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Abstract
OBJECTIVE: Skin lipids are essential in every compartment of the

skin where they play a key role in various biological functions.

Interestingly, their role is central in the maintenance of hydration

which is related to skin barrier function and in the skin structure

through adipose tissue. It is well described today that skin lipids

are affected by ageing giving skin sagging, wrinkles and dryness.

Thereby, developing cosmetic actives able to reactivate skin lipids

would be an efficient ant-ageing strategy. Due to the strong com-

mitment of our scientists to innovate responsibly and create value,

they designed a high value active ingredient named here as Vetiver

extract, using a ground-breaking upcycling approach. We eviden-

ced that this unique extract was able to reactivate globally the skin

lipids production, bringing skin hydration and plumping effect for

mature skin.

METHOD: In order to demonstrate the global renewal of lipids, we

evaluated the lipids synthesis on cutaneous cells that produce lipids

such as keratinocytes, sebocytes and adipocytes then on Recons-

tructed Human Epidermis and skin explants. We evaluated the

expression of proteins involved in ceramides transport and barrier

cornification. We then evaluated hydration and sebaceous parame-

ters on a panel of mature volunteers.

RESULTS: We firstly demonstrated that Vetiver extract induced

sebum production from human sebocytes cells lines but also impro-

ved its quality as observed by the production of specific antimicro-

bial lipids. Secondly, we demonstrated that Vetiver extract was able

to restore skin barrier with the increase of skin lipids neosynthesis

on Reconstructed Human Epidermis and skin explants. We also evi-

denced that Vetiver extract stimulated the lipids transport and epi-

dermal cornification. Finally, Vetiver extract showed a significant

effect on adipogenesis and maturation of adipocytes at in vitro and

ex vivo models. We confirmed all these activities by showing that

Vetiver extract improved sebum production and brought hydration

through an increase of lipids content and their conformation. Veti-

ver extract induced an improvement of skin fatigue and a plumping

effect by acting deeply on adipose tissue.

CONCLUSION: In conclusion, we developed an active ingredient

able to bring anti-ageing effect for mature skin by a global increase

of skin lipids.

R�esum�e
OBJECTIF: Les lipides de la peau sont essentiels dans chaque com-

partiment de la peau o�u ils jouent un rôle cl�e dans diverses fonc-

tions biologiques. Il est int�eressant de noter que leur rôle est central

dans le maintien de l’hydratation, li�ee �a la fonction de barri�ere
cutan�ee, mais aussi dans la structure même de la peau, par le biais

du tissu adipeux. Il est bien d�ecrit aujourd’hui que les lipides de la

peau sont affect�es par le vieillissement, ce qui entrâıne un relâche-

ment de la peau, des rides et une s�echeresse. Ainsi, le d�eveloppe-

ment d’actifs cosm�etiques capables de r�eactiver les lipides de la peau

serait une strat�egie efficace de lutte contre le vieillissement. En rai-

son de l’engagement fort de nos scientifiques �a innover de mani�ere
responsable et �a cr�eer de la valeur, ils ont conc�us un ingr�edient actif
�a forte valeur ajout�ee, appel�e ici extrait de V�etiver, en utilisant une

approche r�evolutionnaire de « up-cycling ». Nous avons d�emontr�e

que cet extrait unique �etait capable de r�eactiver globalement la pro-

duction de lipides de la peau, apportant une hydratation de la peau

et un effet repulpant pour les peaux matures.

M�ETHODES: Afin de d�emontrer le renouvellement global des lipi-

des, nous avons �evalu�e la synth�ese des lipides sur les cellules

cutan�ees qui produisent des lipides tels que les k�eratinocytes, les

s�ebocytes et les adipocytes, puis sur un mod�ele d’Epiderme Humain

Reconstruit et les explants de peau. Nous avons �evalu�e l’expression

des prot�eines impliqu�ees dans le transport des c�eramides et la k�era-

tinisation de la barri�ere cutan�ee. Nous avons ensuite �evalu�e

l’hydratation et les param�etres s�ebac�es sur un panel de volontaires

matures.

R�ESULTATS: Nous avons tout d’abord d�emontr�e que l’extrait de

V�etiver induit la production de s�ebum �a partir de lign�ees cellulaires

de s�ebocytes humains mais am�eliore �egalement sa qualit�e comme

l’indique la production de lipides antimicrobiens sp�ecifiques.

Ensuite, nous avons d�emontr�e que l’extrait de V�etiver �etait capable

de restaurer la barri�ere cutan�ee grâce �a l’augmentation de la

n�eosynth�ese lipidique sur un mod�ele d’Epiderme Humain Recons-

truit et sur des explants de peau. Nous avons �egalement d�emontr�e

que l’extrait de V�etiver stimulait le transport des lipides et la k�erati-

nisation de l’�epiderme. Enfin, l’extrait de V�etiver a montr�e un effet

significatif sur l’adipogen�ese et la maturation des adipocytes dans

des mod�eles in vitro et ex vivo. Nous avons confirm�e �a l’�echelle cli-

nique toutes ces activit�es en montrant que l’extrait de V�etiver

am�eliorait la production de s�ebum et apportait une hydratation

grâce �a une augmentation de la teneur en lipides ainsi qu’une

modification de leur conformation. L’extrait de V�etiver a induit une
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am�elioration de la fatigue cutan�ee et un effet repulpant en agissant

en profondeur sur le tissu adipeux.

CONCLUSION: En conclusion, nous avons d�evelopp�e un ingr�edient

actif capable d’apporter un effet anti-âge aux peaux matures par

une augmentation globale des lipides de la peau.

Introduction

Chrysopogon zizanioides, more commonly known as Vetiver, is a

perennial grass widely cultivated in tropical regions. The plant,

known to stabilize soil and limit erosion, is studied for phytoremedi-

ation and its roots contain an essential oil that is renowned in the

fine fragrance and cosmetic industries. The essential oil has been

traditionally used in South Asia as an anti-inflammatory, antimi-

crobial and healing agent (non-exhaustive list) [1,2]. Moreover,

Chomchalow in his review evoked the ability of the essential oil to

moisturize and rejuvenate the skin.

Adding value to each part of a cultivated plant and to its by-

products has become a concern for each industry with the aim of

producing sustainable products. With this in mind, a cosmetic

ingredient was developed from hydrodistilled roots of Vetiver that

are generally considered to be a coproduct that is burned or com-

posted. Considering the properties of Vetiver essential oil, we evalu-

ated in this study the biological function of this extract and

especially its effect on the skin lipids. Indeed, the skin lipids are pro-

duced to ensure the integrity of the epidermal barrier, to promote

skin hydration and to participate in the filling of wrinkles through

the plumping of adipocytes. The boosting of skin lipids may provide

an efficient anti-ageing strategy.

Lipids and barrier function

The lipids present in the skin play an important role in barrier

function and thus skin hydration.

Their renewal is performed by the differentiation mechanism

from the basal layer to the cornified layer of the epidermis. The

cornified layer, also named stratum corneum, contains the vast

majority of skin lipids which are mainly composed of ceramides,

cholesterol and long-chain free fatty acids [3,4]. These lipids are

transported through various pathways which can be vesicular

dependent or independent [5]. Polar ceramides are synthetized in

the endoplasmic reticulum (ER) and their transport from ER to the

Golgi apparatus requires a specific protein called CERT (ceramide

transport protein) or COL4A3BP [3,6]. CERT is a member of the

steroidogenic acute regulatory protein (StAR)-related lipid transfer

(START) protein family. It possesses a stereospecific binding site to

ceramides and an N-terminal region that binds phosphatidylinositol

4 monophosphate to the Golgi apparatus [7,8]. In the Golgi appa-

ratus, the ceramides and the other lipids produced by keratinocytes

are introduced in newly formed vesicles more commonly known as

lamellar bodies. They are then released into the extracellular space

at the stratum corneum by exocytosis [6]. The lamellar bodies deli-

ver lipids, proteins and antimicrobial peptides but also enzymes that

transform lipid precursors and lead to desquamation.

The stratum corneum is made of cohesive corneocytes containing

a cornified cell envelope and an enriched lipid matrix. The cornified

cell envelope is essentially composed of structural proteins such as

loricrin, involucrin, envoplakin, desmoplakin, elafin, cornifins and

periplakin [4]. The stability of the envelope depends on the quan-

tity of these proteins and their degree of cross-linking [9]. This

cross-linking is driven by the transglutaminase-1 protein [4]. It

provides a scaffold for extracellular lipid lamellae and together they

shape the cornified envelope that provides skin hydration and

impermeability against xenobiotics and exogenous factors [3,4,10].

Recently, a new secreted protein from the stratified epithelium

was described in the literature: the dermokine. The expression of

the human dermokine gene codes for four various isoforms with

three of them (a, b and c) that are secreted as peptides in the epi-

dermis. The b and c isoforms are specifically expressed by the gran-

ular keratinocytes with an intracellular localization between the

granular and cornified layers that supposes a secretion through the

lamellar bodies [11,12]. Previous studies proved that dermokine

plays a role in cornification and promotes involucrin expression

through the regulation of the ERK signalling pathway [11,13]. As

such, these studies suggest that dermokine could also be a key fac-

tor in lipid–protein interaction involved in envelope formation, sim-

ilar to involucrin.

Lipids and sebum

A second source of lipids delivered by the sebum has essential abili-

ties, as a result of their hydrolipidic film-forming property [14].

Sebum is released on the skin surface to promote skin protection

and hydration. It is produced by sebaceous glands which are

mostly associated to hair follicles forming the pilosebaceous unit.

More precisely, they are composed of sebocytes which produce

lipids during their differentiation to finally release sebum by holo-

crine secretion. Sebum is composed of various lipids such as triglyc-

erides, wax esters, squalene, glycerol and short and long-chain free

fatty acids [9,15,16]. Among the fatty acids produced by the seba-

ceous glands, lauric acid and sapienic acid exert antimicrobial

activity against Gram-positive and –negative bacteria [17,18].

These two antimicrobial lipids (AMLs) may act in synergy with the

antimicrobial peptides (AMP), produced by keratinocytes and con-

tribute to the skin’s defence. Sebum is also well-known to have a

strong antioxidant protective effect against UV irradiation [15].

Lipids and subcutaneous adipose tissue

The remaining source of skin lipids is brought by the third layer of

the skin: the adipose tissue. This compartment is well characterized

and possesses its own properties. The hypodermis stores energy and

brings endocrine and structural support to the dermis layer

[19,20]. The particular distribution of fat gives a plumping effect to

the skin. The adipose tissue is composed mainly by two types of

cells: the pre-adipocytes and adipocytes. The skin structure is pro-

vided by the increase of the number of adipocytes through the pro-

cess of pre-adipocytes differentiation called adipogenesis; and by

their maturation called lipogenesis. When the energy requirement

is fulfilled, the surplus is deposited in the form of neutral triglyc-

erides inside their uniloculuar lipid droplet [21]. Recently, various

papers highlighted the growing role of dermal adipose tissue in skin

functions through its involvement on tissue repair, hair regenera-

tion and immune support [22,23]. The mature adipocytes from this

compartment may release antimicrobial peptides to fight bacterial

infection [23,24].

Lipids and ageing

During the ageing process, an important decrease in lipid content of

30% is observed in the stratum corneum, which is directly correlated

to ageing-mediated-delayed barrier renewal [3]. Unfortunately, this
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phenomenon can be also accelerated by various factors, such as cold

weather and detergent application, and all of them lead to skin dry-

ness [9,25]. A delayed barrier renewal results in inefficient cor-

neodesmosomes degradation, a decrease in natural moisturizing

factor (NMF) and ceramides level, and an imbalance in skin composi-

tion [9,25]. This results in the appearance of wrinkles.

Similarly to the lipids from the skin barrier, the production of

lipids from sebum is significantly affected by ageing. The rate of

sebum secretion decreases after 20 years of age by 23% per decade

for men and 32% per decade for women [26]. As a consequence,

skin dryness seems to be related to a decrease in protection against

microbiota [27].

On top of that, the subcutaneous adipose tissue is also impacted

with age. The skin on the face is particularly affected by loss and

redistribution of fat [20,28].The atrophy of the adipose tissue

aggravates the apparition of wrinkles through the thinning and

sagging of the skin [19,22,28]. The phenomenon could be

explained by the decrease of metabolic responsiveness of the cells,

leading to a decrease of pre-adipocytes replication and differentia-

tion [20,29,30].

To prevent this cosmetic issue and fill facial wrinkles, autologous

facial fat grafts are often used in aesthetic surgery [19,31]. In some

literature, the idea of stimulating adipogenesis as facial filler alter-

native is mentioned [28]. Continuing with this hypothesis, we con-

sidered that boosting the lipid synthesis inside adipocytes combined

with an improvement of skin surface lipids appeared to be an effec-

tive anti-ageing strategy.

The main objective of this study was to prove whether the global

reactivation of skin lipids synthesis using Vetiver extract could influ-

ence the skin appearance. The final objective expected was to pro-

vide skin hydration and plumping effect for an anti-ageing strategy.

In addition, we have demonstrated that the improvement of skin

lipids could bring antimicrobial protection through AML synthesis.

Material and methods

Chemicals and reagents

Acetonitrile, toluene, ethyl acetate and methyl-tert-butyl ether were

purchased from Carlo Erba Reactifs SDS (Val de Reuil, France). Acetic

acid and formic acid were purchased from Merck (Darmstadt, Ger-

many). DMSO-d6 was purchased from Eurisotop (Saint Aubin,

France). Deionized water was used to prepare all aqueous solutions.

Plant extract preparation

Chrysopogon zizanioides roots were collected in Haiti and hydrodis-

tilled for oil extraction. The resulting exhausted roots were dried

naturally, crushed and extracted in water with a plant/solvent

ratio of 1/20 (w/v). The extract was obtained after root washing

and extraction at 60°C for 6 hours. Solid/liquid separation was

then achieved by filtration and the extract was concentrated under

vacuum. For centrifugal partition chromatography purpose, the

extract was freeze-dried after concentration by rotary evaporator.

A specific standardized extract titrated in zizanoic acid was used

for all the biological evaluations.

Extract fractionation by centrifugal partition chromatography

The dry extract of Chrysopogon zizanioides was fractionated by Cen-

trifugal Partition Chromatography (CPC) on a laboratory-scale

column of 303 mL capacity (FCPE300�; Rousselet Robatel Kroma-

ton, Annonay, France) with the biphasic solvent system methyl-

tert-butyl ether/acetonitrile/water (4/1/5, v/v). The aqueous phase

was used as the stationary phase. The extract (1.53 g) was dis-

solved in 20 mL of aqueous phase and 5 mL of organic phase and

loaded into the CPC column. The organic phase was pumped in

the ascending mode at 20 mL min�1 (Knauer Preparative 1800

V7115 pump; Berlin, Germany) for 70 minutes and then in the

descending mode for 8 minutes for column extrusion. Column rota-

tion speed was set at 1200 rpm. Fractions of 20 mL were collected

over the whole experiment by a Pharmacia Superfrac collector

(Uppsala, Sweden).

Fractions were spotted on Merck TLC plates coated with silica

gel 60 F254 and developed with ethyl acetate, toluene, acetic acid

and formic acid (20/80/11/11, v/v). After inspection at 254 and

366 nm, the plates were sprayed with vanillin/H2SO4 and heated

to 100°C for 2 minutes. Fractions of similar TLC profiles were com-

bined, resulting in a final series of 13 fractions (F1 to F13) which

were dried and re-suspended in 600 µL of DMSO-d6.

NMR analyses and metabolite identification

NMR analyses were performed on a Bruker Avance AVIII-600

spectrometer (Karlsruhe, Germany) equipped with a TXI cryoprobe.

Spectra were manually phased, baseline corrected using the TOP-

SPIN 3.2 software (Bruker) and calibrated on the central resonance

of DMSO-d6 (d 39.80 ppm). Rapid identification of known com-

pounds (dereplication) was realized according to the method pub-

lished by Hubert and colleagues [32]. Briefly, the absolute

intensities of all peaks detected in the 13C NMR spectra of F1-F13

were automatically collected and binned across the spectra of the

fraction series using a locally developed computer script. The

obtained table was submitted to Hierarchical Clustering Analysis

(PermutMatrix 1.9.3; LIRMM, Montpellier, France). This HCA step

consists in measuring the similarities between groups of NMR

peaks that are present in successive spectra of the fraction series

(based on the CPC elution profile) and thus that presumably belong

to single molecules. These groups of correlated NMR peaks are

visualized as ‘chemical shift clusters’ on a HCA heat map given in

Figure 1. The 13 columns of the heat map correspond to the 13C

NMR spectra of the fraction series, and the rows are chemical shift

bins of the detected NMR peaks. The higher the intensity of 13C

NMR signals, the brighter the colour on the map. For metabolite

identification, each 13C NMR chemical shift cluster obtained from

HCA was manually submitted to an in-house database comprising

the structures and predicted chemical shifts of low molecular

weight natural products (prediction tools from ACD/NMR Work-

book Suite 2012 software, ACD/Labs, Ontario, Canada). In parallel,

a literature survey was performed to obtain the names and chemi-

cal structures of a maximum of metabolites already reported in the

species Chrysopogon zizanoides (n � 294). All fractions were also

analysed by 2D NMR (HSQC, HMBC and COSY) to confirm or to

complement the elucidation of the molecular structures proposed

by the database at the end of the dereplication process.

In vitro lipid neosynthesis in RHE

The study was performed using Reconstructed Human Epidermis

(RHE). After transfer to air/liquid interface at day 0 (D0), the RHEs

were placed in the assay medium (confidential) containing or not

containing (for the control) Vetiver extract or the reference
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(vitamin C at 200 µg mL�1, Sigma-Aldrich, Saint-Louis, MO, USA).

After 3 days of culture (D3), the medium was replaced by the assay

medium containing Vetiver extract at 1% (v/v) or the reference

and the radioactive tracer, [14C]-acetate (Perkin Elmer, Waltham,

MA, USA), was added. After 2 days of incubation (D5), the medium

was discarded and replaced by assay medium containing the differ-

ent treatments (Vetiver extract or reference), and then, RHEs were

incubated for 2 additional days (end of the culture at D7). All

experimental conditions were performed in triplicate. After incuba-

tion, the RHEs were rinsed with a phosphate-buffered saline (PBS)

solution and frozen at �80°C until analysis. Then, the RHEs were

dissociated and lysed on ice using a 0.5 M perchloric acid solution

(Sigma-Aldrich). Lipids contained in the RHEs were extracted using

a methanol/chloroform mix according to Bligh and Dyer protocol

[33]. Organic phases were dried by evaporation, then deposited on

silica plates in order to perform thin-layer chromatography (TLC)

using a mobile phase for polar lipid separation (chloroform/metha-

nol/water). The TLC plate was autoradiographed using a laser

scanner (AmershamTM TyphoonTM; GE Healthcare, Chicago, IL,

USA) and the semi-quantitative analysis of the various lipid species

was performed by densitometric analysis using the Multigauge ver-

sion 3.0 software (Fujifilm, Minato, Tokyo, Japan). The standards

used for the identification of the different lipid species are described

in the Table S1.

In vitro immunofluorescence staining of CERT, dermokine and

involucrin

Normal human keratinocytes (NHKs) were seeded at 50,000 cells

per well in 24-well plates containing slides beforehand which are

collagen-coated (50 µg mL�1) and incubated at 37°C with 5%

CO2. After 48 hours of culture in complete medium (KGM Gold,

Lonza, Basel, Switzerland), the cells were stimulated for 5 days

with 1.5 mM Ca2+ (Alfa Aesar, Haverhill, MA, USA) supplemented

with 2% Foetal Bovine Serum (FBS) (Biowest, Nuaill�e, France) as

a differentiated control or with Vetiver extract at 1% (v/v). The

untreated control was the complete medium. After stimulation of

the differentiation, the cells were rinsed 2 times with filtered-PBS

and then permeabilized with 2% paraformaldehyde (MP Biomedi-

cals, USA) supplemented with 0.5% Triton X-100 during 5 min-

utes for CERT and dermokine immuno-detections and there was

no permeabilization for involucrin immunostaining. The cells were

rinsed again with filtered-PBS and fixed for 15 minutes with 2%

Paraformaldehyde. After fixation, the cells were rinsed 2 times

with filtered-PBS and the non-specific sites were blocked with 3%

Bovine Serum Albumin (BSA, Sigma-Aldrich) and 0.1% Tween 20

(Sigma-Aldrich) for 1 hour. The cells were then incubated at 4°C
overnight with the primary antibody diluted at 1:100 in 1:10 of

blocking solution (3% BSA + 0.1% Tween 20) in a dark and

humid atmosphere. The slides were then washed 3 times with

PBS and 0.3% Triton X-100 and incubated with the second anti-

body (Goat anti-rabbit Alexa Fluor 488) for 2 hours at room tem-

perature in a dark and humid atmosphere. Finally, the cells were

washed 3 times with PBS and 0.3% Triton X-100, then 2 times

with filtered-PBS and mounted with Prolong Diamond with DAPI

counterstaining (Fisher Scientific, USA). The specificity of sec-

ondary antibodies was checked as negative controls. Three images

of each slide were collected with Axio Observer Inverted fluores-

cence microscope (Zeiss) and were further analysed with the use

of ImageJ software.

Figure 1 C-13 NMR chemical shift clusters (yellow colour) obtained by applying HCA on CPC fractions of Chrysopogon zizanioides extract 1 and the chemical

structures of major compounds identified in the extract.
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The antibodies used for the assays are an anti-CERT/COL4A3BP

rabbit polyclonal antibody (Thermo Fisher Scientific, PA5-28797),

anti-dermokine beta rabbit antibody (ab26830; Abcam, Cambridge,

UK) and anti-involucrin rabbit antibody [Sy5] (ab68, Abcam).

In vitro lipid accumulation on sebocytes

Human SEBO662AR sebocyte cell lines were seeded in 96-well

plates (50,000 cells/well) and cultured at 37°C with 5% CO2 for

24 hours in culture medium (K-SFM supplemented with

25 µg mL�1 of gentamycin, Thermo Fisher Scientific). The medium

was then removed and replaced by assay medium containing or

not containing (for the control) the extract at 1% (v/v), and the

cells were pre-incubated for 4 hours. Then, the lipogenic mix (con-

taining vitamin C, vitamin D3, insulin and calcium, and no andro-

gens, BioAlternatives, Genc�ay, France) was added and the cells

were incubated. After 3 days of incubation, half of the medium

was removed and the treatments were renewed (including lipogenic

mix stimulation). A non-stimulated control condition was per-

formed in parallel. All experimental conditions were performed in

triplicate, except for stimulated control conditions in sextuplicate.

After 4 days of the incubation, the cells were rinsed, fixed and per-

meabilized. The lipid droplets contained in the cells were then

labelled using a specific Bodipy� fluorescent lipid probe (Thermo

Fisher Scientific), labelling mainly neutral lipids. In parallel, the cell

nuclei were stained using a Hoechst 33258 (bis-benzimide) solution

(Sigma-Aldrich). The acquisition of the images was performed

using INCell AnalyzerTM 1000 (GE Healthcare, Chicago, IL, USA).

10 photos were taken per well for each labelling (920 objective

lens). The labelling was quantified by the measurement of the fluo-

rescence intensity normalized to the total number of cells (integra-

tion of numerical data with the Developer Toolbox 1.5 software,

GE Healthcare software, Chicago, IL, USA). Results were expressed

as fluorescence intensity normalized to the number of cells, % stim-

ulated control and % inhibition. The fluorescence intensity was

analysed exclusively in the lipid droplets (image analysis program

based on object segmentation). Therefore, non-specific fluorescent

background signal, which can be frequently observed in high con-

fluence cultures of SEBO662AR, was not taken into account in the

image analysis.

In vitro Antimicrobial Lipid (AML) synthesis using sebocytes

Human SEBO662AR sebocytes were seeded into culture inserts

and grown in culture medium (K-SFM supplemented with

25 µg mL�1 of gentamycin, Thermo Fisher Scientific) for

48 hours at 37°C with 5% CO2. After this immersion culture, the

cultures were placed at the air–liquid interface (D0) and the med-

ium was replaced by culture medium containing or not contain-

ing (for the control) the compounds being tested or a non-

androgenic seborrhoeic reference and the cultures were incubated

for 7 days with renewal of the culture medium and treatments

(Vetiver extract at 1% (v/v) and reference) every 2 to 3 days. All

the experimental conditions were performed in triplicate. The 3D

tissues were cut, put in microtubes and dry frozen at �80°C. The
determination of the content of Free Fatty Acids is performed

using a GC (7890A; Agilent, Santa Clara, California, USA) cou-

pled with a MS system (5975C Inert XL EI/CI MSD, Agilent). The

extraction of fatty acids was performed using a liquid/liquid

extraction (proportions are the propriety of BioAlternatives). Sam-

ples were then methylated (FAME) before analysis.

In vitro stimulation of pre-adipocytes differentiation

Pre-adipocytes were seeded in 96-well plates and cultured in cul-

ture medium (DMEM (Gibco) supplemented with L-glutamine at

2 mM, penicillin at 50 U mL�1, streptomycin at 50 µg mL�1 and

Foetal Calf Serum at 10%) for 24 hours. The culture medium was

then replaced with culture medium containing or not (control) the

extract at 3% (v/v) and the cells were incubated for 13 days. All

experimental conditions were performed in n = 3. At the end of the

incubation, cells were rinsed and the lipid droplets were labelled

using a fluorescent lipid probe (AdipoRedTM, Lonza, Switzerland)

and the cell nuclei were stained using Hoechst 33342 solution

(bis-benzimide, Thermo Fisher Scientific). The acquisition of the

images was performed with the INCell AnalyzerTM 2200 (GE Health-

care) and 5 photos per well were taken (Objective lens 920).The

labelling was quantified by the measurement of the fluorescence

intensity normalized to the total number of cells identified with

Hoechst (Integration of numerical data with the Developer Toolbox

1.5, GE Healthcare software).

Ex vivo stimulation of keratinization

Human skin explants with an average diameter of 11 mm were

prepared from biopsies coming from three Caucasian women of 69,

54 and 56 years old. The explants were kept in survival in BEM

medium (BIO-EC’s Explants Medium, BIO-EC, Longjumeau, France)

at 37°C in a humid, 5% CO2 atmosphere. Vetiver extract at 1% (v/

v) was topically applied each day on the basis of 2 lL cm-2 on

explants and spread with a small spatula. The untreated controls

did not receive any treatment except the renewal of the medium.

The culture medium (1 mL) was refreshed on D1, D4 and D6.

Neutral lipids were stained on the frozen section using a Lipid-

TOXTM green neutral lipid (ref. 34475, Life technologies, Carlsbad,

CA, USA).

HCS LipidTOXTM Green neutral lipid stain is used to visualize

neutral lipids on the surface of the skin and in the sebaceous

glands. Briefly, skin sections were fixed by Ciaccio solution (forma-

lin-potassium bichromate acetic acid fixative), post-chromizated

and incubated with LipidTOXTM green neutral lipid diluted at 1/

3000 in PBS for 45 minutes at room temperature. Nuclei were

counterstained by DAPI diluted 1:2 in Vectashield (VWR, Radnor,

Pennsylvania, USA).

The immunostaining was assessed by microscopy observation

(green fluorescence). The fluorescence was quantified for each pic-

ture by software imaging (ImageJ). The region of interest was

delimited and the total fluorescence intensity was calculated then

reported to the total area of interest. The specific labelling is in

green and the nuclei are in blue using DAPI labelling. The graphics

represent the fluorescence intensity averages � standard error of

the mean. The values were compared to the untreated control to

express an activating or inhibiting effect.

Ex vivo full-skin lipids accumulation in mature adipocytes

On an abdominal plasty coming from a 60 years old Caucasian

woman, 9 explants of full skin (epidermis + dermis + hypodermis)

of an average diameter of 11 mm were prepared. The explants

were kept in survival in BEM medium (BIO-EC’s Explants Medium,

BIO-EC, Longjumeau, France) at 37°C in a humid, 5%-CO2 atmo-

sphere. On Day 0 (D0), 3 explants were collected and cut in 2

parts: half was fixed in a formol-buffered solution and half was
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frozen at �80°C. On D0, D1, D4 and D6, Vetiver extract at 3% (v/

v) was topically applied on the basis of 2 lL per explants (2mg.cm-

2) on explants and spread with a small spatula. The untreated

explants did not receive any treatment except the renewal of the

medium. Half of the medium (1 mL) was renewed on D1, D4 and

D6. On D8, the explants were collected and processed in the same

method used at D0. After fixation for 24 hours in buffered formal

solution, the samples were dehydrated and impregnated in paraffin

using a Leica PEARL dehydration automat (Leica, Wetzlar, Ger-

many). The samples were embedded using a Leica EG 1160 embed-

ding station. 5 lm thick sections were made using a Leica RM

2125 Minot-type microtome, and the sections were mounted on

Superfrost� histological glass slides. The microscopical observations

were realized using a Leica DMLB or Olympus BX43 microscope.

Pictures were digitized with a numeric DP72 Olympus camera with

CellD storing software (Olympus, Rungis, France). The control of

the cellular viability was performed after staining of paraffinized

sections according to Masson’s trichrome, Goldner variant. The

staining was evaluated by microscopical observation and image

analysis of adipocyte size. For all conditions, the pictures have been

realized on the best representative zones of the explants. The analy-

sis has been performed on about 300 adipocytes per condition. The

surface and diameter of the adipocytes were measured. The adipo-

cytes were pooled in 3 ranges by their equivalent circular diameter

(ECD). The ECD is the diameter of a circle that has the same sur-

face of the measured object. It is expressed as lm.

Clinical investigation of skin hydration and lipid conformation

Panel description

A double blind and placebo-controlled clinical evaluation was carried

out on 20 women volunteers aged from 50 to 70 years old with a

mean age 63 years old (�2). The volunteers were pre-selected accord-

ing to their leg skin hydration level, which has to be less than 35 by

corneometry measurement. All the subjects participating in the study

gave their informed consent at the beginning of the study. The selected

volunteers applied the products containing Vetiver extract at 2% (v/v)

or the placebo on their leg twice daily (morning and evening) for

28 days. At D0 and D28, skin hydration and lipid conformation were

analysed by corneometry and Raman spectroscopy, respectively.

Corneometry analysis

The stratum corneum hydration causes changing in its electrical

characteristics. The stratum corneum is like a dielectric corps. Any

modification of its hydration statement causes a variation of the

electric capacity measured by a condenser. Higher is the hydration,

higher is the electric capacity because its dipolar nature increases

the electric permittivity of the environment and its conductibility.

Measurement was performed by the Corneometer� CM 825 TM

(Courage & Khazaka electronics, K€oln, Germany). The probe linked

to a condenser allows applying all the time the same pressure on

the tegument in order to not disturb the measures and obtain good

experimental conditions reproducibility.

The measures were done at D0 and D28 in order to perform

comparative analysis.

Raman spectroscopy

Lipid conformation was evaluated by Raman spectroscopy by mea-

suring the ratio between C-C trans and C-C gauche molecular bond.

This ratio is associated with a compact state in the lipid packing,

whereas a decrease is indicative of a loosening.

The setup included a confocal Raman probe coupled to a disper-

sive Raman spectrograph. The excitation laser beam was sent to

the remote probe via a 5 µm core-diameter fibre and the Raman

signal was conveyed to the spectrograph via 100 µm core-diameter

fibre. The probe was equipped with a 100X long working distance

objective operating in air.

A piezoelectric device made it possible to collect Z Raman profiles

by providing axial measurements from the surface down to a

defined depth in the skin. A colour video camera integrated in the

probe made it possible to visualize the skin surface. This camera is

also useful for controlling the focalization of the laser on the skin.

The spectrograph was equipped with a CCD (Coupled Charge

Detector) of 1024 9 256 elements cooled by Peltier effect, and an

830 grooves/mm grating which makes it possible to cover a large

spectral range from 550 to 3700 cm�1 in a single shot acquisition

with a spectral resolution of about 6 cm�1. The excitation source

was a 660 nm laser diode and the power at sample was fixed at

30 mW in accordance with protection standards for radiation. For

protection against laser radiation, protective glasses are used.

The 660 nm excitation was chosen as the optimal compromise

between generation of parasitic fluorescence and sensitivity of the

CCD camera over the whole spectral range. For skin characterization,

the measurement of high wavenumber vibrations is important to

access information on water content. For data acquisition, the device

was controlled by the Labspec 5 software. The Z profiles consist of in-

depth scanning through the skin. Raman spectra were collected at

different focus points, from skin surface Z = 0 µm to 30 µm (under

the skin surface) with a 3 µm step, leading to a time of 1 minute for

a complete profile. In total, we recorded 240 Raman profiles (2 pro-

files percondition) and each profile comprises 14 spectra. In total, we

recorded 3360 spectra. These measurements will be used for the

evaluation of lipids (Evaluation of skin barrier function). The pre-pro-

cessing of spectral data was performed using Matlab 7.2 (The Math-

Works Inc., USA). Aberrant profiles (bad S/N (signal/noise) ratio,

fluorescence, incomplete profile with a large zero offset, satura-

tion. . .) were excluded from the database. Each non-aberrant profile

was submitted to background corrections, which made it possible to

clean up the Raman signal of the skin. These background corrections

included smoothing spectra with a 9 mm Savitzky–Golay filter,

spikes correction and baseline correction by using a fourth-degree

polynomial function, meant to remove the skin fluorescence. Finally,

Raman profiles were normalized on the intensity of the entire

wavenumber range, with a vector function.

Clinical investigation on sebum production in elderly volunteers

Panel description

A double blind and placebo-controlled clinical evaluation was car-

ried out on 1 group of 30 women volunteers aged from 63 to

70 years with a mean age 67 years old (�2). The volunteers pre-

sented low levels of facial sebum. All the subjects participating in

the study gave their informed consent at the beginning of the

study. The selected volunteers applied the products containing Veti-

ver extract at 2% (v/v) or the placebo on their face twice daily

(morning and evening) for 28 days. At D0 and D28, sebum pro-

duction was analysed using Sebumeter� on forehead and cheek.

Sebum analysis by Sebumeter�

The frosted film is contained in a cassette. The plastic film is matt and

translucent (similar to frosted glass), with a thickness of 100 µm.

The measuring head of the cassette has an area of 64 mm2. A mirror
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is placed under the measuring film at about 1 mm. It is connected to

the cassette by a spring which ensures a constant pressure between

the film and the area that is to be measured. The duration of the

measurement is 30 seconds; it is monitored by a clock built into the

device. Sebum is determined by introducing the cassette head into

the measuring tube. A cell analyses its transparency. The transmitted

light represents the sebum contained on the measured zone. A micro-

processor calculates the results, which are then displayed on the

screen in lg of sebum cm-2 of skin.

Clinical investigation on skin biomechanical property and wrinkles

Panel description

A double blind and placebo-controlled clinical evaluation was car-

ried out on 2 groups of 21 women volunteers aged from 52 to

69 years with a mean age 60 years old (�4). The volunteers pre-

sented a sagging face and wrinkles on the face. All the subjects

participating in the study gave their informed consent at the begin-

ning of the study. The selected volunteers applied the products con-

taining Vetiver extract at 2% or placebo on their face twice daily

(morning and evening) for 56 days. At D0, D28 and D56, skin

biomechanical properties were measured by cutometry. The skin

relief focused on upper lip was analysed by AEVA-HE� (Eotech,

Marcoussis, France) at D0 and D56.

Skin biomechanical properties measured by Cutometer�

The assessment of the skin mechanical properties enables to assess

the functional state of the elastic structures (elastic fibres, curvature

of the connective bundles, wrinkles of the stratum corneum) and the

viscous-behaving structures (interstitial fluids, internal adherences).

The assessment is performed using the Cutometer� MPA 580 (Cour-

age & Khazaka, K€oln, Germany) on cheekbone. The measuring prin-

ciple is based on the suction method. Negative pressure is created in

the device and the skin is drawn into the cylindrical aperture (2 mm

in diameter) of the probe. Inside the probe, the penetration depth is

determined by an optical measuring system. Each suction phase is

followed by a relaxing phase. The resistance of the skin to be sucked

up by the negative pressure and its ability to return to its original

position are displayed as curves at the end of each measurement.

From these curves, the parameters can be calculated. During the suc-

tion phase, the deformation of the skin by the negative pressure mea-

sures first the elastic resistance, then the viscous component, which

taken together represent skin firmness. During the relaxation phase,

the immediate recovery of the skin measures sheer cutaneous elastic-

ity, whereas the delayed return of the skin to its initial position mea-

sures the visco-elastic component. The creep test results that

evaluate the mechanical skin properties are not easy to read into so

several parameters. In this study, we used the R9 parameter. It rep-

resents the effect of fatigue of the skin after several successive aspira-

tions. The more R9 is small, less the effect of fatigue is important.

This parameter was measured at D0 and D56.

Wrinkles analysis by AEVA-HE�: focus on upper lip

The AEVA-HE� system measures the effectiveness of a cosmetic

product without contact skin contact. For this study, we used the

AEVA-HE� system with the 250 sensors in order to measure the

depth, length and number of wrinkles. Based on a fringe projection

unit using light associated with stereometry, the AEVA-HE� system

offers high-resolution 3D scanning. The volunteers were installed

on the VisioTOP-500 benches for accurate and stable positioning

and re-positioning between the different measuring times.

All the clinical studies used the same formula:

AQUA/WATER, +/-VETIVERIA ZIZANIOIDES ROOT

EXTRACT, CAPRIC/CAPRYLIC TRIGLYCERIDE, CETEARYL

WHEAT STRAW GLYCOSIDES, CETEARYL ALCOHOL, PHENOX-

YETHANOL, METHYL PARABEN, PROPYL PARABEN, ETHYL

PARABEN, DIMETHICONE, FRAGRANCE, HEXYL CINNAMAL,

BUTYLPHENYL, METHYLPROPIONAL, CITRONELLOL, ALPHA ISO-

METHYL IONONE, HYDROXYISOHEXYL 3-CYCLOHEXENE CAR-

BOXALDEHYDE,SODIUM HYDROXIDE.

Statistical analysis

All results are presented as mean � standard error of mean of three

independent triplicates. A Shapiro–Wilk test was used to verify whether

the raw data followed the Gaussian Law. In case of normally distributed

data, the mean values were compared using either an unpaired t-test

(≤2 groups) or One-way ANOVA followed by post-hoc test (≥3 groups).

In case of non-normally distributed data, a Kruskal–Wallis test followed

by a Mann–Whitney U test was used for unpaired data.

In all the case, it was considered as a significant results with P < 0.1

with #, P < 0.05 with *, P < 0.01 with ** and P < 0.001 with ***.

Results

Chemical profiling of the Chrysopogon zizanioides exhausted root

extract

The major constituents of the exhausted root extract of Chrysopogon

zizanioides were identified using a dereplication method that combi-

nes Centrifugal Partition Chromatography (CPC), NMR analyses,

and Hierarchical Clustering Analysis (HCA) of NMR spectral data

for pattern recognition. CPC fractionation of the extract resulted in

the production of 13 fractions of simplified chemical composition,

in an increasing order of polarity, and without any loss of material.

All fractions were analysed by NMR and 13C NMR spectra were

submitted to Hierarchical Clustering Analysis for the classification

and visualization of 13C NMR metabolite fingerprints. As illustrated

in Figure 1, the major chemical shift clusters coloured in yellow on

the heat map correspond to the major metabolites of the extract.

With the help of an in-house database containing predicted chemi-

cal shift values of natural metabolites, the correlated chemical

shifts of the most intense cluster 1 in fractions F1-F8 were assigned

to zizanoic acid (ZA). The identification of ZA was confirmed by

checking all 1H-13C and 1H-1H correlations in HSQC, HMBC and

COSY spectra of F1. By using the same method, the correlated

chemical shifts of clusters 2-10 were assigned to oplopanone (clus-

ter 2) detected in F1-F3, isovalencenic acid (cluster 3) detected in

F6-F8, compound X (cluster 4) detected in F1-F3, a mixture of glu-

cose and fructose (cluster 5) detected in the most polar fractions

F10-F12, teuhetenone (cluster 6) detected in F3-F5, compound Y

(cluster 7) detected in F1-F2, compound Z (cluster 8) detected in

F9, compound W (cluster 9) detected in F8-F9, syringaldehyde

(cluster 10) detected in F9, and the minor compounds vanillin

(cluster 11) detected in F8, valencene-11,12-diol (cluster 12)

detected in F1-F2, solanerianone A (cluster 13) detected in F2, and

compound V detected in F6.

The major compounds identified here in the exhausted root

extract of Chrysopogon zizanioides are well-known sesquiterpenic

constituents of Vetiver essential oil [34], except compounds V, W,

Y and Z which have never been described before, and compound X

which is reported here for the first time as a natural compound.
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Detailed NMR data obtained experimentally for all metabolites iden-

tified in extract are given in a Data S1.

Improvement of skin lipids involved in barrier function

In the first part of this study, we were interested to find out

whether Vetiver extract was able to reactivate the lipid synthesis in

the skin barrier.

Therefore, we used an RHE model to prove the efficacy of Vetiver

extract on skin lipids synthesis involved in the skin barrier. The

neosynthesis of lipids was analysed by thin-layer chromatography

(TLC). Here, we quantified the main lipid components of the epider-

mal barrier including ceramides and their precursors. We observed

that Vetiver extract at 1% significantly induced the synthesis of

sphingomyelin, phosphoglycerides, polar ceramides and cerebro-

sides by +42%, 38% and 32%, respectively, in comparison with

untreated condition after 7 days of stimulation (Figure 2). How-

ever, the treatment of the RHE with vitamin C at 200 µg mL�1,

used here as positive control, resulted in a significant stimulation

of polar ceramides and cerebrosides with +68% relative to the

untreated condition. In order to confirm the stimulation of lipid

synthesis using Vetiver extract, we performed a LipidToxTM staining

on human skin explants after 8 days of topical application. We

demonstrated that Vetiver extract at 1% significantly increased the

neutral lipid content from skin explants by +29.6% (Figure 3).

When taken together, these data demonstrated that Vetiver extract
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Figure 2 Effect of Vetiver extract on [14C]-acetate incorporation in polar lipids in reconstructed human epidermis. Quantified results are expressed in % of

untreated condition. Results of independent triplicate are presented as mean � SEM. Statistical analysis was performed using ANOVA followed by Bonferroni’s

multiple comparisons test. The P-values presented are expressed in comparison with untreated condition with *** P < 0.001.
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Figure 3 Panel a: Representative pictures of 1% Vetiver extract’s effect on neutral lipids synthesis (LipidToxTM staining, magnification 920). Panel b:

Immunofluorescence quantification of the surface percentage positive for neutral lipids staining in the stratum corneum. Results of independent triplicate are pre-

sented as mean � SEM. Statistical analysis was performed using Student’s t-test in comparison with untreated condition with ** P < 0.01.
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was able to stimulate the skin barrier lipids at in vitro and ex vivo

levels.

To go further, we designed an in vitro model of differentiation

using keratinocytes to mimic the superficial layer of the skin in

which the production of lipids is intensive. The cell differentiation

was confirmed by the significant increase of CERT expression by

+160% and a particular cell morphology which is typically

observed in differentiated keratinocytes (Figure 4). Then, we anal-

ysed the expression of terminal epidermal differentiation biomarkers

such as involucrin and dermokine in order to demonstrate that the

activation of lipid transport is well correlated to an improvement in

the skin barrier. With the differentiation medium, we demonstrate

a significant increase of involucrin and dermokine expressions by

+166.7% and +351.5%, respectively (Figure 5), proving the correct

cell differentiation and definitively validating our model. Using this

model, we wanted to find out whether Vetiver extract was able to

promote lipid transport and organization for the formation of the

cornified envelope. Therefore, we showed that Vetiver extract at

1% applied for 5 days significantly induced CERT expression by

+124.5% (Figure 4) and we evidenced a similar effect from the pos-

itive control which is the differentiation medium here. Moreover,

we observed that a 5-day treatment with Vetiver extract at 1% sig-

nificantly stimulated the expression of involucrin by +69% and the

expression of dermokine by +90%. These results confirmed that

Vetiver extract was able to promote the cell differentiation mecha-

nism through lipid transport and stimulation of two key cornified

proteins (Figure 5).

Finally, we carried out a clinical study in order to confirm that

Vetiver was able to improve skin barrier and related lipid content

and thereby to provide skin hydration. In this study, we compared

the efficacy of a cream at 2% Vetiver extract with a placebo

cream, after 28 days of twice daily application, on skin hydration
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Figure 4 Panel a: Representative images of the impact of Vetiver extract in CERT immunofluorescence staining in NHEKs in comparison to the differentiation

medium-treated condition (Magnification 910). Panel b: Immunofluorescence quantification of the surface percentage positive for CERT staining in NHEKs.

Results of independent triplicate are presented as mean � SEM. Statistical analysis was performed using Kruskal–Wallis test followed by Mann–Whitney U test

in comparison with untreated condition with *** P < 0.001.
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and lipid conformation using corneometry and Raman spec-

troscopy analyses. After 28 days, we observed a significant

improvement of skin hydration with Vetiver at 2% by +28.5%
compared with D0 as shown in Figure 6. This effect was signifi-

cantly higher than the placebo with +7% (Figure 6). During the

study, we also analysed the lipid conformation by Raman

spectroscopy and we showed a significant improvement of lipid

conformation by +39.6% relative to D0 with the cream at 2%

Vetiver extract while the placebo didn’t have any relevant impact.

Again, the product at 2% Vetiver extract demonstrated a signifi-

cant and more effective impact than the placebo after 28 days of

application (Figure 7).
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Figure 5 Panel a: Representative pictures of Vetiver extract’s effect in dermokine and involucrin immunofluorescence staining in NHEKs (Magnification 9 10).

Panel b: Immunofluorescence quantification of the surface percentage positive for involucrin and dermokine staining in NHEKs. Results of independent triplicate

are presented as mean � SEM. Statistical analysis was performed using ANOVA followed by Bonferroni’s multiple comparisons test for dermokine quantification

and Tukey’s multiple comparisons test for involucrin quantification. The p-values presented are expressed in comparison with untreated condition with **
P < 0.01 and *** P < 0.001.
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The results proved that the product containing Vetiver extract

stimulates moisturizing of the skin and improves the lipid confor-

mation of the skin at the clinical level after 28 days of application.

Improvement of quality and quantity of lipids from sebum

Secondly, we demonstrated that Vetiver extract was not only able

to stimulate the synthesis of lipids from keratinocytes but also from

sebocytes. The treatment of sebocytes cell line with Vetiver extract

at 1% showed a significant induction of sebum production by

+31% as observed by the lipid droplet formation from sebocytes

after 7 days of treatment compared with the control (Figure 8). In

overall skin lipids synthesis, we evidenced the production of some

specific Free Fatty Acids (FFAs) from sebaceous cells model. The

biochemical exploration was carried out on Lauric acid (C12:0)
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Figure 6 Impact of products containing or not containing Vetiver extract

at 2% on skin hydration after 28 days of application analysed by corneome-

try. Results are presented as mean � SEM. Statistical analysis was performed

using Student’s t-test in comparison with * P < 0.05, ** P < 0.01 and ***
P < 0.001.
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Figure 7 Impact of products containing or not containing Vetiver extract

at 2% on lipid conformation after 28 days of application analysed by Raman

spectroscopy. Results are presented as mean � SD. Statistical analysis was

performed using Kruskal–Wallis test followed by Mann–Whitney U test with

* P < 0.05.
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Figure 8 Lipid accumulation analysis in sebocytes cell line after 7 days of

treatment with Vetiver extract at 1%. The results were compared with a

stimulated control (untreated condition with lipogenic mix). Results of inde-

pendent triplicate are presented as mean � SEM. Statistical analysis was per-

formed using ANOVA followed by Bonferroni’s multiple comparisons test.

The P-values presented are expressed in comparison with untreated condi-

tion with *** P < 0.001.
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Figure 9 Lipid analysis and quantification after 7 days of treatment with

Vetiver extract at 1%. Results of independent triplicate are presented as

mean � SEM. Statistical analysis was performed using ANOVA followed by

Bonferroni’s multiple comparisons test. The P-values presented are expressed

in comparison with untreated condition with * P < 0.05 and ** P < 0.01.
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and Sapienic acid (C16:1, D6). After 7 days of treatment with Veti-

ver extract at 1% on sebocytes, the FFAs were collected and quan-

tified by GC/MS. We showed that the extract induced a significant

stimulation of the Lauric and Sapienic acids, by +42% and by

+43%, respectively (Figure 9).

We performed a clinical study focusing on sebum production on

mature panel members. More precisely, the study was carried out

on 30 women aged 67 � 2 years old who had a low facial sebum

level. Volunteers twice daily applied the cream at 2% Vetiver

extract or placebo cream in hemi face for 28 days. The sebum pro-

duction was measured using Sebumeter� on two different areas

including forehead and cheeks. We demonstrated that Vetiver

extract at 2% induced a significant increase of sebum production

on forehead and cheeks in comparison with D0 by +99% and

+78% (Figure 10), respectively. Moreover, these inductions are sig-

nificantly higher than the placebo with +34% on forehead and

+53% on cheeks (Figure 10).

Therefore, we demonstrated that Vetiver extract at 2% is able to

reactivate the sebum production that is drastically reduced on

mature people.

Reshaping skin face by improvement of lipids synthesis from

adipocytes

Thirdly, we evaluated the impact of Vetiver extract on the third

source of skin lipids: the adipocytes. The lipogenesis activity has

been evaluated on ex vivo full-skin explants via the measurement of

the average of adipocyte size represented by the equivalent circular

diameter (ECD). The distribution of adipocytes (in percentage) was

ranged in three classes according to their size: the first part from

20 to 60 lm, the second from 60 to 100 lm and the third from

100 to more than 140 lm. For each class, the number of adipo-

cytes was normalized according to the untreated values (Fig-

ure 11). In panel A, we can observe that the number of small

adipocytes (class 20 to 60 lm) is significantly increased by 26% in

presence of Vetiver extract. In the middle part of the range size

(class 60 to 100 lm), there is a slight decrease in the number of

adipocytes in panel B. Finally, in the panel C, we can observe that

the extract significantly increased the number of large adipocytes

(class 100 to 140 lm) by +189%. These results could be the conse-

quence of two mechanisms; the increased number of the small adi-

pocytes due to the recruitment of new adipocytes by adipogenesis

process (adipocyte differentiation) and the increased number of the

large adipocytes due to an increase of the volume of adipocytes (li-

pogenesis). Therefore, we then performed an evaluation of the abil-

ity of Vetiver extract to induce the adipogenesis on pre-adipocytes

in order to confirm the hypothesis previously emitted. The pre-adi-

pocytes were stimulated for 13 days with Vetiver extract at 3%. At

the end of the treatment, the quantity of lipids was quantified via

the mean fluorescence intensity of AdipoRedTM staining. We demon-

strated that Vetiver extract was able to significantly increase the

adipogenesis in pre-adipocytes by 935 (Figure 12) and therefore

induce the apparition of new small adipocytes.

The induction of lipogenesis on adipocytes can be reflected at

in vivo level by a redefinition of volume due to the plumping effect

that adipocytes can have on the tonicity, firmness and the fatigue

of the skin. We carried out a clinical study to evaluate the skin fati-

gue parameter via the analysis of the R9 parameter. The evalua-

tion was performed by Cutometer� on a panel of mature

volunteers before and after 56 days of twice daily application of a

cream containing or not the extract at 2%. After 56 days of appli-

cation, we demonstrated a significant decrease by 23.2% of this

parameter reflecting a significant improvement of skin biomechani-

cal properties in comparison to D0 in presence of product contain-

ing the extract at 2%. It significantly decreased by 17.8% in

comparison with placebo (Figure 13).

Finally, we analysed the anti-wrinkles efficacy of the product

containing or not Vetiver extract at 2% after 56 days of applica-

tion on skin face. The products were applied on the face on vol-

unteers presenting wrinkles at the peri-labial area. After 56 days

of application, we observed a significant reduction by 18.1% of

wrinkles depth on peri-labial area on the volunteers treated with

the product containing the extract in comparison to D0. More-

over, the comparison with placebo group evidenced a significant

decrease of wrinkles depth by �4.3% with the product contain-

ing Vetiver extract at 2% even though the placebo showed a
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Figure 10 Panel a: Impact of products with or without Vetiver extract at 2% on forehead sebum production after 28 days of application. Panel b: Impact of

products with or without Vetiver extract at 2% on cheek sebum production after 28 days of application. Results are presented as mean � SEM. Statistical anal-

ysis was performed using Student’s t-test in comparison with untreated condition with * P < 0.05, *** P < 0.001.
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significant decrease relative to D0 (�13.8%). This effect was

observed on 100% of volunteers versus placebo (Figure 14).

Discussion

Skin integrity is a delicate balance, and its maintenance requires

many factors to play a role. It is well described today that

skin lipids have a major role in maintaining skin integrity [3,35].

As previously described, different lipids are produced by the skin

cells, mainly by keratinocytes during the differentiation process,

by sebocytes through sebum synthesis [36] and finally by

adipocytes [21].

Intrinsic ageing disrupts this integrity by slowing the differentia-

tion mechanism of keratinocytes and pre-adipocytes [16,30] and

by reducing lipogenesis in sebocytes and adipocytes [26]. The

renewal of skin lipids is disturbed and this results in dehydration,

sagging of the skin and finally appearance of wrinkles [9,10,19].

We decided to evaluate the capability of Vetiver extract to boost

the synthesis of skin lipids and to improve their quality. the tradi-

tional use of Vetiver essential oil was essentially based on its ability

to act as anti-inflammatory, antimicrobial and healing agent but

also as a potential moisturizing and rejuvenating agent (non-ex-

haustive properties) [1,2]. The dereplication of the Vetiver extract

has identified zizanoic acid (ZA) as a major constituent which will

serve as a chemical tracer for standardization. The extract has a

specific composition that differentiates from Vetiver oil [34]. Haitian

Vetiver oil is predominantly composed of primary alcohol sesquiter-

penes khusimol and isovalencenol. Vetiver extract unicity comes

from its richness in carboxylic acid sesquiterpenes: zizanoic acid

and derivatives (compound Z and W), isovalencenic acid and com-

pound Y; but also the presence of ketones, oplopanone, teuhete-

none, solanerianone A. The composition being different from

Vetiver oil, it was interesting to further peruse the biological evalu-

ation of the extract.
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Figure 11 Impact of Vetiver extract at 3% on adipogenesis on ex vivo full skin. The number of adipocytes was ranged by ECD, in panel a from 20 to 60 µm,

in panel b from 60 to 100 µm and in panel c from 100 to 140 µm. The results of independent triplicate are expressed in per cent of untreated condition as

mean � SEM. Statistical analysis was performed using Student’s t-test in comparison with untreated condition with * P < 0.05 and *** P < 0.001.

© 2020 Givaudan France SAS Argenteuil. International Journal of Cosmetic Science published by John Wiley & Sons Ltd
on behalf of Society of Cosmetic Scientists and Societe Francaise de Cosmetologie

177

International Journal of Cosmetic Science, 43, 165–180

Overall renewal of skin lipids as anti-ageing strategy M. DE TOLLENAERE et al.



We firstly demonstrated that Vetiver extract was able to stimu-

late the lipid synthesis and their transport on keratinocytes. In the

RHE model, we demonstrated that Vetiver extract induced the syn-

thesis of sphingomyelin, phosphoglycerides, polar ceramides and

cerebrosides. These lipids promote good integrity of the skin barrier

[6,9]. Then we demonstrated using neutral lipid staining that, in

the presence of Vetiver extract, the lipid levels on the skin dramati-

cally increased. Continuing with this demonstration, in an in vitro

culture of keratinocytes, we proved that Vetiver extract signifi-

cantly stimulated the expression of CERT, a molecule involved in

the transport of ceramides [5,7]. We also showed that Vetiver

extract fortified the skin barrier by increasing the expression of

involucrin and dermokine, two key proteins of the cornified layer

[11]. This was in accordance to the keratinocyte morphology

observed in our differentiation model. The overall improvement of

the skin barrier related to this increase of lipid quantity was then

confirmed by an in vivo study carried out on 20 volunteers using

corneometry measurement. Skin hydration was significantly

improved after 28 days of twice daily application of cream contain-

ing 2% of Vetiver extract. This increased hydration might be

explained by the improvement of lipid conformation initiated by

Vetiver extract. Indeed, thanks to the Raman spectroscopy analysis,

the lipid conformation can be determined by measuring the ratio

between the C-C trans and C-C gauche molecular bond. This ratio is

associated with a compact state in the lipid packing [37], as

observed with a treatment with Vetiver extract.

Skin integrity is also provided by the lipids from sebum. Indeed,

these lipids are specific and contribute to the hydration of the skin

[16]. Therefore, Vetiver extract was evaluated in an in vitro model

of sebocytes where it significantly stimulated lipid synthesis after

7 days of treatment. These lipids also participate in the skin’s

immunity [15,17], so Vetiver extract was also evaluated with

regards to its ability to improve the quality of the sebum via

Antimicrobial Lipids (AML) production [17]. The presence of Veti-

ver extract increased the content of Lauric acid and Sapienic acid,

two recognized AMLs. Finally, we confirmed the impact of Vetiver

extract on sebum production on 30 mature women who had very

low levels of facial sebum. A low level of sebum is known to be cor-

related to skin dryness [26]. After 28 days of application of the

cream at 2% of Vetiver extract, we demonstrated a clear and signif-

icant improvement of the quantity of sebum on the volunteers’

cheeks and foreheads.

Boosting the adiposity was the final step on our global anti-age-

ing strategy; the facial fat loss of adipose tissue having a direct

impact on the appearance of wrinkles [19,28]. We decided to eval-

uate the ability of Vetiver extract to stimulate the adipogenesis of

pre-adipocytes and lipogenesis of adipocytes. We demonstrated on

ex vivo skin full explants that the extract was able to significantly

increase the number of small adipocytes, supposing an impact on

adipogenesis. The stimulation of pre-adipocytes differentiation was

then confirmed at in vitro level. Moreover, Vetiver extract exerted

an activity on adipocytes maturation on the skin explants, demon-

strated by the increase of large adipocytes number. The hypothesis

of filling the wrinkles by boosting the adipocytes maturation and
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Figure 12 Impact of Vetiver extract at 3% on adipogenesis on pre-adipo-

cytes. The results of independent triplicate are expressed in mean fluores-

cence intensity (A.U.) � SEM. Statistical analysis was performed using

Student’s t-test in comparison with untreated condition with * P < 0.05.
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Figure 13 Impact of product with or without Vetiver extract at 2% on skin

fatigue (R9 parameter) measured by Cutometer� after 56 days of applica-

tion. Results are presented as mean � SEM. Statistical analysis was per-

formed using Student’s t-test in comparison to Day 0 and with placebo
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Figure 14 Wrinkles depth analysis from peri-labial area after 56 days of

cream application containing or not Vetiver extract at 2% using AEVA-HE.

Results are presented as mean � SEM. Statistical analysis was performed

using Student’s t-test in comparison to Day 0 and with placebo group with

* P < 0.05 and *** P < 0.001.
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their number was then confirmed at the clinical level. We studied

the anti-wrinkles efficacy of Vetiver extract on a large panel of 42

mature volunteers who had fine to deep wrinkles on the studied

areas in order to demonstrate its effect in all types of wrinkles. The

biometric measures showed an improvement of skin fatigue. The

wrinkles depths from peri-labial area after 56 days were decreased

significantly in both groups. The effect of the placebo formula is

not negligible but the improvement brought by the extract was sig-

nificantly higher in comparison with the placebo. This study

allowed us to confirm a clear anti-ageing effect of the extract.

Conclusion

Nowadays, Vetiver roots are mainly used in the perfume industry

as an iconic plant and become a waste once they are distilled. We

started with the idea that the upcycling of exhausted Vetiver roots

could bring with it a new trend of consumption in the cosmetic

industry.

We demonstrated both in vitro and ex vivo that the extract was

able to increase the quantity and the quality of lipids produced by

keratinocytes, sebocytes and adipocytes leading to an overall

renewal of skin lipids. Then, via various clinical studies, we con-

firmed in a panel of mature women the efficacy of the extract on

increasing skin hydration, sebum content and decreasing of ageing

signs.

We thus conclude that Vetiver extract has an anti-ageing effect

by promoting the renewal of lipids in each skin layer.
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