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Abstract: The aim of this study was to compare the chemical composition, as well as antioxidant,
anti-inflammatory, antiacne, and cytotoxic activites of various extracts of Cephalaria gigantea
and C. uralensis. It is worth underlining that we are the first to characterize the composition and evaluate
the biological properties of extracts from Cephalaria gigantea and C. uralensis. Thus, the LC-DAD-MS3

analysis revealed the presence of 41 natural products in studied extracts. The 5-O-caffeoylquinic
acid, isoorinetin, and swertiajaponin were the main detected compounds. Among the tested samples,
ethanol extract of the aerial parts of C. uralensis (CUE) possessed the most suitable biological properties.
It exhibited moderate ability to scavenge free radicals and good capacity to inhibit cyclooxygenase-1,
as well as cyclooxygenase-2. Moreover, CUE possessed moderate antibacterial activity against all
tested bacterial strains (S. aureus, S. epidermidis, and P. acnes), and importantly, it was non-toxic
towards normal skin fibroblasts. Taking into account the value of calculated therapeutic index (>10),
it is worth noting that CUE can be subjected to in vivo study. Thus, CUE constitutes a very promising
antiacne agent.

Keywords: Cephalaria; LC-DAD-MS3; phenolics; antioxidant activity; antiacne activity; cytotoxicity;
therapeutic index

1. Introduction

Among all skin diseases that are marked by an abnormal function (usually hyperactivity)
of the sebaceous glands in the skin, acne vulgaris is the most common, accounting for 99% of acne
cases [1]. The prevalence of acne vulgaris globally was 681.2 million in 2016, which was an increase
of 10% from 612 million in 2006. In 2010, acne ranked number 8 in the list of most prevalent diseases in
the world, with a global prevalence of 645 million. Approximately 80% of people are affected by acne
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between the onset of puberty and 30 years of age. In the USA, the cost of acne in terms of treatment
and loss of productivity is over 3 billion dollars per year [1].

Acne vulgaris, like other sebborheic disorders, is a chronic inflammatory disorder of the pilosebaceous
unit with multifactorial etiology. There are four key processes in its pathogenesis: increased sebum
production, follicular hyperkeratinization, which leads to follicular obstruction, colonization by
the causative agent, Cutibacterium acnes (=Propionibacterium acnes), and host inflammatory responses
triggered as a result of bacterial infection [2,3]. As a result of the increased sebum production due to high
androgen levels, C. acnes produces various hydrolytic enzymes that act on the sebum to release free fatty
acids. These free fatty acids act as chemokines and increase the release of pro-inflammatory cytokines like
interleukins 8 (IL-8) and tumor necrosis factors (TNF-α), which attract macrophages, and lead to severe
inflammation. Follicular wall ruptures due to the action of hydrolytic enzymes cause oxidative damage
with the release of free radicals [2,3].

Since the causes of seborrheic diseases are multidirectional, the treatment must also be
multidirectional. Therapeutic agents should be used to reduce sebum production and reduce follicular
hyperkeratinization of the epidermal cells, but it is also necessary to use antibiotic drugs. Such a complex
system should be used not only in the treatment of seborrheic diseases—including acne—but also
for prevention in people exposed to such skin dysfunctions [4]. Importantly, the treatment of acne
and other seborrheic diseases has raised significant clinical challenge due to the increasing appearance
of multidrug-resistant pathogens and the high frequency of recurrent lesions [5]. The practice of writing
prescriptions for antibiotics to cure seborrheic diseases without recognizing the disease-causing
bacterial strain has led to increased resistance among pathogens and decreased efficacy of systemic
and topical therapies. Although clinical signs of seborrheic diseases have been ameliorated by numerous
antibiotics, bacteria persistence, and increasing resistance to widely used antibiotics are a major problem
and underline the need for a new approach to prevent and treat bacterial infections [6]. The global spread
of multidrug-resistant bacteria has resulted in the development of the conception of re-establishment
of traditional therapeutics [7]. It has been suggested that the current drug discovery approach of finding
‘new entity drugs’, if shifted to ‘combining existing agents’ may be helpful. Therefore, natural product
drug discovery based on ethnopharmacology and traditional medicines may also be considered
as attractive strategic options [8]. The World Health Organization’s Commission on Intellectual
Property and Innovation in Public Health has also recognized the promise and role of traditional
medicine in drug development for affordable health solutions [9]. Moreover, the global pharmaceutical
industry is looking for innovative solutions to expedite the discovery process. Therefore, innovative
approaches inspired by traditional knowledge may accurately occupy this alcove strategy to expedite
drug discovery and development process, especially in the existing global economic environment.
Traditional medicine certainly offers a sound rationale, valuable experiential wisdom, and a large
database of botanical resources. For several reasons, researchers involved in the modern drug discovery
have started revisiting ancient traditional knowledge and ethnopharmacology, especially to develop
new, effective synergistic drug combinations for management of difficult to treat conditions like
seborrheic skin diseases. A paradigm shift in innovation strategy is needed, involving, among other
things, revisiting the vast possibilities that the global traditional knowledge bases offer [10]. What is
more, the technical developments permitting for detailed chemical characterization together with
using modern methods of testing bioactivity led to the re-emergence of natural products for new
drug discovery [11].

In the past, medicinal plants were widely used in traditional European medicine for the treatment
of seborrheic skin diseases. Plants such as Prunus africana, Glycyrrhiza glabra, Melaleuca alternifolia,
Cephalaria setosa, Cephalaria syriaca, and many others have been used since ancient times in the treatment
of skin diseases [12–15]. Although the effectiveness of most of these plants in seborrheic skin diseases
remains unresolved because of the lack of appropriate scientific evidence. Considering the reported
research [12,13,16], we assumed that some groups of compounds included in Caprifoliaceae could
possess the capacity to inhibit the growth of P. acnes and other bacteria that cause skin lesions, scavenge
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free radicals, and suppress the inflammatory response, which is a very promising approach for
the treatment of seborrheic skin diseases.

The overriding idea of our study was to provide comprehensive in vitro study results on the effects
of two Cephalaria species on seborrheic lesions, with particular emphasis on acne. Cephalaria is a genus
that includes about 90 species belonging to the Caprifoliaceae family. These annual and perennial
plants [17,18] occur mainly in Europe, East Asia, East Mediterranean and Central Africa [19]. Cephalaria
species are rich in triterpene saponins [20–23], iridoids [24], alkaloids [25] and flavonoids [26], which
are responsible for, for example, cytotoxic [23,27], immunomodulatory [23], antibacterial [17,28],
antifungal [29] and hypoglycemic [30] activities.

2. Materials and Methods

2.1. Chemicals and Reagents

LC-grade acetonitrile, ascorbic acid, 2,2-diphenyl-1-picrylhydrazyl radical (DPPH•),
2,20-azino-bis-(3-ethyl-benzothiazole-6-sulfonic acid) (ABTS•+), indomethacin and disodium dihydrate
(Na2EDTA*2H2O), were obtained from Sigma-Aldrich Fine Chemicals (St. Louis, MO, USA).
Phosphate-buffered saline (PBS) was obtained from Gibco (Carlsbad, CA, USA). Reference compounds
were purchased from ChromaDex (Irvine, CA, USA). Water and formic acid for LC analysis were from
Merck (Darmstadt, Germany). All the other chemicals were of analytical grade and were purchased
from the Polish Chemical Reagent Company (POCH, Gliwice, Poland).

2.2. Plant Material

The aerial parts and flowers of Cephalaria uralensis (Murray) Roem. & Schult. and the aerial parts
of C. gigantea (Ledeb.) Bobrov were collected in the Maria Curie-Skłodowska University (UMCS)
Botanical Garden in Lublin (Poland), at an altitude of 181 m a.m.s.l. coordinates N 51◦15′40” E 22◦30′51”
in August 2019. Taxonomical identification was confirmed by Dr A. Dąbrowska, the botanist from
the Botanical Garden in Lublin.

2.3. Preparation of the Extracts

The plant materials were dried in shade and at 26 ◦C (±0.5 ◦C) until constant weight [31].
Extracts were prepared using 80% acetone (3 × 300 mL), mixture of methanol-acetone-water (3:1:1, v/v/v;
3 × 300 mL) and 30% ethanol (1 × 300 mL) [32]. With acetone and mixture of methanol-acetone-water,
plant materials were sonicated at controlled temperature (40 ± 2 ◦C) for 30 min, and with ethanol were
shaken at room temperature for 24 h. The combined extracts were filtered, concentrated under reduced
pressure, and after freezing, lyophilized in a vacuum concentrator (Free Zone 1 apparatus; Labconco,
Kansas City, KS, USA) to obtain dried residues.

2.4. LC-ESI-MS/MS Analysis

The LC analysis was performed using Ultimate 3000 series system (Dionex, Idstein, Germany)
equipped with dual low-pressure gradient pump with vacuum degasser, an autosampler, a column
compartment, and a diode array detector coupled with Amazon SL ion trap mass spectrometer
(Bruker Daltonik GmbH, Bremen, Germany). The separation of compounds in the analyzed extract
was carried out with Kinetex XB-C18 analytical column (100 mm × 2.1 mm × 1.9 µm), Phenomenex
(Torrance, CA, USA). Column temperature was maintained at 25 ◦C. Elution was conducted using
mobile phase A (0.1% HCOOH in deionized water) and mobile phase B (0.1% HCOOH in acetonitrile)
with a two-step gradient as follows: 0 min 1% B, 60 min 26% B and finally 90 min 95% B. The flow rate
was set to 0.300 mL/min. Five µL of each sample was introduced to the column by the autosampler.
UV-vis spectra were recorded in the range of 190–450 nm. Chromatograms were acquired at 254 nm.
The eluate was introduced directly into mass spectrometer. The ion trap mass spectrometer was
equipped with ESI interface. The parameters for ESI source were set as follows: nebulizer pressure
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40 psi; dry gas flow 9 L/min; dry temperature 300 ◦C; and capillary voltage 4.5 kV. Analysis was
carried out using a scan from m/z 70–2,200. Compounds were analyzed in negative ion mode. The MS2

fragmentations were performed using Smart Frag mode.

Quantification of Major Compounds by UHPLC–DAD

The quantification of the major compounds was performed using the analytical method
reported in Section 2.4 and based on the calibration curves of various compounds: luteolin for
the quantification of flavonoid derivatives, aucubin for iridoids, chlorogenic acid for phenolic acids
and unidentified compounds. The areas of quantified compounds were determined at 275, 280 and 350
nm. For the quantification, accurately weighed 10 mg of DE was dissolved in 1 mL of methanol/water
mixture (1:1, v/v). Samples were analyzed in triplicate. Stock solutions of the standards were prepared
by dissolving 1 mg of the compounds in 1 mL of methanol. The stock solutions were diluted in mobile
phase to obtain solution at the concentration of 50 µg/mL. Different amounts of the standard were
injected into the UHPLC column. The calibration curves were plotted based on the amount of injected
compounds vs. peak area at 280 and 350 nm. The linear range was 50–400 ng/injection (R2

≥ 0.99).

2.5. Antioxidant Activity

All assays were performed using 96-well microplates (Nunclon, Nunc, Roskilde, Denmark) and were
measured in an Infinite Pro 200F Elisa Reader (Tecan Group Ltd., Männedorf, Switzerland). Results were
expressed as the IC50 values of the Cephalaria extracts based on concentration–inhibition curves.

2.5.1. DPPH• Assay

2,2-diphenyl-1-picryl-hydrazyl (DPPH•) free radical scavenging activity of Cephalaria extracts
and the reference ascorbic acid was tested using a modified method, described previously [32].
Decreasing of DPPH• absorbance, induced by the extracts was monitored at 517 nm after incubation
at 28 ◦C for 30 min. Ascorbic acid was used as a positive control.

2.5.2. ABTS•+ Assay

The second method used was 2,2′-azinobis[3-ethylbenzthiazoline]-6-sulfonic acid (ABTS•+)
decolorization assay [32]. The absorbance was measured at 734 nm. Trolox was used as a positive control.

2.5.3. Metal Chelating Activity

The metal chelating activity was determined using the method described by Guo et al. [33],
modified in our previous study [32]. The absorbance was measured at 562 nm. Na2EDTA*2H2O was
used as a positive control.

2.6. Anti-Inflammatory Activity

The extracts of Cephalaria species were tested for cyclooxygenase-1 (COX-1) and cyclooxygenase-2
(COX-2) inhibitory activity using a COX (ovine/human) Inhibitor Screening Assay Kit (Cayman
Chemical, MI, USA) according to the protocol of the manufacturer. The stock solution of the studied
extracts were dissolved in ethanol, and their final concentration was 50 and 100 µg/mL.
Indomethacin was used as a positive control for inhibition of COX-1 and COX-2.

2.7. Antimicrobial Activity

2.7.1. Bacterial Strains

Cephalaria gigantea and C. uralensis extracts were screened for their in vitro antibacterial activity
against acne strains: Gram-positive aerobic Staphylococcus aureus ATCC 25923, Staphylococcus epidermidis
ATCC 12228 and microaerobic Propionibacterium acnes PCM 2400, Propionibacterium acnes PCM 2334.
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For antibacterial activity determination, Mueller-Hinton agar or broth (MH-agar, MH-broth) for aerobic
and Brain-Heart Infusion agar or broth (BHI-agar, BHI-broth) for microaerobic strains were used.
Bacterial inoculums were prepared by subculturing microorganisms into MH-agar or BHI-agar at 37
◦C for 24 or 48 h, respectively. The growth was harvested using 5 mL of 0.9% NaCl and diluted to 0.5
McFarland (1.5 × 108 CFU/mL (CFU: colony-forming unit)).

2.7.2. Agar Disc Diffusion Assay

The antibacterial activity of all samples was initially performed by a modified disc diffusion
method based on Murray recommendations [34]. The bacterial inoculum was spread on the surface
of the Petri plates containing agar, using a cotton swab. The solutions of all tested extracts (100 µg/mL)
were placed on inoculated Petri plates. Plates with MH-agar (for aerobic strains) were incubated for
24 h at 37 ◦C and plates with BHI-agar for 48 h at 37 ◦C. The diameter of the growth inhibition zone
around each compound was measured after incubation.

2.7.3. MIC and MBC Determination

The minimum inhibitory concentration (MIC) of plants extracts was determined for bacterial strains,
which exhibited the bacterial growth inhibition zones. The test was performed using double serial
microdilution in the 96-well microtiter plates according to CLSI method with some modifications [35].
The 200 µL of broth was pipetted into each well. The double serial dilution of tested derivatives was
performed in the test wells causing rise to concentrations ranging from 200 µg/mL to 1.562 µg/mL.
Finally, 2 µL of tested bacteria inoculum was added to the wells (except negative sterility control).
The tests were performed either at 37 ◦C for 24 h (aerobic strains) or 48 h (microaerobic strains).
After incubation, the panel was digitally analyzed at 600 nm using the microplate reader Bio-Tech
Synergy (USA) with a dedicated software system. The growth intensity in each well was compared
with the negative and positive controls. Additionally, minimal bactericidal concentration (MBC) was
determined by spreading on agar medium (10 µL) from a clear well, which did not show any visible
growth after incubation after MIC test. The plates were incubated at 37 ◦C for 24 h, and the MBC
was defined as the lowest concentration of sample without bacterial growth. Each experiment was
repeated in triplicate.

2.7.4. Synergy Test

Synergistic interactions between CUM, CUE, CUA extracts and antibiotics: Ceftriaxone (Polpharma
S.A., Starogard Gdański, Poland), Cefepime (Bristol-Myers Squibb, Sermoneta, Italy), Sparfloxacin
(Dainippon Pharmaceutical CO., LTD, Cheshire, UK), and Ciprofloxacin (Polpharma S.A., Starogard
Gdański, Poland) were examined by the checkerboard test based on MIC determination. The stock
solutions and serial two-fold dilutions of antibiotics and extracts CUM, CUE, CUA to fourfold
the MIC were prepared. A total of 50 µL of Mueller-Hinton broth was distributed into each well
of the microdilution plates. The first antibiotic of the combination was serially diluted vertically, while
the plant extract was diluted horizontally in the 96-wells plate. Next, 100 µL of bacterial inoculum
of 1.5 × 108 CFU/mL, was added and the plates were incubated in appropriate conditions. The resulting
checkerboard contained each combination of two tested agents. The plate layout also included the MIC
determination of agents used separately. The fractional inhibitory concentration index (FICI) was
calculated for each combination of two agent’s concentrations according to the following formula:

FICI = (MICA/B/MICA) + (MICB/A/MICB) (1)

where MICA = MIC of the agent A alone, MICA/B is the MIC of agent A in combination with agent B
and MICB, MICB/A is defined analogously as agent A.

The obtained values of the FICI indicated: total synergism (FICI ≤ 0.5), partial synergism (0.5 <

FICI ≤ 0.75), no effect (0.75 < FICI ≤ 2) or antagonism (FICI > 2) between two agents [36].
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2.8. Cytotoxicity Evaluation

Cytotoxicity assessment was carried out using normal human skin fibroblasts (BJ cell line, ATCC
CRL-2522™), as described in detail previously [37]. Before the test, the extracts possessing the best
antibacterial activity (zones of bacterial growth inhibition above 10 mm) were selected and their
stock solutions were prepared at a concentration of 100 mg/mL in dimethyl sulfoxide (DMSO). Then,
two-fold serial dilutions of extracts (ranging from 1000–1.95 µg/mL) in culture medium were obtained
and the received solutions were incubated with BJ cells for 24 h at 37 ◦C in a humidified atmosphere (5%
CO2, 95% air). The cell viability was evaluated via MTT assay according to the procedure described
previously [38]. The results (n = 3) were expressed as mean values ± standard deviation (SD). Moreover,
based on obtained results, the values of half-maximum cytotoxic concentration (CC50) were calculated
via four-parameter nonlinear regression analyses (GraphPad Prism 5, version 5.04). The CC50 means
a concentration of extract required for reduction of BJ cell viability to 50%. To determine the potential
safety of each extract, therapeutic index (TI) was calculated. The TI indicates the value, which is
calculated as a ratio of CC50 (cytotoxic activity) and MIC (antibacterial property). Higher TI values
indicate that the extract exhibits greater safety towards eukaryotic cells.

2.9. Statistical Analysis

The results were expressed as mean values ± standard deviation (SD) of the indicated
number of experiments. The IC50 values of investigated extracts were calculated, based on
concentration–inhibition curves. Statistical significance of differences between means was established
by one-way ANOVA with Dunnett’s post hoc test. p-Values below 0.05 were considered statistically
significant. The data from cell culture experiments were subjected to statistical analysis using unpaired
Student’s t-test and differences were considered significant when p < 0.05 (GraphPad Prism 5, version
5.04, San Diego, California, U.S.).

3. Results and Discussion

3.1. Qualitative LC-DAD-MS3 Analysis of the Chemical Composition of C. uralensis and C. gigantea

The phytochemical analysis of extracts of C. uralensis and C. gigantea revealed the presence
of forty-one constituents, which were characterized based on UV-Vis spectrum and MS/MS spectra.
Compounds with intensive UV-Vis maxima at ca. 325 nm, namely 1, 2, 5, 6, 7, 9, 11, 13, 25, 27, 30, 32,
and 34, were classified as caffeic acid derivatives. Compounds 1, 6, 9, and 11 showed deprotonated ions
in the mass spectrum at m/z = 353. According to the comparison with literature and chemical standards
available 1, 6, and 9 were identified as neochlororgenic acid, chlorogenic acid and cryptochlorogenic
acid, respectively [39]. Peaks 6 and 11 had similar mass spectra to the latter three and they were
assigned as caffeoylquinic acid isomers, most probably cis chlorogenic acids [40]. Two dicaffeoylquinic
acids showing base peak ions in MS spectrum as m/z = 515 were detected and labelled as 32 and 34.
According to Clifford et al., they were identified as 3,5- and 4,5-dicaffeoylquinic acids [41]. Compounds
5 and 27 showed deprotonated peaks at m/z = 179 and 193, respectively. Based on previous reports
on chemical composition of Cephalaria species and after the comparison with standards they were
assigned as caffeic and ferulic acids [42]. Compounds 2, 25 and 30, with base peak signals in the mass
spectra at m/z = 369, 545 and 587, were assigned as unspecified phenolic acid derivatives. The second
subgroup of phenolics abundant in the analyzed extracts were flavonoids and their derivatives (Table 1,
Figures 1 and 2). They showed specific maxima in UV-Vis spectra at ca. 335 for apigenin derivatives
(21, 24, 28), and ca. 350 for luteolin and quercetin glycosides (22, 23, 26). Compound 26 showed
deprotonated ion at m/z = 463. The fragmentation revealed the cleavage of hexose unit (M-162)
and the presence of aglycone residue at m/z = 301. The comparison with the chemical standard
proved that 26 is quercetin 3-O-galactoside (hyperoside). This compound was confirmed in Cephalaria
grossheumii Bobr. species [26]. Compounds 21, 24 and 28 were identified as apigenin derivatives.
Compound 28 showed base peak ion at m/z = 431 and characteristic fragmentation pattern typical for
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C-glycosides. Based on previous reports compound 28 was assigned as isovitexin [43]. Compound 21,
with the major peak ion at m/z = 593, showed cleavage of hexose unit in the fragmentation spectrum
(M-162), resulting in the production of isovitexin moiety at m/z = 431. Thus, 21 was characterized as
isovitexin O-hexoside. The latter two flavonoids have not been previously reported from Cephalaria
species. Compounds 22 and 23 were characterized as luteolin glycosides. Compound 22 showed
major ion at m/z = 447, and the fragmentation of this ion did not lead to the production of aglycone
moiety. Instead pattern typical for C-glycosides was observed, thus 22 was assigned as isoorientin [43].
Compound 23 showed characteristic fragmentation pattern for swertiajaponin and has been previously
reported from other Cephalaria species [44]. Compounds 31, 38–40, due to the fact of molecular weights
in the rage of 580-640 amu and intensive maximum in the UV-Vis spectra at ca. 260 and 315 nm, were
classified as flavonoid with phenolic acid moiety linked to sugar residue. After comparison with
the chemical standard compounds, 30 was identified as tiliroside, which has been previously detected
in Cephalaria elmanensis [45]. Compounds 31, 40 and 41 may be assigned as kaempferol glycosides with
p-coumaroyl moiety, because of the fact that their fragmentation showed cleavage of 146 amu resulting
in the production of fragment ions M-146 at m/z = 601, 489 and 489, respectively (Table 1).

The last class of natural products occurring in analysed extract were iridoids (3, 4, 8, 12, 14, 15–20,
and 29). Compounds 3 and 4 showed deprotonated ion as m/z = 375 with UV-Vis maximum at 231 nm.
Based on comparison with chemical standard compound 3 was identified as loganic acid, which was
previously confirmed in Cephalaria kotshyi [46]. Compound 4 was described as loganic acid isomer due
to the same molecular weight and identical fragmentation pattern (Table 1). Compound 12 showed
deprotonated ion in the mass spectrum at m/z = 359. The fragmentation pattern was like compounds 3
and 4. Based on literature review, compound 12 was tentatively identified as deoxyloganic acid [47].
Compound 15 had major ion in the mass spectrum at m/z = 435 corresponding to M+HCOO•− adduct
(Table 1). After the comparison with chemical standard, 15 was identified as loganin. Loganin was
previously confirmed in Cephalaria elaziginesis, Cephalaria kotschyi and Cephalaria isaurica [27,46,48].
Compounds 8, 16–20 and 29 were tentatively classified as other iridoids based on UV-Vis maxima
observed at ca. 240 nm and mass spectra identified compounds.

The quantitative evaluation of the major compounds detected in the analyzed extracts was
performed based on the calibration curves of different compounds: luteolin for the quantification
of flavonoid derivatives, aucubin for iridoids, chlorogenic acid for phenolic acids and unidentified
compounds. The areas of quantified components were determined at 275, 280 and 350 nm.
Among the analyzed compounds, 5-O-caffeoylquinic acid, 3,5-O-dicaffeoylquinic acid, isoorientin
and swertiajaponin were presented in all samples in the greatest quantities. It was found that
the most effective solvent in extracting phenolics in both both Cephalaria species was 80% acetone
followed by mixture of methanol–acetone–water; this may be due to the lower water content
and it is in agreement with the other reports [49]. The leading phenolic acids identified in both
species were 5-O-caffeoylquinic acid (94.90 ± 0.42–135.83 ± 1.47 µg/g DE) and 3,5-O-dicaffeoylquinic
acid (41.29 ± 0.11–118.90 ± 0.46 µg/g DE). Among flavonoids the most abundant compounds were
isoorientin (41.71 ± 0.50–108.42 ± 0.79 µg/g DE) and swertiajaponin (7.91 ± 0.08–115.10 ± 0.45 µg/g
DE). In both Cephalaria species there are more caffeic acid derivatives in contrast to the iridoids
and flavonoids content. These compounds are important ingredients in dermatological products
through reduction of inflammation, oxidative stress and inhibition the growth of bacteria, such as P.
acnes and S. aureus [50].
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Table 1. LC-DAD-MS/MS data for compounds detected in the C. uralensis and C. gigantea extracts. CUA—acetone extract of the aerial parts of C. uralensis, CUE—ethanol
extract of the aerial parts of C. uralensis, CUM—methanol–acetone–water extract of the aerial parts of C. uralensis, CUEf—ethanol extract of the flowers of C. uralensis,
CUMf—methanol-acetone-water extract of the flowers of C. uralensis, CGA—acetone extract of the aerial parts of C. gigantea, CGE—ethanol extract of the aerial parts
of C. gigantea, CGM—methanol-acetone-water extract of the aerial parts of C. gigantea.

No Compound Name Retention Time [min] UV Maxima
[nm] [M-H]- m/z MS2 Ions CUA CUE CUM CUEf CUMf CGA CGE CGM

1 3-O-caffeoylquinic acid (neochlorogenic acid) c 16.1 300sh,324 353 191b, 179 4.43 ± 0.13 8.75 ± 0.62 3.87 ± 0.08 3.42 ± 0.11 8.54 ± 0.42 5.45 ± 0.32 9.35 ± 0.17 5.13 ± 0.18
2 phenolic acid derivative 20.4 300sh 324 369 207b 0.61 ± 0.04 - - - 20.65 ± 0.17 - - -
3 loganic acid s 20.6 231 375 213b, 169 3.92 ± 0.11 4.60 ± 0.07 0.83 ± 0.02 1.35 ± 0.23 - 13.47 ± 0.23 22.17 ± 0.45 14.05 ± 0.17
4 loganic acid isomer 21.9 231 375 213b, 169 - - - - - 14.14 ± 0.09 22.45 ± 0.11 14.78 ± 0.25
5 caffeic acid s 22.2 300sh, 325 179 - 0.84 ± 0.19 1.27 ± 0.09 - 0.91 ± 0.05 0.79 ± 0.11 - - -
6 caffeoylquinic acid isomer 22.3 300sh, 325 353 191b 4.27 ± 0.10 4.99 ± 0.05 - 1.96 ± 0.02 - - - -
7 5-O-caffeoylquinic acid (chlorogenic acid) c 22.8 300sh, 325 353 191b,179 123.75 ± 0.54 114.90 ± 1.06 132.18 ± 1.07 94.90 ± 0.42 98.75 ± 0.61 101.79 ± 0.51 135.83 ± 1.47 130.88 ± 0.77
8 undefined iridoid 23.2 245 389 - - - - - - 16.03 ± 0.19 31.48 ± 0.62 22.02 ± 0.15
9 4-O-caffeoylquinic acid (cryptochlorogenic acid) c 24.3 299sh, 324 353 191, 179, 173b 1.89 ± 0.01 4.01 ± 0.05 1.68 ± 0.06 - 7.45 ± 0.19 16.02 ± 0.06 20.80 ± 0.16 16.38 ± 0.08
10 undefined compound 27.8 213, 280 355 225, 179b - - - - - 14.72 ± 0.09 17.71 ± 0.12 4.97 ± 0.10
11 caffeoylquinic acid isomer 26.1 299, 325 353 191b 3.69 ± 0.05 3.92 ± 0.09 - - - - - -
12 deoxyloganic acid t 27.0 242 359 322b, 209 2.14 ± 0.17 2.67 ± 0.42 2.39 ± 0.08 1.85 ± 0.12 - 14.82 ± 0.12 17.05 ± 0.31 15.21 ± 0.62
13 caffeoylquinic acid isomer 27.3 300sh, 324 353 191b 7.50 ± 0.08 4.15 ± 0.01 1.97 ± 0.05 12.62 ± 0.35 2.76 ± 0.02 3.84 ± 0.05 4.85 ± 0.15 3.92 ± 0.01
14 flavonoid derivative 27.5 261, 353 625 607, 535, 505b, 463, 343 8.28 ± 0.18 4.62 ± 0.05 3.51 ± 0.10 2.69 ± 0.07 - 14.89 ± 0.15 8.00 ± 0.09 15.23 ± 0.08
15 loganin s 28.7 249 435f 389, 227b - - - 0.51 ± 0.02 - 4.33 ± 0.12 6.64 ± 0.18 4.56 ± 0.05
16 undefined iridoid 29.9 248 535f 489b, 399, 293, 195 0.17 ± 0.03 - - 0.47 ± 0.01 - - - -
17 undefined iridoid 30.7 230 433f 387b, 355, 265, 225, 155 - - - - - 3.41 ± 0.12 5.55 ± 0.21 3.18 ± 0.02
18 undefined iridoid 31.6 230 433f 387b, 355, 265, 225, 155 - - - - - 2.75 ± 0.11 2.53 ± 0.08 1.61 ± 0.01
19 undefined iridoid 32.0 224 403f 371b, 333, 223, 121 - - - - - 3.52 ± 0.05 2.72 ± 0.10 1.72 ± 0.01
20 undefined iridoid 33.9 248 488 471, 350, 341b, 281, 146 - - - 1.20 ± 0.07 - - - -
21 isovitexin O-hexoside 34.8 267, 334 593 473, 431b, 341, 311, 283 - - - - - 2.82 ± 0.06 2.98 ± 0.05 2.15 ± 0.02
22 isoorientin s 36.5 270, 349 447 429, 357, 327b 65.18 ± 0.23 41.71 ± 0.50 61.90 ± 0.81 51.72 ± 0.16 48.50 ± 0.23 108.42 ± 0.79 86.84 ± 0.43 79.15 ± 0.17
23 swertiajaponin t 37.4 270, 348 461 341b, 313, 297 93.05 ± 1.33 72.63 ± 0.86 104.72 ± 0.67 7.91 ± 0.08 40.19 ± 0.38 115.10 ± 0.45 82.17 ± 0.57 80.45 ± 1.11
24 isovitexin s 40.8 269, 337 431 413, 341, 311b 4.67 ± 0.15 1.87 ± 0.03 1.28 ± 0.11 4.20 ± 0.09 - - - -
25 phenolic acid derivative 40.8 267, 330 545 375b, 195 2.19 ± 0.02 0.98 ± 0.01 1.12 ± 0.02 2.83 ± 0.08 - - - -
26 quercetin 3-O-galactoside (hyperoside) s 41.1 260, 353 463 301b, 179 0.86 ± 0.03 - - - - - - -
27 ferulic acid s 41.7 300sh, 325 193 - - 1.16 ± 0.05 - - - - - -
28 apigenin derivative 42.1 269, 333 445 413, 325b, 293, 231 8.53 ± 0.15 5.97 ± 0.11 8.17 ± 0.09 - - 12.41 ± 0.21 10.69 ± 0.13 9.66 ± 0.07
29 undefined iridoid 44.6 240 527 365b, 295, 179 4.63 ± 0.08 4.27 ± 0.02 1.17 ± 0.05 - - - - -
30 phenolic acid derivative 45.8 300sh, 322 587 555, 375b, 195 1.73 ± 0.03 - - - - 1.52 ± 0.08 1.27 ± 0.05 1.61 ± 0.05
31 flavonoid derivative with p-coumaroyl moiety 46.1 282, 315 747 601, 585b, 485, 357, 227 13.02 ± 0.12 23.19 ± 0.35 14.09 ± 0.17 196.02 ± 0.62 10.51 ± 0.27 8.17 ± 0.15 10.05 ± 0.18 11.76 ± 0.23
32 3,5-O-dicaffeoylquinic acid c 47.3 300sh, 324 515 353b, 191, 179 64.93 ± 0.25 58.35 ± 0.11 70.26 ± 0.36 48.30 ± 1.01 41.29 ± 0.18 105.75 ± 0.37 118.90 ± 0.46 73.53 ± 1.12
33 undefined compound 49.3 225 745 583b, 565, 513, 459 1.94 ± 0.03 2.47 ± 0.05 - 31.52 ± 0.17 - - - -
34 4,5-O-dicaffeoylquinic acid c 50.9 300sh, 325 515 353b, 179, 173 17.81 ± 1.01 8.07 ± 0.35 9.75 ± 0.62 7.65 ± 0.30 7.18 ± 0.15 11.57 ± 0.06 13.43 ± 0.20 12.12 ± 0.08
35 phenolic acid derivative 54.9 290, 324 631 583, 373, 193 - - - 92.85 ± 0.71 - 0.78 ± 0.02 1.79 ± 0.05 0.83 ± 0.01
36 undefined compound 55.6 233 791 630b, 495, 459, 419, 239 1.18 ± 0.04 1.54 ± 0.02 1.38 ± 0.02 - - - - -
37 undefined compound 57.6 225 633 419b, 239 - - - 0.81 ± 0.01 - - - -
38 undefined compound 62.2 227 629 597,419b,239 - - - 0.49 ± 0.02 - - - -
39 tiliroside s 63.0 260, 316 593 447,285b - - - - - 0.57 ± 0.05 0.61 ± 0.02 0.44 ± 0.02
40 flavonoid derivative with p-coumaroyl moiety 69.1 261, 315 635 575,489,349,285b - - - - - 20.20 ± 0.19 23.52 ± 0.25 7.92 ± 0.05
41 flavonoid derivative with p-coumaroyl moiety 69.5 261, 315 635 575, 489, 349, 285b - - - - - 7.52 ± 0.11 8.12 ± 0.09 8.27 ± 0.01

b—base peak (the most abundant ion in recorded spectrum), c—assignment according to Clifford et al. [31], s—comparison with the chemical standard was made, f—M+HCOO ion,
sh—shoulder in UV-Vis spectrum, t—tentative assignment based on literature research; “-”—not detected. The contents of flavonoid derivatives were calculated from the curve of luteolin,
iridoids from the aucubin curve, phenolic acids and undefined compounds from chlorogenic acid curve. Each value represents mean content of the compound in µg per 1 g of dried extract
± SD (n = 3).
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Figure 1. The LC-DAD chromatogram of C. uralensis acquired at 254 nm with marked compounds.
Peak numbers refer to those implemented in Table 1. A—CUA, B—CUE, C—CUM, D—CUEf, E—CUMf.
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Figure 2. The LC-DAD chromatogram of C. gigantea acquired at 254 nm with marked compounds.
Peak numbers refer to those implemented in Table 1. F—CGA, G—CGE, H—CGM.

3.2. Antioxidant Activity

Based on the hypothesis that oxygen free radicals are involved in the pathogenesis of acne because
of their activities on neutrophils [51], we evaluated the free radical scavenging effects of Cephalaria
extracts using DPPH• and ABTS•+ assays. The measurement of antioxidant activities was performed
on a microplate scale in cell-free systems. All extracts were studied in the concentration range from
0.16 to 10 mg/mL and they exhibited similar moderate scavenging ability in a concentration-dependent
manner. In comparison, the radical scavenging activity of ascorbic acid was measured in the same
conditions. The higher DPPH• scavenging activity was demonstrated for the CUM extract (IC50 =

2.86 ± 0.12 mg/mL) followed by CUA (IC50 = 4.42 ± 0.53 mg/mL), CGE (IC50 = 4.90 ± 0.62 mg/mL),
and CUE (IC50 = 5.55 ± 0.10 mg/mL). However, the IC50 values for Cephalaria extracts were higher than
this for ascorbic acid (IC50=0.48 ± 0.30 mg/mL) (Table 2).



Antioxidants 2020, 9, 796 10 of 19

Table 2. Scavenging activity of extracts of C. uralensis and C. gigantea against DPPH• and ABTS•+

radicals and their ferric ion-chelating capacity (CHEL).

Extract DPPH• [mg/mL ± SD] ABTS•+

[mg/mL ± SD]
CHEL

[mg/mL ± SD]

CUA 4.42 ± 0.53 *** 0.61 ± 0.12 ** 0.49 ± 0.17

CUM 2.86 ± 0.12 *** 0.58 ± 0.16 ** 0.25 ± 0.11

CUE 5.55 ± 0.10 *** 0.72 ± 0.11 *** 1.01 ± 0.13 **

CUMf 6.07 ± 0.40 *** 0.45 ± 0.21 * 1.20 ± 0.13 ***

CUEf 6.87 ± 0.72 *** 0.66 ± 0.27 *** 1.07 ± 0.25 ***

CGA 5.56 ± 0.23 *** 0.53 ± 0.16 ** 4.04 ± 0.53 ***

CGM 7.28 ± 0.52 *** 0.54 ± 0.21 ** 1.32 ± 0.70 ***

CGE 4.90 ± 0.62 *** 0.57 ± 0.33 ** 2.95 ± 0.13 ***

AA 0.48 ± 0.30 - -

Trolox - 0.09 ± 0.10 -

Na2EDTA·2H2O - - 0.01 ± 0.01

* p < 0.05, ** p < 0.01, *** p < 0.001 in comparison with the positive control.

Slightly different results were observed in ABTS•+ assay, where CUMf extract was found to
scavenge free radical strongly (IC50 = 0.45 ± 0.21 mg/mL) followed by CGA (IC50 = 0.53 ± 0.16 mg/mL),
and CGM (IC50 = 0.54 ± 0.21 mg/mL).

The chelating capacity was based on measuring the percentage of inhibition of ferrozine-Fe2+

complex formation. The CUM and CUA extracts were the most active ones interfering with the formation
of iron and ferrozine complexes, which suggest their high chelating capacity and ability to capture iron
ions before ferrozine. These extracts had IC50 values comparable (0.25 ± 0.11 mg/mL and 0.49 ± 0.17
mg/mL, respectively) to Na2 EDTA*2H2O (IC50 = 0.01 mg/mL), which was used as positive control.

The results of various reports can be difficult to compare due to the different conditions
of the experiments used. Moreover, the state of knowledge of the antioxidant activity of Cephalaria
species is fragmentary. Azab [52] found that aqueous, ethanolic and ethyl acetate extracts of the aerial
parts of C. jopponsis possess high antioxidant activity (41.1, 30.1 and 20.7 mg of ascorbic acid g−1 of dry
extract, respectively).

The main compounds identified in most active extracts (CUM and CUA) are chlorogenic acid,
isoorientin and swertiajaponin. These compounds are well-known natural antioxidants showing
strong effects in different tests [53].

Sarici and co-authors [51] found that in acne vulgaris, the antioxidant defense system is damaged;
thereby, it may be concluded that plants with high antioxidant activity such as Cephalaria species can
be indicated for the treatment of acne.

3.3. Anti-Inflammatory Activity

It is well known that Propionibacterium acnes release pro-inflammatory enzymes and chemotactic
factors, and that inflammation is an integral factor in the pathophysiology of acne [54].

In our study, COX-1 and COX-2 enzymes inhibitory activities of extracts of C. uralensis and C.
gigantea were investigated as a mechanism of their anti-inflammatory action. COX catalyzes
the conversion of arachidonic acid into prostaglandins, which play a significant role in health
and several diseases. It exists in two isoforms—constitutive COX-1 (responsible for maintaining normal
physiological function) and inducible COX-2 (its expression is activated in inflammatory conditions).
The inhibition of COX-1 causes some side-effects, while the inhibition of COX-2 provides therapeutic
effects in inflammation, pain, and many other diseases [55].
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In the present study, for the first time to our knowledge, the anti-inflammatory activity of Cephalaria
extracts was investigated. The extracts were studied at two concentrations: 50 and 100 µg/mL.
The results of the inhibition of both cyclooxygenases were recorded as percentage inhibition
of prostaglandin biosynthesis, and these are shown in Table 3. A minimum inhibition of 50% is
needed for plant extracts to be considered active [56].

Table 3. Inhibition of COX-1 and COX-2 activity of the C. uralensis and C. gigantea extracts.

Extract
COX-1 Inibition [% ± SD] COX-2 Inhibition [% ± SD]

50 µg/mL 100 µg/mL 50 µg/mL 100 µg/mL

CUA 56.99 ± 1.81 *** 90.82 ± 3.43 *** 60.60 ± 2.46 *** 91.12 ± 4.38

CUM 80.07 ± 2.65 ** 97.90 ± 2.32 *** 68.31 ± 1.34 *** 94.85 ± 3.29 *

CUE 76.69 ± 1.29 92.54 ± 3.28 *** 71.52 ± 2.38 *** 75.31 ± 2.15 **

CUMf 74.44 ± 3.18 94.64 ± 2.26 *** 55.24 ± 1.10 *** 87.50 ± 2.29

CUEf 46.07 ± 2.25 *** 67.80 ± 2.34 23.52 ± 1.37 *** 35.33 ± 0.93 ***

CGA 32.23 ± 1.28 *** 45.44 ± 1.23 *** 52.28 ± 2.19 *** 55.75 ± 1.26 ***

CGM 17.01 ± 0.79 *** 31.04 ± 1.15 *** 22.83 ± 1.13 *** 43.07 ± 2.25 ***

CGE 50.99 ± 1.35 *** 58.11 ± 3.36 *** 69.00 ± 2.27 *** 81.49 ± 1.28

* p < 0.05, ** p < 0.01, *** p < 0.001 in comparison to the positive control [Indomethacin (5 µM)–72.79 ± 2.08% (COX-1);
87.31 ± 3.04% (COX-2)].

All C. uralensis extracts showed good activity against COX-1 and COX-2. The most active against
COX-1 was CUM (97.90%) in the concentration of 100 µg/mL, followed by CUMf (94.64%) and CUE
(92.54%), while the weakest were extracts of C. gigantea—CGM (17.01%) and CGA (32.23%). Except for
CUMf and CGM, all extracts at both concentrations studied showed good activity against COX-2
(52.28–71.52% at 50 µg/mL and 55.75–94.85% at 100 µg/mL).

3.4. Antimicrobial Activity

All samples were preliminarily tested for their antibacterial activity by a modified disc diffusion
method determining zones of bacterial growth inhibition. The size of the bacterial growth inhibition
zone is directly proportional to the degree of sensitivity of bacteria against the tested drug. The larger
the inhibition zones are, the higher the sensitivity exhibited by the bacteria towards the tested agents.
All tested plant extracts showed some antibacterial activity against acne strains. Thus, CUA, CUE,
CUMf, CUEf, CGA, CGM, CGE extracts had moderate activity against the tested bacteria, while CUM
was considered to be the most active extract (Table 4). Importantly, this extract showed higher activity
in agar tests against acne microaerobic strains (21.5–23 mm) than against aerobic bacteria (17–19 mm).

Moreover, the minimum inhibitory concentration (MIC) of compounds was determined for
active extracts that exhibited bacterial growth inhibition zones. The MIC values analysis (Table 5)
confirmed that CUM extract possessed beneficial inhibitory effect against tested strains, especially
towards microaerobic Gram-positive strains P. acnes 2334 and P. acnes 2400 with MICs of 12.5 µg/mL.
Nevertheless, CUE, CUMf, and CUA extracts also achieved favorable MIC values for bacterial strains
in range of 25–100 µg/mL. The strongest antibacterial effect was found in the extracts that have higher
swertiajaponin, isoorientin and chlorogenic acids content. This is in accordance with previous research
suggesting that these compounds possess strong antimicrobial properties [57].

Additionally, to determine the inhibitory and killing abilities of the tested extracts, the MBC was
determined. To consider the Cephalaria extracts to have bactericidal activity, the MBC/MIC ratio must
be equal or less than 4. The calculated value obtained for CUM was 4, against both Propionibacterium
strains, what proved its bactericidal properties. The other tested extracts showed MBC values higher
than 4; therefore, they have bacteriostatic—not bactericidal—properties.
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Table 4. Zones of bacterial growth inhibition as an antibacterial Cephalaria uralensis and C. gigantea extracts activity.

Bacterial Strains
Zones of Bacterial Growth Inhibition [mm]

CUA CUM CUE CUMf CUEf CGA CGM CGE

S. aureus ATCC 25923 13 17 12 13.5 10 8 7 8

S. epidermidis ATCC 12228 12.5 19 14.5 10.5 10 10 8 10

P. acnes PCM 2400 18 23 15 13 11 6 4 8

P. acnes PCM 2334 17.5 21.5 16 13 11.5 8 7 10

Table 5. Minimum inhibitory concentration (MIC [µg/mL]) and MBC/MIC ratio as an antibacterial activity of the tested C. uralensis and C. gigantea extracts.

Bacterial Strains
CUA CUM CUE CUMf CUEf CGA CGM CGE

MIC MBC/MIC MIC MBC/MIC MIC MBC/MIC MIC MBC/MIC MIC MBC/MIC MIC MBC/MIC MIC MBC/MIC MIC MBC/MIC

S. aureus ATCC 25923 50 8 25 8 100 8 50 8 200 8 >200 - >200 - >200 -
S. epidermidis
ATCC 12228 100 8 25 8 50 8 100 8 200 8 >200 - >200 - >200 -

P. acnes PCM 2400 25 8 12.5 2 50 8 50 8 100 8 >200 - >200 - >200 -
P. acnes PCM 2334 25 8 12.5 4 50 8 50 8 100 8 >200 - >200 - 200 -
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The antibacterial active extracts (CUM, CUE, CUA) were examined for theoretical synergism
with selected antibiotics. The data shown in Table 6 indicate that none of the tested samples of CUM,
CUA, CUE had an antagonistic effect when combined with the selected drugs. Importantly, the CUM
extract showed a beneficial synergistic effect in combination with ceftriaxone and cefepime on both
Propionibacterium strains (FICI range 0.375–0.5). Other combinations of drugs and extracts against
the tested bacterial strains had no effect.

Some other Cephalaria species have already been reported with antibacterial activity. Kırmızıgül
and co-authors [22] showed that methanol extract of C. transsylvanica possesses antimicrobial activity, i.a.,
against S. aureus, E. coli, P. vulgaris, P. aeruginosa, C. xerosis, and K. pneumoniae. The antibacterial activity
of the C. elmaliensis and C. scoparia extracts and the pure triterpenoids were also investigated [17,28].
Sarıkahya and Kırmızıgül [17,28] found that compounds, including hederagenin-type triterpene
saponins, tiliroside and luteolin 7-O-β-D-glycoside, isolated from Cephalaria species were very active
against both gram-positive and gram-negative bacteria.

3.5. Cytotoxic Activity

After 24 h incubation, the MTT test revealed that the tested extracts possessed different abilities
to reduce the viability of normal human skin fibroblasts (Figure 3). Thus, at the highest tested
concentration (1000 µg/mL) of CUA, CUM, CUE, CUMf, CUEf extracts, the BJ cell viability (compared
to control) was 21.06 ± 2.35 µg/mL (p < 0.0001), 8.71 ± 0.54 µg/mL (p < 0.0001), 55.87 ± 1.72 µg/mL
(p < 0.0001), 11.47 ± 1.01 µg/mL (p < 0.0001), and 64.49 ± 1.22 µg/mL (p < 0.0001), respectively.
It is worth noting that CUM, which possessed the best antibacterial activity (Tables 4 and 5) also
exhibited the highest cytotoxic activity towards BJ cells, with CC50 value equal to 61.27 ± 2.74
µg/mL (Table 7). In turn, CUE and CUEf extracts were found to be non-toxic, because their values
of CC50 were above 1000 µg/mL. Lack of cytotoxicity and moderate antibacterial activity of these
extracts meant that they possessed the highest values of therapeutic indexes (Table 7). Importantly,
CUE extract exhibited TI values above 10 against all tested bacterial strains. TI values above 10
indicate that the compound possesses therapeutic potential in vitro and it may be subjected to in vivo
evaluation [38]. Therefore, in vitro results indicate that CUE extract seems to be a very promising
antibacterial agent. Nevertheless, to confirm its therapeutic potential precisely, the appropriate in vivo
study will be performed. For this purpose, an in vivo skin irritation study will be performed on
healthy volunteers (without dermatological diseases or allergy to substances occurring in extracts) as
described previously [58], The visual assessment will be carried out according to the Hibry and Murdan
guidelines [59].
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Table 6. Interactions between C. uralensis extracts and selected antibiotics against acne bacteria.

Bacterial Strains
FICIa Index of Different Combinations of Antibiotics and C. uralensis Extracts

CUA CUM CUE
Cefepime Ceftriaxone Ciprofloxacin Sparfloxacin Cefepime Ceftriaxone Ciprofloxacin Sparfloxacin Cefepime Ceftriaxone Ciprofloxacin Sparfloxacin

S. aureus 2 d 1.5 d 1.06 d 1.5 d 2 d 1.06 d 1.5 d 1.5 d 1.5 d 2 d 2 d 2 d

S. epidermidis 1.06 d 1.5 d 1.06 d 1.5 d 1.06 d 1.06 d 1.5 d 1.06 d 1.5 d 1.5 d 1.5 d 2 d

P. acnes PCM 2400 1.06 d 2 d 2 d 1.5 d 0.5 b 0.5 b 1.0 d 1.06 d 1.5 d 1.5 d 1.06 d 1.5 d

P. acnes PCM 2334 1.06 d 1.06 d 1.5 d 1.06 d 0.5 b 0.375 b 0.562 c 1.06 d 1.06 d 1.5 d 1.06 d 1.06 d

a Fractional inhibitory concentration index; b Total synergism; c Partial synergism; d No effect.
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Figure 3. Viability of normal human skin fibroblasts (BJ cell line, ATTC CRL-2522™) after 24 h incubation
with the most active extracts (CUA, CUM, CUE, CUMf, CUEf). * Significantly different results compared
to control (culture medium without extracts—0 µg/mL); unpaired t-test, p < 0.05.

Table 7. The half-maximal cytotoxic concentrations (CC50) and therapeutic indexes (TI) of the most
active extracts (CUA, CUM, CUE, CUMf, CUEf).

Extract CC50 [µg/mL]

TI
CC50
MIC

S. aureus
ATCC 25923

S. epidermidis
ATCC 12228

P. acnes
PCM 2400

P. acnes
PCM 2334

CUA 191.60 ± 3.25 3.83 1.92 7.66 7.66

CUM 61.27 ± 2.74 2.45 2.45 4.90 4.90

CUE > 1000 > 10 > 20 > 20 > 20

CUMf 72.09 ± 2.16 1.44 0.72 1.44 1.44

CUEf > 1000 > 5 > 5 > 10 >10

The CC50 values were determined towards normal human skin fibroblasts (BJ cell line, ATTC CRL-2522™) after 24-h
incubation. The TI values were calculated as the ratio between CC50 and MIC values.
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4. Conclusions

The management of acne vulgaris should be “multidirectional”. Therapeutic agents should reduce
sebum production as well as follicular hyperkeratinization of the epidermal cells. For this reason,
they should primarily exhibit antioxidant, anti-inflammatory, and antimicrobial properties, without
cytotoxic effect.

In our in vitro study, we characterized composition and comprehensively evaluated biological
properties of extracts from Cephalaria uralensis and C. gigantea. Thus, we identified the main compounds
presenting in extracts as well as we determined antioxidant, anti-inflammatory, antimicrobial,
and cytotoxic properties of such extracts.

We proved that both species are rich in chlorogenic acid, swertiajaponin, and isoorientin, which are
most likely responsible for their beneficial biological activities. Among the tested samples, the ethanol
extract of the aerial parts of C. uralensis (CUE) possessed the most desirable biological properties, as
it had antibacterial, anti-inflammatory, and antioxidant abilities, while also not exhibiting cytotoxic
effects towards normal human skin fibroblasts. It is worth underlining that such properties revealed
in vitro make it possible to suppose the potential “multidirectional” activity of CUE. Thus, CUE seems
to be a promising agent for treatment of acne vulgaris, and for this reason, it will be subjected to further
in vivo study in order to confirm its “multidirectional” activity.
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