Sunshine in a Bottle: Harnessing the Power of Persicaria tinctoria Extract for
Radiant Skin and Enhanced Well-being
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ivaudan Active Beauty has developed an ingredient derived from Persicaria tinctoria, a botanical species of the buckwheat

family, with the purpose of replicating the positive effects of sunlight. This innovative extract is designed to promote well-be-
ing and stimulate tanning without the need for actual sun exposure. Its main focus is to address the mood changes that occur
during seasonal transitions, particularly in winter, when there is limited sun exposure and lower levels of vitamin D3. Givaudan
conducted extensive research using in vitro models of keratinocytes and melanocytes that were co-cultured and ex vivo mod-
els to evaluate the pro-pigmenting activity. B-endorphin and oxytocin were quantified in the culture medium of keratinocytes
stimulated with the extract. Vitamin D3 production was measured after the grinding of skin explants treated for several days
with Persicaria tinctoria extract.
Finally, clinical trials were conducted to demonstrate the extract’s ability to enhance mood and improve skin health. Corrobo-
rating the hypothesis that the extract can act as a “molecular sun”, the results demonstrated its ability to significantly increase
melanin content up to +66% in skin explants in comparison with placebo cream. In keratinocytes stimulated with the extract,
B-endorphins increased by +43% and oxytocin by +229%. Vitamin D3 production rose significantly to 86.5%. A positive effect
on mood was confirmed in vivo in a panel of volunteers who fill specific questionnaires and said they observed a significant
reduction of tiredness and an increase of affectionate mood state, leading to an overall improvement of low mood.
In summary, Persicaria tinctoria extract offers myriad of sun-mimicking benefits including tanning activity, mood-enhancement
and vitamin D3 stimulation. This can help address vitamin D deficiency and support overall skin and body health, particularly in

regions and seasons with limited sunlight.

Introduction

The beneficial effects of the sun, including the production of
B-endorphin, vitamin D3, and melanin synthesis, are well-doc-
umented[1,2]. Vitamin D3 plays a crucial role in skin barrier
function, immune defense, and overall health, with individual
differences in vitamin D3 production influenced by age, gen-
der, and skin type [3,4,5,6,7,8]. Ultraviolet radiation (UVR) gen-
erated by the sun not only stimulates melanin synthesis for skin
tanning [9], but induces the release of B-endorphins, an en-
dogenous opioid, which contributes to feelings of well-being
by reducing cortisol [1,10]. Additionally, exposure to the sun
may produce oxytocin, a feel-good hormone associated with
social bonding that is also described as a soothing molecule
[11,12].

However, seasonal changes, particularly during winter, can lead
to mood changes, including a feeling of low mood or “winter
blues”, creating a high desire for sun-seeking behaviour to re-
cover these beneficial effects [1,10].

Givaudan Active Beauty dedicates its research to developing
natural ingredients that provides well-being. In this context,
Givaudan pushed the boundaries by developing an ingredient
capable of mimicking the positive effects of the sun. Research-

ers crafted an extract from Persicaria tinctoria, a botanical spe-
cies of the buckwheat family, also known as Japanese Indi-
go [13,14]. The goal was to promote well-being and induce
tanning without sun exposure, thus addressing seasonal mood
changes that come from a lower exposure to the sun and to
vitamin D3.

The research sought to mimic the myriad benefits of sunlight
exposure and vitamin D3 production to stimulate improved
overall health and well-being. To demonstrate the efficacy of
the extract in enhancing mood and skin health, Givaudan em-
ployed in vitro and ex vivo models, along with a clinical trial.

Materials and methodology

Evaluating pro-pigmenting activity in vitro

Normal Human Keratinocytes (NHKs) were initially seeded in
6-well plates pre-coated with collagen I. After 24 hours, Nor-
mal Human Melanocytes (NHMs) were seeded into the same
6-well plates. The cells were cultured for 48 hours in complete
medium (Dermalife supplemented with factors, Cell Systems,
LL-0007) at 37°C with 5% CO,. Following the 48-hours in-
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cubation period, the cells were stimulated for five days with
either the pro-pigmenting control (L-tyrosine (Sigma-Aldrich,
T1145) at 450pg.mL" and a-MSH (Sigma-Aldrich, M4135)
at 1nM) or with the Persicaria tinctoria extract at 0.01%
(Neuroglow™, Givaudan). Untreated cells were left as the con-
trol condition. Treatments were renewed every other day. After
five days of treatment, cells were rinsed with PBS and melanin
was extracted using 0.5N NaOH. Optical density was measured
at 405 nm with a microplate reader (TECAN SPARK® 10M).

Evaluating pro-pigmenting activity on skin explants us-
ing Fontana Masson’s staining

Skin explants, obtained with the informed consent from the ab-
dominal surgery of a 37-year-old female Caucasian donor were
cultured on metal grids into standard 12-well plates in DMEM
medium (high glucose, (4.5g/L), supplemented with glutaMAX
and Fetal Bovine Serum (FBS) (10%) and Penicillin-Streptomy-
cin (1%) at 37°C with 5% CO,. The culture medium was re-
newed every 24 hours. The skin explants were topically treated
with Persicaria tinctoria extract formulated in emulsion (INCI
below) at 0.8%, compared to a placebo cream and an un-
treated condition. Treatments and medium were renewed daily
for five days. After five days of stimulation, the cream was re-
moved from the surface and each explant was cryopreserved
in OCT and stored at -80°C until further processing. Explant
sections (5 pm thick) were obtained using a cryostat (Leica) and
fixed with a solution containing 95% ethanol and 5% acetic
acid. Fontana-Masson staining (Sigma-Aldrich) was conducted
following the provider's protocols. The images were collected
with a microscope (Evos M5000, Thermo Fisher) at a resolu-
tion and exposure settings with a 40x objective, and analysed
with ImageJ software (Schneider, 2012). For each experimental
group, the melanin index was determined by integrating the
stained areas at the stratum basale level, normalized against
the control group to obtain a percentage of occupancy.
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INCI formula:
AQUA/WATER, CETYL ALCOHOL, GLYCERYL STEA-
RATE, PEG-75 STEARATE, CETETH-20, STEARETH-20,
ISODECYL  NEOPENTANOATE, PHENOXYETHANOL
+PERSICARIA TINCTORIA EXTRACT, DIMETHICONE,
FRAGRANCE

Enhanced positive mood and well-being: Quantifying
beta-endorphin release in keratinocytes

Normal Human Epidermal Keratinocytes (NHEKs) were seeded
in a type | collagen pre-coated 24-well plate. After reaching
confluency, the NHEKs were treated for 24 hours with Aman-
tadine hydrochloride at 0.1uM as a positive control for beta-en-
dorphin release activator, with Persicaria tinctoria extract at
0.01% (v/v). Following 24 hours of incubation, the cell media
were collected and frozen at -20°C before analysis. Cell lysates
were extracted and the proteins contained in the cell lysates
were quantified using a spectro-colorimetric method (Ther-
mo-Scientific Pierce Bradford™ Protein Assay Kit). The pres-
ence of beta-endorphins in the cell media was assessed using
the beta Endorphin ELISA kit (catalogue no. ABIN6963481).

Enhancement of positive mood and well-being: Quanti-
fying oxytocin release in keratinocytes

Normal Human Epidermal Keratinocytes (NHEKs) were seeded
in a type | collagen pre-coated 24-well plate. The cells were
incubated for 48 hours in complete medium (Dermalife sup-
plemented with factors, Cell Systems, LL-0007) and 1% of
antibiotics (Sigma-Aldrich) at 37°C with 5% CO,. After the in-
cubation period, the cells were rinsed twice with PBS (Gibco)
and pre-incubated with Persicaria tinctoria extract at 0.01%
(v/v) for 24 hours in a Dermalife basal medium with 1% of an-
tibiotics at 37°C with 5% CO,. Following 24 hours of pre-incu-
bation, the cell media were collected and centrifuged at 2000g
for 10 minutes at 4°C to eliminate dead cells. The media were
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then stored at -20°C. An MTT assay was performed to evaluate
treatment toxicity and the normalisation of oxytocin quantifi-
cation. Oxytocin was quantified using the ELISA kit ADI-900-
153A-0001 (Enzo Life Sciences).

Enhanced positive mood and well-being: Quantifying vi-
tamin D3 in skin explants

Skin explants were obtained with informed consent from
breast and abdominoplasty surgeries from 54-year-old and
50-year-old female donors. The explants were kept viable by
culturing them on biocompatible plastic grids in standard 24-
well plates in an air-liquid interface with skin a culture medium
(Givaudan) at 37 °C with 5% CO,. The culture medium was
renewed every 24 hours. Skin explants were topically treated
either with the Persicaria tinctoria extract diluted at 0.8% in
Miglyol 812® or just with Miglyol 812® as a vehicle control.
After five days of incubation, the surfaces of the skin explants
were rinsed with PBS, then frozen at -80°C for storage before
further investigation. Vitamin D3 was extracted from the skin
explants using methanol and measured using the High-Perfor-
mance Liquid Chromatography (HPLC) method.

Clinical evaluation of the mood-boosting properties of
Persicaria tinctoria extract

A clinical study was carried out on 41 male and female volun-
teers aged between 18 to 58 years, with an average age of
43 +13 years old. Participants were divided into two groups;
a group of 21 volunteers comprising 11 women and 10 men,
who applied the active cream; and a second group comprising
11 women and 9 men, who applied the placebo formula. The
volunteers were recruited on the basis of their ability to match
the inclusion criteria; this included having a skin phototype be-
tween | to lll, and a tendency to experience tiredness or the
“winter blues” due to a lack of sun exposure. Volunteers ap-
plied a cream twice a day for 28 days, either containing 1.2%
of Persicaria tinctoria extract or a placebo. After 28 days, the
volunteers’ well-being was analysed using a Moodpict ques-
tionnaire and a short self-report depression scale (CES-D). The
clinical study took place in Barcelona, between January and
February, when the city experiences very low sun exposure.

The study was conducted in accordance with the Declaration
of Helsinki and the protocol was reviewed and approved by
the Givaudan Internal Review Board, with the protocol number
2023-002.

INCI formula:
AQUA/WATER, CETHYL ALCOHOL, GLYCERYL STEA-
RATE, PEG-75 STEARATE, CETETH-20, STEARETH-20,
ISODECYL NEOPENTANOATE, PHENOXYETHANOL, =+
PERSICARIA TINCTORIA EXTRACT, DIMETHICONE, AND
FRAGRANCE.

Results

Sun-like effects of Persicaria tinctoria extract

To evaluate the efficacy of Persicaria tinctoria extract and its
ability to enhance melanogenesis, Givaudan conducted a study
using a co-culture of keratinocytes and melanocytes. The cells
were exposed either to the pro-pigmenting control containing
L-tyrosine and a-MSH, two well-known melanogenesis stim-
ulators, or to Persicaria tinctoria extract at 0.01%. The pur-
pose of the study was to assess the performance of the active
ingredient under basal conditions, without additional stimu-
lants. As Figure 1 shows, the study found that melanin levels
in cell lysates significantly increased following stimulation by
the pro-pigmenting control, indicating the culture’s responsive-
ness (+51%*). Quantification of melanin after treatment with
0.01% Persicaria tinctoria extract revealed a +30%* increase
in comparison to the untreated condition, demonstrating the
pro-pigmenting activity of the ingredient.
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fig.1 Melanin quantification in cell lysates of co-culture of kerati-
nocytes and melanocytes. Statistical significance is calculated using
Mann-Whitney test with * p<0.05.

After demonstrating the pro-pigmenting effect of Persicaria
tinctoria extract on the co-culture, these findings were val-
idated using a more physiologically relevant model, namely
skin explants. Through Fontana- Masson staining, a significant
increase in melanin content in the skin was observed, with
Persicaria tinctoria extract at 0.8% displaying a remarkable
enhancement of +66% melanin content compared to the pla-
cebo cream which demonstrated only a modest effect on skin
pigmentation at +9% (Figure 2). These findings confirm the
pro-pigmenting activity of Persicaria tinctoria extract in an ex
vivo model. Validating this effect, on skin explants provides a
robust model for evaluating enhancements in melanin synthe-
Sis.
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Further experiments explored
the presence of well-being
molecules and showcased sig-
nificant enhancements in B-en-
dorphin and oxytocin release in
keratinocytes treated with Persi-
caria tinctoria extract compared
to controls.

Studies demonstrated robust
responsiveness of the model
as evidenced in the significant
stimulation of p-endorphin re-
lease (+71%%), by the positive
reference of Amantadine hydro-
chloride at 0.1uM (Figure 3).
Under the same experimental
conditions, the DMSO control
induced a non-significant re-
lease of B-endorphin by +30%,
while Persicaria tinctoria extract
significantly stimulated its re-
lease by +86%* compared to
an untreated condition, and by
+43%* compared to the vehicle
control (DMSO).

In keratinocytes, the release of oxytocin was measured follow-
ing 24 hours of treatment with Persicaria tinctoria extract or its

vehicle (DMSO).
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Fig.2 (Top): Pictures of skin slices stained with Fontana Masson staining after five days of treatment
with 0.8% Persicaria tinctoria extract showing melanin content in the skin. (Bottom): Quantification of
melanin content in the skin by image analysis. Statistical significance is calculated using Mann-Whitney
test with * p<0.05.

Figure 4 shows that Persicaria tinctoria extract significantly
stimulated the release of oxytocin by +229%*** compared to
its vehicle (DMSO).
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fig.3 Beta-endorphin quantification in keratinocytes supernatant
treated for 24 hours with Amantadine hydrochloride (positive ref-
erence), Persicaria tinctoria extract diluted at 0.01% in DMSO and
DSMO only. Statistical analysis with Mann-Whitney test with * p<0.05.
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fig.4 Oxytocin quantification in keratinocytes supernatant treated for
24 hours with Persicaria tinctoria extract diluted at 0.01% in DMSO
and DSMO only. Statistical analysis with Mann-Whitney test with
* p<0.05.
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Finally, the study analysed the production of vitamin D3 in skin
explants, a well-being effector correlated to sun exposure. It
was observed that a repeated application of Persicaria tinctoria
extract significantly induced the production of vitamin D3 by
+86.5%* in comparison to the vehicle control, demonstrating
a positive impact on this well-being mediator even without the
presence of sunlight (Figure 5).

In summary, based on the findings, it can be affirmed that
Persicaria tinctoria extract significantly exerts a sun-like
effect by enhancing the production of vital well-being
and healthy effectors such as B-endorphin and vitamin
D3. Furthermore, Persicaria tinctoria extract stimulated the
release of oxytocin, the “molecule of love”, and provided a
well-being effect.

Clinical study on mood-enhancement

A clinical study was carried out on men and women experienc-
ing low moods due to a lack of sun exposure during winter.
Volunteers applied the extract formulated in a cream at 1.2%
twice daily for 28 days while another group used a placebo.
Evolution of tiredness and mood was evaluated after this pe-
riod. Results showed that the extract was able to significantly
reduce tiredness by -40% in comparison to baseline (D0) while
the placebo only reduced fatigue by -14. Notably, the active
ingredient showed a significant improvement in tiredness and
mood compared to the placebo, with a reduction of -26%.

Tiredness reduction, improved mood and improved feel-
ings of affection

In addition, affectionate moods were studied, due to the find-
ing that Persicaria tinctoria extract is able to stimulate oxytocin
release in vitro. It was found that the active ingredient at 1.2%
is able to significantly increase an affectionate mood state by
+32% compared to the initial state (DO), while the placebo led
to a slight reduction of -2%.

After 28 days the active ingredient demonstrated significant
superiority over the placebo with a significant increase in af-
fectionate mood of +34% (Figure 6). These findings show
that Persicaria tinctoria extract is able to significantly trigger
well-being benefits by reducing tiredness and increasing an af-
fectionate mood.

Using a questionnaire, the study analysed individuals experi-
encing a low mood due to a lack of sun exposure during win-
ter. Findings showed that the active ingredient at 1.2% signifi-
cantly reduced low mood by -42% compared to the DO, while
a placebo decreased a low mood by -19%, but in a non-sig-
nificant manner (Figure 7). The active ingredient showed a
significant -23% reduction compared to the placebo.
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fig.5 Vitamin D3 quantification in skin explants treated or untreat-
ed with Persicaria tinctoria extract at 0.8%. Statistical analysis with
Mann-Whitney test with # p<0.1 and * p<0.05.
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Fig.6 Evolution of tiredness and affectionate mood after 28 days of
twice daily application of cream containing 1.2% of active or placebo
by using Moodpict questionnaire. Statistical analysis with Wilcoxon
and Mann Whitney test with * p<0.05 and ** p<0.01.
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fig.7 Evolution of negative mood after 28 days of twice daily appli-
cation of cream containing 1.2% of active or placebo by using CES-D
methodology. Statistical analysis with Wilcoxon and Mann Whitney
test with * p<0.05, ** p<0.01.
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Discussion

This study assessed the efficacy of Persicaria tinctoria extract in
promoting skin health and well-being and yielded several key
findings across skin physiology and mood regulation.

Firstly, Persicaria tinctoria extract demonstrated pro-pigment-
ing activity through an ability to increase melanin production
in skin explants and co-cultures of keratinocytes and melano-
cytes, albeit less prominently compared to the pro-pigmenting
control. This nevertheless indicates its potential for enhancing
tanning and UV protection by strengthening internal defences,
facilitated by increased melanin production [15,16,17].

Additionally, treatment with Persicaria tinctoria extract led to
enhanced mood and the release of B-endorphin and oxytocin
in keratinocytes.

Interestingly, Persicaria tinctoria extract seems to act as a “mo-
lecular sun” by triggering the transcription of proopiomelano-
cortin (POMC), which is upstream of the melanin synthesis and
well-being biological pathway through pro-peptide cleavage
resulting in the release of a-MSH and B-endorphin [18,19,20].

The role of oxytocin in skin is not yet fully understood but
it seems to be a promising molecule to soothe the skin and
prevent skin ageing [12,21]. Moreover, a paper demonstrat-
ed a correlation between solar exposition and oxytocin level
in skin [11]. The mode of action of Persicaria tinctoria extract
in its activation is not fully understood: gene expression anal-
ysis showed significant increase (data not shown). However,
this finding add a supplementary element to the hypothesis
regarding the ability of Persicaria tinctoria extract to mimic the
benefits of sunlight.

These findings position the extract’s potential as a promising
mood-enhancing ingredient in skincare formulations.

Moreover, the extract significantly stimulated vitamin D3 pro-
duction in skin explants even without sun exposure. These
biological effects are highly surprising and unprecedented in
cosmetics. The extract may act as a precursor for vitamin D3
synthesis or may enhance the enzyme activity involved in this
process. Further investigation to explore the underlying mech-
anism would be extremely valuable.

Nevertheless, results are promising, and suggests a potential
to address vitamin D deficiency and support overall skin and
body health, particularly in regions and seasons with limited
sunlight [8,22,23].

Positive effects were observed in vivo in volunteers having ap-
plied the cream containing the extract. An overall low mood
was improved with the decrease of tiredness and increase of
affectionate mood, effects that can be linked to the modula-
tion of B-endorphin, vitamin D and oxytocin, respectively, ob-
served in vitro [5].
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Conclusion:

In summary, Persicaria tinctoria extract offers a multitude of
benefits in skincare formulations including tanning activity,
mood-enhancement and vitamin D3 stimulation. By mimick-
ing the benefits of sunlight, including boosting well-being and
enhancing skin health, incorporating Persicaria tinctoria extract
into skincare products offers a promising avenue for address-
ing various skin concerns while also supporting holistic health.
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