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Introduction: Althaea officinalis L.'s root extract (REA) has been used as a
medicinal plant since ancient times to treat a cough. Applying REA leads to a
protective film that induces a faster regeneration of the lesioned
laryngopharyngeal mucosa caused by dry coughs. The buccopharyngeal
mucosa is a highly vascularized tissue. In this regard, anti-inflammatory/-
oxidant phytochemicals that improve the repair of the lesion site, e.qg.,
neovascularization in the wound, are critical for promoting healing. For this
reason, it is essential to investigate the effects of Phytohustil® and REA on
different cellular components of the mucosa under conditions similar to those
found in the injured mucosa. Thus, this in vitro study investigated the anti-
inflammatory/oxidative and pro-migratory properties of Phytohustil® cough
syrup on vascular endothelial cells.

Methods: Human umbilical vein endothelial cells (HUVEC) were pretreated
(24 h) with Phytohustil®, its excipients, or REA, followed by incubation with
hydrogen peroxide (H,O,; 1 h; pro-oxidative) or with lipopolysaccharides (LPS;
3 h; pro-inflammatory). Viability and cytotoxicity were measured by PrestoBlue”
assay. Intracellular reactive oxygen species (ROS) were quantified with 20-70-
dichlorofluorescein diacetate (DCFDA). The release of interleukin 6 (IL6) was
determined by enzyme-linked immunosorbent assay (ELISA). The migratory
capacity of HUVEC was measured using a scratch assay.

Results: Our results show that Phytohustil®, its excipients and REA were not
cytotoxic. Pretreatment of HUVEC (24 h) with Phytohustil® or REA inhibited the
LPS-activated IL6 release. Phytohustil® or REA inhibited the H,O,-induced
cytotoxicity and intracellular ROS production. Phytohustil® and REA
significantly stimulated wound closure compared to the control.
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Conclusion: Our data show that Phytohustil® and REA have anti-inflammatory/-
oxidant properties and improve the migratory capacity of vascular endothelial
cells. These properties may contribute to the healing characteristics of
Phytohustil® and support the benefit of Phytohustil® in patient's treatment of
irritated oral mucosa.
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Introduction

Lesions of the oral and laryngopharyngeal mucosa have
many etiologies, including viral or bacterial infections and
local irritation due, eg, to a dry cough. The use of
phytochemicals in treating oral mucosa lesions has gained
more attention in recent years in the international scientific
community and has been reviewed recently (Salehi et al,
2019). Such a phytopharmaceutical is Phytohustil” cough
syrup which is used for the symptomatic treatment of
irritations of mucous membranes caused by dry and irritable
coughs. Phytohustil” contains the dried root extract of Althaea
(A.) officinalis L. (REA). A. officinalis L., has been used since
ancient times to treat the irritation of oral, pharyngeal, or gastric
mucosa (Schmidgall et al, 2000; Sendker et al., 2017). Their
pharmaceutical use involves forming a layer that protects the
epithelial membranes. The standard oral use of REA is associated
with the adhesive properties of the polysaccharides to the
epithelial mucosa, which protects from mechanical injuries
and microbial invasion (Sendker et al., 2017).

Skin and oral mucosa are similar in morphology and functions,
but there are differences related to homeostatic conditions
(Waasdorp et al, 2021). Wound healing is a close-fitting
regulated process to recover tissues after damage. Compared to
the skin, the oral mucosa is lined by a nonkeratinized stratified
squamous epithelium. It contains the same cell types, e.g.,
endothelial cells, fibroblasts, keratinocytes, macrophages, etc., as
the skin (Turabelidze et al., 2014). The lamina propria includes,
e.g., connective tissue, blood vessels, neural elements (Squier and
Kremer, 2001), and fibroblasts. Characteristic of the oral mucosa is
also a high vascularization and permeability (Novak et al., 2008) to
supply the region with nutrients, immune cells, and oxygen.
Angiogenesis, ie., the formation of new vessels, is central to
increased numbers of blood vessels at later stages of wound
healing (Van der al, 2011). In this
phytochemicals that improve neovascularization and vascular

Veer et regard,
maturation in the wound are essential to promote healing.
Applying an anti-inflammatory and antioxidant drug that
promotes cell migration, angiogenesis, etc., in the location of the
damage may support wound healing. We have recently reported the
effects of the anti-inflammatory, antioxidant, and pro-migratory
properties of Phytohustil” on human macrophages (Bonaterra et al.,
2020). Many studies confirm that inflammation and oxidative stress
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occur after injury and are interdependent processes. In this context,
REA exhibited strong total antioxidant activity, reducing power and
free radical/superoxide anion radical scavenging (Elmastas et al,
2004). An antitussive effect of marshmallow root extract was found
in an animal study using cats (Nosalova et al., 1993). In this regard,
Phytohustil” cough syrup an herbal medicinal product containing
REA is widely used to treat irritations in the oral mucosa and throat.

Nevertheless, the effectiveness of REA is not only due to the
mechanical protective effects of high molecular weight
(Sendker et 2017) but
components with healing properties. According to the

polysaccharides al,, also other
experiments carried out on macrophages, as we have most
recently published (Bonaterra et al, 2020), the objective of
this study was to continue our previous research about the
effects of Phytohustil” on the different cellular components
that make up the laryngopharyngeal mucosa. Therefore, this
study has been aimed to investigate the anti-inflammatory, anti-
of  the

phytopharmaceutical product Phytohustil” cough syrup on

oxidative, and  pro-migratory  properties
endothelial cells. For this purpose, we have used primary
human endothelial cells as an in vitro model of one of the

vascular components of the mucosa.

Materials and methods
Cell culture

In vitro experiments were performed using commercial
human umbilical vein endothelial cells (HUVEC) Cat.-No.:
121 0113; Provitro AG, Berlin, Germany), cultured in
endothelial cell proliferation medium, basal (ECPM) according
to the manufacturer’s instructions (Cat.-Nr.: 201 0001; Provitro
AG) and supplements [Supplement-Mix (Cat.-Nr.: 218 0001)
with antibiotics (Cat.-Nr.: 236 0350), Provitro AG]. No special
permission regarding ethics approval for this study is required to
use cells of human origin.

Substances under test

The active constituent of STW42-H (REA) was provided by
Steigerwald Arzneimittelwerk GmbH (Darmstadt, Germany).
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The root extract of A. officinalis (according to Kew Medicinal

plant names service, https://mpns.sciencekew.org/) was
prepared as described previously (Bonaterra et al, 2020).
Briefly, roots of A. officinalis were macerated in purified water
with a drug-extract-ratio (DER) of 3-9:1 after drying.
Phytohustil® (100 g) cough syrup (Bayer AG, Leverkusen,
Germany; batch-No. 730041) contains 35.6g of the active
ingredient liquid REA at a DER of 19.5-23.5:1 according to
DAC (German Drug Codex, 1999). The excipients, ethanol,
propyl-4-hydroxybenzoate, methyl-4- hydroxybenzoate and
sucrose were provided by Steigerwald Arzneimittelwerk
GmbH. The concentration of Phytohustil” was expressed in
pg/ml dry extract. A representative chromatogram of the REA
batch-No. 14-0450 has been recently published (Bonaterra et al.,
2020). REA was characterized and published previously (Sendker
et al., 2015; Sendker et al., 2017; Fink et al., 2018). Diclofenac
sodium salt CAS, 15307-79-6 (Merck KGaA, Darmstadt,
Germany) was used as an anti-inflammatory control
substance. The extract used in the current study is the active
component in a commercially available preparation, registered in
several countries as a medicinal herbal product. Therefore, the
wild collection of the monographed plant, including botanical
verification of the plant material by specialists according to the
requirements of the European Pharmacopeia was performed. For
this reason, the deposition of a specimen of the monographed

plant is not deemed necessary.

Measurements of the viability and
cytotoxicity of human umbilical vein
endothelial cells

HUVEC (5 x 10%) seeded in 100 ul ECPM/well in 96-well
plates (Falcon™, BD Bioscience, Heidelberg, Germany) were
incubated overnight. Afterward, the medium was changed,
different concentrations (100, 500, and 1,000 pug/ml) of the
REA, Phytohustil®, or its excipients, diluted in ECPM, were
added and then the cells were treated (24h) with the
substances. HUVEC cultured only in ECPM were used as
untreated control. Cell viability was assessed by using
reagent (Fisher Scientific GmbH, Schwerte,
directly added to the ECPM at a final
concentration of 10% and afterward, the optical density (OD)

PrestoBlue”
Germany),

was measured at 570 nm and reference 600 nm using a Sunrise
microplate reader (Tecan, Salzburg, Austria) (Bonaterra et al.,
2020). Thereafter, the cells were fixed with 4% PFA in PBS and
stained with crystal violet (CV) solution (0.04% crystal violet in
4% ethanol [v/v]) (Merck KGaA) and washed; subsequently, the
cells were lysed in a 1% sodium lauryl sulfate, (SDS, Merck
KGaA) solution (Bonaterra et al., 2020). The OD was measured
at 595 nm and reference 655 nm to determine the total cell
number. Results were expressed in % of viability measured by
PrestoBlue” ({{ODs70 nm/600 nm Of samples] x 100%]}/ODs70 nmy
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600 nm Of untreated control) or cytotoxicity 100%-({ODs7¢ nm/
600 nm Of samples] x 100%]}/ODs70 nmssoo nm Of untreated
control) measured by CV.

Determination of anti-inflammatory
effects

The release of human interleukin-1p (IL-1f), interleukin-6
(IL6), and tumor necrosis factor-o (TNF- o) was measured using
a sandwich enzyme-linked immunosorbent assay (ELISA)
(Bonaterra et al, 2020). After pretreatment for 24 h with
different concentrations of REA, Phytohustil'a’ or its excipients,
HUVEC were activated with LPS 0.05 ug/ml or 0.1 pg/ml (3 h).
Thereafter, the medium was harvested and centrifuged at 500 x g
(5 min). The supernatant 100 pl/well was applied to Maxi-Sorb™
96-well plates, which had previously been coated with 100 pl
capture antibody (mouse anti-human IL-1f, IL6 or TNF- a, 4 pg/
ml 1% BSA/PBS) overnight at 4°C. Afterward, the wells were
washed with a wash solution consisting of 0.05% Tween-20/PBS.
Concentrations of IL-1B, IL6, and TNF-a were determined using
the DuoSet” ELISA development kit (R&D Systems Europe, Ltd.,
Abingdon, United Kingdom) following the manufacturer’s
instructions. Afterward, the cells were fixed with 4% PFA/PBS
and stained with CV and the OD was measured as described
above. The OD was measured at 490 nm and reference at 655 nm
using a Sunrise microplate reader (Tecan). As described above,
the concentrations of IL-1p, IL6, and TNF-a were calculated
from respective standard curves and normalized with the total
cell number determined by CV staining. Diclofenac sodium salt
(Merck KGaA) was used as an anti-inflammatory control
substance.

Determination of the protective effects
against H,O,-induced cytotoxicity

The protective effects of the REA, Phytohustil® or its
excipients against cytotoxicity induced by treatment with the
pro-oxidant H,O, were determined using the PrestoBlue” (Fisher
Scientific GmbH) as described above. In detail, 7.5 x 10° HUVEC
in 100 pl ECPM/well were seeded in 96-well plates (Falcon™, BD
Bioscience). After overnight incubation, the medium was
changed and the HUVEC were pretreated (24h) with
1,000 ug/ml of the REA, Phytohustil® or its excipients,
followed by treatment (1 h) with H,O,.

Determination of intracellular reactive
oxygen species

Intracellular ROS was measured by using the fluorescent
oxidant-sensitive probe 20-70-dichlorofluorescein diacetate
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(DCFDA, Merck KGaA). 9 x 10° HUVEC were seeded in 100 pl
ECPM/well using 96-well plates (Falcon™, BD Bioscience) and
incubated overnight (Bonaterra et al, 2020). Afterward, the
medium was changed, different concentrations of the REA,
Phytohustil®, or its excipients, diluted in ECPM, were added
and the cells were pretreated for 24 h with 100, 500, or 1,000 pg/
ml REA, Phytohustil®, or its excipients. The next day 100 ul
DCEFDA (25 uM) were added to the cells in ECPM phenol red-
free (-PR) containing 100, 200 or 300 uM H,O, were added.
Untreated HUVEC were used as a negative control, whereas
HUVEC treated with H,0O, were used as a positive control, which
was considered 100% intracellular ROS production. After adding
H,0,
fluorescence units (RFU) at different time points (0 min,
15 min, 30 min, 45 min, and 60 min). Total intracellular ROS
was quantified at 495 nm excitation/529 nm emission using the

fluorescence intensity was measured in relative

BioTek Cytation™ 3 microplate reader (Agilent Technologies
Germany GmbH, Waldbronn, Germany). Values in %
fluorescence units (RFU) = [(sample DCFDA 495 ,m) X 100%]/
(untreated DCFDA 495 nm)-

Determination of the migratory capacity
of human umbilical vein endothelial cells

The migratory capacity of HUVEC was determined using a
scratch assay. Cells were seeded in 24-well plates and cultured
until confluence was reached. A straight-lined scratch was
applied to the cell monolayer with a pipette tip. Then the
medium was changed twice to remove the damaged cells and
debris. Afterward, the HUVEC were treated with 500 or 1,000 pg/
ml of Phytohustil”, REA, or its excipients. The scratch was
photographed at different time points (0h, 4h, 6h-10h)
according to previous publications (Cao et al.,, 2010; Jonkman
et al, 2014). It used an inverted microscope Axiovert 135 (Carl
Zeiss AG, Oberkochen, Germany), equipped with a motorized
stage and an AxioCam MRc camera (Carl Zeiss AG, Jena,
Germany). Effects on HUVEC migration were plotted as a
percentage of scratch closure (% SC = {[At] x 100%}/At 0 h;
At = At 0 h-At 6 h where “At 0h” is the area of the scratch
measured immediately after scratching and “At 4h or 6 h” are
the area estimated at time 4 h or 6 h (Yue et al., 2010). Vascular
endothelial growth factor (VEGF) was used as a positive control
for migration.

Statistical analyses

The SigmaPlot 12 software (Systat Software GmbH, Erkrath,
Germany) was used to carry out statistical analyses by the
unpaired Student’s t-test. When data failed normality and/or
equal variance test Mann-Whitney U-test was used. Thus, the
normality test (Shapiro-Wilk) and equal variance test were
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FIGURE 1

Effects on viability (A) or cytotoxicity (B) of HUVEC after 24 h
treatment with Phytohustil®, its excipients, or root extract of
Althaea (A.) officinalis L. (REA). Values in % viability of untreated
control (100% viability) or in % cytotoxicity of control (0%) are
given as mean + SEM; significance calculated by t-Test is indicated
as **p < 0.01 vs. untreated control (~100% viability); n =

4-5 independent experiments.

applied. Data shown as mean + SEM. p < 0.05 was considered
statistically significant (Bonaterra et al., 2020).

Results

Effect of Phytohustil®, its excipients or REA
on the viability of human umbilical vein
endothelial cells

We investigated the effects of treatment (24 h) of HUVEC
with Phytohustil®, its excipients, or REA on the viability and
cytotoxicity using the cell viability reagent Presto-Blue” or CV
cell cytotoxicity assay. Treatment (24h) of HUVEC with
different concentrations of Phytohustil®, its excipients or REA
(100, 500, or 1,000 pg/ml), did neither affect their viability nor
the cytotoxicity (Figures 1A,B), except 1,000 pg/ml Phytohustil”,
which increased the viability by +9.6% significantly (p < 0.01)
(Figure 1A). Treatment of HUVEC with 0.05 or 0.1 pg/ml LPS
did not affect their viability (not shown).
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FIGURE 2

Effects of Phytohustil® (Phyto.), its excipients (Exp.), or root
extract of A. officinalis L (REA) alone on IL6 release (A). Effects of
pretreatment (24 h) of HUVEC with Phyto., REA or excipients and
afterward 3 h LPS 0.05 pg/L(B) or 0.1 pg/ml(C) on IL6 release.
Untreated control (Ctr. Med.). Data are given as mean + SEM;
significance calculated by t-Test is indicated as *p < 0.05 vs. LPS-
treated HUVEC (100%); n = 4-8 independent experiments.

Effects of Phytohustil®, its excipients or
REA on IL-1pB, IL6, and TNF-a release of
human umbilical vein endothelial cells
with or without lipopolysaccharides
stimulation

To investigate the anti-inflammatory properties, we determined
the inhibition of the IL6 release of LPS-activated HUVEC.
Treatment (24h) of HUVEC with different concentrations
(100 pg/ml, 500 pg/ml, 1,000 ug/ml) of Phytohustil®, its
excipients, REA or diclofenac 25uM alone did not affect the
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IL6 release compared to the untreated control (Figure 2A).
Previous experiments were performed stimulating HUVEC with
0.1-10 pg/ml LPS to find concentrations that stimulate cytokine
release. We found that IL-6 but neither IL-1 nor TNF-a release was
sufficiently stimulated to detect a possible anti-inflammatory effect
of the substances under test (data not shown). Incubation of
HUVEC with LPS (0.05 or 0.1pug/ml) alone induced a
significantly (p < 0.01) increased IL6 release of 88.4% compared
to untreated control (Figures 2B,C). Furthermore, HUVEC were
pretreated (24 h) with 100, 500, or 1,000 ug/ml Phytohustil®, its
excipients, or REA and afterward activated for 3 h with LPS (0.05 or
0.1 pug/ml). Pretreatment with Phytohustil” (100 ug/ml or 1,000 pg/
ml) significantly (p < 0.05) inhibited 0.05ug/ml LPS-induced
IL6 release by 22.7% or 28.4%. Diclofenac (25 uM) used as a
positive anti-inflammatory control significantly inhibited the LPS
effect by 42.8% (Figure 2B). Whereas pretreatment with 100 pg/ml
Phytohustil” or REA significantly (p < 0.05) inhibited the IL6 release
by 17.1% and 16.2% compared to treatment with 0.1 pug/ml LPS
(Figure 2C). Pretreatment with 500 ug/ml of Phytohustil®, REA, or
excipients significantly (p < 0.05) inhibited the IL6 release by 17.5%,
22.0%, and 23.8% compared to HUVEC activated with 0.1 pg/ml
LPS (Figure 2C). However, only the incubation with 1,000 pg/ml
Phytohustil” was able to significantly (p < 0.05) inhibit the
IL6 release by 25.8% compared to 0.1ug/ml LPS alone
(Figure 2C). Diclofenac (25 uM) inhibited the IL6 release by 48%
(p < 0.05) compared to 0.1 pg/ml LPS (Figure 2C).

Effects of Phytohustil® its excipients or
REA against H,O,-induced cytotoxicity in
human umbilical vein endothelial cells

Furthermore, we were interested in investigating the anti-
oxidative effects of Phytohustil®, REA, or excipients after H,0O,
treatment. Thus, we first measured the cytotoxic effects of H,O, on
HUVEC and found that 100 uM or 200 uM H,O, significantly (p <
0.01) inhibited the viability by 21.1% and 28.5% compared to
untreated control (~100% viability) (Figure 3). Only pretreatment
(24 h) of HUVEC with 1,000 ug/ml Phytohustil” significantly (p <
0.001) inhibited 100 uM H,O, -induced cytotoxicity by 17.2%
compared to 100 pM H,O, and decreased the viability by 10.6%
(p < 0.001) compared to 200 pM H,O, (Figure 3). Moreover, after
pretreatment of HUVEC with 1,000 pug/ml Phytohustil” the viability
was similar to untreated control (Figure 3).

Effects of Phytohustil®, its excipients or
REA against H,0O,-induced reactive
oxygen species production

ROS are produced by living cells as a normal cellular

metabolic  byproduct, generated during mitochondrial

oxidative activity. Under stress conditions, cells produce more
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Effects of Phytohustil® (Phyto.), its excipients (Exp.), or root
extract of A. officinalis L (REA) on intracellular reactive oxygen
species (ROS) production in HUVEC, using the cell-permeant
reagent DCFDA (excitation/emission 495 nm/s29 nm). Values in

% fluorescence units (RFU) = [(sample DCFDA 495 nm/529 nm) X 1001/
(untreated DCFDA 495 nm/s29 nm) @re given as mean + SEM;
significance calculated by t-Test is indicated as ***p < 0.001 vs
H,0, 100 uM control (100% ROS); n = 11 independent
experiments.

ROS. Oxidative stress occurs when ROS rise above the
antioxidant defense capacity because of a decrease in the
intracellular antioxidant capacity or an increase in ROS levels.
The incubation of HUVEC with 100, 500, or 1,000 pg/ml
Phytohustil’, its excipients or REA, did not affect the

intracellular ROS level compared to the untreated control
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(Figure 4). Whereas treatment with H,0, (100 uM)
significantly (p < 0.001) increased the intracellular ROS
production by 100% compared to untreated control

(Figure 4). After 24 h pre-treatment of HUVEC with 1,000 pg/
ml Phytohustil® and additional 45 min incubation with
200 uM mM H,0, the ROS production was significantly (p <
0.05) inhibited by 30.0% (Figure 5A) and after 60 min by 18.1%
(500 pg/ml) or 15.6% (1,000 ug/ml) compared to 200 uM H,O,
(Figure 5B). Interestingly, after pretreatment of HUVEC with
1,000 pg/ml REA and an additional 60 min, 200 uM H,O,, the
ROS production was significantly (p < 0.05) inhibited by 33.4%
compared to 200 uM H,O, (Figure 5B).

Effects of Phytohustil®, its excipients or
REA on the migratory capacity of human
umbilical vein endothelial cells

We investigated the migratory capacity of HUVEC after
treatment with Phytohustil®, its excipients, or REA using the
scratch assay. The results indicate that the treatment (4 h) of
HUVEC with 500 or 1,000 ug/ml Phytohustil® significantly
stimulated the wound closure by 5.7%, 6.3% (p < 0.01) and
incubation with 1,000 pg/ml REA yielded a significant increase
(p <0.001) by 11.5% increased wound closure compared to the
untreated control (Figures 6A,C). Interestingly, treatment (4 h)
of HUVEC with 1,000 pg/ml Phytohustil” significantly (p < 0.01)
stimulated the migratory capacity by 8.4% compared to the
excipients (Figures 6A,C). Treatment (6 h) of HUVEC with
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FIGURE 5

Protective effects of 24 h pretreatment of HUVEC with Phytohustil® (Phyto.), its excipients, or root extract of A. officinalis L (REA) against
H,O,—induced intracellular reactive oxygen species (ROS) production after 30 min (A) or 60 min (B) H,O, treatment, using the cell-permeant
reagent DCFDA (excitation/emission 495 nmss29 nm)- Values in % fluorescence units (RFU) = [(sample DCFDA 495 nm/529 nm) X 100]/(untreated DCFDA
495 nm/529 nm) are given as mean + SEM; significance calculated by t-Test is indicated as *p < 0.01, **p < 0.01 vs. H,O, 200 uM; n =

4 independent experiments.

500 or 1,000 pug/ml Phytohustil® significantly stimulated the
wound closure by 9.7% (p < 0.01) and after incubation with
1,000 pg/ml REA by 13.5% (p < 0.001) compared to the untreated
control (Figures 6B,C). When compared to the excipients,
treatment of HUVEC with 500 or 1,000 pg/ml of Phytohustil”
significantly (p < 0.01) stimulated the wound closure by 11.2% or
by 10.7% (Figures 6B,C). VEGF (10 ng/ml), taken as a positive
control for migration, increased significantly by 6.4% (p < 0.01)
the wound closure, however, only after 6 h treatment compared
to the untreated control (Figures 6A-C).

Discussion

Althaea officinalis L., commonly known as marshmallow, has
been widely used since ancient times because of its healing
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properties, e.g., for treating the irritation of the mouth or
throat and associated dry cough and against symptomatic
gastrointestinal ~discomfort (European Medicines
2016). REA is
i.e., Phytohustil” cough syrup.

Agency.

commercially available as a drug,

In this study, we have performed in vitro experiments using
primary endothelial cells, i.e, HUVEC, which have been
commonly used for physiological and pharmacological
investigations, as a model system to study angiogenesis. We
found that Phytohustil® increased the viability of HUVEC,
whereas REA or its excipients alone did not. This could be
interpreted as a synergistic effect between REA and the
excipients, both components of Phytohustil”.

A

environment. Under these conditions, it has close contact

characteristic of the mucosal tissue is its wet

with multiple and diverse typical commensal microorganisms
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and pathogens, which can invade and produce pro-
inflammatory responses after a mucosa lesion. Purified
marshmallow polysaccharides showed in vivo immune-
activating effects (Wagner, 1990). In this context, we have
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FIGURE 6
Stimulatory effects of Phytohustil” or REA on the migratory capacity of HUVEC. Quantification of cell migration of HUVEC after scratching.
HUVEC were treated with Phytohustil® (Phyto.), its excipients (Exp.), REA for 4 h (A) or 6 h (B) or with medium alone (untreated control). Vascular
Endothelial Growth Factor (VEGF) was used as a positive control of migration. The results are displayed in % of scratch closure as mean + SEM;
significance calculated by t-Test is indicated as **p < 0.01, ***p < 0.001 vs. untreated control; Phyto. 500 pg/ml vs. Exp. **p < 0.01; Phyto.
1,000 pg/ml vs. Exp. *p < 0.01. (C) Representative images of the wound closure after 0 h and 6 h; n = 4 independent experiments. Scale bar:
100 pm.

recently published data on the anti-inflammatory properties
of Phytohustil” on human macrophages. We have shown that
Phytohustil® and the REA, but not its excipients inhibited the
release of both TNF-a and IL6 by LPS-activated macrophages
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(Bonaterra et al., 2020). These findings corroborate the anti-
inflammatory and possible immunomodulatory properties of
the REA as published by others, however, in neutrophils
(Scheffer et al., 1991).

Here we show that pretreatment of HUVEC with
Phytohustil® or REA inhibits the LPS-induced IL6 release and,
therefore, corroborates the anti-inflammatory properties of REA
at levels comparable to 25uM diclofenac. These anti-
inflammatory effects of the commercially available product
Phytohustil” and its main component REA on HUVEC are
novel. Interestingly, we cannot detect IL-13 or TNF-a after
LPS stimulation in our experimental set by HUVEC to
effects.  The lack of
proinflammatory stimulation by LPS of the cytokines IL-1B

investigate  anti-inflammatory
and TNF-a may be because HUVECs are proinflammatory
stimulated by exogen IL-1p and TNF-qa, instead of being
released by HUVEC, according to other authors (Mako
et al., 2010). Moreover, intracellular ROS homeostasis is
essential in maintaining normal cellular physiology and
integrity. We and others have shown that REA has
chemical antioxidant properties (Sadighara et al., 2012),
stimulates immune defense mechanisms in human BV-173
leukemic cells (Benbassat et al., 2014) as well as that
Phytohustil® and REA may protect against intracellular
ROS increase in human macrophages (Bonaterra et al,
2020). Therefore, we have performed experiments to
the of
Phytohustil® or REA, against H,O, -induced cytotoxicity
and intracellular ROS production in HUVEC. We found an
inhibition of H,O, -mediated decrease of the viability when
HUVEC were pretreated with Phytohustil”. This protective
effect is shown for the first time. In this context, we also found

investigate potential  protective  properties

that Phytohustil” and REA reveal protective effects against the
increase of harmful intracellular ROS, which was induced by
H,0, treatment of HUVEC. Thus, for the first time, we
demonstrate that Phytohustil” and REA can inhibit the
damaging effects of oxidative stress on HUVEC and may
positively influence wound healing processes through this
pathway.

High molecular weight hyaluronic acid of REA exerts
many effects on the tissue, such as activating the migration
of leukocytes as monocytes/macrophages (Sendker et al,
2017). Induction of the production of growth factors by
epithelial cells, proliferation, differentiation, and migration
are also stimulating properties of these REA polymers and
seem beneficial for tissue regeneration (Heldin, 2003; Sendker
et al,, 2017). Most recently, we have shown that REA can
activate the migration of human macrophages (Bonaterra
et al, 2020). This property may be associated with a
of Phytohustil®. The REA
induction of migration by macrophages into the injured

chemoattractant activity

and inflamed mucosa may have importance for the
resolution of the inflammation and, consequently, wound
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healing (Chanput et al., 2010; Bonaterra et al., 2020). Using
an in vitro scratch assay, we show that Phytohustil®, and its
active ingredient REA, but not the vehicle with excipients,
activate the migration of HUVEC. We found a similar
mechanism that may explain our results related to the pro-
migratory effect on macrophages after treatment with
Phytohustﬂ@ (Bonaterra et al., 2012). These results reveal
evidence for the stimulating properties of vascularization
and may be interpreted as a positive repair effect against
mucosal injury, e.g., elicited by a dry cough. Additionally,
with the stimulation of the endothelial cell migration by
Phytohustil® and REA might be to be expected that in vivo,
this effect could be significant for repairing the innervation,
which has probably been injured after a lesion of the oral
mucosa. As described by others, this may be an additional
property of the endothelial cells during the revascularization
of the damaged mucosa after injury (Grasman et al.,, 2017).

Conclusion

Our data prove that Phytohustil” and REA have anti-
inflammatory properties and protect vascular endothelial
cells against oxidative stress and H,0O,-induced cytotoxicity.
In addition, Phytohustil® improved the migratory capacity of
HUVEC as an in vitro model of the vascular endothelium. The
anti-inflammatory effects of Phytohustil” or REA were similar
to the anti-inflammatory drug diclofenac. These protective and
stimulating features may support the therapeutical effects of
Phytohustil” and is suggested to be also beneficial in patients
during the treatment of laryngopharyngeal irritated mucosal
membranes, as well as to be appropriate for symptomatic
treatment of a dry cough.

Data availability statement

The raw data supporting the conclusion of this article will
be made available by the authors, without undue reservation.

Author contributions

GB and RK conceived and designed the experiments; JS and
KS performed the experiments; GB, JS, and HS, analyzed the
data; GB and RK wrote and HA-K, OK, and JM reviewed the
manuscript.

Funding

The Project was funded by: Steigerwald Arzneimittelwerk
GmbH, Havelstrasse 5, 64295 Darmstadt, Germany. The funding

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.948248

Bonaterra et al.

sponsor played no role 1) in the design of the study, 2) in the
collection, analyses, or interpretation of data, 3) in the writing
of the manuscript, or 4) in the decision to publish the results.
Open access funding was provided by the Open Access
Publication Fund of Philipps-University Marburg with the
support of the Deutsche Forschungsgemeinschaft (DFG,
German Research Foundation).

Acknowledgments

For funding supports we acknowledge Steigerwald
Arzneimittelwerk GmbH, Darmstadt, Germany. The
authors thank Mrs. Andrea Cordes, Mrs. Nadine Heinrich,
Mrs. Claudia Keppler, and Mrs. Elke Vélck-Badouin for the
excellent technical assistance, as well as Mrs. Gabriella Stauch
for the preparation of the manuscript.

References

Benbassat, N., Yoncheva, K., Hadjimitova, V., Hristova, N., Konstantinov, S., and
Lambo, N. (2014). Influence of the extraction solvent on antioxidant activity of Althaea
officinalis L. root extracts. Open Life Sci. 9, 182-188. doi:10.2478/s11535-013-0245-2

Bonaterra, G. A., Bronischewski, K., Hunold, P., Schwarzbach, H., Heinrich, E. U.,
Fink, C, et al. (2020). Anti-inflammatory and anti-oxidative effects of Phytohustil®
and root extract of Althaea officinalis L. On macrophages in vitro. Front. Pharmacol.
11, 290. doi:10.3389/fphar.2020.00290

Cao, L, Liu, H,, Lam, D. S,, Yam, G. H., and Pang, C. P. (2010). In vitro screening
for angiostatic potential of herbal chemicals. Invest. Ophthalmol. Vis. Sci. 51,
6658-6664. doi:10.1167/i0vs.10-5524

Chanput, W., Mes, J., Vreeburg, R. A,, Savelkoul, H. F., and Wichers, H. J. (2010).
Transcription profiles of LPS-stimulated THP-1 monocytes and macrophages: A
tool to study inflammation modulating effects of food-derived compounds. Food
Funct. 1, 254-261. doi:10.1039/c0fo00113a

Elmastas, M., Ozturk, L., Gokce, L, Erenler, R., and Aboul-Enein, H.-E. (2004).
Determination of antioxidant activity of marshmallow flower (Althaea officinalis
L.). Anal. Lett. 37, 1859-1869. doi:10.1081/al-120039431

European Medicines Agency (2016). European Medicines Agency: Amsterdam.
https://www.ema.europa.eu/en/documents/herbal-summary/marshmallow-root-
summary-public_en.pdf (Accessed August 24, 2022).

Fink, C., Schmidt, M., and Kraft, K. (2018). [Marshmallow root extract for the
treatment of irritative cough: Two surveys on users’ view on effectiveness and
tolerability]. Complement. Med. Res. 25, 299-305. doi:10.1159/000489560

Grasman, J. M., and Kaplan, D. L. (2017). Human endothelial cells secrete
neurotropic factors to direct axonal growth of peripheral nerves. Sci. Rep. 7, 4092.
doi:10.1038/s41598-017-04460-8

Heldin, P. (2003). Importance of hyaluronan biosynthesis and degradation in cell
differentiation and tumor formation. Braz. J. Med. Biol. Res. 36, 967-973. doi:10.
1590/50100-879x2003000800002

Jonkman, J. E., Cathcart, J. A., Xu, F., Bartolini, M. E., Amon, J. E., Stevens, K. M.,
etal. (2014). An introduction to the wound healing assay using live-cell microscopy.
Cell adh. Migr. 8, 440-451. doi:10.4161/cam.36224

Mako, V., Czicz, J., Weiszhdr, Z., Herczenik, E., Matkd, J., Prohaszka, Z., et al. (2010).

Proinflammatory activation pattern of human umbilical vein endothelial cells induced by
IL-1B, TNF-a, and LPS. Cytom. A 77, 962-970. doi:10.1002/cyto.a.20952

Nosalova, G., Strapkova, A., Kardosova, A., and Capek, P. (1993). Antitussive
activity of a rhamnogalacturonan isolated from the roots of Althaea officinalis L var.
robusta. J. Carbohydr. Chem. 12, 589-596. doi:10.1080/07328309308019409

Novak, N., Haberstok, J., Bieber, T., and Allam, J.-P. (2008). The immune
privilege of the oral mucosa. Trends Mol. Med. 14, 191-198. doi:10.1016/j.
molmed.2008.03.001

Frontiers in Pharmacology

10

10.3389/fphar.2022.948248

Conflict of interest

HA-K, OK, and JM were employed by Steigerwald
Arzneimittelwerk GmbH.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Sadighara, P., Gharibi, S., Moghadam Jafari, A., Jahed Khaniki, G., and Salari, S.
(2012). The antioxidant and Flavonoids contents of Althaea officinalis L. flowers
based on their color. Avicenna J. Phytomed. 2, 113-117.

Salehi, B., Lopez-Jornet, P., Pons-Fuster Lopez, E., Calina, D., Sharifi-Rad, M.,
Ramirez-Alarcon, K., et al. (2019). Plant-derived bioactives in oral mucosal lesions:
A key emphasis to curcumin, lycopene, chamomile, Aloe vera, green tea and coffee
properties. Biomolecules 9, 106. doi:10.3390/biom9030106

Scheffer, J., and Konig, W. (1991). “Einflufl von Radix althaeae und Flores
chamomillae Extrakten auf Entziindungsreaktionen humaner neutrophiler
Granulozyten, Monozyten und Rattenmastzellen,” in Abstracts of 3 (Liibeck-
Traveminden: Phytotherapie-Kongref3), 3-6.

Schmidgall, J., Schnetz, E., and Hensel, A. (2000). Evidence for bioadhesive effects
of polysaccharides and polysaccharide-containing herbs in an ex vivo bioadhesion
assay on buccal membranes. Planta Med. 66, 48-53. doi:10.1055/s-2000-11118

Sendker, J., Boker, I, Fink, C., Kelber, O., and Hensel, A. (2015). Phytochemische
Untersuchung von Eibischwurzel aus Althaea officinalis L.: Alte Arzneidroge mit
neuen inhaltsstoffen. Phytother. Off. Organ Ges. Phytother. e.V 36 (1). doi:10.1055/
5-0035-1565951

Sendker, J., Boker, I, Lengers, I, Brandt, S., Jose, J., Stark, T., et al. (2017).
Phytochemical characterization of low molecular weight constituents from
marshmallow roots (Althaea officinalis) and inhibiting effects of the aqueous
extract on human hyaluronidase-1. J. Nat. Prod. 80, 290-297. doi:10.1021/acs.
jnatprod.6b00670

Squier, C. A, and Kremer, M. J. (2001). Biology of oral mucosa and esophagus.
JNCI Monogr. 29, 7-15. doi:10.1093/oxfordjournals.jncimonographs.a003443

Turabelidze, A., Guo, S., Chung, A. Y., Chen, L, Dai, Y., Marucha, P. T,, et al.
(2014). Intrinsic differences between oral and skin keratinocytes. PLoS One 9,
€101480. doi:10.1371/journal.pone.0101480

Van der Veer, W. M., Niessen, F. B., Ferreira, J. A., Zwiers, P. ], de Jong, E. H,,
Middelkoop, E., et al. (2011). Time course of the angiogenic response during
normotrophic and hypertrophic scar formation in humans. Wound Repair Regen.
19, 292-301. doi:10.1111/j.1524-475X.2011.00692.x

Waasdorp, M., Krom, B. P., Bikker, F. J., van Zuijlen, P. P. M., Niessen, F. B., and
Gibbs, S. (2021). The bigger picture: Why oral mucosa heals better than skin.
Biomolecules 11, 1165. doi:10.3390/biom11081165

Wagner, H. (1990). Search for plant-derived natural products with
immunostimulatory activity (recent advances). Pure Appl. Chem. 62, 1217-1222.
doi:10.1351/pac199062071217

Yue, P. Y., Leung, E. P., Mak, N. K., and Wong, R. N. (2010). A simplified method
for quantifying cell migration/wound healing in 96-well plates. J. Biomol. Screen. 15,
427-433. doi:10.1177/1087057110361772

frontiersin.org


https://doi.org/10.2478/s11535-013-0245-2
https://doi.org/10.3389/fphar.2020.00290
https://doi.org/10.1167/iovs.10-5524
https://doi.org/10.1039/c0fo00113a
https://doi.org/10.1081/al-120039431
https://www.ema.europa.eu/en/documents/herbal-summary/marshmallow-root-summary-public_en.pdf
https://www.ema.europa.eu/en/documents/herbal-summary/marshmallow-root-summary-public_en.pdf
https://doi.org/10.1159/000489560
https://doi.org/10.1038/s41598-017-04460-8
https://doi.org/10.1590/s0100-879x2003000800002
https://doi.org/10.1590/s0100-879x2003000800002
https://doi.org/10.4161/cam.36224
https://doi.org/10.1002/cyto.a.20952
https://doi.org/10.1080/07328309308019409
https://doi.org/10.1016/j.molmed.2008.03.001
https://doi.org/10.1016/j.molmed.2008.03.001
https://doi.org/10.3390/biom9030106
https://doi.org/10.1055/s-2000-11118
https://doi.org/10.1055/s-0035-1565951
https://doi.org/10.1055/s-0035-1565951
https://doi.org/10.1021/acs.jnatprod.6b00670
https://doi.org/10.1021/acs.jnatprod.6b00670
https://doi.org/10.1093/oxfordjournals.jncimonographs.a003443
https://doi.org/10.1371/journal.pone.0101480
https://doi.org/10.1111/j.1524-475X.2011.00692.x
https://doi.org/10.3390/biom11081165
https://doi.org/10.1351/pac199062071217
https://doi.org/10.1177/1087057110361772
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.948248

	Phytohustil® and root extract of Althaea officinalis L. exert anti-inflammatory and anti-oxidative properties and improve t ...
	Introduction
	Materials and methods
	Cell culture
	Substances under test
	Measurements of the viability and cytotoxicity of human umbilical vein endothelial cells
	Determination of anti-inflammatory effects
	Determination of the protective effects against H2O2-induced cytotoxicity
	Determination of intracellular reactive oxygen species
	Determination of the migratory capacity of human umbilical vein endothelial cells
	Statistical analyses

	Results
	Effect of Phytohustil®, its excipients or REA on the viability of human umbilical vein endothelial cells
	Effects of Phytohustil®, its excipients or REA on IL-1β, IL6, and TNF-α release of human umbilical vein endothelial cells w ...
	Effects of Phytohustil® its excipients or REA against H2O2-induced cytotoxicity in human umbilical vein endothelial cells
	Effects of Phytohustil®, its excipients or REA against H2O2-induced reactive oxygen species production
	Effects of Phytohustil®, its excipients or REA on the migratory capacity of human umbilical vein endothelial cells

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


