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ABSTRACT ARTICLE HISTORY
Helianthemum lippii is a perennial shrubby plant growing in the sandy environments of Italy, ~ Received 2 April 2021
Mediterranean countries of North Africa and Middle East. H. lippii is used in traditional medicine Accepted 21 February 2022
but there are very few reports referring to the phytochemical characterization, the KEYWORDS
ethnopharmacology, and the biological activity of H. lippii. The goal of this study was to determine Helianthemum lippi;

the phytochemical composition of different H. lippii extracts, cold (CME) and hot (HME) methanol, HPLC-UV-ESI-QTOF-MS analysis;
cold (CPEE) and hot (HPEE) petroleum ether, as well as to evaluate their anticancer and antimicrobial cytotoxic effects; antimicrobial
activities and biofilm formation reduction. Fifty-fours phytocompounds have been determined by  activity; antibiofilm activity
HPLC-UV-ESI-QTOF-MS analysis. All the four extracts reduced the viability of human MDA-MB231

and HCT116 cells, being cold and hot methanol extracts the most effective. The antimicrobial

activity against S. aureus, P. aeruginosa, E. faecalis, E. coli, C. albicans was also evaluated. Data

showed the greater susceptibility of S. aureus to hot methanolic extract. Concerning antifungal

activity, C. albicans resulted more susceptible to petroleum ether. Moreover, some of the samples

exhibited a good antibiofilm activity both on immature and on mature biofilms. The four extracts

showed interesting antimicrobial and cytotoxic activities and can be considered good candidates

for new therapeutic applications
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Introduction

The genus Helianthemum Mill. belongs to the family of
Cistaceae. The genus includes annual or perennial herbaceous
and shrubby distributed species. in the Mediterranean basin
and in western Asia. Helianthemum lippii (L.) Dum.Cours., a
perennial shrubby plant growing in sandy environments, is
native in Algeria, Egypt, Greece, Iran, Iraq, Israel, Italy (main-
land and Sicily), Jordan, Kuwait, Lebanon, Libya, Malta,
Morocco, Oman, Pakistan, Qatar, Syria, Spain, and Tunisia
(Fenu et al. 2019). In Italy, the species is restricted to Sicily
and Apulia (Figure 1) (Venturella et al. 2015). According to
IUCN criteria the species was recently classified as Near
Threatened and in situ and ex situ conservation strategies
should be planned to protect this rare plant from further
decline (Fenu et al. 2017; 2019). Indeed, the sandy habitats
are particularly susceptible to biological invasions that result
in habitat degradation and loss of biodiversity in island eco-
systems (Celesti-Grapow et al. 2016). Besides, such conser-
vation efforts consider that plant-typed habitats contribute
substantially to biodiversity conservation and carbon storage
(Burrascano et al. 2016).

It is commonly known with several vernacular names
depending on the growth region. Particularly, H. lippi is called
Al Samhari, Reguig, Tahsowat and Alrjik in Algeria, Alrkaroq
in Kuwait, Umm Souika in the Arabian Peninsula and Sun
Flower or Sun rose in Jordan (Atef et al. 2015). Also, Eliantemo
a spiga, Eliantemo di Lippi, Eliantemo sessilifloro are some
of the common names with which H. lippii is known in Italy
(Fenu et al. 2019).

H. lippii is a very important plant from an ecological, eco-
nomical and pastoral point of view being essential to coun-
teract the desertification and stabilize vulnerable sites (Hamza
et al. 2013). It has also a fair energetic and nutritional value
that place it among the herbaceous species of the desert
able to cover the food needs of dromedaries (Bouallala et al.
2013) especially in Sahara Desert (Volpato and Puri 2014).

Several uses are described in folk medicine for this plant.
The powder or the compress of the aerial part is used to
treat cutaneous lesion (Hamza et al. 2013; Atef et al. 2015).
H. lippii is also used traditionally in Libya to treat cutaneous

Figure 1. Distribution area of Helianthemum lippii.

lesions and for antimicrobial treatments (Atef et al. 2015;
Alsabri et al. 2013). Libyan population also use it as gas-
troprotective, like most plants belongs to the family of
Cistacee (Ustun et al. 2006). Ethnobotanical study of some
plants used in traditional medicine of Algerian Sahara high-
lighted the use of the leaves of H. lippii, in the form of
powder or tablets, to treat injury, wounds and skin diseases
(Lakhdari et al. 2016).

Finally, leaves decoction is used in Algeria to treat diabetes
(Hamza et al. 2019) and roots decoction is used in Saudi
Arabia to treat colic problems in camels (Sher and
Aldosari 2013).

Despite different Helianthemum species are traditionally
used in folk medicine as antiseptic, analgesic, and
anti-inflammatory to treat burns, respiratory and digestive
disorders, hemorrhoids, fever, and diarrhea (Djemam et al.
2020), to our knowledge, there are very few reports referring
to the phytochemical characterization, the ethnopharmacol-
ogy, and the biological activity of H. lippii. Particularly, effect
on the smooth muscle of the rat distal colon (Djemam et al.
2020), antioxidant and antimicrobial activities (Atef et al.
2015; Belyagoubi-Benhammou et al. 2014; Alsabri et al. 2013),
amoebicidal activity (Badria et al. 2014) anti-inflammatory,
and antiulcer properties (Alsabri et al. 2013; Ermeli et al.
2012) are reported.

The aim of this work was to estimate and characterize
the phytochemical composition of H. lippii in petroleum ether
and methanol extracts and explore possible biological activ-
ities. With this in mind we demonstrated that H. lippii extracts
possess anticancer and anti-proliferative properties which
were strictly related to the different extraction methods.

Materials and methods
Plant materials

Seeds of H. lippii were collected at the growth site of
Balestrate (Palermo). The seeds were scarified and after ger-
mination the seedlings were placed in phytocells.
Subsequently, the plants were transplanted in an open-air
field located in the Department of Agricultural, Food and



1316 e F. PLESCIAET AL.

Forest Sciences (SAAF) of the University of Palermo.
Subsequently, the aerial part of the plants was chopped and
dried for further analysis (Figure 2). Exsiccata are kept in the
Herbarium of the Department of Agricultural, Food and Forest
Sciences (SAF Pl0145)

Extraction procedure

H. lippii (30g dry aerial part of the plant) was macerated
both with 500 mL of methanol ACS reagent 99.8%
(Sigma-Aldrich) or with 500mL of petroleum ether 40-60°
(Macron) for 72h at room temperature under magnetic stir-
ring. After this time, the mixture was filtered, and the result-
ing solution was evaporated to dryness under reduced
pressure at 55°C to obtain 2.56g of brown oil methanol

extract and 0.13g of white solid petroleum ether extracts.
Furthermore, the solid part resulting after the filtration of
the cold macerates of H. lippii, was extracted in a continuous
extraction apparatus (Soxhlet) until exhaustion both with
250mL of methanol or with 250mL petroleum ether of for
48h. The solvent of each extract was completely removed
to dryness under reduced pressure at 55°C to obtain g 0.77
of methanol extract and g 0.08 of petroleum ether extract.
The extracts were stored at —20°C until the use.

HPLC-UV-ESI-QTOF analysis

Water and acetonitrile were of HPLC/MS grade. Formic acid
was of analytical quality. The HPLC system was an Agilent
1260 Infinity A reversed-phase Agilent Poroshell 120 EC-C,q

Figure 2. Helianthemum lippii grown in the open-air field.
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column (50mm x 3.0mm, particle size 2.7 um) with a
Phenomenex C,; security guard column (4mm X 3mm) was
used. The flow-rate was 0.5 mL/min and the column tempera-
ture was set to 30°C. The eluents were formic acid-water
(0.1:99.9, v/v) (phase A) and formic acid-acetonitrile (0.1:99.9,
v/v) (phase B). The following gradient was employed: 0-5 min,
5% B; 5-15min, from 5% to 15% B; 15-20min, 15% B;
20-25min, from 15% to 30% B; 25-35min, 30% B; 35-42 min,
washing and reconditioning of column to 5% B. Injection
volume was 10 L. The eluate was monitored through MS TIC
and UV trace at 270nm. Mass spectra were obtained on an
Agilent 6540 UHD accurate-mass Q-TOF spectrometer equipped
with a Dual AJS ESI source working in negative ion mode. N,
was employed as desolvation gas at 300°C and a flow rate
of 9L/min. The nebulizer was set to 53 psig, the Sheat gas
temperature was set at 300°C and a flow of 12L/min.

A potential of 2.6kV was used on the capillary for negative
ion mode. The fragmentor was set to 175V. MS spectra were
recorded in the 100-1500m/z range.

Cell lines and culture conditions

MDA-MB231, a human triple-negative breast cancer cell line,
was provided by Istituto Scientifico Tumori (Genoa, Italy) and
cultured as monolayers in Dulbecco’s modified Eagle medium
(DMEM). HCT116 cells, an adenocarcinoma colon cancer cell
line, were provided by Interlab Cell Line Collection (ICLC, Genoa,
Italy) and cultivated in RPMI 1640 medium. Growth media of
both cell lines were supplemented with 10% (v/v) heat inacti-
vated fetal bovine serum, 2mM L-glutamine, and penicillin—
streptomycin antibiotics (50ug/mL) (Euroclone, Pero, Italy) in a
humidified atmosphere of 5% CO, in air at 37°C. When cells
reached approximately 80% confluence, they were sub-cultured
or harvested using 0.25% trypsin-EDTA (Life Technologies Ltd).

The cell passage number used for the experiments was
the fourth and fifth for MDA-MB231 cells and HCT116 cells,
respectively.

Cell viability assay

For cytotoxicity studies, cells (8 x 10%) were seeded into 96-well
plates and after 24h were incubated with H. lippii extracts
prepared in different conditions. Cell viability was assessed
by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) colorimetric assay as previously reported
(Lauricella et al. 2019; Raffa et al. 2015; Raffa et al. 2017).
MTT is a yellow tetrazolium salt that can be reduced to purple
formazan by mitochondrial enzymes of living cells. The absor-
bance of the formazan was read at 570nm, with 630nm as
a reference wavelength using an ELISA plate reader (Opsys
MR; Dynex Technologies, Chantilly, VA, USA). After incubation
of cells with extracts, cell survival was calculated as a per-
centage of the value of the vehicle-treated control.

Antimicrobial activity

The minimum inhibitory concentrations (MICs) were deter-
mined by microdilution method. The serial dilutions of each

extract were made in Mueller-Hinton broth (MH) (Sigma
Aldrich) in a 96-wells plate, starting from a stock solution of
5mg/mL in Dimethyl Sulfoxide (DMSO). A series of concen-
trations of each extract, ranging between 25 and 0.035mg/
mL, were tested. The reference bacterial strains used were
Staphylococcus aureus ATCC 25923, Pseudomonas aeruginosa
ATCC 15442, Enterococcus faecalis ATCC 29212, Escherichia coli
ATCC 25922. A bacterial suspension was prepared starting
from a culture grown at 37°C for 24 hours on Tryptic Soy
Agar (TSA), in 0.9% NaCl until to 108 colony forming units
(CFU)/mL and 10yl of such suspension were added to each
well. A positive control to check the bacterial growth, con-
sisting of bacterial strains in the medium without extract,
and a negative control to check the medium sterility, repre-
sented by the medium without inoculum were also included
in the 96-wells plate. Moreover, a substance control to eval-
uate the absorbance of substance, consisting only of the
substance solution without bacterial inoculum, were added.
The 96-well plates were incubated at 37°C for 24h and MICs
were read by a microplate spectrophotometer (GloMax®-Multi
Detection System, Promega) as the lowest concentration of
extract whose OD (optical density), read at 570 nm, was com-
parable with the negative control wells (broth without bac-
terial inoculum). Antifungal activity against C. albicans ATCC
10231 were evaluated in terms of MICs by using a
micro-method described above, but by employing Sabouraud
broth (BS) (Sigma-Aldrich) as growth media.

The minimum bactericidal and fungicidal concentrations
were obtained by subculturing 0.1mL from each negative
well and from the positive control of MIC determination,
onto substance-free Mueller-Hinton or Sabouraud agar plates
without extract. The plates were incubated at 37°C for 24 h.
The MBC or MFC were defined as the lowest concentration
of substance, that enable the microbial growth up to a max-
imum of three colonies.

Anti-biofilm properties

Microbial strains were incubated in test tubes with 5mL
Tryptic Soy Broth (TSB) containing 2% (w/v) glucose (bacterial
strains) or BS containing 2% (w/v) glucose (fungal strain) at
37°C for 24h. After that, 2.5uL of each microbial suspension
was placed into each well of a sterile flat-bottom 96-well
loaded with 200 uL of the same medium used in the starting
suspension (TSB or BS with 2% glucose). Aliquots at sub-MIC
concentration of each extract ranging from 250 to 0.5 ug/mL
were directly added to the wells. Plates were incubated at
37°C for 24 h. After biofilm growth, wells were washed twice
with sterile NaCl 0.9%, and sessile biomass stained with 100 uL
of 0.1% crystal violet solution for 30min. at 37°C. Then, sur-
plus solution was discharged, and the plate was washed twice
using tap water. A volume of 200puL of ethanol was added
into each stained well to solubilize dye bound to biofilm
[Cusimano et al. 2020), for 10 min at room temperature. OD
was read at a wavelength of 540nm using a plate reader
(Glomax Multidetection System TM297 Promega, Milano, Italy).
BIC50, that is, the concentration at which the percentage of
inhibition of biofilm formation (see below) is equal to 50%,
was obtained by comparing the ODs of control wells with
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that of the sample wells at different concentrations, and the
value was calculated using AAT Bioquest, Inc. Quest Graph™
IC50 Calculator (v.1) retrieved from https://www.aatbio.com/
tools/ic50-calculator-v1. The experiments were performed at
least in triplicates, and three independent experiments were
run (Cusimano et al. 2019). The percentage of inhibition was
calculated by using the following the formula:

% of inhibition = (OD growth controlOD sample )/
OD growth control) x 100

Antibiofilm activity against a preformed biofilm 24h old
was performed as seen above for inhibition of biofilm forma-
tion, concerning the preparation of microbial strains and
medium and material used, but with the following differences:
the samples were added at a concentration of 2.5mg/mL on
a mature biofilm of 24h and the plates were incubated at
37°C for 24 h. After this time each well was washed and stained
with crystal violet as above described. Percentages of inhibition
were calculated using previously reported formula by compar-
ing treated wells with growth control (not treated) wells.

Statistical analysis

Data were expressed as mean+standard error. Results of
cytotoxicity were analyzed by one-way analysis of variance
(ANOVA) test using GraphPad Prism 5.0 software (San Diego,
CA, USA). Differences were considered statistically significant
for P<0.05.

Results and discussion
Plant extracts and reversed phase HPLC/MS profiles

Fiftyfour phytochemical compounds have been determined
by means of HPLC-UV-ESI-QTOF-MS analysis, in hot methanol
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extract, cold methanol extract, cold and hot extract with
petroleum ether (Figure 3 as representative traces in negative
ion mode).

Identified products in these four extracts are summarized
in Table 1, including molecular formula, retention time (min),
calculated and experimental m/z in negative ion mode and
relative quantification in terms of percentage area of the
compounds identified in the extracts. The qualitative com-
position of the extracts is quite similar to those previously
reported in the literature (Djemam et al. 2020).

Compounds derived from H. lippii extracts can be classified
in different families such as organic acids and derivatives,
phenolic acids and derivatives, flavonoids and other poly-
phenolic compounds, such as a xanthone, lignans, coumarins
and isocoumarins.

Phytochemicals derived from H. lippii extracts can be clas-
sified in different families such as organic acids and deriva-
tives, phenolic acids and derivatives, flavonoids, a xanthone,
lignans, coumarins and isocoumarins.

Among organic acids, the most abundant compounds
identified in H. lippii extracts are citric acid (peak 1, CME and
HME), fumaric acid (peak 2, CME, HME, CPEE, HPEE) and
gentisic acid (peak 6, CME and HME). All these compounds
showed antimicrobial activity (Shokri 2011) (Laury et al. 2009)
(Juurlink et al. 2014) (Vandal et al. 2015) (He et al. 2011).

Among phenolic acids and derivatives, significant com-
pounds for their biological activity identified in H. lippii
extracts are gallic acid (peak 3, CME and HME), uralenneoside
(peak 9, CME and HME), protocatechuic acid (peak 11, CME
and HME) and O-methyl gallate (peak 12, CME and HME).
Gallic acid (Subramanian et al. 2015) and protocatechuic acid
(Masella et al. 2012). possesses anticancer properties, while
Uralenneoside (Tomdas-Menor et al. 2013) and methyl gallate
(Choi et al. 2005) shows antimicrobial activity.

Among flavonoids, relevant compounds for their biological
activity identified in H. lippii extracts are catechin (peak 15
CME and HME), quercetin-3-3-D-glucoside (peak 33 CME and
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Figure 3. Representative HPLC/ESI/QTOF trace of extract of Helianthemum lippii (negative mode) in CPEE = cold petroleum ether extract; HPEE = hot
petroleum ether extract; CME = cold methanol extract; HME = hot methanol extract.
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Table 1. Composition of extracts of Helianthemum lippii. CPEE = cold petroleum ether extract; HPEE = hot petroleum ether extract; CME = cold methanol

extract; HME = hot methanol extract.

CPEE  HPEE CME  HME
Molecular ESI [M-HI ESI [M-HI
Compound formula RT (min) (m/z) (Calc.) (m/z) (Exp.) Relative Area (%)
1 Citric acid CeHgO; 1.09 191.0197 191.0200 553 7.09
2 Fumaric acid C,H,0, 1.1 115.0037 115.0038 36.71 88.48 1.80 2.12
3 Gallic acid C,H.O, 1.44 169.0142 169.0150 1341 731
4 Ovalitenin CyoH140s 167 321.0768 321.0702 145 052
5 Ovalitenin isomer 10H1405 2.25 321.0768 321.0703 2.70 3.94
6 Gentisic acid GHO, 2.37 153.0193 153.0177 1.80 1.56
7 Chlorogenic acid CieH150, 3.28 353.0878 353.0878 0.09 0.14
8 Hydroxybenzoic acid CHeO, 3.65 137.0244 137.0241 0.72 0.35 1.42
9 Uralenneoside C;,H404 3.82 285.0616 285.0591 1.62 1.82
10 Hydroxybenzoic acid isomer C,HqO,4 4.08 137.0244 137.0249 0.18 2.71 1.21 0.80
1 Protocatechuic acid CHO, 4.21 153.0193 153.0197 0.34 0.28
12 O-Methyl gallate CgHgO, 4.75 183.0299 183.0281 0.86 6.48
13 4-Hydroxybenzaldehyde GHg0, 5.61 121.0295 121.0297 237 8.12 0.38 0.92
14 Norathyriol C,5Hg04 5.93 259.0248 259.0256 781 7.2
15 Catechin Cy5H404 6.72 289.0718 289.0692 0.92 4.16
16 3-0-Feruloylquinic acid Cy Hy000 7.65 367.1035 367.1041 046 071
17 Ethylvanillin glucoside Ci5H,00¢ 8.38 327.1085 327.1075 1.18 1.18
18 Xanthotoxol glucoside C,7H:604 8.65 363.0722 363.0727 3.04 2.55
19 Epigallocatechin Ci5Hy,0; 8.98 305.0667 305.0677 18.90 8.91
20 Vanillic acid CgHg0, 10.49 167.0350 167.0334 0.05 0.81
21 6-hydroxyferulic acid-6-O-hexoside Ci6H0040 11.84 371.0984 371.0954 1.69 2.03
22 Kaempferol CyyHs046 11.90 661.1774 661.1716 066  1.25
3-(2",3""-diacetylrhamnoside)-7-rhamnoside

23 Catechin isomer CysHy404 11.94 289.0718 289.0692 191 404
24 Epigallocatechin gallate C,H1604, 12.60 457.0776 457.0798 0.95 0.40
25 Xanthotoxol glucoside isomer C;7H:604 12.95 363.0722 363.0763 2.19 237
26 7-Deshydroxypyrogallin-4-carboxylic acid C,,HgO¢ 13.18 247.0248 247.0247 0.99 2.26
27 4'-0-Methylcatechin CyeH1606 13.29 303.0874 303.0902 102 062
28 5-O-Feruloylquinic acid C;7H,004 13.48 367.1035 367.1007 0.06 0.14
29 N-Succinyl-2-amino-6-ketopimelate C;1HsNOg 13.60 288.0725 288.0719 41.57 0.59
30 Salicylic acid CHqO,4 13.70 137.0244 137.0231 2.15 1.92
31 Scutellarin 7-rutinoside CyyHs04s 14.11 593.1512 593.1461 267 221
32 Ellagic acid CisHy00; 16.80 300.9990 300.9969 7.69 8.36
33 Quercetin-3-B-D-glucoside CiHy00s, 17.30 463.0882 463.0850 038 058
34 Rutin C,;H54046 17.39 609.1461 609.1461 0.53 0.71
35 Quercetin-3-B-D-glucoside isomer C31H,0045 17.67 463.0882 463.0850 0.49 0.58
36 Coriandrone CieH005 17.87 291.1238 291.1245 2.08 0.83
37 Kaempferol 7-galactoside 3-rutinoside C33H,40050 17.98 755.204 755.1966 0.16 0.16
38 Catechin 3-O-rutinoside C7H3,045 18.37 597.1825 597.1838 0.45 0.41
39 Isolariciresinol 9-O-beta-D-glucoside Cy6H3404, 18.58 521.2028 521.2081 0.04 0.02
40 3,4-Dicaffeoyl-1,5-quinolactone Cy5H,,05, 19.11 497.1089 497.1122 0.39 0.62
41 Kaempferol 3-rhamnosyl-(1->2)-galactoside Cy7H34045 19.29 593.1512 593.1507 0.88 1.06
42 Isorhamnetin O-rutinoside CygH3,046 19.48 623.1618 623.1571 0.57 0.65
43 Quercetrin CyyHyoOs 19.71 447.0933 447.0899 190 231
44 Isorhamnetin O-rutinoside isomer CygH3,046 20.03 623.1618 623.1637 0.74 0.84
45 Rhamnazin 3-sophoroside CyH3,04, 20.26 653.1723 653.1738 0.10 0.06
46 Quercetin 3-methyl ether 4’-glucoside C,H,,04, 20.54 477.1039 477.1031 0.10 0.14
47 Rhamnazin 3-sophoroside isomer CyH3,04, 20.58 653.1723 653.1742 0.12 0.09
48 Scutellarin C,4H50:, 23.43 461.0725 461.0734 0.02 0.04
49 Tiliroside CuoHae0ss 26.69 593.1301 593.1256 0.56 250 263
50 Tiliroside isomer C30Hy6015 27.00 593.1301 593.1256 0.17 2.00 1.79
51 Diosmetin CeH1,06 27.43 299.0561 299.0551 169 069
52 Kaempferol CisH1006 27.75 285.0405 285.0419 0.67 0.44
53 Polydatine CyoHy,05 28.30 389.1242 389.1220 0.47 0.02
54 Syringaresinol C,H,604 33.51 417.1555 417.1579 15.57 0.01

HME), rutin (peak 34, CME and HME) and tiliroside (peak 49
CPEE, CME and HME). Catechin, (Zanwar et al. 2014),
quercetin-3-B-D-glucoside (Razavi et al. 2009), rutin (Gullén
et al. 2017) (Imani et al. 2021), tiliroside (Grochowski et al.
2018) possesses different activities including antimicrobial
and anticancer.

Among other compounds identified in H. lippii extracts,
it's worth mentioning norathyriol, an aglycone of a xanthone
C-glycoside mangiferin (peak 14, CME and HME), and cori-
androne, an isocoumarin (peak 36, CME and HME). Norathyriol
is isolated from several plants and it is known to possess

antioxidant, anti-inflammatory, and antitumor properties (Li
et al. 2012). Coriandrone A and B exhibit antibacterial, anti-
cancer, hepatoprotective, antimutagenic, antioxidant and
antidiabetic properties (Wang et al. 2013).

According to literature, the leaves and flowers of different
Helianthemum species are traditionally used in folk medicine
as antiseptic, analgesic and anti-inflammatory to treat burns,
respiratory and digestive disorders, hemorrhoids, and fever
(Venturella et al. 2015). Considering the reported activities
of identified compounds, we decided to test the obtained
extracts for their cytotoxic effects and anti-microbial activity.
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Cytotoxic effects of Helianthemum lippii extracts on
tumor cells in culture

Preliminary experiments were performed to evaluate a pos-
sible anti-proliferative effect of H. lippii extracts against two
cell lines of breast and colon cancer. These represent the
form of cancers with the highest incidence in the world.
Thus, the identification of compounds capable of exerting
cytotoxic effects on these tumor cells, could open the way
to new therapeutic strategy. In particular, we focused our
study on MDA-MB231, a very aggressive and poorly differ-
entiated breast cancer cell line and on HCT116, an invasive
and highly motile adenocarcinoma colon cancer cells. To this
end, we treated MDA-MB231 and HCT116 cells with increas-
ing concentrations of each extract of H. lippii for 24 and 48 h.
Then, the viability was evaluated by MTT assay as reported
in Methods. Different experiments were performed increasing
progressively the dose of the extracts. In Figure 4 are reported
the data obtained treating both MDA-MB231 and HCT-116
cells with the extracts within the range of 100-500ug/mL.
As shown in Figure 4, all the four extracts reduced the

viability of MDA-MB231 cells in a dose and time dependent
manner (upper panel in Figure 4). However, the cytotoxic
efficacy of the different fractions consistently varied with
respect to the extraction conditions. In fact, both cold (CME)
and hot (HME) methanol extracts resulted to be more effec-
tive in reducing the viability of MDA-MB231 cells than cold
(CPEE) and hot (HPEE) petroleum ether extracts. As shown
in the lane chart reported in Figure 4, after 48 h of incubation
with 100 ug/mL of CME or HME cell viability decreased by
50% of control. Interestingly, increasing the dose of these
extracts up to 300 pg/mL, the number of viable cells fell to
about 10% of the controls. Instead, HPEE and CPEE reduced
the viability of MDA-MB231 cells by 50% only with higher
doses (300 ug/mL and 400 pg/mL, respectively) of the extracts.

Studies performed in adenocarcinoma HCT116 colon can-
cer cells confirmed the better efficacy of methanol extracts
(Figure 4 lower panel) in reducing cell viability. Comparing
the IC;, of the four fractions at 48 h of incubation it appears
that a reduction of viability of 50% was obtained for CME
and HME with 80 and 100 ug/mL respectively, while the same
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Figure 4. Cytotoxic effect of Helianthemum lippii on breast cancer and colon cancer cells. Time-and dose-dependent effects of Helianthemum lippii extracts
prepared in different conditions were evaluated in two different cancer cell lines (breast cancer MDA-MB231 and adenocarcinoma colon cancer HCT116). Cell
viability was assessed by MTT assay as reported in Methods. Data are the mean+SD of three independent experiments, each performed in triplicate, and
expressed as percentage of the vehicle-treated control. Data were considered significant at *P <0.05.CME = cold methanol extract; HME = hot methanol
extract; CPEE = cold petroleum ether extract; HPEE hot petroleum ether extract.
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effect was induced by 200ug/mL HPEE or 300 ug/mL CPEE,
respectively.

These preliminary results suggest that H. Lippii possesses
cytotoxic effects against both breast and colon cancer cells
in culture. Subsequent studies will be performed to clarify
the underlying mechanisms.

Antimicrobial and antibiofilm activity of Helianthemum
lippii extracts

Experiments to evaluate whether H.Lippii extracts also possess
antimicrobial and antibiofilm activity were performed. To this
end, the H. lippii extracts, subjected to in vitro microbiological
experimentation, were initially solubilized in DMSO or H,0O at
the following concentrations: cold petroleum ether extract
(CPEE) (40mg/mL in DMSO); hot petroleum ether extract (HPEE)
(26 mg/mL in DMSO); cold methanol extract (CME) (170mg/mL
in H,0) and hot methanol extract (HME) (154mg/mL in DMSO).

Table 2. Antimicrobial activity of the four substances tested against reference
bacterial and fungal free-living strains.

Minimum inhibitory concentration (MIC)

in mg/mL
CPEE HPEE CME HME
S. aureus ATCC 25923 >2.5 >2.5 >2.5 0.02
P. aeruginosa ATCC 15442 >2.5 >2.5 >2.5 >2.5
E. coli ATCC 25922 >2.5 >2.5 >2.5 >2.5
E. faecalis ATCC 29212 >2.5 2.5 2.5 >2.5
C. albicans ATCC 10231 2.5 2.5 >2.5 >2.5

The MIC determination is expressed in mg/mL. CPEE = cold petroleum ether
extract; HPEE = hot petroleum ether extract; CME = cold methanol extract;

HME = hot methanol extract.
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A starting solution of each substance (5mg/mL) in MH
medium for all bacteria or BS medium for C. albicans was
prepared and sterilized by filtration. The samples were sub-
jected to evaluation of the antimicrobial activity against
important human pathogenic bacteria and fungi. The follow-
ing bacterial reference strains were used in the in vitro micro-
biological experimentation: Staphylococcus aureus ATCC
25923, Pseudomonas aeruginosa ATCC 15442, Enterococcus
faecalis ATCC 29212, Escherichia coli ATCC 25922; and a ref-
erence fungal strain Candida albicans ATCC 10231.

The antimicrobial activity against free-living microbiolog-
ical strains is expressed in terms of Minimum inhibitory con-
centration (MIC) in mg/mL and is showed in Table 2.

HME showed an interesting activity against important
Gram positive pathogen S. aureus with a MIC value of
0.02mg/mL, instead HPEE and CME were active at 2.5mg/
mL against the other Gram positive E. faecalis. All four
extracts showed a lack of antibacterial activity at the highest
concentration against tested Gram-negative pathogens P.
aeruginosa and E. coli. Moreover, the minimum bactericidal
concentration (MBC) has been determined for all extracts
which showed some antibacterial activity (HPEE and CME
against E. faecalis and HME against S. aureus), but no bacte-
ricidal activity was detected.

Concerning the antifungal activity, the CPEE and HPEE
were active against C. albicans at a MIC value of 2.5mg/mL,
instead both methanol extracts showed no activity at the
screening concentration. No fungicidal activities were detected
at the maximum tested concentrations for all extracts.

Surface-attached microbial communities (biofilms) able to
adhere to biotic (host tissues) or abiotic surfaces (medical
devices) are of clinical relevance and it is estimated that

I-I
HME

.-I [
CME

250 pg/ml

W S. aureus ATCC 25923
E. coli ATCC 25922

m E. faecalis ATCC 29212
m C. albicans ATCC 10231

W P. geruginosa ATCC 15442

Figure 5. Inhibition of biofilm formation, data are the mean+SD of two independent experiments, each performed at least in quadruplicate, and expressed
as inhibition percentage respect to the growth control. Data were considered significant at P <0.05. CPEE = cold petroleum ether extract; HPEE = hot petro-
leum ether extract; CME = cold methanol extract; HME = hot methanol extract.
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pathogens capable of forming biofilms are responsible at
least 60% of all human infections (Mihai et al. 2015).
Therefore, novel antibiofilm agents are needed and the four
extracts CPEE, HPEE, CME and HME were tested for their
ability to inhibit biofilm formation and tackle preformed bio-
films of previously mentioned reference strains. Sub-MIC
concentrations ranging from 250 to 0.5pug/mL were tested
and inhibition of biofilm formation at the maximum tested
concentration is reported in Figure 5.

CPEE and HPEE showed at the maximum tested concen-
tration of 250ug/mL a good activity in inhibiting biofilm
formation of E. faecalis, E. coli and C. albicans. Biofilm inhibi-
tion concentration 50% (BIC,,), that is the concentration at
which the percentage of inhibition of biofilm formation is
equal to 50%, was also calculated.

The sample CPEE with a BIC,, of 174.2pug/mL was the
most effective in inhibiting biofilm formation of C. albicans,
other data are reported in Table 3. The presence of fumarate
as component could explain the anti-biofilm activity of this
extracts (Barnes and Karatzas 2020).

Concerning the activity against mature biofilms 24 h old,
we screened the extracts at 2.5 mg/mL (see Figure 6) for their
ability to destroy a preformed biofilm. CPEE showed activities
ranging from 32 to 14 percentages of inhibition against
respectively S.aureus (32%) E. faecalis (21%) and C. albicans
(14%). HPEE showed an interesting activity (48% inhibition)
against a preformed biofilm of C.albicans. CME and HME
displayed a similar percentage of inhibition against C.albicans,

Table 3. BIC,, in pg/mL of CPEE = cold petroleum ether extract; HPEE =
hot petroleum ether extract.

BIC50
E. faecalis ATCC E. coli ATCC C. albicans ATCC
29212 25922 10231
CPEE 194.8 180.4 174.2
HPEE 187.4 177.9 178.3

The value of BIC;, was calculated using AAT Bioquest, Inc. (2021, February
12). Quest Graph™ ICy, Calculator (v.1). Retrieved from https://www.aatbio.
com/tools/ic50-calculator-v1.
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with values equal to 43.7 and 44.2% .None of tested extracts
was active against P. aeruginosa.

Conclusion

In this work, the phytochemical composition as well as the
anticancer and antimicrobial activities of H. lippii in both
petroleum ether and methanol extracts was determined.
In the first instance, among all the analyzed extracts, the
cold and hot methanol ones resulted the most interesting.
They showed the best phytochemical composition and the
highest biological activity. Particularly, cold, and hot meth-
anol extracts were found to be the richest in phytochem-
icals with 54 phytochemicals found versus only ten in the
petroleum ether extracts; this could explain the reduced
cytotoxic efficacy showed by the petroleum ether extracts.
Instead, the petroleum ether extracts were active in inhib-
iting free living cells and biofilm formation of C. albicans.
Alternatively, cold, and hot methanol extracts of H. lippii,
showing good both cytotoxic and antimicrobial activities,
can be considered good candidates for new therapeutic
applications.

Finally, more detailed studies are necessary to validate
the chemical composition and to identify new possible active
compounds as a new source of antiproliferative as well as
antimicrobial agents.
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