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Abstract

Skin aging is a natural process that is influenced by various intrinsic and extrinsic factors such as UV radiation, pollution, oxidative stress, or
an unhealthy lifestyle. Premature skin aging affects millions of people worldwide, but treatment options are limited and often of invasive
nature. Therefore, the demand for alternative natural and safe products for nutraceutical use is increasing. Moldavian dragonhead is known for
its high content in flavonoid glucuronides and its antioxidative effects. However, its effect on skin appearance parameters is unknown to date.
Our in-vitro study showed that treatment of mouse C2C12 cells with Moldavian dragonhead extract activates the innate longevity pathway
involving the signaling kinase AMPK and the transcription factor FOXOL1. In vivo, Moldavian dragonhead extract had a collagen-boosting
effect preserving a youthful collagen expression and mass during aging in Caenorhabditis elegans. Moreover, in humans, daily food
supplementation with 200 mg Moldavian dragonhead dry extract (DracoBelle™ Nu) for eight weeks in an open pilot trial significantly
increased skin moisturization and elasticity by 14.4 % and 6.7 %, respectively. Furthermore, skin density was increased as shown by ultrasound

visualization. There were no reports of adverse events during the study period. We, therefore, conclude that Moldavian dragonhead extract

presents a safe and effective treatment option for (photo) aged skin.
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Introduction

A flawless and young appearance of skin and hair is an important
factor reflecting general well-being and, although being a natural
process, aging and obvious signs thereof are perceived as unhealthy.
Multiple intrinsic and extrinsic factors affect skin health, leading to
structural, metabolic, and physiological changes and ultimately
visible signs of premature aging [41]. This is characterized by an
increase in oxidative stress caused by reactive oxygen species (ROS),
a reduction of skin cell proliferation and thus skin renewal as well as
an increased degradation of the skin matrix, which is composed of
collagen and elastin fibers [41]. The damage of connective tissues,
such as fragmentation, oxidation, and glycation of collagen,
accumulates during aging [4]. These changes at the molecular level
affect tissue integrity and lead to a continuous decline in collagen
mass, which ultimately results in the formation of wrinkles and
sagging skin.

Anti-aging strategies have been targeting these processes to prevent
or reverse premature skin aging. However, besides topical application
of daily skincare products or pharmacological agents, many currently

available skin anti-aging treatments involve invasive procedures such

as chemical peelings or injection of hyaluronic acid or botulinum
neurotoxin [8]. Implementing the rather novel concept of “beauty
from within”, systemic treatment has been established for the
prevention of visible skin aging in the past years, mostly involving
hormone replacement or antioxidant therapy [8]. But these treatments
often harbor the risk of diverse side effects, which causes
dissatisfaction in patients. Natural ingredients provide a potential
solution to these concerns and offer a safe, non-invasive alternative
for the prevention or improvement of premature skin aging.

Moldavian dragonhead [3] is a perennial plant native to Central Asia
and has been introduced and naturalized to Eurasia and Northern
America. Being a member of the mint family and having a pleasant
lemon balm-like odor and taste, the aerial parts of Moldavian
dragonhead have gained popularity for the preparation of culinary tea
or flavoring of dishes. Traditionally, it has been used as a herbal drug
to treat headaches, stomach and liver disorders, or congestions [24]
and it has additional cardioprotective effects [3, 10, 13, 17, 19, 32].
Moreover, the antioxidant activity of D. moldavica has been studied

by multiple researchers in vitro [3, 22, 23]. Extracts of D. moldavica
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are rich in secondary metabolites such as flavonoids and flavonoid
glucuronides, and tilianin, luteolin-7-glucuronide, and apigenin-7-
glucuronide are discussed as the major actives of the herb [6, 11, 35,
36, 37, 38]. These secondary metabolites have been discussed to
protect cells from oxidative stress and apoptosis, reduce
inflammations, and have cardio- and neuroprotective activities [1, 18,
42]. Interestingly, there is no information available to date about the
effect of oral consumption of an extract of Moldavian dragonhead on
skin parameters and signs of premature aging. Therefore, this study
aimed at determining the effect of Moldavian dragonhead extract on
the 5’ adenosine monophosphate (AMP)- activated protein kinase
(AMPK)- fork head box protein O1 (FOXO1) signaling pathway
which has been linked to stem cell longevity and aging [27]. Previous
studies showed that FOXOL is activated upon caloric restriction, a
dietary regimen that involves reduced calorie intake while
maintaining optimal levels of protein, vitamins, and minerals [16].
The beneficial effect of caloric restriction on skin cells was shown
upon topical treatment with an extract of snow algae (Coenochloris
signiensis) which mimics caloric restriction by increasing the

expression of the anti-aging protein hormone Klotho and activating

Materials and methods

Preparation and analysis of an extract from Dracocephalum
moldavica L.

3 % Dracocephalum moldavica L. aerial parts were extracted with 30
% ethanol (w/w) by percolation. Following the first extraction of 3
hours at 50°C, the supernatant was stored and replaced by fresh
solvent. Following further extraction for 3 hours at 50°C, the
supernatants were pooled, leading to a final extracted dry mass of 1.5
%. The extract was analyzed using a Sun Fire C18 column (3.5 um;
3.0 x 50 mm; Waters AG, Baden, Switzerland) connected to a high-
performance liquid chromatography (HPLC) system with UV,

electrospray ionization mass spectrometry, and evaporative light

Protein analysis by immunoblot

C2C12 murine myoblast cells were treated with 0.5 % Moldavian
dragonhead extract for 10 minutes, washed with ice-cold phosphate
buffer saline (PBS), and lysed in respective buffer (42 mM Tris-HClI,
1.3 % sodium dodecyl sulphate (SDS), 6.5 % glycerine, 100 uM
sodium orthovanadate containing 2 % phosphatase and protease
inhibitors). Protein concentration was determined using the
bicinchoninic acid (BCA) assay and equal amounts of protein were
separated by SDS polyacrylamide gel electrophoreses. Following

transfer to polyvinylidene fluoride (PVDF) membranes and blocking

Determination of hydroxyproline content in Caenorhabditis
elegans
A stock solution of Moldavian dragonhead extract was prepared by

dissolving the powder extract in water and subsequent sterile

AMPK. This leads to an increase in the expression of collagens and a
decrease in the expression of matrix metalloproteinases (MMPS). The
rejuvenating effect of a snow algae extract has been confirmed in
clinical studies, in which it smoothened the cutaneous microrelief of
Crow’s feet wrinkles and led to an increase in the collagen/elastin
ratio [26]. Interestingly, increased FOXO1 signaling was shown to
increase the expression of type 1 collagen (COL1Al), the most
abundant collagen in humans which is also present in the dermis of
the skin [29]. On the other hand, reduced FOXOL1 expression, for
example, induced by ultraviolet (UV) irradiation, decreases COL1A1
expression and increases expression of MMPs which degrade
collagen [29]. This suggests a direct link between FOXO1 signaling
and collagen levels as well as skin aging. Therefore, the effect of
Moldavian dragonhead extract on collagen levels was further
analyzed in the nematode Caenorhabditis elegans (C. elegans), an
established model organism in aging research. Furthermore, the third
objective of this research program was an assessment of the anti-aging
efficacy of Moldavian dragonhead extract upon daily consumption as

a food supplement in a panel of volunteers with photoaged skin.

scattering (ELS) detectors (Shimadzu, Kyoto, Japan). The run was
performed using solvent A (H20 + 0.1 % formic acid) and solvent B
(MeCN + 0.1 % formic acid) with a gradient of 5-100 % solvent B
over 30 minutes followed by a wash-out with 100 % solvent B for 10
minutes. Scan ranges were set to 190-600 nm for UV and +/-
switching 160-1500 mass/charge (m/z). Identification of compounds
in the extract was based on UV, mass, and elution order as previously
described [39]. The subsequent studies were performed using the
described liquid extract or a powder version prepared by spray-
granulation of the liquid extract on an isomalt carrier (DracoBelle™

Nu, provided by Mibelle Group Biochemistry, Buchs, Switzerland).

with 5 % milk solution in Tris-buffered saline (TBS) containing
0.1 % Tween-20, proteins were visualized with antibodies against
phosphorylated AMPKa (Cell Signaling Technology, Danvers, MA,
USA), total AMPKa (Cell Signaling Technology), phosphorylated
FOXOL1 (Thr24; Cell Signaling Technology) and B-Actin (Sigma-
Aldrich, St. Louis, MI, USA). Protein amounts were quantified by
densitometric analysis using ImageJ software (NIH, USA) and
phosphorylated protein was normalized to total protein or loading

control. The experiment was performed in triplicate.

filtration. The Moldavian dragonhead extract was mixed in the food
of C. elegans (OP-50) and seeded onto Nematode growth medium
(NGM) culturing plates at final concentrations of 0.1 mg/ml and 1
mg/ml, respectively. The determination of the amount of
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hydroxyproline (Hyp) was performed as previously described [31].
Briefly, synchronized wild-type background with temperature-
sensitive sterile mutations (TJ1060 spe-9(hc88) I; rrf-3(b26) 11.) C.
elegans at larval stage 1 were cultured on NGM plates, food-
supplemented or not with Moldavian dragonhead extract at 25°C. On
day 5 of adulthood, the aged C. elegans were hydrolysed using
hydrochloric acid and the amount of hydroxyproline, as well as the
total protein amount, was determined [31]. The hydroxyproline assay
and protein assay was performed using the QuickZyme Total

Collagen and Total Protein Kits (QuickZyme Biosciences, Leiden,

In-vivo assessing collagen expression in C. elegans

Collagen expression was quantified in the C. elegans strain LSD2002
(spe-9(hc88) I; xchls001 [Pcol-144: GFP; pha-1(+)] X) expressing a
green fluorescent protein (GFP) under the control of the col-144
collagen promoter. The amount of green fluorescence in these
transgenic animals reflects gene expression levels of collagen [5].
Synchronized C. elegans at larval stage 1 were cultured on NGM
plates, food-supplemented with 0.0 mg/mL, 0.1 mg/ml or 1 mg/mi
Moldavian dragonhead extract at 25°C. On day 5 of adulthood,
images were taken with an upright brightfield fluorescence

Food supplement study

32 female Caucasian volunteers (41 to 64 years), phototype I-111, with
sun-damaged skin were included in a pilot study in Switzerland to test
the anti-aging effect of Moldavian dragonhead extract (DracoBelle™
Nu) on the skin. Subjects with an ethnicity other than Caucasian, a
phototype >111, a severe systemic or dermatologic disease, using any
topical (drug-containing) or cosmetic anti-aging product on the test
area within the previous four weeks, taking any kind of dietary
supplement within the previous eight weeks, or participating in any
other clinical study within the previous eight weeks were excluded
from this study.

During a pre-conditioning phase of 14 days before the study start,
subjects refrained from using anti-aging products on the inner

forearm. Following baseline determination (t0) of skin hydration

Statistical analysis

For all measured parameters, paired data were tested by non-
parametric permutation analysis using the StatXact software (version
5.0.1.; Cytel Ltd., USA). A p-value of less than 0.05 was considered

Results

Moldavian dragonhead extract contains flavonoid glucuronides
To assess the phytochemical constitution of the extract prepared from
the aerial parts of Moldavian dragonhead, it was analyzed by
chromatography followed by combined UV, mass spectrometry, and

ELS detection. Based on the obtained UV spectra, the mass and

Netherlands) according to the manufacturer’s instructions. The
collagen assay uses a colorimetric determination of hydroxyproline
residues that is based on the oxidation of Hyp to a pyrrole
intermediate, followed by reaction with Ehrlich’s reagent dissolved in
concentrated perchloric acid (HCIO4) [31]. The optical density of the
sample at 560 nm was compared to a collagen standard for the
quantitative  determination of collagen content [31]. The
determination of hydroxyproline and total protein amount was
performed in duplicates and two independent assays.

microscope (200x magnification) and GFP intensity was measured
using ImageJ software, and Rstudio was used for data processing.
Autofluorescence in the GFP filter range was blocked using an
established GFP filter setup [30]. The expression of col-144 was
scored by imaging and analysis of GFP intensity and the col-144
expression was calculated as GFP intensity per surface area of the
animal. For each condition, >20 C. elegans were imaged and

analyzed.

(Corneometer® CM 825 MPA, Courage & Khazaka electronic
GmbH, Cologne, Germany), skin elasticity (Cutometer® dual MPA
580, Courage & Khazaka electronic GmbH) and epidermis as well as
dermis density (DermaScan® C, Cortex Technology, Hadsund,
Denmark) on the inner forearm, volunteers consumed 200 mg
DracoBelle™ Nu dissolved in 200-250 ml of cold liquid of their
choices such as water or fruit juice once daily for 2 months. After 56
days (t1) of intake of DracoBelle™ Nu, the test parameters were
measured again, and a self-assessment questionnaire was filled out.

The study was performed at the Skin Test Institute, Neuchatel,
Switzerland in accordance with the ethical principles for medical
research in human subjects (Declaration of Helsinki). All participants

gave informed consent after study details were explained.

statistically significant. Unless stated differently, data are depicted as

the mean plus standard error of the mean.

elution order, the main flavonoid glucuronides were identified in the
extract and matched to a previous description [39] (Figure 1A). The
obtained peaks 1-6 could therefore potentially be assigned to luteolin-

glucuronide, apigenin-glucuronide, tilianin, diosmetin-glucuronide,
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acacetin-glucuronide, and an unknown compound with a flavonoid-
type UV spectrum, respectively (Figure 1B). The here observed

changes in retention times of compounds likely differ from literature

A

due to different analytical conditions such as stationary phase and
gradient.
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Figure 1: Identification of flavonoid glucuronides in Moldavian dragonhead extract.

(A) Moldavian dragonhead extract was analyzed by liquid chromatography followed by UV, ESI-MS, and ELS detection, leading to the

identification of peaks 1-6.

(B) The main compounds contained in the extract are flavonoid glucuronides.
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Moldavian dragonhead extract activates the AMPK/FOXO1
signalling pathway

Treatment of C2C12 cells with 0.5 % Moldavian dragonhead extract
for 10 min led to a 3.96-fold increase in AMPK phosphorylation
compared to treatment with solvent only (Figure 2). FOXO1
phosphorylation was reduced 2.63-fold upon treatment with 0.5 %

Control
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Moldavian dragonhead extract, leading to a respective increase in
active, non-phosphorylated protein (Figure 2). Together, these results
indicate that Moldavian dragonhead extract activates the AMPK-
FOXO1 signaling pathway, a key pathway regulating various anti-

aging mechanisms and boosting collagen expression.

B 0.5 % DracoBelle™ Nu
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compared to control (
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—_
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Figure 2: Effect of Moldavian dragonhead extract on AMPK and FOXO1 activation. C2C12 cells were treated with 0.5 % Moldavian dragonhead
extract for 10 minutes followed by an analysis of AMPK, P-AMPK, P-FOXO1, and B-Actin protein levels by immunoblot.

Moldavian dragonhead extract boosts the expression of collagen
during aging in Caenorhabditis elegans

During aging, collagen biosynthesis and collagen mass continuously
decline across species [4] Longevity interventions, such as activation
of the AMPK-FOXOL1 signaling pathway, preserve and prevent this
age-dependent collagen decline in model organisms such as C.
elegans [5]. To determine whether the Moldavian dragonhead extract
could also act as a longevity-promoting intervention to preserve
youthful collagen levels, we applied Moldavian dragonhead extract to
the C. elegans food. The total collagen levels were assessed by the
determination of hydroxyproline ((2S,4R)-4-hydroxyproline; Hyp) a
modified amino acid almost exclusively found in the triple helix
repeats of the collagen protein. Its amount in tissue hydrolysates is,
therefore, a direct measure of the amount of collagen present. On day
5 of adulthood at 25°C, a time-point marked age-related loss of
collagen mass [5], the collagen levels in this aged C. elegans treated
with Moldavian dragonhead extract were significantly higher than in
untreated C. elegans (p < 0.05) (Figure 3A), clearly demonstrating a
collagen-boosting effect. This effect of Moldavian dragonhead

extract was concentration-dependent, leading to an increase in the

collagen abundance by 49.8 % at 0.1 mg/ml Moldavian dragonhead
extract and an increase of 65.9 % upon treatment with 1 mg/ml
Moldavian dragonhead extract (Figure 3A).

To confirm these results, a second study was performed using the C.
elegans strain LSD2002 in which the expression of the fluorescent
protein GFP is coupled to the activation of the col-144 collagen
promoter, thereby directly linking the expression of collagen with an
increase in fluorescent signal. In comparison to untreated C. elegans,
aged transgenic animals treated with 0.1 and 1 mg/ml Moldavian
dragonhead extract showed an increased expression of the col-144
promoter at day-5 of adulthood at 25°C. This was visible in images
taken of aged transgenic animals following the treatment (Figure 3B)
as well as quantifications of the GFP fluorescence (Figure 3C). The
GFP fluorescence increased by 7.3 % upon treatment with 0.1 mg/ml
Moldavian dragonhead extract, and by 28.6 % upon treatment with 1
mg/ml Moldavian dragonhead extract, which was significant
compared to untreated control (Figure 3C). Taken together,
Moldavian dragonhead promotes collagen expression and preserves

youthful collagen levels during aging.
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Figure 3: Collagen-boosting effect of Moldavian dragonhead in C. elegans.

(A) Wild-type C. elegans were treated with 0.1 mg/ml or 1 mg/ ml Moldavian dragonhead extract for 7 days before analysis of the hydroxyproline

and total protein levels at day-5 of adulthood.

(B) The C. elegans strain LSD2002 expressing GFP under the control of the col-144 promoter was treated with 0.1 mg/ ml or 1 mg/ml Moldavian

dragonhead extract for 7 days and the GFP fluorescence was assessed by fluorescence microscopy at day-5 of adulthood.

(C) The GFP fluorescence was quantified using ImageJ software. *p<0.05.

Daily ingestion of DracoBelle™ Nu leads to increased skin
elasticity and density

To test the anti-aging and collagen-boosting effect of DracoBelle™
Nu in vivo, 32 subjects with sun-damaged skin were instructed to
consume 200 mg of the Moldavian dragonhead extract as a food
supplement daily for 2 months. Compared to initial conditions, skin
moisturization increased significantly by 14.4 % from 29.2 + 5.5
arbitrary units (AU) at baseline to 33.4 + 7.1 AU at t1 (p = 0.0008;
Figure 4A). Skin elasticity increased by 6.7 % from 0.771 + 0.178
AU at t0 to 0.823 + 0.156 AU after two months (p = 0.0022; Figure
4A). Moreover, epidermis and dermis density increased slightly by
2.5 % compared to initial conditions. The increase in skin density was

also visible on ultrasound pictures taken with a DermaScan® C,

Discussion

In this study, an extract prepared from the aerial parts of
Dracocephalum moldavica L. was characterized for its
phytochemical constitution and its effect on cellular signaling through
the AMPK-FOXOL1 axis as well as collagen-boosting and anti-aging
efficacy. In line with previous descriptions, the hydro-ethanolic
extract contained various flavonoid and flavonoid glucuronides such
as apigenin-glucuronide and tilianin [37, 38, 39] (Figure 1). In
contrast, rosmarinic acid was not detected upon extraction of
Moldavian dragonhead with 30 % ethanol. Thus, there is an overall
high similarity between the here prepared extract and the traditional
Chinese medicine Yixin Badiranjibuya Granule, which is well-known

and often used for the treatment of cardiovascular diseases [21, 39].

where a reduction of the number of low echogenic pixels was
observed (Figure 4B). This represents an increase in extracellular
matrix components such as collagen and elastin fibers, and a
reduction of interstitial water content and consequently corresponds
to an increase in dermal and epidermal density.

Subjects confirmed the beneficial and hydrating effect of a food
supplementation with Moldavian dragonhead extract by a self-
assessment. 94 % of the volunteers reported that they feel better in
their skin, while 72 % confirmed that their skin feels more hydrated.
Both results are statistically significant.

The food supplement was well tolerated by volunteers during the

study, and no intolerance reactions were observed.

Analysis of the effect of Moldavian dragonhead extract on cellular
signaling showed that it modulates the AMPK-FOXO1 signaling axis
by increasing phosphorylation of AMPK and reducing
phosphorylation of FOXOL1, thereby activating the pathway (Figure
2). The role of this pathway in prolonging the lifespan and mediating
longevity has been demonstrated in various species in the past years
in the context of caloric restriction (CR) [14, 15, 25, 33, 34].
Interestingly, recent research showed that CR promotes metabolic
changes and structural changes in the skin [7]. The observed increase
in epidermal thickness in this study is described to be reminiscent of
young tissue [7]. Moreover, and very interestingly, aging-related

genes and pathways, including collagen remodelling, DNA damage
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repair, and cell metabolism, are regulated by FOXO transcription
factors [33]. We, therefore, conclude that Moldavian dragonhead
extract switches on a cellular anti-aging program involving AMPK-
FOXO1 signaling. In line with this, the results of this study show that
the Moldavian dragonhead extract promotes the expression of
collagen in the nematode C. elegans, a well-described model
organism for aging research [5]. The Moldavian dragonhead extract
increases both the activity of the collagen promoter, as shown using
the collagen col-144 GFP reporter system, as well as the amount of
collagen protein present in the organism, which was shown by
quantification of hydroxyproline (Figure 3). Hyp is a modified amino
acid formed from the amino acid proline by the Vitamin C-dependent
enzyme prolyl-4-hydroxylase. The essential involvement of Vitamin
C in this process is the reason for the European Food Safety Authority
(EFSA)- approved collagen-related health claim: Vitamin C
contributes to natural collagen formation for the normal function of
the skin. Delaying the progressive decrease in the extracellular matrix
by actively prolonging the biosynthesis of collagen in C. elegans was
further shown to prolong the lifespan of the nematode [4, 5, 31].
Therefore, agents promoting extracellular matrix youthfulness may
have a systemic effect in addition to reducing apparent signs of aging
[5].

In order to translate the findings of these in-vitro and in-vivo studies
to systemic effects in humans, a clinical study was performed with the
aim to assess the anti-aging effect of Moldavian dragonhead extract.
Besides demonstrating no adverse effects upon a daily

supplementation of 200 mg Moldavian dragonhead extract, this pilot
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1 1 * |

Moisturization Elasticity Density
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—_
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(92]

Increase in skin parameters
compared to initial conditions in %

o

study showed that daily intake of DracoBelle™ Nu for two months
leads to a significant increase in skin moisturization and elasticity
(Figure 4A). Dry skin is one of the characteristics of photoaged skin
[12], which can be improved by daily supplementation with
Moldavian dragonhead extract. Aged and sun-damaged skin is
moreover characterized by a decrease in elastic fibers and
extracellular matrix, which is concurrent with a loss of skin elasticity
[28]. Dermis and epidermis density increased visibly, and the sub-
epidermal low echogenicity band (SLEB) was reduced after 56 days
of treatment with Moldavian dragonhead extract (Figure 4B),
reflecting an increase in well-arranged extracellular matrix proteins
and a decrease in unbound water content [9]. This is in line with an
increase in skin elasticity following the treatment with Moldavian
dragonhead extract (Figure 4A). These results match a previous
description of the beneficial effect of topical flavonoid treatment on
aged skin [2]. Moreover, flavonoid glucuronides, which are
represented in the Moldavian dragonhead extract at significant levels,
have been shown to have protective effects concerning UVA- and
UVB-induced photo-aging [20, 43].

In conclusion, food supplements containing Moldavian dragonhead
extract may ameliorate the appearance and feel of sun-damaged or
aged skin by improving skin hydration and elastic fiber distribution
without side effects. This is potentially regulated through activation
of the innate longevity pathway involving AMPK and FOXO1 and an
increase in the amount of collagen present in the skin. Confirmation

of the effectiveness through placebo-controlled interventions is

desirable.

After 2 months

Figure 4: Changes in skin moisturization, elasticity, and density following oral supplementation treatment with Moldavian dragonhead extract.

(A) Skin parameters were determined at baseline and after two months of ingestion of a Moldavian dragonhead extract and changes (in %)

compared to baseline are depicted. ***p < 0.005.

(B) Visualization of dermis and epidermis density by ultrasound before and after two months of treatment with Moldavian dragonhead extract.

Bright areas represent tissue with high density, reflecting the ultrasound waves, whereas black regions are regions of low dermal density.
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