18.79 ± 2.52 c 2.03 ± 0.42 a -
Gallic Acid * - - 14.56 ± 0.23 b

* Reference compounds used as a positive control. In each column, different letters indicate significant differences
(p < 0.05).

The ferric chelating and inhibition activities of collagenase, elastase and hyaluronidase
enzymes were also tested, using the methods described in Zárate et al. [28], but none of the
samples showed activity at the maximum concentration of 250 µg/mL.

As for the antioxidant activity by the DPPH method (Table 5), it was not possible to
calculate the IC50 values for fraction A and compound 1 because the % AA was <50% at
250 µg/mL (13.10% and 7.70%, respectively), while the EtOH extract at the same concen-
tration scavenged the DPPH radical by more than 50%, yielding an IC50 = 59.19 µg/mL,
about 2.93 times lower than Trolox.

Regarding the antioxidant activity by the ABTS method (Table 5), only compound 1
was inactive at the maximum tested concentration (250 µg/mL). The EtOH extract was the
most active sample, with IC50 = 6.78 µg/mL, whereas fraction A showed relatively low
activity compared to the standard compound (IC50 = 170.63 µg/mL).

The results related to the bleaching inhibition activity of β-carotene showed that all
samples tested showed activity. IC50 values were calculated and, according to Table 5,
the EtOH extract and compound 1 were more active than the reference compound, with
compound 1 being the most active (4.08 µg/mL). Fraction A showed lower activity, with
IC50 = 14.74 µg/mL, comparable to the value obtained for the reference compound gallic
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acid. The β-carotene bleaching assay can be a measure of the ability of compounds to
protect membrane fatty acids against oxidation and is particularly appropriate for lipophilic
matrices [58]. These results corroborate the results of Cheong et al. [59], who detected a
protective effect of costunolide in assays using live cells against H2O2-induced cell death by
reducing intracellular ROS. The effect of dehydrocostus lactone against osteoblast damage
induced by AMA was also partly attributed to its antioxidant effect by Seo and Choi [60].
It should be pointed out that dehydrocostus lactone and other sesquiterpene lactones
(which represent the most abundant compounds in the extract) could be responsible for
this bioactivity, since sesquiterpene lactones cause changes in cell redox balance reducing
oxidative stress. There are, however, other antioxidant compounds present in the crude
ethanolic extract which explain its antioxidant activity in all the antioxidant assays carried
out in the present work. The results obtained here confirm the antioxidant potential of
L. azorica suggested by other authors [21]. However, it is not possible to quantitatively
compare the results obtained here with others reported in the literature. In fact, this work
is the first to present adequately quantified antioxidant results regarding the concentration
of extracts and compounds, in parallel with standards of antioxidant activity, and express
the activity in units that can be compared with other studies, thus allowing a reliable
quantitative assessment of this activity.

Concerning the anti-tyrosinase activity, the results are presented in Table 6.

Table 6. IC50 values (µg/mL) of tyrosinase inhibition activity.

Samples Anti-Tyrosinase

EtOH extract 12.04 ± 0.23 a

Fraction A >250 b

Compound 1 >250 b

Kojic acid * 1.82 ± 0.13 c

* Reference compound used as a positive control. In each column, different letters indicate significant differences
(p < 0.05).

The tyrosinase inhibition activity by the EtOH extract was approximately 6.6-fold
lower than the activity of kojic acid, the standard inhibitor compound. Neither fraction A
nor compound 1 were active against this enzyme; therefore, it is likely that the compounds
responsible for this activity were present in more polar fractions.

According to the literature, there is no data on the potential of L. azorica and costunolide
(1) as tyrosinase inhibitors, or on the other compounds identified in the present work, so this
study is the first to assay extracts from this species and compound 1 for their ability to
inhibit this enzyme. Okguchi et al. [61] detected an inhibition of melanin synthesis in
mouse B16 melanoma cells, but this was apparently due to the suppression of tyrosinase
expression and not to the inhibition of the enzyme.

Although compound 1, costunolide, presented the highest IC50 value for antioxidant
activity in the β-carotene assay, the EtOH extract is quite interesting, since it is active on all
the antioxidant assays and also as a tyrosinase inhibitor. Therefore, it is relevant to find out
if these activities are caused by cumulative and/or synergistic effects of several compounds,
or if there is one compound that is responsible for each activity. Compound 1 seems to
be the main compound causing the β-carotene bleaching, since its activity is more than
2-fold the activity of the original EtOH extract, although a more thorough phytochemical
characterization and the bioactivity determinations of isolated compounds are needed to
make reliable conclusions on that aspect.

4. Conclusions

In this study, the ethanolic extract from leaves of L. azorica and its lipophilic fraction
(fraction A) were prepared and analyzed by different chromatographic methods.
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For the first time in this species, three compounds belonging to the terpene family,
the subfamily of sesquiterpene lactones, namely costunolide, 11,13-dehydrosantonin and
reynosin, were isolated and identified by spectroscopic techniques.

The analysis of fraction A by GC–MS led to the identification of 48 compounds
belonging to the families of fatty acids, long-chain alcohols, terpenes, sterols, esterified
fatty acids and a small quantity of other kinds of compounds. The terpenes are the most
abundant class of compounds (435 mg/100 g of fresh leaves), followed by the classes of
fatty acids (265 mg/100 g of fresh leaves) and fatty alcohols (150 mg/100 g of fresh leaves).
Deacetyllaurenobiolide, reynosin, palmitic acid, 1-hexacosanol and phytol are the five most
abundant compounds in fraction A. The compounds belonging to the fatty alcohol family,
which is the third most abundant class of compounds (150 mg/100 g of fresh leaves), were
identified here for the first time in the genus Laurus.

Regarding biological activities, the ethanol extract showed excellent activity in the
ABTS assay, and the isolated compound 1, identified as costunolide, proved to be the most
active in the β-carotene assay, more active than the standard compound. For the first time,
in this study, L. azorica extracts as well as their constituent costunolide (1) were tested
for their ability to inhibit the tyrosinase enzyme, where the ethanol extract was shown
to be active, proving its interest in the protection against melanogenesis deregulation.
Other activities were tested, such as ferric chelating and inhibition activities of collagenase,
elastase and hyaluronidase enzymes, but none of the samples showed activity at the
maximum concentration of 250 µg/mL.

The results obtained show that the investigation in this species must continue, seeking
to isolate and chemically and biologically characterize the secondary metabolites present in
more polar fractions of the ethanol extract.

This work opens new horizons for the valorization of Laurus azorica as a source of
metabolites of high commercial value (such as sesquiterpene lactones), which are struc-
turally diverse and biologically active.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/separations9080211/s1, Figure S1: Graphic representation of chemi-
cal composition of L. azorica lipophilic fraction (%) by natural compounds families; Figure S2. Graphic
representation of the terpenoid composition of L. azorica lipophilic fraction.
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