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Abstract: This study aimed to investigate the phenolic content, antioxidant activity, cytotoxicity and the in vitro wound
healing activity of methanolic and aqueous extracts of Verbascum stachydifolium Boiss & Heldr. var. stachydifolium. Total
phenolic and flavonoid contents and antioxidant activity were measured using spectrophotometry-based methods. Quantita-
tive analysis of the selected phenolics was performed by HPLC. The cytotoxic effects of the extracts on L929 mouse fibroblast
cells were evaluated by the MTT assay. The migration of treated fibroblast cells was assessed by the cell scratch assay. The
expressions of type I collagen, FGF7, TGF-P1 and VEGF were evaluated by qRT-PCR and ELISA. The HPLC-based analysis
revealed the presence of different phenolic compounds at varying amounts and high antioxidant activities were detected.
The cytotoxicity assay results indicated that the methanolic and aqueous extracts did not exhibit any cytotoxic effect on
fibroblast cells when used up to 500 pg/mL concentration. Fibroblast migration was stimulated to the highest degree by
the aqueous extract obtained by maceration as observed in the scratch assay at 60.4% closure. The molecular mechanism
of the wound healing activity involves the upregulation of the analyzed genes.
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Abbreviations: high-performance liquid chromatography (HPLC), HPLC-diode array detector (HPLC-DAD), dimethylsulf-
oxide (DMSO), 2,2-diphenyl-1-picrylhydrazyl (DPPH), Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine serum
(FBS), phosphate buffer saline (PBS), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), enzyme-linked
immunosorbent assay (ELISA), quantitative real-time polymerase chain reaction (QRT-PCR), titrated Centella asiatica
extract (TECA), the herbarium of Gazi University (GAZI), the limit of detection (LOD), the limit of quantitation (LOQ),
relative standard deviation (RSD%), glyceraldehyde 3-phosphate dehydrogenase (GAPDH), vascular endothelial growth fac-
tor (VEGF), transforming growth factor-beta 1 (TGF-p1), fibroblast growth factor 7 (FGF?7), analysis of variance (ANOVA),
human umbilical vein endothelial cells (HUVEC), mouse fibroblast cell (L929).

INTRODUCTION healing activities of various plant extracts have also
been demonstrated by scientific research using in vi-
tro and in vivo methods [1-4]. Moreover, research on
the wound healing properties of plant extracts has
led to the production of certain commercial products,
the best-known being titrated Centella asiatica (Gotu
Kola) plant extract (TECA), which is used as an active

ingredient of medical ointments (e.g., Madecassol’)

About 60% of the world’s population and 60-90% of
the human population in developing countries use
traditional medicinal plants in primary health care
[1]. In recent years, there has been an increase in the
use of herbal and natural products in the management
and treatment of various disease states among people

in developed countries, including the US, Europe, and
Japan. Ethnomedicinal uses of natural products, in-
cluding medicinal plants, also provide a basis for the
isolation and discovery of new bioactive molecules.
[1]. In traditional medicine, many plants have eth-
nomedicinal use for treating wounds. The wound
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prescribed to treat wounds and burns [1,4].

Verbascum genus is represented by 411 taxa in
Tiirkiye, 197 of which are endemic. Verbascum stachy-
difolium Boiss & Heldr. var. stachydifolium (Mullein)
is an endemic plant species of Tiirkiye distributed
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in central Anatolia [5]. The aboveground parts of
the plant (stem, leaf, flower) that belong to the ge-
nus Verbascum are used for medical purposes [6]
with some uses having scientific support [3,7,8]. The
wound healing properties of the methanolic extract of
V. stachydifolium have been investigated using in vivo
linear incision and circular excision wound models,
which revealed its remarkable wound healing activity
[3]; however, to the best of our knowledge, no addi-
tional study has been carried out and there is no de-
tailed information regarding the antioxidant activity,
cytotoxicity and chemical constituents of this endemic
plant species.

Investigations into the chemical constituents and
biological activities of medicinal plants have led to
the discovery of alternative drugs and methods of
wound treatment. The aim of this study was to as-
sess the wound healing potential of V. stachydifolium
var. stachydifolium extracts by in vitro methods at
the molecular level, along with an investigation of
its phytochemical content. We examined the phyto-
chemical content with a special emphasis on pheno-
lic compounds. The antioxidant activity, cytotoxicity,
in vitro wound healing activity and its effect on the
expression of collagen and selected cytokines, were
investigated. The methanolic and aqueous extracts
obtained by maceration and the Soxhlet method were
compared.

MATERIALS AND METHODS
Plant material

Field studies to collect plant material were carried
out in the central regions of Tiirkiye by the authors.
V. stachydifolium var. stachydifolium was collected
from steppes, wheat fields (986 m a.s.].) between
Cihanbeyli and Konya (38°13°25.20”N, 32°44°56.117E,
10.07.2017). Plants were collected from a single popu-
lation to minimize the compositional variation. One
of the collected plant specimens was given the her-
barium number (BK 1268) and deposited in the her-
barium of Gazi University (GAZI, also the herbarium
code). The aerial parts of the plants were dried in the
shade and ground in a commercial Waring blender.
The ground plant material was kept in dark at room
temperature until use.
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Extraction procedure

Extracts of V. stachydifolium var. stachydifolium were
obtained by maceration (60 g plant material was used)
and Soxhlet extraction (20 g was used) techniques.
Water and methanol were used as solvents with vol-
umes of 600 mL for maceration and 150 mL for Soxhlet.
The ground plant materials were macerated three times
at room temperature on a magnetic stirrer and the ex-
tracts were filtered through Whatman grade no.1 filter
paper. Methanol was evaporated using a rotary vacuum
evaporator (Heidolph-Rotary VV2000 Schwabach,
Germany) at 40°C. Water extracts were frozen at -20°C
and lyophilized in a freeze-dryer (Christ Gamma 2-16
LSCplus, Germany). The plant extracts were stored in
the dark at 4°C. Four different extracts were prepared
as follows: V. stachydifolium var. stachydifolium macera-
tion with methanol (VMM), maceration with water
(VWM), Soxhlet extraction with methanol (VMS),
Soxhlet extraction with water (VWS).

Determination of total phenolic content

The total phenolic content was determined based on
the Folin-Ciocalteu method [9]. Gallic acid was used
as a reference compound to obtain the standard cali-
bration curve. Briefly, 0.5 mL of extracts (1 mg/mL),
2.5 mL of 1:10 diluted Folin-Ciocalteu reagent and 2
mL sodium carbonate solution (7.5% w/v) were mixed
in separate tubes and incubated for 15 min at 45°C.
Blank, standards and samples were transferred to cu-
vettes and measured using a UV/VIS spectrophotom-
eter at 765 nm wavelength (Lambda 25, Perkin Elmer,
Waltham, MA, USA). Each sample was measured in
triplicate and mean values were used. Results were
presented as mg/g gallic acid equivalents (mg GAE/g).

Determination of total flavonoid content

The total flavonoid content was determined by the
aluminum chloride colorimetric method as described
[10]. Briefly, 0.5 mL of extract solutions (0.5 mg/mL)
was mixed with 0.1 mL of 10% aluminum chloride
hexahydrate, 0.1 mL of 1 M potassium acetate and
2.8 mL of deionized water. After incubation at room
temperature for 40 min, standards and samples were
transferred to cuvettes and the absorbance of the reac-
tion mixture was measured at 415 nm against a blank
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using a UV/VIS spectrophotometer. Rutin was used
as a standard compound and results were calculated
as mg/g rutin equivalents (mg RUE/g). Each sample
was measured in triplicate and mean values were used.

Determination of total antioxidant capacity

Total antioxidant capacity was determined as de-
scribed [11]. Briefly, 0.3 mL extract (1 mg/mL), and 3
mL of reagent solution containing 0.6 M sulfuric acid,
28 mM sodium phosphate and 4 mM ammonium mo-
lybdate were incubated at 95°C for 90 min. Standards
and samples were transferred into cuvettes and the
absorbance of the solution was measured at 695 nm
using a UV/VIS spectrophotometer after cooling at
room temperature. The calibration curve was plotted
using ascorbic acid and the antioxidant activity was
calculated as the equivalent of ascorbic acid (EAA).
Standards and samples were measured in triplicate
and mean values were used.

2,2-diphenyl-1-picrylhydrazyl (DPPH) free
radical scavenging activity assay

The DPPH free radical scavenging assay was per-
formed based on the original method by Blois [12]
with some modifications. Briefly, the extracts were
prepared in concentrations of 15.62, 31.25, 62.5, 125
and 250 ug/mL. Three mL of each concentration was
mixed with 1 mL of 0.1 mM DPPH solution freshly
prepared in methanol. The tubes were incubated in
the dark at room temperature for 30 min and then
measured at 517 nm using a UV/VIS spectropho-
tometer (Perkin Elmer, Lambda 25). Solvent without
extract was used as a negative control and ascorbic
acid was used as a positive control. The color change
of the purple DPPH solution to yellow/light-yellow
indicates antioxidant activity, and the percent inhibi-
tion values of each extract were calculated using the
following equation:

Inhibition (%) = (A, - A,.) - (A
x 100/ (A A

control ~ * “blank

sample - Ablank))

where A is the absorbance, optical density (OD)

of the negative control and A__ is the absorbance

sample
of ascorbic acid or extract samples, and A,  is the

blank
absorbance of blank. IC,, values were calculated

with inhibition rates using a four-parameter logistic

regression model after plotting sigmoidal curves.
Standards and samples were measured in triplicate
and mean values were used for the calculations.

HPLC analysis and quantification

The chemical contents of the extracts were analyzed by
the reversed-phase high-performance liquid chroma-
tography-diode array detector (HPLC-DAD) method,
which is widely used for screening phytochemicals in
plant extracts [10]. The reference compounds were
selected mainly from among phenolics, which are
common plant secondary metabolites. We analyzed
15 reference compounds in V. stachydifolium by match-
ing the retention times of reference standards with
the sample chromatograms. Chromatograms were
recorded at 8 different wavelengths, 210, 260, 270 and
320 nm, that were chosen for the analyses according
to the maximum absorbances of the reference peaks.
For quercitrin and 4-hydroxybenzoic acid, 260 nm
were used, and gallic acid was detected at 270 nm.
For catechin, epicatechin, vanillic acid, syringic acid,
rutin, quercetin, apigenin and kaempferol, 210 nm was
used. Chlorogenic acid, caffeic acid, p-coumaric acid
and sinapic acid were analyzed at 320 nm. Extracts
were prepared at 1 mg/mL concentration for HPLC
analyses. All the standards and samples were filtered
through a 0.45-um polytetrafluoroethylene membrane,
measured in triplicate and mean values were used.

Chromatographic separation was performed us-
ing a C18 column (Agilent Poroshell 120 SB-C18, 2.7
um, 4.6x10 mm; PerkinElmer, MA, United States) on
an HPLC instrument equipped with a DAD (Agilent
1220 Infinity, PerkinElmer). Column temperature was
set at 30°C, a flow rate of 0.8 mL/min was used and 20
uL of standard or sample was injected. Reversed-phase
separation was achieved using a gradient method with
mobile phases A (deionized water acidified with 0.1%
trifluoroacetic acid (TFA)) and B (acetonitrile acidi-
tied with 0.1% TFA). The gradient was applied as fol-
lows: 0-1 min 95% A, 2-30 min A 95% to 50%, 31-35
min A 50% to 5%, 36-37 min A 5%, 38-39 min A 5%
to 95%, A 95% for 1 min. The limit of detection (LOD)
and the limit of quantitation (LOQ) values were cal-
culated for each reference according to the Eurachem
Guide, 2™ ed. [13].



Cell culture

The 1L929 (ATCC® CCL-1™) mouse fibroblast cell line
(Mycoplasma-free) was obtained from the Republic
of Tiirkiye Ministry of Agriculture and Forestry, Sap
Institute (Ankara, Tirkiye) and used for in vitro ex-
periments. The cells were grown in 25 cm? or 75 cm?
cell culture flasks in Dulbecco’s modified Eagle’s me-
dium (DMEM) supplemented with 10% fetal bovine
serum (FBS), 1% penicillin-streptomycin and 4 mM
L-glutamine in a humidified incubator with 5% CO,
at 37°C. The growth medium was routinely changed
every 2™ day and cells were passaged after reaching
80-90% confluence (at a split ratio 1:3) using trypsin-
EDTA. Cells between the 4™ and 6™ passages were
used in all the experiments.

Cell viability assay

Cell viability was determined using a modified colori-
metric 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) assay, which measures the mi-
tochondrial reductase activity of viable cells [14]. After
confluency, the cells were seeded into 96-well tissue
culture plates in 200 L of growth medium at a concen-
tration of 10* cells/mL and maintained until reaching
confluency (80-90%). Plant extracts were prepared in
concentrations of 31.25, 62.5 125, 250 and 500 pg/mL in
the growth medium and 200 pL of the prepared extracts
were added to the wells. Only solvent was added to
negative control wells. After 18, 24 and 48 h of incuba-
tion, 50 puL of MTT solution was added to the wells.
Then all the solutions were removed and DMSO was
added. The plates were incubated in the dark for 30 min
and the absorbance was measured at 570 nm (Epoch™
Microplate Spectrophotometer, Biotek, Winooski, VT,
USA). The experiment was carried out in quadruplicate
and mean values are presented.

Cell scratch assay

The migration capabilities of L929 mouse fibroblasts
were assessed using a cell scratch wound healing assay,
which measures the expansion of the cells on surfaces
[15]. The cells were seeded into 48-well tissue culture
dishes at a concentration of 2x10* cells/mL and cul-
tured until forming nearly confluent cell monolayers.
All the extracts were prepared at a concentration of 62
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pg/mL in the growth medium and a linear “wound”
was generated on the cell monolayer with a sterile
200 pL plastic pipette tip. Any cellular debris was
removed by washing the wells with phosphate buf-
fer saline (PBS). After this step, 300 pL of medium
containing plant extracts was added and incubated
for 24 h at 37°C with 5% CO,. The solvent (methanol
or water) without extract was added to the negative
control wells. Cells were visualized under an inverted
microscope. Three representative images from differ-
ent parts (upper, middle and bottom parts of the well)
of the scratched area from each replicate well were
digitally photographed at 0 (the beginning) and 24 h
to calculate the relative migration of cells.

The area between the scratch edges was calculated
by image processing using Image] software. First, the
edges of the cells were contoured and then the cell-
free area in between was calculated based on pixels.
The mean values of three photographs from the same
well were used for each replicate well. The closure rate
was calculated with these values using the following
formula:

SCR (Scratch Closure Rate)
= [(Area, - Area,, ) / Area ] x 100

where Area, is the calculated area value at 0 h and
Area ), is the area value at 24 h. The experiment was
performed in triplicate (three different replicate wells)

and mean values are presented.
RNA isolation and cDNA synthesis

For gene expression experiments, cells were incubated
with the plant extract (62 ug/mL VWM in growth
medium) for 24 h. The extract was substituted with
sterile deionized water to obtain a negative control
sample. The experiment was carried out in 3 separate
flasks. RNA isolation was performed using a com-
mercial kit (Thermo Fisher Scientific GeneJET RNA
purification kit, Waltham, MA, USA) in accordance
with the protocol provided by the manufacturer. RNA
concentration was measured using a NanoDrop spec-
trophotometer (Thermo Fisher Scientific, MA, USA).
The cDNA synthesis was carried out using a commer-
cial kit (GeneAll Hyperscript First Strand Synthesis
Kit, Lisbon, Portugal) following the instructions of the
manufacturer. Samples were stored at -80°C.



Arch Biol Sci. 2023;75(1):5-17
Quantitative real-time PCR (qRT-PCR)

TagMan gene expression assay (primer-probe set) was
used (Thermo Fisher Scientific, 4331182) for qRT-
PCR experiments using cDNA as a template follow-
ing the manufacturer’s instructions. The reaction was
performed in a real-time PCR instrument (Bioneer,
Exicycler 96, Kew East, AU). The glyceraldehyde
phosphate dehydrogenase (GAPDH) gene was used
for the normalization and normalized transcript levels
were calculated by the 2-44“ method [16].

The expression levels of vascular endothelial
growth factor-A (VEGF-A), fibroblast growth fac-
tor 7 (FGF7), transforming growth factor beta 1
(TGF-B1) and collagen type I were compared with
the control. TagMan primer-prob set IDs are as fol-
lows: Mm00801666_g1 for COL1A1 (collagen type
I) gene, Mm00433291_m1 for FGF7, Mm00437306_
m1l for VEGE, Mm01178820_m1 for TGF-B1, and
Mm99999915_g1 for GAPDH. The master mix was
purchased from Bioline, Meridian Bioscience, OH
USA (SensiFAST™ Probe No-ROX Kit-Cat No. 86005).

Determination of protein levels by the ELISA
method

For the enzyme-linked immunosorbent assay (ELISA)
experiments, the same conditions were applied as for
RNA isolation, but the media were collected from each
well instead. VEGF protein amount analysis was per-
formed with a Duoset ELISA-mouse VEGF kit (R&D
Systems Minneapolis, MN, USA) following the pro-
tocol provided by the manufacturer. In addition to
this kit, an Ancillary Reagent Kit 2 of the same brand
was used for sample preparation. TGF-{1 analysis was
performed using the Duoset ELISA-mouse TGFp1 kit

with Ancillary Reagent Kit 1. The amount of extra-
cellular collagen was determined using Mouse Coll
(Collagen Type 1) ELISA kit (Elabscience, Houston,
TX, USA) in accordance with the provided protocol.
The amount of FGF7 protein was determined using
the ELISA assay kit FGF7 obtained from Cloud-Clone
Corp., Katy, TX, USA.

Statistical analysis

All the values used in statistical analyses were obtained
from at least three replicates and the results were ex-
pressed as the meantstandard deviation. Statistical
significance between groups was determined by
one-way analysis or variance (ANOVA) followed by
Tukey’s test for post-hoc comparison. Mean values
were considered statistically different if P<0.05.

RESULTS
Total phenolic and flavonoid contents

The calculated total phenolic and flavonoid contents
of different extracts of V. stachydifolium var. stachy-
difolium are shown in Table 1. The total phenolic con-
tent was the highest in VMM with 104.45 mg GAE/g,
followed by VMS with a value of 77.79 mg GAE/g.
The phenolic contents of VWM and VWS were 63.35
and 41.41 mg GAE/g, respectively. The total flavonoid
content was the highest in VMS with 52.65 mg RU/g,
followed by VMM with 42.08 mg RUE/g. VWS and
VWM contained 19.55 and 13.22 mg RUE/g total fla-
vonoids, respectively. These results indicate that the
methanolic extracts contained phenolic compounds
in higher amounts compared to the aqueous extracts.

Table 1. Total phenolic and flavonoid contents, total antioxidant capacity, and diphenyl-2picrylhydrazyl (DPPH) scavenging activity of the
extracts (maceration with methanol (VMM), maceration with water (VWM), Soxhlet with methanol (VMS), Soxhlet with water (VWY)).

Extracts Total Phenolic Content | Total Flavonoid Content | Total Antioxidant Capacity | DPPH Scavenging Activity
(mg/g GAE) (mg/g RUE) (mg/g AAE) (IC50 values, pg/mL)

VMS 77.79+0.29¢ 52.65+0.86¢ 215.46+0.61°¢ 31.41+0.12¢

VMM 104.4 +0.78¢ 42.08+0.94¢ 212.36+0.89" 31.08+0.07¢

VWS 41.41+1.87" 19.55+0.00¢ 175.82+0.71# 85.80+0.10°

VWM 63.35%1.408 13.22+0.77° 119.27+0.41" 113.83+0.11#

Ascorbic acid - - - 1.4940.01"

Values are the means of three replicateststandard deviation. The differences between the mean values with different letters in the same column are

statistically significant (P<0.05).



Table 2. Comparison of the secondary metabolite content (mg/g DW mean values) of V. stachy-
difolium var. stachydifolium based on the reference compounds analyzed with the LOD/LOQ

10
Antioxidant activity

Antioxidant activity was assessed using two different
methods, DPPH free radical scavenging and phos-
phomolybdenum assays. The calculated IC, values
of the DPPH assay performed for different extracts
varied between 31.08 and 113.83 ug/mL (Table 1). In
the phosphomolybdenum assay, the total antioxidant
capacity was expressed as mg ascorbic acid equivalents
per g of dry extract and the values varied between

values of the method for each reference measurement.
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119.27 and 215.46 (Table 1). The methanolic extracts
expressed better antioxidant activity than the aqueous
extracts whereas the extraction method did not affect
the activity significantly.

Chemical constituents as revealed by HPLC analysis

In the present study, the methanolic and aqueous ex-
tracts of V. stachydifolium var. stachydifolium were an-
alyzed for 15 different secondary metabolites (mainly
phenolics) by the HPLC method
and the results are presented as
mg/g dry weight (DW) for each
substance (Table 2). The coeffi-

Rt: retention time of the standard, LOD: limit of detection, LOQ: limit of quantitation, N/A: not applicable
for that sample (maceration with methanol (VMM), maceration with water (VWM), Soxhlet with methanol
(VMS), Soxhlet with water (VWS)). Values are the means of three replicateststandard deviation. + — peak
detected but equal or <LOD; * — the estimated concentration is >LOD, <LOQ.
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Fig. 1. HPLC chromatogram of Verbascum stachydifolium var. stachydifolium methanolic extract
obtained by Soxhlet (VMS). A - 210 nm; B — 320 nm.

R, (min) | VMS VMM vws VWM | LOD/LOQ cient of determination (R?) values
Gallic acid 257 |7.78£000] —  |7.75£0.02]7.71£0.01] 0.008/0.02 of linear regression of the calibra-
4-hydroxybenzoicacid| 737 | 0.60£0.00* | 0.53+0.05 | 0.35+0.12 | 1.030.01 | 0.08/0.29 tion curves, the limit of detection
B T T T e

orogenic acl . .09x0. .92+0. — — . . .

Vanillicg acid 8.87 | 055029+ ] 054024 | 0.66+0.32* | 1.17£0.56 | 0.28/0.93 tion (LOQ) of the met}.md were
Caffeic acid 921 | 0.7740.03 | 0.77£0.00 | 0.76+0.05 | 1.08+0.34 | 0.08/0.28 calculated. Representative chro-
Syringic acid 9.65 | 1.33+0.01 | 1.650.21 | 1.56+0.12 | 1.12+0.09 | 0.14/0.49 matograms showing the identified
(-)-Epicatechin 10.04 T + + T 0.11/0.39 compounds are presented in Fig.
p-Coumaric acid 11.77 | 0.37+0.07 | 0.49+0.17 | 0.4420.07 | 1.11+0.05 | 0.06/0.22 1. In all the extracts analyzed, all
Rutin 13.07 | 3.59+1.34 | 3.1520.57 | 2.0320.12 | 1.90+0.02 | 0.35/1.17 the selected reference compounds
Sinapic acid 1324 | 1.4240.62 | 1.28+0.53 | 0.62:0.25 | 0.25+0.00* | 0.15/0.51 were identified but chlorogenic
Quercitrin 1513 | 2.03+0.76 | 1.98+0.73 | 1.53+0.37 | 1.65+0.28 | 0.10/0.35 acid, vanillic acid, epicatechin,
Quercetin 1923 | 3.64+0.13 | 3.47+0.08 | 3.24+0.03 | 2.90+0.10 | 0.46/1.54 p-coumaric acid, sinapic acid,
Apigenin 21.90 + + + + 0.05/0.19 apigenin and kaempferol were
Kaempferol 2240 | 1.1240.36 | 0.78+0.02 | — — | 0.08/0.27

detected in very small amounts.
Gallic acid and quercetin were
the two compounds present in the
highest amounts in the extracts,
ranging between 7.71-7.78 and
2.90-3.64 mg/g DW, respectively.
The amounts of compounds var-
ied between different extracts de-
pending on the solvent (methanol
or water) rather than the extrac-
tion method. Gallic acid was not
detected in VMM.

In vitro cytotoxicity and wound
healing activity

Wound healing activity was as-
sessed using the well-established
in vitro cell scratch assay, which is
a widely used method to assess the
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wound healing activity of plant extracts [7]. Prior to
the cell scratch wound healing assay, we investigated
the potential cytotoxic effect of the extracts on the
1929 mouse fibroblast cell line since reduced levels
of cell proliferation can affect the results. Moreover,
toxicity assessment is an important parameter for the
evaluation of the use of herbal extracts in pharmaceu-
tical preparations.

None of the extracts showed significant cytotox-
icity on mouse fibroblast cells at 18 and 24 h at the
highest concentrations (250 and 500 pug/mL), except
VMM, which reduced cell viability at 500 ug/mL but
showed no significant cytotoxicity at the concentra-
tion of 250 pg/mL. None of the extracts, except VMM,
reduced cell viability by 50% so the IC,  values were
not calculated, and the % cell viability values of the
two highest concentrations (250 and 500 pg/mL) are
provided in Table 3 instead. The extracts exhibited
a low level of cytotoxicity at 48 h at the highest con-
centrations. No significant difference was observed
between the extracts obtained using different solvents
and extraction methods.

Table 3. Cell viability percentages obtained by the MTT assay
after treatment with the highest extract concentrations (250 and
500 pg/mL).

250 ug/mL 500 ug/mL
Extracts | 18h 24h | 48h 18 h 24h 48h
VMS 97.4% | 94.5% | 84.3% | 96.5% | 93.8% | 72.5%
VMM 94.3% | 94.4% | 88.3% | 14.4% | 8.2% | 6.9%
VWS 115.4% | 88.8% | 78.3% |103.3% | 88.7% | 77.7%
VWM 97.1% | 94.2% | 79.1% | 95.9% | 91.5% | 49.6%

Maceration with methanol (VMM), maceration with water (VWM),
Soxhlet with methanol (VMS), Soxhlet with water (VWS)).

The in vitro cell scratch assay was used to assess
the wound healing potential of plant extracts, and the
area closure percentages were calculated for qualitative
comparison. Our results indicated that VWM signifi-
cantly increased (P<0.05) fibroblast migration with a
60.4% closure rate compared to the negative control
(Fig. 2B). However, it is also possible that other ex-
tracts may be more potent at higher concentrations.
Representative images in Fig. 2A show the induction
in fibroblast migration. The highest closure percent-
age was observed for the aqueous maceration extract.

11

Control

VMS |

% closure values

60.4
45.1

i 37.0 43.3 I I
v Control VMS VMM VWS VWM
Fig. 2. Scratch test assay. A — Representative image showing the
effect of V. stachydifolium var. stachydifolium (62 pg/mL) on mouse
dermal fibroblast (L929) migration in a wound scratch test assay.
Magnification (4x). B — Graphic showing scratch assay closure per-
centages of V. stachydifolium var. stachydifolium (62 pg/mL, 24h)
on mouse dermal fibroblast (L929) migration in a wound scratch

test assay. Results showed that VWM significantly increased (P<
0.05) fibroblast migration compared to the negative control.

Gene expression levels as determined by qRT-PCR

Total RNA amounts were between 64.1-111.7 ng/pL
in the control group and between 91.1-128.2 ng/uL in
the VWM group. When 62 pL/mg of VWM extract
was applied to L929 cells, nRNA (cDNA) levels were
quantified using the TagMan gene expression assay,
the values were normalized with GAPDH and the re-
sulting expression value of the control group was fixed
to 1 for comparison, it was observed that the gene ex-
pression levels of collagen I, TGF-B1 and VEGF were
increased 2.2-, 2.1- and 1.9-fold, respectively, while a
4.8-fold increase was detected for FGF7 (Fig. 3).
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Fig. 3. Relative change in mRNA levels/expression in L929 cells
treated with 62 pg/mL VWM extracts.

Protein quantities as determined by ELISA

The amounts of proteins that are the products of
the genes of interest were determined by the ELISA
method. Although the protein amounts were relatively
low in some samples, the calculated concentrations
against the blank were above the lower limit of detec-
tion of the commercial kits used. According to the
results (Table 4), the amounts of all the proteins were
increased with the most prominent increases observed
for collagen I and FGF7.

Table 4. Protein concentrations in 1929 cells treated with VWM
extracts.

Control (ug/mL) | VWM (pg/mL)
VEGF 81.04 101.59
TGEF-B1 23.19 34.02
Collagen 0.005 0.29
FGF7 0.19 3.29

Maceration with water (VWM), vascular endothelial growth factor
(VEGF), transforming growth factor-beta 1(TGF-B1), fibroblast growth

factor 7 (FGF7), mouse fibroblast cell (L929).

DISCUSSION

There is strong evidence in the literature that wound
healing and antioxidant activities are correlated with
the amount/number of phenolic compounds produced
in plants [1,17]. Therefore, special emphasis was put on
these molecules in the present study. Previous studies
have shown that methanolic extracts are rich in phe-
nolic compounds [18,19], corroborating our results.
There are many studies on saponins and glycosides of
species belonging to the genus Verbascum [8,20-22]
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but there are only a few studies on their phenolic com-
pounds [23-25]. There is no information about the
phytochemical components of V. stachydifolium in
the literature, but the phenolic contents of some other
members of the genus have been studied and the results
of the present study are generally in accordance with
tindings published previously [19,24]. The aqueous ex-
tract of V. phlomoides (mullein), one of the best-known
medicinal plants in the genus, was found to contain
4.18% total phenolics expressed as GAE according to
the Folin-Ciocalteu method [24]. We determined the
percentages to be 4.14% and 6.33% after the aqueous
Soxhlet and maceration extraction procedures, respec-
tively. Another study has compared the total phenolic
and flavonoid contents of V. nigrum L. and V. thapsus
L. with V. phlomoides [19]; the authors found the to-
tal phenolic and flavonoid contents of the methanolic
extracts to be between 85.0-135.0 mg GAE/g and 37.2-
53.4 mg RUE/g, respectively. The values of the aqueous
extracts ranged between 51.3-74.1 mg GAE/g and 10.2-
20.0 mg RUE/g, respectively. The phenolic contents of
V. pinetorum (Boiss.) O. Kuntze [26] and V. antiochium
Boiss. & Heldr. [27] were determined to be 42.45 and
92.71 mg GE/g, respectively. Our results show that V.
stachydifolium is a good source of polyphenols when
compared to other species in the genus.

There are no data in the literature on the anti-
oxidant activity of V. stachydifolium, but studies have
shown that different species of Verbascum possess
antioxidant properties [21,26,27]. The free radical
(DPPH) scavenging activity of V. macrurum was re-
ported as 67 ug/mL [28]. Our results are consistent
with those in the literature. Antioxidants are capable
of inhibiting or delaying the oxidation process in cells
and blocking the harmful effects of reactive oxygen
species (ROS); these properties make them compara-
tively popular as they play a role in the prevention of
different diseases such as atherosclerosis, cancer and
neurodegenerative diseases [29]. Antioxidant activity
is also important for the wound healing activity of
plant extracts [1,17]. The results of this study showed
that the antioxidant activity of V. stachydifolium is
close to that of other members of the genus when
compared with the data in the literature. Antioxidant
activities detected in this study are probably due to
the synergistic effects of different phytochemicals, in-
cluding phenolic compounds, which contribute to the
wound healing effects. Antioxidant activity and total
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phenolic content levels showed a correlation between
the different extracts examined herein. This result is
expected since it is well-documented that the antioxi-
dant activity of plants is mainly due to the phenolic
compounds they contain [18,30].

There is no information about the chemical con-
stituents of V. stachydifolium in the literature, but a
number of secondary metabolites were isolated and
identified in other members of the genus. Studies on
different Verbascum species resulted in the identifica-
tion of various secondary metabolites including iridoid
glycosides (e.g., aucubin, ajugol, catalpol and their de-
rivatives), phenylethanoid glycosides (e.g., verbasco-
sides), flavonoid glucosides (e.g., apigenin 7-glucoside,
luteolin 7-glucoside), neolignan glucosides, saponins
(e.g., verbascosaponins,), phenolic acids (e.g., vanil-
lic, hydroxybenzoic, p-coumaric, hydroxycinnamic
and ferulic acids) and flavonoids (e.g., apigenin, rutin,
kaempferol, tamarixetin 7-rutinoside) [20,22,23,31,32].
Studies on the polyphenolic content of Verbascum spe-
cies are limited. In a study of the polyphenol content
of the V. phlomoides L. water extract, reverse-phase
HPLC-DAD analysis was used and chlorogenic (12.3
mg/g), caffeic (39.9 mg/g), ferulic (29.6 mg/g), ros-
marinic acids (14.9 mg/g) and quercetin (17.2 mg/g)
were determined as major phenolics [24], while api-
genin and aucubin were detected in traces. All these
phenolics were also detected in our study of V. stachy-
difolium extracts by HPLC, except rosmarinic acid and
aucubin (they were not screened), but the amounts are
much lower. The highest amounts were determined for
gallic acid and quercetin. Our results indicate that V.
stachydifolium contains several phenolic compounds
that contribute to its biological activities. According to
our HPLC analysis, the number/amount of the com-
pounds differed between the extracts, depending on
the solvent type (methanol or water) rather than on
the extraction method. Gallic acid was not detected in
the VMM extract and kaempferol was detected only
in VMS and VMM extracts. We used water as one of
the extraction solvents since decoction, infusion and
maceration using water are common methods used for
preparing herbal extracts, and our results revealed that
aqueous extracts also contained effective amounts of
phenolics compared to the methanolic extract.

The methanolic extract of V. speciosum Schrad.
showed cytotoxicity in the L929 mouse fibroblast

13

cell line, human umbilical vein endothelial cells
(HUVEC) and primary human fibroblasts at con-
centrations higher than 400 ug/mL after 24, 48 and
72 h [7]. In another study, the cytotoxic effects of 15
taxa of Verbascum sp. (not including V. stachydifolium)
on different cancer and non-cancerous normal cells
(Vero, African green monkey kidney) were investi-
gated, and cytotoxic activity of some species against
certain cancer cell lines was detected, whereas the
activity was not significant at 100 pg/mL concentra-
tion [33]. Consistent with previous studies, our results
also indicate that different extracts of V. stachydifolium
did not show significant cytotoxicity against mouse
tibroblast cells, which is a valuable property for phar-
maceutical preparations.

The in vivo wound healing activities of 13 Verba-
scum species using linear incision and circular exci-
sion wound models were investigated previously and
the best results were obtained with the methanolic
extracts of V. splendidum, V. stachydifolium and V. us-
chackense, justifying their use in Turkish folk medicine
[3]. No additional information is available in the lit-
erature regarding either wound healing and cytotoxic
activity or the chemical composition of V. stachydifo-
lium. The cell scratch assay, performed in the present
study, is a widely used in vitro wound healing model to
assess the activity of compounds and natural products
[34]. Our results confirmed the wound healing activ-
ity of the studied species and showed that its aqueous
extract also has a wound healing effect. The wound
healing activity of the methanolic extract of V. spe-
ciosum was also shown in in vitro studies using L929
mouse fibroblasts, primary human fibroblast cells
and the HUVEC cell line; according to these results,
a concentration of 200 ug/mL increased the closure
rate in L929-HUVEC coculture and collagen type I
expression [7]. We obtained a similar result with the
aqueous extract of V. stachydifolium var. stachydifolium
and at a lower concentration.

Within a few days after wound formation, the
proliferation and migration of fibroblasts in the area
around the wound occur. Growth factors and cytokines
secreted locally in the wound area are of great impor-
tance during this process [35]. The main sources of
these cytokines are macrophages, neutrophils, platelets,
keratinocytes and fibroblast cells. Examples of major
factors responsible for wound healing include TGF
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alpha and beta, platelet-derived growth factor (PDGF),
VEGE, tumor necrosis factor-alpha (TNF-a), epider-
mal growth factor (EGF), insulin-like growth factor
(IGF) and the FGF gene family [36,37]. In the present
study, the expression/secretion levels of collagen I and
the cytokines TGF-f, VEGF and FGF7 were investi-
gated by qRT-PCR and ELISA. In this way, we obtained
information about the molecular mechanisms of the
wound healing activity of the studied species. Our re-
sults showed that VWM increased the expression of all
the genes at mRNA and protein levels, with the most
prominent results obtained for FGF7 and collagen I.

Fibroblast migration and proliferation play an im-
portant role in the wound healing process, and these
events are regulated by both paracrine and autocrine
cytokines. Fibroblasts are the main collagen-produc-
ing/secreting cells, which is a very important event for
proper wound healing. The different cytokines men-
tioned above have been found to increase collagen
synthesis in cultured fibroblast cells. The increase in
collagen synthesis is also a factor that accelerates the
wound healing process, and it has been shown that
various plant extracts possessing wound healing activ-
ity increase collagen synthesis [1,38]. The C. asiatica
extract, which is well known for its wound healing
properties, has also been shown to increase collagen
synthesis in fibroblast cells [38].

Proteins belonging to the FGF family have very
important roles in cell proliferation, differentiation,
migration and vascularization. There are 23 well-
characterized known members of the FGF family. Of
these, the more important ones in wound healing are
FGF2, FGF7 and FGF10. Different types of FGFs are
synthesized by keratinocytes, endothelial cells, smooth
muscle cells, chondrocytes, mast cells and fibroblasts.
These are generally paracrine cytokines with recep-
tors in the cells they affect [39]. In vitro studies have
shown that FGF7 promotes epithelialization by stim-
ulating keratinocyte migration and proliferation, so
it has an important role in wound healing. It is also
mitogenic for vascular endothelial cells and increases
VEGEF synthesis [39]. Moreover, FGF7 stimulates the
synthesis of urokinase-type plasminogen activator
(a serine protease necessary for revascularization) in
endothelial cells [40]. The wound healing effect of
FGF7 has also been demonstrated using in vivo ani-
mal models and in clinical studies [41]. Because of
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these properties, FGF7 is among the most important
cytokines in wound healing.

TGF-p also plays role in the wound healing pro-
cess by interfering with different mechanisms such as
vascularization, epithelialization and connective tissue
regeneration [39,42]. TGF-pB1 is synthesized and re-
leased by platelets, macrophages, keratinocytes and fi-
broblasts in scar tissue [42-49]. Studies have shown that
TGF-p1 levels increase in scar tissue following wound
formation and that TGF-P1 stimulates VEGF secretion
from diverse cells. TGF-p1 also plays a role in collagen
production during the remodeling phase [39,50,51].

One of the major roles of VEGF in wound heal-
ing is the stimulation of vascularization. The revascu-
larization that takes place during the wound healing
process includes several steps. The most important
ones are vasodilation, basement membrane degra-
dation, endothelial cell migration and proliferation.
Subsequently, capillary tube formation takes place,
and a new basement membrane is formed [52]. The
effects of VEGF-A on wound healing have been dem-
onstrated in previous studies [39,48,49,52-56], which
have shown that VEGF-A plays an important role in
wound healing by increasing endothelial cell migra-
tion and proliferation during the revascularization
process, and its expression increases in the early stages
of wound healing [39,52,55,57]. VEGF is also impor-
tant in epithelialization and collagen synthesis [52].
In addition, in vivo studies have shown that VEGF-A
levels increased in acute wounds [58].

CONCLUSIONS

Our results show that the endemic plant Verbascum
stachydifolium var. stachydifolium contains phenolic
compounds and possesses antioxidant and wound
healing activities. The antioxidant activity, phenolic
content and cytotoxicity of this taxon as well as the
molecular mechanism underlying its wound healing
potential were investigated for the first time. HPLC
analysis showed that the extracts contained phenolic
compounds, but their amounts were not too high. Our
results support the use of the in vitro scratch assay for
the initial screening of natural products to assess their
wound healing potential to reduce animal use. Herbal
extracts exhibit their wound healing effects at the mo-
lecular level usually by increasing collagen synthesis or
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affecting the expression of cytokines. This effect was
also remarkable in the present study. In light of the
results, V. stachydifolium var. stachydifolium deserves
further investigation aiming to isolate and identify the
active compounds, including not only phenolics but
also other secondary metabolites such as glycosides
and saponins responsible for its wound healing ac-
tivity, by bioactivity-guided characterization studies.
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