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Identification of ageing biomarkers in human dermis biopsies by thermal analysis (DSC) combined with Fourier transform infrared spectroscopy (FTIR/ATR)

;|_o7vĹ Sun-exposed and non-exposed skin biopsies were collected from twenty-;b]_| ol;m 7;bv;7 bm |o ]uorv ŐƑƏŊ ƒƏ -m7 ƾѵƏ ;-uv oѴ7őĺ $_; _7ub1 ou]-mb-tion and thermal transitions were determined by Differential Scanning Calorimetry Ő " őĺ oub;u $u-mv=oul m=u-u;7 vr;1|uov1or Ő$!ő -v v;7 |o b7;m|b= |_; absorption bands of the dermis and to quantify the different absorbance ratio.

!;vѴ|vĹ

The amounts of total, freezable and unfreezable water were determined. A significant increasing amount of freezable water is evidenced in sun-exposed area skin of aged group compared with young group (PƷĺƏƐƑѵőĺ mo|_;u vb]mb=b1-m| ;==;1| o= extrinsic ageing (PƷĺƏƓѶƖő bv |_; 7u-v|b1 7;1u;-v; o= =b0ubѴѴ-u 1oѴѴ-];mķ |_; l-bm ruo|;bm component of dermis. The only significant effect of intrinsic ageing (PƷĺƏƐѶƓő bv -m increase of the heat-stable fraction of collagens in dermis.

om1ѴvbomĹ DSC and FTIR are well-suited techniques to characterize human skin, giving accurate results with a high reproducibility. The combination of these techniques is useful for a better understanding of human skin modifications with intrinsic and extrinsic ageing.
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collagen denaturation, differential scanning calorimetry, Fourier transform infrared spectroscopy, human skin ageing, hydration, secondary structures of proteins
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Skin ageing is a combination of chronological processes and external =-1|ouv Ő-v vm ;rovb|bomőĺ )ubmhѴ;v -u; |_; l-fou l-1uov1orb1 vb]m o= skin ageing resulting from molecular modification of dermis.

Among the various components of the dermis, extracellular matrix consisting of collagens, elastic fibres and amorphous ground substances is strongly involved in the process of cutaneous ageing, 1 in close correlation with changes in hydration. [START_REF] Carrino | Age-related changes in the proteoglycans of human skin. Specific cleavage of decorin to yield a major catabolic fragment in adult skin[END_REF][START_REF] Ngan | Skin intervention of fullerene-integrated nanoemulsion in structural and collagen regeneration against skin aging[END_REF] Collagen, the most abundant component in the dermis, comprises 80% of the tissue total dry mass and 90% of all dermal proteins. Collagens I and III represent close to 90% and 10%, respectively, in the composition of dermal collagen fibrils. Altogether, the fibrils with their associated proteins confer tensile strength to the skin and are pivotal for the general organization and stability of the dermal extracellular matrix among other functions. [START_REF] Krieg | m7 vhbm v|u1|u; -m7 =m1|bomķ -t-m|b-|-|b; -rruo-1_ ŐőĹ ruo|;bmķ ]Ѵ1ov-lbmo]Ѵ1-mķ -|;uķ -m7 Ѵbrb7 1omtent and structure. Skin Res Technolĺ ƑƏƏѵĸƐƑĹƐƓƔŊƐƔƓĺ[END_REF] A great number of clinical studies have been performed on skin biopsies to help the understanding on mechanisms involved bm 1_uomoѴo]b1-Ѵ Őbm|ubmvb1ő -m7 r_o|o Ő;|ubmvb1ő -];bm] Ɣķѵ using histological and ultrastructural approaches. Unfortunately, the complexity and slowness of the ageing processes leading to subtle changes of biological function provide the ageing research with enormous difficulties.

Although new information on whole skin and dermis can be reached at the molecular level through near-infrared diffusiveu;=Ѵ;1|bom Ő!Ŋ !őķ 7 attenuated total reflectance Fourier transform bm=u-u;7 vr;1|uov1or Ő $!Ŋ $!őķ [START_REF] Miyamae | A combined nearinfrared diffuse reflectance spectroscopy and principal component analysis method of assessment for the degree of photoaging and physiological aging of human skin[END_REF]8 Raman spectroscopy, 9,10 nuclear l-]m;|b1 u;vom-m1;ņl-]m;|b1 u;vom-m1; bl-]bm] Ő!ņ!őķ 8,11 dym-lb1 -rou vour|bom Ő ("őķ 12 changes in dermis hydration with age yield somewhat conflicting results, which could be attributed to the preparation of samples. ol0bm;7 b|_ |_;ulo]u-bl;|ub1 -m-Ѵvbv Ő$ő l;-vu;l;m|vķ 7b==;u;m|b-Ѵ v1-mmbm] 1-Ѵoubl;|u Ő " ő bv -v|-m7-u7 method to evaluate freezable and unfreezable water. 13 DSC is also an appropriate method for assessing protein thermal stability and conformational changes. It is particularly well-suited to evaluate the thermal stability of purified collagens in solution or in their aggregated form, 14 or directly in native tissues. ƐƔķƐѵ It has been successfully applied to characterize collagen both in animal and human skins. ƐѵŋƐƖ In our previous work [START_REF] Tang | Anal Calorimĺ ƑƏƐѵĸƐѵĹƐŊƐƑĺ ƑƐĺ ;v !ķ ub;7ub1_ ķ $uv1o|| !)ĺ u;; -m7 0om7 -|;u bm normal and cataractous human lenses[END_REF] To determine freezable water amount and intrinsic thermal transitions, the samples were heated at 10°C min ƴƐ to 85°C (1 st heat- 
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In Figure 1 It can be noticed that no significant difference are found between the hydric organization of YP and YE groups. The comparison is less straightforward in this case, since it deals with two anatomically different zones-buttocks and forearms-that may bias the final data.

Our results can be connected with previous Raman studies 10 evi- due to a degradation of collagen, accumulation of GAGs and water in the upper dermis leading to an increased content of total and nonbounded water. 10,24 It must be reminded that the collagen secondary structure is stabilized by both intra-and inter-chain water bridges with carbonyl and hydroxyprolyl groups. [START_REF] Bella | rovu; -Ѵ|;uv the collagen of the papillary dermis. Comparison of sun-protected and photoaged skin by northern analysis, immunohistochemical staining, and confocal laser scanning microscopy[END_REF] Thus, despite an increase of the total water content, the decrease in the bounded-water content (protein-water bm|;u-1|bomvő bѴѴ Ѵ;-7 |o |_; bmv|-0bѴb| -m7 =u-]l;m|-|bom o= 1oѴѴ-];m fibrils. Ƒѵ

ƒĺƒՊ|Պ oѴѴ-];m 7;m-|u-|bom

Enlargement of Figure 1 shows the DSC curves of a sun-protected vhbm 0borv o= -om] v0f;1| bm |_; ѵƏŊ ѶƔŦ om;ĺ $_; ;m7o|_;ulb1 phenomenon recorded in this temperature zone during the first heating is associated with the irreversible thermal denaturation of type I and type III collagens. [START_REF] Tang | Anal Calorimĺ ƑƏƐѵĸƐѵĹƐŊƐƑĺ ƑƐĺ ;v !ķ ub;7ub1_ ķ $uv1o|| !)ĺ u;; -m7 0om7 -|;u bm normal and cataractous human lenses[END_REF] The collagen denaturation-distinct from degradation-is a thermally activated process that involves rupture of hydrogen bonds coupling the three α-chains and a rearrangement of the triple helix into a random chain configuration. 14 As shown on Figure 1, the main characteristics of the denaturation peak are T onset , T max , T mid, T end and the area under the endotherm peak.

T mid represents the temperature at which 50% of collagen is denatured and it is computed from the integral of the denaturation endotherm.

T onset and T end are computed from a fixed threshold value of the signal first derivative. T onset , T max , T mid are alternatively taken as the denaturation temperature according to the previous studies 15, [START_REF] Flandin | A differential scanning calorimetry analysis of the age-related changes in the thermal stability of rat skin collagen[END_REF]19 while T end , -Ѵvo hmom -v |_; ľu;1o;u |;lr;u-|u;Ŀ 1-m 0; v;7 |o |-h; bm|o -1count the widening of the collagen thermal denaturation under certain conditions. [START_REF] Flandin | A differential scanning calorimetry analysis of the age-related changes in the thermal stability of rat skin collagen[END_REF] On the contrary, ΔH is similar in the four series of biopsies with the -Ѵ;v o= ƐƐĺƑ Ő+őķ ƐƐĺƏ Ő+őķ ƐƑĺƒ Ő ő -m7 ƐƐĺƑ ] ƴƐ Ő őĺ ru;bov DSC study on collagen rat skin also evidenced that the total denaturation enthalpy did not change with age. [START_REF] Flandin | A differential scanning calorimetry analysis of the age-related changes in the thermal stability of rat skin collagen[END_REF] The T end temperature is significantly increased (PƷĺƏƐѶƓő 0;|;;m the sun-protected skin of young subjects (YP, T end ƷѵƖĺƖŦ ķ PƷĺƏƐѶƓő and the sun-protected skin of elderly subjects (AP, T end ƷƕƑĺƒŦ őĺ m the contrary, T end is constant for the sun-exposed young and aged skins. Such an increase of the Tend temperature has been already evidenced with age in rat skin, [START_REF] Flandin | A differential scanning calorimetry analysis of the age-related changes in the thermal stability of rat skin collagen[END_REF] and associated with the increase of heat-stable crosslinks in collagens. In our study, this increase of & ! ƒ Պ ;u-];7 moul-Ѵb;7 $! vr;1|u-bm |_; ŐƓƏƏƏŊ ƑѶƏƏőķ ŐƐƕƔƏŊ ƐƔƏƏő -m7 ŐƐƔƏƏŊ ƐƏƏƏő 1l ƴƐ regions for a matched set of skin biopsies heatstable crosslinks seems to be achieved mainly by the chronological ageing. From these results, we can hypothesize that age-induced glycation products and/or carbonyl changes could be one of the posttranslational modifications of chronological ageing. [START_REF] Tanase | Role of Carbonyl Modifications on Aging-Associated Protein Aggregation[END_REF]28 ƒĺƓՊ|Պ(b0u-|bom-Ѵ 1_-u-1|;ub-|bom

$ Ƒ Պ FTIR
Native biological tissues at a constant hydration can be directly analysed by FTIR in the ATR mode without any other preparation. This technique is widely applied to investigate in vivo or in vitro the outermost layer of human skin, that is, the stratum corneum, [START_REF] Pouliot | Physical characterization of the stratum corneum of an in vitro human skin equivalent produced by tissue engineering and its comparison with normal _l-m vhbm 0 $!Ŋ $! vr;1|uov1or -m7 |_;ul-Ѵ -m-Ѵvbv Ő[END_REF][START_REF] Takada | Noninvasive In Vivo Measurement of Natural Moisturizing Factor Content in Stratum Corneum of Human Skin by Attenuated Total Reflection Infrared Spectroscopy[END_REF][31][32] but few data are available on the internal layer of human skin, that is, the reticular dermis. The measuring depth of ATR-FTIR in the skin is typi-1-ѴѴ -=; lb1uomv o;u |_; -; ml0;u bm7o ƓƏƏƏŋѵƔƏ 1l ƴƐ . 32 Mean FTIR spectra of the skin biopsies are collected in Figure 3.

Table 2 summarizes IR bands present in the reticular dermis of the four types of biopsies. Peaks assignments were realized according to literature data on proteins [START_REF] Barth | Structures Protein FTIR Data Analysis and Band Assignment[END_REF] such as collagen ƒƓŋƒѵ and biological tissues 37 such as dermis. [START_REF] Staniszewska | Identification of ageing biomarkers in human dermis 0borvb;v 0 |_;ul-Ѵ -m-Ѵvbv Ő " ő 1ol0bm;7 b|_ oub;u |u-mv=oul bm=u-u;7 vr;1|uov1or Ő$!ņ $!őĺ[END_REF] The classical absorption bands of proteins (amide A, amide I, II, In order to quantify the variation of the vibrational answer of the different skin biopsies, the area of the different absorption bands were computed from the individual spectrum of each tissue and the appropriate ratio of areas were performed according to the literature data. [START_REF] Rabotyagova | Collagen Structural Hierarchy and Susceptibility to Degradation by Ultraviolet Radiation[END_REF]39,40 The most relevant indicators are displayed in Figure 5. 
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DSC is a powerful technique to evaluate the hydric organization of human dermis and the collagen stability. For the first time, a direct quantification of freezable and unfreezable water in human skin biopsies from two age groups has been achieved. Photoageing induces a decrease of unfreezable water and an increase of freezable water, highlighting the predominant role of extrinsic ageing on water organization in human skin. Moreover, photoageing-induced decrease collagen stability could be explained by the detriment of interaction bounded-water to protein and/or collagen fragmentation. In contrast, chronological ageing-increased collagen stability could be due to age-induced glycation and carbonyl modifications. These alterations of the collagenic fraction with extrinsic ageing are confirmed by the decrease of the specific vibrational signature of fibrillar collagens in dermis as shown by FTIR analysis. These results are promising for the identification of new biomarkers of ageing in a future work exploring the skin at different depth levels with Raman confocal microscopy, a technique which becomes more frequent for biological analysis.
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  on skin explants, we validated the combined use of DSC and FTIR techniques to obtain suitable biomarkers of the hydric organization and biomacromolecules integrity. The aim of this work was to evaluate, for the first time, chronological and photo-ageing with these techniques in a clinical study on 0borvb;v =uol |o -]; ]uorv ŐƑƏŊ ƒƏ -m7 ƻѵƏ ;-uv oѴ7őĺ Ƒ Պ|Պ $ ! " $ " ƑĺƐՊ|Պ"|7 7;vb]m -m7 r-|b;m|v v;Ѵ;1|bom

  bm] v1-mőķ |_;m 1ooѴ;7 -| ƴƐƏŦ lbm ƴƐ |o ƴƒƏŦ -m7 |_;m _;-|;7 -| 10°C min ƴƐ to 85°C (2 nd _;-|bm] v1-mőĺ After completing the DSC measurements, pans were reweighted to check that they had been correctly sealed. The sample pans were pierced and dried to constant mass at 195°C for 10 minutes to determine the sample dry mass and the total water mass. ƑĺƓՊ|Պoub;u $u-mv=oul m=u-u;7 -m-Ѵvbv Ő$!ő FTIR/ATR spectra were acquired using a Nicolet 5700 FTIR (Thermo bv_;u "1b;m|b=b1ķ )-Ѵ|_-lķ ķ &" ő ;tbrr;7 bm $! 7;b1; b|_ -u 0;-l vrѴb||;u -m7 -$ņ 7;|;1|ouĺ rѴ-m|v Ő7;ulbv =-1;ő were directly laid on the ATR accessory (Smart Orbit with a type IIA 7b-lom7 1uv|-Ѵő -m7 1o;u;7 0 -_;ul;|b1 1-r b|_ -m ľĿ ubm] |o avoid dehydration of the sample during spectra acquisition. Spectra were recorded over the region of 4000-450 cm ƴƐ with a spectral resolution of 1 cm ƴƐ and 80 accumulations. Spectral data were col-Ѵ;1|;7 vbm] lmb1 ѶĺƏ Ő$_;ulo bv_;u "1b;m|b=b1őĺ =|;u 0-1h]uom7 subtraction and baseline correction achieved on Omnic 8.0 (Thermo bv_;u "1b;m|b=b1őķ vr;1|u-Ѵ 7-|-;u; moul-Ѵb;7 bm |_; -lb7; u;gion. For each series, a mean representative spectrum was computed. ";1om7 7;ub-|b;v -m7 oub;uŊ ";Ѵ=Ŋ ;1omoѴ|bom Ő" ő ;u; v;7 to enhance the chemical information present in overlapping infrared absorption bands. ƑĺƔՊ|Պ"|-|bv|b1-Ѵ -m-Ѵvbv Quantitative values are shown as mean±SEM. Statistical analysis have 0;;m 7om; b|_ " vo=|-u;ĺ )bѴ1oomŊ -mmŊ )_b|m; |;v| _-v 0;;m v;7 |o 1olr-u; 7-|-0;|;;m ]uorv -m7 )bѴ1oom vb]m;7Ŋ u-mh |;v| |o 1olr-u; 7-|-0;|;;m -u;-v ŐvmŊ ruo|;1|;7 -m7 vmŊ ;rov;7ő from the same group. It was considered statistically significant threshold of P-value less than .05.
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 77 m1bm] ŐƐő -|;u v|u1|u;v -m7 -lom| ;u; vblbѴ-u bm vmŊ ;rov;m7 vmŊ ruo|;1|;7 u;]bomv o= om] vhbm -m7 ŐƑő -|;u v|u1|u;v -m7 amount were similar in the chronologically aged skin compared with young skin. Last but not least, our results showed an increased content of total and non-bounded water in the photoaged skin. Gniadecka et al. highlighted a decrease on echogenicity in the upper dermis of sun-exposed region in photoaged skin, that could be & ! Ɛ Պ DSC curves of a skin biopsy from the 20-30 years old group, sunprotected zone (first and second heating, scanning rate 10°C min ƴƐ , and enlargement bm |_; OEѵƏŊ ѶƔŦ oe bm7oő

  ΔH, once normalized to the dry mass, gives a measure of |_; vr;1b=b1 _;-|ņ;m|_-Ѵr o= 7;m-|u-|bomĺ ); u;rou|;7 bm b]u; Ƒ the mean values of T mid ŐƑ ő -m7 T end ŐƑ ő =ou |_; 7b==;u;m| v;ub;v o= 0bopsies. The T mid |;lr;u-|u; bv Ѵo1-|;7 -| ѵƕŦ =ou |_; vmŊ ruo|;1|;7 0borvb;v o= om] v0f;1|v Ő+őĺ | =b|v b|_ |_; |;lr;u-|u; 7;m-|uation range of skins from animals Ɛѵ or abdominal human skins. 20 It is known that the denaturation temperature drastically increases as the hydration decreases, 15 due to the decrease of intrafibrillar water and to the replacement of protein-protein hydrogen bonds by proteinwater hydrogen bonds. This temperature becomes independent upon hydration above 1 kg of water per kg of dry tissue, Ɛѵ what is checked for the studied samples, with a total amount of water of 3 kg per kg of dry mass. In this case, the denaturation temperature can be considered as an intrinsic characteristic of collagens in the skin and can be compared to each other regardless of hydration. Even if the mean value of T mid is slightly depressed in the sunexposed aged skin (AE, T mid ƷѵѵĺƔŦ ő mo vb]mb=b1-m| 7b==;u;m1; (PƷĺƏѶƒѵő bv =om7 b|_ |_; vmŊ ;rov;7 om] vhbm Ő+ķ T mid ƷѵѶĺƏŦ őĺ Nevertheless, the decrease of T mid is significant between the

  & ! Ƒ Պ Main thermal characteristics of the denaturation endotherm in skin biopsies: A, T mid and B, T end non-exposed aged skin (AP, T mid ƷѵƕĺƓŦ ķ PƷĺƏƒƐƒő -m7 |_; vmŊ ;rov;7 -];7 vhbm Ő őĺ These results could be in favour of a slight fragmentation of the collagen fibres with the cumulative UV exposition during life, which can be attributed to the decrease of unfreezable water observed in sun-exposed skin of aged subjects inducing collagen destabilization as it has been described. ƐƏķƑƔķƑѵ

  ő -u; =om7 om |_; vr;1|u-o= |_; =ou v;ub;v o= 0borvb;v -m7 |_;bu positions are very close to the absorption bands of pure type I collagen. Notably, collagen absorption features in the fingerprint region (the specific triplet of bands at 1204, 1239 and 1282 cm ƴƐ 37 as well as the specific band at 1338 cm ƴƐ 8,37 are found in dermis samples, and the correlation coefficient between collagen and dermis spectra is more than 0.95 in this region. It must be pointed out that the Amide II is slightly shifted towards low wave numbers (2 cm ƴƐ ő bm |_; vm ;posed skin of elderly subject. This shift is associated with a change in intensity of the different components of the amide II as seen in the " vr;1|u-Őb]u; Ɠőĺ In a previous work on human skin biopsies we evidenced a pronounced shift of the Amide II band towards low wavenumber in heatdenatured derma 20 and it was attributed to the depletion of the triple helical structure of collagen and the enhancement of disordered structures. ƒѵ In sun-exposed skin biopsies, this slight shift of the amide II must be correlated to the thermal evolution of the collagen denaturation evidencing a destabilization of the triple helix domain of collagen.
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  v_om bm b]u; Ɣ ķ -vb]mb=b1-m| 7u-v|b1 7;1u;-v; ŐƴƐѵѷķ PƷĺƏƓѶƖő o= |_; -u;-u-|bo ŐƐƒƒѶ 1l ƴƐ őņŐƐƕƔƏŊ ƐƏƏƏ 1l ƴƐ őķ bv ;b-7;m1;7 bm vmŊ ;rov;7 -];7 vhbm Ő ő 1olr-u;7 b|_ vmŊ ;rov;7 & ! Ɠ Պ Averaged FSD spectra computed from the individual $! vr;1|u-o= vhbm 0borvb;v bm |_; ŐƐѵƏƏŊ ƐƔƑƏő 1l ƴƐ region & ! Ɣ Պ Area ratios of the different absorption bands from FTIR spectra: A, Area ratio (1338 cm ƴƐ őņŐƐƕƔƏŊ ƐƏƏƏ 1l ƴƐ ő and B, Area ratio (1204 cm ƴƐ őņ (1750-1000 cm ƴƐ ő om] vhbm Ő+őĺ $_bv bm7b1-|ou bv ruorou|bom-Ѵ |o =b0ubѴѴ-u 1oѴѴ-];m 1omtent, the main protein component of dermis. However, with age no significant difference was observed on non-exposed area. This is corroborated by a similar evolution of the area ratio (1204 cm ƴƐ őņŐƐƕƔƏŊ 1000 cm ƴƐ őķ -mo|_;u l-uh;u o= |_; ruo|;bmv -lom| Őb]u; Ɣ ő ŐƴƐѶѷķ PƷĺƏƑƒƖőĺ $_;v; -u;-u-|bo ;oѴ|bomv -u; 1omvbv|;m| b|_ |_; literature data, showing alterations in the amount and architecture of collagen content in human dermis under extrinsic ageing. Ƒѵ

  

cordance with the ethical principles of the Declaration of Helsinki and Good Clinical Practice guidelines. The protocol was approved by the Sud-Ouest et Outre Mer III Committee for the Protection of Persons

  

	This monocentric, comparative, open, study was conducted at the
	b;uu; -0u; "hbm !;v;-u1_ ;m|u;Ō !ķ $oѴov; Őu-m1;őķ bm -1-
	Ő|_b1v ollb||;;ķ Ŧ !	ƑƏƐƓŊ ƏƏѵƖѶŊ ƒƖő -m7 |_; u;m1_
	;-Ѵ|_ uo71|v "-=;| ];m1 Ő "őĺ -1_ oѴm|;;u vb]m;7 -ub|-
	ten informed consent.	
	Twenty eight healthy female volunteers divided in two groups:
	-];7 ƑƏŋƒƏ ;-uv -m7 ƾѵƏ ;-uv oѴ7 b|_ -" * v1ou;ķ u;vr;1-
	|b;Ѵķ ƺ -m7 ƾ -| Ƒĺ " * Ő" ou; =ou |ubmvb1 -m7 *|ubmvb1 vhbm
	];bm]ő bv -r-u-l;|;u _b1_ ;-Ѵ-|; -m7 7b==;u;m|b-|; bm|ubmvb1 ŐƺƑő
	-m7 ;|ubmvb1 ŐƾƑő -];bm]ĺ	

ƑĺƑՊ|Պ"-lrѴ;v |u;-|l;m|

  

	procedure was performed by a suitably qualified medical specialist.
	Samples were immediately rinsed in Phosphate Buffered Saline so-
	Ѵ|bomķ =uo;m bm Ѵbtb7 mb|uo];m -m7 v|ou;7 -| ƴƑƏŦ ĺ ); r;u=oul;7
	stepwise thawing of the explants, (1 st stage at 5°C for 24 hours, and
	2 nd v|-]; -| ƑƏŦ =ou ƐƏ lbm|;vő m|bѴ " -m7 $! -m-Ѵvbvĺ
	Two four mm punch biopsies were taken from each volunteer: on
	sun-protected left buttock and left dorsal forearm resulting in four
	v;ub;vĹ +om] vmŊ uo|;1|;7 Ő+őķ ];7 vmŊ uo|;1|;7 Ő őķ +om]
	vmŊ rov;7 Ő+ő -m7 ];7 vmŊ rov;7 Ő őĺ $_; vhbm 0borv

ƑĺƒՊ|Պ b==;u;m|b-Ѵ "1-mmbm] -Ѵoubl;|u

  

	b==;u;m|b-Ѵ v1-mmbm] 1-Ѵoubl;|u Ő " ő l;-vu;l;m|v ;u; r;u-
	=oul;7 b|_ -" ubv 1-Ѵoubl;|;u Ő;uhbm Ѵl;uķ )-Ѵ|_-lķ ķ
	&" ő vbm] -m ;lr| r-m -v u;=;u;m1;ĺ $_; 1-Ѵoubl;|;u -v 1-Ѵb0u-|;7
	using the manufacturer's instructions with pure water, cyclohex-
	ane and Indium as standards, resulting in a temperature accuracy of
	±0.1°C and an enthalpy accuracy of ±0.2 J g ƴƐ . Temperature calibra-
	tion was undertaken at each scanning rate. Skin biopsies (5-8 mg by

l-vvő ;u; v;-Ѵ;7 bm _;ul;|b1 -Ѵlbmbl r-mĺ "-lrѴ;v ;u; 1ooѴ;7 at 10°C min ƴƐ |o ƴƒƏŦ ŐƐv| 1ooѴbm] v1-mőķ |_;m _;Ѵ7 ƐƏ lbm|;v |o freeze water.

  are reported the DSC curves (normalized to the initial Ѵvo 1om=bm;7 -|;u bm l;vorou;vő uo]_Ѵ u;ru;v;m|v |oŊ |_bu7 o= the total water in human skin in accordance with previous NMR, DVS, and DSC results.11,[START_REF] Zhang | Raman microspectroscopic and dynamic vapor sorption characterization of hydration in collagen and dermal tissue. Biopolymersĺ ƑƏƐƐĸƖƔĹѵƏƕŊѵƐƔĺ[END_REF][START_REF] Tang | Anal Calorimĺ ƑƏƐѵĸƐѵĹƐŊƐƑĺ ƑƐĺ ;v !ķ ub;7ub1_ ķ $uv1o|| !)ĺ u;; -m7 0om7 -|;u bm normal and cataractous human lenses[END_REF]23 One-third of the total water of human skin is unfreezable water, corresponding to the filling of the first hydration shell of proteins and other hydrophilic components.

	l-vvő o= -vhbm 0borv bm |_; vmŊ ruo|;1|;7 om; o= -om] v0f;1|ĺ	
		There is a significant increasing amount of freezable water in AE
	ƒĺƑՊ|Պ)-|;u t-m|b=b1-|bom	v;ub;v 1olr-u;7 b|_ + ]uor ŐƔѵĺƑѷ v ƓѶĺƓѷķ PƷĺƏƐƑѵőķ -vvo1b-ated with a decrease amount of unfreezable water (21.0% vs 23.7%,
	$_; ;m7o|_;ulb1 r;-hv u;1ou7;7 bm |_; OEƴƑƏĸ ƑƏŦ oe om; 1ouu;vrom7	PƷĺƏƔƖƖőķ 1-vbm] -;u vb]mb=b1-m| 7;1u;-v; ŐƏĺƒƕƓ v ƏĺƓƖƏķ PƷĺƏƏƒƖő
	to the melting of freezable water. This extrinsic transition is widely	of the ratio of unfreezable water to freezable water.
	used to quantify the amount of total freezable water in hydrated pro-	Between two areas of the aged groups, we note a similar tendency
	teins and tissues (by dividing the area of the measured endothermic	for the different water structures, highlighting the preponderant effect
	peak by 334 J g ƴƐ , corresponding to the melting enthalpy of pure ice	of extrinsic ageing on the hydric organization of the skin.
	-| ƏŦ őķ 21 and completes thermogravimetric analyses giving the total	No significant differences are found between the amounts of total,
	amount of water. The amount of unfreezable water can be calculated	freezable and unfreezable water of YP and AP skins, what also implies
	by a simple difference. These quantifications were performed for all	
	the samples and reported in Table 1.	

The total hydration of human skin biopsies is consistent with literature data,

[START_REF] Verdier-Sévrain | Quantitative evaluation of chronological ageing and photoageing in vivo: studies on skin echogenicity and thickness[END_REF] 

giving an average value of 70% for the hydration of human dermis and epidermis. This remarkably high value is due to a combination of physical and chemical factors including the presence of interconnected gaps, the particularly hygroscopic nature of hyaluronic acid and the hydrophilicity of collagen. If a well-documented literature is available for the total hydration of stratum corneum, epidermis and dermis,

[START_REF] Ngan | Skin intervention of fullerene-integrated nanoemulsion in structural and collagen regeneration against skin aging[END_REF] 

few data, obtained from Raman spectroscopy, 10 DVS,

[START_REF] Zhang | Raman microspectroscopic and dynamic vapor sorption characterization of hydration in collagen and dermal tissue. Biopolymersĺ ƑƏƐƐĸƖƔĹѵƏƕŊѵƐƔĺ[END_REF] 

NMR 11 are reported on the indirect quantification of the different kinds of -|;u Őm-l;Ѵ =u;; -m7 0om7 -|;uő bm _l-m vhbmĺ m -ru;Ѵblbm-u study on human abdominal skin biopsies 20 we justified the use of the terms freezable/unfreezable water instead of free/bound water rather reserved to vibrational or relaxational techniques. The present DSC study shows that the freezable water (that covers bulk water in excess 0| --vblbѴ-u u-|bo o= m=u;;-0Ѵ; -|;u |o =u;;-0Ѵ; -|;uĺ ); 1-m -vvl; that chronological intrinsic ageing only does not give rise to the alteration of the hydric structures.

  assignment and approximate descriptions of vibrational modes for human reticular dermis

	-m7		
	position/cm ƴƐ	Assignment
	3375-3289	Amide A: mainly νŐŊ ő lo7; o= ruo|;bm b|_ |_; 1om|ub0|bom o= |_; νŐŊ ő v|u;|1_bm] lo7; bm 2 O and polysaccharides
	3073	νŐ ő -uol-|b1
	3011	νŐƷ ő o= mv-|u-|;7 Ѵbrb7vķ |ub]Ѵ1;ub7;vķ =-|| -1b7v
	2957, 2924, 2873, 2852 νas(CH 1744 νŐ Ʒő o= |ub]Ѵ1;ub7;vķ 1_oѴ;v|;uoѴ ;v|;uvķ r_ovr_oѴbrb7v
	ƐѵƖƓŊ ƐѵƒƏ	Amide I: νŐ Ʒő Ƴ δŐŊ ő -|;u
	1558-1542	Amide II: νŐ Ŋ őķ δ ŐŊ ő
	1520, 1515,	"b7; 1_-bmv Ő$uovbm;ķ _;mѴ-Ѵ-mbm;ő
	1507		
	1452	δ(CH 2 ő v1bvvoubm]ķ δ(CH 3 ő 0;m7bm] o= Ѵbrb7v Ől-bmѴőķ ruo|;bmv
	1401-1393	ν s Ő Ŋ ő o= =u;; -lbmo -1b7vķ =-|| -1b7ķ Ő őv
	1338	δ(CH 2 ő -]]bm] o= ruoѴbm; 1_-bm
		"r;1b=b1 0-m7 o= 1oѴѴ-];m Ő-m7 ;Ѵ-v|bm b|_ -lbmou 1om|ub0|bomő
	1310-1202	Amide III δ plan ŐŊ ő -m7 νŐ Ŋ ő o= ruo|;bmv 1238 cm ƴƐ Ĺ vr;1b=b1 o= Ő1oѴѴ-];mő
		1205 cm ƴƐ Ĺ vr;1b=b1 o= Ő1oѴѴ-];mő
	ƐƑƓѵŊ ƐƑƒƔ	νas(PO 2 ƴ ő v|u;|1_bm] o= r_ovr_oѴbrb7vķ m1Ѵ;b1 -1b7v
	1250-1210	νas(SO 3	ƴ ő vѴ=-|;7 Ő őv
	ƐƐѵƕŊ ƐƐƔѵ	ν as Ő Ŋ Ŋ ő 1_oѴ;v|;uoѴ ;v|;uvķ r_ovr_oѴbrb7v
	1200-1000	νŐ Ŋ őķ νŐ Ŋ őķ νŐ Ŋ őķ νŐ Ŋ Ŋ ő o= ruo|;bmvķ oѴb]ov-11_-ub7;vķ ]Ѵ1oѴbrb7v
		1171 cm ƴƐ : ν-vŐ Ŋ Ŋ ő o= 1_oѴ;v|;uoѴ ;v|;uv
		1159 cm ƴƐ : νŐ Ŋ ő o= r -m7 m1Ѵ;b1 -1b7v
		1115 cm ƴƐ : ν Ő Ŋ ő 1-u0o_7u-|;v
		ƴ ő m1Ѵ;b1 -1b7vķ r_ovr_oѴbrb7v 1081 cm ƴƐ : νŐ Ŋ Ŋ ő 1oѴѴ-];mķ ]Ѵ1o];mķ oѴb]ov-11_-ub7;vķ ]Ѵ1oѴbrb7vķ ruo|;o]Ѵ1-mvķ -m7 νs(PO 2 1032 cm ƴƐ : νvŐ Ŋ Ŋ ő o= 1-u0o_7u-|;v u;vb7;v o= 1oѴѴ-];mķ Ő ővķ νs(SO 3 ƴ ő Ő őv

3 őķ νas(CH 2 őķ νs(CH 3 őķνs(CH 2 őķ ŐѴķ uoķ rķ Ѵ-ő o= ruo|;bmv Ƴ r_ovr_oѴbrb7vķ |ub]Ѵ1;ub7;v Most representative of proteins: νs(CH 3 ő Most representative of lipids: νas(CH 2 ő -m7 νs(CH 2 ő