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Abstract: Aqueous extracts of two Cistus species wild growing in Croatia—Cistus creticus (CC) and
Cistus salviifolius (CS)—have been assessed with UPLC-MS/MS, showing 43 different phytochemicals,
with flavonol glycosides: myricetin-3-hexoside and myricetin-rhamnoside, predominate ones in CC
and myricetin-3-hexoside in CS. Antioxidant potential tested with the FRAP method showed no
difference between CS and CC aqueous extracts, while higher phenolic content of CC comparing to
CS, determined with a Folin-Cicolateu reagent correlated to its higher antioxidant capacity observed
by the DPPH method. Both extracts were assessed for antimicrobial activity, using disc-diffusion and
broth microdilution assays, targeting the opportunistic pathogens, associated with food poisoning,
urinary, respiratory tract, blood stream and wound infections in humans. Antimicrobial assays
revealed that fungi were in general more sensitive to both Cistus aqueous extracts, comparing to the
bacteria where two extracts showed very similar activity. The most potent activity was observed
against A. baumannii for both extracts. The extracts were tested on human lung cancer (A549) cell
line using the MTT assay, showing very similar antiproliferative activity. After 72 h treatment with
CC and CS aqueous extracts in concentration of 0.5 g/L, the viability of the cells were 37% and 50%
respectively, compared to non-treated cells.
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1. Introduction

The Cistus genus belongs to a small family of Cistaceae of eight genera, widely distributed in the
Mediterranean. The species are known as rock roses and have noteworthy morphological diversification.
This genus has several medicinal perennial shrubs widely distributed in the Mediterranean area [1].

Since ancient times, Cistaceae have been used in ethnomedicine due to their pharmacological
potential against a broad range of disorders, including various skin diseases, diarrhea, ulcers, dysentery,
catarrh, menstruation difficulties, and gout due to a number of natural pharmacological compounds
they consist of [2—4]. According to ethno-pharmacology, the Cistus species has been used due to its
antimicrobial, antiproliferative, anticancer, antiviral, antioxidant, anti-inflammatory, antiulcerogenic,
antidiarrheal, and antispasmodic activity [5-26]. It is also known that some Cistus species have been
used in human and animal diets, such as goats, lamb and beef [27-34].

Phytochemical profile of different Cistus species aqueous extracts reveals their
polyphenolic profile, having flavonoids, phenolic acids, and ellagitanins as their main
constituents [2,3,6,8,10,15,23,26,31,32,35-44].
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This study examined two wild growing Croatian Cistus species, Cistus salviifolius (CS) and Cistus
creticus (CC), known to be used in herbal tea preparation in human diet [34]. To the best of our
knowledge this is the first UPLC-MS/MS phytochemical phenolic profile analysis of C. creticus and
C. salvifolius aqueous extract. Due to the traditional use of Cistus species in human and animal diet,
as well as for their pharmacological potential in ethno-medicine, we have examined the biological
activity of CC and CS aqueous extracts. The pharmacological potential of two Cistus aqueous extracts
was tested against the emerging opportunistic pathogens associated with skin, nail, gastrointestinal,
bloodstream and respiratory infections, as well as their in vitro antiproliferative activity, antioxidant
potential and total phenolic content.

2. Materials and Methods

2.1. Plant Material

Plant material, the upper part, stems, leaves, and flowers, of two species of the genus Cistus (rock
rose)—Cistus salviifolius L. (sage-leaved rock rose), Cistus creticus L. (pink rock rose)—were collected on
the island of Ciovo (Split, Croatia) in June 2015 and identified by a botanist, Jure Kamenjarin, Faculty of
Science, University of Split. Voucher specimens of plant materials were deposited in the Department
of Biochemistry, Faculty of Chemistry and Technology, Split, Croatia with numbers CS_2015_01 and
CC_2015_01. Plant material was air-dried at room temperature for 3 days and 20 g of the dried material
was chopped and extracted with 0.15 L of hot distilled water. Water solution was filtered after 30 min
and water extracts were subjected to water evaporation by a low vacuum using the rotary evaporator.
Dried aqueous extract was dissolved in distilled water and kept in a fridge at a temperature of —20 °C
for further assays.

2.2. UPLC-MS/MS Phytochemical Analysis of Plant Extracts

Standard preparation for UPLC-MS/MS analysis was made as follows: stock standard solutions
of each phenolic standard were prepared by dissolving in methanol at concentration of 0.1 g/L.
Multi compound standard solutions were prepared in methanol, and dilutions from this solution
were done in the range 0.00001-0.1 g/L for external calibration and validation experiments of the
UPLC-MS/MS system. The three injections per level were done and peak area of each standard were
used to make the respective standard curves. UPLC analyses of aqueous extracts were performed on
Agilent 1290 RRLC instrument (Agilent Technologies, Santa Clara, CA, USA) coupled with binary
gradient pump, autosampler, and column compartment. The gradient conditions were set up according
to the methods reported [45]. The column used for separation was Zorbax Eclipse Plus C18 column
(100 x 2.1 mm, 1.8 um) (Agilent, Santa Clara, CA, USA).

Mass spectrometry experiments and optimization of the method were performed using a triple
quadrupole mass spectrometer (QQQ 6430, Agilent, Santa Clara, CA, USA). The mass spectrometer was
used in the dynamic multiple reaction monitoring mode (AMRM) in the ESI-positive and negative mode
and operated with the following source parameters: capillary voltage, +4000/—3500 V, nitrogen drying
gas temperature maintained at 300 °C with a flow rate of 11 L/h and the pressure of the nebulizer was
set at 40 psi. Mass hunter software was used for data acquisition and analysis. Identification of the
phenolic compounds was performed by comparing retention times and mass spectra with those of the
authentic standards. In case of unavailability of standards, the prediction and structural identification
of phenolic compounds was carried out by comparing the mass fragments with the previously reported
mass fragmentation patterns [42,46]. Analytical method quality parameters, such as calibration curve,
instrumental detection (LOD) and quantification (LOQ) limits were determined as previously reported
by Zori¢ [45]. Quantitative data for all phenolic compounds were obtained by calibration curves of
known standards. If a commercial standard was not available, quantification was performed using the
calibration curve of standards from the same phenolic group. Results are shown as the mean values
with the standard deviation.
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2.3. DPPH Test

The antiradical activity of Cistus aqueous extracts was determined using the DPPH
(2,2’-diphenyl-1-picrylhydrazy) radical scavenging method [47]. The antiradical activities of the
samples were calculated according to the formula:

% inhibition = [(Ag — Asample)/Ap] X 100, 1)

where A was absorbance of the DPPH ethanolic solution measured at the beginning and Asampie
was absorbance of the sample measured after 60 min. The results were expressed as ICsq or the
concentration of the extract that gives 50% of the inhibition of DPPH radical reaction.

2.4. FRAP Assay

The reducing antioxidant power of two Cistus aqueous extracts was determined using the
FRAP method [48]. FRAP assay measures the ability of plant extracts to reduce the ferric
2,4,6-tripyridyl-s-triazine complex [Fe(III)«(TPTZ)2]2p to the intensely blue colored ferrous complex
[Fe(I)~(TPTZ)2]2p in acidic medium. Reducing power of samples was calculated comparing the
reaction signal given with solution of Fe?" ions in known concentrations and expressed as mM
equivalents of Fe?" ions.

2.5. Total Phenolic Content

Total phenolic content was measured spectrophotometrically according to the Folin—Ciocalteu
colorimetric method [49]. Gallic acid (Sigma-Aldrich, Steinheim, Germany) was used as a standard
and samples were taken in triplicate, while the results were expressed as gallic acid equivalents.

2.6. MTT Assay

Lung cancer cell line A549 was grown at 37 °C in a humidified incubator and 5% CO; in Dulbecco’s
Modified Eagle Medium (DMEM, EuroClone, Milano, Italy) containing 10% fetal bovine serum and 1%
antibiotics (Penicillin Streptomycin, EuroClone, Milan, Italy). Cell viability was determined using the
tetrazolium salt (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide; MTT Sigma-Aldrich)
in reduction MTT assay (Hussain, Nouri, and Oliver, 1993). An equal number of cells were seeded into
the wells of a 96-well plate and allowed to attach overnight. Cells were afterward treated with both
extracts (100 uL), in triplicate concentrations of 0.5 g/L; 1 g/L; and 2 g/L in growing media for 4 h, 24 h,
48 h, and 72 h. Following treatment, cells were incubated with 0.5 g/L MTT in growing media for 1 h.
After media was removed, DMSO (Sigma-Aldrich) was added to the cells. Absorbance was measured
at 570 nm (signal) and 690 nm (background).

2.7. Determination of the Antimicrobial Activity

The antimicrobial screening of two Cistus aqueous extracts was carried out using disc-diffusion
and broth microdilution assays according to the guidelines of the Clinical Laboratory Standards
Institute [50,51].

For preliminary screening, a disc diffusion assay was employed. Briefly, an aliquot of
100 pL of suspension of the mid-exponentially grown bacteria containing 106 CFU/mL of cells,
and 0.5-2.5 x 10> CFU/mL of C. albicans spores were plated on MHA (Biolife) and SDA (Biolife).
The 6 mm sterile filter discs (BectonDickinson, Franklin Lakes, NJ, USA) were individually loaded
with 50 uL of the stock solution of Cistus aqueous extracts (0.1 g/mL) equivalent to a final concentration
of 0.005 g/disc and then placed on the agar surface previously inoculated with the microbial strains.
Tetracycline (30 pg) and amphotericin B (10 ng) discs were used as positive controls. The plates were
incubated for 24 h at 37 °C. The antimicrobial activity was determined by measuring the diameters of
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the inhibition zones in millimeters. Assays were done in triplicate and the obtained values expressed
as mean = standard error (SE).

For the microdilution assays, experiments were performed in 96-well microtiter plates with serial
dilutions of extracts ranging from 32 to 0.03125 mg/mL. The mid-exponentially grown bacterial cultures
were adjusted spectrophotometrically to achieve optical densities corresponding to 1 x 10° CFU/mL,
and 0.5-2.5 x 10° CFU/mL in case of C. albicans. After 24 h of incubation at 37 °C, the minimal inhibitory
concentration (MIC) was recorded as the lowest concentration of the extract showing no visually
detectable microbial growth in the wells.

For C. albicans, the corresponding aliquots from the wells were plated on SDA and incubated
for 24 h. After visual inspection and colony counting, MIC90 endpoints were recorded as the lowest
concentration, inhibiting 90% of fungal growth when compared to the control-strain grown without
the extract.

2.8. Microbial Strains

The antimicrobial activity of aqueous Cistus extracts were assayed against eleven microbial strains,
including the most emerging Gram-positive and Gram-negative pathogens: the type strains from the
American Type Culture Collection (ATCC, Rockville, MD, USA) and the multidrug-resistant (MDR)
hospital strains of Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, and Pseudomonas
aeruginosa. The MDR strains demonstrated resistance to antimicrobial agents from at least three different
classes, particularly to the -lactam family of antibiotics as a result of f-lactamase(s) production (Table 1).
The antibiotic susceptibility testing was assessed by Etest (AB Biodisk, Solna, Sweden) and the VITEK
2 system (bioMérieux, Marcy-1'Etoile, France). The molecular detection of genes mediating the
p-lactam resistance phenotype was exerted as previously published [52]. Antibacterial screening also
included the environmental strains of foodborne pathogens Bacillus cereus and Clostridium perfringens.
The antifungal activity was assessed on the environmental strain of opportunistic pathogenic yeast
Candida albicans (Table 2). All the microbial strains were stored at —80 °C in glycerol stocks and
sub-cultured on tryptic soy agar (Biolife, Milan, Italy) or Sabouraud dextrose agar (Biolife, Milan, Italy)
in case of fungi prior to testing.

Table 1. Mass spectrometric data, identification and quantification of phenolic compounds from
aqueous extracts of C. creticus L. (CC) and C. salviifolius L. (CS).

Compound Rt, min Collision Ionization Precursor  Fragment Identification C.C.** C.S.**
4 Energy (V) Mode Ton (m/z) Ions (m/z) (mg/L) (mg/L)
1 1.131 10 - 367 193 Feruloylquinic acid 0.31 £ 0.02 0.07 £ 0.02
2 1.135 10 - 353 119 Caffeoylqunic acid derivative 1 0.16 + 0.04 0.18 +0.28
3 1.169 10 - 324 173 Caffeoylquinic acid derivative 2 0.15 + 0.06 0.05 + 0.04
4 1.686 10 - 343 191 Galloylquinic acid 1.16 £ 0.05 547 +0.49
5 1.693 15 + 4429 139 Epicatechin gallate * 0.52 +0.03 023 £0.10
6 171 10 - 331 169 Monogalloyl glucose [42] 0.66 + 0.49 2.84 +0.22
7 1.758 10 - 169 125 Gallic acid * 2.83+0.11 24.66 +0.99
8 2.508 10 = 495 169 Digalloylquinic acid 0.37 £ 0.04 0.33 +0.11
9 2973 15 + 653 303 Quercetinacetylrutinoside 0.41 £+ 0.50 0.08 £ 0.01
10 3.993 10 337 163 Coumaroilquinic acid derivative 1 248 +1.35 0.34 + 047
11 4.014 10 + 579 427 Procyanidin B2 * 11.65 + 0.31 3.83 +£0.29
12 4.305 10 + 291 139 Catechin * 549 +0.26 0.57 £ 0.06
13 4.311 10 + 291 139 Epicatechin * 5.46 = 0.05 0.52+0.13
14 4.459 10 - 353 119 Chlorogenic acid * 0.06 + 0.01 0.02 +0.01
15 4.974 15 + 597 303 Quercetin-pentosyl-hexoside 0.04 = 0.01 0.97 £0.15
16 5.016 10 - 179 135 Caffeic acid * 0.36 + 0.55 0.05 £ 0.02
17 5.541 10 - 337 163 Coumaroilquinic acid derivative 2 0.41 +£0.01 0.39 +0.53
18 6.025 15 + 459 139 Epigallocatechin gallate * 0.23 + 0.06 4.77 +0.70
19 6.037 5 + 403 271 Apigenin-pentoside 0.07 £ 0.04 0.03 £0.01
20 6.362 5 + 627 315 Myricetin-rutinoside [53] 31.23 £ 0.10 3.09 £0.19
21 6.474 15 + 481 319 Myricetin-hexoside [42] 93744 + 049 564.13 £3.78
22 6.571 10 - 163 119 p-coumaric acid * 0.25 £ 0.03 0.23 £0.05
23 7.19 15 + 611 303 Ruthin * 3.46 + 0.06 0.99 +0.08
24 7.237 5 + 465 319 Myricetin-thamnoside [53] 874.51 + 0.46 313 +0.71
25 7.254 25 + 319 273 Myricetin * 87.14 + 0.42 2827 +1.11
26 7.315 10 - 193 134 Ferulic acid * 0.55 +0.39 0.07 + 0.02
27 7.452 5 + 465 303.1 Quercetin-3-glucoside * 26.08 £0.20 76.49 +1.50
28 7.561 15 + 581 287 Kaempferol-pentosylhexoside 0.03 +0.01 0.51+0.11
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Table 1. Cont.

Compound Rt min Collision Ionization Precursor  Fragment Identification C.C.** C.S.**

! Energy (V) Mode Ion (m/z) Ions (m/z) (mg/L) (mg/L)
29 7.65 10 + 647 169 Trigalloylquinic acid 0.24 +0.04 0.04 +0.02
30 7.971 5 + 495 319 Myricetin-glucuronide 0.76 + 0.07 0.22 +£0.08
31 8.044 5 + 435 303 Quercetin-pentoside [54] 6.02 +0.02 54.88 +1.82
32 8.119 5 + 449 287 Kaempferol-3-glucoside [54] 15.05 + 0.41 20.56 + 1.25
33 8.164 15 + 625 317 Isorhamnetin-rutinoside 0.33 £ 0.02 0.03 £ 0.02
34 8.203 35 + 287 153 Luteolin * 428 £0.23 546 +1.40
35 8.422 5 + 449 303 Quercetin-rhamnoside [53] 23.02 +1.72 0.56 + 0.29
36 8.651 5 + 419 287 Kaempferol-pentoside 1.14+0.12 5.81+0.79
37 8.723 15 + 637 287 Kaempferol-acetylrutinoside 0.03 +0.01 0.05 +0.03
38 8.78 10 + 507 303 Quercetin-acetylhexoside 0.13 £ 0.05 0.36 + 0.56
39 9.541 5 + 491 287 Kaempferol-acetylhexoside 0.05 + 0.03 0.24 +£0.15
40 10.610 5 + 433 287 Kaempferol-rhamnoside 1.28 £0.07 0.44 +0.30
41 10.843 15 + 595 287 Kaempferol-3-rutinoside * 4.56 +0.38 12.58 + 0.80
42 10.846 15 + 595 287 Kaempferol-thamnosyl-hexoside 7.07 +£2.89 13.12 + 1.64
43 11.475 30 + 271 153 Apigenin * 0.35 +0.39 0.05 +0.03

* Identification confirmed using authentic standards. ** Concentration of individual phenolic compounds are
expressed as mg per L of sample, as mean value + standard deviation.

Table 2. Total phenolic content and antioxidant activities of the Cistus aqueous extracts.

Antioxidant Assay (units) C. creticus C. salvifoliius Ascorbic Acid
Folin-Ciocalteu (mg GAE ?) 209.27 + 18.5 161.09 £ 7.2 nd
DPPH P (mg/mL) 0.52 + 0.03 0.62 + 0.04 0.02 +0.01
FRAP (equivalents of FeZ* mM ©) 0.78 £ 0.02 0.78 £ 0.06 557 £0.13

2 Gallic acid equivalents (mg of GAE/g); ® IC5y (mg/mL); ¢ Sample concentration 1 g/L; Values are represented as
mean’s + SD (n = 3).

3. Results and Discussion

3.1. UPLC-MS/MS Phytochemical Analysis of Plant Extracts

The preliminary phytochemical analysis of two Cistus aqueous extracts were performed using
UPLC-MS/MS. Results of 43 chemical compounds along with their retention time, precursor ion,
product ion, collision energy, and ionization mode optimized for each phenolic compound are presented
in Table 1. A total of 43 polyphenolic compounds were identified, using standards where available.
If a commercial standard was not available, quantification was performed using the calibration curve
of standards from the same phenolic group.

Based on UPLC-MS/MS profiling of two Cistus extracts, this study reveals that aqueous
extracts of CC and CS represent a rich source of polyphenols with flavonol derivatives being the
most abundant compounds in both samples. Two flavonol glycosides, myricetin-3-hexoside and
myricetin-rhamnoside, predominate in CC aqueous extracts. Myricetin-3-hexoside predominates in
CS too, while myricetin-rhamnoside is present in significantly smaller amounts. Besides these
two dominant phenolic compounds, two of the studied species show general similarity in
the content for most of the analyzed phenolics, except that CC has a significantly higher
amount of myrcetin-rutinoside, myrcetin, quercetin-rhamnoside, and procyanidin B2, while CS
has a higher amount of quercetin-3-glucoside, quercetin-pentoside, kaempferol-3-glucoside,
kaempferol-3-rutinoside, kaempferol-rhamnosyl-hexoside, and gallic acid, when compared to CS.

The phenolic profile of both extracts comprises phenolic acids, flavanols, flavonol glycosides and
flavonones, which is in accordance with results obtained by previous Cistus studies. This is the first
study of the phenolic composition in C. certicus and C. salvifolius aqueous extracts and the presence of
phenolic compounds is in accordance with previous studies related to phenolic content in other Cistus
species [11,42,53-56].

3.2. Antioxidant Activity of Cistus Extracts

The total phenolic content and antioxidant activity of CC and CS were assessed using in vitro
assays and the results for both extracts are shown in Table 2.
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The higher phenolic content of CC (209.27 mg of GAE/g) and CS (161.09 mg of GAE/g) aqueous
extracts were at least doubled than in the previous study on the same species from Syria [57].
Higher phenolic content of CC (209.27 mg of GAE/g) in respect to CS (161.09 mg of GAE/g) aqueous
extract determined through the Folin-Ciocalteu reagent correlates to its higher antioxidant capacity
observed with the DPPH method (ICsy values were 24.0 ug/mL and 29.5 pg/mL, respectively).
Correlation between phenolic content and antioxidant activity measured by DPPH method is in
accordance with the fact that both assays are based on the electron-transfer mechanism [58]. The results
obtained for DPPH measurements correlate with the literature data reported for three Tunisian’s
Cistus [59]. Similar findings are also reported for CC and CS extracts from Syria with ICsy values of
11 pg/mL and 19 pg/mL, respectively [57]. The FRAP assay showed no positive correlation between
antioxidant activity and total phenolic content in this study. The results obtained for the FRAP
measurements for CC and CS were 0.78 Eq mM Fe?* for both extracts.

The values obtained for antioxidant measurements of two Cistus extracts using DPPH and FRAP
are consistent with others reported for the Cistus genus [42]. Too few studies have reported and
stressed CC and CS phenolic and antioxidant potential. However, Cistus species have already been
identified as a promising source of natural antioxidant compounds from plants, and as a potential
means of finding new sources of natural antioxidants, functional foods, and nutraceuticals [60,61].

In this study, the water was used as an extraction solvent to isolate hydrophilic antioxidants from
the plants. Certainly, for use as food and nutraceuticals, aqueous plant extracts are nutritionally more
relevant and would have obvious advantages in relation to certification and safety [60]. Comparing
to other studies of Cistus species, this study of CC and CS aqueous extracts from Croatia showed a
significant amount of determined phenolics. Since they are involved in many biological processes,
the phenolic and flavonoids compounds have been the subject of numerous studies, especially in
strategies of reducing or preventing the generation of oxidative stress. Besides their direct antioxidant
effects, a review of recent studies on the protective role of polyphenols on human health reveals the
importance of their indirect effect, too. Along with antioxidant activity, phenolic compounds have
been recognized by their antimicrobial and antiproliferative properties [62,63].

3.3. Antiproliferative Activity of Cistus Extracts

Antiproliferative activity of CC and CS aqueous extracts were tested on human lung cancer (A549)
cell line after 4 h, 24 h, 48 h, and 72 h treatment, using the MTT assay. Both CC and CS aqueous extracts
show a dose- and time-dependent antiproliferative activity against tested cell line (Figure 1).

a) 1 ] b)
09 i3
* 08
:: = H 2g/l 07 - - m2g/l
i = i 5 i
::4%'3'7 @1g/l g 08 1 o i 1g/l
1A e/ 05 - o @1g/
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g [ i 0,3 i _— |
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4h 24h 48h 72h 4h 24h 48h 72h

Figure 1. Dose-time response effect of C. creticus (a) and C. salviifolius (b) aqueous extracts on human
lung cancer cell lines A549, using the MTT assay.

Both Cistus extracts showed very similar antiproliferative activity on the lung cancer cell line A549.
After 72 h of treatment with CC and CS aqueous extracts in concentration of 0.5 g/L, the cell viability
was 37% and 50% respectively, compared to non-treated cells (100% of viability, cell survival =1,
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Figure 1). The highest antiproliferative activity of 90% inhibition was demonstrated by CC extract after
72 h treatment for concentration of 2 g/L.

Natural herbal extracts have already been identified as a potential dietary source of polyphenols
in the prevention/treatment of human chronic diseases such as cancer [64]. The studies of anticancer
activity of several tea extracts have reported CCs( values within the range 0.1-0.5 mg/mL [65]. It has been
reported that Cistaceae aqueous extracts containing ellagitannins showed a significant capacity to inhibit
the proliferation on several cancer cell lines [66]. The results obtained in this study are in correlation
with previous studies related to cytotoxicity of Cistus extracts, with reported CCs values around
0.55 mg/mL [66,67]. The chemo-preventive and anti-tumor effects of a polyphenols-rich diet used to
be associated with their ability to inhibit reactive oxygen species (ROS). However, the recent studies
bring the evidence that their direct antiproliferation activity is related to modulation of uncontrolled
proliferation pathways or proto-oncogene expression via multiple mechanisms [68]. Based on the
fact that both extracts are rich in flavonol derivatives and that they exhibit similar antiproliferative
activity, it can be assumed that these compounds can be attributed to this effect. This assumption can
be supported by other studies that show the antiproliferative activity of flavonoids [69-71].

The present preliminary study, for the first time, reported antiproliferative activity of the Cistus
aqueous extracts on the A549 lung cancer cell line. The concentration of 0.5 mg/mL of two Cistus
extracts showing the antiproliferative effect against A549 cancer cells might be very significant to
support further studies.

3.4. Antimicrobial Potential of Cistus Extracts

This study has assessed the antimicrobial potential of the CC and CS aqueous extracts, using
disc-diffusion and broth microdilution assays, targeting the opportunistic pathogens that are commonly
associated with food poisoning as well as urinary, respiratory tract, blood stream, and wound infections
in humans. The study also included the antibiotic-susceptible ATCC strains as well as multiple resistant
clinical strains of S. aureus (MRSA-1), K. pneumoniae, A. baumannii, and P. aeruginosa to observe the
possible difference in the activity of extracts towards the strains of the same bacterial species but
different antibiotic susceptibility/resistance patterns.

Opverall, the antimicrobial assays revealed that fungi were in general more sensitive to both Cistus
aqueous extracts in comparison to the bacteria as presented in Tables 3 and 4.

As shown in Table 3, CS extract exhibited very good antifungal activity against opportunistic yeast
C. albicans (MIC 125 pg/mL and inhibition zone of 23.2 + 1.2 mm). On the other hand, MIC values for
both extracts against bacterial strains were recorded in the range of 250 to 2000 pug/mL, respectively.
The measured inhibition zones for 5 mg of each extract/disc ranged from 10.0 + 0.5 to 29.0 + 0.8 mm.
It is important to note that, in general, the two extracts showed very similar activity towards the
same bacterial species. However, slightly better activity of CC was evident against S. aureus ATCC
29213 and P. aeruginosa ATCC 27853 (MICs 500 pg/mL). Among the tested bacterial strains, the most
potent activity was observed against A. baumannii FSST-20 clinical isolate (MIC 250 ug/mL) for both
extracts. Notably, this particular multiple resistant strain as well as the P. aeruginosa FSST-21 and the
MRSA-1 strain were found to be more sensitive and had a 2-fold reduction in MIC of at least one
extract when compared to the antibiotic-susceptible ATCC strains. This finding indicates the potential
of Cistus extracts to act against both Gram-negative and Gram-positive multiple resistant opportunistic
pathogens that cause infections, which are therefore hard to treat by conventional antibiotics. The most
promising activity was recorded by the disc-diffusion assay against the MRSA-1 strain, which was
inhibited by 29.0 + 0.8 and 25.0 + 1.0 mm at the concentration of 5 mg/disc for CC and CS aqueous
extracts, respectively.
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Table 3. Antibiotic resistance profile and genotypic features of the multiple resistant and (3-lactamases-producing clinical strains used in this study.

. X B-lactam Resistance MIC (ug/mL) of Selected Antimicrobial Agents ? B-Lactamase(s) Produced Non B-Lactam Resistance
Strain No. Species
Phenotype AMP CAZ IPM GEN TET OX ESBLs MBLs Others Phenotype
FSST 02 Klebsiella pneumoniae AME, SAM(':,IIZ);R;%& TIC, CAZ, >1024 (R) 512 (R) 0.5(S) 8 (R) 128 (R) NA SHV-12, CTX-M-15 — ACC-1, TEM-1 CIP, GEN, TET, SXT

AMP, SAM, PIP, TZP, TIC, CTX,

FSST 20 Acinetobacter baumannii CAZ, FED, ATM, IMP, MEM

>1024 R)  >256 (R) 16 (R) 16 (R) 64 (R) NA - SIM-1 - GEN, TOB, AMK

AMP, SAM, PIP, TZP, TIC, CTX, CIP, GAT, LVX, AMK, GEN,
CAZ, FEP, ATM, IMP, MEM >1024 (R) >16 (R) >8 (R) >8 (R) >8 (R) NA - GIM-1 - TOB, NET, TET, SXT

MRSA-1 Staphylococcus aureus OX, P NA NA NA >16 (R) <1(S) >4 (R) Modification of PBP (mecA) CC, CIP, E, GEN, MFX

FSST 21 Pseudomonas aeruginosa

@ MIC values were evaluated according to the breakpoints established by CLSI (2012). For S. aureus MRSA-1 breakpoint interpretation was done according to EUCAST (2012) guidelines.
Abbreviations: R, resistant; S, susceptible; NA, not applicable; AMK, amikacin; AMP, ampicillin; ATM, aztreonam; CAZ, ceftazidime; CC, clindamycin; CIP, ciprofloxacin; CTX, cefotaxime,
E, erythromycin; FEP, cefepime; GAT, gatifloxacin; GEN, gentamicin; IPM, imipenem; LVX, levofloxacin; MEM, meropenem; MFX, moxifloxacin; NET, netilmicin; OX, oxacillin; P, penicillin G;
PIP, piperacillin; SAM, ampicillin-sulbactam; SXT, trimethoprim-sulfamethoxazole; TET, tetracycline; TIC, ticarcillin; TOB, tobramycin; TZP, piperacillin/tazobactam.

Table 4. Antimicrobial activity of the Cistus extracts against opportunistic pathogenic bacteria and fungi used in this study.

Inhibition Zone Diameter (mm) ? MIC (ug/mL) ¢
Species Strain No. e PR
C. creticus Extract C.- salviifolius TET? C. creticus Extract C. salviifolius TET
Extract Extract
Gram-positive bacteria
Staphylococcus aureus ATCC 29213 184+ 1.1 152+ 09 31.0+0.5 500 1000 0.5(S)
Staphylococcus aureus MRSA-1 29.0+0.8 25.0+ 1.0 NT 500 500 <1(S)
Bacillus cereus FSST-22 13.0 £ 0.5 13.0+0.7 24.6 + 0.6 1000 1000 1(S)
Clostridiumperfringens FSST-24 121+ 05 124+ 1.0 NA 1000 500 NA
Gram-negative bacteria
Klebsiella pneumoniae ATCC 13883 174+ 05 135+ 1.0 21.3+0.2 1000 1000 1(S)
Klebsiella pneumoniae FSST-02 10.5+0.0 10.0 £ 0.5 6.0+ 0.0 2000 2000 128 (R)
Pseudomonas aeruginosa ATCC 27853 12.6 £ 0.9 10.3 £ 0.8 115+ 04 1000 1000 32 (R)
Pseudomonas aeruginosa FSST-21 132 +04 11.0+ 05 73+0.3 500 1000 >16 (R)
Acinetobacter baumannii ATCC 19606 171+ 05 20.5+1.5 17.3 + 0.6 500 500 2(S)
Acinetobacter baumannii FSST-20 23.0+0.8 242+ 0.0 6.0+ 0.0 250 250 64 (R)
AMB MICoy AMB

Yeast
Candida albicans FSST-29 19.3+0.8 232+1.2 21.6 £1.7 500 125 1(S)

2 Diameters of the inhibition zones (in mm) were given for the 6 mm discs impregnated with final concentration of 5 mg/disc of the Cistus extracts. All assays were done in triplicate and
values expressed as mean + SD. P Discs of tetracycline (30 ug) and amphotericin B (10 ug) were used as standards for the disc diffusion assay. ¢ For fungi, MICy values represent the lowest
concentrations that inhibited 90% of fungal growth when compared to the growth without the addition of extracts. Abbreviations: AMB, amphotericin B; TET, tetracycline; NA, not
applicable; NT, not tested; S, susceptible; R, resistant.
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The antimicrobial effect of various extracts, including the aqueous ones, derived from plants of the
Cistaceae family have long been in the focus of scientific interest [72]. Most recently, C. incanus herbal
tea has demonstrated antibacterial and anti-adherent effects against Streptococcus mutans, a causative
agent of caries disease [34]. Moreover, C. ladanifer and C. populifolius leaf aqueous extracts were
found to be active against S. aureus and E. coli (MIC50 from 0.123 to 0.9 mg/mL) [66]. However,
there are only few reports on the investigation of the antimicrobial potency of CC and CS aqueous
extracts. Previously, aqueous extracts obtained via spray-drying from Spanish CS were found to
exhibit significant bacteriostatic and bactericidal effects against S. aureus CECT 59 strain (MIC50
52 + 18 pg/mL) [14]). But, the comparison with the data obtained in our study could not be given due
to the difference in extraction method as well as the S. aureus strain used. Moreover, Giliveng et al.
carried out an antimicrobial study on various extracts from Turkish Cistus species by the disc-diffusion
method, and found very weak activity of CC and CS aqueous extracts against S. aureus ATCC 29,213
and B. cereus 1122 strains [44]. In addition, no effect was observed against P. aeruginosa and C. albicans
in this study:.

4. Conclusions

To our knowledge, this work marks the first study of the phenolic components from aqueous
extracts of two Croatian Cistus species: C. criticus and C. salviifolius. In summary, the results of this study
of two Cistus species from Croatia reveal that both extracts possess prominent antioxidant, antimicrobial,
and antiproliferative potential. Preliminary results of cytotoxic activity were obtained and future
works have to be done to confirm the safety of these extracts. UPLC-MS/MS data obtained from this
study indicate that two Cistus extracts are abundant sources of bioactive compounds—polyphenols.
Additional studies are also needed to characterize and trace the active compounds with the biological
activities of the extracts. The herbal and tea infusions may be an effective auxiliary to prevent or treat
cancers, and further study on the precise mechanisms responsible for the antiproliferative activities of
these herbal and tea infusions is still required. Altogether, the obtained results highlight the importance
of Cistus as a promising source of biologically active phytochemical compounds.
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