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Abstract

In this paper, Cistus libanotis (Cistus clusii Dunal) from Algeria was investigated. This plant is utilized
in numerous industries, mostly in perfumery and, more recently, as a raw material for dietary
supplements. For the first time, the present study evaluated the anticancer potential of Algerian C.
libanotis by performing a comprehensive phytochemical investigation. The volatile fraction of the fresh
plant material of C. libanotis was investigated using headspace solid-phase microextraction (HS-SPME)
coupled to GC-MS, and the chemical composition of the essential oil (EO) of C. libanotis was examined
using GC-MS technique; additionally, the phenolic compounds were identified and quantified using
liquid chromatography coupled with electrospray ionization tandem mass spectrometry (LC-ESI-
MS/MS). A healthy cell line (L929) and two cancer cell lines (CAPAN-1 and dld-1) were used to test
the ethanolic extract's cytotoxicity. HS-SPME-GC/MS analysis identified sabinene (25.3 %) and a-
thujene (23.8 %) as principal components. In EO the major ingredients were y-terpinene (17.4 %),
camphene (16.13 %), a-phellandrene (15.36 %), and 4-carene (13.54 %). Nevertheless, 24 components
were identified by LC-ESI-MS/MS analysis and shikimic acid, luteolin and hesperidin were most
abundant. Further, the ethanolic extract of C. libanotis showed a significant cytotoxic effect against dld-

1 and CAPAN-1 cell lines, while it was less active against the healthy cell line L929.

Keywords: HS-SPME; GC-MS analysis; LC-MS-MS analysis; cytotoxicity.



1. Introduction

The Cistaceae family, which includes eight genera and roughly 180-200 species of shrubs, is mainly
made up of heliophyte shrubs, subshrubs, and herbs that grow in open spaces with little soil nutrients
(Guzma’'n and Vargas, 2009). Adapted to fires in Mediterranean forests, these plants are pyrophylic and
resilient to wildfires, with their seeds able to rapidly repopulate destroyed areas in the subsequent season
(Alonso et al., 1992; Ferrandis et al., 1999). Known for their fragrant and sweet-smelling qualities,
many members of the Cistaceae family are highly valued in the perfume industry and as ornamental
plants. Some of the genera in this family that are noteworthy are Cistus, which has between 16 and 28
species depending on the source, Helianthemum, and Halimium (Guzméan & Vargas, 2005). Cistus, a
small yet complex genus, is characterized by its polymorphic species and hybridization between related
varieties, with around 20 species of perennial shrubs found in dry or rocky soils across Europe (Tabacik
and Bard, 1971; Ellul et al., 2002). Of these, seventeen are common members of the Mediterranean
Flora, frequently found in dense numbers close to the coast (Guzman et al., 2009; Nicoletti et al., 2015).
Shrubs within the Cistus genus is distinguished by its white flowers and viscous stems and leaves that
provide a scented oleoresin (Guimarées et al., 2009). Some species of Cistus are endemic to specific
regions, while others are widely distributed across the Iberian Peninsula, Canary Islands, Northwestern
Africa, Italy, Greece, and Turkey (Andrade et al., 2009). The genus Cistus is classified into three
subgenera: Cistus, Halimioides, and Leucocistus, with the former featuring plants bearing purple
flowers, and the latter two comprising species with white flowers, as indicated by previous phylogenetic
and taxonomic studies (Guzman et al., 2009). C. libanotis, characterized by briefly pubescent peduncles,
pedicels, and sepals, exhibits non-silvery sepals that are oval, acute, or obtuse, barely extending beyond
the capsule. Typically, it is an erect, highly branched shrub measuring 50-100 cm in height. Its leaves
are linear, obtuse, and revolute, with dimensions of 1-2.5 cm in length and 1-2 mm in width, featuring a
glabrous upper surface and a tomentose underside, along with a distinct midrib and sessile attachment.
The inflorescence resembles that described earlier, with obovate-cuneiform petals. Its capsule is ovate-

oblong, included, and puberulous, while its seeds are ferruginous and granular (Quezel and Santa,
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1963). According to APD (2024), C. libanotis auct. is synonymous with C. clusii Dunal, with its native
habitat primarily spanning the Western and Central Mediterranean regions, where it thrives as a shrub
within the subtropical biome (POWO, 2024). Cistus is valued for its anti-inflammatory, anti-
ulcerogenic, wound-healing, antibacterial, cytotoxic, and vasodilator qualities in traditional folk
medicine (Barrajon-Catalan et al., 2011; Jemia et al., 2013). In Eastern Morocco, the local population
refers to C. libanotis as "boubala™ (Zidane et al., 2013). Due to the apparent health benefits of their
essential oil and tea, Cistus species are currently enjoying a resurgence in popularity. As a result, there
is a sizable market for herbal goods, including botanical food supplements (Jemia et al., 2013). Recent
studies showed light on potential bioactive compounds responsible for these effects, with new activities
such as antimicrobial, antioxidant, antiproliferative, antinociceptive, and analgesic effects being
attributed to Cistus extracts (De Andres et al., 1999; Kipeli & Yesilada, 2007; Barrajon-Catalén et al.,
2010). Furthermore, the Food and Drug Administration (FDA) has approved Cistus essential oil as a
flavoring and food additive, highlighting its safety and adaptability (Loizzo et al., 2013). Rich in various
interesting compounds, these oils are also utilized as raw materials for botanical food supplements and
in perfumery. Nevertheless, their widespread use necessitates thorough scientific validation (Venditti et
al., 2015). Cistus species, particularly C. incanus, are utilized as dietary supplements, with 'Cistus tea'
being a popular choice due to its antioxidant properties aimed at preventing chronic diseases (Riehle et
al., 2012). Previous studies on the phytochemistry of different species of Cistus have demonstrated the
existence of terpenes, like labdanum, which are used in perfumery, along with phenolic compounds like
flavonoids and tannins, renowned for their antioxidant properties and other therapeutic effects
(Weyerstahl et al., 1998; Miyazawa & Hisama, 2003). Recent studies have focused on isolating and
identifying bioactive compounds from Cistus species, including clerodane terpenes, flavonoids, and
bornyl derivatives, such as p-coumarate and caffeate (Zidane et al., 2013; Ben Jemia et al., 2013).
According to a report on the chemical composition analysis of C. libanotis essential oils and aqueous
extracts, there is a high concentration of hydrocarbons, oxygenated monoterpenes, diterpenes, and

sesquiterpenes (Barrajon-Catalan et al., 2011; Zidane et al., 2013). Despite the extensive research on



well-known species like C. monspeliensis and C. ladaniferus, several other species, including C.
libanotis, require further investigation. As part of our exploration into Algerian medicinal plants, we
used cutting-edge analytical methods including GC-MS, HS-SPME-GCMS, and LC-MS/MS to
perform a thorough phytochemical analysis of ethanol extracts and essential oil from C. libanotis.
Additionally, we evaluated their antioxidant and antiproliferative activities through various in vitro

assays, aiming to elucidate their mechanisms of action and therapeutic potential.

2. Materials and methods

2.1. Chemicals and Reagents

Ultra-pure methanol (67-56-1, >99%), ammonium formate (540-69-2, >99%), formic acid (64-18-6,
>98%), and hexane (110-54-3, >99%) were obtained from Merck (Darmstadt,Germany). High-purity
standards of shikimic acid (138-59-0, >98%), gallic acid (149-91-7, >99%), protocatechuic acid (99-50-
3,>97%), epigallocatechin (970-74-1, >95%), catechin (154-23-4, >98%), chlorogenic acid (327-97-9,
>95%), hydroxybenzaldehyde (123-08-0, >98%), vanillic acid (121-34-6, >97%), caffeic acid (331-39-
5, >98%), caffeine (58-08-2, >99%), vanillin (121-33-5, >99%), salicylic acid (69-72-7, >99%), trans-
ferulic acid (537-98-4, >99%), o-coumaric acid (614-60-8, >97%), isoquercitrin (21637-25-2, >90%),
hesperidin (520-26-3, >97%), kaempferol-3-glucoside (480-10-4, >97%), fisetin (528-48-3, >98%),
trans-cinnamic acid (140-10-3, >98%), quercetin (117-39-5, >95%), naringenin (480-41-1, >95%),
kaempferol (520-18-3, >90%), luteolin (491-70-3, >98%) and biochanin A (491-80-5, >97%) were
obtained from Sigma Aldrich (Steinheim, Germany). Pure water for chromatographic purposes was
prepared using the Milli-Q system from Millipore. All other chemicals and solvents were of analytical

grade.

2.2. Plant material



The flowering aerial parts (stems, leaves, and flowers) of Cistus libanotis auct. (Figure 1), were
harvested in April 2022 from the Soubella region (M’sila province) in northeastern Algeria (coordinates
35°43'27 N and 05°09'48 E, altitude 929 m). Taxonomic authentication of the plant material was
conducted by Prof. K. Rebbas of the University of Msila by via the Algeria Flora (Quezel and Santa,
1963) and the literature that was available. A voucher specimen (Number N° KR0129) was deposited to
the University of Msila herbarium. The collected samples were cleaned, allowed to air dry for several
days at room temperature (25 °C) out of the sun, and then blended into a fine powder. After that, the

powder was kept at 4 °C until needed again.

Fig. 1. lllustration of aerial parts (stems, leaves, and flowers) of Cistus libanotis auct., photos Pr. REBBAS K. 2022

2.3. Essential oil extraction

Fresh samples weighing 50 g were initially cut and ground using a Waring blender. Subsequently,
hydro-distillation was carried out for a duration of 3 hours utilizing approximately 100 g of distilled
water, using the standardized technique outlined in the European Pharmacopoeia (2020). The obtained
essential oils (EOs) were then dehydrated using anhydrous sodium sulfate and transferred into closed
containers further down a nitrogen atmosphere. These vials were kept at -20 °C, ensuring preservation
for successive GC-MS analyses. The yield of essential oil obtained from the samples was determined to

be 0.04 % (w/w).



2.4. Crude Extracts Preparation

Twenty grams of powdered plant material that had been air-dried and dried was macerated for 48 to 72
hours at room temperature (25 °C) using 200 mL of 99.99 percent ethanol or 200 mL of petroleum ether
three times. The extracts were concentrated by rotatory evaporation after being filtered through filter

paper, and they were then stored at 4 °C until needed (Ertas et al., 2021).

2.5. HS-SPME-GC-MS Analysis of volatile content

The HS-SPME technique, as described by Ascrizzi et al. (2017) and Bendif et al. (2017), was employed
in this study. A Supelco SPME (Solid Phase Micro-Extraction) device coated with polydimethylsiloxane
(PDMS, 100 pm) was used to sample the headspace of the powdered aerial parts. Two grams of fresh
plant material were sealed in a 4 mL glass vial and allowed to acclimate at ambient temperature for one
hour. The vial was then covered with aluminum foil and left to equilibrate at room temperature for 30
minutes, followed by an additional hour in an oil bath at 40 °C. Blanks were run before each initial
SPME extraction and randomly during the series to ensure accuracy. Quantitative comparisons of
relative peak areas were conducted between the same compounds across different samples. SPME
sampling was carried out using a new fiber preconditioned according to the manufacturer’s instructions
for all analyses. After the equilibration period, the fiber was exposed to the headspace for 15 minutes.
Following sampling, the fiber was retracted into the needle and transferred to the injection port of the
GC/MS system. The analysis was performed using a Varian CP-3800 gas chromatograph coupled with a
Varian Saturn 2000 mass spectrometer (GC/EI-MS) equipped with a DB-5 capillary column (30 m x
0.25 mm; coating thickness 0.25 um). The analytical conditions were as follows: injector temperature at
220 °C, transfer line temperature at 240 °C, oven temperature programmed from 60 °C to 240 °C at a
rate of 3 °C/min, and helium as the carrier gas at a flow rate of 1 mL/min in splitless mode.
Identification of the constituents was based on a comparison of the retention times with those of
authentic samples, linear retention indices (LRI) relative to the C6-C28 series of n-hydrocarbons, and

computer matching against commercial (Adams, 2017; NIST, 2014) and custom-built library mass



spectra from pure substances, as well as comparing their retention times with those of reference pure
compounds and calculating their linear retention indices (LRI) in relation to the C6—C28 series of n-

hydrocarbons.

2.6. GC-MS analysis of essential oil

The methodology for the essential oil analysis was as described by Badalamenti et al. (2023). Shimadzu
QP 2010 plus gas chromatograph with AOC-20i autoinjector, flame ionization detector (FID), and
capillary column (DB-5 MS) measuring 30 m x 0.25 mm i.d. with 0.25 um film thickness was used for
the GC-MS analysis. The oven program was to start at 40 °C and hold it there for 5 minutes. After that,
it ramped up to 260 °C at a rate of 2 °C per minute and remained isothermal for 20 minutes. The carrier
gas was helium, flowing at a rate of 1 mL/min. The temperatures of the injector and detector were
adjusted to 250 °C and 290 °C, respectively. With a mass spectrometer (MS) range of 40-600, a 1 uL
solution of the essential oil (3 % EO/hexane v/v) was injected in split mode 1.0. To determine the
percentages shown in Table S1, the total ion chromatogram (TIC) from MS was utilized. lonization
voltage of 70 eV, electron multiplier energy of 2000 V, transfer line temperature of 295 °C, and solvent
delay of 3.5 min were the parameters specified for the device. By matching each compound's mass
spectrum with the internal mass spectral databases of NIST 11, Wiley 9, and FFNSC 2, the compounds
were identified. Compounds that showed at least 90 % similarity to the library were accepted. The linear
retention indices (LRI), which were computed using a range of n-alkanes spanning from C8 to C40, and

published mass spectra were used to further corroborate these identifications.

2.7. LC-ESI-MS/MS analysis

With a few minor modifications, the LC-ESI-MS/MS analysis was conducted in accordance with the
Griffith et al. (2019) protocol. In a 2 mL Eppendorf tube, 50 mg of the ethanolic extract was first diluted
in a solution containing 1 mL of methanol and 1 mL of n-hexane. The solution was then centrifuged at
15.033 x g. for 10 minutes at 4 °C using a Hettich Universal 320 R centrifuge (Germany), after being
vortexed for 2 minutes at 4 °C using a Bioprep-24 homogenizer. After that, the methanol phase was
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separated and made 1:9 dilution in distilled water. The resultant samples were filtered using a 5.12 pLL
injection volume Captiva premium syringe filter, which was outfitted with a nylon membrane with a
diameter of 25 mm, a polypropylene shield, and a pore size of 0.45 um. Using a tandem mass
spectrometer and an Agilent 1260 Infinity Il LC System, the LC-ESI-MS/MS analysis was carried out.
The procedure ran for a total of thirty minutes at a flow rate of 0.5 mL/min, with an oven temperature of
25 °C. A degasser (1260 Degassing), a column furnace (1260 TCC), and dual pumps (1260 Thousand
Pumps) were integrated into a reversed-phase Agilent Poroshell 120 EC-C18 analytical column (100
mm x 3.0 mm, 2.7 um), which was used for chromatographic separation. Eluent A (water with 5 mM
ammonium formate) and eluent B (acetonitrile with 0.1 % formic acid) made up the mobile phases,

which were kept at an isocratic 75 % A and 25 % B ratio.

An Agilent 6460 Triple Quadrupole Mass Spectrometer System with electrospray ionization (LC-ESI-
MS/MS), functioning in both positive and negative ionization modes, was utilized for mass
spectrometric detection. Phytochemical substances were precisely identified and quantified by the use of
Multiple Reaction Monitoring (MRM) technique in Agilent Mass Hunter Software data processing. To
provide the best possible fragmentation and transmission of the intended ions, collision energies (CE)
were tuned. Operating conditions for the mass spectrometer included a gas temperature of 350 °C, a
capillary voltage of 4000 V, a nitrogen (N2) drying gas flow of 15 mL/min, and a nitrogen nebulizing
gas flow of 11 mL/min (Koktirk et al., 2022). Limit of Detection (LOD), Limit of Quantification
(LOQ), and Linearity Range—three validation parameters for the method—were examined and

computed in accordance with Yilmaz's technique (2020).

The limits of detection (LOD) and quantification (LOQ) for each phytochemical analyte were
determined by progressively diluting standard solutions and analyzing them under the specified LC—
MS/MS conditions until the lowest detectable concentration (S/N ratio 3:1) was observed. Once the

minimum detectable concentrations for each analyte were established, ten identical standard solution



mixtures (including internal standards) were prepared at these concentrations and injected into the LC—

MS/MS system. The LOD and LOQ values were then calculated using the following equations :

LOD = Mean + 3 x SD (SD: Standard Deviation)

LOQ = Mean + 10 x SD

Linearity was assessed by generating calibration curves for each analyte across 8 concentration levels,
with each level analyzed in triplicate. These curves were created by plotting the ratio of the analyte
concentration to the internal standard concentration (x) against the ratio of the analyte area to the
internal standard area (y). The method proved to be linear for all compounds within the tested

concentration ranges, with correlation coefficients higher than 0.99.

2.8. Anticancer activity

Cell lines such as L929 fibroblast, CAPAN-1 pancreatic cancer, and dld-1 colorectal adenocarcinoma
were received from the laboratory of Prof. Dr. Mustafa Tiirk at Kirikkale University (Turkey) in order to
assess the anticancer potential. Multi-well and culture plates from Corning, USA were used for all cell
culture operations. The frozen cells were quickly thawed at 37 °C before being moved to a sterile
laminar flow hood and put into a 15 mL cell culture tube. Before seeding into 25 cm? flasks, 3 mL of the
corresponding medium—which contained 10 % fetal bovine serum and 1 % antibiotic—was added to
the tube after it had been centrifuged at 250 G for five minutes. After that, the flasks were kept in an
incubator set at 37 °C with 5 % CO2 (Karan and Erenler, 2018). The ethanolic extract of Cistus libanotis
was combined with nutritional medium to create concentrations of 1 mg/mL, 0.5 mg/mL, 0.25 mg/mL,
and 0.125 mg/mL, and these mixtures were then carefully vortexed to prepare the sample. The
application for the cell phone was completed quickly and without any delay. Based on live cell counts,
the number of cells in each well was adjusted to 10x103. To enable cell adherence to the well plate
surface, 100 puL of cell suspension in complete media was applied to each well and incubated for 24

hours. The test substances of Cistus libanotis ethanolic extract were introduced to the wells at
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concentrations of 1 mg/mL, 0.5 mg/mL, 0.25 mg/mL, and 0.125 mg/mL after cell adhesion was
confirmed. The medium was then withdrawn. 10 % DMSO was given to the positive control group and
just full medium was given to the negative control group. After incubating for 24 hours, the medium
was changed to 1 mg/mL of MTT (tetrazolium salt) solution in each well, and the mixture was
incubated for an additional 2 to 2.5 hours at 37 °C. The MTT solution was then treated with 100 puL of
MTT solvent (isopropanol), and the cell viability was assessed by measuring the optical density of the
96-well plate at 570 nm using an ELISA plate reader. The cell viability percentage for each group was

calculated using the formula below, assuming the control cell viability to be 100 %.

Cell viability % =A_sample/A_control x 100
The optical density of a sample is called a sample, while the optical density of a reference is called a
control. At a density of 15x103 cells per well, cells were seeded onto a 48-well plate and incubated for
one day under carefully monitored conditions. After the incubation period, the medium was removed
and 200 pL of samples containing 0.5 mg/mL were added to each well, with the exception of the
negative control well, which was filled with cells only. After that, the plate was put back in the
incubator for a full day. The plate was then covered, 70 uL of a double staining solution was applied to

each well, and it was left in the dark for 15 minutes (Aydin et al., 2016).

2.9. Statistical analysis

The mean = standard error (SE) is used to express the anticancer outcomes. Tukey's post-hoc test was
performed after group means were compared using one-way analysis of variance (ANOVA) for the cell
viability percentage analysis. All statistical analyses were conducted using SPSS 22.0 (Systat Software
Inc., San Jose, CA, USA), with a significance level of p < 0.05. Three separate experiments' worth of

duplicate samples were used for the data analysis.

3. Results and Discussion

3.1. HS-SPME-GC-MS Chemical composition of aerial parts
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The advancement of rapid and environmentally sustainable techniques for extracting volatile
compounds from plant materials, such as HS-SPME, holds significant importance. This method allows
for swift sampling, thereby shortening the overall analysis time, while also minimizing environmental
impact by eliminating the need for organic solvents. When applied to the aerial parts of C. libanotis. A
combination of GC-MS and HS-SPME analysis identified 26 volatile compounds that together made up
99.3 % of the volatile extract. Table 1 provides information about the detected compounds, including
relative proportions and retention indices. To the best of our knowledge, the present work is the first to
report the volatile profile of untreated aerial parts of C. libanotus The only previous paper that describes
the content of odoriferous substances by HS-SPME-GC/MS, concerns the dry material of C. creticus L.

collected in Poland and the results showed an high percentage of carvacrol.

Table 1. Aroma profile (%) of Cistus libanotis aerial parts obtained using HS-SPME-GC-MS.

N° Constituents® LRI lit LRI¢ Cistus libanotis (%)%
1 hexanal 801 802 0.5
2 a-thujene 932 933 23.8
3 o-pinene 939 941 0.7
4 camphene 953 955 43
5 sabinene 976 977 253
6 o-terpinene 1022 1020 0.5
7 p-Cymene 1029 1028 9.4
8 p-phellandrene 1031 1033 0.7
9 S5-methyldecane 1058 1058 0.4
10 y-terpinene 1063 1062 1.8
11 cis-sabinene hydrate 1071 1070 4.8
12 trans-sabinene hydrate 1099 1099 5.5
13 trans-pinocarveol 1142 1141 0.8
14 camphor 1144 1145 1.3
15 sabina ketone 1156 1158 1.5
16  pinocarvone 1163 1163 0.4
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17 borneol 1166 1167 7.4

18 4-terpineol 1177 1179 1.8
19  p-cymen-8-ol 1184 1185 0.5
20 myrtenol 1194 1194 0.8
21 verbenone 1205 1205 0.9
22 cumin aldehyde 1240 1241 0.5
23 o-terpinyl acetate 1351 1353 1.1
24 trans-calamenene 1524 1523 1.5
25 dihydroactinidiolide 1532 1532 0.4
26 caryophyllene oxide 1582 1581 2.2
Total identified 99.3
Monoterpene hydrocarbons 67.0
Oxygenated monoterpenes 273
Sesquiterpene hydrocarbons 1.5
Oxygenated sesquiterpenes 2.2
Apocarotenes 0.4
Non-terpene derivatives 0.9

@ Compounds are classified in order of linear retention time of the apolar column (DB-5 MS); ® Experimental
linear retention index on a DB-5 MS apolar column; © Linear retention index reported for DB-5 MS column
reported in the literature; ¢ Area is the peak volume percentage of compound in the sample. LRIs based on
literature (https://webbook.nist.gov/).

3.2. Chemical composition of essential oil by GC-MS

The table 2 presents the volatile compounds of C. libanotis essential oil along with their Kovats
indices and respective percentages. A total of twenty-nine (29) compounds were identified in the
essential oil of C. libanotis through GC-MS analysis. Among these compounds, y-Terpinene (17.4 %),
camphene (16.13 %), a-Phellandrene (15.36 %), and 4-Carene (13.54 %) were identified as the major
constituents. A comparison of our findings with the existing literature reveals significant qualitative and
quantitative variations in composition. Only a few analyses have been published on the composition of
C. libanotis essential oils. In a previous work, a different chemical composition has been reported for C.
libanotis from Morocco; terpienen-4-ol (17.4 %) was the most abundant component followed by y-

terpinene (12.4 %), camphene (12.2 %) and sabinene (11.2 %) whose relative percentages were
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comparable (Zidane et al., 2012). On the other hand, Loizzo et al. (2013), reported camphene (25.2 %),

a-pinene (21.6 %) and B-pinene (10.8 %) as the main components of C. libanotis collected in Tunisia.

These differences in the chemical makeup of essential oils can be caused by a number of variables,

including climate, geography, and season (de S& Filho et al., 2022).

Table 2. Chemical composition (%) of C. libanotis EO collected wild in Algeria.

No. Compounds? LRI (Exp) LRI (Lit) Cistus libanotis (%)
1 Tricyclene 925 924 0.61
2 a-Phellandrene 932 986 15.36
3 Camphene 949 951 16.13
4 Sabinene 972 976 10.06
5 /3 -Phellandrene 1000 1005 1.03
6 4-Carene 1012 1002 13.54
7 O-cymene 1020 1022 8.45
8 D-sylvestrene 1024 1027 3.17
9 y-Terpinene 1055 1058 17.4
10 cis-Sabinenchydrate 1061 1075 1.35
11 Terpinolen 1083 1083 3.37
12 Bicyclo[3.1.0]hexan-2-ol, 2-methyl-5-(1-methylethyl)-, 1091 1073 0.39

(10,2B,50)-

13 Nonanal 1100 1104 0.1

14 Thujone 1109 1105 0.21
15 4-Isopropyl-1-methyl-2-cyclohexen-1-o0l 1114 1115 0.14
16 Isopinocarveol 1130 1183 0.19
17 Camphor 1134 1149 0.65
18 Ethanone,1-(1,4-dimethyl-3-cyclohexen-1-yl) 1142 1152 0.18
19 7-Tetradecyne 1148 - 0.36
20 2(10)-Pinen-3-one 1153 1165 0.39
21 Borneol 1157 1156 1.15
22 Terpineol 1170 1180 3.96
23 a-Thujenal 1175 1189 0.08
24 Myrtenal 1185 1192 0.23
25 Bornyl formate 1219 1220 0.07
26 Cumaldehyde 1229 1238 0.15
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27 Acetic acid, 1,7,7-trimethyl-bicyclo [2.2.1] hept-2-yl ester 1278 - 0.15

28 Terpinyl acetate 1343 1349 0.13
29 Diethyl phthalate 1584 1591 0.13
Total 99.06
Monoterpenes Hydrocarbons 89.12
Oxygenated Monoterpenes 9.07
Other Compounds 0.87

@ Compounds are classified in order of linear retention time of the apolar column (DB-5 MS); P Experimental linear retention
index on a DB-5 MS apolar column; ¢ Linear retention index reported for DB-5 MS column reported in the literature; ¢ Area is

the peak volume percentage of compound in the essential oil sample. LRIs based on literature (https://webbook.nist.gov/).

3.3. Ethanolic extract analysy by LC-ESI-MS/MS

This study employs LC-ESI-MS/MS analysis, a robust analytical technique, to delve deeper into the
chemical composition of plant extracts. LC-MS-based methods are particularly valuable for exploring
the biochemical diversity of plants, especially given the abundance of semi-polar compounds present,
including various secondary metabolites. These compounds are more effectively separated and detected
using LC-MS approaches. Table 3 provides an overview of the chemical constituents identified in the
ethanolic extract of C. libanotis through LC-ESI-MS/MS analysis. By utilizing the extract's high-
resolution mass, retention duration, and MS fragmentation patterns, a total of 24 compounds were
successfully identified. Additionally, quantification of the identified compounds was conducted. Among
the components detected, Shikimic acid emerged as the most abundant, with a concentration of 4553.72
ug/g, followed by Luteolin at 990.45 ug/g and Hesperidin at 880.22 pg/g. Conversely, Biochanin A was
present in lower quantities, with a concentration of 0.56 ug/g.

Other species have been investigated previously such as C. creticus and C.salviifolius growing in
Croatia which have been assessed with UPLC-MS/MS providing a high number of phenolic compounds
detected in the aqueous extracts (Carev et al., 2020). Also C. incanus growing on seashore dunes in
Southern Tuscany was investigated to describe the polyphenolic content (Gori et al., 2016). Also, C.
screticus and C. salvifolius from Syria showed a total content of phenolics and flavonoids (Waed et al.,

2016).
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The limit of detection (LOD) in this study ranged from 1.1609 to 237.5 ug/L, while the limits of
quantification (LOQ) varied between 4.5238 and 265,9 ug/L. These values were close to those reported
by Yilmaz, (2020). A recent research highlights that LOD values for LC-MS methods can vary
depending on instrument conditions and estimation methods. As such, it is practical to use a
conservative approach to estimate LOD/LOQ and apply these values broadly across different matrices.
Modern LC-MS instruments are generally sensitive enough that concentrations below the LOD are often

negligible (Sulyok et al., 2020).

Table 3. Phenolic compounds of C. libanotis ethanolic extract by LC-ESI-MS/MS analysis

N  Compound Concentr RT lon lon lon Equgtion R? LO LOD Linea
0 ation (mi  sosu Transit Mode Q (ug/ rity
(Mg/g) n) rce ions (ug/ L) Rang
L) e
(ug/L)
1 Shikimicacid  4553.72 14 ESI  173.0- Negat y=0.070125+1.861 0.99 504 15.7 1250-
1 > ive 6% 78 20000
93.0
2  Gallic acid 236.54 32 ESI  169.0- Negat y=0.0548597+20.8 0.99 185 7.26 31.25-
1 > ive 732% 86 43 5 500
125.1
3 Protocatechui 49.90 55 ESI  153.0- Negat y=0.243373+12.88 099 131 3.15 15.62
c acid 2 > ive 62x 69 729 1 5-250
109.0
4 Epigallocatec 46.97 6.8 ESI  307.0- Negat y=-0.00494986+0. 0.99 265. 237. 1250-
hin 4 >139.0 ive 0483704x 8 9 5 20000
5 Catechin 370.67 72 ESI  2889- Negat y=—0.00370053+0. 0.99 750 1.70 3437
3 > ive 431369x 46 13 55 50-
245.1 5500
6 Chlorogenic 41.38 74 ESI  353.0- Negat y=0.289983+36.39 099 259 115 31.25-
acid 2 > ive 26x 81 023 89 500
191.0
7 Hydroxybenz 29.67 77 ESI  121.0- Negat y=0.06762+5.4876 0.99 128 497 15.62
aldeyde 2 > ive 7x 93 651 42 5-250
92.0
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Fig. 2. Chromatogram of phenolic compounds of Cistus libanotis ethanolic extract by LC-ESI-MS/MS analysis

1.Shikimic acid; 2. Gallic acid;

3.Protocatechuic  acid; 4.Epigallocatechin;

5.Catechin; 6.Chlorogenic acid;

7.Hydroxybenzaldeyde; 8.Vanillic acid; 9.Caffeic Acid; 10.Caffein; 11.Vanillin; 12.0-coumaric acid; 13.Salicylic Acid;
14.Trans-ferulic acid; 15.Hesperidin;16.Isoquercitrin; 17.Kaempferol-3-glucoside; 18.Fisetin; 19.Trans-cinnamic acid; 20.
Quercetin; 21. Naringenin; 22. Kaempferol; 23.Luteolin; 24.Biochanin A.

3.4. Anti-cancer activity

Using the MTT assay, the cytotoxic potential of the ethanolic extract derived from C. libanotis was

assessed against three distinct cell lines: dld-1 (colorectal adenocarcinoma cell line), CAPAN-1

(pancreatic cancer cell line), and L929 (fibroblast cell line). Table 4 provides a summary of the findings.

The results show that the ethanolic extract of C. libanotis has a significant cytotoxic effect on the dld-1

and CAPAN-1 cell lines at different doses. Particularly, at 1 mg/mL of extract, the greatest effect was

seen, leading to 40.51 % and 70.79 %, respectively, of cell line viabilities for dld-1 and CAPAN-1.
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Similar to this, the extract showed notable cytotoxicity at 0.5 mg/mL, with cell line viabilities for dld-1
and CAPAN-1 of 57.97 % and 66.84 %, respectively. However, at lesser concentrations of 0.25 and
0.125 mg/mL, the cytotoxic effect was not as noticeable. On the other hand, the L929 cell line, which is
regarded as the reference healthy cell line, showed very little toxicity when exposed to the ethanolic
extract. The cell viability was determined at 102.11 % at a concentration of 1 mg/mL for the extract
(Figure 3).

ANOVA and Tukey's post-hoc tests revealed significant differences in cell viability across dld-1,
CAPAN-1, and L929 cell lines, when treated with the ethanolic extract of C.libanotis at concentrations
of 1 mg/mL, 0.5 mg/mL, 0.25 mg/mL, and 0.125 mg/mL, with a p —value lower than 0.05. The findings
clearly indicate that increasing the concentration of the ethanolic extract leads to a significant reduction

in cell viability, highlighting its potential as an effective anticancer agent.

Table 4. Cytotoxic effect of C. libanotis ethanolic extract on cancer cell lines

Concentration (mg/mL) Cell viability %
did-1 CAPAN-1 L929
1 40.51 £ 0.212 70.79£0.432 102.11 + 0.872
0.5 57.97 + 0.52° 66.84 + 0.212 241.28 +1.34°
0.25 99.73+0.61° 174.07+1.98°  401.72 +2.24°
0.125 110.07 £0.59¢  195.87 £ 1.76°  420.19 + 3.45¢
Control absorbance 0.239725 0.24222 0.1223175

The values with different superscripts (a, b, ¢ or d) in the same columns are significantly
different (p< 0, 05)

19



A did-1 B CAPAN-1 C L929

120 o a - 450
b . a 400
100 —
f f 200 - b 3 =0
:; i :2‘ 150 o 2 Ef:
e ; 3 5.
> d S 100 o E =
= 4 = c d > 5
[] o —
&) | O _ 8 100
0.5 1.0 ° 0.5 10 ’ 05 1.0
Ethanolic Extract Concentration Ethanolic Extract Concentration Ethanolic Extract Concentration
( mg/mL) ( mg/mL) ( mg/mL)

# Standard Error of the Mean (SEM), p <0.05

Fig. 3. Cytotoxicity of Cistus libanotis ethanolic extract against dld-1, CAPAN-1, and L929 cell lines

Several hexane extracts of C. libanotis from Tunisia were used to assess the antiproliferative activity
against A-375 human melanoma cells and MCF-7 breast cancer cells. The results demonstrated that the
extracts had no effect on any of the cell lines that had been evaluated (Ben Jemia et al., 2013). C.
laurifolius showed anticancer efficacy against pancreatic cancer cell lines MIA PaCa-2, according to
recent investigations on the cytotoxic activities of other Cistus species (Guzelmeric et al., 2023). In a
different study, the extracts from Albanian C. incanus L. demonstrated strong antiproliferative activity
in vitro against V79 cell culture and caused apoptosis (Moreira et al., 2017).

The presence of various bioactive molecules, such as shikimic acid, which was the predominant
compound in the ethanolic extract of C. libanaotis in the current study, may enhance its anticancer
potential. In fact, shikimic acid is employed in traditional medicine for the treatment of several diseases
due to its pharmacological properties (Batory and Rotsztejn, 2022). Additionally, numerous studies have
documented that shikimic acid is the most prevalent precursor in the metabolism of phenolic compounds
in plants, and serve as a supportive agent in cancer treatment indirectly influencing cell proliferation
(Saltveit, 2017 ; Lee et al., 2020). According to Lee et al., (2020), shikimic acid effectively protects
against cisplatin-induced nephrotoxicity by reducing renal damage and improving function, indicating

its potential as a supportive treatment to mitigate cisplatin-related renal side effects in cancer therapy.
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Furthermore, luteolin and hesperidin were detected in the ethanolic extract of C. libanotis by
considerable concentration. In fact, luteolin is a flavonoid found in various plants, including medicinal
herbs, inhibits carcinogenesis by disrupting cell transformation, metastasis, and angiogenesis through
mechanisms such as modulation of the cell cycle and induction of apoptosis (Birt et al., 2001). It
induces G1 phase arrest in various cancer cell lines and specifically suppresses CDK2 activity in
colorectal and melanoma cells (Imran et al., 2019). Furthermore, hesperidin is a flavonoid known for its
anticancer properties, that has been reported to exert effects on gastric, colon, and breast cancers through
both intrinsic and extrinsic pathways by inducing apoptotic cell death in cancer cells (Aggarwal et al.,
2020 ; Devi et al., 2015). Furthermore, compounds such as naringenin, vanillin, fisetin, caffeic acid, o-
coumaric acid, salicylic acid, isoquercitrin, kaempferol-3-glucosideand and protocatechuic acid were
identified and quantified by LC-ESI-MS/MS analysis in the ethanolic extract of C. libanotis. These
compounds have demonstrated significant antiproliferative properties, contributing to their potential as
therapeutic agents in cancer treatment (Kakkar and Bais, 2014 ; Patel et al., 2018 ; Naveed et al., 2018 ;
Derbak et al., 2024). The diverse anticancer effects of these active compounds highlight the substantial
promise of C. libanotis ethanolic extract in advancing therapeutic strategies and enhancing cancer
treatment efficacy. However, comprehensive studies are essential to fully elucidate and substantiate the

anticancer potential of this plant ethanolic extract.

4. Conclusions

This is the first study to examine the chemical composition and potential biological activities of
Cistus libanotis from Algeria. The identification of major compounds in the essential oils, such as y-
terpinene, camphene, a-phellandrene, and 4-carene, highlights the richness of secondary metabolites
present in C. libanotis oil. HS-SPME-GC/MS analysis allowed to detect 26 volatile compounds,
comprising primarily monoterpene hydrocarbons and oxygenated monoterpenes, collectively
representing 99.3 % of the total volatiles. Notably, a-thujene and sabinene emerged as major

constituents. LC-ESI-MS/MS provided valuable insights into the plant's chemical composition of
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ethanolic extract, with 24 identified components, among which shikimic acid emerged as the most
abundant, followed by luteolin and hesperidin. Conversely, biochanin A was present in lower quantities.
The antiproliferative activity of the plant extracts suggests promising medicinal properties. Future
research on C. libanotis should delve deeper into its mechanisms of action, therapeutic potential, and
possible synergistic effects with other compounds. Overall, the study lays a solid foundation for future

exploration of C. libanotis and its role in promoting human health and well-being.

Author contributions

Samiha Ameur: investigation, writing—original draft preparation. Mohamed Toumi: Conceptualization
and methodology. Hamdi Bendif: Conceptualization, methodology, validation, writing—review and
editing and supervision. Larbi Derbak: writing—original draft preparation and formal analysis. ilyas
Yildiz: formal analysis. Khellaf Rebbas: software and formal analysis. Ibrahim Demirtas: validation,
resources, visualization, and project administration. Guido Flamini: software, validation, investigation.
Maurizio Bruno: writing—review and editing, supervision, project administration, and funding
acquisition. Stefania Garzoli: formal analysis, writing—original draft preparation and supervision. All

authors have read and agreed to the published version of the manuscript.

Declaration of Competing Interest

The authors declare that they have no conflict of interest.
Funding

This research received no external funding.

Data availability

22



Data will be made available on request.
References

Adams, R. P. (2017). Identification of essential oil components by gas chromatography/mass
spectrometry. 5 online ed. Gruver, TX USA: Texensis Publishing.

APD, 2024. Cistus clusii Dunal.https://africanplantdatabase.ch/en/nomen/specie/134959/cistus-clusii-
dunal POWO, 2024. Cistus clusii Dunal.
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:168214-1

Carev, 1., Maravi¢, A., Ili¢, N., Culi¢, V.C, Politeo, O., Zori¢, Z., Radan, M. UPLC-MS/MS

Phytochemical Analysis of Two Croatian Cistus Species and Their Biological Activity. Life 2020, 10(7),
112; https://doi.org/10.3390/1ife10070112
De Andres, A. 1., Gomez-Serranillos, M. P., Iglesias, 1., & Villar, A. M. (1999). Effects of extract of Cistus

populifolius L. on the central nervous system. Phytotherapy Research: An International Journal Devoted
to Pharmacological and Toxicological Evaluation of Natural Product Derivatives, 13(7), 575-579.
https://doi.org/10.1002/(SICI1)1099-1573(199911)13:7%3C575::AID-PTR506%3E3.0.CO;2-W
Grifth CM, Thai AC, Larive CK (2019). Metabolite biomarkers of chlorothalonil exposure in earthworms,
coelomic fuid, and coelomocytes. Science of the Total Environment, 681, 435-443.
https://doi.org/10.1016/j.scitotenv.2019.04.312
GBIF, 2023. GBIF Backbone Taxonomy. Checklist dataset https://www.gbif.org/species/7331346
Aggarwal, V., Tuli, H. S., Thakral, F., Singhal, P., Aggarwal, D., Srivastava, S., Pandey, A., Sak, K.,
Varol, M., Khan, M. A., & Sethi, G. (2020). Molecular mechanisms of action of hesperidin in cancer:
Recent trends and advancements. Exp Biol Med (Maywood), 245(5), 486-497.
https://doi.org/10.1177/1535370220903671
Andrade, D., Gil, C., Breitenfeld, L., Domingues, F., & Duarte, A. P. (2009). Bioactive extracts from
Cistus ladanifer and Arbutus unedo L. Industrial Crops and Products, 30(1), 165-167.
https://doi.org/https://doi.org/10.1016/j.indcrop.2009.01.009
Ascrizzi, R., Cioni, P. L., Amadei, L., Maccioni, S., & Flamini, G. (2017). Geographical patterns of in

vivo spontaneously emitted volatile organic compounds in Salvia species. Microchemical Journal, 133,
13-21. https://doi.org/https://doi.org/10.1016/j.microc.2017.03.002
Aydin, A., Erenler, R., Yilmaz, B., & Tekin, S. (2017). Antiproliferative effect of Cherry laurel

[Antiproliferative effect of Cherry laurel]. Journal of the Turkish Chemical Society Section A:
Chemistry, 3(3), 217-228. https://doi.org/10.18596/jotcsa.21204
Barrajon-Catalan, E., Fernandez-Arroyo, S., Roldan, C., Guillén, E., Saura, D., Segura-Carretero, A., &

Micol, V. (2011). A systematic study of the polyphenolic composition of aqueous extracts deriving

23


https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:168214-1
https://doi.org/10.3390/life10070112
https://www.gbif.org/species/7331346
https://doi.org/10.1177/1535370220903671
https://doi.org/https:/doi.org/10.1016/j.indcrop.2009.01.009
https://doi.org/https:/doi.org/10.1016/j.microc.2017.03.002
https://doi.org/10.18596/jotcsa.21204

from several Cistus genus species: evolutionary relationship. Phytochem Anal, 22(4), 303-312.
https://doi.org/10.1002/pca.1281

Barrajon-Catalan, E., Fernandez-Arroyo, S., Saura, D., Guillén, E., Fernandez-Gutiérrez, A., Segura-

Carretero, A., & Micol, V. (2010). Cistaceae aqueous extracts containing ellagitannins show
antioxidant and antimicrobial capacity, and cytotoxic activity against human cancer cells. Food and
Chemical Toxicology, 48(8), 2273-2282. https://doi.org/https://doi.org/10.1016/j.fct.2010.05.060
Batory, M., & Rotsztejn, H. (2022). Shikimic acid in the light of current knowledge. J Cosmet Dermatol,
21(2), 501-505. https://doi.org/10.1111/jocd.14136
Ben Jemia, M., Kchouk, M. E., Senatore, F., Autore, G., Marzocco, S., De Feo, V., & Bruno, M. (2013).

Antiproliferative activity of hexane extract from Tunisian Cistus libanotis, Cistus monspeliensis and
Cistus villosus. Chem Cent J, 7(1), 47. https://doi.org/10.1186/1752-153x-7-47

Bendif, H., Miara, M. D., Peron, G., Sut, S., Dall'Acqua, S., Flamini, G., & Maggi, F. (2017). NMR, HS-
SPME-GC/MS, and HPLC/MS(n) Analyses of Phytoconstituents and Aroma Profile of Rosmarinus
eriocalyx. Chem Biodivers, 14(10). https://doi.org/10.1002/cbdv.201700248

Birt, D. F., Hendrich, S., & Wang, W. (2001). Dietary agents in cancer prevention: flavonoids and
isoflavonoids. Pharmacol Ther, 90(2-3), 157-177. https://doi.org/10.1016/s0163-7258(01)00137-1

Carev, L., Maravi¢, A., 1li¢, N., Cikes Culi¢, V., Politeo, O., Zori¢, Z., & Radan, M. (2020). UPLC-MS/MS
Phytochemical Analysis of Two Croatian Cistus Species and Their Biological Activity. Life, 10(7),
112. https://www.mdpi.com/2075-1729/10/7/112

de Andrés, A. I., Gomez-Serranillos, M. P., Iglesias, I., & Villar, A. M. (1999). Effects of extract of Cistus
populifolius L. on the central nervous system. Phytother Res, 13(7), 575-579.

Derbak, L., Bendif, H., Ayad, R., Bensouici, C., Yildiz, 1., Demirtas, I., Rebbas, K., Plavan, G., Hamadi,
N. B., Abu-Elsaoud, A. M., Alomran, M. M., Ozdemir, S., & Boufahja, F. (2024). Optimization of
polyphenol extraction, phenolic profile by LC-ESI-MS/MS, antioxidant, anti-enzymatic, and cytotoxic
activities of Physalis acutifolia. Open Chemistry, 22(1). https://doi.org/doi:10.1515/chem-2024-0040

Derbak, L., Vaglica, A., Badalamenti, N., Porrello, A., llardi, V., Rebbas, K., Hamdi, B., & Bruno, M.

(2023). The chemical composition of the essential oils of two Mediterranean species of
Convolvulaceae: Convolvulus althaeoides subsp. tenuissimus collected in Sicily (Italy) and Calystegia
silvatica collected in Algeria. Nat Prod Res, 1-10. https://doi.org/10.1080/14786419.2023.2297264

Devi, K. P, Rajavel, T., Nabavi, S. F., Setzer, W. N., Ahmadi, A., Mansouri, K., & Nabavi, S. M. (2015).
Hesperidin: A promising anticancer agent from nature. Industrial Crops and Products, 76, 582-589.
https://doi.org/https://doi.org/10.1016/j.indcrop.2015.07.051

Ellul, P., Boscaiu, M., Vicente, O., Moreno, V., & Rossello, J. A. (2002). Intra- and interspecific variation
in DNA content in Cistus (Cistaceae). Ann Bot, 90(3), 345-351. https://doi.org/10.1093/aob/mcf194

24


https://doi.org/10.1002/pca.1281
https://doi.org/https:/doi.org/10.1016/j.fct.2010.05.060
https://doi.org/10.1111/jocd.14136
https://doi.org/10.1186/1752-153x-7-47
https://doi.org/10.1002/cbdv.201700248
https://doi.org/10.1016/s0163-7258(01)00137-1
https://www.mdpi.com/2075-1729/10/7/112
https://doi.org/doi:10.1515/chem-2024-0040
https://doi.org/10.1080/14786419.2023.2297264
https://doi.org/https:/doi.org/10.1016/j.indcrop.2015.07.051
https://doi.org/10.1093/aob/mcf194

Ertas, A., Firat, M., Yener, I., Akdeniz, M., Yigitkan, S., Bakir, D., Cakir, C., AbdullahYilmaz, M.,
Ozturk, M., & Kolak, U. (2021). Phytochemical Fingerprints and Bioactivities of Ripe Disseminules
(Fruit-Seeds) of Seventeen Gundelia (Kenger-Kereng Dikeni) Species from Anatolia with
Chemometric Approach. Chem Biodivers, 18(8), €2100207. https://doi.org/10.1002/cbdv.202100207

Ferrandis, P., Herranz, J. M., & Martinez-Sanchez, J. J. (1999). Effect of fire on hard-coated Cistaceae

seed banks and its influence on techniques for quantifying seed banks. Plant Ecology, 144(1), 103-114.
https://doi.org/10.1023/A:1009816309061

Gori, A., Ferrini, F., Marzano, M. C., Tattini, M., Centritto, M., Baratto, M. C., Pogni, R., & Brunetti, C.
(2016). Characterisation and Antioxidant Activity of Crude Extract and Polyphenolic Rich Fractions
from C. incanus Leaves. Int J Mol Sci, 17(8). https://doi.org/10.3390/ijms17081344

Griffith, C. M., Thai, A. C., & Larive, C. K. (2019). Metabolite biomarkers of chlorothalonil exposure in
earthworms, coelomic fluid, and coelomocytes. Science of The Total Environment, 681, 435-443.
https://doi.org/https://doi.org/10.1016/j.scitotenv.2019.04.312

Guimardes, R., Barros, L., Carvalho, A. M., Sousa, M. J., Morais, J. S., & Ferreira, I. C. F. R. (2009).

Aromatic plants as a source of important phytochemicals: Vitamins, sugars and fatty acids in Cistus

ladanifer, Cupressus lusitanica and Eucalyptus gunnii leaves. Industrial Crops and Products, 30(3),
427-430. https://doi.org/https://doi.org/10.1016/j.indcrop.2009.08.002
Guzelmeric, E., Reis, R., Sen, N. B., Celik, C., Ozhan, Y., Petrikaite, V., Sipahi, H., Aydmm, A., &

Yesilada, E. (2023). Insights into the Anti-inflammatory, Analgesic, and Anticancer Potentials of the
Standardized Extracts From Three Cistus L. Species. Journal of Herbal Medicine, 41, 100724,
https://doi.org/https://doi.org/10.1016/j.hermed.2023.100724

Guzman, B., Lled6, M. D., & Vargas, P. (2009). Adaptive radiation in mediterranean cistus (cistaceae).
PLo0S One, 4(7), e6362. https://doi.org/10.1371/journal.pone.0006362

Guzman, B., & Vargas, P. (2005). Systematics, character evolution, and biogeography of Cistus L.

(Cistaceae) based on ITS, trnL-trnF, and matK sequences. Molecular Phylogenetics and Evolution,
37(3), 644-660. https://doi.org/https://doi.org/10.1016/j.ympev.2005.04.026

H Z,ME,F,A,AT,JW.,MS., &A, E. (2013). Chemical composition and antioxidant activity of
essential oil, various organic extracts of Cistus ladanifer and Cistus libanotis growing in Eastern
Morocco. African Journal of Biotechnology, 12, 5314-5320. https://doi.org/10.5897/AJB2013.12868

Imran, M., Rauf, A., Abu-lzneid, T., Nadeem, M., Shariati, M. A., Khan, I. A., Imran, A., Orhan, I. E.,
Rizwan, M., Atif, M., Gondal, T. A., & Mubarak, M. S. (2019). Luteolin, a flavonoid, as an anticancer
agent: A review. Biomed Pharmacother, 112, 108612. https://doi.org/10.1016/j.biopha.2019.108612

Kakkar, S., & Bais, S. (2014). A review on protocatechuic Acid and its pharmacological potential. ISRN
Pharmacol, 2014, 952943. https://doi.org/10.1155/2014/952943

25


https://doi.org/10.1002/cbdv.202100207
https://doi.org/10.1023/A:1009816309061
https://doi.org/10.3390/ijms17081344
https://doi.org/https:/doi.org/10.1016/j.scitotenv.2019.04.312
https://doi.org/https:/doi.org/10.1016/j.indcrop.2009.08.002
https://doi.org/https:/doi.org/10.1016/j.hermed.2023.100724
https://doi.org/10.1371/journal.pone.0006362
https://doi.org/https:/doi.org/10.1016/j.ympev.2005.04.026
https://doi.org/10.5897/AJB2013.12868
https://doi.org/10.1016/j.biopha.2019.108612
https://doi.org/10.1155/2014/952943

Karan, T., Erenler, R. (2018). Fatty acid constituents and anticancer activity of Cladophora fracta (OF
Mdller ex Vahl) Kitzing. Tropical Journal of Pharmaceutical Research, 17, 1977-1982.
https://doi.org/10.4314/tjpr.v17i10.12

Koktiirk, M., Atalar, M. N., Odunkiran, A., Bulut, M., Alwazeer, D. (2022). Evaluation of the hydrogen-

rich water alleviation potential on mercury toxicity in earthworms using ATR-FTIR and LC-ESI-
MS/MS  spectroscopy.  Environ  Sci  Pollut  Res Int, 29(13), 19642-19656.
https://doi.org/10.1007/s11356-021-17230-x

Kpeli, E., Yesilada, E. (2007). Flavonoids with anti-inflammatory and antinociceptive activity from

Cistus laurifolius L. leaves through bioassay-guided procedures. J Ethnopharmacol, 112(3), 524-530.
https://doi.org/10.1016/j.jep.2007.04.011

Lee, J., Nguyen, Q. N., Park, J. Y., Lee, S., Hwang, G. S., Yamabe, N., Choi, S., & Kang, K. S. (2020).
Protective Effect of Shikimic Acid against Cisplatin-Induced Renal Injury: In Vitro and In Vivo
Studies. Plants (Basel), 9(12). https://doi.org/10.3390/plants9121681

Loizzo, M. R., Ben Jemia, M., Senatore, F., Bruno, M., Menichini, F., & Tundis, R. (2013). Chemistry
and functional properties in prevention of neurodegenerative disorders of five Cistus species essential
oils. Food Chem Toxicol, 59, 586-594. https://doi.org/10.1016/j.fct.2013.06.040

Miyazawa, M., Hisama, M. (2003). Antimutagenic Activity of Flavonoids from Chrysanthemum

morifolium. Bioscience, Biotechnology, and Biochemistry, 67(10), 2091-2099.
https://doi.org/10.1271/bbb.67.2091

Moreira, H., Slezak, A., Szyjka, A., Oszmianski, J., & Gasiorowski, K. (2017). Antioxidant And Cancer
Chemopreventive Activities Of Cistus And Pomegranate Polyphenols. Acta Pol Pharm, 74(2), 688-
698.

Nicoletti, M., Toniolo, C., Venditti, A., Bruno, M., & Ben Jemia, M. (2015). Antioxidant activity and
chemical composition of three Tunisian Cistus: Cistus monspeliensis, Cistus villosus and Cistus
libanotis. Nat Prod Res, 29(3), 223-230. https://doi.org/10.1080/14786419.2014.947486

Patel, K., Singh, G. K., & Patel, D. K. (2018). A Review on Pharmacological and Analytical Aspects of
Naringenin. Chin J Integr Med, 24(7), 551-560. https://doi.org/10.1007/s11655-014-1960-x

Quirantes-Pine, R., Funes, L., Micol, V., Segura-Carretero, A., & Fernandez-Gutiérrez, A. (2009). High-

performance liquid chromatography with diode array detection coupled to electrospray time-of-flight
and ion-trap tandem mass spectrometry to identify phenolic compounds from a lemon verbena extract.
J Chromatogr A, 1216(28), 5391-5397. https://doi.org/10.1016/j.chroma.2009.05.038

Riehle, P., Vollmer, M., & Rohn, S. (2013). Phenolic compounds in Cistus incanus herbal infusions —

Antioxidant capacity and thermal stability during the brewing process. Food Research International,
53(2), 891-899. https://doi.org/https://doi.org/10.1016/j.foodres.2012.09.020

26


https://doi.org/10.4314/tjpr.v17i10.12
https://doi.org/10.1007/s11356-021-17230-x
https://doi.org/10.1016/j.jep.2007.04.011
https://doi.org/10.3390/plants9121681
https://doi.org/10.1016/j.fct.2013.06.040
https://doi.org/10.1271/bbb.67.2091
https://doi.org/10.1080/14786419.2014.947486
https://doi.org/10.1007/s11655-014-1960-x
https://doi.org/10.1016/j.chroma.2009.05.038
https://doi.org/https:/doi.org/10.1016/j.foodres.2012.09.020

Sa Filho, J. C. F. d., Nizio, D. A. d. C,, Oliveira, A. M. S. d., Alves, M. F., Oliveira, R. C. d., Luz, J. M.
Q., Nogueira, P. C. d. L., Arrigoni-Blank, M. d. F., & Blank, A. F. (2022). Geographic location and
seasonality affect the chemical composition of essential oils of Lippia alba accessions. Industrial Crops
and Products, 188, 115602. https://doi.org/https://doi.org/10.1016/j.indcrop.2022.115602

Santagati, N. A., Salerno, L., Attaguile, G., Savoca, F., & Ronsisvalle, G. (2008). Simultaneous

Determination of Catechins, Rutin, and Gallic Acid in Cistus Species Extracts by HPLC with Diode
Array Detection. Journal of Chromatographic Science, 46(2), 150-156.
https://doi.org/10.1093/chromsci/46.2.150

Sulyok, M., Stadler, D., Steiner, D., & Krska, R. (2020). Validation of an LC-MS/MS-based dilute-and-
shoot approach for the quantification of > 500 mycotoxins and other secondary metabolites in food
crops:  challenges and  solutions. Anal Bioanal Chem, 412(11), 2607-2620.
https://doi.org/10.1007/s00216-020-02489-9

Venditti, A., Bianco, A., Bruno, M., Ben Jemia, M., & Nicoletti, M. (2015). Phytochemical study of Cistus
libanotis L. Nat Prod Res, 29(2), 189-192. https://doi.org/10.1080/14786419.2014.968569

Waed, A., Ghalia, S., & Adawia, K. (2016). Evaluation of Radical Scavenging Activity, Total Phenolics

and Total Flavonoids Contents of Cistus Species in Syria. International Journal of Pharmacognosy

and Phytochemical Research.

Weyerstahl, P., Marschall, H., Weirauch, M., Thefeld, K., & Surburg, H. (1998). Constituents of
commercial ~ Labdanum  oil.  Flavour —and  Fragrance  Journal, 13(5), 295-318.
https://doi.org/https://doi.org/10.1002/(S1C1)1099-1026(1998090)13:5<295::AID-FFJ751>3.0.CO;2-
I

Yilmaz, M. A. (2020). Simultaneous quantitative screening of 53 phytochemicals in 33 species of

medicinal and aromatic plants: A detailed, robust and comprehensive LC-MS/MS method validation.
Industrial Crops and Products, 149, 112347.
https://doi.org/https://doi.org/10.1016/j.indcrop.2020.112347

Zhang, L.-X,, Li, C.-X,, Kakar, M. U., Khan, M. S., Wu, P.-F., Amir, R. M., Dai, D.-F.,

Naveed, M., Hejazi, V., Abbas, M., Kamboh, A. A., Khan, G. J., Shumzaid, M., ... & XiaoHui, Z. (2018).
Chlorogenic acid (CGA): A pharmacological review and call for further research. Biomedicine &
pharmacotherapy, 97, 67-74. https://doi.org/10.1016/j.biopha.2017.10.064

Zidane, H., Mohamed, E. M., Aouinti, F., Abdesselam, T., Wathelet, J., Sindic, M., & Elbachiri, A.

(2012). Chemical composition and antioxidant activity of essential oil, various organic extracts of
Cistus ladanifer and Cistus libanotis growing in Eastern Morocco. African Journal of Biotechnology,
12, 5314-5320. https://doi.org/10.5897/AJB2013.12868

European Pharmacopoeia 10.3. 2020. Determination of essential oils in herbal drugs, 2.8.12., 307.

27


https://doi.org/https:/doi.org/10.1016/j.indcrop.2022.115602
https://doi.org/10.1093/chromsci/46.2.150
https://doi.org/10.1007/s00216-020-02489-9
https://doi.org/10.1080/14786419.2014.968569
https://doi.org/https:/doi.org/10.1002/(SICI)1099-1026(1998090)13:5
https://doi.org/https:/doi.org/10.1016/j.indcrop.2020.112347
https://doi.org/10.5897/AJB2013.12868

NIST/EPA/NIH Mass Spectral Library; National Institute of Standards and Technology: Gaithersburg,
MD, USA, 2014.

POWO (Plants of the World Online), 2023. The International Plant Names Index and World Checklist of
Vascular Plants 2023. Published on the Internet at http://www.ipni.org and

https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:168214-1

Quezel et Santa, 1963. Nouvelle flore de I’ Algérie et des régions désertiques méridionales. T2, CNRS,
France, 1170p.

Saltveit, M.E. Synthesis and Metabolism of Phenolic Compounds. In Fruit and Vegetable Phytochemicals:
Chemistry and Human Health, 2nd ed.; Wiley-Blackwell: Hoboken, NJ, USA, 2017; Volume 115.

Tabacik C, Bard M. 1971. Chemotaxonomic study in the genus Cistus. Phytochemistry. 10:3093—-3106.

Author Statement

Samiha Ameur: investigation, writing—original draft preparation. Mohamed Toumi:
Conceptualization and methodology. Hamdi Bendif: Conceptualization, methodology, validation,
writing—review and editing and supervision. Larbi Derbak: writing—original draft preparation and
formal analysis. lyas Yildiz: formal analysis. Khellaf Rebbas: software and formal analysis. lbrahim
Demirtas: validation, resources, visualization, and project administration. Guido Flamini: software,
validation, investigation. Maurizio Bruno: writing—review and editing, supervision, project
administration, and funding acquisition. Stefania Garzoli: formal analysis, writing—original draft
preparation and supervision. All authors have read and agreed to the published version of the

manuscript.

Declaration of interests

The authors declare that they have no known competing financial interests or personal relationships that
could have appeared to influence the work reported in this paper.

[ The authors declare the following financial interests/personal relationships which may be considered as
potential competing interests:

28


https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:168214-1

Graphical abstract

| Promising m edicinal properties | = IAntipl'oliferative activity I

© Cistus libanotis from Algeria
PN
aTerpinene  4-Carene Essential oil y Plant material
e analyzed by GC/MS | analyzed by SPME-
/K GC/MS
2
X é
HC CHy ;

Alpha-Pheliandrene

Ethanolic extract

analyzed by LC/MS
= )
camphene s B S s
i v
N | &
I g a-Thujene

low mass sabinene

LC Separation T
x 2 (MS-1a8)

| Hesperidin OH
HO,

AN on  Mou A M HO,, COOH
- om_ﬁ G &
o

Shikimic acid
Luteolin B

Highlights
e Sabinene and o-thujene were the major components found in the volatile fraction of C.
libanotis.

e C. libanotis EO was rich in monoterpenes such as y-terpinene, camphene and a-

phellandrene.
e Shikimic acid, luteolin and hesperidin were the principal detected phenolic compounds.

e The ethanolic extract of C. libanotis showed cytotoxic effect against dld-1 and CAPAN-1
cell lines
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