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Abstract

Mistletoe (Viscum album L.), a semi-parasitic medicinal plant, continues to be of interest, due to its
phytochemical composition. The leaves of mistletoe contain phenols, which have a variety of biological effects.
The main goal was to characterize the mistletoe that parasitized Robinia psendoacacia L., (called VAR) in terms
of phenolic compounds and to assess the wound healing potential in vitro using the scratch method.
Furthermore, the antioxidant capacity was evaluated both by spectrophotometric techniques (DPPH, FRAP,
TEAC), as well as by the ability of the mistletoe extract to synthesize green selenium nanoparticles. Among the
phenolic acids, dihydroxybenzoic acid is in high level (2.86+0.03 mg/g dw), whereas isorhamnetin-
glucuronides dominate the flavonol class (0.593+0.03 mg/g dw). The presence of phenolic compounds in the
VAR leaves provides antioxidant capacity. The reducing capacity of VAR extract was demonstrated for the first
time by the biosynthesis of nanoselenium particles (NSePs) with a regular, spherical shape and a diameter of
around 130 nm. The VAR concentrations of 25-200 pg/mL showed no toxic effect on normal human dermal
fibroblasts (NHDF), and the concentration of 100 pg/mL exhibited the best percentage of wound surface
closure in vitro (94.08%). The results show that mistletoe is a promising plant because of its phytochemical

composition and antioxidant capacity, which can modulate the wound repair process iz vitro.

Keywords: antioxidant capacity; normal dermal fibroblast; phenols; selenium nanoparticles; scratch
assay; Viscum album; wound healing

Received: 28 Nov 2023. Received in revised form: 12 Mar 2024. Accepted: 20 Mar 2024. Published online: 27 Mar 2024.

From Volume 49, Issue 1, 2021, Notulac Botanicae Horti Agrobotanici Cluj-Napoca journal uses article numbers in place of the
traditional method of continuous pagination through the volume. The journal will continue to appear quarterly, as before, with four
annual numbers.


https://www.notulaebotanicae.ro/index.php/nbha/index

Vicas SI ez al. (2024). Not Bot Horti Agrobo 52(1):13537
Introduction

Mistletoe (Viscum album L.) is a semi-parasitic, evergreen plant that grows on a variety of host trees,
both deciduous and coniferous, and is dependent on the host's nutrients and water, but can produce its own
carbohydrates by photosynthesis (Szurpnicka ez 4/., 2019; Kleszken ez al., 2022b). It is part of the genus Viscum
and includes several species that are distributed mainly in Europe, Africa, Asia, America and Australia
(Kleszken ez al., 2022b). Mistletoe is hosted by poplar, apple, black locust, fir, plum trees, to mention only a
few (Barbu, 2012; Kleszken et al., 2022b, 2022a).

Several chemical and pharmacological investigations have provided evidence that Viscum extracts and
their diverse preparations contain a wide range of compounds including lectins, viscotoxins, lignans, amines,
amino acids, alkaloids, polyphenols, flavoflavonoids, and polysaccharides (Vergara-Barberan ez al., 2017;
Pefaloza ez al., 2020). These extracts are widely used as complementary and alternative medicines for the
treatment of various neurological disorders. Additionally, they are recognized for their antiviral, antibacterial,
anti-inflammatory, antiepileptic, and immunostimulatory properties (Szurpnicka ez /., 2019; Kwon ez 4l.,
2021; Pietrzak and Nowak, 2021; Jones, 2022). Flavonoids and phenolic acids, which occur naturally as
antioxidants, have been identified as compounds present in the mistletoe plant. These compounds play a crucial
role in the biological activity of the plant and have been utilized in disease prevention, particularly in the context
of oxidative stress-induced ailments such as cancer, which are attributed to the presence of free radicals within
the body (Bonamin ez al., 2017; Pietrzak and Nowak, 2021; Kleszken e al., 2022a). The application of
mistletoe plants in cancer therapy offers significant importance (Fritz ez al., 2004; Wode ez al., 2020; Pietrzak
and Nowak, 2021). Previous studies have revealed additional bioactive properties of mistletoe, such as its ability
to promote wound healing and provide protective effects on the skin (Kuonen ez 4/., 2013; Choi ez al., 2022).

Using herbal products to heal skin wounds is a therapeutic challenge for traditional medicine, while the
conventional therapy involves various synthetic drugs (antibiotics and antifungals) which may cause tolerance,
and consequently, increased dose applied in order to diminish the resistance of microorganisms involved in
possible infections (Miere ez al., 2021; Choi ez al., 2022; Burlou-Nagy ez al., 2023; Memete ¢t al., 2023a). In
this context, a search for new therapeutic options based on plants extract and their metabolites is required, as a
great source of novel and unexplored biomolecules, while wound healing comprises a cascade of biochemical
and cellular events that include tissue repair and renewal. Particularly, topical antiseptics and antimicrobial
therapy are crucial in order to control microbial colonization.

On the other hand, within the nanotechnological approach, plants extracts may be used to synthesize
nanoparticles in a way that is both ecologically friendly and safe to use, producing nanoparticles with well-
defined features such as size and form, being employed for different bio-medical or environmental applications.
It has been demonstrated that secondary metabolites such as flavonoids and alkaloids possess an important role
in metal salt reduction, capping and stabilizing the nanoparticles generated by green synthesis (Chopra ez 4l.,
2022).

Hence, the biological methods used to synthesize nanoparticles are preferred over chemical or physical
methods. In this context, bio-synthesis of selenium nanoparticles was previously reported in several papers
(Cavalu ez al., 2018b, 2018a; Vicas et al., 2021a, 2021b; Laslo ez al., 2022) being used as for bioremediation
purpose or biomedical applications. Selenium nan-forms have been reported to have a higher antimicrobial and
antioxidant activity than other forms, cither organic or inorganic (Rayman, 2000; Tran and Webster, 2011;
Khiralla and El-Deeb, 2015; Huang ez al., 2016). Furthermore, selenium, an essential micronutrient, is
necessary for the control and enhancement of various physiological processes in organisms. It serves as an
essential element of glutathione peroxidase, one of the primary antioxidant enzymes. When comparing seleno-
methionine and nano-selenium, it can be noticed that nano-selenium exhibits reduced toxicity while
maintaining comparable effectiveness in enhancing the activities of selenoenzymes (Cavalu ez a/., 2017).
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The main goal of our study was to identify the main phytochemical compounds and to investigate the
wound healing potential of Viscum album L extract, harvested from black locust (Robinia pseudoacacia L.) by
in vitro assay, using normal human dermal fibroblasts (NHDF) and the “scratch” technique. Another goal was
to assess the antioxidant capacity of mistletoe extract by DPPH, FRAP and TEAC assay. Finally, we aimed to
synthesize nanoselenium particles (NSePs) employing mistletoe extract, along with their physico-chemical
characterization by DLS and TEM techniques.

Materials and Methods

Plant materials

The plant material used in our study is represented by mistletoe leaves (V. album L. subsp. album) that
were collected from the black locust (Robinia psendoacacia L.) near the town of Misca, in the spring of 2022.
The town of Misca is located in Bihor County, in the North-East of Romania, at an altitude of 198 m above
the sea level, having the following coordinates: 47°26' North and 22°26' East, in the North - East of Bihor
County. A specimen of the mistletoe (V. album L. subsp. album) was kept in the Herbarium of the Faculty of
Medicine and Pharmacy Oradea, Romania, registered in NYBG Steere Herbarium, PUO 05361 code.

Chemicals

The HPLC reference standards of gallic acid, chlorogenic acid, rutin and solvents (acetonitrile, acetic
acid) were purchased from Sigma Aldrich (St. Louis, MO, USA). The water for the HPLC analysis was purified
using a Milli-Q system (Merck Millipore). For spectrophotometric methods, Folin & Ciocalteu’s phenol-
Aldrich,  Quercetin,  2,2-Diphenyl-1-picryl-hydrazyl-hydrate,6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid, were purchased from Sigma Aldrich (St. Louis, MO, USA), ABTS (2,2"-azinobis(3-
ethylbenzothiazoline-6-sulfonic acid) ( Sigma Life Science), potassium persulfate, 2,4,6-Tris(2-pyridyl)-s-
triazine, aluminium chloride were purchased from Fluka (Charlotte, North Carolina, US). Methanol was of
analytical grade.

Determination of phenol compounds from mistletoe leaves by HPL C-DAD-MS-ESI*

The mistletoe leaves harvested from black locust host tree were air-dried in the dark, at room
temperature, and powdered. The dry powder leaves (0.5 g) was mixed with 5 mL ethanol 70 %, vortex for 1
minute followed by 30 minutes ultrasonic treatment. The sample was kept macerated for 24 hours in the cold
(4 °C) after which it was centrifuged at 10,000 rpm for 10 min. The supernatant was filtered through a nylon
filter (Chromafil Xtra nylon) with a pore size of 0.45 um and a volume of 20 pl was injected into the HPLC
system. Chromatographic measurements were performed using an Agilent 1200 HPLC system equipped with
a quaternary pump, solvent degasser, autosampler, photodiode UV-VIS detector (DAD) coupled to an
clectrospray (ESI*) mass detector (MS-6110) with a single quadrupole (Agilent-Technologies, CA, USA). The
separation of the compounds was carried out on a Kinetex XB-C18 column, with the following size: 4.6 x 150
nm, with 5 um particles (Phenomenex, USA), for 30 minutes, at a temperature of 25 °C, and a flow rate of 0.5
mL/min. The mobile phases are solvent A containing of 0.1 % acetic acid in ultrapure water and solvent B
containing of 0.1 % acetic acid in acetonitrile. Ultrapure water was purified by Direct-Q UV system, Millipore
(USA), and HPLC grade acetonitrile being purchased from Merck (Germany). A gradient elution of the
mobile phase, of the two solvents, was used, according to Table 1.
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Table 1. Mobile phase gradient required for analysis of bioactive compounds in mistletoe extracts from

three host trees

Time Solvent Solvent
(min) (A) (B)
0 95% 5%
2 95% 5%
2-18 95-60% 5-40%
18-20 60-10% 40-90%
20-24 10% 90%
24-25 10-95% 5%
25-30 95% 5%

Fragmentations were applied, in the range of 50-100 V. Mass spectrophotometric detection of positively
charged ions was performed using scan mode under the following operating conditions: capillary voltage 3000
V, temperature 350 °C, nitrogen flow 7 L/min, nebulizer pressure 35 psi, fragmentor 100 Vand m/z 120-1500.

The chromatograms were recorded at the following wavelengths: A = 280 nm, and A = 340 nm for all
peaks. The wavelengthA = 280 nm is specific to hydroxybenzoic acids, and the wavelength =340 nm is specific
to hydroxycinnamic acids and flavonols (Kleszken e /., 2022a).

Spectrophotometric determination of total phenols and flavonoids content

Sample preparation

The collected plant material was washed, dried completely at room temperature and ground to form a
powder. The powder obtained from mistletoe leaves was macerated in 70% ethanol in a ratio of 1:10 (w/v).
After 24 hours and periodic shaking in the dark, the mixture was centrifuged (NUVE NF 200 BENCH TOP
CENTRIFUGE, Turkey) at 5000 rpm for 20 minutes. The collected supernatant was concentrated, by
evaporation of ethanol, in a vacuum rotary evaporator (Heidolph rotary evaporator, Laborota 4000 rotavapor,
Schwabach, Germany) at 40 °C. The mistletoe leaf extract obtained was freeze-drying using Christ Alpha 1-2
LDplus Lyophilizer (Osterode am Harz, Germany) and stored at —20 °C until further use. For the evaluation
of bioactive compounds, such as total polyphenols, total flavonoids and antioxidant capacity determined by
FRAP, DPPH and TEAC assays and for cell culture analysis, the powder was freshly prepared by dissolving in

distilled water to obtain a stock solution (1 mg/mL) that was further diluted to various concentrations.

Total phenols content

The total phenolic content of mistletoe (V. album L.) leaves grown on black locust (Robinia pseudoacacia
L) was determined. The total content of polyphenols was determined by the Folin-Cioclteu method, with
small modifications (Singleton ez al., 1999; Vicas ez al., 2011). Mistletoe extracts (100 pL) were mixed with
1700 pL of distilled water, 200 uL of Folin-Cioclteu reagent (freshly prepared), dilution 1:10 (v/v) and
Na,CO; solution 7.5%. The mixtures were kept at room temperature in the dark for 2 h. Absorbance was
measured at 765 nm using Shimadzu mini-UV-VIS spectrophotometer, and the results were expressed as mg

gallic acid equivalent (GAE) / g dw, using gallic acid as standard (y = 27.637x + 0.0069, R* = 0.9994).

Total flavonoids content

The total flavonoid content of mistletoe leaves was determined by the AICI; colorimetric method as
described by Miere Groza ez a/. (2021). Briefly, a volume of 1 mL of ethanolic mistletoe leaf extract was carefully
transferred into a 10.0 mL volumetric flask, which already contained 4 mL of distilled water. Subsequently, a
quantity of 300 uL of a 5% NaNO, solution was introduced into the flask. After a period of interval of 5
minutes, a volume of 300 pL of a 10% AICIl; solution was introduced, and then, after a time interval of 6
minutes, a volume of 2 mL of a 1 M NaOH solution was added. The flask was filled with 10 mL of distilled

4
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water. The measurement of absorbance was conducted at a wavelength of 510 nm with respect to the blank
sample. In order to quantify the total flavonoids, the compound quercetin was used as a reference standard.
The results were reported in milligrams of quercetin equivalent (QE)/g dw, following a linear regression

equation of y = 0.8475x + 0.0065, with an R-squared value of 0.9976.

The antioxidant capacity

DPPH assay

The antioxidant capacity of ethanolic extracts of mistletoe leaves to scavenge the radical 2,2-diphenyl-
1-picrylhydrazyl (DPPH) was determined according to the method of Brand-Williams ez 4/. (1995) with minor
modifications (Brand-Williams ez 4/., 1995; Memete ez al., 2022). A volume of 100 uL of mistletoe extract was
mixed with 2800 pL of 80 uM DPPH solution and stored at room temperature in the dark. After 30 minutes,
the absorbance of the samples was measured using a Shimadzu mini-UV-VIS spectrophotometer at a
wavelength of 517 nm. The results were expressed as mmol Trolox equivalent (TE)/g dw.

The radical scavenging activity was calculated using Equation 1.
Radical scavenging activity (%) = AO;OAl x100 (1)
where, A0 — Absorbance of DPPH in methanol; A1 — Sample absorbance;

FRAP assay
The antioxidant capacity of mistletoe leaves extract was determined by the FRAP test, according to

Benzie and Strain (1996) with minor modification to Bandici e# /. (2021). This method is based on the
reduction of the ferric tripyridyltriazine complex (Fe(III)-TPTZ) to the ferrous tripyridyltriazine complex (Fe
(I )-TPTZ) by a reductant at acidic pH. A volume of 100 pL extract was mixed with 2000 pL distilled water
and 500 uL FRAP solution, freshly prepared consisting of 300 mM acetate buffer, pH=3.6, 20mM FeCl; -
6H,0 and 10 mM sol TPTZ, in a ratio of 10:1:1 (v/v/v). This mixture was kept at room temperature in the
dark, for 60 min. Absorbance was measured at 595 nm and results were expressed as mmol Trolox equivalent

(TE) /g dw.

TEAC assay

TEAC spectrophotometric method was used to evaluate the antioxidant capacity of mistletoe harvested
from black locust (Robinia pseudoacacia L.) according to the method of (Memete ez al., 2023b). This method
measures the ability of compounds to scavenge the ABTS cationic radical. The blue/green ABTS+ cation is the
reaction product of 7 mM ABTS (2,2"-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) solution with 2.45
mM potassium persulfate solution. The mixture was stored in the dark at room temperature for 12 - 16 hours
and then was diluted with ethanol to obtain an absorbance of 0.70 + 0.02 at 734 nm. After addition of 100 pL
of mistletoe extract to 2.9 mL of diluted ABTS stock solution, the antioxidant capacity was monitored at 734
nm, after exactly 30 seconds. The results were expressed in mmolTE/ g dw. The results were expressed as mM
Trolox equivalent/g fresh matter. The ABTS+ radical changes color from blue/green to colourless depending
on the antioxidant capacity of the mistletoe extracts.

The reduction of sodium selenite (Se**) to NSePs by mistletoe extract

Fresh mistletoe leaves harvested from black locust were washed and freeze-dried (Freeze dryer Alpha 1-
2 Christ - Martin Christ, Germany). The obtained powder was homogenized (Heidolf homogenizer) with
distilled water in the ratio 1:10 (w/v). The extract was sterilized using a 0.22 pum sterile filter (ISOLAB,
Laborgerite GmbH, Germany). The mistletoe extract was mixed with sterilized 25 mM of sodium selenite
(Na,SeOs) solution in a ratio 1:10 v/v and allowed to stay at room temperature, in the dark for few days. When
the solution color turns red, it was centrifuged at 15000 rpm for 15 minutes, and the NSePs were washed with
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sterilized water for 3 times. The characterization of NSePs was performed by DLS, while morphological details
were observed by TEM (Negative-Stain). DLS measurements were performed by using ZEN 3690 (Malvern
Instruments, Cambridge, United Kingdom) in order to determine the average particle size, size distribution
and zeta potential of NSePs.

Negative stain transmission electron microscopy

Carbon-coated copper grids (300 mesh, $160-3, Agar Scientific, UK) were glow discharged to reduce
surface hydrophobicity, then incubated with 3 uL of sample, at room temperature. After removing excess
sample by blotting, the grids were stained with three successive drops of 2% uranyl acetate. Image acquisition
was done on a 200 kV Talos F200C TEM equipped with a 4 x 4k Ceta camera (Thermo Fisher Scientific,
Waltham, MA, USA).

In vitro determination of the wound healing effects of the V. album L. extract using the scratch method

Cell culture and treatments

The study utilized normal human dermal fibroblasts (NHDF) obtained from Lonza Pharma & Biotech
(Basel, Switzerland). The specific culture kit employed for the experiment was the Fibro-blast Growth
Medium-2 BulletKit. The culture medium utilized in this study was Dulbecco's Modified Eagle Medium
supplemented with 10% fetal bovine serum (FBS), gentamicin at a concentration of 50 mg/mL, amphotericin
at a concentration of 50 mg/mlL, and recombinant fibroblast growth factor hFG (CC-4065) at a concentration
of 1 mg/mL.

A stock solution of 1 mg/mL of the lyophilized mistletoe leaves extract (VAR) was prepared and filtered
by a sterile filter with a pore size of 0.22 um. Different dilutions of stock solution were made with the cell
culture medium resulting the final concentrations of 25, 50, 100 and 200 pug/mL (VAR_25, VAR_50,
VAR_100 and VAR_200, respectively) for determination of the viability, proliferation assay and performing
of the scratch assay.

Cell viability and cell proliferation (MTS) assays

The NHDF cells were seeded in 24-well plates at 1 x 10* cells/well and incubated at 37 °C with 5% CO,
for 24 h. Then the cells were treated with different concentrations of VAR extracts (25, 50, 100 and 200
ug/mL), and with 50 ug/mL of Allantoin (ALA_50) which represents the positive control. As a control sample,

cells without treatment were used (CTRL). After 12, 24 and 36 hours of incubation, cells were trypsinized
(trypsin/EDTA solution (0.25 mg/mL), LONZA), neutralized (TNS-Trypsin Neutralization Solution,
LONZA) and centrifuged (1000 rpm/5 min). The resulting pellets were suspended in culture medium and cell
viability was performed by applying the trypan blue test, using the EVE Automated Cell Counter (NanoEnTek
Inc., Seoul, Republic of Korea) device (Antonescu ez 4/., 2021).

The calculation of cell viability percentage was performed using equation (2), and the resulting values
were expressed as the percentage of cell viability in the treated cells compared to the control group (untreated

cells - CTRL).

Cell viability (%) ="omrer LImI e 10 (2)

number of total cells

The MTS assay utilizes the reduction of the tetrazolium compound MTS by viable cells (in particular,
NHDEF cells) to generate a soluble dye known as formazan within the cell culture medium. The proliferation
assay was conducted by seeding cells in sterile 98-well plates at a density of 2 x 10*/mL. The treatments with
mistletoe extract of different concentrations, CTRL and ALA_50 were applied. The reduction of the
tetrazolium was monitored for 12, 24 and 36 h.
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In each well of plate, at the suitable time, 10 pL of MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxy-
methoxyphenyl)-2-(4-sulfophenyl)2H tetrazolium) solution containing PMS (phenazine) was added and
incubated for 2 h at 37 °C. The colored, soluble formazan produced was recorded at 492 nm with a reference
wavelength of 630 nm using a microplate reader (Stat Fax 2100, Palm City, USA). Cell proliferation was
determined at the initial time, 12 h, 24 h and 36 h (Malich ez 4/, 1997; Kabakov ez 4/., 2011). Results were

expressed as percentage of cell viability compared to control at initial time. Tests were performed in triplicate.

Scratch assay

Dermal cells were seeded at a concentration of 5 x 10* cells/well in 6-well plates and incubated under a
5% CO, atmosphere at 37 °C for 72 h until confluence was reached. Confluent NHDF cells were “scratched”
vertically using sterile 50 uL pipette tip. The desquamated cells were removed by washing the well with a PBS
solution. The VAE samples were applied on NHDF cells to obtain final concentrations of VAE_25 pg/mlL,
VAE_50 pg/mL, VAE_100 pg/mL, VAE_200 pg/mL. Allantoin 50 pg/mL (ALA_50) was used as a positive
control and fibroblast without treatment represent the control (CTRL). Using the CytoSMART Lux3BR®
device, the samples were monitored in real-time for 36 h. The evaluation of wound closure per area (%) was
analysis using the equation (3) for each sample at 12, 24 and 36 h (Memete ez al., 2023a).

Average area of wound_sample (um?) at time t

Wd_A (%)=

x 100 (3)

Average area of wound_sample (um?) at time t = TO

Statistical analysis

All values were represented as mean + SD (standard deviation) and all experiments were performed in
triplicate (n = 3). Data were statistically processed using GraphPadPrism (GraphPad Software, Inc., La Jolla,
CA, USA) and one-way analysis of variance, followed by Tukey’s multiple comparison test at p < 0.05, was
used to indicate a statistically significant difference.

Results and Discussion

Mistletoe (Viscum album L) belongs to the Santalaceae family, genusViscum (Biissing 2000). Mistletoe
is more often found on the branches of woody species, and less often on their trunk, but on black locust
(Robinia psendoacacia L) it often grows on the trunk as well (Figure 1a). It penetrates through the bark of trees,
passes through the fibrous tissue, and reaches the cambium, a plant tissue located between the woody and
fibrous tissue that ensures the secondary growth of the stem, from where it takes water and mineral salts
(Schulze et al., 1984; Glatzel and Geils, 2009) with the help of haustoria and cortical threads that ensure the
lateral spread of mistletoe on the host tree (Biissing, 2000). Mistletoe is an evergreen plant, contains
photosynthetic pigments, the leaves are arranged in pairs, and are yellow-green to dark green in color (Figure
1b). The female flowers are small, 2 - 3 mm, yellow-green in color, have 4 petals, a pistil with an ovary, a simple
central style and a stigma. The male flowers are 7 mm, have 4 tepals, filaments with about 50 pollen
compartments, no anthers (Figure 1 ¢,d). The fruits are small, spherical, white, translucent, of about 8 mm in
diameter (Figure 1e).
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Figure 1. Morphology of mistletoe (Viscum album L); (A) mistletoe on black locust (Robinia pseudoacacia

L); (B) mistletoe leaves; (C) mistletoe female flower; (D) mistletoe male flower; (E) mistletoe fruits

Phytochemical characterization of V. album L. and its antioxidant capacity

Mistletoe (V. album L.) is a medicinal plant much studied by researchers, because it has a complex
phytochemical composition, contains phenolic acids, flavonoids, lectins, viscotoxins, polysaccharides, organic
acids (Luczkiewicz ez al., 2001; Vicas et al., 2011; Marvibaigi ez al., 2014; Szurpnicka ez al., 2019; Penaloza ez
al., 2020; Kleszken et al., 2022a).

High performance chromatography method coupled with mass spectroscopy (HPLC-DAD-ESI* / MS)
identified 16 bioactive compounds that were separated and tentatively assigned based on retention times,
mass/charge ratio (m/z) and their main fragments. Table 2 contains the retention time (Rt), the maximum
wavelength (Amax), the specific m/z [M + H]" values, the tentative identification of the bioactive compounds,
their inclusion in the phenolic subclasses, and the mean values of the phenolic compounds (mg/g dw) from
mistletoe ethanolic extracts harvested from black locust (Robinia psendoacacia L).
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Table 2. HPLC-DAD-MS (ESI*) tentative phenolic compounds identified and quantified (mg/g dw) in
the V. album L. subs. album harvested from the Robinia pseudoacacia L. (VAR)

R: uv [M+H]* VAR
. N Compound Subclass
(min) (nm) (m/z) (mg/g dw)
3.33 265 155 Dihydroxybenzoic acid Hydro:c};l;cnzmc 2.864+0.03
3-Caffeoylquinic acid
10.85 323 355,163 (Neochloxosemie atd) 0.104 + 0.01
5-Caffeoylquinic acid
12.47 323 355,163 ( Chlomygjmc id) Hydroxycinnami 0.292 +0.01
13.21 330 387,223 Sinapic acid-glucoside cacids 0.338 £ 0.02
14.28 330 399,223 3-Sinapoylquinic acid 0.336 + 0.02
14.84 330 399,223 5-Sinapoylquinic acid 0.259 +0.01
16.18 255,360 465,303 Quercetin-glucoside 0.534+0.03
17.01 255, 360 609,303 | Quercetin-O-[hydroxymechylglutaryl] 0.254 +0.01
hexoside (Quercetin derivative)
17.69 240, 350 479,317 Isorhamnetin-glucoside 0.291 + 0.01
Isorhamnetin -O-
18.11 240, 350 623,317 [hydroxymethylglutaryl] hexoside 0416+ 0,01
(Isorhamnetin derivative)
18.77 240, 350 493,317 Isorhamnetin-glucuronide 0.593 +0.03
Isorhamnetin-(dirhamnosyl)- Flavonol
19.51 240, 350 755,317 rhamnoside 0.554 +0.03
20.35 245,350 493,331 Rhamnazin-glucoside 0.442 £ 0.01
20.71 245,350 639,331 Rhamnazin-rutinoside 0.347 £ 0.02
21.64 255, 360 303 Quercetin 0.328 £ 0.02
24.03 240, 350 317 Isorhamnetin 0.281 + 0.03

16 phenolic compounds, namely, one hydroxybenzoic acid (compound 1), five hydroxycinnamic acids
(compounds 2 - 6) and ten flavonols (compounds 7 - 16) were identified in the ethanolic extract of mistletoe
harvested from black locust (VAR). It was noticed that the VAR extract is richer in dihydroxybenzoic acid
(compound 1) having a concentration of 2.864 + 0.03 mg/g dw, than in hydroxicinnamic acids or flavonols.
The main chlorogenic acid isomers detected in mistletoe extracts include 3-Caffeoylquinic acid (compound 2
(m/z 355, and 163)) and 5-Caffeoylquinic acid (compound 3 m/z 355,163). The presence of chlorogenic acid
isomers was previously reported in Viscum album grown on pine (Pinus silvestris) (Stefanucci et al., 2020).
Compound 3 (chlorogenic acid) was identified in Viscum album L extracts by Vicas ez al. (2011). Compound
4 showed fragment ions at m/z 387,223 and was identified as sinapic acid-glucoside. Compounds 5 and 6
showed sinapic acid in their fragment molecules (m/z 399,223 [M + H]") are characterized as cinnamate esters:
3-Sinapoylquinic acid and 5-Sinapoylquinic acid. Compound 5 (3-Sinapoylquinic acid) is found in a
concentration of 0.336 + 0.02 mg/g dw, and compound 6 (5-Sinapoylquinic acid) has a concentration of 0.259
+0.01 mg/g dw.

Flavonols are another group of compounds found in mistletoe extracts (Table 2). Mistletoe leaves
(Viscum album L.) present a complex mixture of ten flavonols predominantly in the form of glucosides, with a
low amount (0.281 + 0.03 mg/g dw) of isorhamnetin (compound 16). The predominant flavonol found in
mistletoe leaves was Isorhamnetin-glucuronide (m/z 493,317) (compound 11). Isorhamnetin glucoside
(compound 9) shows fragmentation ions m/z 479,317. Flavonols such as Isorhamnetin -O-
[hydroxymethylglutaryl] hexoside (Isorhamnetin derivatives) (compound 10) and Isorhamnetin-
(dirhamnosyl)-rhamnoside (compound 12) are derivatives of Isorhamnetin, which are in a concentration of
0.554 + 0.03 mg/g dw (compound 12), respectively 0.416 + 0.01 (compound 10). Quercetin-glucoside
(compound 7) with fragmentation ions at m/z 465 and 303[M + HJ*, and Quercetin-O-
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[hydroxymethylglutaryl] hexoside (Quercetin derivative) (compound 8) with fragmentation ions at m/z 609,
303[M + H]* were identified. Two O-methylated flavonols were also identified: Rhamnazine glucoside
(compound 18, m/z 493, and 331[M + H]*) and Rhamnazine rutinoside (compound 19, m/z 639 and 331[M
+ HJ*). Rhamnazine is also found in other medicinal plants and has been shown in the literature to have
antioxidant, antitumor, antiviral, anti-inflammatory and other biological functions (Yu ez 4/., 2018). Quercetin
(compound 15) showed fragment ions at m/z 303 and is found in a small percentage of 3.97 % compared to
the other phenolic compounds. The HPLC chromatogram of the mistletoe extract harvested from black locust
(Robinia psendoacacia L.) was recorded at'A = 340 nm and 280 nm.

Mistletoe (Viscum album L.) harvested from black locust (VAR) was evaluated for its total phenols and

flavonoids content as well as its antioxidant capacity (Table 3).

Table 3. Total phenols, flavonoids and antioxidant capacity determined by the DPPH, FRAP and TEAC
assay of V. album L. subs. album harvested from the Robinia pseudoacacia L. (VAR)

Samol TPh TFLAV DPPH FRAP TEAC
ample (mgGAE/gdw) | (mgQE/gdw) (umolTE/g dw) (umolTE/gdw) | (umolTE/gdw)
VAR 14.86 + 0.31 6.31 +£0.85 647.27 +7.75 57.53 +£0.43 0.32 +£0.02

VAR -mistletoe harvested from the Robinia psendoacacia L.; TPh-total phenols content; TFLAV-total flavonoid
content; DPPH- 2,2-diphenyl-1-picrylhydrazyl; FRAP- Ferric Reducing Antioxidant Power, TEAC- Trolox

equivalent antioxidant capacity

The results of this study showed that the extract of mistletoe (V. album L.) harvested from black locust
(VAR) possesses an amount of phenols and flavonoids of 14.86 + 0.31 mg GAE/ g dw and 6.31 + 0.85 mg
QE/gdw, respectively, comparable to values reported in other studies. Analysing total phenolics from mistletoe
extracts harvested from black locust, Vicas ez al. (2011), reported a value of 7.58 + 0.0 mg GAE/ g dw. Yadang
et al. (2021), analysing mistletoe ethanolic extracts, showed a flavonoid content between 13.61 + 0.01 and
15.94 + 0.01 respectively (mg rutin equivalent/g dw) (Yadang ez 4l., 2022). Condrat ¢z /. (2005), investigated
9 phanerogamous plants, including mistletoe, and determined the antioxidant capacity of these plant extracts
and presented a capacity of 0.20 umol TE /g dry matter, respectively, 0.16 umol TE / g dry matter (Condyrat et
al., 2009). Mistletoe hosted on black locust has an ABTS+ cation radical scavenging value of 0.32 + 0.02 umol
TE/g dw. Vicas et al. (2011), recorded a scavenging level of ABTS+ cationic radicals (1.7 + 0.04 mM TE/g
fresh matter) of mistletoe aqueous extract harvested from black locust (Robinia psendoacacia L.).

Our data are in accordance with the results of other research which highlighted the fact that the host
tree can influence the chemical composition of mistletoe extracts and implicitly their antioxidant capacity
(Luczkiewicz et al., 2001; Vicas et al., 2011; Pictrzak and Nowak, 2021). The total amount of phenolics,
flavonoids and antioxidant capacity determined from mistletoe leaves depends on a variety of factors, such as
the extraction method, the host tree, the season in which they were harvested and their stage of maturity, as
well as climatic conditions. This fact was confirmed in another study, in which the content of total polyphenols,
total flavonoids and antioxidant capacity was determined in mistletoe leaves harvested from host trees such as
Malus domestica, Prunus domestica and Populus alba, and the phytochemical composition varied according to
the tree host that the mistletoe parasitizes (Kleszken ez 4/., 2022a). Furthermore, it has been shown that there
is a close correlation between total polyphenol content and antioxidant capacity (Cavalu and Damian, 2003;
Onay-Ugar et 4l., 2006; Vicas et al., 2011; Pietrzak and Nowak, 2021).

Pictrzak and Nowak, (2021) emphasized the correlation between climatic conditions and the presence
of phenolic compounds and antioxidant activity in mistletoe leaves. Specifically, they found that a higher
concentration of these compounds is associated with autumn-winter seasons and reduced sunlight, which
promotes the accumulation of secondary metabolites (Pietrzak and Nowak, 2021). Also, Vicas e a/. (2011),
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investigated the phytochemical composition of Viscum album L. that parasitized different host trees, such as
Acer campestre, Fraxinus excelsior, Populus nigra, Malus domestica and Robinia pseudoacacia, and the antioxidant
capacity of mistletoe extract from Robinia pseudoacacia recorded higher values in the case of the DPPH method
(76.60 £ 0.02% for the ethanolic extracts harvested in December) (Vicas ez 4/, 2011).

Onay-Ugar et 4/. (2006) studied the in vitro antioxidant capacity of crude methanolic extracts of V.
album ssp. album grown on different host trees by three widely used methods, namely, DPPH, thiocyanate
methods ferric and thiobarbituric acid and to compare the results, depending on the host tree (7ilia argentea,
Acer campestre L., Robinia pseudoacacia L.), harvested in two different seasons (February and July). Regarding
mistletoe leaves developed on Acer campestre L. and Robinia pseudoacacia L. trees, the reported results revealed
a higher antioxidant capacity, in mistletoe leaves harvested in February compared to July, and the highest value
obtained was registered in the mistletoe leaves developed on the Robinia pseudoacacia L. tree (91.36 + 2.61 %
inhibition of DPPH), compared to the other samples studied (89.60 + 0.47 and 88.97 + 1.50 respectively %
inhibition of DPPH). A different model was recorded in the mistletoe leaves developed on the Tilia argentea
tree, where the highest antioxidant capacity was reported in July, (95.12 + 2.37% inhibition of DPPH), also
representing the highest reported value, compared to the other samples studied in both seasons. Because there
is no standardized method for determining the content of phenols, flavonoids, or antioxidant capacity,
sometimes, comparing results can be difficult.

Biomolecules in plant extracts, including phenolic compounds, are known to be potential selenium
reducing agents. In addition, due to their phytochemical composition, plant extracts also have nanoparticle-
stabilizing properties. The evidence of NSePs formation using mistletoe extract was demonstrated by the color
change: the extract's typical light brown colour changed to an orange-red colour characteristic to NSePs. Using
the DLS method, the size distribution and zeta potential of NSePs were investigated and shown in Figure 2 a,

b.

Size Distribution by Intensity
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Figure 2. (A) Size distribution of NSePs recorded by DLS measurement; (B) Zeta potential measurement
of NSePs

The DLS technique highlighted a maximum size of 159 nm with a gaussian distribution, while the
apparent zeta potential presented a negative value of -24.5 mV, indicating a good stability, without a tendency
of aggregation. The morphology of NSePs, as evidenced by TEM, indicated regular, spherical shape, with
diameter around 130 nm (Figure 3).
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Doy

Figure 3. Representative negative stain TEM images of NSePs parti

ccs, biosynthesized by mistletoe

extract. Scale bar applies to all three images

Similar results were reported by Cui and colleagues (2018), synthesizing NPSe using a hawthorn fruit
extract (Crataegus hupebensis Sarg.), with a median size of 113 nm (Cui ez al., 2018). Other studies reported
spherical NPSe with size around 68.12 nm in diameter produced using leaf extract from Azadirachta indica
(Abdel-Gaber et al., 2023), while parsley leaves extract (Petroselinum crispum) was reported to form spherical
selenium nanoparticles with diameter of up to 300 nm (Fritea ez 4/., 2017). According to Miere ez al. (2022)
findings, the plant Stellaria medsa (L.) Vill. can synthesize NPSe with a wide range of diameters from 24 to 342

nm.

Cell culture and treatment

Cell viability and proliferation assay

Determining cell viability is one of the most important elements in the formation of cell culture, thus,
for the application of the scratch method, a cell viability and confluence degree of at least 80% is required
(Memete et al., 2023 a). Thus, in Table 4, the cell viability of the samples is presented.

Table 4. Cell viability effect of VAR in NHDF cells line

Samples* % of cell viability
CTRL 95.22 £3.21
ALA 50 95.67 +£2.52
VAR 25 95.17 £2.21
VAR _50 96.53 +3.79
VAR_100 95.64 + 4.11
VAR_200 95.86 + 2.26

*CTRL-control (NHDF without treatment); ALA_50 — positive control (NHDF treated with 50 ug/mL allantoin);
VAR -V. album L. growth on black locust (Robinia pseudoacacia L.); VAR_25, VAR_50, VAR_100 and VAR _200 -
NHDEF treated with different concentrations of mistletoe: 25 ug/mL (VAR_25), 50 pg/mL (VAR_50), 100 ug/mL
(VAR_100) and 200 ug/mL (VAR_200)

To determine the number of viable cells, the trypan blue dye exclusion test was used. The principle
underlying this method is that living cells possess intact cell membranes, which determines the exclusion of the
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trypan blue dye, while dead cells do not (Stoddart, 2011; Strober, 2015). Based on our results, no significant
difference was observed between the four concentrations of mistletoe studied (VAR_25, VAR_50, VAR_100,
VAR_200 pg/mL) and ALA_50 compared to CTRL.

Cell proliferation was performed using the MTS assay, on different concentrations of mistletoe extract
(varied between 25 - 200 pug/mL), compared to 50 pug/mL allantoin (ALA_50) which represents the positive
control, as well as with CTRL (Figure 4). There was no inhibition of NHDF cell proliferation in the samples
tested. Based on the results obtained (Figure 4), mistletoe showed no significantly increases of cell viability
percentage compared to CTRL, during the first 12 hours. After 24 or 36 hours, respectively, the percentage of
cell viability shows an increase in all mistletoe samples, more significant for VAR at 25 pg/mL and 50 pg/mL.
Furthermore, the VAR concentrations tested (ranging from 25 to 200 ug/mL) had no cytotoxic effect on
NHDF 36 hours after treatment, enabling the extracts obtained from mistletoe leaves to be tested on the cell
proliferation process and the cicatrizing effect.

B# CTRL

B ALA_50
E5 VAR 25
I VAR_50
VAR_100

VAR_200

Cell viability (% of control)

T y T

12 24
hours

Figure 4. The effect of different concentrations of ¥, album harvested from black locust (25,50, 100 and

200 pg/mL) on cell viability of NHDF after 12-, 24- and 36-hours using MTS assay

CTRL-untreated cells; ALA_S0—allantoin 50 pg/mL; VAR_25-mistletoe extract 25 pg/mL; VAR_50-mistletoe

extract 50 pg/mL; VAR _100-mistletoe extract 100 pug/mL; VAR_200-mistletoe extract 200 pg/mL. Different

lowercase letters indicate significant differences between samples (p < 0.05) for cach time analyzed (12, 24 and 36

hours, respectively).

It is known that, at certain concentrations, mistletoe has a cytotoxic effect, that can influence the results
of the functional wound healing test (Kuonen e a/., 2013; Choi ez al., 2022; Wright ez al., 2022). Kuonen ez
al. (2013) investigated the effects of mistletoe lipophilic extract and oleanolic acid on the migration of
NIH/3T3 fibroblasts as well as HaCat keratinocytes using a wound healing assay, and the results showed that
concentrations of mistletoe under 100 pg/mL and oleanolic acid under 12.5 pg/mL were non-toxic to
NIH/3T3 fibroblast. After 48 hours of treatment, concentrations of mistletoe less than 200 pg/mL and
oleanolic acid less than 10 pug/mL were non-toxic to HaCat keratinocytes, with cell viability around 90%. On
wound closure, mistletoe concentrations ranging from 500 to 2000 ug/mL and oleanolic acid of 50 pg/mL

inhibited NIH/3T3 fibroblasts significantly (Kuonen ez al., 2013).
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In vitro wound healing potential of V. album L. (VAR) on NHDE

The scratch method is an iz vitro technique, which provides valuable information about the biological
properties of different extracts or compounds present in plants, widely used to evaluate the potential of cell
proliferation for wound healing (Salchi e al., 2020; Antonescu (Mintas) e al., 2021; Memete ¢t al., 2023a).
Wound healing is a complex process, represented by the proliferation and migration activity of fibroblasts,
characterized by a well-coordinated and progressive sequence of events, structured both in time and space
(Eming et al., 2007; Guo and DiPietro, 2010; Junker ez /., 2013).

In the present study, normal human dermal fibroblasts (NHDFs) were subjected to varying
concentrations of mistletoe extract (25, 50, 100, and 200 pg/mL) in order to evaluate cell migration over

different time intervals (0, 12, 24, and 36 h) (Figure 5).

Wound closure by

After24 h After36 h surface
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* 82.36%
ALA 50
» 97.77
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VAR _25 92.01%
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Figure 5. The evolution over time of the mlgratlon of normal dermal ﬁbroblasts (NHDFS) for healing the
wound formed iz vitro by the scratch method according on the different concentrations of VAR extract
(VAR_25-mistletoe extract 25 pg/mL; VAR_50-mistletoe extract 50 ug/mL; VAR_100-mistletoe extract
100 pg/mL; VAR_200-mistletoe extract 200 pg/mL). CTRL-untreated cells; ALA_50-allantoin 50
ug/mL

The images from Figure 5 were obtained using the CytoSMART Lux3BR® device. The wound closure
by surface (Wnd_A) (%) were calculated using CytoSMART Lux3BR® and Image]J software and the results are
presented in Table 5.

Figure 5 shows the evolution over time of the closure of the “scratch” induced iz vitro based on the
treatment used. The results showed that the most effective was the treatment with VAR extract in a
concentration of 100 ug/mL (VAR_100), the iz vitro scratch coverage area was 94.08% in 36 h, a value close
to ALA_50 (97.77%), used as positive control. According to the data in Table 5, it can be seen that, in the case
of sample VAR _100 pug/mL, a statistically significant increase (p < 0.05) in the percentage of wound closure is
obtained starting from the 24-36-hour time, compared to the 12-24-hour time. Also, significant differences
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were noted between the concentrations of VAR_25, 50, 100 pg/mL and the concentration of VAR_200
ug/mL, which also showed the lowest percentage of closure.

Table 5. Wound closure according to the surface (%), following the application of different treatments at
12,24 and 36 h

amples
CTRL ALA_S50 VAR_25 VAR_50 VAR_100 VAR_200
Hours
Wound closure by surface (Wd_A) (%)
12 35.66 +1.32> | 47.13+2.11* 37.61 £ 1.16° 34.72 + 1.89"¢ | 34.14 + 1.86" | 31.63 + 1.15°
24 51.42 + 1.27¢ 64.25 + 1.62° 57.84 + 1.08" 53.89 + 1.18¢ 45.58 + 1.23¢ 45.58 + 1.11¢
36 82.36 + 1.57¢ 97.77 + 1.56* 92.01 +1.12° 92.86+ 1.57 94,08 + 1.11° 82.55 + 1.21°

CTRL-untreated cells; ALA_S0-allantoin 50 pg/mL; VAR_25-mistletoe extract 25 pg/mL; VAR_50-mistletoe
extract 50 pug/mL; VAR_100-mistletoe extract 100 pug/mL; VAR _200-mistletoe extract 200 pg/mL. Different
superscripts letters indicate significant differences (p < 0.05) on the line (between samples at the same time (hours).

The wound healing process is a highly complex process and involves a number of factors acting in three
stages (Kuonen ez al., 2013). The first stage is represented by vasoconstriction, which stops bleeding and takes
care of self-cleaning of the wound; Also here, at the level of the wound, the transformation of prothrombin
into thrombin and fibrinogen into fibrin takes place, then a crust of platelets is formed. The second stage is the
pro-inflammatory stage and is generated by the immune system, where vasodilation occurs and phagocytic cells
are focused on cleaning the wound, acting as antimicrobial elements (Antonescu (Mintas) ez al., 2021; Miere
et al., 2021; Memete er al., 2023a). VAR extract is a rich source of primary active ingredients consisting of
glycoproteins know as mistletoe lectins (ML) and viscotoxins, as well as secondary ingredients such as alkaloids,
phenolic acids, flavonoids, phytocompounds that have been shown to have antimicrobial activity and can be
considered a stimulator of wound scar formation (Eming ez /., 2007; Metelmann ez al., 2012; Kleszken ez 4l.,
2022b, 2022a; Wright ez al., 2022).The third phase is based on cell proliferation and wound remodeling. This
stage begins with the phenomenon of migration and proliferation of fibroblasts and then the cell matrix and
re-cpithelialization are formed (Kuonen ¢z al., 2013; Wright ¢z al,, 2022; Memete ¢t al., 2023a).

There are few studies that have tested the effect of topical mistletoe extract treatment on wound healing
(Kunz et al.,2011; Kuonen et al., 2013; Wright ez al., 2022). For example, Kunz ez a/. (2011) used an ointment
containing lipophilic mistletoe extract for the topical treatment of basal cell carcinoma. Clinical findings
included the promotion of wound healing as well as antitumor properties of mistletoe extract, and a primary
hemostatic effect of subsequent treatment was reported, with the aim of wound closure and partial or complete
remission of basal cell carcinoma (Kunz et 4. 2011). The authors Im et 4/. (2022) and Choi ez /. (2022),
demonstrated that a high content of phenolic compounds, respectively antioxidant compounds and vitamins,
has beneficial effects on skin eruptions and helps in the stimulation and proliferation of dermal fibroblasts.

Phytocompounds, such as phenolic acids, flavonoids, from extracts can be considered as stimulators of
dermal cell proliferation and migration, followed by re-epithelialization (Wilkinson and Hardman, 2020).
Based on data from the literature (Wilkinson and Hardman, 2020), there is a direct relationship between
chemical compounds, such as phenolic acids (ferulic, caffeic, vanillic), kaempferol (Ozay e 4l., 2019),
Quercetin derivatives (Beken ez /., 2020), compounds that are also present in mistletoe extracts, and the

process of regeneration and wound healing,
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Conclusions

Mistletoe leaves that parasitize black locust were examined in this study. Spectrophotometric and
chromatographic analyses have revealed that mistletoe leaves contain significant amounts of phenolic
compounds, which contribute to mistletoe's antioxidant capacity. The ability of mistletoe leaves to reduce the
inorganic selenium salt in NSePs with a size of approximately 130 nm was highlighted for the first time in the
literature. It was also stated that the mistletoe aqueous extract is not toxic to NHDF at the tested
concentrations and has the ability to repair the artificially induced wound i vitro. More research is needed to

reveal the mechanisms underlying wound healing and to identify the compounds responsible for this process.
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