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Abstract
Background: The process by which functional elastic fibers are produced, namely 
elastogenesis, is complex and difficult to assess in vitro. Identifying efficient elastic-
ity-boosting ingredients thus represents a challenge.
Aims: The elasticity-boosting properties of a novel extract of Murraya koenigii leafy 
stems were assessed in vitro in 3D culture models before being evaluated in human 
female volunteers.
Methods: Synthesis of elastic fiber related proteins was evaluated in a skin-equivalent 
model. Using multiphoton microscopy, the structural organization of elastin deposits 
was studied within a scaffold-free dermal microtissue. Biomechanical properties of 
the 3D microtissue were also measured by atomic force microscopy. In vivo, fringe-
projection and image analysis were used to evaluate nasogenian fold severity in a 
panel of Caucasian female volunteers. The impact of gravity on visible signs of facial 
aging was assessed by clinical scoring carried out alternatively in the supine and sit-
ting positions.
Results: We showed the Murraya koenigii extract increased protein expressions of 
elastin and fibrillin-1 in a 3D skin equivalent model. Using scaffold-free dermal mi-
crotissue, we confirmed that Murraya koenigii extract allowed a proper and ordered 
network of elastin deposits and consequently improved tissue elasticity. Clinical data 
showed that a twice-daily application for 98 days of the extract formulated at 1% 
allowed to visibly reduce nasogenian fold severity, jowl severity and to mitigate the 
impact of gravity on the facial signs of aging.
Conclusion: The newly discovered extract of Murraya koenigii leafy stems represents an 
innovative antiaging ingredient suited for elasticity-boosting and antisagging claims.
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1  |  INTRODUC TION

Human skin offers a mechanical barrier against environmental damage 
thanks to the reversible deformation of its structure. More particularly, 
the dermal extracellular matrix (ECM) ensures an essential role in skin 
cohesion and strongly influences biomechanical properties. Within the 
ECM, elastic fibers represent the primary effectors of skin elasticity 
and resilience. Indeed, elastin allows for a reversible deformation and 
recoil, with an ability to extend several times beyond its resting length 
and reversibly return to its original state.1 Elastic fibers form a com-
plex network still only partially understood. The properly organized 
arrangement of the elastic fiber network is more important than the 
abundance of fibers per se, as regards their functionality and resulting 
biomechanical properties. Elastin constitutes the central core of elastic 
fibers, surrounded by a microfibril sheath rich in fibrillin-1, the most 
abundant fibrillin isoform in the adult dermis.2 Besides, a wide array of 
fibrillin-associated proteins is known to facilitate the assembly of elas-
tic fibers and contribute to their functionality. Among them, fibulin-5 is 
essential to elastic fiber development. Indeed, localized at the surface 
of elastic fibers, fibulin-5 contributes to elastic fiber formation by bind-
ing structural components, including tropoelastin, the soluble precur-
sor of elastin, fibrillin-1, and cross-linking enzymes. The cross-linking 
of tropoelastin monomers, which are deposited on the microfibril scaf-
fold, involves several members of the lysyl oxidase family and leads to 
elastic fiber maturation. Cross-linking is also a pivotal step for elastin 
insolubility, proteolytic resistance, and longevity.3

The metabolic turnover of elastin is slow, with a half-life compa-
rable to human lifespan.4 However, sun damage or simply aging leads 
to the degradation of elastic fibers. This process is mainly driven by 
elastolytic enzymes, such as metalloproteinases (MMPs) and elasta-
ses, which are secreted by dermal fibroblasts, eventually leading to 
modifications of skin mechanical properties. MMP-12, also known 
as human macrophage metalloelastase, is the most active protease 
in elastin degradation.5

During aging, skin undergoes progressive, structural, and func-
tional degeneration, leading to a reduced recoil ability whereas its 
relative stiffness significantly increases. Additionally, skin thickness 
inversely correlates with skin stiffness.6 In vivo, loss of skin elastic-
ity has been demonstrated to correlate with wrinkle severity, cheek 
sagging, and nasolabial fold formation. Besides, gravity tends to 
worsen skin sagging and ptosis of the lower part of the face. The 
combination of gravity and age-related loss of elasticity thus en-
hances the visible signs of aging.7

Using label-free proteomic analysis, we previously discovered 
that a NaLTTM (Natural Low-Transition Temperature Mixture) ex-
tract of Murraya koenigii leafy stems obtained with the tertiary 
solvent mixture betaine-water-propanediol (1:5:1 molar ratio) 
(BWP151) had a potential to regulate ECM remodeling and more 
specifically elastic fiber neogenesis (paper under peer review). In the 
present study, we further explored the elastogenic potential of such 
an extract at both in vitro and in vivo levels. For this, we measured 
both synthesis of different elastic fiber-related proteins and in vitro 
skin elasticity in a 3D microtissue models treated with Murraya 

koenigii extract. We also conducted in vivo evaluation focusing on 
gravity-related parameters on healthy human volunteers.

2  |  MATERIAL S AND METHODS

2.1  |  Pre-clinical evaluation

2.1.1  |  BWP151 extract of Murraya koenigii

Fresh leafy stems of Murraya koenigii were collected in June 2016 
from La Réunion Island, and then immediately air-dried and ground 
to a fine powder. Before being processed, the sample was confirmed 
to be Murraya koenigii through DNA barcoding (DNA Gensee, Le 
Bourget du Lac, France).

Ground Murraya koenigii leafy stems were extracted using a mix-
ture of betaine, water, and propanediol in a 1:5:1 molar ratio as sol-
vent. This combination belongs to the NaLTTM family of solvents, 
which display well-described characteristics.8 The solvent mixture is 
referred to as BWP151 hereinafter. The extract obtained in BWP151 
may further be referred to as simply “the extract” in the following 
text. The phytochemical composition of the extract is characterized 
by a high content of polyphenols, mainly phenolic acids (0.45 g/Kg) 
and flavonoids (0.26 g/Kg) and the particularity of only trace of alka-
loids (RP-HPLC-UV analysis).

2.1.2  |  3D model of skin equivalent

Fibroblasts from juvenile foreskin (<2 years old) were seeded onto 
Alvetex® porous polystyrene scaffold inserts (AMSBIO, Abingdon, 
UK) and cultured for 4 weeks in CnT Prime fibroblast medium 
(CELLnTEC, Bern, Switzerland), supplemented with 50 μg.mL−1 ascor-
bic acid (Sigma-Aldrich, Saint-Quentin Fallavier, France) and 10 ng.mL−1 
EGF (AMS Bio) at 37°C in a 5% CO2. Then, keratinocytes from juvenile 
foreskin (<2 years old) were seeded on top of the dermal equivalent 
and cultured in CnT Prime medium (CELLnTEC) for 3 days. The system 
was lifted at the air-liquid interface, and the culture was grown in CnT 
Prime Airlift medium (CELLnTEC) for 3 weeks. The quality of the under-
lying dermal equivalent permits the development of a multistratified 
epidermis. The reconstructed skin samples were treated with BWP151 
extract of Murraya koenigii dissolved in the culture medium (0.1%) dur-
ing the maturation of the dermis for 2 weeks, from day 14 until day 
28, and during epidermal keratinization for two additional weeks, from 
day 35 until day 49.9 Fresh extract was added every 2 days. Untreated 
samples were used as controls.

2.1.3  |  3D scaffold-free model of spheroid 
microtissue

Adult fibroblasts were seeded in Ultra Low Affinity plates (In Sphero, 
Schlieren, Switzerland) and cultured in Fibroblast Growth Medium 
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    |  3LORION et al.

1 (Promocell, Heidelberg, Germany) for 12 days. Spheroid micro-
tissues were treated with BWP151 extract of Murraya koenigii dis-
solved in the culture medium (0.1%) during the last 4 days of culture. 
Untreated samples were used as controls.

2.1.4  |  Immunofluorescence analysis

Primary antibodies were directed against human elastin (rabbit poly-
clonal antibody, reference 25011, Novotec, France), human fibrillin-1 
(rabbit polyclonal antibody, Sigma-Aldrich, reference HPA021057, 
France), and human fibulin-5 (mouse monoclonal antibody, clone 
1G6A4, Abcam, UK). Goat anti-rabbit Alexa Fluor 594 (Invitrogen, 
Carlsbad, CA, USA) and goat anti-mouse Alexa Fluor 594 (Invitrogen) 
were used as conjugates.

Samples of skin equivalent and spheroid microtissues were 
embedded in Tissue Tek OCT compound (Microm Microtech, 
Francheville, France), frozen in liquid nitrogen and cut to 5 μm thick 
sections (Cryostat type HM 560, Microm Microtech, Francheville, 
France). The mounting medium (Prolong Gold antifade reagent, 
Thermo Fisher Scientific, Waltham, Massachusetts, USA) contained 
DAPI for nucleus staining. Fluorescent staining was observed using 
an Axio Imager M2 fluorescence microscope (Zeiss, Oberkochen, 
Germany) and quantified (area of ROI) using Zen image analysis 
software (Zeiss). Three independent experiments were performed 
in triplicate (n = 3).

Results were expressed as percentage of protein expression in 
Murraya koenigii treated cultures versus untreated ones (skin equiv-
alents only). Data were expressed as means ± standard deviations 
(SD). Statistical significance was assessed using nonparametric 
Wilcoxon rank-sum test.

2.1.5  |  Two-photon autofluorescence microscopy

Whole fresh spheroid microtissues were analyzed under LSM880 
confocal microscope (Zeiss) equipped with a “C-Apochromat” 
40x/1.1M27 objective. Elastin autofluorescence was detected at 
exc. 890 nm/em. 445 nm and quantified (mean intensity of fluores-
cence) using ImageJ analysis software. Three independent experi-
ments were performed in triplicate (n = 3). Results were expressed 
as percentage of elastin expression in extract-treated spheroid mi-
crotissues versus untreated spheroid microtissues. Data were ex-
pressed as mean ± standard deviation (SD). Statistical significance 
was assessed using the nonparametric Wilcoxon test.

2.1.6  |  Atomic force microscopy (AFM)

Both whole fresh spheroid microtissues and 20 μm thick sections 
were analyzed under the AFM-Bioscope Resolve® (Bruker, Billerica, 
Massachusetts, USA) equipped with a DMi8 microscope (Leica, 
Wetzlar, Germany) to precisely position the AFM probe at the 

center of the tissue. Two thousand points (10 spheroids analyzed 
with 200 force curves realized per spheroid) of measurement were 
captured to calculate Young's modulus using BioMeca analysis soft-
ware (BioMeca©, Lyon, France). Three independent experiments 
were performed in triplicate (n = 3). Results were expressed as ap-
parent stiffness (kPa) of Murraya koenigii-treated spheroid micro-
tissue versus untreated spheroid microtissue. Distribution of data 
was expressed in box and whisker plots. The lower and the upper 
boundaries of the box represent the 25th and 75th percentiles of 
the data, respectively. The cross symbol inside the box represents 
the mean, and error bars show minimum and maximum nonextreme 
values. Statistical significance was assessed using the nonparametric 
Mann–Whitney test.

2.2  |  Clinical evaluation

2.2.1  |  Study design

A monocentric, double-blind study was performed under derma-
tological control to evaluate the antisagging potential of BWP151 
extract of Murraya koenigii, which was formulated at 1% in an o/w 
emulsion (Table 1). Forty-five volunteers showing signs of aging and 
sagging in the lower part of the face and complying with the inclu-
sion and exclusion criteria were enrolled in this study. Inclusion into 
the study required written informed consent, in accordance with the 
Declaration of Helsinki, and compliance with the following inclu-
sion criteria: Caucasian women, aged 45–70, with all skin types and 

TA B L E  1  Formulations used in the clinical trial.

INCI % Material

Water 76.15

Acrylates/C10-30 alkyl acrylate crosspolymer 0.10

Xanthan gum 0.30

Glycerin 4.00

Cetyl alcohol, glyceryl stearate, PEG-75 stearate, 
ceteth-20, and steareth-20

4.00

Cetearyl alcohol 2.00

Caprylic/capric triglyceride 4.00

Coco-caprylate 4.00

Isostearyl isostearate 3.00

Phenoxyethanol and ethylhexylglycerin 1.00

Water and sodiumhydroxide 0.25

Betaine, water, propanediol, and Murraya koenigii 
stem extract

1.00

Parfum 0.20

100.00

Note: BWP151 Murraya koeniggi stem extract was replaced by water in 
the placebo formula.
Bold value is Murraya Koenigii extract and its solvent used for in vitro 
objectification assays contained at 1% in the formula.
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4  |    LORION et al.

Fitzpatrick skin phototypes I–III, having a body mass index (BMI) of 
20–28, with stable hormonal status (no pregnancy, no nursing, no 
change in hormonal contraception, no menopause, and no change 
in hormonal replacement therapy, if any, during the past 6 months) 
having visible clinical signs of aging and sagging on the lower part 
of the face as assessed by a trained beautician, by clinical scoring of 
two main criteria: ptosis or sagging of the oval of the face and depth 
of the nasogenian folds, both with a minimum grade of 3 accord-
ing to the Skin Aging atlas of Bazin et al.10 Exclusion criteria were 
the presence of any skin pathologies and skin abnormalities, a his-
tory of allergies or hypersensitivity to the test product, acute and/
or chronic diseases and/or topical or systemic treatment assessed to 
be unsuitable for the enrollment of the volunteer by the investigator 
dermatologist, pregnancy and breastfeeding, a history of laser treat-
ment or mesotherapy or product injections to the face in the previ-
ous 6 months, an exposure to sunlight or artificial UV rays within 
1 month.

The study was carried out in France from January 27, 2020 to 
May 7, 2020. According to French law, the study should not be con-
sidered a research study and thus did not require any specific au-
thorization. The test product was applied for 98 days twice a day (in 
the morning and in the evening) on the whole face on clean and dry 
skin with slight massages until complete penetration. The first appli-
cation of the test product was performed at day 0 at the laboratory 
under the control of a beautician, then the test product was applied 
in normal conditions of use by the volunteers themselves at home. 
The last application of the product was made at day 97 in the eve-
ning. Volunteers were asked not to change their daily habits, to avoid 
sun exposure and to only use the test product for their skin care 
routine. The compliance of volunteers with the product application 
was assessed by weighing the test product before the first applica-
tion at day 0, and at day 98, after 98 days of repeated applications. 
Additionally, volunteers were asked to complete a daily log during 
the study indicating the number of applications per day completed 
and any comments or observations. Evaluations were performed at 
day 0 before the first application and at day 98 after 98 days of re-
peated applications.

2.2.2  |  Clinical scoring of the gravity impact

The severity of nasogenian folds and jowls was evaluated by a 
trained beautician in both sitting and supine positions through a 
visual sensory evaluation using a 5-point scale (from 1 to 5, with 
intermediate grades of 0.5 authorized) under standardized, con-
trolled environmental conditions (temperature and hygrometry). 
For the sitting position, volunteers had to sit upright, eyes staring at 
the horizon, on an EvaLux Bench® (Orion Concept, Tours, France). 
For the supine position, volunteers laid down on an examination 
bed. Then, the severity scores of nasogenian folds and jowls were 
added up to obtain the global gravity score. Assessments were 
carried out under controlled environmental conditions (22 ± 2°C, 
HR 45 ± 5%).

2.2.3  |  AEVA-HE measurements and image analysis

AEVA-HE (Eo TechSA) uses a patented fringe-projection unit 
combined with stereo imaging techniques to obtain 3D acquisi-
tions. Subsequent image analyses were performed by Newtone 
Technologies (Lyon, France). Morphological parameters of na-
sogenian folds were determined as described previously.11 Analyses 
were performed on one half of the face.

2.2.4  |  Illustrative pictures

Pictures were taken at baseline (D0) in supine and sitting positions, 
then in sitting position after 98 days of treatment. An arm device 
mounted on an examination bench was designed to hold a camera 
(Nikon 5200) above the face of volunteers, thus allowing to capture 
images in lying position (Laboratoire BIO-EC).

3  |  RESULTS

3.1  |  BWP151 extract of Murraya koenigii improved 
the deposition of elastin and fibrillin-1 in a 3D 
skin-equivalent model

Using a full-thickness skin-equivalent model, we evaluated the 
ability of BWP151 Murraya koenigii extract to improve the protein 
expression and deposition of elastin and fibrillin-1, both of which 
are key components of elastic fibers. The extract was added at 
0.1% to the culture medium during dermal maturation and epi-
thelialization. Skin models were kept in culture for 49 days, to 
obtain a mature dermal equivalent that favors the development 
of a well-organized, stratified, and terminally differentiated epi-
dermis (Figure 1A). When grown in the presence of the extract, 
the overall architecture of reconstructed skin was similar to that 
of untreated cultures (Figure  1B). Likewise, immunostainings re-
vealed increased protein expression and deposition of both elastin 
(+145% ± 101; p < 0.0001) and fibrillin-1 (+71% ± 62; p < 0.001) 
(Figure 1C–F).

3.2 | BWP151 extract of Murraya koenigii allowed 
for the synthesis of a structurally organized 
network of elastin deposits and endowed 
elastogenic properties in a 3D model of spheroid 
microtissue

To assess whether increased protein syntheses resulted in im-
proved elasticity in vitro, a 3D model of spheroid microtissue in 
which we previously showed that mechanical and structural elas-
tic properties were closely related12 was grown in the presence 
of BWP151 extract of Murraya koenigii. Because functional elastic 
fibers are highly organized molecular structures, we looked at the 
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    |  5LORION et al.

macromolecular organization of elastin deposits in the spheroid 
microtissue. Using immunostaining of elastin and fibulin-5, we 
observed that both proteins were colocalized (Figure  2A–C,E), 
thus evidencing their proper macromolecular organization. Both 
proteins were also colocalized in spheroid microtissue treated 
for 4 days with the extract (Figure  2B–D,F). We used multipho-
ton microscopy to visualize the structural organization of the 
whole elastin deposits within the spheroid microtissue. Thanks 
to the two-photon autofluorescence of elastin, we showed that 
the extract enhanced (125% ± 77; p < 0.001) the synthesis of an 
extensive elastin deposit network as compared to the untreated 
spheroid microtissue (Figure 2G,H).

As a functional approach, we then used AFM to measure the 
biomechanical properties of spheroid microtissues. Untreated 
samples had an apparent stiffness of around 40 kPa (Figure 3A), 

which is close to the values reported for human skin.13 In the pres-
ence of the extract (4 days), we showed that spheroid microtissues 
exhibited a significant decrease (3-fold, p < 0.0001) of their ap-
parent stiffness (Figure 3A), evidencing an improvement of tissue 
elasticity. We confirmed that elastin-rich areas (Figure  3B) were 
less stiff (Figure 3C), supporting the hypothesis that the observed 
elastin deposits took part of a process of effective functional elas-
tic fiber assembly.

F I G U R E  1  BWP151 extract of Murraya koenigii improved 
synthesis and deposition of both elastin and fibrillin-1 in a 3D 
model of skin equivalent. (A,B) Hematoxylin-Eosin staining. (C–F) 
Immunostaining of elastin, fibrillin-1, and cell nuclei. Representative 
images of three independent experiments in triplicate (n = 3). Scale 
bar: 100 μm.

(A) (B)

(C) (D)

(E) (F)

F I G U R E  2  BWP151 extract of Murraya koenigii induced the 
synthesis of a structurally organized network of elastin deposits 
in a 3D model of spheroid microtissue. (A–F) Immunofluorescence 
staining of elastin and fibulin-5. Scale bar: 5μm. (G–H): Two-photon 
autofluorescence of elastin (exc. 890 nm/em. 445 nm) taken from 
spheroid microtissues. Representative images of three independent 
experiments in triplicate (n = 3). Scale bar: 100 μm.

(A) (B)

(C) (D)

(E) (F)

(G) (H)
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6  |    LORION et al.

3.3  |  BWP151 extract of Murraya koenigii visibly 
improved gravity-related signs of aging in vivo

Out of 45 volunteers enrolled, 37 completed the study without 
any major deviation (mean age: 60.2 ± 6.3 years old, mean BMI: 
23,5 ± 2.8). No adverse reactions or events were reported.

For the nasogenian fold analysis from 3D acquisitions, the results 
were expressed for 21 volunteers, and not the 37 volunteers who 
completed the study. Indeed, 16 volunteers were removed from the 
analysis of the results because their 3D acquisitions could not be an-
alyzed due to poor image quality (presence of artifacts) and/or due 
to a bad repositioning of the volunteers at day 98 compared to day 
0, making analysis impossible.

When compared with D0, the total surface of nasogenian fold 
wrinkles was significantly reduced by 6.75% after 98 days of twice-
daily application of a cosmetic emulsion containing the BWP151 
Murraya koenigii extract at 1% (24.29 ± 7.29 vs. 22.65 ± 6.54, p < 0.01, 
Student's t-test) (Figure 4). Likewise, the total length of nasogenian 
fold wrinkles was significantly reduced by 9.44% (61.84 ± 21.28 vs. 
56.00 ± 16.42, p < 0.01, Wilcoxon signed-rank test).

To evaluate the reduction of the impact of gravity over time, the 
clinical scores obtained in the supine position at D0 were used as a 
reference and compared to values obtained in the sitting position 
either at D0 (initial impact of gravity) or after 98 days of treatment 
(final impact of gravity) (Figure 5). To be noticed, results were ex-
pressed for the 37 volunteers who completed the study. At D0, in 
supine position, the mean clinical score for the severity of naso-
genian folds was of 2.86 ± 0.62, compared to 3.69 ± 0.70 in sitting 
position, which represented a 28.8% increase in the severity of na-
sogenian folds when changing from a low gravity position (supine) 
to a high gravity position (sitting) (p < 0.0001, Wilcoxon signed-rank 
test). After 98 days of treatment, the mean clinical score in sitting 
position was of 3.15 ± 0.96, which represented a 9.9% increase in the 
visibility of nasogenian folds when switching virtually from baseline 
supine position (D0) to sitting position at D98 (p < 0.01, Wilcoxon 
signed-rank test). In other words, the impact of gravity on the se-
verity nasogenian folds was reduced by two-third after 98 days of 
treatment with the extract (Table 2).

Likewise, in supine position, the mean clinical score of jowl se-
verity at D0 was of 2.84 ± 0.51 compared to 3.85 ± 0.50 in sitting 
position which represented a 35.7% increase in the severity of jowls 
when changing from a low gravity position (supine) to a high grav-
ity position (sitting) (p < 0.0001, Wilcoxon signed-rank test). After 
98 days of treatment, the mean clinical score in sitting position was 
of 3.49 ± 0.62, which represented a 22.9% increase in the severity of 
jowls (p < 0.0001, Wilcoxon signed-rank test). The impact of gravity 
on the severity of jowls was thus virtually reduced by one-third after 
98 days of treatment with the extract.

When calculating the global score of gravity (severity nasoge-
nian folds + jowls), scores obtained were of 5.70 ± 1.04 at D0 in su-
pine position, 7.54 ± 1.07 at D0 in sitting position, and of 6.64 ± 1.39 
in sitting position after 98 days of treatment with Murraya koenigii 
extract. Thus, when comparing data obtained at D0, the transition 
from supine to sitting position triggered a 32.2% increase in grav-
ity scores (p < 0.0001, Student's t-test). This increase was virtually 
only 16.4% (p < 0.0001, Student's t-test) when comparing the gravity 
score in the supine position at D0 to that in the sitting position at 
D98. In other words, after 98 days, the cosmetic formulation con-
taining 1% of the extract allowed to significantly reduce the impact 
of gravity of facial traits.

4  |  DISCUSSION

Facial traits of skin aging include a loss of elasticity, which is accom-
panied by the formation of wrinkles, a sagging of the lower part of the 

F I G U R E  3  BWP151 extract of Murraya koenigii induced the 
synthesis of a functional network of elastin deposits in a 3D model 
of spheroid microtissue. (A) Apparent stiffness (kPa) measured 
on whole spheroid microtissues using atomic force microscopy. 
****p value<0.0001 (Mann–Whitney test). (B,C) Combined analysis 
of elastin immunofluorescence and atomic force microscopy from 
spheroid microtissues. Elastin deposits are shown in white dots (B) 
and apparent stiffness is represented according to the gradient bar 
(C). Representative images of three independent experiments in 
triplicate (n = 3). Scale bar: 30 μm.

(A)

(B) (C)
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face and loss in the harmony of facial contours. Ultrastructural, mor-
phometric, and mechanical studies have demonstrated that major 
alterations in aged skin occur in the dermal ECM,14 especially at the 
level of the elastic fiber network. Due to their long half-life, elastic 
fibers accumulate damage during aging, ultimately leading to their 
degradation and loss of functionality. The formation and matura-
tion of elastic fibers encompass a complex multistage process called 
elastogenesis. It requires interactions between several structural 
proteins and partners to allow for the deposition and cross-linking 
of tropoelastin, on a scaffold of fibrillin-rich microfibrils, a prerequi-
site for elastic fiber functionality. Indeed, fibrillin microfibrils serve 
as structural scaffold required for tropoelastin alignment, and par-
ticularly fibrillin-1 is believed to promote coacervation of tropoelas-
tin into larger and dense globules.15 An elastic fiber is described as 
“mature” when tropoelastin monomers form a durable and insoluble 
biopolymer through the aggregation of their hydrophobic domains, 

their deposition onto a scaffold of fibrillin-rich microfibrils, and fi-
nally the involvement of various types of inter- and intra-molecular 
crosslinks by the action, among others, of members of the lysyl oxi-
dase family.16

Using proteomic data on monolayer cultures of normal human fi-
broblasts, we previously identified a novel extract of Murraya koenigii 
leafy stems obtained using a mixture of betaine, water, and propane-
diol as extraction solvent with promising ECM-boosting properties 
(paper under review). The extract is characterized by a high content 
of both flavonoids and phenolic acids and a very low content in al-
kaloids, which are often reported to bear the biological activities of 
Murraya koenigii herbal remedies.17 To dig deeper into the biologi-
cal properties of the BWP151 M. koenigii extract, the synthesis of 
elastic fiber-related proteins was further evaluated in monolayer 
cultures of adult fibroblasts of different ages (18 and 50 years old) 
(S1). Interestingly, the extract at 0.1% significantly increase the 

F I G U R E  4  Image analysis of 
nasogenian fold wrinkles. Illustrative 
example of a 48-year-old volunteer 
at baseline (D0) and after 98 days of 
treatment: 2D projected picture (left) 
and 2D projected picture with last 
segmentation (right) for each time-point.

F I G U R E  5  Illustrative pictures of 
the impact of gravity on facial traits. 
Illustrative example of a 51-year-old 
volunteer before and after 98 days of 
treatment. Compared to baseline, the 
severity of facial traits (nasogenian folds 
and jowls) in sitting position was reduced.

Emulsion containing 1% of BWP151 
extract of Murraya koenigii

Clinical scoring in vivo (mean scores ±SD)

D0. Sitting 
position

D0. Supine 
position

D98. Sitting 
position

Severity of nasogenianfolds 3.69 ± 0.70 2.86 ± 0.62 3.15 ± 0.96

% of variation vs. D0 supine position +28.8%**** – +9.9%**

Severity of jowls 3.85 ± 0.50 2.84 ± 0.51 3.49 ± 0.62

% of variation vs. D0 supine position +35.7%**** – +22.9%****

Global score: (Severity of nasogenianfolds 
+ jowls)

7.54 ± 1.07 5.70 ± 1.04 6.64 ± 1.39

% of variation vs. D0 supine position +32.2%**** – +16.4%****

Note: Severity scores of nasogenian folds and jowls are added up to obtain the global gravity score. 
Statistical significance was assessed using Student's t-test or Wilcoxon signed-rank test: **p < 0.01; 
****p < 0.0001.

TA B L E  2  Clinical scoring of the impact 
of gravity.
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expression and in situ deposition of elastin (+43% ± 19, p < 0.0001), 
fibrillin-1 (+22% ± 29, p < 0.05), and fibulin-5 (+62% ± 13, p < 0.05). 
However, monolayer cultures of fibroblasts do not integrate the 
complexity of cell–cell and cell–matrix interactions of the naturally 
occurring 3D environment, and thus offer limited predictability of 
in vivo benefits. Indeed, it has been shown that the 3D environment 
significantly influence the morphology, phenotype, and metabolic 
activity of fibroblasts in culture.18 More specifically, in vitro elasto-
genesis has been shown to be significantly improved in the presence 
of epidermal keratinocytes.19,20 We thus decided to use full-thick-
ness skin models to confirm the previously observed ability of the 
BWP151 M. koenigii extract at boosting elastic fiber-related proteins.

In our study, the extract improved the syntheses of both elastin 
(+145% ± 101; p < 0.0001) and fibrillin-1 (+71% ± 62; p < 0.001) in a 
3D engineered skin model.

Besides, we also studied the ability of the extract to prevent pro-
teolytic degradation of elastic fibers in vitro. Many matrix metallo-
proteinases (MMPs) degrade elastic fibers but MMP-12 is the most 
active protease in elastin degradation as it is reported to have at 
least 86 cleavage sites in the tropoelastin protein. Interestingly, 
the proteolytic activity of MMP-12 was significantly and dose-de-
pendently decreased (from 0.05% to 0.5%) in monolayer cultures of 
fibroblasts treated with the extract for 48 h (S2).

Beyond structural aspects, elastic fiber functionality, meaning 
their extensibility and resilience, is key to skin biomechanical proper-
ties. Therefore, we considered that measuring the elastic properties 
in vitro was a necessary step to confirm that increased syntheses of 
elastic fiber-related proteins effectively resulted in improved dermal 
biomechanical properties. However, most of 3D skin models use bio-
materials as a scaffold to recreate a frame necessary for the adhe-
sion of fibroblasts before ECM synthesis and organization.21 Those 
scaffolds create artifacts when measuring skin mechanical prop-
erties and dermal elasticity.22 Therefore, we used a scaffold-free 
in  vitro model of spheroid microtissue, whose mechanical proper-
ties correlate with elastogenic potential to investigate the efficacy 
of the extract on skin elastic properties.12 In that model, the extract 
allowed for the synthesis of macromolecular structures in which 
elastin and fibulin-5 were properly colocalized. In addition, using 
multiphoton microscopy, intense two-photon autofluorescence of 
elastin was detected, thus confirming the ordered macrostructure of 
elastin deposits within microtissues treated with the extract.

Atomic force microscopy was used in parallel to measure der-
mal stiffness in vitro. We observed that the extract improved tissue 
elasticity as measured by a 3-fold decrease in the apparent stiffness 
of microtissue with a Young's modulus of 15 kPa, consistent with 
the values of Young's Modulus reported to usually range from 5 to 
100 kPa based on indentation methods.23 Furthermore, combined 
analysis of elastin immunostaining and atomic force microscopy al-
lowed to draw a correlation map of apparent stiffness and elastin 
deposit density, which revealed that elastin-rich areas were less stiff. 
In other words, this study evidenced a good correlation between the 
increased amount of elastin-containing macromolecular structures 
and their functionality further to the treatment of the extract.

Backed by promising in  vitro results obtained in 2D and 3D 
models, we decided to further evaluate the clinical benefits of the 
extract. Nasogenian folds are part of those facial traits particularly 
affected by gravity, loss of elasticity, and eventually, skin sagging.24 
We first used fringe-projection combined with image analysis to 
measure the severity of nasogenian folds. When compared with D0, 
both the surface and length of nasogenian fold wrinkles were signifi-
cantly reduced by 6.75% and 9.44%, respectively (p < 0.01) at D98. 
The impact of gravity on the visible signs of aging around the eyes 
and in the lower part of the face was studied on volunteers placed in 
sitting position and compared to supine position. Indeed, in supine 
position, the impact of gravity is considered to be the lowest, with 
reduced depth of the tear trough, blurred eye bags, nasogenian folds 
less visible and restored volume of the cheeks.24 To assess the evolu-
tion of the impact of gravity, we thus used the supine position at D0 
as reference and compared the data obtained in sitting position at 
D0 and after 98 days of product application. A global score of gravity, 
which combined the clinical evaluations of nasogenian folds severity 
and jowls severity was calculated in the different positions at the 
different measurement timepoints. After 98 days of treatment, the 
difference in global gravity scores between supine and sitting posi-
tions was significantly reduced from 32.2% to 16.4% (p < 0.0001). In 
other words, when used at 1% in a cosmetic formulation, the extract 
allowed to visibly reduce the impact of gravity of facial traits. All the 
clinical data obtained revealed the usefulness of this extract formu-
lated at 1% to visibly reduce nasogenian fold severity, jowl severity 
and to mitigate the impact of gravity on the facial signs of aging after 
98 days of repeated applications and is expected to be an effective 
cosmetic aid in reducing facial signs of aging.

Taken together, our in vitro and in vivo data highlight that the 
newly discovered BWP151 extract of Murraya koenigii leafy stems 
represents an innovative antiaging ingredient particularly suited for 
elasticity-boosting and antisagging claims.
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