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Introduction

The elastic network confers mechanical properties to different tissues, including skin. Dermal elasticity relies indeed on the presence of mature elastic fibers containing the elastin protein. Mature elastin is a very resistant hydrophobic polymer with a 70 years' half-life and poor renewing in adults. Dermal mature elastin is composed of tropoelastin molecules produced by fibroblasts, bound to microfibrils by lysyl oxidases cross-linking (LOX and LOXL1) [START_REF] Liu | Elastic fiber homeostasis requires lysyl oxidase-like 1 protein[END_REF].

Elastic fibers are mainly synthetized during the last third of foetal life with a peak after birth. Then, elastin expression is reduced while elastases expression is increased, leading to progressive degradation of the elastic fiber network and to a loss of elasticity throughout life. This enzymatic fragmentation of elastic fibers in the dermis, called elastolysis, occurs during intrinsic aging and photoaging, involving cleavage of elastic fibers by metalloproteinases (MMP 2,7,9 and 12), leukocyte or vascular elastase or fibroblast elastase (neprilysin) [START_REF] Huertas | Degradation of tropoelastin and skin elastin by neprilysin[END_REF]. Experimental studies used porcine pancreatic elastase to induce elastic fibers degradation as observed in aged sun-protected skin [START_REF] Braverman | Studies in Cutaneous Aging: I. The Elastic Fiber Network[END_REF]. Pancreatic elastase is more active than leukocyte elastase to digest elastin, with acute specificity [START_REF] Kruze | Purification and some properties of a neutral protease from human leukocyte granules and its comparison with pancreatic elastase[END_REF]. Indeed, leukocyte elastase has natural substrates including elastin, but also collagen types I, II, III, IV, and fibronectin, whereas pancreatic elastase digests elastin and denatured (but not native) collagen. The loss of skin elasticity in aging is also due to the lack of elastin fibers maturation because of decreasing LOXL1 expression [5-6-7] and non-enzymatic glycation [START_REF] Wang | Effect of glucose on the biomechanical function of arterial elastin[END_REF]. To prevent the enzymatic degradation of the elastin network, epithelia produce elafin, an endogenous inhibitor of elastases, as reported after UVA stress [START_REF] Alam | Role of the endogenous elastase inhibitor, elafin, in cardiovascular injury. From epithelium to endothelium[END_REF].

Different pharmacological approaches were proposed to counteract the negative effects of elastases on elastin fibers, such as minoxidil [START_REF] Tsoporis | Arterial vasodilation and vascular connective tissue changes in spontaneously hypertensive rats[END_REF] or ellagic and tannic acids [START_REF] Jimenez | Ellagic and Tannic Acids Protect Newly Synthesized Elastic Fibers from Premature Enzymatic Degradation in Dermal Fibroblast Cultures[END_REF]. Dill or Anethum graveolens belongs to Apiaceae family and had been used in traditional medicine to stimulate food digestion and for its anti-spasmodic action. Dill extract treatment helps inducing elastogenesis by preventing glycation on elastic network in streptozotocin diabetic rats [START_REF] Oshaghi | Aqueous Extract of Anethum Graveolens L. has Potentia-l Antioxidant and Antiglycation Effects[END_REF] and by improving maturation of elastin network during aging through increasing LOXL1 and tropoelastin expression in aged human fibroblasts, in adult human skin explants and old mouse vascular smooth muscle cells [7-13-14]. This increase in LOXL1 gene expression, led to an improvement of elastin cross-linking in adult skin biopsies [START_REF] Meza | A blackberry-dill extract combination synergistically increases skin elasticity[END_REF] that enhanced dermis equivalent elasticity [START_REF] Sohm | Evaluation of the efficacy of a dill extract in vitro and in vivo[END_REF] and vascular function in aged mice [START_REF] Fhayli | Dill Extract Induces Elastic Fiber Neosynthesis and Functional Improvement in the Ascending Aorta of Aged Mice with Reversal of Age-Dependent Cardiac Hypertrophy and Involvement of Lysyl Oxidase-Like-1[END_REF]. However, the underlying mechanisms of the positive actions of dill extract on elastic network is not known. The aim of the present study is to confirm the potential effect of dill extract on the cutaneous elastic fibers and to decipher the underlying mechanisms using in vitro and in vivo experiments. Using pancreatic elastase to induce a specific elastin network injury, we studied dill extract capacity to preserve the elastic fibers network in the skin. Since elafin, also known as peptidase inhibitor 3 (PI3), is the major endogenous inhibitor of elastases, we finally checked whether dill extract had an effect on PI3 gene expression.

Materials and Methods

Dill extract preparation

Dill seeds (batch 20958, Leon Cailleau herboristerie, Chemille, France) were grinded with a coffee grinder during 30 seconds and then 5g of this powder were melted in 100mL of distilled water during one night at 4°C. After, this solution was centrifuged 15min at 8000g at 4°C and filtered until 0.22µm and stored at -20°C until further use. The solution obtained was considered at concentration 100%.

Cell culture

Healthy neonatal human dermal fibroblasts (NHDF) from juvenile foreskins provided by Promocell, Heidelberg, Germany were grown in Dulbecco's Modified Eagle's Medium: Nutrient Mixture F-12 (DMEM/F12, Gibco, Life Technologies, Carlsbad, CA, USA) with Fetal Bovin Serum (Gibco, Life Technologies, Carlsbad, CA, USA) 1X penicillin/streptomycin (Sigma Aldrich, Saint Quentin Fallavier, France).

Cells were cultured with serum until one week after confluence, then 1.25µg pancreatic elastase and 0 or 5% aqueous seed dill extract were simultaneously added to serum-free culture medium during 6h to study the effects of the elastase and dill extract co-addition.

After that, cells were frozen dry for RNA isolation or fixed with methanol 100% for immunofluorescence experiments.

Immunofluorescence assay for elastin

Aspecific sites were blocked by goat serum (Sigma Aldrich, Saint Quentin Fallavier, France), rabbit primary anti-elastin antibody (Abcam, Cambrige, United Kingdom) and/or secondary antibody goat anti-rabbit Alexa Fluor 488 (Molecular Probes, Life Technologies, Carlsbad, CA, USA) were incubated.

Nuclei were labelled with bis-benzimide Hoechst 33258 (Sigma-Aldrich, Saint Quentin Fallavier, France). Fluorescence was visualized using Eclipse Ti-E 300 inverted microscope (Nikon, Champignysur-Marne, France) with a CoolSnap fx CCD camera (Photometrics, Tucson, AZ, USA) and MetaVue software (Universal Imaging Corporation, West Chester, PA, USA). Image analysis was performed using imageJ Software (National Institut of Health, Bethesda, USA), in order to compare nucleus numbers between fluorescence area for elastin.

Animal experiments

Adult male C57BL6 mice (27.2 ± 1.9g) purchased from Janvier labs, Le Genest Saint Isle, France, were housed with ad libitum access to food and water, in a temperature-controlled room (approximately 23°C) with a 12-hour light/dark cycle. All experiments were conducted in accordance with European Union recommendations for animal experimentation and approved by the French ethics committee.

Special effort was made to minimize the number as well as the stress and suffering of mice used in this study.

All mice received, under isoflurane anaesthesia, an intradermal injection in both legs: either the vehicle Tris-HCl 50mM, pH 7.5 for the control group (CTRL) or 5µg porcine pancreatic elastase (Sigma-Aldrich, Saint Quentin Fallavier, France) for the 2 elastase groups.

The dill extract treatment (10%) was added to tap water on day 2 (D2) following intradermal elastase injection and was sustained until day 30 (D30) in the elastase+10% dill extract group only, whereas the control group received untreated tap water. The groups were investigated 2 and 30 days after the injections.

Elastic fiber network integrity

Skin mouse biopsies performed on day 2 were fixed in 4% paraformaldehyde, embedded in wax, sectioned at 5µm before fushin resorcin staining to dye elastic fibers in purple and observed using microscope DM 750 Leica microsystems Wetzlar Germany. On the contrary, at day 30 skin mouse biopsies were embedded in OCT medium and were sectioned at 50µm. Then, elastin fibers were excited at 760nm and visualised with the 473-694nm filter of an LSM 780 microscope and acquired with the Zen Black software, Carl Zeiss, Oberkochen, Germany.

Mouse skin mechanical behavior

Fresh mouse skin was excised on day 2 and 30 (CTRL, elastase+0% dill extract and elastase+10% dill extract) and was tested using a custom-designed oscillatory squeeze flow rheometer in which the axial compression of a thin cylindrical sample between two circular parallel plates produces a shear deformation in the axial-radial plane [START_REF] Nicolle | Shear linear behavior of brain tissue over a large frequency range[END_REF]. The magnitude of the vertical displacement is 20Å so that the shear mechanical properties are measured at very low strain ɤ ~ 10 -6 , insuring non-destructive testing. All samples comprising epidermis and dermis (500 to 1020μm thickness) were glued on the rheometer plates using cyanoacrylate adhesive Superglue 3 Loctite (Henkel, Boulogne-Billancourt, France) to prevent slip at the plates. The entire device, including the sample, was maintained at 37°C in a wet chamber [START_REF] Nicolle | Dehydration effect on the mechanical behaviour of biological soft tissues: Observations on kidney tissues[END_REF]. The oscillation frequency f ranged from 0.1 to 250Hz.

The sample is negligibly compressible, its time-dependent mechanical response is therefore characterized by the complex modulus G*(ω) = G'(ω) + iG"(ω), function of the angular frequency ω=2πf, where f is the oscillation frequency, i is the imaginary unit, G' is the storage modulus governing the elastic response, and G" is the loss modulus governing the viscous response. In the linear limit of the model proposed by Nicolle and Palierne [START_REF] Nicolle | Dehydration effect on the mechanical behaviour of biological soft tissues: Observations on kidney tissues[END_REF], corresponding to Bagley [START_REF] Bagley | On the fractional calculus model of viscoelastic behavior[END_REF] and Kiss [START_REF] Kiss | Viscoelastic characterization of in vitro canine tissue[END_REF], the absolute modulus of biological soft tissues varies with frequency according to:

|G* |=Κ (ιω) n
the real and the imaginary part of which being, respectively,

G'= Κ cos(nπ/2)ω n , G" = Κ sin(nπ/2)ω n
The consistency K and the consistency index n (0≤ n ≤ 1) are the two material parameters of the model, the index n representing the degree of viscoelasticity of the tissue, with n = 0 for a perfectly elastic body and n = 1 for a Newtonian viscous fluid. We used measurements of the absolute modulus as a function of ω(or equivalently f ) for identification of the material parameters K and n using a Lenvenberg-Marquadt based algorithm available in OriginPro2019® software (OriginLab corporation, Northampton, Massachusetts, USA).

| G*|= √ (G' 2 + G" 2 ) = Κω n

Dill extract effect on pancreatic elastase

Different concentrations of the specific elastase inhibitors N-methoxysuccinyl-Ala-Ala-Pro-Valchloromethyl ketone and MAAPVCK (0, 0.001, 0.01, 0.1mM) were compared to dill extract at 2% and 5% in presence of 0.1UI (1.60µg) of pancreatic elastase using EnzChek® Elastase Assay Kit (Molecular Probes, Life Technologies, Carlsbad, CA, USA). Fluorescence was detected using fluorescein filter by Magellan Infinite M1000 (TECAN, Salzburg, Austria) after 20min incubation.

Elafin relative expression

NHDF were cultured under the same conditions as in elastic network preservation experiment. At the end of experiment, total RNA was isolated with TRIzol™ Reagent protocol (Invitrogen, Villebon sur Yvette, France), quantified by nanodrop (ThermoFisher scientific, Waltham, USA) and its quality checked by 1.5% agarose gel electrophoresis. Then, 500ng of RNAs were reverse transcripted with PrimeScript™ RT reagent kit (Takara, Shiga, Japan). Twenty-five nanograms of total cDNA were amplified by real-time RT-PCR using SYBR® Premix Ex Taq II (Takara, Shiga, Japan). Elafin and RLP13 A primers were provided by Eurogentec, Seraing, Belgium. Elafin forward:

5' GTTTCAGTTAAAGGTCAAGA 3' and elafin reverse: 5' GTCAGTATCTTTCAAGCAGC 3' . RPL13A forward:

5' GATGGTGGTTCCTGCTGCCC 3' and RPL13A reverse: 5' GGCTTTCTCTTTCCTCCTCTCCTCC 3' . The amplification reaction was monitored with AriaMx RealTime PCR system (Agilent Genomics, Santa Clara, CA, USA). The relative quantification was then calculated using 2ΔCt method.

Statistical analysis

Statistical analysis was performed using PRISM (version 7.0, Graphpad Software Inc.). Results were expressed as mean ± SD. One-and two-way repeated measures analysis of variance, followed by Bonferroni's multiple comparison test if appropriate, were used to determine significance between groups. A p-value less than 0.05 was regarded as statistically significant.

Results

Dill extract prevents elastase-induced injury in neonatal human dermal fibroblast (NHDF).

One week after confluence of healthy NHDF, elastin immunofluorescence revealed an abundant and well-organised elastin network with long fibers, as seen in the control group (shown in Fig. 1. a). In the absence of dill extract treatment, elastase decreased elastin network fluorescence by 1.5-fold and shortened elastin fibers (Figure 1b), suggesting an efficient enzymatic digestion within 6 hours. Coaddition of 5% dill extract treatment and elastase allowed the observation of long elastin fibers (shown in Fig. 1. b), equivalent to control.

Dill extract prevents elastase-induced injury in mice.

Before dill extract treatment at 2 days (D2) post elastase injection, fuchsine resorcine staining showed long elastic fibers in the papillary dermis of control mice and in elastase mice and very few shortened elastic fibers in reticular dermis (shown in Fig. 2. a), proving that elastase had not injured elastic fibers yet. Mechanical properties on D2 also showed that the average absolute modulus of control mice skin was the same as that of elastase treated mice (shown in Fig. 2. b) in accordance with the microscopic analysis of elastic fibers. On the contrary, 30 days (D30) after the intradermic elastase injection without dill extract treatment (elastase+0% dill extract) we observed shortening of elastics fibers in the papillary dermis compared to untreated control mice (shown in Fig. 3. a). On average the absolute moduli (shown in Fig. 3. b) were reduced significantly between 15.8 and 251Hz in elastase-treated mice compared to controls, resulting in a significantly smaller consistency K with unchanged index n at 0.15, value corresponding to a viscoelastic tissue (shown in Fig. 3 c).

In the "elastase+10% dill extract" treated group, the elastic fiber network was preserved at D30.

Indeed, the elastic fibers remained long and were present in the papillary dermis, close to the epidermis, as in control mice (shown in Fig. 3 

Indirect effect of Dill extract on elastase activity.

To check direct effect of dill extract on elastase activity we compared elastase activity with dill extract In order to identify an indirect inhibition, the relative PI3 gene expression was explored. We showed that the PI3 gene expression was very low in healthy NHDF (control) and that dill extract on its own did not increase it. The addition of elastase alone (elastase+0% dill extract) did not increase significantly PI3 gene relative expression. In contrast, dill extract treatment in the presence of elastase (elastase+5% dill extract) resulted in a 6-fold increase of the PI3 gene relative expression (shown in Fig.

b).

Discussion/Conclusion

This study is the first to reveal that dill extract can prevent elastic fiber degradation by elastase via an indirect route involving elafin to promote inhibition of elastase activity. Indeed, we proved, first in young fibroblasts under in vitro conditions, that 5% dill extract was able to prevent elastin degradation by elastase. Then, we confirmed in vivo that dill extract is able to prevent the effect of elastase in adult mice, leading to the preservation of elastic fibers and skin mechanical properties. Furthermore, we reported that PI3 gene (elafin coding gene) expression was increased in dermal fibroblasts when elastase and dill extract were both present.

We found that elastic fibers were digested by a single injection of pancreatic elastase in healthy mice, that was previously proposed as a model to study aging on elastin fibers [START_REF] Braverman | Studies in Cutaneous Aging: I. The Elastic Fiber Network[END_REF], although elastases responsible for the elastin degradation during aging are leukocyte and neutrophil elastases and MMPs.

Indeed, the increase of elastase activity in aged skin led to the reduction of elastic fibers in the papillary dermis and to elastic fiber alteration in the reticular dermis [START_REF] Robert | Physiology of skin aging[END_REF]. Similar observations on human skin elastic network were found in Williams Beuren Syndrome (WBS), involving deletion of the elastin gene.

In WBS patients, skin bears premature aging, loses elastin (1.6% content versus 6% for control) and

shows fragmented and damaged dermal fibres looking like those of a 90-year-old control, and more sensitive to elastase digestion [START_REF] Heinz | Elastins from Patients with Williams-Beuren Syndrome and Healthy Individuals Differ on the Molecular Level[END_REF]. Our model consisting of a single intradermic elastase injection in healthy mice one month prior to observation is thus relevant to the study of elastic fibres pathologies since it shares characteristics with aging or WBS.

In the present study, we showed that the co-addition of 5% dill extract simultaneously with elastase in healthy NHDF protects the integrity of the elastin network against elastase injury, indicating a preventive effect of dill extract. In an aged reconstructed human skin, the elastin network was improved with 1% dill extract treatment without mRNA elastin up-regulation [START_REF] Cenizo | LOXL as a target to increase the elastin content in adult skin: a dill extract induces the LOXL gene expression[END_REF]. This suggests that beneficial effects of dill extract on impaired elastic network could be due to a reduced degradation rather than an increase of elastin synthesis. In addition to the in vitro protective role of dill extract on elastin, our in vivo data confirmed its preventive effect on the elastic network in mouse skin. Indeed, one month after intradermal elastase injection, skin in mice that received 10% dill extract per os exhibited long and organized elastic fibers in the papillary dermis similar to control skin. Under dill extract treatment, elastic fibers were preserved, underlying a dill extract-mediated preservation of elastin network through protective effect against elastase injury. This observation has been reported previously in old mice, where 10% dill extract treatment reduced aortic elastic lamella disruptions by 33% compared to control [START_REF] Fhayli | Dill Extract Induces Elastic Fiber Neosynthesis and Functional Improvement in the Ascending Aorta of Aged Mice with Reversal of Age-Dependent Cardiac Hypertrophy and Involvement of Lysyl Oxidase-Like-1[END_REF].

Soft tissues are viscoelastic, their mechanical behaviour being intermediate between elastic (solid) and viscous (liquid). The viscoelasticity of skin was studied by Gerhardt [START_REF] Gerhardt | A novel method for visualising and quantifying through-plane skin layer deformations[END_REF], Lamers [START_REF] Lamers | Large amplitude oscillatory shear properties of human skin[END_REF] and by Nicolle [START_REF] Nicolle | New regime in the mechanical behavior of skin: strain-softening occurring before strain-hardening[END_REF], whilst the mechanical properties of elastin fibers at low strain has often been assumed to be purely elastic [START_REF] Lokshin | Micro and macro rheology of planar tissues[END_REF]. Small-strain viscoelasticity is encoded in the dynamic absolute modulus |G*|, ratio of the shear stress to the shear strain in oscillatory regime. In the present study, we showed that n, the degree of viscosity was unchanged between control and elastase with or without dill extract treatment, showing that skin viscosity was unaffected by treatment, while the dynamic absolute modulus of the whole mouse skin injured by elastase was lower than control skin over the explored frequency range, as the consistency K. Mechanical tests were thus able to discriminate mechanical functionalities of elastic fibres, since these fibers were specifically injured, pointing to the role of the elastin network in the skin elastic resistance. The decrease in moduli when the elastin network was fragmented causes a loss of skin elasticity, commonly observed in aging [START_REF] Boyer | Dynamic indentation on human skin in vivo: ageing effects[END_REF][START_REF] Boyer | Non-contact method for in vivo assessment of skin mechanical properties for assessing effect of ageing[END_REF] and when elastin was enzymatically removed [START_REF] Daly | Age-related Changes in the Mechanical Properties of Human Skin[END_REF]. The age-related loss of elasticity could thus be caused by digestion of elastic fibers by enzyme like elastases. In contrast, elastic modulus and desmosin rate were found to increase in a collagen gel with vascular smooth muscle cells overexpressing lysyl oxidase enzyme responsible for collagen and elastin cross-links [START_REF] Elbjeirami | Enhancing mechanical properties of tissue-engineered constructs via lysyl oxidase crosslinking activity[END_REF]. The decrease of K at low strain on skin treated with elastase only, showed that the skin was more deformable due to elastic fibers disconnection, observed also by microscopy. Altogether these studies suggest that the loss of elasticity with elastase injury is due to a gradual destruction of the elastin network cross-links, as reported in WBS patients, displaying reduced viscoelastic and Young's modulus [START_REF] Kozel | Skin Findings in William Syndrome[END_REF]. One month after intradermic elastase injection, the loss of elasticity of the mouse skin was associated with lower absolute moduli. This indicates that elastin network cross-links contribute to skin deformation capability, in addition to elasticity. Similar observations were reported in WBS patients for whom it was reported an extended skin retraction time compared to healthy controls [START_REF] Kozel | Skin Findings in William Syndrome[END_REF].

Our in vivo results indicate that 10% dill extract treatment started before any elastin degradation (D2 in fig 2) and sustained for 30 days prevents the decrease of dynamic absolute moduli of the skin on D30. Using a bio-tribometer, a previous study also demonstrated that treatment with 1% dill extract in the conditioned medium of dermal equivalent seeded with 62 years old female fibroblasts, increased the absolute modulus by +29% when compared to untreated samples [START_REF] Sohm | Evaluation of the efficacy of a dill extract in vitro and in vivo[END_REF]. Therefore, the preventive effect of dill extract treatment on the elastic network of the skin also allowed the preservation of its viscoelastic properties.

To determine the protective role of dill extract on elastin fibers network, we first verified whether dill extract could link to elastase catalytic site resulting in inhibition the enzymatic reaction. Using

EnzChek™ test, we showed that dill extract alone was not able to inhibit elastase activity, revealing no direct inhibition. Since elafin is one of the major endogenous elastase inhibitors, we hypothesized its role as interacting with dill extract. Indeed, elafin protein, also known as skin-derived antileukoprotease (SKALP), is cross-linked with extracellular matrix and specifically with elastin [START_REF] Williams | SLPI and elafin: one glove, many fingers[END_REF].

Elafin inhibits porcine pancreatic elastase, Human neutrophil elastase (HNE), endogenous vascular elastase and proteinase-3 [START_REF] Williams | SLPI and elafin: one glove, many fingers[END_REF]. In addition, elafin is constitutively expressed in squamous epithelia, such as cornified keratinocytes [START_REF] Alam | Role of the endogenous elastase inhibitor, elafin, in cardiovascular injury. From epithelium to endothelium[END_REF] in order to protect skin from solar elastosis. Even if elafin is essentially produced by keratinocytes, elafin mRNA level was increased in dermal fibroblasts by UVA irradiation (1J) 11-fold more than fibroblasts treated by 10ng/mL IL1β [START_REF] Muto | Accumulation of Elafin in Actinic Elastosis of Sun-Damaged Skin: Elafin Binds to Elastin and Prevents Elastolytic Degradation[END_REF]. Our results indicated that healthy fibroblasts without elastase produced a low level of elafin mRNA, with or without dill extract, as previously observed in human primary dermal fibroblasts [START_REF] Pol | Transcriptional Regulation of the Elafin Gene in Human Keratinocytes[END_REF].

In contrast, we observed a 6-fold increase in PI3 gene expression after elastase injury in the presence of dill extract. Aqueous dill extract contained several terpens such as carvone or carveol [START_REF] Ishikawa | Water-Soluble Constituents of Dill[END_REF]. In breast tumor cells, a diterpen (phorbol myristate acetate), was described to up-regulated elafin expression through AP1 site in the PI3 promotor [START_REF] Zhang | Re-expression of elafin in 21MT2 Breast Carcinomas by Phorbol 12-Myristate 13-Acetate Is Mediated by AP1 Site in the elafin Promoter[END_REF]. Further studies [START_REF] Pol | Transcriptional Regulation of the Elafin Gene in Human Keratinocytes[END_REF][START_REF] Ishikawa | Water-Soluble Constituents of Dill[END_REF][START_REF] Zhang | Re-expression of elafin in 21MT2 Breast Carcinomas by Phorbol 12-Myristate 13-Acetate Is Mediated by AP1 Site in the elafin Promoter[END_REF][START_REF] Zhang | Differential expression of elafin in Human Normal Mammary Epithelial Cells and Carcinomas Is Regulated at the transcriptional Level[END_REF] described PI3 promotor and showed that it contains binding sites for AP1, C/EBP (CCAAT box), so possibly C/EBP and AP1 could act together to increase elafin mRNA expression, as previously observed for tissue inhibitors of metalloproteinase (TIMP) [START_REF] Ponton | Basal expression of gene (TIMP) encoding the murine tissue inhibitor of metalloproteinases is mediated through AP1-and CAAT-binding factors[END_REF]. Thus, by preventing elastin network degradation, we hypothesized that the increase of elafin mRNA expression observed in NHDF could contribute to the beneficial effects of dill extract.

No orthologous gene for elafin exists in mice, but the secretory leukocyte protease inhibitor (SLPI) can inhibit protease such as HNE and bind elastin fibers in skin, indicating its role in elastin protection against proteolysis [START_REF] Williams | SLPI and elafin: one glove, many fingers[END_REF]. SLPI is also up-regulated by HNE [START_REF] Sallenave | Regulation of Secretory Leukocyte Proteinase Inhibitor (SLPI) and Elastase-specific Inhibitor (ESI/Elafin) in Human Airway Epithelial Cells by Cytokines and Neutrophilic Enzymes[END_REF]. Like elafin, SLPI contains two Whey acidic protein (WAP) domains and is produced by epithelia in response to HNE. So, we hypothesized that dill extract could modulate elastic fibers via SLPI in mice. Further studies are needed to explore the involvement of SLPI.

In the present study, we confirm the preventive role of dill extract on elastase-injured elastin fibers and we reveal the key role of elafin (an elastase inhibitor) in this process. Transcription of the PI3 gene only occurred if elastase injury happens first, thus maintaining the balance between elastase and its inhibitor. Therefore, this study reveals an additional mechanism for the beneficial effect of dill extract on elastic fibers. Overall, these results indicate that dill extract could be used as a dietary supplement to counteract the negative effects of elastases on the cutaneous elastic fiber network during the aging process or inflammatory disorders of the skin. 

  . a). Dill extract treatment also prevented reduction of absolute moduli (shown in Fig. 3. b) characterized by consistency parameters K and n showing no statistical difference with the control (shown in Fig. 3. c).

  or a specific elastase inhibitor peptide, MAAPVCK. Using the elastase inhibitor MAAPVCK, we observed a dose-dependent decrease of the fluorescence, showing efficient elastase activity inhibition at 0.01mM and 0.1mM (shown in Fig. 4. a). In contrast, the percentage of fluorescence remained 100% regardless of dill extract concentration (0, 2 or 5%), suggesting no direct inhibition of elastase activity due to dill extract (shown in Fig. 4. a).

Fig. 1 .Fig. 2 .

 12 Fig. 1. In vitro inhibition of elastase activity in presence of dill extract. Elastin immunofluorescence (a) and mean ± SD of area fluorescent comparison of elastin network/nucleus number (b) of one-week confluent healthy neonatal human dermal fibroblasts (NHDF) and in elastase-injured NHDF treated with 0 and 5% of dill extract treatment. ** p<0.01 vs CTRL using one-way ANOVA with Bonferroni posttest. Scale bars = 100µm

Fig. 3 .

 3 Fig. 3. Dill extract preserves elastin network and biomechanical properties in mouse skin on day 30 (D30). (a) Mouse C57/Bl6 skin biopsies on D30 treated with intradermic Tris-HCl 50mM pH 7,5 (control), or 5µg elastase injection (elastase+0% dill extract) or 5µg elastase injection followed 2 days after by 10% dill extract per os during 30 days (elastase+10% dill extract). E= epidermis and D=dermis. Arrows show elastic fibers. Scale bars represent 100µm. (b) Absolute shear moduli (|G*|) of skin explants from control and elastase injured mice treated per os for 2 days and 30 days with either 0 or 10% of dill extract. The consistency K and the consistency index n, the two material parameters of the model (dotted lines), are indicated on the graph: K is the modulus at ω = 1rad/s, i.e. f = 1/(2π) = 0.16Hz, and n is the slope in a Log-Log plot. (c) Consistency (K) and degree of viscoelasticity (n) of skin explants from control and elastase injured mice treated per os for 2 days and 30 days with either 0 or 10% of dill extract. Data are represented as mean ± SD. * p<0.05 vs control mice (CTRL).

Fig. 4 .

 4 Fig. 4. Indirect effect of Dill extract on elastase activity. (a) Percentage (%) of fluorescence of elastin at 20 min in the presence of 0.01UI (1.60µg) of pancreatic elastase and different concentrations of its inhibitor MAAPVCK (0, 0.001, 0.01 and 0.1mM) with 0, 2 or 5% dill extract. ****p<0.0001 vs control 0mM of MAAPVCK. (b) RT-PCR for elafin in one-week post confluent healthy NHDF (as control) and NHDF simultaneously injured by elastase and treated with 0% or 5% of dill extract. Gene expression was normalized with RPL13A. Data are represented as mean ± SD. *p<0.05 vs control (CTRL).
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