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Abstract: Anthemis secundiramea is a perennial herb native widespread throughout the
Mediterranean basin. The oil obtained from the flowers of this plant has antimicrobial properties
against gram-positive and -negative bacteria, and inhibits the biofilm formation. The extract of A.
secundiramea also has antioxidant activity —increasing the activity of different enzymes (SOD, CAT,
and GPx). Surprisingly, in the oil extracted from the flowers, there is a single molecule, called
(+)-(E)-chrysanthenyl acetate: This makes the A. secundiramea flowers extract extremely interesting
for future topical, cosmetic, and nutraceutical applications.

Keywords: Anthemis secundiramea; essential oils; chrysanthenyl acetate; antibacterial and
antioxidant activities

1. Introduction

Anthemis secundiramea Biv. subsp. secundiramea (Camomilla costiera’) grows on uncultivated
sandy or grassy ground near the sea in the Mediterranean region, blooming between April and June.

It belongs to the Anthemis secundiramea group (Asteraceae, Anthemideae) that includes six
closely related species: A. secundiramea Biv., the Sicilian Anthemis muricata (DC.) Guss., the North
African Anthemis glareosa E.A. Durand and Barratte, Anthemis confusa Pomel and Anthemis ubensis
Pomel and Anthemis urvilleana (DC.) R. Fern. endemic to Malta [1].

According to Lo Presti and Oberprieler [2], previously cited species belong to a clade also
comprise of Anthemis maritima, Anthemis pedunculata, Anthemis cupaniana (from Sicily), and Anthemis
abylaea (from Morocco). The essential oil of the aerial parts of Anthemis secundiramea Biv. Subsp.
Secundiramea L., collected from a different Sicilian accession, was previously analyzed, and its
antibacterial and antifungal activities were assessed [3]. The growing interest in natural products
that can be used as an alternative to synthetic chemicals for pharmaceuticals, food additives, and
cosmetic industries induced us, in the frame of our previous reports on the Mediterranean Anthemis
ssp. [4], to investigate the chemical composition, antimicrobial and antioxidant activities of A.
secundiramen leaves and flowers. In this study, we report the chemical composition the essential oils
from leaves and flowers of A. secundiramea, growing wild in Sicily and the antimicrobial properties
against Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus, and the antioxidant activity
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tested measuring the activities of antioxidant enzymes in polymorphonuclear cells: Superoxide
dismutase (SOD); catalase (CAT) and glutathione peroxidase (GPx).

2. Materials and Methods

2.1. Plant Material

Flowers (110 g) and leaves (270 g) A. secundiramea Biv. subsp. secundiramea were collected at
Addaura, Mondello, Palermo, Sicily (38°11'44" N; 13°20'22" E; 5 m s.l.m.), at the beginning of May
2019. Typical specimen (PAL 2019/68), has been deposited in the Department STEBICEF, Palermo.

2.2. Isolation of the Essential Oil

The fresh samples, ground with an electric grinder, were subjected to water-distillation for 3 h
using Clevenger’s apparatus [5]. The oils, yellow and pleasant as smell, were dried with anhydrous
sodium sulfate, filtered and stored in the freezer at —20 °C, until the time of analysis. The yield (w/w)
was 1.55% (1.70 g) for the flowers and 0.46% (1.24 g) for the leaves.

2.3. Gas Chromatography-Mass Spectrometry Analysis

EO analysis was performed by using a Perkin-Elmer Sigma 115 system, fitted with a fused silica
HP-5 MS capillary column (30 m x 0.25 mm i.d. 0.25 um film thickness). The oven program was as
follows: Temperature was initially kept at 40 °C for 5 min, at a rate of 2 °C/min up to 270 °C.

Flame ionization detection (FID) was performed at 280 °C. GC-MS analysis was performed on an
Agilent 6850 Ser. II apparatus, fitted with a fused silica DB-5 capillary column (30 m x 0.25 mm), 0.33
um film thickness, coupled to an Agilent Mass Selective Detector MSD 5973; ionization voltage 70
eV; electron multiplier energy 2000 V. GC conditions were as given; transfer line temperature, 295
°C.

Kovat's indices (KI) were determined by using retention times of n-alkanes (Cs—Cao), and the peaks
were identified by comparison with mass spectra and their relative retention index with NIST 11,
Wiley 9, FFNSC 2, and Adam:s libraries [6].

2.4. (+)-Trans-Chrysanthenyl Acetate (1)

[a] b +54.3 °C (¢ 1.13, CHCls); "H-NMR (300 MHz, CDCls): 5.37 (1H, m, H-3), 5.00 (1H, t, ] =5.4
Hz, H-7), 2.52 (1H, ddd, 317 = 5.4, 415 = 54, 415 = 1.3 Hz, H-1), 2.34 (1H, m, H-5), 2.10 (2H, m, H-4a,
H-4b), 2.00 (3H, s, Ac), 1.62 (3H, dt, 4Js10 = 1.9, 54,10 = 1.9 Hz, Me-10), 1.26 (3H, s, Me-8), 0.91 (3H, s,
Me-9).

2.5. Antimicrobial Activity Assays

The presence of antimicrobial molecules in the essential oil extracted from A. secundiramea
leaves and flowers was detected using Kirby-Bauer assay [7,8] against Escherichia coli DH5a, P.
aeruginosa PAOI, or S. aureus ATCC 6538P strains.

Another method to evaluate the antimicrobial activity involved the E. coli DHb5a, P. aeruginosa
PAOQI, or S. aureus ATCC 6538P strains cell viability counting [9]. Bacterial cells were incubated with
both essential oils at 50, 100, 250, and 500 pg/mL concentration. Each experiment was performed in
triplicate, and the reported result was an average of three independent experiments. (P value was <
0.05).

2.6. Antibiofilm Activity Assay

Crystal Violet dye was used to evaluate the biofilm formation of P. aeruginosa PAOIL A 96 wells
plate was prepared in which each well contained a final volume of 200 uL; BM2 culture medium
was used, the negative control contained only bacterial cells and medium, the other samples
contained cells and essential oil [25, 50, 100 pg/mL]. The plate was incubated at 37 °C for 36 h.
Plates were air-dried for 45 min, and each well was stained with 200 pl of 1% crystal violet solution
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for 45 min. The quantitative analysis of biofilm production was performed by adding 200 uL
ethanol-acetone solution (4:1) to destain the wells. The OD of the crystal violet present in the
destaining solution was measured at 570 nm by spectrophotometric reading, carried out with a
Multiskan microplate reader (Thermo Electron Corporation) [10]. The biofilm formation percentage
was calculated by dividing the OD values of samples treated with oils and untreated samples.

2.7. Eukaryotic Cell Culture

HaCat (human keratinocytes) cells are spontaneously transformed aneuploid immortal
keratinocyte cell line from adult human skin, widely used in scientific research. These cells were
maintained in Dulbecco Modified Eagle Medium (DMEM), supplemented with 10% fetal bovine
serum and 1% penicillin-streptomycin. Cells were cultured at 37 °C in a humidified atmosphere of
5% COz. The essential oil extracted from A. secundiramea leaves and flowers were added in a
complete growth medium for the cytotoxicity assay [11,12].

2.8. Blood Collection and Polymorphonuclear Leukocytes (PMN) Isolation

Peripheral blood was collected from three healthy fasting donors between 07.30 and 08.30 a.m.
Samples were withdrawn by KsEDTA vacutainers (Becton Dickinson, Plymouth, UK). PMNs were
isolated using a discontinuous gradient, as reported in Harbeck et al. [13]. The blood was
centrifuged for 30 min at 200xg at room temperature. The PMN layer, banded at the interface of the
two employed Percoll densities, was collected and washed twice in PBS. The purity of isolated
PMNs (evaluated on May Grunwald Giemsa stained cytocentrifuged smears) and cell viability
(checked with the trypan blue dye exclusion test) both ranged between 90% and 95%.

2.9. Antioxidant Enzymes Measured PMN Cells

The activities of the enzymes SOD, CAT, and GPx in PMN cells were evaluated by using the
commercial kits (BioAssay System, San Diego, CA, USA). The activity of enzymes was expressed in
U/L [14].

2.10. Statistical Analysis

The effect of leaf and flowers essential oil extracts of A. secundiramea on activities of antioxidant
enzymes in polymorphonuclear cells were examined by one-way analysis of variance (ANOVA),
followed by Tukey’s multiple comparison post-hoc test (P < 0.05).

3. Results and Discussions

3.1. Essential Oil Composition Analysis

Hydrodistillation of A. secundiramea Biv. subsp. secundiramea leaves (L) gave a pale-yellow oil,
(vield (0.46%). Only four components were recognized, representing 99.2% of the total composition.
The metabolites are listed in Table 1 according to their retention indices on an HP-5MS column. All
the four compounds were chrysantenyl derivatives with (E)-chrysanthenyl acetate (Figure 1) (91.5%)
as main compounds, followed by chrysanthenone (4.2%), (E)-chrysanthenol (3.3%), and a small
amount of (Z)-chrysanthenol (0.2%). Quite amazingly, hydrodistillation of A. secundiramea Biv.
subsp. secundiramea flowers (F) gave an oil (yield 1.55%) containing only (E)-chrysanthenyl acetate
(100.0%). The positive optical rotation of the oil determined its absolute configuration as
(+)-(E)-chrysanthenyl acetate, whose synthesis starting from (+)-verbenone has been previously
described [15]. The chromatograms of the two oils (L and F) are reported in Figure 2, whereas Figure
3 shows the "H-NMR spectrum of the oil from flowers.
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Table 1. Composition of essential oils from A. secundiramea Biv. ssp. secundiramea (Asteraceae).

Kia Ki? Components Ident. F % L%
1114 1684 (2)-Chrysanthenol 1,2 0.2
1126 1521 Chrysanthenone 1,2 4.2
1163 1764 (E)-Chrysanthenol 1,2 3.3
1236 1585 (E)-Chrysanthenyl acetate 1,2 100.0 91.5

Total 100.0 99.2

a Retention index on an HP-5MS column; ? Retention index on a DB-5 column; ¢ Identification, 1 =
comparison of retention index; 2 = comparison of mass spectra with MS libraries identification.
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Figure 1. Structure of (+)-(E)-chrysanthenyl acetate.
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Figure 2. Chromatograms of the essential oils of A. secundirramea flowers (F) and leaves (L).
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Figure 3. "H-NMR spectrum of F containing only (E)-chrysanthenyl acetate.

Some interesting considerations can be made by comparing our results with those reported in
the literature for A. maritima, A. cupaniana, and A. secundirramea, belonging to the same clade.
A component analysis on the essential oil of six accessions from Corsica and twelve accessions from
Sardinia of A. maritima divided them into two groups. In the first one, comprising the populations of
Corsica and west Sardinia, 6-methylhept-5-en-2-one was identified as the main component. Several
chrysanthenyl derivatives were also present, but (E)-chrysanthenyl acetate was totally absent. On
the other hand, the populations from east Sardinia, belonging to the second group, were
characterized by the high quantity of (E)-chrysanthenyl acetate and other chrysanthenyl derivatives
[16]. Subsequent investigations on six accessions of A. maritima from Tuscany [17] and of five
population collected on the Adriatic coast of Italy [18] confirmed the high variability of the
occurrence of (E)-chrysanthenyl acetate ranging from 0 to 55.6% and from 0 to 28.1%, respectively.
On the other hands, the analysis of the oil isolated from the aerial parts of A. cupaniana showed a
very poor content of chrysanthenyl derivatives with (E)-chrysanthenyl acetate completely absent [4].
Quite recently, the analysis of the essential oil of the aerial parts A. secundiramea, collected in the
western part of Sicily, showed the presence of several irregular oxygenated monoterpenes with
(Z)-chrysanthenyl acetate (9.9%) and (E)-chrysanthenyl acetate (7.7%) among the main compounds
[3]. Other species of Anthemis showing a good occurrence of (E)-chrysanthenyl acetate were A. cretica
ssp. messanensis from Sicily (28.8-24.2%) [19] and A. montana from Serbia (11.3%) [20].
In Table 2, the occurrence of (E)-chrysanthenyl acetate in different species is reported.
(E)-chrysanthenyl acetate, apart from Anthemis ssp., is present in many other species belonging to
the Asteraceae family, and among them, the taxa that contain larger amount (>20%) of this
metabolite are Achillea crithmifolia, Achillea millefolium, Chrysanthemum shiwogiku, Tanacetum
parthenium, Tanacetum polycephalum, and Tanacetum vulgare. Other species containing a high quantity
of this monoterpene are Allium neapolitanum (Alliaceae Family), Ferulago pauciradiata (Apiaceae
Family), Lamium amplexicalule (Lamiaceae Family), and Zieria cytisoides (Rutaceae Family).
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Table 2. The occurrence of (E)-chrysanthenyl acetate.

6 of 14

Taxa Origin trans-chrysanthenyl Acetate Ref.
Alliaceae Family
Allium neapolitanum Sicily 28.1 [21]
Apiaceae Family
Ferulago pauciradiata Turkey 24.9 [22]
Asteraceae Family
Achillea crithmifolia Bulgaria 21.9-0 [23]
Achillea crithmifolia Serbia 18.8 [24]
Achillea millefolium Portugal 15.8 [25]
Achillea millefolium Serbia 21.3-5.8 [26]
Achillea wilhelmsii Iran 8.5 [27]
Anacyclus clavatus Tunisia 12.3 [28]
Anacyclus monanthos subsp. cyrtolepidioides Algeria 9.8 [29]
Anthemis cretica ssp. messanensis Sicily 28.8-24.2 [19]
Anthemis cretica ssp. columnae Sicily 0.3-0.1 [19]
Anthemis maritima Corsica, West Sardinia 0.7-0 [16]
Anthemis maritima Sardinia 68.5-12.6 [16]
Anthemis maritima Adriatic Coast, Italy 28.1-0 [18]
Anthemis maritima Tuscany, Italy 55.6-0 [17]
Anthemis montana Serbia 11.3 [20]
Anthemis secundiramea West Sicily 7.7 [3]
Anthemis xylopoda Turkey 5.5-3.8* [30]
Artemisia absinthium Lithuania 11.6-0 [31]
Bubonium graveolens Algeria 18.7-2.8 [32]
Chrysanthemum coronarium Greece 13.2-7.8 [33]
Chrysanthemum coronarium Tunisia 12.8 [34]
Chrysanthemum coronarium Italy 6.7-5.5 [35]
Chrysanthemum japonense var. debile Japan 3.8 [36]
Chrysanthemum shiwogiku Japan 23.2 [37]
Tanacetum cadmeum ssp. orientale Turkey 8.5-0 [38]
Tanacetum chiliophillum Iran 10.5-5.5 [39]
Tanacetum kotshyi Iran 2.1 [39]
Tanacetum parthenium Denmark 15.7 [40]
Tanacetum parthenium cultivated 27.3-22.4 [41]
Tanacetum parthenium Belgium 23.5 [42]
Tanacetum parthenium Turkey 22.1-0 [43]
Tanacetum persicum Iran 2.1 [39]
Tanacetum polycephalum Iran 20.0-3.5 [39]
Tanacetum polycephalum subsp. farsicum Iran 24.7 [44]
Tanacetum santoniloides Egypt 13.2 [45]
Tanacetum vulgare Estonia 30.7-0 [46]
Tanacetum vulgare Poland 18.4 [47]
Tanacetum vulgare Belgium 78.3-0 [42]
Tanacetum vulgare Serbia 414 [48]
Tanacetum vulgare Hungary 17.3-3.5 [49]
Tanacetum vulgare Poland 6.5 [50]
Bryophytes
Gackstroemia magellanica Chie high [51]
Lamiaceae Family
Lagochilus gypsaceus Uzbekistan 7.1 [52]
Lagochilus inebrians Uzbekistan 9.4 [52]
Lagochilus setulosus Uzbekistan [52]
Lamium amplexicalule Italy 52.5-37.8 [53]
Rutaceae Family
Zieria cytisoides Australia 47.6 [54]

* Undetermined isomer.
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3.2. Effect of A. secundiramea Essential Oils on Bacterial Survival

Essential oils extracted from A. secundiramea leaves and flowers were tested against two
gram-negative and one positive strains: E. coli DH5a, P. aeruginosa PAOI, and S. aureus ATCC 6538P,
respectively. E. coli represents a model strain to test antimicrobial activity, while P. aeruginosa and S.
aureus are opportunistic pathogens. In particular, some bacterial strains of species P. aeruginosa can
cause infections in patients suffering from a disorder of the skin barrier [55]. S. aureus is an important
human pathogen that is responsible for most of the bacterial skin and soft tissue infections in
humans too. This strain can also become more invasive and cause life-threatening infections, such as
bacteremia, pneumonia, abscesses of various organs, meningitis, osteomyelitis, endocarditis, and
sepsis. These infections represent a major public health threat because of their considerable number
and spread [56]. As shown in Figure 4A, the oil extracted from flowers was able to inhibit the three
strains: E. coli, P. aeruginosa, and S. aureus growth, forming an inhibition halo. Figure 4B reports a
quantitative analysis of inhibition halos (about 60, 35, and 38 AU/mL, respectively), almost
comparable to the antibiotic control. We used ampicillin to inhibit E. coli and S. aureus cells growth,
and colistin, a polymyxin that acts on the bacterial membrane of gram-negative microorganisms,
used as a positive control in the P. aeruginosa experiment. The essential oil extracted from the A.
secundiramen leaves seems to be less efficient than that from flowers.

B
Antibiotic & s 70 - B Antibiotic
m A, secundiramea flowers
- 60
. } A. secundiramea leaves
Flowers = 15 DMSO
7, 2 I
=l
< a0
2
5 30
2 3
[
£ I
< 20
Leaves 10 4
0 4
E. coli DH5a P. aeruginosa PAOI  S. awreus ATCC 6538P

Figure 4. (A) Inhibition halo of A. secundiramea flowers and leaves essential oils against E. coli DH5¢¢
(1), P. aeruginosa PAOI (2) and S. aureus ATCC 6538P (3). Positive and negative control is represented
by antibiotics (2 Colistine, 1 and 3 Ampicillin), and dimethyl sulfoxide (DMSO 2%), respectively. (B)
The inhibition halos, shown in panel A, are expressed in AU/mL Values are expressed as the average
of three different experiments; standard deviations were always less than 10%.

A more sensitive method, shown in Figure 5, to calculate the efficiency of antimicrobial activity
uses fixed concentration (500 ug/mL). Figure S1 shows this at different concentrations (50, 100, and
250 pg/mL, which confirms that A. secundiramea flowers and leaves extracts have antimicrobial
activity. The oil extracted from the flowers has a stronger antimicrobial activity than the one
extracted from the leaves against the three bacterial strains tested. The antimicrobial activity of A.
secundiramen oil is probably due to a single molecule, the (E)-chrysanthenyl acetate, which is present
in a pure form in the extract of flowers. Recent studies report that chrysanthenyl acetate, has been
suggested as the active component. Chrysanthenyl acetate inhibits prostaglandin synthetase and
might have analgesic properties [57]. Other studies suggest that compound analog chrysanthenyl
acetate, may contribute to the antimigraine activity, due to its prostaglandin inhibition [58]. The
antimicrobial activity of (E)-chrysanthenyl acetate, to the best of our current knowledge, is not well
described in the literature. In general, this compound can be found in different plants and species of
Anthemis, but never in pure form, as in the case of A. secundiramen flowers [59]. This aspect is very
promising, as with the extraction from the flowers, it is very easy to obtain, and the yield is very
high, already making the oil available in good quantities for different applications. Both oil extracts
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are not cytotoxic against eukryotic cells (HaCat line) tested for three different times (24, 48, and 72 h)
at two different concentrations (100 and 500 pg/mL), and the data is shown in Figure S2 (see
supplementary materials).

100 1~ mCTRL
90 = DMSO
%0 A. secundiramea leaves
T;' A, secundiramea flowers
B 70 -
b z
T 60 !
o
=
5':5 50 4 "
2
= 40 -
e I
30 |
20 - *
10 |
0 T T )
E. coli DH5a P. aeruginosa PAOI  S. aureus ATCC 6538P

Figure 5. Antibacterial activity of A. secundiramea essential oils from flowers and leaves, evaluated by
colony count assay, against E. coli DH5a, P. aeruginosa PAOI, and S. aureus ATCC 6538P at a fixed
concentration of 500 pg/mL. Untreated cells represented control because negative controls are
bacterial cells with dimethyl sulfoxide (DMSO 2%). Each bar is the average of three different
experiments. P value is < 0.05.

3.3. Effect of A. secundiramea Essential Oils on Biofilm Formation

Biofilm formation is a quorum-sensing regulated differentiation system used by different
bacteria on plant surfaces [60], but also in the human body environment, as a protection against
other microorganisms and antibacterial substances [61]. To study the leaf and flower oil effect on
bacterial biofilm formation, we used P. aeruginosa PAOI, a biofilm producer, as the indicator strain.
Bacterial cells were grown with and without the addition of leaf and flower oil at different
concentrations (25, 50, and 100 pg/mL), not inhibiting the planktonic growth. As shown in Figure 6,
a progressive increase of A. secundiramea oil concentration corresponds to a decrease of biofilm
formation. In particular, 100 pg/mL of flowers extract oil inhibited the biofilm formation for about
65%. To exclude any antimicrobial effect on planktonic growth, we followed the bacterial growth
curve with and without both extracts at maximum concentration, used in the previous experiment.
In this condition, PAOI growth rate did not change when compared to the untreated cells (data not
shown). Biofilm formation of microorganisms causes persistent tissue and foreign body infections
resistant to treatment with antimicrobial agents, such as Staphylococcus epidermidis, P. aeruginosa, S.
aureus, and E. coli [62]. Our oil, containing a single compound that possesses antibiofilm activity,
represents an important resource to counteract the biofilm formation.
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100 - ®

20 —8=—DMSO
80 + T A. secundiramea flowers

70 A == A secundiramea leaves

% Biofilm formation
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Concentrations [pg/mlL]

Figure 6. Colorimeter assay to evaluate the formation of P. aeruginosa PAOI biofilm with different oil
concentrations (0, 25, 50, 100 ug/mL). The negative control is represented by cells treated with the
DMSO (2%), and the positive control is represented by untreated cells. Values are expressed as the
average of three different experiments; standard deviations were always less than 10%.

3.4. A. secundiramen Essential Oils Antioxidant Activity

Antioxidative enzymes status was evaluated by SOD, CAT, and GPx activities in PMN cells
treated to flowers and leaf essential oil extracts of A. secundiramea. Figure 7 shows that both the
flower and leaf essential oil extract causes an increase in the activity of antioxidant enzymes in PMN
cells compared to control (samples-not treated) and in particular, the activity of SOD, CAT, and GPX
enzymes is greater in PMN cells treated with the extract of flower essential oils compared to the
extract of essential oil of leaves. A direct effect of the antioxidant activity has been studied in A.
kotschyana [63] in which the antioxidant activity of A. kotschyana was determined by analyzing DPPH
free radical scavenging of its water and ethanol extracts, demonstrating a remarkable correlation
between radical scavenging potential and concentration detected for standards (BHA, BHT, and
ascorbic acid) and the plant extracts. In particular, the extracts and standards had decreasing
absorbance with increasing concentration, which means they scavenged more radicals. A study of
Chrysanthemum [64] essential oils also has shown a direct action of chrysanthenyl acetate on ROS
production. According to our best knowledge, there are no papers that report the activity of
chrysanthenyl acetate on antioxidant enzymes. Some articles report that essential oils also
containing chrysanthenyl acetate cause an increase in enzymes, such as SOD and GPX [65,66]. On
the other hand, a previous document on essential oils extracted from Mentha x piperita and Mentha
arvensis L. not containing chrysanthenyl acetate led to an increase in the activity of antioxidant
enzymes, such as CAT, GST, POX, and SOD [67]. The data presented here show that in addition to
the direct action on ROS, the essential oils of A. secundiramea, and in particular, the chrysanthenyl
acetate exerts an indirect antioxidant action increasing the activity of antioxidant enzymes.
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10
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Figure 7. Effect of leaf and flowers essential oil extracts of A. secundiramea on activities of antioxidant
enzymes in polymorphonuclear cells. (A) Superoxide dismutase; (B) catalase; (C) glutathione
peroxidase. Data are presented as mean and standard error, and were analyzed with the paired
t-test. * P <0.001.

4. Conclusions

In this study, we can conclude that the essential oil of A. secundiramea has relatively good
antibacterial activity against both gram-negative and positive strains, and is non-toxic for eukaryotic
cells at the applied concentration. The oil obtained from the flowers also has a good antibiofilm
activity and exceptional purity —which is importance within this field. In addition, antioxidative
enzyme status was evaluated by SOD, CAT, and GPx activities in PMN cells treated with flowers
and leaves essential oil extracts of A. secundiramea. The activity of antioxidant enzymes is greater in
PMN cells treated with the extract of flowers essential oils compared to the extract of essential oil of
leaves. The set of effects could be extremely interesting regarding the possible use of the A.
secundiramea essential oils in nutraceutical products and cosmetics.

Supplementary Materials: The following are available online at www.mdpi.com/2076-3417/10/19/6808/s1.

Author Contributions: Conceptualization, A.B. and A.Z.; methodology, V.M., and M.D.N.; software, V.M. and
M.D.N,; validation, A.B., A.Z. and M.V_; formal analysis, V.M. and N.B., and M.D.N.; investigation, A.B., A.Z,,
M.V. and M.B; resources, M.B. and A.Z.; data curation, V.M., and M.D.N; writing —original draft preparation,
V.M., and M.D.N; writing—review and editing, A.B. A.Z.,, M.V, N.B. and M.B.; visualization, A.Z. and A.B,;
supervision, A.B.,, M.V. and A.Z. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. Oberprieler, C. The systematics of Anthemis L. (Compositae, Anthemideae) in W. and C. North Africa.
Bocconea 1998, 9, 1-328.

2. Lo Presti, R.M.; Oberprieler, C. Evolutionary history, biogeography and eco-climatological differentiation
of the genus Anthemis L. (Compositae, Anthemideae) in the circum-Mediterranean area. J. Biogeogr. 2009,
36, 1313-1332.



Appl. Sci. 2020, 10, 6808 11 of 14

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Casiglia, S.; Bruno, M.; Senatore, F.; Rosselli, S. Chemical composition of essential oils of Anthemis
secundiramea Biv. subsp. secundiramea (Asteraceae) collected wild in Sicily and their activity on
micro-organisms affecting historical art craft. Nat. Prod. Res. 2019, 33, 979-979.

Maggio, A.; Riccobono, L.; Spadaro, V.; Scialabba, A.; Bruno, M.; Senatore, F. Chemical composition of the
essential oils of three endemic species of Anthemis sect. Hiorthia (DC.) R.Fern. growing wild in Sicily and
chemotaxonomic volatile markers of the genus Anthemis L.: An update. Chem. Biodivers. 2014, 11, 652-672.
Ben Jemia, M.; Rouis, Z.; Maggio, A.; Venditti, A.; Bruno, M.; Senatore, F. Chemical composition and free
radical scavenging activity of the essential oil of Achillea ligustica growing wild in Lipari (Aeolian Islands,
Sicily). Nat. Prod. Commun. 2013, 8, 1629-1632.

Rigano, D.; Formisano, C.; Rosselli, S.; Badalamenti, N.; Bruno, M. GC and GC-MS analysis of volatile
compounds from Ballota nigra subsp. uncinata collected in Aeolian Islands, Sicily (Southern Italy). Nat.
Prod. Comm. 2020, 15, 1-7.

Bauer, AW.; Kirby, W.M.; Sherris, ].C.; Turck, M. Antibiotic susceptibility testing by a standardized single
disk method. Am. J. Clin. Pathol. 1966, 45, 493-496.

Di Napoli, M.; Varcamonti, M.; Basile, A.; Bruno, M.; Maggi, F.; Zanfardino, A. Anti-Pseudomonas
aeruginosa activity of hemlock (Conium maculatum, Apiaceae) essential oil. Nat. Prod. Res. 2019, 33,
3436-3440.

D’ Alessio, G.; Zanfardino, A.; Pizzo, E.; Di Maro, A.; Varcamonti, M. The bactericidal action on Escherichia
coli of ZF-RNase-3 is triggered by the suicidal action of the bacterium OmpT protease. FEBS ]. 2010, 277,
1921-1928.

Zanfardino, A.; Criscuolo, G.; Di Luccia, B.; Pizzo, E.; Ciavatta, M.L.; Notomista, E.; Carpentieri, A.;
Pezzella, A.; Varcamonti, M. Identification of a new small bioactive peptide from Lactobacillus gasseri
supernatant. Benef. Microbes 2017, 8, 1-10.

Vitiello, G.; Zanfardino, A.; Tammaro, O.; Di Napoli, M.; Caso, M.F.; Pezzella, A.; Varcamonti, M.;
Silvestri, B.; D’Errico, G.; Costantini, A.; et al. Bioinspired hybrid eumelanin-TiO:> antimicrobial
nanostructures: The key role of organo-inorganic frameworks in tuning eumelanin’s biocide action
mechanism through membrane interaction. RSC Adv. 2018, 8, 28275-28283.

Zanfardino, A.; Bosso, A.; Gallo, G.; Pistorio, V.; Di Napoli, M.; Gaglione, R.; Dell’'Olmo, E.; Varcamonti,
M.; Notomista, E.; Arciello, A.; et al. Human apolipoprotein E as a reservoir of cryptic bioactive peptides:
The case of ApoE 133-167. J. Pept. Sci. 2018, 24, e3095.

Harbeck, R.J.; Hoffman, A.A.; Redecker, S.; Biundo, T.; Kumick, J. The isolation and functional activity of
polymorphonuclear leukocytes and lymphocytes separated from whole blood on a single percoll density
gradient. Clin. Immunol. Immunopathol. 1982, 23, 682-690.

Barbosa, P.O.; Pala, D.; Silva, C.T.; de Souza, M.O.; do Amaral, J.F.; Vieira, R.A.L.; de Freitas, R.N. Acai
(Euterpe oleracea Mart.) pulp dietary intake improves cellular antioxidant enzymes and biomarkers of
serum in healthy women. Nutrition 2016, 32, 674—680.

Tamura, H.; Sakakibara, H.; Yanai, T.; Takagi, Y.; Kitahara, T.; Mori, K. Synthesis of both the enantiomers
of trans-chrysanthenyl and trans-chrysanthenyl acetate as the characteristic major constituents of kougiku.
Biosci. Biotechnol. Biochem. 1995, 59, 1985-1986.

Darriet, F.; Desjobert, ].M.; Costa, J.; Muselli, A. Identification of chrysanthenyl esters from the essential oil
of Anthemis maritima L. investigated by GC/RI, GC-MS (EI and CI) and 13C-NMR spectroscopy: Chemical
composition and variability. Phytochem. Anal. 2009, 20, 279-292.

Ciccarelli, D.; Noccioli, C.; Pistelli, L. Chemical composition of essential oils and aromatic waters from
different Italian Anthemis maritima populations. Chem. Biodivers. 2013, 10, 1667-1682.

Ciccarelli, D.; Giovanelli, S.; Pistelli, L. Essential oils from Anthemis maritima flowers: Infraspecific
variability along the Adriatic Coast (Italy). Chem. Biodivers. 2016, 13, 561-570.

Riccobono, L.; Maggio, A.; Bruno, M.; Spadaro, V.; Raimondo, F.M. Chemical composition and
antimicrobial activity of the essential oils of some species of Anthemis sect. Anthemis (Asteraceae) from
Sicily. Nat. Prod. Res. 2017, 31, 2759-2767.

Bulatovic, V.M.; Menkovic, N.R.; Vajs, V.E.; Milosavljevic, S.M.; Djokovic, D.D. Essential oil of Anthemis
montana. |. Essent. Oil Res. 1998, 10, 223-226.

Casiglia, S.; Bruno, M.; Scandolera, E.; Senatore, F.; Senatore, F. Composition of the essential oil of Allium
neapolitanum Cirillo growing wild in Sicily and its activity on microorganisms affecting historical art crafts.
J. Oleo Sci. 2015, 64, 1315-1320.



Appl. Sci. 2020, 10, 6808 12 of 14

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Karakaya, S.; Koca, M.; Simsek, D.; Bostanlik, F.D.; Ozbek, H,; Kili¢, C.S.; Giivenalp, Z.; Demirci, B.;
Altanlar, N. Antioxidant, antimicrobial and anticholinesterase activities of Ferulago pauciradiata Boiss. &
Heldr. growing in Turkey. ]. Biol. Act. Prod. Nat. 2018, 8, 364-375.

Konakchiev, A.; Vitkova, A. Essential oil composition of Achillea crithmifolian Waldst. et Kit. ]. Essent. Oil
Bear. Plants 2004, 7, 32-36.

Pali¢, R.; Stojanovi¢, G.; Naskovi¢, T.; Ranelovi¢, N. Composition and antibacterial activity of Achillea
crithmifolia and Achillea nobilis essential oils. J. Essent. Oil Res. 2003, 15, 434-437.

Falconieri, D.; Pirasa, A.; Porcedda, S.; Marongiu, B.; Gongalves, M.].; Cabral, C.; Cavaleiro, C.; Salgueiro,
L. Chemical composition and biological activity of the volatile extracts of Achillea millefolium. Nat. Prod.
Commun. 2011, 6, 1527-1530.

Stevanovi¢, Z.D.; Pljevljakusi¢, D.; Risti¢, M.; Sodtarié, 1.; Kresovié, M.; Simié, L; Vrbnitanin, S. Essential oil
composition of Achillea millefolium agg. populations collected from saline habitats in Serbia. J. Essent. Oil
Bear. Plants 2015, 18, 1343-1352.

Sereshti, H.; Ghiasi, A.; Naderloo, M.; Taghizadeh, M.; Astaneh, S.D.A. Vortex-assisted extraction in
tandem with dispersive liquid-liquid microextraction followed by GC-MS for determination of Achillea
wilhelmsii essential oil. Anal. Methods 2014, 6, 6695-6701.

Hammami, S.; Ben Salem, A.; Mastouri, M.; Falconieri, D.; Gorcii, M.; M'hennil, M.F.; Marongiu, B.;
Mighri, Z. Essential oil composition and antimicrobial activities of aerial parts from Tunisian Anacyclus
clavatus (Desf.). ]. Med. Plants Res. 2013, 7, 71-75.

Fodil, H.; Sarri, M.; Hendel, N.; Maggi, F.; Sarri, D. Essential oil composition of aerial parts from Algerian
Anacyclus monanthos subsp. cyrtolepidioides (Pomel) Humphries. Nat. Prod. Res. 2019, 33, 292-295.

Uzel, A.; Guvensen, A.; Cetin, E. Chemical composition and antimicrobial activity of the essential oils of
Anthemis xylopoda O. Schwarz from Turkey. J. Ethnopharmacol. 2004, 95, 151-154.

Judzentiene, A.; Budiene, J. Compositional variation in essential oils of wild Artemisia absinthium from
Lithuania. J. Essent. Oil Bear. Plants 2010, 13, 275-285.

Cheriti, A.; Saad, A.; Belboukhari, N.; Ghezali, S. The essential oil composition of Bubonium graveolens
(Forssk.) Maire from the Algerian Sahara. Flavour Fragr. |. 2007, 22, 286-288.

Basta, A.; Pavlovi¢, M.; Couladis, M.; Tzakou, O. Essential oil composition of the flowerheads of
Chrysanthemum coronarium L. from Greece. Flavour Fragr. ]. 2007, 22, 197-200.

Hosni, K.; Hassen, I; Sebeic, H.; Casabianca, H. Secondary metabolites from Chrysanthemum coronarium
(Garland) flowerheads: Chemical composition and biological activities. Ind. Crop. Prod. 2013, 44, 263-271.
Senatore, F.; Rigano, D.; De Fusco, R.; Bruno, M. Composition of the essential oil from flowerheads of
Chrysanthemum coronarium L. (Asteraceae) wild growing in Southern Italy. Flavour Fragr. ]. 2004, 19, 149-152.
Matsuo, A.; Nakayama, M.; Nakamoto, T.; Uchio, Y.; Hayashi, S. Constituents of the essential oil of
Chrysanthemum japonense var. debile. Agric. Biol. Chem. 1973, 37, 925-927.

Matsuo, A.; Uchio, Y.; Nakayama, M.; Hayashi, S. The isolation of trans-chrysanthenyl acetate and
chrysanthenone from the essential oil of Chrysanthemum shiwogiku. Bull. Chem. Soc. Jpn. 1973, 46, 1565.
Polatoglu, K.; Goren, N.; Baser, KH.C.; Demirci, B. The variation in the essential oil composition of
Tanacetum cadmeum (Boiss.) Heywood ssp. orientale Grierson from Turkey. J. Essent. Oil Res. 2009, 21,
97-100.

Ghasemi Pirbalouti, A. Chemical composition of essential oils of four Tanacetum species from the Alpine
Regions in Iran. |. Essent. Oil Bear. Plants 2019, 22, 1-15.

Christensen, L.P.; Jakobsen, H.B.; Paulsen, E.;-Hodal, L.; Andersen, K.E. Airborne Compositae dermatitis:
Monoterpenes and no parthenolide are released from flowering Tanacetum parthenium (feverfew) plants.
Arch. Dermatol. Res. 1999, 291, 425-431.

Stevanovi¢, Z.D.; Nastovski, T.Lj.; Risti¢, M.S.; Radanovi¢, D.S. Variability of essential oil composition of
cultivated feverfew (Tanacetum parthenium (L.) Schultz Bip.) populations. J. Essent. Oil Res. 2009, 21,
292-294.

De Pooter, H.L.; Vermeesch, J.; Schamp, N.M. The essential oils of Tanacetum vulgare L. and Tanacetum
parthenium (L.) Schultz-Bip. J. Essent. Oil Res. 1989, 1, 9-13.

Polatoglu, K.; Demirci, F.; Demirci, B.; Goren, N.; Baser, K.H.C. Antibacterial activity and the variation of
Tanacetum parthenium (L.) Schultz Bip. essential oils from Turkey. ]. Oleo Sci. 2010, 59, 177-184.

Javidnia, K.; Miri, R.; Soltani, M.; Khosravi, A.R. Composition of the essential oil of Tanacetum polycephalum
Schultz Bip. subsp. farsicum Podl. from Iran. J. Essent. Oil Res. 2008, 20, 209-211.



Appl. Sci. 2020, 10, 6808 13 of 14

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

59.

60.

61.

62.

63.

64.

65.

El-Shazly, A.; Dorai, G.; Wink, M. Composition and antimicrobial activity of essential oil and hexane-ether
extract of Tanacetum santolinoides (DC.) Feinbr. and Fertig. Z. Naturforsch. 2002, 57, 620-623.

Raal, A.; Orav, A.; Gretchushnikova, T. Essential oil content and composition in Tanacetum vulgare L. herbs
growing wild in Estonia. ]. Essent. Oil Bear. Plants 2014, 17, 670-675.

Baczek, K.B.; Kosakowska, O.; Przybyt, J.L.; Pidro-Jabrucka, E.; Costa, R.; Mondello, L.; Gniewosz, M.;
Synowiec, A.; Weglarz, Z. Antibacterial and antioxidant activity of essential oils and extractsfrom
costmary (Tanacetum balsamita L.) and tansy (Tanacetum vulgare L.). Ind. Crop. Prod. 2017, 102, 154-163.
Devrnja, N.; Andelkovi¢, B.; Arandelovi¢, S.; Radulovié, S.; Sokovi¢, M.; Krsti¢-Milosevi¢, D.; Risti¢, M.;
Cali¢, D. Comparative studies on the antimicrobial and cytotoxic activities of Tanacetum vulgare L. essential
oil and methanol extracts. S. Afr. ]. Bot. 2017, 111, 212-221.

Moricz, AM.; Hibe, T.T.; Boszorményic, A.; Ott, P.G.; Morlock, G.E. Tracking and identification of
antibacterial components in the essential oil of Tanacetum wvulgare L. by the combination of
high-performance thin-layer chromatography with direct bioautography and mass spectrometry. J.
Chromatogr. A 2015, 1422, 310-317.

Szolyga, B.; Gnitka, R.; Szczepanik, M.; Szumny, A. Chemical composition and insecticidal activity of
Thuja occidentalis and Tanacetum vulgare essential oils against larvae of the lesser mealworm, Alphitobius
diaperinus. Entomol. Exp. Appl. 2014, 151, 1-10.

Cuvertino-Santoni, J.; Asakawa, Y.; Nour, M.; Montenegro, G. Volatile chemical constituents of the
Chilean Bryophytes. Nat. Prod. Commun. 2017, 12, 1929-1932.

Akramov, D.Kh.; Zengin, G.; Kang, S.C; Tojibaev, K.Sh.; Mahomoodally, M.F.; Azimova, S.S,;
Mamadalieva, N.Z. Comparative study on the chemical composition and biological activities of the
essential oils of three Lagochilus species collected from Uzbekistan. Nat. Prod. Res. 2020,
doi:10.1080/14786419.2019.1655417.

Flamini, G.; Cioni, P.L.; Morelli, I. Composition of the essential oils and in vivo emission of volatiles of four
Lamium species from Italy: L. purpureum, L. hybridum, L. bifidum and L. amplexicaule. Food Chem. 2005, 91, 63—68.
Flynn, T.M.; Southwell, I.A. Essential oil constituents of the Genus Zieria. Phytochemisty 1987, 26,
1673-1686.

Meyer-Hoffert, U.; Zimmermann, A.; Czapp, M.; Bartels, J.; Koblyakova, Y.; Gléser, R.; Schroder, ].M.;
Gerstel, U. Flagellin delivery by Pseudomonas aeruginosa rhamnolipids induces the antimicrobial protein
psoriasin in human skin. PLoS ONE 2011, 6, e16433.

Krishna, S.; Miller, L.S. Innate and adaptive immune responses against Staphylococcus aureus skin
infections. Semin. Immunopathol. 2012, 34, 261-280.

Pugh, W.J.; Sambo, K. Prostaglandin synthetase inhibitors in feverfew. ]. Pharm. Pharmacol. 1988, 40, 743-745.
De Weerdt, C.J.; Bootsma, H.P.R.; Hendriks, H. Herbal medicines in migraine prevention: Randomized
double-blind placebo-controlled crossover trial of a feverfew preparation. Phytomedicine 1996, 3, 225-230.
Sarmento-Neto, J.F.; Do Nascimento, L.G.; Felipe, C.F.B.; De Sousa, D.P. Analgesic potential of essential
oils. Molecules 2016, 21, 20.

Macfarlane, S.; Dillon, J.F. Microbial biofilms in the human gastrointestinal tract. . Appl. Microbiol. 2007,
102, 1187-1196.

Thomas Danhorn, Clay Fuqua. Biofilm formation by plant-associated bacteria. Ann. Rev. Microbiol. 2007,
61, 401-422.

Roémling, U.; Balsalobre, C. Biofilm infections, their resilience to therapy and innovative treatment
strategies. J. Intern. Med. 2012, 272, 541-561.

Bursal, E.; Aras, A.; Kilig, O.; Buldurun, K. Chemical constituent and radical scavenging antioxidant
activity of Anthemis kotschyana Boiss. Nat. Prod. Res. 2020, doi:10.1080/14786419.2020.1723089.

Grzeszczuk, M.; Wesotowska, A. Composition of essential oils and some antioxidants in flowers of three
Chrysanthemum cultivars. ]. Elem. 2018, 23, 1331-1342.

Ghajarbeygi, P.; Mohammadi, A.; Mahmoudi, R.; Kosari-Nasab, M. Artemisia spicigera essential oil:
Assessment of phytochemical and antioxidant properties. Biotechnol. Health Sci. 2015, 2, €32605.



Appl. Sci. 2020, 10, 6808 14 of 14

66. Afolayan, AJ.; Sunmonu, T.O. Artemisia afra Jacq. ameliorates oxidative stress in the pancreas of
streptozotocin-induced diabetic Wistar rats. Biosci. Biotech. Biochem. 2011. 75, 2083-2086.

67. Haydari, M.; Maresca, V.; Rigano, D.; Taleei, A.; Shahnejat-Bushehri, A.; Hadian, J.; Sorbo, S.; Guida, M.;
Manna, C.; Piscopo, M.; et al. Salicylic acid and melatonin alleviate the effects of heat stress on essential oil

composition and antioxidant enzyme activity in Mentha x piperita and Mentha arvensis L. Antioxidants 2019,
8, 547.

© 2020 by the authors. Licensee MDP]I, Basel, Switzerland. This article is an open access
‘@ ® article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).




