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Abstract: Three germacranolides, as well as five flavonoids, natural steroid and simple phenolic
compounds, were isolated from the inflorescence of Stizolophus balsamita growing in Iran. The paper
presents active compounds found for the first time in the inflorescence of this species. The flavonoids,
simple phenolic compounds and natural steroids have been isolated for the first time in the genus
Stizolophus. The MTT assay was employed to study in vitro cytotoxic effects of the taxifolin against
human fibroblasts. We also evaluate the possible biological properties/cosmetic effects of Stizolophus
balsamita extract and taxifolin on the human skin. Sixty healthy Caucasian adult females with no
dermatological diseases were investigated. We evaluate the effects of S. balsamita extract and taxifolin
on skin hydration and transepidermal water loss (TEWL). It was revealed that S. balsamita extract
might decrease TEWL level and fixed the barrier function of the epidermis. The presence of bioactive
phytochemical constituents in S. balsamita inflorescences makes them a valuable and safe source for

creating new cosmetics and medicines.

Keywords: Stizolophus balsamita; flavonoids; simple phenolic compounds; sesquiterpene lactones;
natural steroid

1. Introduction

Medicinal plants are the potential source of compounds with a broad pharmacolog-
ical spectrum of activity. Among the diverse functions, anti-inflammatory actions are
highlighted [1]. The species belonging to the genus Stizolophus, subtribe Centaureinae
(Asteraceae), are rich in compounds with chemotaxonomic significance—sesquiterpene
lactones and flavonoids [2—4].

Sesquiterpene lactones have been isolated from all plant organs, but they most com-
monly occur in leaves and glandular trichomes on leaves. The wide variety of chemical
structures is responsible for their distinctive biological activity, which is connected with the
presence of o, 3-unsaturated y-lactone ring [5,6]. All sesquiterpene lactones, which have
a lactone ring coupled with an exo-methylene, enables inhibition of the cellular enzymes
through Michael nucleophilic addition [7]. In consequence, these compounds exhibit anti-
inflammatory, antimigraine, antifungal, antibacterial and antiviral activity, including the
SARS-CoV-2 virus [8,9]. Moreover, the additional substituent on C-8 and 4,5 epoxide group
in germacranolides significantly increases the potency of the anti-inflammatory effect [8].
Sesquiterpene lactones also possess antiprotozoal [10], cytotoxic and antitumorigenic
activity [5].

Flavonoids are natural compounds that are characterized by polyphenolic structures.
They are abundantly found in all parts of the plants and are major contributors to the color
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and fragrance of fruits and flowers [11]. One of the more popular flavonoids isolated from
the plants is quercetin and kaempferol from the group of flavones [12].

Flavonoids possess a wide range of health-promoting properties and are essential
components in various pharmaceutical, cosmetics, nutraceutical and medicinal applica-
tions [13]. Flavonoids are known for their antioxidant activity to depend upon their
molecular structure. The configuration, substitution, and a total number of hydroxyl
groups substantially influence several antioxidant activity mechanisms such as radical
scavenging and metal ion chelation ability [14]. The occurrence, position, structure, and
total number of sugar moieties in flavonoids also play an important role in antioxidant
activity. Aglycones are more potent antioxidants than their corresponding glycosides [15].
Moreover, it can be confirmed that the hydroxyl group at C-3 position is very important
for the a-glucosidase inhibitory activity of flavonol compounds [16]. Flavonoids have
been used extensively as anti-inflammatory [1], anticancer, antimicrobial, antiviral, an-
tiangiogenic, antimalarial, neuroprotective, antitumor, and anti-proliferative agents [17].
The mechanism of anti-inflammatory activity is connected with the inhibition of several
enzymes by modulating the arachidonic acid pathways. Thus, flavonoids have been the
target of increasing interest as potential anti-inflammatory agents [1]. Flavonoids are also a
promising group of compounds for treating neurodegenerative diseases like Alzheimer’s
and Parkinson’s disease [18]. Furthermore, a broad range of skin benefits of flavonoids
was postulated [19]. It was revealed that the aging effects caused by glycation of proteins
degrades type I collagen differently and leads to an accelerated skin aging process [20]. In
light of this, the positive effects on human skin and anti-glycation activity of taxifolin were
previously suggested [19]. Therefore, novel, noninvasive cosmetological treatments and
devices used in anti-aging strategies should be especially evaluated. For the assessment of
skin biophysical parameters of skin aging, several tools have been developed and described
in the research field of cosmetology and dermatology [21-25]. The instruments used in this
study (Corneometer CM825, Tewameter TM300 from Courage-Khazaka Electronic, Koln,
Germany) are considered to be noninvasive and therefore cause no harm or discomfort dur-
ing the investigation of the skin parameters while accurately measure different aspects of
the skin. Technical descriptions of this type of instrument and its use have been published
by many authors [21-25].

Other groups of compounds which also occur in the subtribe Centaureinae are natural
steroids and simple phenolic compounds [8].

Natural steroids are a class of chemical compounds (triterpenoids) synthesized by
plants for defense against insects. Over 300 plant ecdysteroid analogs have been identified
so far with distinctive chemical, physical and biological properties [26]. Phytoecdysteroids
of the Centaureinae subtribe appear in the species of the Serratula genus [8]. Some pharma-
cological studies indicate the therapeutic benefits of phytoecdysteroids in humans. These
compounds positively affect hypercholesterolemia, hyperglycemia, hypotension, infectious
diseases (caused by viruses, bacteria, fungi), and physical and mental weakness [26]. The
most highlighted pharmacological activity of phytoecdysones is their anti-inflammatory
effect [27]. Nowadays, natural steroids are often chosen for skin change treatment, replac-
ing synthetic steroids [8,26]. Natural steroids are also known for their antioxidant and
anticancer activity [28,29].

Natural steroids (phytoecdysones) are found together with 3-arbutin in species of the
genus Serratula (Centaureinae). Our study has been shown that 3-arbutin also accompany-
ing phytoecdysones in the Stizolophus genus. This simple phenolic compound is practically
used as a skin-lightening agent, and it has been reported to possess a weak antioxidant
activity [30].

Another phenolic compound found during our study was an ester of protocatechuic
acid (PCA). PCA is a type of widely distributed naturally occurring phenolic acid. It is
present in rich quantity in various multiple fruits such as berries. PCA has been reported
for its potential antioxidant activity, antibacterial activity, anticancer activity, antiulcer
activity, antidiabetic activity, anti-aging activity, antifibrotic activity, antiviral activity,
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anti-inflammatory activity, analgesic activity, antiatherosclerotic activity, cardiac activity,
hepatoprotective activity, neurological and nephroprotective activity [31].

The subject of our investigations was the inflorescences of Stizolophus balsamita (Lam.)
K. Koch. (syn. Stizolophus balsamitifolius Cass.). It is an annual endemic plant that grows in
Iran and Kazachstan. Its widely used in folk medicine in fever and externally in anginas
and herpes [4]. The compounds that appear in S. balsamitae leaves were presented in our
previous papers [1,2]. Now we decided to study, for the first time, the chemical content of
S. balsamita inflorescences, and the results are described below.

Moreover, the present study’s additional aim was to investigate the influence of
Stizolophus balsamita extract and its dominant compound taxifolin on the human skin. This
interaction of examined compounds with skin was evaluated by noninvasive biophysical
techniques using the Corneometer and Tewameter measuring the skin water content and
skin barrier function of human volunteers, respectively. The potent cytotoxicity was
determined on the human skin fibroblasts cell line.

2. Results

Our phytochemical studies of the S. balsamitae inflorescentia led to the isolation and
identification of three sesquiterpene lactones—germacranolides with 4,5-epoxide group—
izospiciformin (1), stizolin (2) and stizolicin (3), as well as five flavonoids: quercetin (4),
kaempferol (5), rhamnetin (6), taxifolin (7) and kaempferol 3-O-x-rhamnopyranoside (8),
one natural steroid ajugasterone C (9), and two simple phenolic compounds: arbutin (10)
and protocatechuic acid methyl ester (11) (Figure 1).

5R,=H,R,=H

6R,=CH, R, =OH

Figure 1. Chemical structures of compounds 1-11 (1—izospiciformin, 2—stizolin, 3—stizolicin, 4—quercetin, 5—kaempferol,

6—rhamnetin, 7—taxifolin (dihydroquercetin), 8—kaempferol 3-O-a-rhamnopyranoside, 9—ajugasterone C, 10—arbutin,

11—protocatechuic acid methyl ester).

2.1. Isolation of Compounds from S. Balsamita Inflorescences

The inflorescences of S. balsamita (530 g) were air-dried at room temperature and
finally crushed and soaked in 3.5L MeOH three times at room temperature. The MeOH
extract was evaporated and the residue was dissolved in 0.5L H,O. The aqua solution was
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re-extracted three times with 0.25L AcOEt. The AcOEt extract was dried with anhydrous
NaySOy, filtrated and evaporated, giving a residue (12.45 g).

The AcOEt extract was chromatographed with CC method on silica gel with CH,Cly, a
mixture of CH,Cl, andCH3OH (ratio 35:1) as eluent. The polarity was gradually increased
with added CH3OH. Some collected fractions were subjected to repeated rechromatography
until pure compounds were obtained. Fractions were rechromatographed on silica gel
with CH,Cl, and (CH3),CO (ratio 10:1) or n-hexane and AcOEt (ratio 3:1). The polarity
was gradually increased with added (CHj3),CO or AcOEt, respectively. The result was
the isolation of the following compounds: izospiciformin (1) (3.4 mg, m.p. 192-195 °C),
stizolin (2) (7.6 mg, m.p. 183-188 °C), stizolicin (3) (8.1 mg, m.p. 143-144 °C), quercetin (4)
(1.8 mg, m.p 315-316 °C), kaempferol (5) (4.3 mg, m.p. 276-278 °C), thamnetin (6) (0.9 mg,
amorphous solid), taxifolin (7) (11.7 mg, m.p. 244-245 °C), kaempferol 3-O-rhamnoside
(8) (2.1 mg, amorphous solid) and fraction 1—mixture of kaempferol 3-O-rhamnoside
and ajugasterone C (9) (2.7 mg, amorphous solid) and fraction 2—mixtures with taxifolin,
arbutin (10) and protocatechuic acid methyl ester (11) (2.3 mg, amorphous solid).

Spectral data of isolated compounds

Quercetin (4) '"H NMR (600 MHz, CD;0D):  7.59 (1H, d, ] = 2.1, H-2), 7.51 (1H, dd,
J=8.5,2.1Hz, H-6),6.86 (1H, d, ] = 8.5 Hz, H-5), 6.20 (1H, d, ] = 1.8 Hz, H-8), 6.04 (1H, d,
J =1.8 Hz, H-6).

Kaempferol (5) 'H NMR (600 MHz, CD;0D): § 7.77 (2H, AA’, “d”, | = 8.8), 6.94 (2H,
MM’, “d”, ] =8.8 Hz), 6.38 (1H, d, ] = 2.1 Hz), 6.20 (1H, d, ] = 2.1 Hz).

Rhamnetin (6) EI-MS (probe) m/z (relative abundance %): 316.0 [M]* (100), 314.9
[M-H]* (69), 302.0 [M-CH;3]* (19), 288 [M-CO]* (37), 273.0 (37), 165.9 [A1]* (21), 152.8
[M-CH3 A1]* (63),136.8 [B1]* (25).

Taxifolin (7) see Table 1.

Table 1. NMR Data of Compounds 7 and 8.

Compound 7 (Taxifolin) Compound 8 (Kaempferol 3-O-o-Rhamnopyranoside; Afzelin)
Carbon BC s TH 6y (Hz) BC s TH 6y (Hz)

2 85.17 491d (11.8) 158.70 -

3 73.73 4.49d (11.8) 136.10 -

4 198.42 - 179.43 -

5 165.42 - 159.04 -

6 97.41 592d (2.4) 100.51 6.17d (2.1)

7 168.93 - 165.72 -

8 95.36 5.87 d (2.4) 95.23 6.33d (2.1)

9 164.56 - 158.30 -

10 101.86 - 103.52 -

1 129.97 - 122.72 -

2/ 115.43 6.96d (2.4) 131.87 7.76 d (8.8)

3 146.38 - 116.56 6.93d (8.8)

4 147.20 - 161.65 -

5 116.14 6.80d (7.8) 116.56 6.93d (8.8)

6 120.90 6.84 dd (2.4, 7.8) 131.87 7.76 d (8.8)
1 - - 103.57 5.37d (1.8) (172) **
2 - - 72.02 422dd (1.8,3.4)
3 - - 71.94 3.70 dd (3.4, 9.1)
4" - - 7322 3.32m*

5”7 - - 72.15 333m*

6" - - 17.65 0.92d (6.3)

* signal pattern unclear due to the overlap.** 1Jyc determined from the HMBC spectrum.

Kaempferol 3-O-a-rhamnopyranoside (8) see Table 1.
Ajugasterone C (9) see Table 2.



Int. . Mol. Sci. 2021, 22, 4428

50f16

Table 2. NMR Data of Compound 9.

Compound (9) (Ajugasterone C)

Carbon BC s TH 6y (Hz)
1 39.08 2.58 dd (12.8,4.3); 1.37 dd (12.8, 11.9)
2 68.93 4.00 ddd (11.9, 4.3, 2.9)
3 68.56 3.95ddd (29,29, 2.9)
4 33.29 1.77 ddd (14.0, 13.1, 2.9); 1.69 ddd (14.0, 4.0, 2.9)
5 52.77 2.33dd (13.1, 4.0)
6 206.63 -
7 122.72 5.80d (2.7)
8 165.72 -
9 4293 3.14 dd (8.9,2.7)
10 39.90 -
11 69.49 4.10 ddd (10.5,9.0, 6.1)
12 43.78 2.20dd (12.1, 10.5); 2.16 dd (12.1, 6.1)
13 49.08 -
14 84.86 -
15 31.83 1.97 m; 1.57 m
16 21.52 2.00m; 1.71 m
17 50.28 2.41dd (9.5, 8.6)
18 18.87 0.87 s (3H)
19 24.61 1.05s (3H)
20 77.75 -
21 20.96 1.20 s (3H)
22 77.95 3.30m
23 30.48 1.56 m; 1.22 m
24 37.65 1,46 m; 1.23 m
25 29.22 1.57 m
26 23.41 0.92d (6.1) (3H)
27 22.74 0.91d (6.1) (3H)

Arbutin (10) "H NMR (600 MHz, CD3;0D): § 6.96 2H, AA’,‘d’, ] = 9.1 Hz, H-2,6), 6.69
(2H, MM, ‘d’, ] = 9.1 Hz, H-3,5), 4.73 (1H, d, ] = 7.4 Hz, H-1 glc), 3.88 (1H, dd, ] = 11.9,
1.7 Hz, H-6,, glc), 3.69 (1H, dd, ] = 11.9, 5.6 Hz, H-65, glc), 3.41 (1H, m, H-2 glc), 3.44-3.40
(m, H-3,4,5 glc). '3C NMR (150 MHz, CD;0D): § 155.28 (C-1), 152.45 (C-4), 119.44 (C-2,6),
116.73 (C-3,5), 103.85 (C-1 glc), 78.62 (C-5), 62.36 (C-6).

Protocatechuic acid methyl ester (11) 'H NMR (600 MHz, CD;0D): § 7.41 (1H, d,
J =2.0 Hz, H-2), 7.35 (1H, dd, ] = 8.2, 2.0 Hz, H-6), 6.71 (1H, d, | = 8.2 Hz, H-5), 3.97
(3H, s, CH30-7). 13C NMR (150 MHz, CD3;0D):  172.02 (C-7), 152.00 (C-4), 145.28 (C-3),
123.12 (C-6), 117.89 (C-2), 115.43 (C-5), 52.75 (CH30-7) (C-1 signal did not emerge from
the background).

2.2. Identification of Isolated Compounds

The isolated compounds were identified by spectral methods.

Compounds 1, 2 and 3 were identified as sesquiterpenes—izospiciformin, stizolin and
stizolicin, respectively, by direct comparison with the samples isolated and identified from
the leaves of the same plant (S.balsamita) [2].

Compound 4 showed an ABX system at 6y 7.59 (d, ] =2.1),7.51 (dd, | = 8.5, 2.1 Hz)
and 6.86 (d, ] = 8.5 Hz), and an AB system at 6y 6.20 and 6.04 (each d, ] = 1.8 Hz) in the
'H NMR spectrum (Figure S1) which were assigned to the flavonoid quercetin (3,5,7,3' 4'-
tetrahydroxyflavone) [32] (Figure 1).

Compound 5 exhibited in the 'H NMR spectrum (experimental, Figure S2) an AA’BB’
system at 7.77 and 6.94 (each 2H, ], = 8.8 Hz), and an AB system 6.38 and 6.20 (each
1H, d, | = 2.1 Hz) typical of the flavonoid kaempferol (3,5,7,4-tetrahydroxyflavone) [33]
(Figure 1).
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Compound 6 was obtained in a minute amount, so only its mass spectrum was
recorded. The EI-MS spectrum (Figure S3) showed a molecular ion [M]* at m/z 316.0 consis-
tent with a mass of methoxy—tetrahydroxy—flavone. The fragmentation ions corresponded
to loss of a hydrogen and a methyl group at m/z 315 and 302, respectively. The fragment
ions formed due to RDA (retro-Diels—Alder) degradation of the parent ion ([M]*) at m/z
165.9 (RDA-A1) and m/z 136.8 (RDA-B;) pointed to the ring A substituted with methoxy
and hydroxy groups and the ring B bearing two hydroxy groups, respectively [34]. Thus,
compound 6 was determined as rhamnetin, i.e., 7-methyl ether of quercetin (3,5,7,3' 4’-
pentahydroxyflavone) [35] (Figure 1).

Compound 7 displayed a '*C NMR spectrum containing 15 carbon atoms signals
including 12 signals of two aromatic rings in the shift range 5c168—95, two aliphatic
oxymethine carbon signals at 5c85.17 and 73.73 and a low field carbonyl carbon at 5-198.41
(Table 1)(Supplementary Materials, Figure S5). Those data suggested a flavonoid of a
dihydroflavonol type composed of the three rings A, B and C. The 'H NMR spectrum
(Table 1, Figure S4), interpreted with the aid of an HH-COSY spectrum (Figure S6), showed
an ABX system signals at 656.85 (dd, | = 7.8, 2.4 Hz), 6.80 (d, ] = 7.8 Hz) and 6.96 (d,
J = 2.4 Hz) ascribable to the protons H-6", H-5" and H-2’ of the ring B. The spectrum also
showed an AB system of meta-coupled protons (J = 2.4 Hz) at 6115.91 and 5.88 assigned
to the ring A, and two vicinal aliphatic oxymethine protons of the ring C at 74.91 and
4.50. The two latter signals were each a doublet with a large coupling constant | = 11.8 Hz
due to their trans-diaxial disposition. The NMR assignments of proton and carbon signals
were verified by HSQC, HMBC and NOESY spectra (Table 1; Figures S7-59). From those
data, compound 7 was identified as 5,7,3' ,4’-tetrahydroxydihydroflavonol (Figure 1) or
dihydroquercetin, known by the trivial name—taxifolin [36].

The impure sample of compound 8 could be identified as kaempferol 3-O-o-rhamnopy-
ranoside by 'H NMR only. The NMR data were identical to those found for the sample of
8 described below.

Fraction 1 contained two compounds—8 and 9 according to NMR analyses (Table 1;
Figures S10-516). The 'H NMR spectrum of compound 8 (Table 1, Figure S10) exhibited
an AA’XX’ system at 8117.76 and 6.93, each with an ortho coupling | = 8.8 Hz, typical for
the 1,4-disubstituted benzene ring, as well as an AB system of mefa-coupled protons at
8146.33 and 6.17 (each d, ] = 2.1 Hz). Those signals were ascribed to the ring B H-2',6,
H-3,’5’, and the ring A H-8, H-6, respectively, and responded to a flavonoid aglycone
like kaempferol. The spectrum also contained signals of a sugar residue, which were
traced with the HH-COSY spectrum starting from an anomeric proton signal at 5y15.37
to show a sequence of two equatorial and three axial oxymethine protons and a terminal
methyl group (6p0.92, d, ] = 6.3 Hz)—all indicative of an a-thamnopyranosyl. The HMBC
spectrum coupling between the anomeric proton and a carbon signal at 6;5136.10 allowed
location of the glycosidic linkage at the C-3 of the aglycone. The « configuration of a
glycosidic linkage was evidenced by a small coupling constant for the anomeric proton
signal (] = 1.8 Hz) in the 'H NMR spectrum and a large magnitude of the coupling constant
between the anomeric proton and carbon signals, | = 172 Hz, determined from the residual
signals in the HMBC spectrum. Hence, compound 8 was identified as kaempferol 3-O-
a-thamnopyranoside (Figure 1) and the NMR spectra are in agreement with reported
data [37,38].

Compound 9 exhibited the '3C NMR spectrum (Table 2, Figures S11-S12) with
27 carbon signals, including those corresponding to a carbonyl carbon at §c206.63, an
olefinic bond at 6c165.72 and 122.72, and carbon atoms substituted with five hydroxyl
groups at 5c68.93, 68.56, 69.49, 77.75 and 77.95. Five methyl groups, as three singlets
at 0i41.20, 1.05, 0.87, and two doublets at $50.92 and 0.91, were recognized in the H
NMR spectrum (Table 2; Figure S10) interpreted with the aid of the HH-COSY spectrum
(Figure S13). The olefinic proton (H-7) signal at 6y 5.80(d) showed an allylic coupling
(J =2.7 Hz) with H-9 at 6 3.14 (dd). The latter exhibited a diaxial coupling (J = 8.9 Hz)
with the low-field methine (H-11) signal at 6y 4.10 due to the substitution with a hy-
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droxyl group. The H-11 had a (3-configuration from the NOESY spectrum (Figure 516)
interactions with angular methyl signals at 67 0.87 (H-18) and 1.05 (H-19). The low-field,
OH-substituted methine signal at &1y 3.95 (H-3), exhibited HH-COSY couplings (J = 2.9 Hz)
to methylene protons (H-4)at 6y1.77 (ddd) and 1.69 (ddd), which in turn showed HMBC
couplings to the carbonyl carbon (C-6) signal at 6c 206.63. The small vicinal couplings
(J =2.9 Hz) of H-3 signal indicated its equatorial orientation. H-3 was also coupled to
an axial oxymethine at 6iy4.00 (ddd) which showed geminal couplings with a methylene
protons at 41y 1.37(J = 4.3 Hz) and 2.58 (J = 11.9Hz) in the HH-COSY spectrum and hence
were assigned to C-2 and C-1 positions, respectively. The H-5 proton signal at 6;52.33
(dd) had an axial orientation from diaxial (J = 13.1 Hz) and axial-equatorial (J = 4.0 Hz)
couplings to H-4 protons. The spatial proximity between an axial H-1 (6y31.37), H-5 and
C-19 methyl protons, as well as between H-2 and H-9, revealed by interactions observed
in the NOESY spectrum, required a cis fusion of A and B rings. Hence, compound 9 was
identified as an ecdysteroid—ajugasterone C (Figure 1) and the obtained spectral data were
comparable to those previously reported [39].

Fraction 2 appeared to contain a mixture of compounds 7 (taxifolin), 10 and 11 by
the interpretation of its NMR spectra (experimental, Figures S17-524). The 'H NMR
signals of compound 10 involved signals an aromatic AA’XX’ system at 6116.96 and 6.69
(each 2H, [, = 9.1 Hz) and signals ascribable to a 3-linked glucopyranosyl due to the
presence of an anomeric proton at 654.73 (d, | = 7.4 Hz, H-1’), oxymethines in the range
3.44-3.40 (H-2'-H-5'), and of an oxymethylene at §;33.69 and 3.41 (H;-6). Together with
the carbon atom signals assigned by HSQC and HMBC spectra (Figures 523,524), the
NMR data of 10 fit well with those recorded in the same solvent (CD3OD) (unpublished)
for an arbutin sample isolated previously from Serratula quinquefolia (Asteraceae) in our
previous work [40] (Table S1, Figures 525-528). Compound 11 showed an AMX system at
dy7.41 (d, ] =2.0Hz), 7.50 (dd, ] = 8.2, 2.0 Hz), 6.71 (d, ] = 8.2 Hz), corresponding to an
1,3,4-trisubstituted benzene ring, and a singlet of a methoxyl at 6;33.97. The latter revealed
an HMBC spectrum coupling to the carbon at 5:172.02 assigned to the carbonyl of the
esterified carboxylic group. Therefore, compound 11 was identified as protocatechuic
acid methyl ester (Figure 1), and the obtained NMR data fit well those reported for this
compound [41].

2.3. The Biological Effect of S. Balsamita Extract on Human Skin
2.3.1. In Vitro Cytotoxicity Experiments

Cell viability deteremined by methylthiazolyldiphenyl-tetrazolium bromide (MTT)
assay was 96% for 0.5 pM; 94% for ImM and 21% for 10 mM concentration of taxifolin.
The IC 50 value was calculated as > 6.24 nM. The obtained cell viability results for each
taxifolin concentration are shown in Figure 2.

MTT cell viability assay

120%

100%

%
%
%
%
0%

0.5 uM 1uM M 10uM  SOpM  100pM 250 M  500puM  1mM 10 mM
taxifolin concentration [xM]

cell viability [%]
N

N
=}
3

mBJ cell line from ATCC, LGC Standards

Figure 2. The MTT cell viability assay on a human skin fibroblast cell line. The results are expressed
as cell viability in different taxifolin concentrations.
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2.3.2. Analysis of the effect of S. balsamita extract and taxifolin on human skin parameters

Detailed results of skin biophysical parameters (hydration and TEWL) comparison
before and after treatment with examined creams are presented in Table 3.

Table 3. Detailed results of skin biophysical parameters comparison before and after treatment with the Stizolophus balsamita

extract and taxifolin.

Before After Results of Repeated Measure ANOVA (p)
Parameter Examined Cream Treatment Treatment
Mean £ SD Mean £ SD Group Time Group * Time
Extract of Stizolophus -5 66\ 5 73 1327 + 4.03
TEWL balsamita (3%) (n = 20) 0.83 0.005 * 0.132
[g/h/m2] Taxifolin (3%) (n =20)  14.27 + 4.15 13.94 + 3.82 : : :
Placebo (n = 20) 15.23 £3.93 14.26 £ 3.24
, Extract of Stizolophus ——ya 05 | 1744 513341293
Hydration balsamita (3%) (n = 20) 0.778 0.769 0.138
(AU) Taxifolin (3%) (n =20)  52.25 + 12.02 50.18 & 9.35 : : :
Placebo (1 = 20) 52.25 + 11.15 52.46 + 10.33

Descriptions: n—number of volunteers; SD—standard deviation; AU—arbitrary unit; *—statistically significant for Stizolophus balsamita
extract before and after.

At the baseline, there were no differences between groups (p > 0.05).

The application of a cream with Stizolophus balsamita extract significantly improved
skin barrier function compared with the taxifolin and the placebo control by decreasing the
value of transepidermal water loss (TEWL) with statistical significance (p = 0.005; Figure 3).

18

TEWL [g/h/m?]

& before treatment (mean +/- 8D}
T after treatment (mean +/- 8D)

Sr.f'zoflophus Taxifolin

balsamita extract

Placlebo

Figure 3. The comparison of skin TEWL results between examined groups. The results are expressed
as the mean =+ standard deviation (SD). Descriptions: *—statistically significant for Stizolophus
balsamita extract before and after treatment.

Skin hydration was enhanced on the face cheek treated with the Stizolophus balsamita
extract in the examined group (Table 3). However, no statistically significant improvement
in skin hydration was revealed (p > 0.05; Figure 4).
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42

Placebo Stizolophus Taxifolin
balsamita extract

Figure 4. The comparison of skin hydration results between the examined groups. The results
are expressed as mean + standard deviation, SD (p < 0.05). There was no significant difference
between skin hydration measured before and after treatment in examined groups. Descriptions:
AU—arbitrary unit.

3. Discussion

The results obtained in this study indicate that S.balsamita inflorescences possess
unique chemical composition—four groups of natural compounds: sesquiterpene lactones,
flavonoids, natural steroid and simple phenolic compounds. Moreover, these compounds
are characterised by a wide spectrum of pharmacological activity with a dominant anti-
inflammatory effect [1,8,27,31].

Germacranolides 1-3 possess anti-inflammatory and antiserotonin effects. They inhibit
the release of 5-HT from platelets more effectively than parthenolide, and the izospiciformin
(1) shows the most potent effect [42]. It is worth noticing that all isolated germacranolides,
along with the three elements characteristic for a parthenolide (4,5-epoxide, lactone ring
and exo-methylene), have an additional substituent on C-8, which significantly increases
the potency of the antiserotonin effect compared to parthenolide [42]. Stizolicin (3) also has
remarkable cytotoxic and antiparasitic activities [3].

Flavonoids 4-8 were the major constituents of the S.balsamita inflorescences. Quercetin
(4), one of the most common flavonoids in vegetables and fruits, was isolated with
their derivatives rhamnetin (6) and taxifolin (7), which was yielded in a higher amount.
Quercetin (4) primarily shows anti-inflammatory and antioxidant activity. It also pos-
sesses analgesic and inflammasome inhibitor activity [43]. Moreover, compound (4) has
inhibitory activity against severe acute respiratory syndrome coronavirus (SARS-CoV)
and Middle East respiratory syndrome coronavirus (MERS-CoV) [44]. Therefore, can be a
potential treatment for severe inflammation, which is the main life-threatening condition in
patients with COVID-19 [43]. The ability to inhibit coronavirus and its inflammatory pro-
cesses is strongly desired in a new drug for the treatment of COVID-19 [45]. Furthermore,
quercetin (4) has been used most effectively for colorectal cancer [46]. When present in the
bloodstream, this antioxidant flavonoid improves vascular health and reduces the risk of
cardiovascular disease in its conjugated form. Quercetin (4) and its derivatives prevent
thrombosis or blood clotting and prevent chances of stroke [47].

Kaempferol (5) possesses anti-inflammatory effects. It has been shown to be a safe and
efficacious natural dietary anti-inflammatory agent in both in vivo and in vitro studies [12].
It was also found that kaempferol is a potential anti-atherogenic agent which prevents vas-
cular inflammation [48] and possesses antidiabetic [49], antiviral [17] activity. Kaempferol
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also can reduce the risk of cancer. It stimulates the body’s antioxidants against free radicals
that cause cancer [50].

Rhamnetin (6) is a methylated derivative of quercetin. The presence of 30H on the
C-ring of thamnetin may contribute to both its anti-inflammatory and enzymatic inhibition
of secretory phospholipase A2 (sPLA2), and the methylation of ring A may provide the
increase in cell viability and a low creatine kinase (CK) level induced by sPLA2 [51]. These
results showed that compound (6) could be a candidate as a natural compound for the
development of new anti-inflammatory drugs. Both rhamnetin (6), as well as quercetin (4)
exert strong antioxidant activity. These properties could allow administering flavonoids
for the prevention of numerous free-radical-based diseases or as an additive element to the
food and pharmaceutical industry [52].

Taxifolin (7) is a common flavanonol that exerts various pharmacological activities,
including antioxidant, anti-inflammatory, antiviral, antibacterial activities, anticancer, hep-
atoprotective and neuroprotective activities [53-55]. Recently, taxifolin has been reported
to inhibit osteoclastogenesis, so it may be considered as a potential alternative therapeutic
agent for treating osteoclast-related diseases [56].

Kaempferol 3-O-rhamnoside (8) has been shown to inhibit the proliferation of breast
cancer cells and the absorption of dietary glucose in the intestines [57,58]. Moreover, this
compound was shown to protect against beta-amyloid-induced cell death by inhibiting the
self-assembly of beta amyloids [59]. Therefore, kaempferol 3-O-rhamnoside could serve as
a potential treatment of cancer and Alzheimer’s disease.

The steroid character of ajugasterone C (9) decides its potent anti-inflammatory activity
and strengthening effect (increases immunity, muscle mass, and erythropoiesis) [60]. The
immunomodulatory activity of ecdysones concerns synthetic steroids and phytoecdysones.
The presence of OH groups in the steroid skeleton of phytoecdysones makes them act with-
out side effects, usually observed during the use of synthetic steroids [60-62]. Compound
9 can be used in preparation for treating skin changes caused by seborrheic dermatitis and
as anti-Malassesia restricta agent [8,63].

[3-arbutin (10) is a simple phenol glucoside known for its antibacterial activity. There-
fore, arbutin-containing plant substances are used mostly in the treatment of urinary tract
infections [64]. 3-arbutin (10) also possesses an anti-inflammatory effect. Its mechanism
of action is based on inhibiting the activity of tyrosinase, a vital enzyme in the process
of melanin synthesis [65]. Compound (10) in cream is used as a first choice in treating
hyperpigmentation [66]. The lack of significant adverse effects of arbutin and its derivatives
makes them a valuable alternative to hydroquinone. Therefore, an increasing interest in
arbutin and its derivatives is observed especially in the cosmetics industry [64].

Kakkar et al. [31] demonstrated that protocatechuic acid methyl ester (11) possess
significant neuroprotective activities against glutamate-induced neurotoxicity.

It is known that retention of water in the stratum corneum plays an important role in the
regulation of skin function. Loss of water may disturb skin appearance leading to various
skin disorders. We assessed here the possible extent of damage to the epidermal barrier by
determining TEWL, which is a commonly accepted sensitive indicator of disruptions in the
epidermal lipid barrier. We revealed that S. balsamita extract might decrease TEWL level
and, in this way, fixed the barrier function of the epidermis. It should be noted that there is
a lack of significantly decreased TEWL in both control groups (taxifolin and placebo). Thus
this biological property is specific for S. balsamita extract.

The literature shows that isolated compounds from S. balsamita inflorescences make it
a promising source for the pharmaceutical and cosmetics industry.

4. Materials and Methods
4.1. General

The compounds were separated by column chromatography (CC) on silica gel (par-
ticle size: 0.063-0.200 mm; Merck, Darmstadt, Germany, Art. 7734). Selected fractions
were further rechromatographed on silica gel with particle sizes of <0.063 mm (Merck,
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Darmstadt, Germany Art. 7729). The NMR spectra were run on a Bruker Avance 600 (Bil-
lerica, MA, USA) instrument using 600 and 150 MHz frequencies for hydrogen nuclei (H)
and carbon nuclei (>C), respectively, and tetramethylsilane (TMS) was used as an internal
standard. The spectra were obtained for CDCl; or DMSO-dg¢ solutions at 298 K. Chemical
shifts are given in ppm, and coupling constants | are given in Hz. Melting points were de-
termined on a Biichi B-540 (Essen, Germany) apparatus and are uncorrected. EI-MS spectra
were recorded on an AMD Intectra Mass AMD 402 spectrometer (Harpstedt, Germany).

Preliminary phytochemical analysis of S. balsamita extract was carried out by thin
layer chromatography method. TLC was performed on aluminium-backed silica gel plates
(Merck, Darmstadt, Germany, Art. 5533). The plates were viewed under UV light (254 nm)
or sprayed with anisaldehyde-sulfuric acid reagent (anisaldehyde 0.5 mL, glacial acetic
acid 10 mL, methanol 85 mL, concd. sulphuric acid 4.5 mL) and heated at 103 °C for
3—4 min.

The study on human participants was approved by a local bioethical committee
(Poznan University of Medical Sciences, no. 356/19, obtained 07 March 2019, Poland).
Written informed consent was obtained from all participants.

4.2. Plant Material

Inflorescences of Stizolophus balsamita (Lam.) K. Koch (Asteraceae) were collected
from the Botanical Garden of the Department and Division of Practical Cosmetology and
Skin Diseases Prophylaxis, University of Medical Sciences in Poznan (Poland), where the
voucher specimens (voucher numbers: 55/2014) are deposited. Seeds of S. balsamita were
provided by the Botanical Garden in Teheran (Iran), which were gathered from the natural
habitat in Iran. The plant was identified by our botanist based on the information from
Flora Iranica [67] and Flora Europea [68].

4.3. In Vitro Cytotoxicity Experiments

An MTT assay was employed to measure the cytotoxic effects of taxifolin on human
dermal fibroblast (the BJ cell line from ATCC, LGC Standards; ATCC® CRL-2522™). Human
dermal fibroblasts were cultured in EMEM medium supplemented with 5% fetal bovine
serum, 4 mM L-glutamine and 1% penicillin—streptomycin. Briefly, cells were seeded
into flat-bottomed 96-well cell culture plates. The cells were then treated with varying
concentrations of taxifolin (Cyherb, Ciyuan Biotech, Xi’an, China). The dimethyl sulfoxide
(DMSO) was used as a solvent. Positive (1% SDS) and negative (incubation only in culture
medium) controls were conducted. The stock of ten taxifolin dilutions was prepared
(0.5 uM, 1 uM, 5 uM, 10 uM, 50 uM, 100 uM, 250 uM, 500 uM, 1mM, 10mM) and each
concentration of 100 ul was added in six repetitions to the respective wells. The plate was
incubated at 37 °C in a humidified 5% CO; incubator. Non-treated control cells were also
maintained for comparing growth inhibition. The entire plate was observed after 24 h of
treatment in a contrast tissue culture microscope in order to find any detectable variations
in the morphology of the cells.

The sample content in the wells was removed after 24 h of the incubation period
and was rinsed with phosphate-buffered saline (PBS) with calcium and magnesium ions.
Subsequently, 100 pl of reconstituted MTT solution (0.5 mg/mL) was placed in all test and
control wells. The plate was incubated for 3 h at 37 °C in a CO, incubator.

The MTT was removed and 100 pl of isopropanol was added. Then, the wells were
mixed for 15 min in order to solubilize the insoluble formazan crystals.

The absorbance values were measured at a wavelength of 570 nm with a microplate
reader (TECAN Spark 10M, Miannedorf, Switzerland). The IC50 value was calculated.

4.4. Examined Groups and Cream Preparation for Skin Measurements

The examined groups included a total of 60 individuals: (i) 20 subjects used a cream
with Stizolophus balsamita extract (3%); (ii) 20 subjects used a cream with taxifolin (3%);
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(iif) 20 subject used a placebo (only cream base). All of them were in a good general state
of health.

The recipe for the cream was developed by the Department and Division of Practical
Cosmetology and Skin Diseases Prophylaxis, Poznan University of Medical Sciences (Poz-
nan, Poland). The active substance of the cream was a dry ethanol extract of the Stizolophus
balsamita containing taxifolin as a dominant compound and commercially available taxifolin
obtained from Cyherb (Ciyuan Biotech, Xi’an, China). In this study, the examined oint-
ments were prepared on the basis of a creamy, commercially available, multi-component
medium with a pH close to the skin condition Lekobaza® Pharma Cosmetic base (Fagron,
Krakow, Poland).

Prior to the measurements, the volunteers were asked to stay in the test room for at
least 15 min before the measurements, so the skin could acclimatize to room conditions.
In order to minimize the errors during research, the volunteers were asked not to apply
any cosmetic cream in the tested area before the study. Additionally, solar exposure
was forbidden.

4.5. The Measurement of Biophysical Skin Parameters

The effect of the taxifolin and S. balsamita extract on skin biophysical parameters was
performed according to the guidelines for the assessment of skin properties in non-clinical
settings [21,22].

The range of hydration and skin barrier function measurements was performed on
adult healthy female volunteers (1 = 60) of different ages varying from 35 to 61 years (mean
age 44.15).

The skin properties were measured with the use of noninvasive skin bioengineering
techniques. All techniques for the skin and biophysical parameters evaluation were used
with the Courage-Khazaka MPA-9 device with probes: Corneometer CM825, Tewameter
TM300, (Courage-Khazaka Electronic, Koln, Germany) to evaluate the effects of examined
creams on skin hydration and transepidermal water loss (TEWL).

The Corneometer® operates at a low frequency (40-75 Hz) and measures the electrical
capacitance of the stratum corneum. Since water has the highest di-electrical constant in the
skin, capacitance values will increase with an increase in water content/skin hydration.
The mean of three measurements are displayed in arbitrary units ranging from 0 to 130.
TEWL was assessed by evaporimeter.

Skin water content (Corneometer CM 825, Courage Khazaka, Germany) and skin
barrier function (Tewameter TM 300, Courage Khazaka, Germany) were measured before
application and after 30 days of treatment (twice a day). Each patient used 3 mg of
the cream.

The measurements were carried out on an exactly designated skin region (left cheek—
2 cm below orbitale on the left side of the face in interpupillary line) for the repeatability
measurements. For each chosen skin site, a test area (3 X 3 cm) was delimitated. The
probe was applied to the skin surface (1.54 cm?). Three individual measurements were
carried out for each cream at any time point using the Corneometer and Tewameter and
the average value was used to calculate the results.

All measurements were performed in controlled conditions at a temperature of
22-25 °C and with an average relative humidity of 52-58%.

4.6. Statistical Analysis

Statistical analysis was based on Software Statistica PL 10.0 (StatSoft, Inc, Tulsa,
OK, USA). All results were first verified by a normality test (Shapiro-Wilk test) which
confirmed the compliance with the Gaussian curve. The repeated measure ANOVA test
was performed to compare all results between groups and to compare results before and
after treatment in three examined groups. When differences were found Bonferroni’s test
was used. The assumed statistical significance was p < 0.05.
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5. Conclusions

Results of this study and earlier studies point out that Stizolophus balsamita is rich in
compounds with potent biological activity.

Germacranolides isolated from the Stizolophus balsamitae leaves exhibit antiviral activ-
ity, as well as an anit-inflammatory and antimigraine effect.

S. balsamita inflorescences rich in flavonoids: quercetin (4), kaempferol (5), rhamnetin
(6), taxifolin (7) with antioxidant and anti-inflammatory activity, is an excellent mate-
rial to prepare valuable pharmaceutical and cosmetic products. Taxifolin, a dominant
compound in studied extract (on the base TLC analysis) is a commercial product on the
pharmaceutical market.

We revealed that S. balsamita extract might decrease TEWL level and, in this way, fixed
the barrier function of the epidermis, which is its specific biological property. We confirmed
the bio-safe nature of taxifolin in relation to human fibroblasts.

Supplementary Materials: Supplementary materials can be found at https://www.mdpi.com/article/
10.3390/ijms22094428 /s1. spectra of compounds 4-11, NMR data of the reference compound 10.
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