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Abstract: Cutibacterium acnes (C. acnes) is the main causative agent of acne vulgaris. The study aims
to evaluate the antimicrobial activity of a natural product, Arctostaphylos uva-ursi leaf extract, against
C. acnes. Preliminary chemical-physical characterization of the extract was carried out by means of FI-IR,
TGA and XPS analyses. Skin permeation kinetics of the extract conveyed by a toning lotion was studied
in vitro by Franz diffusion cell, monitoring the permeated arbutin (as the target component of the
extract) and the total phenols by HPLC and UV-visible spectrophotometry, respectively. Antimicrobial
activity and time-killing assays were performed to evaluate the effects of Arctostaphylos uva-ursi leaf
extract against planktonic C. acnes. The influence of different Arctostaphylos uva-ursi leaf extract
concentrations on the biofilm biomass inhibition and degradation was evaluated by the crystal violet
(CV) method. The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) test was used
to determine the viability of immortalized human keratinocytes (HaCaT) after exposure to Arctostaphylos
uva-ursi leaf extract for 24 and 48 h. Levels of interleukin (IL)-1p, IL-6, IL-8 and tumour necrosis factor
(TNF)-« were quantified after HaCaT cells cotreatment with Arctostaphylos uva-ursi leaf extract and
heat-killed C. acnes. The minimum inhibitory concentration (MIC) which exerted a bacteriostatic action
on 90% of planktonic C. acnes (MICqg) was 0.6 mg/mL. Furthermore, MIC and sub-MIC concentrations
influenced the biofilm formation phases, recording a percentage of inhibition that exceeded 50 and
40% at 0.6 and 0.3 mg/mL. Arctostaphylos uva-ursi leaf extract disrupted biofilm biomass of 57 and 45%
at the same concentrations mentioned above. Active Arctostaphylos uva-ursi leaf extract doses did not
affect the viability of HaCaT cells. On the other hand, at 1.25 and 0.6 mg/mL, complete inhibition of
the secretion of pro-inflammatory cytokines was recorded. Taken together, these results indicate that
Arctostaphylos uva-ursi leaf extract could represent a natural product to counter the virulence of C. acnes,
representing a new alternative therapeutic option for the treatment of acne vulgaris.

Keywords: Cutibacterium acnes; Arctostaphylos uva-ursi leaf extract; antimicrobial activity; biofilm
degradation; anti-inflammatory efficacy

1. Introduction

Acne vulgaris is a multifactorial chronic inflammatory dermatosis of the pilosebaceous
follicles, mainly manifested in adolescents [1]. Although it is not a life-threatening disease,
it has a great social and psychological impact on the patient’s life [2]. Furthermore, it is
estimated to be the eighth most common disease in the world, with 650 million people
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affected [3]. The onset of the disease occurs due to obstruction of the hair follicular
ducts, preventing the release of sebum from the sebaceous glands and the formation of
inflammatory lesions (papules, pustules and nodules) and comedones [4,5]. This condition
determines the occurrence of primary acne, which mainly affects the skin of the face, neck
and upper torso [6]. The prevalence of the disease varies according to age and sex. It is
estimated that about 40% of women aged 14-17 and 37% of males aged 16-19 manifest
pimples [7]. However, there are documented cases of acne in children younger than
9 years [8].

The main bacteria colonizing the sebaceous glands and responsible for the onset of
acne vulgaris are Staphylococcus epidermidis and Cutibacterium acnes (C. acnes) [9]. These
species are cutaneous commensals but in altered skin conditions become invasive [10]. Their
pathogenicity derives from the production of extracellular lipase which hydrolyzes sebum
triglycerides into glycerol and free fatty acids, which contribute to follicular damage [11].
Furthermore, they promote the inflammatory response by stimulating monocytes to secrete
pro-inflammatory cytokines, including interleukin (IL)-1f3, IL-8 and tumour necrosis factor
(TNF)-« [12].

The conventional antibiotics for the treatment of this disorder are for systemic or
topical use [13,14]. The first, reserved for severe acne, include tetracyclines; for topical
use clindamycin, tetracycline and erythromycin are commonly used [15,16]. However,
prolonged and improper use of antibiotics leads to numerous side effects (skin irritation,
redness, skin irritation and hyperpigmentation) and the development of resistant multidrug
microorganisms [17-19]. Therefore, the American Academy of Dermatology recommends
the use of antibiotics limited to the shortest possible times and with a re-evaluation of
the drug every 3—4 months to minimize the onset of resistance [20]. These limitations
have underscored the need to identify new, safe, effective and low-cost acne treatment
strategies [21]. Contextually, the use of natural substrates has aroused considerable interest
in the scientific community for several years [22,23].

Natural products represent a great source of bioactive compounds and have numerous
advantages: (i) minimal side effects in the patient; (ii) use of renewable compounds; (iii) low
production costs compared to synthetic drugs; and iv) reduced propensity to develop drug
resistance [24]. Widely used in ethnopharmacology are the Ericaceae plants [25,26]. This
family is represented, for example, by the bearberry (Arctostaphylos uva-ursi (L.) Spreng), an
evergreen dwarf shrub that colonizes the alpine regions of Europe, Asia and North Amer-
ica [27]. The bearberry leaves are widely used as a diuretic and anti-inflammatory agent to
counteract several urogenital tract diseases [28]. Leaf extracts have also been proposed as
a natural antioxidant additive due to the high content of phenolic compounds [29]. The
latter, present in the raw leaf extract, also showed antiproliferative properties against five
carcinoma cell lines, MCF-7 (estrogen receptor-positive breast cancer), DU-145 (androgen
receptor-negative prostate cancer), HI-29 (colon cancer), SK-MEL-5 and MDA-MB-435
(melanoma; skin cancer) [30].

Current knowledge of the beneficial properties associated with bearberry laid the
foundation for the investigation of the Arctostaphylos uva-ursi leaf extract as an antimicrobial
agent. The effective antibacterial activity associated with a powerful anti-inflammatory
action suggested that Arctostaphylos uva-ursi could represent a promising source for the
treatment of acne vulgaris.

The purpose of this work is a detailed analytical characterization of the extract by
different techniques: Fourier Transform Infrared Spectroscopy (FT-IR) in Attenuated To-
tal Reflectance (ATR), X-ray Photoelectron Spectroscopy (XPS) and Thermo-Gravimetric
Analysis (TGA). The total phenol content (TPC) was determined by the Folin—Ciocalteu
colourimetric method, while a target component (i.e., arbutin) was quantified by High-
Performance Liquid Chromatography (HPLC). Radical scavenging activity was in vitro
investigated by DPPH assay. Moreover, Franz diffusion cell was employed to ascertain the
in vitro permeation capabilities of a toning lotion loaded with Arctostaphylos uva-ursi leaf
extract, monitoring arbutin and TPC in the receptor compartment. Finally, the evaluation
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of antibacterial activity associated with a powerful anti-inflammatory action suggests the
use of Arctostaphylos uva-ursi could as a promising source for the treatment of acne vulgaris.

2. Materials and Methods
2.1. Bacterial Strain, Compounds and Materials

C. acnes ATCC 11827 was purchased from the American Type Culture Collection
(ATCC, Manassas, VA, USA). For bacterial growth, Schaedler Anaerobe broth (casein en-
zymic hydrolysate 5.67 g/L, L-cystine 0.40 g/L, dextrose 5.83 g/L, dipotassium hydrogen
phosphate 0.83 g/L, hemin 0.010 g/L, papaic digest of soybean meal 1.0 g/L, proteose pep-
tone 5.0 g/L, sodium chloride 1.67 g/L, tris hydroxymethyl aminomethane 3.0 g/L, yeast
extract 5.0 g/L) (Condalab, Madrid, Spanish), Schaedler Anaerobe Agar (Oxoid, Thermo
Fischer Scientific, Lowell, MA, USA) and Fastidious Anaerobe Agar (FAA-agar) (peptone
Mix 23.0 g/L, sodium chloride 5.0 g/L, soluble starch 1.0 g/L, sodium bicarbonate 0.4 g/L,
glucose 1.0 g/L, sodium pyruvate 1.0 g/L, cysteine HCl monohydrate 0.5 g/L, hemin
0.01 g/L, vitamin K 0.001 g/L, L-arginine 1.0 g/L, soluble pyrophosphate 0.25 g/L, sodium
succinate 0.5 g/L) (Thermo Fischer Scientific, MA, USA) were used [31,32]. Phosphate
Buffered Saline 1X (PBS 1X) (sodium chloride 8 g/L, potassium chloride 0.2 g/L, dibasic
sodium phosphate 1.44 g/L, monobasic potassium phosphate 0.24 g/L) (Sigma-Aldrich,
Saint Louis, MO, USA) was used to dilute and/or wash bacteria. Arctostaphylos uva-ursi
leaf extract, total hydroquinone derivatives expressed as anhydrous arbutin in the range
19.0-21.0 w/w, was purchased from Farmalabor (Canosa di Puglia, Italy). Arbutin stan-
dard for HPLC analysis, gallic acid (GA), 1,1-diphenyl-2-picrylhydrazyl (DPPH), sodium
carbonate and Folin—Ciocalteu’s phenol reagent were supplied by Sigma Aldrich. The
compound was dissolved in sterile ultrapure water (Sigma-Aldrich, MO, USA) at the final
concentration of 20 mg/mL and stored at —20 °C until use.

2.2. Characterization of Arctostaphylos uva-ursi Extract
2.2.1. FT-IR/ATR Analysis

FT-IR/ATR analysis was performed through a Spectrum Two PE instrument supplied
by PerkinElmer, endowed with a universal ATR accessory (UATR, Single Reflection Dia-
mond/ZnSe). For each sample, FT-IR/ATR spectra were recorded from 400 to 4000 cm ™!
with a 4 cm ™! resolution.

2.2.2. Thermal Analysis

Thermogravimetric analysis (TGA) of Arctostaphylos uva-ursi extract was carried out
using the PerkinElmer TGA-400 analyzer (PerkinElmer Inc., Waltham, MA, USA). Sam-
ples of approximately 5-10 mg were placed in a ceramic crucible and heated under Nj
atmosphere from 30 to 800 °C, with a constant flow rate of 20 °C/min and at a gas flow
of 20 mL/min. Thermograms (TG) and their respective derivative curves (DTG) were
recorded and analyzed by TGA Pyris series software (version 13.3.1.0014, PerkinElmer Inc.,
Waltham, MA, USA).

2.2.3. XPS Characterization

XPS characterization was carried out using a scanning microprobe PHI 5000 Ver-
saProbe II, purchased from Physical Electronics (Chanhassen, MN, USA), equipped with
a micro-focused monochromatized AlKx X-ray source. Specimens were analyzed in HP
mode using an X-ray take-off angle of 45°. The instrument base pressure was set at about
10~Y mbar. Scanned areas of 1400 x 200 um were acquired. Pass energy values equal to
117.4 and 29.35 eV were recorded in the FAT mode for survey scans and high-resolution
spectra, respectively. For high-resolution spectra curve fitting, MultiPak software (ver-
sion 9.9.0.8, Physical Electronics, Chanhassen, MN, USA) was used. The carbon Cls
correction was performed by setting as reference charge (284.8 eV) the adventitious carbon.
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2.2.4. Total Polyphenol Content (TPC) Determination

TPC present in the Arctostaphylos uva-ursi extract was determined in triplicate by the
Folin—Ciocalteu spectrophotometric method, described by Fabiano and coworkers, with
some modifications [33]. Briefly, for the calibration curve, gallic acid (GA) stock solution
at a concentration 5 g/L was prepared by dissolving 0.5 g of GA in 10 mL ethanol and
then bringing to 100 mL with distilled water. Successively, dilutions of this stock solution
were performed to obtain different concentrations of GA (i.e., 100, 150, 250, 500 mg/L).
A 100 pL aliquot of each GA solution was added to 7.9 mL of H,O and 500 L of Folin—-
Ciocalteu reagent. The solution was left for 8 min before being added with 1.5 mL of sodium
carbonate solution (1.9 M). The resulting absorbance was measured spectrophotometrically
using a UV-visible Spectrophotometer UV-1900i (Shimadzu, Kyoto, Japan) against the blank
at 765 nm. The TPC was calculated by referring to the calibration curve and expressed as
mg of gallic acid equivalent per gram of dry extract (GAE/g).

2.2.5. Preparation of a Toning Lotion Loaded with Arctostaphylos uva-ursi Leaf Extract

Toning lotions are water-based formulations usually containing water-soluble active
ingredients, used to remove impurities (pollutants, makeup residues, sebum, etc.), refresh
the skin and balance the natural pH level. When precious botanical extracts are contained
in toning lotions, their action is mainly linked to the extract beneficial properties (astringent,
moisturizing, antiaging action, etc.). In this study, an alcohol-free toning lotion formulation was
produced, employing a simple recipe based on the solubilization of Arctostaphylos uva-ursi leaf
extract in distilled water in a non-cytotoxic and antibacterial effective dose (i.e., 1.2 mg/mL).
Finally, an eco-certified preservative (i.e., a mixture of benzyl alcohol and dehydroacetic acid,
supplied by Zenstore, Salerno, Italy) was added to the lotion at 0.6% w/w.

2.2.6. HPLC Analysis

HPLC (Prominence Series 20 with SPD-M20A PDA detector, Shimadzu, Milan, Italy)
analysis of Arctostaphylos uva-ursi extract was carried out using arbutin as the reference
compound, as previously described [34]. Samples were tested in triplicate, and results
were reported as mean =+ standard deviation. The analytical column used was a Shim-Pack
GIST C18-AQ column (150 mm x 4.6 mm, 5 um Shimadzu) with a mobile phase consisting
of solvent A (85%water) and B (15% methanol), with a flow rate of 1 mL/min, using an
isocratic mode elution at 30 °C and monitoring the effluent at 282 nm. The samples injection
was made through a 20 pL injection loop. The calibration curve was built up by weighing
appropriate amounts of the reference compound dissolved in a mobile phase to obtain the
four desired concentrations (i.e., 1, 5, 25, 100 pg/mL). Finally, results were elaborated by
using the LabSolutions Lite for LC-PDA software (version 5.82, Shimadzu Corporation,
Milan, Italy).

2.2.7. In Vitro Skin Permeation Studies

In vitro skin permeation experiments of Arctostaphylos uva-ursi leaf extract were
carried out using a jacketed Franz diffusion cell (PermeGear Inc., SES GmbH, Bechenheim,
Germany), as reported in a previous study [35]. In detail, 1 mL of toning solution containing
the extract (1.2 mg/mL) was placed in the cell donor compartment in contact with the
synthetic StratM® membrane (Merck KGaA, Darmstadt, Germany). This membrane was
chosen since it possessed a skin-like porosity, diffusivity and composition. An O-ring joint
was put between the donor cell and the membrane, and the whole assembly was fixed with
a stainless-steel clamp to guarantee the tight connection between the two compartments.
The receptor compartment was filled with 5 mL of PBS (pH 7.4) and kept under continuous
agitation by an ATE magnetic stirrer (VELP Scientifica Srl, Usmate, Italy). The temperature
was fixed at 32.00 £ 0.03 °C using a CD-B5 heating circulator bath (Julabo GmbH, Seelbach,
Germany). PBS aliquots of 500 uL were withdrawn after 2, 6 and 24 h, replaced with
fresh PBS, and their arbutin content was assessed by HPLC (Prominence Series 20 with
SPD-M20A PDA detector, Shimadzu, Milan, Italy), as described in the HPLC Analysis



Pharmaceutics 2022, 14, 1952

50f17

Section. Furthermore, at the end of the experiments, the Strat-M® membrane was immersed
in the HPLC mobile phase overnight at 25 °C in order to estimate the arbutin engaged in
the membrane. At the same time points, total polyphenols permeated and retained by the
membrane were also assayed, following the above-reported TPC procedure.

2.3. Kirby—Bauer Disk Diffusion Test

An initial screening to assess the Arctostaphylos uva-ursi leaf extract antimicrobial
susceptibility against C. acnes ATCC 11827 was performed by the Kirby-Bauer disc diffusion
test according to the guidelines of the National Committee on Clinical Laboratory Standards
(NCCLS). In detail, a fresh colony was inoculated in a physiological solution up to a
turbidity of 1 McFarland. The bacterial suspension was uniformly seeded with a sterile
swab on FAA-agar. A blank disc placed on the FAA-agar plate was soaked in 1 mg of extract
(UV), while a blank disc soaked in H,O was used as solvent control (S). Benzylpenicillin
(1 pg) (Thermo Fisher Scientific, Waltham, MA, USA) was used as antibiotic control (PG).
The plates were incubated at 37 °C for 48 h in an anaerobic environment. After incubation,
the diameters of the areas of inhibition were measured.

2.4. Determination of the Minimum Inhibitory Concentration (MIC)

The Arctostaphylos uva-ursi leaf extract antibacterial activity was evaluated through
the plate microdilution test according to the guidelines of the Clinical and Laboratory
Standards Institute (CLSI). Briefly, a colony of C. acnes grown on Schaedler agar plate
was inoculated in Schaedler broth and incubated in an anaerobic environment at 37 °C
overnight (ON). Then, the inoculum was diluted in 15 mL of fresh medium and incubated
until the optical density (OD) at 600 nm of 0.5. The bacterial suspension was diluted
to5 x 107 CFU/mL, and 100 puL was added to each well, obtaining a final density of
2.5 x 107 CFU /well. Meanwhile, Arctostaphylos uva-ursi leaf extract was serially diluted in
PBS 1X in a concentration range from 10 to 0.07 mg/mL. Vancomycin (10 pg/mL) was used
as an antibiotic control (CTRL +) and H,O as a solvent control (CTRL —) Subsequently, the
plates were incubated at 37 °C in anaerobiosis, and the growth rate was evaluated after
48 h using a microplate reader (Tecan, Mannedorf, Switzerland).

2.5. Time-Killing Assay

To better understand the Arctostaphylos uva-ursi leaf extract kinetics of action in C. acnes
planktonic cells, the time killing test was performed in accordance with the American
Society for Testing and Materials International (ASTM) standard guidelines. Concentrations
of 1.25 (2 x MIC), 0.6 (MIC) and 0.3 (} x MIC) mg/mL, and 2.5 x 107 CFU/mL of bacteria
was added to the Schaedler broth in a final volume of 2 mL/tube. Vancomycin (10 pug/mL)
and bacteria treated with the solvent used to dissolve the extract (H,O) were used as CTRL
+and CTRL —, respectively. The bacterial suspension was incubated at 37 °C under orbital
shaking (180 rpm) in an anaerobic environment. After the incubation period (0, 3, 6, 9
and 20 h), a 100 pL aliquot of bacterial suspension was serially diluted and plated on
Schaedler-agar plates. The plates were incubated at 37 °C for 48 h in anaerobiosis, and the
colonies were counted to define CFU/mL [36].

2.6. LIVE/DEAD Staining

Bacteria treated with various concentrations of Arctostaphylos uva-ursi leaf extract as
described in Section 2.3 were examined for cell viability using a BacLight LIVE/DEAD
staining kit (Invitrogen, Carlsbad, CA, USA). According to the manufacturer’s instructions,
equal volumes of SYTO® 9 and propidium iodide (PI) were mixed and added to each well
of the 96-well plate. The samples were incubated for 15 min in the dark at room temperature
and observed under a fluorescence microscope. Images were acquired through the Nikon
ECLIPSE Ti2-U (Nikon Europe B.V., Amsterdam, The Netherlands) inverted fluorescence
microscope with beam settings for FITC, TRITC and merged.
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2.7. Biofilm Inhibition and Degradation

The ability of Arctostaphylos uva-ursi leaf extract to affect biofilm formation and degrade
the mature matrix was evaluated using the crystal violet (CV) assay. Briefly, a bacterial
inoculum was diluted in a Schaedler broth supplemented with 1% glucose at a final
density of 5 x 108 CFU/mL. Regarding biofilm inhibition, a volume of 100 pL of bacterial
suspension was transferred to each well of a 96-well plate, and 100 pL of fresh medium
supplemented with Arctostaphylos uva-ursi leaf extract (10-0.07 mg/mL) was added. The
suspension was incubated at 37 °C for 72 h in an anaerobic environment and under static
conditions. For the mature biofilm degradation, the bacterial suspension was previously
incubated at 37 °C for 72 h in an anaerobic environment and under static conditions. Then,
non-adherent cells were removed through two PBS1X washes, and Arctostaphylos uva-ursi
leaf extract (10-0.07 mg/mL) was used to treat the mature biofilm for 24 h. Biofilms treated
with solvent (HyO) and treated with vancomycin (20 pg/mL) constituted the CTRL — and
CTRL +, respectively. After treatment, residual planktonic cells were removed, and the
biofilm was washed twice with PBS1X. Biofilm biomass was quantified by adding 100 uL
of 0.01% CV to each well for 30 min at room temperature under orbital shaking. The excess
CV was removed and then solubilized with 98% ethanol for 40 min at room temperature
under orbital shaking. The absorbance values at 570 nm were obtained using a microplate
reader (Tecan, Mannedorf, Swiss) [37].

2.8. Cytotoxicity and Hemolysis Profile

Cultured Human Keratinocyte (HaCaT) cells were used to evaluate the cytotoxicity of
Arctostaphylos uva-ursi leaf extract by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay [38,39]. Cells were cultured in DMEM (Thermo Fisher Scientific,
Waltham, MA, USA), supplemented with 1% penicillin-streptomycin and 10% fetal bovine
serum (Thermo Fisher Scientific, Waltham, MA, USA), at 37 °C with 5% CO, in a humid
environment. A density of 2 x 10* cells/well was seeded into 96-well plates and incubated
for 24 h. Arctostaphylos uva-ursi leaf extract was tested in a concentration range between
10 and 0.07 mg/mL. Cells treated with solvent (H,O) and cells treated with 100% DMSO
represented CTRL — and CTRL +. After 24 and 48 h of treatment, 100 uL of MTT solution
was added to each well for 3 h at 37 °C. Then, the formazan crystals were solubilized
by adding 100 pL of 100% DMSO, and the viability rate was recorded at OD at 570 nm,
using a microplate reader (Tecan, Mannedorf, Switzerland). The Arctostaphylos uva-ursi leaf
extract haemolytic activity was determined using fresh human erythrocytes from healthy
donors [40]. Briefly, 25 mL of blood was centrifuged, and the erythrocytes were washed
three times with a NaCl solution (150 mM). Then, the blood was diluted at 1:50 in PBS 1X
pH 7.4, and 180 puL of erythrocyte solution was added to the well of a conical bottom 96-well.
Arctostaphylos uva-ursi leaf extract was added at the same concentrations mentioned above;
solvent (HO) and TritonX 0.1% solution represented CTRL — and CTRL +. The samples
were incubated under orbital shaking at 37 °C for 60 min and subsequently centrifuged
at 500 rpm for 5 min. Haemoglobin release was monitored by measuring the OD of the
supernatant at 540 nm.

The selectivity index (SI) of the Arctostaphylos uva-ursi was calculated through the ratio
between CCs and MICsg. Values greater than 3 render the compound rising for in vivo
investigation.

2.9. Enzyme-linked Immunosorbent Assay (ELISA)

To evaluate the Arctostaphylos uva-ursi leaf extract anti-inflammatory proprieties, C. acnes
fresh colonies were suspended in 5 mL of PBS1X at the final concentration of 5 x 108 CFU/mL.
The bacteria suspension was incubated at 80 °C for 30 min, and the heat-killed C. acnes was
stored at 4 °C until use. Meanwhile, 3 x 10° HaCaT cells were seeded in a 12-well and
incubated for 24 h. The following day, cells were stimulated by heat-killed C. acnes and
(1.2 x 107 CFU/mL, MOI = 20) and 1.25 (2 x MIC), 0.6 (1 x MIC) and 0.3 (5 x MIC) mg/mL
of Arctostaphylos uva-ursi leaf extract were added. LPS (10 ng/mL) was used as CTRL+,
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while untreated cells and cells treated with heat-killed C. acnes, as an anti-inflammatory (cell)
and pro-inflammatory (bact) control. After 24 h, the supernatants of the culture medium
were collected for the quantification of the pro-inflammatory cytokine. Levels of IL-8, IL-6,
IL-1B and TNF-a were analyzed using a sandwich enzyme-linked immunosorbent assay
kit (ELISA) according to the manufacturer’s instructions (Elabscience, Houston, TX, USA).
The absorbance was quantified at 490 nm using a microplate spectrophotometer (Tecan,
Minnedorf, Switzerland).

2.10. Antioxidant Activity

The free radical scavenging activity was evaluated by the 2,2-diphenyl-1-picrylhydrazyl
(DPPH -) assay [41]. Briefly, Arctostaphylos uva-ursi leaf extract was serially diluted in a
concentration range of 10-0-0.005 mg/mL and mixed with 50 uM of DPPH in methanol.
Ascorbic acid (5 mg/mL) and methanol were used as CTRL + and CTRL —. The antioxidant
activity was evaluated by reading the absorbance at 517 nm for 15 min and the percentage
of Radical Scavenging Activity (RSA) was calculated according to the formula:

RSA (%) = (1 — (Absorbance sample)/(Absorbance control)) x 100

2.11. Statistical Analysis

All experiments were performed in triplicate. The data from each experiment represent
the mean (SD) of three biological replicates. The ordinary one-way ANOVA, Dunnett’s
multiple comparison test and cytotoxic concentration 50% (CCsg) were performed using
GraphPad Prism ver. 8.4.0 for macOS (Software GraphPad, San Diego, CA, USA, www.
graphpad.com (accessed on 3 March 2020). Values were considered significant with a
p-value < 0.05.

3. Results
3.1. Chemical-Physical Characterization of Arctostaphylos uva-ursi Leaf Extract

In Figure 1A, the FTIR spectra of the Arctostaphylos uva-ursi leaf extract and its main
component (arbutin) are reported. The peaks at 1509, 1210, 1127 and 830 cm-1 (see asterisks
in Figure 1A) can be correlated to the presence of arbutin, containing an aromatic ring.
The other peaks could be ascribable to the carbohydrate fraction present in the extract.
In Figure 1B, the thermogram (TG) and the derivative thermogram (DTG) traces of the
extract and its target molecule, i.e., arbutin, recorded in a nitrogen atmosphere, were
reported. Analyzing the extract, a water/volatiles content equal to 5.6%; successively can
be observed. The first thermal event, with a peak temperature centered at 215 °C, within
the range 160-260 °C, corresponds to a weight loss of 23.8%. Then, a second broadened
thermal event was centered at 298 °C, in the range 260-475 °C (29.5% weight loss) and a
third centered at 533 °C in the range 477-600 °C (13.2% weight loss). The residue at 600 °C
was equal to 27.8%, denoting a high content of a highly stable and/or inorganic fraction.
Pure arbutin was also analyzed, evidencing the following features: (i) no water/volatiles
content was detected; (ii) two sharps but partially overlapped thermal events fell at 312 and
331 °C, thus indicating that the arbutin decomposition fell in the thermal event ranging in
260-475 °C of the extract; and (iii) a residue at 600 °C equal to 9.3%.

XPS analysis of Arctostaphylos uva-ursi leaf extract revealed a surface chemical composi-
tion based on oxygen (36.2%), carbon (58.5%) and silicon (5.3%). The silicon presence could
be probably responsible for the inorganic fraction detected in the extract by TGA. Moreover,
in Figure 2 the Cls high-resolution spectrum curve-fitting was reported, evidencing a high
C—OH content (45.8% of the total carbonaceous species), indicative of a high abundance of
phenolic species in the extract, as well as carbohydrates, (hemi-)celluloses, lignin and other
important components (flavonoids, tannins, etc.). Moreover, a small but clearly detectable
amount of COOR groups could be related to the presence of some important organic acids,
such as ursolic acid, tannic acid, gallic acid, etc. [27]. The C1s curve fitting of arbutin also
evidenced a 55.6% contribution of C-OH, as previously reported [34]. The presence of
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saccharides’ structures, present both in the glycosylated hydroquinone (i.e., arbutin) and in
the cellulosic moieties, were additionally evidenced by the detection of hemiacetal groups
(O-C-0) at 288.0 eV.
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Figure 1. FT-IR/ATR spectra (A) and TG/DTG (solid lines/dashed lines) curves (B) of Arctostaphylos
uva-ursi leaf extract (black lines) and arbutin (red lines). In panel (A), the asterisks (*) refer to the
main arbutin peaks evident in the extract.
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CHx 284.8 41
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Figure 2. Curve fitting of the high-resolution C1s spectrum and the relevant attributions, BEs values
and At%. The uncertainty on the BEs was £0.2 eV.

3.2. Total Phenol Content (TPC)

The TPC evaluation for the toning lotion based on Arctostaphylos uva-ursi extract expressed
as mg of gallic acid equivalent GAE/g of the dry extract was equal to 315 + 15 GAEq/g. The
obtained result indicates that the extract employed in this work possesses a total phenol content
slightly higher than the Arctostaphylos uva-ursi extract TPC values reported in the literature.
Indeed, Asensio et al. studied 80 plants sampled in autumn 2014, obtaining TPC values in the
range 103-206 GAEq/g and in 2015 in the range 110-201 GAEq/g [29]. Azman et al. found
a TPC of about 102 GAEq/g, using 50:50 v/v EtOH: H,O as extraction solvent [27]. Pegg
et al. reported a TPC for 95% (v/v) ethanol extraction of Arctostaphylos uva-ursi of the same
order of magnitude as the values we observed (i.e., 312 GAEq/g) [42]. Finally, Sugier et al.
reported that the extract from the Arctostaphylos uva-ursi leaves collected in the heathlands and
in the pine forests exhibited TPC values in the range 285.85-318.28 and 257.51-306.57 GAEq/g,
respectively [43].

3.3. Franz Cell Permeation Tests

As far as the HPLC analysis, a calibration curve of arbutin standards in the concentra-
tion range of 1-100 ug/mL was built up and subsequently HPLC analysis of the extract was
carried out by monitoring the arbutin peak. The chromatogram obtained for Arctostaphylos
uva-ursi extract showed a peak at the retention time of 2.8 min corresponding to arbutin.
The toning lotion prepared at a concentration equal to 1.2 mg/mL of the extract, was found
to contain 170 & 20 ug/mL of arbutin. As far as the permeation tests from the toning lotion
containing Arctostaphylos uva-ursi leaf extract are concerned, the kinetics of arbutin and
total phenols permeated in PBS up to 24 h are reported in Figure 3A,B, respectively. It is
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interesting to highlight that the permeated amount at 24 h represents 29 + 4% of the total
arbutin in the toning lotion. No arbutin adsorbed on the membrane was detected. The total
phenol content permeated at 24 h represents 19 £ 1% of the total amount present in the
toning lotion. On the other hand, the total phenol content detected on the membrane was
found to be equal to 49.7 & 1.5 GAE/g.
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Figure 3. Franz cell permeation kinetics of arbutin (A) and total phenols (B) detected by HPLC and
the Folin—Ciocalteu spectrophotometric method, respectively.

3.4. Antibacterial Activity on Planktonic C. acnes

The antibacterial screening of Arctostaphylos uva-ursi leaf extract was evaluated by
Kirby-Bauer disk diffusion and broth microdilution assays. Both methods indicated an
important antibacterial effect exhibited by the Arctostaphylos uva-ursi leaf extract against
C. acnes ATCC 11827 planktonic cells. The inhibition area obtained from 1 mg of the
compound was 24.0 = 1.2 mm, while no sensitivity was verified following treatment
with the solvent (H,O) used to dissolve the compound (S). On the other hand, the area
of inhibition obtained after treatment with 1 pg Piperacillin (PG) was 32.0 £ 0.9 mm
(Figure 4A). To define the MIC value, a dose-response curve was obtained after exposure
to Arctostaphylos uva-ursi leaf extract in concentrations ranging from 10 to 0.07 mg/mL.
The extract showed a performing bacterial activity, exhibiting MICsy and MICy values
of 0.21 and 0.6 mg/mL, respectively. At lower concentrations, a gradual reduction of the
inhibitory effect was verified (Figure 4B). The understanding of the Arctostaphylos uva-ursi
leaf extract kinetic action against C. acnes was obtained by time-killing assay. The data
obtained showed exponential bacterial growth over time after treatment with the solvent
(CTRL —) and with 0.3 mg/mL of Arctostaphylos uva-ursi leaf extract (% x MIC). Exposure
to 1.2 (2 x MIC) and 0.6 (1 x MIC) mg/mL maintained the bacterial load constant over
time, suggesting a bacteriostatic action. On the other hand, 6 h of exposure to 10 ug/mL of
Vancomycin (CTRL +) induced a gradual reduction of the bacterial load, and no living cells
were detected after 20 h of treatment (Figure 4C).

B [+
120 = 4sh 1x1010 Cem
R -
100 H CTR+
1x10° A
< 8 L 12XMIC
H E o 1XMIC
fw 2 1x1 ' e
® 40 —
. 1%107- T
20 L
TR TR, B S S S )
R N 770 07 97N S T
Y UV (mg/mL)

Figure 4. (A) Diameter of the inhibition area exhibited by C. acnes ATCC 11182 after exposure with
Arctostaphylos uva-ursi leaf extract (1 mg); piperacillin (1 ug) was used as antibiotic control (PG) while H,O
as solvent control (S); (B) growth inhibition rate (%) of C. acnes after Arctostaphylos uva-ursi leaf extract
treatment; (C) time-kill kinetics assay; CTRL —: bacteria treated with the solvent used to dissolve the drug;
CTRL +: bacteria treated with vancomycin (10 ug/mL). Data represent the mean =+ standard deviation
(SD) of three independent experiments; ****: p-value< 0.0001; *: p-value = 0.0475. ANOVA: p-value < 0.0001,
R squared = 0.9978.
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3.5. Fluorescence Microscopy of Live/Dead Cells

To observe the induced bacterial damage, C. acnes cells were treated with 1.2 (2 x MIC),
0.6 (1 x MIC), 0.3 (% x MIC) mg/mL of Arctostaphylos uva-ursi leaf extract for 48 h and
then observed under fluorescence microscopy after staining with PI and SYTO 9. The
images obtained showed two types of staining: (i) C. acnes cells with membrane damage
in a red fluorescence, which were considered dead; and (ii) cells with intact membrane
showing green fluorescence. BacLight LIVE/DEAD results were reported in Figure 5. Cells
treated with Arctostaphylos uva-ursi leaf extract at 1.2 and 0.6 mg/mL (A-F) showed intense
red staining compared to untreated bacteria (M-O), confirming the antibacterial efficacy
obtained in previous assays. At the concentration of 0.3 mg/mL, a decrease in cell damage
was recorded, increasing the number of live cells stained green (G-I). No viable cells were
observed following treatment with vancomycin, which represented the positive control,
with bactericidal action (J-L).

3.6. Effect of Arctostaphylos uva-ursi on C. acnes Biofilm

Biofilm formation is one of the main virulence factors of C. acnes; therefore the activity
of Arctostaphylos uva-ursi leaf extract on the forming and preformed biofilm was evaluated.
Biofilm biomass was quantified using CV in response to treatment in a concentration range
between 10 and 0.07 mg/mL. After 72 h of incubation, Arctostaphylos uva-ursi leaf extract
inhibited biofilm formation by 73 to 27% at concentrations of 10 to 0.07 mg/mL. In detail,
the compound induced inhibition of 50 and 46% compared to the untreated biofilm (CTRL
—) at the dose of 0.6 and 0.3 mg/mL, respectively (Figure 6A). On the other hand, the
biofilm eradication involved 72 h of mature matrix formation and subsequently 24 h of
treatment with Arctostaphylos uva-ursi leaf extract in the concentration range mentioned
above. Mature biofilm was destroyed in a dose-dependent manner from 78 to 9%, recording
an eradication rate of 57 and 45% at 0.6 (1 x MIC) and 0.3 (3 x MIC) mg/mL, respectively.
There were no significant changes in the biofilm matrix at concentrations below 0.15 mg/mL
(Figure 6B).

3.7. Cytotoxicity Profile

Cell viability was assessed using the HaCaT cell line after 24 and 48 h of Arctostaphylos
uva-ursi leaf extract exposure in a concentration range between 10 and 0.07 mg/mL. The
cytotoxic effect increased in a dose-dependent manner, showing a mortality rate of 50%
at 5 mg/mL, after 24 h of treatment. In a dose range between 1.25 and 0.07 mg/mL,
Arctostaphylos uva-ursi leaf extract did not affect cell viability, recording a live cell rate of
more than 80%. No alteration was verified in cellular treatment with the solvent (H,O)
used to dissolve the compound (CTRL —), while 99% cell mortality was detected by
treating HaCaT with 100% DMSO (CTRL +) (Figure 7A). Furthermore, the 50% cytotoxic
concentration value (CCsp), calculated from the dose-effect curves by non-linear regression
analysis, was 4.2 mg/mL and 3.6 mg/mL after 24 and 48 h. The calculated SI-value was
17.2, suggesting Arctostaphylos uva-ursi as a favorable extract for in vivo investigations. The
toxicity profile was confirmed by the hemolysis assay, recording 46 and 35% of erythrocyte
lysis after treatment with 5 and 2.5 mg/mL of the compound. At lower concentrations, no
relevant hemolysis was detected. (Figure 7B).

3.8. Induction of Inflammatory Cytokines by C. acnes In Vitro

To investigate the anti-inflammatory effects of Arctostaphylos uva-ursi leaf extract in
C. acnes-treated HaCaT cells, ELISA assays were performed to quantify the pro-inflammatory
cytokines. The cell line was incubated with increasing doses of Arctostaphylos uva-ursi leaf
extract and heat-killed C. acnes for 24 h. Treatment with the extract significantly sup-
pressed cytokine production. In detail, cells exposed to C. acnes secreted 530, 480, 1300
and 600 pg/mL of IL-1f3, IL-6, IL-8 and TNF-«, respectively. On the other hand, treatment
with 0.6 mg/mL (1 x MIC) resulted in a decrease in proinflammatory cytokines almost
comparable to untreated cells, recording a fold-reduction of 1.8, 1.9, 2.27, 5.4 for IL-1f3, IL-6,
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IL-8 and TNF-«, respectively. At lower concentrations, a slight increase in cytokines was
recorded (Figure 8).

SYTO 9 Pl Merged

Figure 5. C. acnes LIVE/DEAD BacLight staining after treatment with Arctostaphylos uva-ursi leaf extract
observed under a fluorescence microscope: (A-C) treatment at 1.2 mg/mL; (D-F) treatment at 0.6 mg/mL;
(G-I) treatment at 0.3 mg/mL; (J-L) treatment with vancomycin at 5 ug/mlL; (M-O) untreated bacteria.
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Figure 6. Effect of Arctostaphylos uva-ursi leaf extract on the forming (A) and mature (B) biofilm of
C. acnes after treatment at the concentration range of 10-0.07 mg/mL. Data represent the mean =+ standard
deviation (SD) of three independent experiments; **** p-value< 0.0001; *** p-value = 0.0007; ns p-value > 0.05;
ANOVA: p-value < 0.0001, R squared = 0.9925.
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Figure 7. (A) HaCaT cytotoxicity after 24 and 48 h of treatment with Arctostaphylos uva-ursi leaf
extract. (B) In vitro hemolysis assay after erythrocyte exposure to Arctostaphylos uva-ursi leaf extract.
The data represent the mean + SD. CTRL —: cells treated with the solvent used to dissolve the drug;
CTRL+: DMSO used at toxic concentrations (100%) for MTT assay and TritonX 0.1% for hemolysis assay.
Dunnett’s multiple comparisons test: **** p-value < 0.0001; ** p-value = 0.0061; * p-value = 0.0301; ns
p-value > 0.05. Ordinary one-way ANOVA: p-value < 0.0001, R squared = 0.9984.

A B
900 = 2 900 sk (=)
800+ il 800

g 7004 - E 700
3 600 2 e00
a 500 5 500
2 400+ £ 400
300 ? 30
200 200
100 100
o- [

AN x Y Y 9 S > x ] < O ol

< O & & F PR NN N

CAICANA < < +\‘* d_x" _\_\“ &
N ¥ &
c D
900 FokKK
= oan 200 ——=
? 3 1500 hiid
5 E
s 2
g g 1000
500
N ¢ & & & 0
> x X9 N x O O O &
ISR R R L S ¢ ¢ e
gt © AR S
N L) RS

Figure 8. Effects of Arctostaphylos uva-ursi leaf extract on pro-inflammatory cytokine production in C. acnes-
stimulated HaCaT cells. Cells were co-incubated with the compound at 1.2, 0.6 and 0.3 mg/mL and
heat-killed C. acnes, for 24 h. The cells treated with LPS (10 ug/mL) represent the CTRL+ while untreated
cells and cells treated with heat-killed C. acnes represent anti-inflammatory (Cell) and pro-inflammatory
(Bact) control. The culture supernatants were subsequently isolated and analyzed for the production of
IL-1B (A); TNF-« (B); IL-6 (C) and IL-8 (D). Data represent the mean =+ standard deviation (SD) of three
independent experiments; **** p-value< 0.0001; *** p-value = 0.0004; ** p-value = 0.0013; * p-value = 0.0311;
ns p-value > 0.05. ANOVA: p-value < 0.0001, R squared = 0.9815.
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3.9. Antioxidant Activity

The antioxidant potential of Arctostaphylos uva-ursi leaf extract was investigated by
evaluating the discoloration of DPPH:, a free radical that accepts an electron or hydrogen
radical to become a stable molecule. Then, the percentage of RSA was calculated in the
concentration range from 10 to 0.005 mg/mL. Arctostaphylos uva-ursi leaf extract already
showed a performing antioxidant power after 15 min, recording radical scavenging effects
of over 80% up to 0.03 mg/mL. On the other hand, considering that arbutin contained
in 0.03 mg/mL was about 0.006 mg/mL, at this concentration arbutin alone produced a
weak radical scavenging activity (i.e., 13%). However, as shown by Takebayashi et al.,
arbutin may show its radical-scavenging effect in a long-lasting manner and therefore its
antioxidant activity, evaluated after 15 min, is underestimated [44]. A linear reduction was
observed at concentrations of 0.01 and 0.005 mg/mL, with an RSA rate of 55 and 43%,
respectively (Figure 9).

120
ook B 15 min

100+
80—
60—

% RSA

40

‘X Q0 9P 0P 0Q O PP
R N T Q‘QQ%%% S

UV (mg/mL)

Figure 9. Free radical scavenging activity of Arctostaphylos uva-ursi leaf extract. Ascorbic acid
(5 mg/mL) and Methanol represent the CTRL + and CTRL —, respectively. DPPH assay represents
the mean =+ standard deviation (SD) of three independent experiments. **** p-value < 0.0001; ANOVA:
p-value < 0.0001; R squared = 0.9980.

4. Discussion

Currently, multi-drug resistance and the side effects associated with the use of conven-
tional drugs require the need to search for new potential sources to fight C. acnes infections
[45]. Traditional herbal medicines could represent promising approaches to overcome
the limitations associated with the use of existing drugs for acne vulgaris treatment [46].
Therefore, the present study evaluated the Arctostaphylos uva-ursi leaf-extract ability to
fight C. acnes in three different properties: (i) antimicrobial potential; (ii) anti-inflammatory
properties; and (iii) antioxidant activity.

A preliminary analytical characterization was performed to gain information about the
chemical-physical properties of the investigated extract. Arbutin was chosen as the target
molecule in the Arctostaphylos uva-ursi detection due to its high concentration in the vegetal
extract. FT-IR/ATR and XPS analyses clearly evidenced the presence of arbutin, as well as
the characteristic spectrum relevant to a complex mixture of molecules/macromolecules
of vegetal origin (such as carbohydrates, (hemi-) celluloses, lignin, etc.). Moreover, TGA
was used to evaluate the thermal stability of the extract; the detected thermal properties
revealed a high thermal stability of the extract (Tonset > 150 °C), which makes it suitable for
pharmaceutical and/or cosmetic preparations where heating is required.

As far as the Franz cell studies are concerned, the obtained results evidenced that the
release and permeation of the different extract compounds followed different pathways.
However, it can be concluded that the developed toning lotion carried the Arctostaphylos
uva-ursi components across the StratM® membrane with a noticeable percentage.

Arctostaphylos uva-ursi leaf extract showed a significant inhibitory effect on the growth
of C. acnes, exhibiting an inhibition area of 24 mm and a bacteriostatic action of up to
0.6 mg/mL. Our results were consistent with the literature data, although differences
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were found due to growth condition variations and/or bacterial strains investigated. In
detail, Hassan et al. reported an inhibition diameter between 15 and 30 mm and an
MIC-value between 5 and 1.25 mg/mL against Escherichia coli (E. coli), Aeromonas caviae,
Bacillus Cereus, Micrococcus luteus, Mycobacterium avium and Paenibacillus alvei [47]. The
antimicrobial potential could result from polyphenols, which are secreted by plants as a
defense mechanism against pathogens. For Arctostaphylos uva-ursi leaf extract, it could
be associated with the arbutin that represents the main extract component (it makes up
7% to 9% of the leaves) and is already known to exhibit antimicrobial activity [48,49].
Moreover, Arctostaphylos uva-ursi was also described to be active against E. coli and possess
diuretic properties [50,51]. A study on urinary tract infection prevention reported that
18% (27 individuals) and 0% (30 individuals) of women who were given, respectively,
placebo and Arctostaphylos uva-ursi in combination with dandelion root and leaf developed
urinary tract infections [50]. In the second set of experiments, we investigated the action
of Arctostaphylos uva-ursi leaf extract against the formation and maturation of C. acnes
biofilm. The CV assay indicated a strong inhibitory and degradative activity on the biofilm
matrix. In detail, biomass degradation exceeded 50% and 40% in response to treatment
with 1 x MIC and % x MIC, thus reaching the deeper layers of a mature biofilm.

In acne inflammation pathogenesis, C. acnes plays an important trigger role through
IL-6 and IL-8 secretion by follicular keratinocytes and IL-13, TNF-«, IL-8 and IL-12 by
monocytes [52,53]. IL-8, a CXC-type chemokine, is a pro-inflammatory chemotactic factor
that primarily affects neutrophils [50]. TNF-«, IL-6 and IL-1p are inflammatory molecules
involved in both acute and chronic inflammatory acne [54]. Patients suffering from acne
vulgaris presented high levels of IL-8 in peripheral blood mononuclear cells and remark-
able expression of IL-6 and IL-8 in keratinocytes [55]. Since these mediators aggravate the
initial acne lesion by increasing the inflammatory state, we evaluated whether Arctostaphy-
los wva-ursi leaf extract could inhibit the secretion of the pro-inflammatory cytokines in
HaCaT cells infected with C. acnes. Our evidence showed strong induction of C. acnes
to the secretion of IL-1(3, TNF-«, IL-8 and IL-6 in keratinocytes [56]. In co-presence with
Arctostaphylos uva-ursi leaf extract bacterium, a marked cytokine suppressive effect was
recorded, demonstrating a strong anti-inflammatory effect associated with the antibacte-
rial properties mentioned above. Consistent with our findings, a study by Weber et al.
screened ninety-nine herbal extracts by evaluating their TLR2- and TLR4-dependent anti-
inflammatory effects in THP-1 monocytes. Among these, Arctostaphylos uva-ursi leaves,
Castanea sativa leaves, Cinchona pubescens bark, Cinnamomum verum bark, Salix alba bark,
Rheum palmatum root, Alchemilla vulgaris plant, Humulus lupulus cones, Vaccinium myrtillus
berries and Curcuma longa root showed the highest anti-inflammatory properties, suppress-
ing the production of proinflammatory cytokines. In detail, Arctostaphylos uva-ursi inhibited
LPS-induced NF-«B translocation, suppressed TNF-« secretion and induced IL-10 release
in macrophages, indicating a transition from M1 macrophages (pro-inflammatory) to M2
macrophages (anti-inflammatory) [57]. The predominant molecule responsible for the
antioxidant anti-inflammatory activity is arbutin, which reduces the secretion of IL-13 and
TNEF-o and other related genes, such as the chemotactic protein monocyte-1 and IL-6 [58].
Finally, considering the growing interest in “green production” and in research of natural
antioxidants, the radical scavenging activity of Arctostaphylos uva-ursi leaf extract was
determined by DPPH assay. The high percentage of RSA obtained up to a concentration
of 0.15 mg/mL indicated a performing antioxidant potential, attributable to the high phe-
nol content in Arctostaphylos uva-ursi leaves, as confirmed by the high levels of phenolic
compounds detected in the extract (315 GAEq/g).

Considering this information, Arctostaphylos uva-ursi can be considered a valuable
plant source for the pharmaceutical and cosmetic fields. Considering that C. acnes in recent
years has shown a worrying increase in resistance to erythromycin, clindamycin, doxycy-
cline, tetracycline, trimethoprim /sulfamethoxazole, levofloxacin and minocycline [59], the
discovery of green alternative sources as antimicrobial and anti-inflammatory agents for the
Acne vulgaris treatment could overcome the limitations associated with C. acnes multidrug
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resistance and mitigate the side effects of conventional medications. Furthermore, the
high phenol content could make Arctostaphylos uva-ursi a promising natural antioxidant
additive in herbal preparations. Nevertheless, further investigation to better understand
the Arctostaphylos uva-ursi mechanism of action against C. acnes and to designate additional
inflammatory targets will be necessary.

Author Contributions: Conceptualization, ED.; methodology, S.C.; software, R.D.M.; validation, F.B.;
formal analysis, V.E; investigation, G.F,; data curation M.G.; writing—original draft preparation,
E.D.G.; writing—review and editing, A.D.E,; visualization, M.G.; supervision, G.EF,; project adminis-
tration, A.D.F,; funding acquisition, E.D.G. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available herein.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Aydemir, E.H. Acne vulgaris. Turk. Arch. Pediatrics 2014, 49, 13-16. [CrossRef] [PubMed]

2. Balch, C.M,; Riley, L.B.; Bae, Y.J.; Salmeron, M.A_; Platsoucas, C.D.; von Eschenbach, A.; Itoh, K. Patterns of human tumor-
infiltrating lymphocytes in 120 human cancers. Arch. Surg. 1990, 125, 200-205. [CrossRef]

3. Tan, J.K.L.; Bhate, K. A global perspective on the epidemiology of acne. Br. ]. Dermatol. 2015, 172 (Suppl S1), 3—12. [CrossRef]
[PubMed]

4. Tan, A.U.; Schlosser, B.J.; Paller, A.S. A review of diagnosis and treatment of acne in adult female patients. Int. ]. Womens Dermatol.
2018, 4, 56-71. [CrossRef] [PubMed]

5.  Toyoda, M.; Morohashi, M. Pathogenesis of acne. Med. Electron Microsc. Off. ]. Clin. Electron Microsc. Soc. Jpn. 2001, 34, 29-40.
[CrossRef] [PubMed]

6. Lolis, M.S.; Bowe, W.P,; Shalita, A.R. Acne and systemic disease. Med. Clin. 2009, 93, 1161-1181. [CrossRef] [PubMed]

7. Collier, C.N.; Harper, ].C.; Cafardi, J.A.; Cantrell, W.C.; Wang, W.; Foster, K.W.; Elewski, B.E. The prevalence of acne in adults 20
years and older. |. Am. Acad. Dermatol. 2008, 58, 56-59. [CrossRef] [PubMed]

8. Frénard, C.; Mansouri, S.; Corvec, S.; Boisrobert, A.; Khammari, A.; Dréno, B. Prepubertal acne: A retrospective study. Int. J.
Womens Dermatol. 2021, 7, 482-485. [CrossRef]

9. Claudel, J.-P;; Auffret, N.; Leccia, M.-T.; Poli, E;; Corvec, S.; Dréno, B. Staphylococcus epidermidis: A Potential New Player in the
Physiopathology of Acne? Dermatology 2019, 235, 287-294. [CrossRef]

10. Byrd, A.L.; Belkaid, Y.; Segre, ].A. The human skin microbiome. Nat. Rev. Microbiol. 2018, 16, 143-155. [CrossRef]

11.  Mayslich, C.; Grange, P.A.; Dupin, N. Cutibacterium acnes as an Opportunistic Pathogen: An Update of Its Virulence-Associated
Factors. Microorganisms 2021, 9, 303. [CrossRef]

12.  Fang, F; Xie, Z.; Quan, J.; Wei, X.; Wang, L.; Yang, L. Baicalin suppresses Propionibacterium acnes-induced skin inflammation by
downregulating the NF-kB/MAPK signaling pathway and inhibiting activation of NLRP3 inflammasome. Braz. . Med. Biol. Res.
2020, 53, €9949. [CrossRef]

13. Kraft, J.; Freiman, A. Management of acne. CMA]J Can. Med. Assoc. |. 2011, 183, E430-E435. [CrossRef]

14. Platsidaki, E.; Dessinioti, C. Recent advances in understanding Propionibacterium acnes (Cutibacterium acnes) in acne.
F1000Research 2018, 7, 1953. [CrossRef]

15.  Ochsendorf, F. Systemic antibiotic therapy of acne vulgaris. J. Der Dtsch. Dermatol. Ges. 2006, 4, 828-841. [CrossRef]

16. Baldwin, H. Oral Antibiotic Treatment Options for Acne Vulgaris. J. Clin. Aesthetic Dermatol. 2020, 13, 26-32.

17.  Geria, A.N.; Tajirian, A.L.; Kihiczak, G.; Schwartz, R.A. Minocycline-induced skin pigmentation: An update. Acta Dermatovenerol.
Croat. ADC 2009, 17, 123-126.

18. Bagatin, E.; de Freitas, T.H.P; Rivitti-Machado, M.C.; Machado, M.C.R.; Ribeiro, B.M.; Nunes, S.; da Rocha, M.A.D. Adult female
acne: A guide to clinical practice. An. Bras. Dermatol. 2019, 94, 62-75. [CrossRef]

19. Patel, M.; Bowe, W.P; Heughebaert, C.; Shalita, A.R. The development of antimicrobial resistance due to the antibiotic treatment
of acne vulgaris: A review. . Drugs Dermatol. 2010, 9, 655-664.

20. Blaskovich, M.A.T;; Elliott, A.G.; Kavanagh, A.M.; Ramu, S.; Cooper, M.A. In vitro Antimicrobial Activity of Acne Drugs Against
Skin-Associated Bacteria. Sci. Rep. 2019, 9, 14658. [CrossRef]

21. Vora, ].; Srivastava, A.; Modi, H. Antibacterial and antioxidant strategies for acne treatment through plant extracts. Inform. Med.

Unlocked 2018, 13, 128-132. [CrossRef]


http://doi.org/10.5152/tpa.2014.1943
http://www.ncbi.nlm.nih.gov/pubmed/26078626
http://doi.org/10.1001/archsurg.1990.01410140078012
http://doi.org/10.1111/bjd.13462
http://www.ncbi.nlm.nih.gov/pubmed/25597339
http://doi.org/10.1016/j.ijwd.2017.10.006
http://www.ncbi.nlm.nih.gov/pubmed/29872679
http://doi.org/10.1007/s007950100002
http://www.ncbi.nlm.nih.gov/pubmed/11479771
http://doi.org/10.1016/j.mcna.2009.08.008
http://www.ncbi.nlm.nih.gov/pubmed/19932324
http://doi.org/10.1016/j.jaad.2007.06.045
http://www.ncbi.nlm.nih.gov/pubmed/17945383
http://doi.org/10.1016/j.ijwd.2021.03.010
http://doi.org/10.1159/000499858
http://doi.org/10.1038/nrmicro.2017.157
http://doi.org/10.3390/microorganisms9020303
http://doi.org/10.1590/1414-431x20209949
http://doi.org/10.1503/cmaj.090374
http://doi.org/10.12688/f1000research.15659.1
http://doi.org/10.1111/j.1610-0387.2006.06053.x
http://doi.org/10.1590/abd1806-4841.20198203
http://doi.org/10.1038/s41598-019-50746-4
http://doi.org/10.1016/j.imu.2017.10.005

Pharmaceutics 2022, 14, 1952 16 of 17

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Gongalves, L.A.; Lorenzo, ].M.; Trindade, M.A. Fruit and Agro-Industrial Waste Extracts as Potential Antimicrobials in Meat
Products: A Brief Review. Foods 2021, 10, 1469. [CrossRef] [PubMed]

Leichtweis, M.G.; Oliveira, M.B.P.P; Ferreira, I.C.ER.; Pereira, C.; Barros, L. Sustainable Recovery of Preservative and Bioactive
Compounds from Food Industry Bioresidues. Antioxidants 2021, 10, 1827. [CrossRef] [PubMed]

Ekor, M. The growing use of herbal medicines: Issues relating to adverse reactions and challenges in monitoring safety. Front.
Pharmacol. 2014, 4, 177. [CrossRef] [PubMed]

Amroun, D.; Hamoudi, M.; Khennouf, S.; Boutefnouchet, S.; Harzallah, D.; Amrane, M.; Dahamna, S. In-vivo anti-inflammatory
activity and safety assessment of the aqueous extract of Algerian Erica arborea L. (Ericaceae) aerial parts. J. Ethnopharmacol. 2021,
271,113881. [CrossRef] [PubMed]

Dell’ Annunziata, F.; Dell’Aversana, C.; Doti, N.; Donadio, G.; Dal Piaz, F.; Izzo, V.; De Filippis, A.; Galdiero, M.; Altucci, L.; Boccia,
G.; et al. Outer Membrane Vesicles Derived from Klebsiella pneumoniae Are a Driving Force for Horizontal Gene Transfer. Int. ].
Mol. Sci. 2021, 22, 8732. [CrossRef] [PubMed]

Mohd Azman, N.A.; Gallego, M.G.; Segovia, F.; Abdullah, S.; Shaarani, S.M.; Almajano Pablos, M.P. Study of the Properties of
Bearberry Leaf Extract as a Natural Antioxidant in Model Foods. Antioxid. Basel Switz. 2016, 5, E11. [CrossRef] [PubMed]

Das, S. Natural therapeutics for urinary tract infections-a review. Future J. Pharm. Sci. 2020, 6, 64. [CrossRef]

Asensio, E; Vitales, D.; Pérez, I.; Peralba, L.; Viruel, J.; Montaner, C.; Valles, J.; Garnatje, T.; Sales, E. Phenolic Compounds Content
and Genetic Diversity at Population Level across the Natural Distribution Range of Bearberry (Arctostaphylos uva-ursi, Ericaceae)
in the Iberian Peninsula. Plants 2020, 9, 1250. [CrossRef]

Amarowicz, R.; Pegg, R.B. Inhibition of proliferation of human carcinoma cell lines by phenolic compounds from a bearberry-leaf
crude extract and its fractions. J. Funct. Foods 2013, 5, 660-667. [CrossRef]

Jeverica, S.; El Sayed, F; Camernik, P, Kocjanti¢, B.; Sluga, B.; Rottman, M.; Papst, L. Growth detection of Cutibacterium acnes
from orthopaedic implant-associated infections in anaerobic bottles from BACTEC and BacT/ALERT blood culture systems and
comparison with conventional culture media. Anaerobe 2020, 61, 102133. [CrossRef] [PubMed]

Csukas, Z.; Banizs, B.; Rozgonyi, E. Studies on the cytotoxic effects of Propionibacterium acnes strains isolated from cornea.
Microb. Pathog. 2004, 36, 171-174. [CrossRef] [PubMed]

Fabiano, A.; Migone, C.; Cerri, L.; Piras, A.M.; Mezzetta, A.; Maisetta, G.; Esin, S.; Batoni, G.; Di Stefano, R.; Zambito, Y.
Combination of Two Kinds of Medicated Microparticles Based on Hyaluronic Acid or Chitosan for a Wound Healing Spray Patch.
Pharmaceutics 2021, 13, 2195. [CrossRef] [PubMed]

Bonifacio, M.A.; Cerqueni, G.; Cometa, S.; Licini, C.; Sabbatini, L.; Mattioli-Belmonte, M.; De Giglio, E. Insights into Arbutin
Effects on Bone Cells: Towards the Development of Antioxidant Titanium Implants. Antioxidants 2020, 9, 579. [CrossRef]
Cometa, S.; Bonifacio, M.A.; Licini, C.; Bellissimo, A.; Pinto, L.; Baruzzi, F; Mattioli-Belmonte, M.; De Giglio, E. Innovative
Eco-Friendly Hydrogel Film for Berberine Delivery in Skin Applications. Molecules 2021, 26, 4901. [CrossRef]

Folliero, V.; Dell’Annunziata, F; Roscetto, E.; Cammarota, M.; De Filippis, A.; Schiraldi, C.; Catania, M.R.; Casolaro, V.; Perrella,
A.; Galdiero, M.; et al. Niclosamide as a Repurposing Drug against Corynebacterium striatum Multidrug-Resistant Infections.
Antibiotics 2022, 11, 651. [CrossRef]

Morone, M.V,; Dell’Annunziata, F; Giugliano, R.; Chianese, A.; De Filippis, A.; Rinaldi, L.; Gambardella, U.; Franci, G.; Galdiero,
M.; Morone, A. Pulsed laser ablation of magnetic nanoparticles as a novel antibacterial strategy against gram positive bacteria.
Appl. Surf. Sci. Adv. 2022, 7,100213. [CrossRef]

Gerlier, D.; Thomasset, N. Use of MTT colorimetric assay to measure cell activation. J. Immunol. Methods 1986, 94, 57-63.
[CrossRef]

Folliero, V.; Dell’Annunziata, F.; Roscetto, E.; Amato, A.; Gasparro, R.; Zannella, C.; Casolaro, V.; De Filippis, A.; Catania, M.R,;
Franci, G.; et al. Rhein: A novel antibacterial compound against Streptococcus mutans infection. Microbiol. Res. 2022, 261, 127062.
[CrossRef]

Evans, B.C.; Nelson, C.E.; Yu, S.S.; Beavers, K.R.; Kim, A J.; Li, H.; Nelson, H.M.; Giorgio, T.D.; Duvall, C.L. Ex vivo red blood cell
hemolysis assay for the evaluation of pH-responsive endosomolytic agents for cytosolic delivery of biomacromolecular drugs. J.
Vis. Exp. JoVE 2013, 73, €50166. [CrossRef]

Xie, J.; Schaich, K.M. Re-evaluation of the 2,2-diphenyl-1-picrylhydrazyl free radical (DPPH) assay for antioxidant activity. J.
Agric. Food Chem. 2014, 62, 4251-4260. [CrossRef]

Shahidi, F.; Ho, C.-T. (Eds.) Phenolic Compounds in Foods and Natural Health Products; ACS Symposium Series; American Chemical
Society: Washington, DC, USA, 2005; Volume 909, ISBN 978-0-8412-3891-6.

Sugier, P.; Seczyk, L.; Sugier, D.; Krawczyk, R.; Wojcik, M.; Czarnecka, J.; Okon, S.; Plak, A. Chemical Characteristics and
Antioxidant Activity of Arctostaphylos uva-ursi L. Spreng. at the Southern Border of the Geographical Range of the Species in
Europe. Mol. Basel Switz. 2021, 26, 7692. [CrossRef]

Takebayashi, J.; Ishii, R.; Chen, ].; Matsumoto, T.; Ishimi, Y.; Tai, A. Reassessment of antioxidant activity of arbutin: Multifaceted
evaluation using five antioxidant assay systems. Free Radic. Res. 2010, 44, 473-478. [CrossRef]

Castillo, D.E.; Nanda, S.; Keri, ].E. Propionibacterium (Cutibacterium) acnes Bacteriophage Therapy in Acne: Current Evidence
and Future Perspectives. Dermatol. Ther. 2019, 9, 19-31. [CrossRef]

Nasri, H.; Bahmani, M.; Shahinfard, N.; Moradi Nafchi, A.; Saberianpour, S.; Rafieian Kopaei, M. Medicinal Plants for the
Treatment of Acne Vulgaris: A Review of Recent Evidences. Jundishapur J. Microbiol. 2015, 8, €25580. [CrossRef]


http://doi.org/10.3390/foods10071469
http://www.ncbi.nlm.nih.gov/pubmed/34201960
http://doi.org/10.3390/antiox10111827
http://www.ncbi.nlm.nih.gov/pubmed/34829698
http://doi.org/10.3389/fphar.2013.00177
http://www.ncbi.nlm.nih.gov/pubmed/24454289
http://doi.org/10.1016/j.jep.2021.113881
http://www.ncbi.nlm.nih.gov/pubmed/33508369
http://doi.org/10.3390/ijms22168732
http://www.ncbi.nlm.nih.gov/pubmed/34445438
http://doi.org/10.3390/antiox5020011
http://www.ncbi.nlm.nih.gov/pubmed/27043639
http://doi.org/10.1186/s43094-020-00086-2
http://doi.org/10.3390/plants9091250
http://doi.org/10.1016/j.jff.2013.01.009
http://doi.org/10.1016/j.anaerobe.2019.102133
http://www.ncbi.nlm.nih.gov/pubmed/31813852
http://doi.org/10.1016/j.micpath.2003.09.002
http://www.ncbi.nlm.nih.gov/pubmed/14726235
http://doi.org/10.3390/pharmaceutics13122195
http://www.ncbi.nlm.nih.gov/pubmed/34959476
http://doi.org/10.3390/antiox9070579
http://doi.org/10.3390/molecules26164901
http://doi.org/10.3390/antibiotics11050651
http://doi.org/10.1016/j.apsadv.2022.100213
http://doi.org/10.1016/0022-1759(86)90215-2
http://doi.org/10.1016/j.micres.2022.127062
http://doi.org/10.3791/50166
http://doi.org/10.1021/jf500180u
http://doi.org/10.3390/molecules26247692
http://doi.org/10.3109/10715761003610760
http://doi.org/10.1007/s13555-018-0275-9
http://doi.org/10.5812/jjm.25580

Pharmaceutics 2022, 14, 1952 17 of 17

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

59.

Hassan, H.M.; Jiang, Z.-H.; Asmussen, C.; McDonald, E.; Qin, W. Antibacterial activity of northern Ontario medicinal plant
extracts. Can. J. Plant Sci. 2014, 94, 417-424. [CrossRef]

Jahodar, L.; Jilek, P.; Paktova, M.; Dvorakova, V. Antimicrobial effect of arbutin and an extract of the leaves of Arctostaphylos
uva-ursi in vitro. Cesk. Farm. 1985, 34, 174-178.

Kruszewska, H.; Zareba, T.; Tyski, S. Examination of antimicrobial activity of selected non-antibiotic medicinal preparations. Acta
Pol. Pharm. 2012, 69, 1368-1371.

Wynn, S.G.; Fougere, B.]. Veterinary Herbal Medicine; Mosby: Saint-Louis, MO, USA, 2007; ISBN 978-0-323-02998-8.
Dell’Annunziata, F.; Martora, F.; Della Pepa, M.E.; Folliero, V.; Luongo, L.; Bocelli, S.; Guida, F.; Mascolo, P.; Campobasso, C.P;
Maione, S.; et al. Post-mortem interval assessment by MALDI-TOF mass spectrometry analysis in murine cadavers. J. Appl.
Microbiol. 2021, 132, 707-714. [CrossRef]

Kim, J.; Ochoa, M.-T.; Krutzik, S.R.; Takeuchi, O.; Uematsu, S.; Legaspi, A.].; Brightbill, H.D.; Holland, D.; Cunliffe, W.]J.; Akira, S.;
et al. Activation of toll-like receptor 2 in acne triggers inflammatory cytokine responses. . Immunol. Baltim. Md. 1950 2002, 169,
1535-1541. [CrossRef]

Nagy, I.; Pivarcsi, A.; Kis, K.; Koreck, A.; Bodai, L.; McDowell, A.; Seltmann, H.; Patrick, S.; Zouboulis, C.C.; Kemény,
L. Propionibacterium acnes and lipopolysaccharide induce the expression of antimicrobial peptides and proinflammatory
cytokines/chemokines in human sebocytes. Microbes Infect. 2006, 8, 2195-2205. [CrossRef] [PubMed]

Tanghetti, E.A. The role of inflammation in the pathology of acne. J. Clin. Aesthetic Dermatol. 2013, 6, 27-35.

Sugisaki, H.; Yamanaka, K.; Kakeda, M.; Kitagawa, H.; Tanaka, K.; Watanabe, K.; Gabazza, E.C.; Kurokawa, I.; Mizutani,
H. Increased interferon-gamma, interleukin-12p40 and IL-8 production in Propionibacterium acnes-treated peripheral blood
mononuclear cells from patient with acne vulgaris: Host response but not bacterial species is the determinant factor of the disease.
J. Dermatol. Sci. 2009, 55, 47-52. [CrossRef] [PubMed]

Nguyen, A.T.; Kim, K.-Y. Rhein inhibits the growth of Propionibacterium acnes by blocking NADH dehydrogenase-2 activity. J.
Med. Microbiol. 2020, 69, 689-696. [CrossRef]

Schink, A.; Neumann, J.; Leifke, A.L.; Ziegler, K.; Frohlich-Nowoisky, J.; Cremer, C.; Thines, E.; Weber, B.; Poschl, U.; Schuppan,
D.; et al. Screening of herbal extracts for TLR2- and TLR4-dependent anti-inflammatory effects. PLoS ONE 2018, 13, e0203907.
[CrossRef]

Lee, H.-].; Kim, K.-W. Anti-inflammatory effects of arbutin in lipopolysaccharide-stimulated BV2 microglial cells. Inflamm. Res.
Off. ]. Eur. Histamine Res. Soc. Al 2012, 61, 817-825. [CrossRef]

Alkhawaja, E.; Hammadi, S.; Abdelmalek, M.; Mahasneh, N.; Alkhawaja, B.; Abdelmalek, S.M. Antibiotic resistant Cutibacterium
acnes among acne patients in Jordan: A cross sectional study. BMC Dermatol. 2020, 20, 17. [CrossRef]


http://doi.org/10.4141/cjps2013-258
http://doi.org/10.1111/jam.15210
http://doi.org/10.4049/jimmunol.169.3.1535
http://doi.org/10.1016/j.micinf.2006.04.001
http://www.ncbi.nlm.nih.gov/pubmed/16797202
http://doi.org/10.1016/j.jdermsci.2009.02.015
http://www.ncbi.nlm.nih.gov/pubmed/19375895
http://doi.org/10.1099/jmm.0.001196
http://doi.org/10.1371/journal.pone.0203907
http://doi.org/10.1007/s00011-012-0474-2
http://doi.org/10.1186/s12895-020-00108-9

	Introduction 
	Materials and Methods 
	Bacterial Strain, Compounds and Materials 
	Characterization of Arctostaphylos uva-ursi Extract 
	FT-IR/ATR Analysis 
	Thermal Analysis 
	XPS Characterization 
	Total Polyphenol Content (TPC) Determination 
	Preparation of a Toning Lotion Loaded with Arctostaphylos uva-ursi Leaf Extract 
	HPLC Analysis 
	In Vitro Skin Permeation Studies 

	Kirby–Bauer Disk Diffusion Test 
	Determination of the Minimum Inhibitory Concentration (MIC) 
	Time-Killing Assay 
	LIVE/DEAD Staining 
	Biofilm Inhibition and Degradation 
	Cytotoxicity and Hemolysis Profile 
	Enzyme-linked Immunosorbent Assay (ELISA) 
	Antioxidant Activity 
	Statistical Analysis 

	Results 
	Chemical–Physical Characterization of Arctostaphylos uva-ursi Leaf Extract 
	Total Phenol Content (TPC) 
	Franz Cell Permeation Tests 
	Antibacterial Activity on Planktonic C. acnes 
	Fluorescence Microscopy of Live/Dead Cells 
	Effect of Arctostaphylos uva-ursi on C. acnes Biofilm 
	Cytotoxicity Profile 
	Induction of Inflammatory Cytokines by C. acnes In Vitro 
	Antioxidant Activity 

	Discussion 
	References

