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Summary 
The present investigation of chitin nanofibri ls highlighted the hydrophilic properties of chit in (a 
nanostructured extracell ular materiai) and its effect on celi behaviour as a microenvironmental stimu
lus . In this respect chitin is similar to dextran and its derivatives, which are capable of "trapping" 
growth factors (heparin binding factor, TGF-~ I, FGF-2) and stimulate celi proliferation. Thus, chitin 
is also to be considered as a bioactive polymer capable of prornoting con-ect cutaneous trophism. 
Therefore chitin, albeit indirectly, also controls in the skin epithelium-mesenchyma molecu lar rela
tionships and the hair follicle cycle. In addition, the infl uence of polysaccharides on celi biology is 
related to the osmotic stress generated by their hydrophi licity. 
These consideration led us to devising a morphofunctional experimental investigation into the der
rnal-epiderrnal penetration of chitin nanofibri l solutions , which , in the near future , will be an impor
tant vehicle for the diffusion of dermato-cosmetological molecules bio logically active. 

Riassunto 
Nel presente studio, rivolto alle nanofibril le d i chitina (quale materiale nanostrutturato extracellula
re) , s i evidenzia come la loro idrofi licità abbia la capacità di influenzare il comportamento delle cel
lule presenti quale stimolo microambientale , similmente al destrano , ai suoi derivati etc. , che sono in 
grado di " intrappolare" vari fatt01i di crescita (heparin binding factor, TGF-b l , FGF-2) i quali stimo
lano successivamente la proliferazione cellulare . Anche la chitina va pertanto considerato un poli
mero bioattivo utile ed efficacie nel favorire e realizzare un con-etto trofismo cutaneo . Perciò, seppur 
indi.rettamente, essa ha pure, nella cute, un controllo sui rapporti molecolari tra epitelio-mesenchima 
e ciclo del follicolo pilifero. Inoltre, l'influenza dei polisaccaridi sulla biologia della cellula, è noto, 
è legata allo "stress osmotico" che la loro idrofil icità finisce col generare. 

69 



Cutaneous Absorption of Nanostructured Chitin Associated with Natural Synergistic Molecules (Lutein) 

Alla luce di ciò abbiamo condotto uno studio morfo-funzionale atto a valutare sperimentalmente, la 
penetrazione epidermico-dermica di soluzioni contenenti nanofibrille di chitina, che in un futuro 
prossimo rappresenteranno un importante veicolo di diffusione di molecole dermato-cosmetologiche 
biologicamente attive. 
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INTRODUCTION 

A recent report on nanomaterials (l ) by Friends 
of the Earth , an environmental group, has called 
for a moratorium on the liberalization of pro
ducts containing nanomaterials (including sun
screens and cosmetics in generai), as they have 
been the object of various safety investigations 
in terms of both human health and the environ
ment. In contrast to other researchers, Friends of 
the Earth, claim that nanomaterials should be 
considered as nove] chemical substances, in that 
they may have substantially different properties 
from those of the same materials in macroscopic 
form (2). 
Cells internet with the extracellular environment 
(be it natural or artificial) via surface proteins 
such as integr ins, which trigger various metabo
lic pathways with important roles in processes 
such as celi shape, mobi lity and proliferation (3-
5). Adeguate extracellular inputs therefore 
prompt a locai cellular response that may be 
accompan ied by a diffuse response. 
Endoplasmic reticulum (ER) and associated 
organelles are generally uniformly distributed in 
the cytoplasm, forming a network, at least in 
steady-state in vitro conditions. An extracellular 
stimulus inducing intercellular adhesion, celi 
proliferation and migration can however lead to 
the ir dynamic rearrangement (6-7). 
Chitin is a hydrophilic materiai , a property it 
shares with severa] other polysaccharides . Chitin 
nanofibrils (an extracellular nanostructured 
materiai) can constitute a microenvironmental 
stimulus, thereby influencing cell behaviour, as 
also recognised in the literature (8). For instance 
dextran and its derivatives are capable of "trap
ping" various growth factors (heparin binding 
factor, TGF-~ 1, FGF-2) , stimulating celi prolife
ration. These polysaccharides should thus be 
considered as bioactive polymers capable of pro
moting correct cutaneous trophism (8). 
Therefore polysaccharides, albeit indirectly, also 

contro! epithelium-mesenchyma molecular rela
tionships and the hair follicle cycle (9). 
The influence of these molecules on cell biology 
is also related to the osmotic stress induced by 
their hydrophilicity (10). When cells are exposed 
to a hypotonic extracellular fluid they initially 
swell up with water, but subsequently shrink 
back to close their previous volume (a mecha
nism called regulatory volume decrease-RVD) 
through the inflow of organic ions (mainly C'
and K•) and osmolytes, which induce water out
flow (I O). A hypotonic extracellular environ
ment also results in remodelling of the actin 
cytoskeleton by activation of Rac and Cdc42 
( Il) . 
In the light of these considerations an experi
mental morphofunctional study was devised to 
assess the dermal-epidermal penetration of solu
tions containing chitin nanofibri ls, which will 
become an important vehicle for the d iffusion of 
dermato-cosmetological molecules biologically 
active in the near future. 

MATERIALS ANO METHODS 

Materials 

The following solutions were tested: 
- Saline (Solution A). 
- Chitin nanofibrils (Solution B) 
- Chitin nanofibrils/ Solventi (Solution C) 

- Chitin nanofibrils/Solvent/Lutein (Solution D) 
Solutions B-D contained an aqueous solution of 
chitin nanofibrils (2-2.Sg/L). Nanofibrils were 
prepared as described previously (12) . Lutein 
was dissolved in diethylene glycol monoethylic 
ether (solvent) (MAVI SUD Sri , Aprilia, Italy). 

Experimental Procedure 

Twelve male Wistar rats weighing 200±20 g 
were used. Animals were subjected to a generai 
veterinary examination before being placed in 
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individuai cages. Amoxicillin was administered 
2 days before the experiments. Ali work was per
formed at INRCA (Ancona), which holds a li the 
certifications required for al i types of animai 
experiments. Throughout the study rats were 
kept in a standard environment at 20-21 °C, rela
tive humidity 55% and a normai light/dark cycle. 
They received a pellet diet and had ad libitum 
access to water. Experiments were conducted 
under generai anaesthesia by intraperitoneal 
inject ion of 242 ng/kg of 2,2,2 tribromoethanol. 
Rats were carefully shaved avoiding any cuts. 
Fil ters soaked with solutions A, B , C or D were 
placed each in a separate aluminium chamber 
measuring 8 mm in diameter (area 50 mm2; volu
me ca. 20-25 µI) of a 4-chamber device (Finn 
Chambers - Epitest Ltd Oy, Tuusula, Finland) 
(fig. l ) and taped on the dorsal area 24 h later 
us ing Scanpor tape (Actavis Norway, 
Norgespl aster AS) , which is endowed with pro
tective paper backing . Solutions were left in con
tact with the epidermis for 4 h . 
One group of 4 animals was euthanized at the 
time of chamber removal (To), another at 24 h 
and the third at 48 h. 
Tissue was collected fro m the areas in contact 
with the solutions and divided into two frag
ments; one was frozen for morphological and 
immunohistochemical investigations, the other 
was resin-embedded for light microscopy. 

Fig. 1 Fi1111 chambers. 
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Morphological and 
lmmunohisfochemical Sfudies 

Skin fragments were frozen in liquid nitrogen 
and stored at 70°C; 6-mm-thick sections were 
obtained with a cryotome (Leica CM 1900, 
Leica Microsystems , Cambridge UK), left to dry 
overnight and then fixed in acetone for 10 min. 
Some secti ons were stained wi th 
haematoxylin/eos in The remaining sections 
were incubated overnight with anti-CD34 (dii. 
l :20, BD Biosciences, Belgium) , ant i-CD4 (dii. 
l :50 , Santa Cruz, CA, USA) and anti-CD8 (dii. 
l :50, Dakocytomation , Denmark) monoclonal 
antibodies at 4°C and processed with the strepta
vidin-biotin peroxidase method. They were 
finally incubated with 3,3 diaminobenzidine 
(S igma-Aldrich , Ita ly), stained with Mayer's 
haematoxylin and mounted in Paramount. 
Antibody activity was evaluated with a Nikon 
Eclipse (Nikon-ltalia, Italy) light microscope. 

Semifhin Secfions Analysis 

Tissue fragments were fixed in 2% g lu trara lde
hyde (GTA) in O. I M cacodylate buffer, dehy
drated in rising ethanol concentratio ns and ara l
dite-embedded. Semithin sections were obtained 
wi th an LKB ultra-microtome, stained wi th 
toluidine blue and examined with a a Nikon 
Eclipse (Nikon-ltalia, lta ly) light microscope. 
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RESULTS 

Gross Examination 

After 4 h the solutions were completely absor
bed. 

Morpho/ogica/ lnvestigations 

To 
Skin treated with solutions B, C and D did not 
display histological or structural changes com
pared with contro! epidermis, except fora partial 
disorganization of the horny layer. 

24h 
In sk.in fragments treated with the solution con
taining chitin nanofibrils and lutein displayed 
sparse, roughly rectangular areas with regular 
borders (fig. 2) . 

48 h 
Epidermis 
Examination of skin treated with Solution A 
(saline) (fig . 3b) showed a modest swelling of 
the epithelium and immediately underlying col
Iagen bundles, but not of deeper derma! layers, 
in saline-treated compared with contro! skin 
(healthy cutis) (fig. 3a). 
In skin fragments treated with Solution B (chitin 
nanofibrils) (fig, 3c) the epidermis appeared to 
be constituted of cells with a denser cytoplasm 
compared with the specimens treated with solu
tion A (fig. 3b) and wi th contro! skin (fig, 3a), 
with modest epidermal thinning being a possible 
consequence of osmotic-mechanical stress also 
induced by derma! turgidity. 
The dermal-epidermal changes observed in cutis 
treated with Solutions C and D were also less 
significant than those noted in tissue treated with 
Solution B, 

Fig, 2 Hae111aroxyli11-Eosi11 sections of skin rreared for 24 h wirh a) Solurion A (saline); b) So/11rio11 B (chitin 11a11ofibrils); 
e) Solurion D (chirin nanofibri/s +so/veni+ lutein). 
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Fig. 3 H(le111aroxyli11-Eosi11 sections of a) 11or111al skin (comro/) and ski11frag111e111s treatedfor 48 Il witll b) So/111io11 A (sali
ne) and e) So/111io11 B (clliti1111a11ojibrils). 

Dermis 

More compact hair root components and colla
gen bundles in surrounding dermis were obser
ved in contro I skin . A modest inflammatory infil
trate was noted (fig. 4a). 
At 48 h saline (Solution A) did not appear to 
induce significant changes in hair roots or colla
gen bundles in the surrounding dermis (fig.4b) , 
despite a modest subepithelial oedema. 
In Solution B treated skin slightly enlarged inter
cellular spaces and cells whose cytoplasm had a 
different density, interpreted as a possible 
"modulated" outcome of extracellular hypo
osmolarity, were noted in hair roots among folli-
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cular sheets. The connective bundles around the 
roots also appeared to be less compact compared 
wi th contro! cutis . Chitin nanofibril aggregates 
were not clearly detectable. There were few 
inflammatory cells; vessels were slightly and 
locally dilated (fig. 4c). 
In skin treated either with Solution C or D mor
phostructural changes were less marked than in 
skin fragments treated with Solution C (fig. 4d). 
At 48 h , chitin nanofibrils alone (Solution B) 
appeared to induce greater derma! soaking com
pared with preparations containing solvent 
(Solution C) or solvent and lutein (Solution D). 
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Fig. 4 Hae111a1oxyli11-Eosi11 sec1io11s of a) normai ski11 (contro/) a11d skinfragments treatedfor 48/r with b) So/ution A (sali
ne); e) So/11tio11 B (clriti11 11a110.fibrils). (*= smal/ di/atee/ vessel); and d) So/11tio11 D (chitin nanofibrils + so/vent + 
lutei11 ). 

lmmunohistochemical Studies 

CD4-CD8 
The irnmunohistochernical study for CD4 and 
CD8 in skin treated with Solution B (chitin 
nanofibrils) did not evidence significant lyrn
phocyte chernotaxis. Sirnilar irnrnunohistoche
mical features were noted in sections from rats 
treated with Solution C (chitin nanofibrils /sol
vent) and with Solution (chitin nanofibrils /sol
vent/lutein). 
The CD4 and CD8 Iymphocyte infiltration found 
especially in skin treated with Solution C was 

thus cornparable to that seen in untreated skin 
fragments (healthy cutis), further highlighting 
the lack of adverse effects of the latter solution 
(Table 1) . 
Similar findings were noted in specirnens frorn 
areas treated with saline (Solution A). 

CD34 
The irnrnunohistochernical study (Table I) 
dernonstrated that CD34-positive cells with the 
characteristics of stern cells appeared to be more 
expressed (although not significantly so) in skin 
treated with chitin nanofibrils (figs Sc,d), espe-
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cially with the solution containing solvent, than 
in untreated cutis (fig. Sa) or in saline-treated 
skin (fig. 5b) . 

TABLE I 
% positive cel/s 

CD4 

Healthv cut is IO 

Sol. A 12 

Sol. B IO 

Sol.C 13 

Sol. D 9 

CD8 

9 

12 

9 

15 

16 

CD34 

7 

4 

15 

19 

12 
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Fig. 5 !1111111111ohistoche111ical detection ofCD34 in a) normai ski11 (co111rol) and ski11 treated with b) So/11tio11 A (saline); e) 

So/111io11 B ( chiti11 11a11ojibrils); and d) SolllliOll D ( chiti11 11a110.fibrils + solve111 + /111ei11). 
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Semithin Sections 

48 h 
The interweaving connective structure of the 
dermis gives rise in vivo to a 3D porous scaffold 
in which rnolecules penetrating through the epi
dermis are fi ltered before entering the peripheral 
circulation . 
Oederna of the subepithel ia l connective ti ssue, 
albeit without necrosis or inflarnmation, was cle
arly evident in sernithin sections of skin treated 
with Solution B (fig. 6) . Cornparison with sali
ne-treated skin revealed that Solution A also 
induced the onset of subepithelial oederna, in 
this case accornpanied by gross loosening of col
lagen fibres and srna ll erythrocyte clusters. 
The addition of solvent (Solution C) or solvent 
and lutein (Solution D) did not appear to exert 
specific effects cornpared with the solution con
taining chitin nanofibrils a lone. 

Fig. 6 Semithin section of skin treated for 48h with 
Soluti on B( chitin na11ofibrils). 

DISCUSSI ON 

In vitro studies perforrned to docurnent possible 
adverse effects of nanostructured rnolecules, 
such as chitin nanofibrils, used in dermato
cosrnetology rneet the need for identifyi ng 
actions exerted by these rnolecules towards cells 
other than resident cell populations. 
This requires first of a li to evaluate any distress 
that the nanostructure rnay exert on resident epi
derrnal-derrnal cell s (keratinocytes, fibroblasts, 
endothelial cells, Langerhans cells, melanocytes, 
lyrnphocytes) . The possible locai re lease of cyto
kines then entails testing for any chernotactic 
activity of resident cells and for the extravasa
tion of blood subpopulations that enhance speci
fic locai irnrnunoreactivity ( 13) 
Such fu nctional modulation is currently difficult 
to assess exhausti vely in skin equivalent devices, 
rnaking in vivo experirnents necessary, at least in 
the short terrn. lt should also be noted that skin 
equivalent devices do not have the hair cornpo
nent. 
Topically applied substances penetrate through 
the cutis in three different ways: transcellular, 
intercellular and fo llicular. In particular, hair fol
licles are viewed as irnportan t drug del ivery 
pathways. A recently devised class of liposornes 
is able to penetrate to a depth of 84% into the 
hair foll icle of experirnenta l ani mais thanks to a 
cationic charge on their surface; penetration is 
dernonstrated by rnarkers like carboxyfluore
scein and curcurnin ( 14 ) . This s ignificant 
technological advance will enable better testing 
of intradermal penetration of derrnato-cosrnetic 
products with a nanostructured cornponent of 
chitin nanofi brils associated w ith rnolecules 
airned at specific derrnato-cosrnetological tar
gets (15). 
In neglected cutis the more superficial derrnal
epiderrnal layers exhibit a structural instability 
that on the one hand impairs the skin 's role as a 
defensive barrier but on the other allows easier 
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penetration of " regenerative" molecules to dee
per layers. In this context the production of 
" regenerative" compounds capable of crossing 
the skin barrier is especially important, making 
the production of nanostructured products an 
advamage. 
The combination of a nanofibril structure and 
hydroph ilicity (8) promises to enhance the pene
tration of chitin and of molecules associated to 
it. 
Our data document that intraepidermal and der
ma! penetration of soluble nanostructured chitin 
molecules enables their extracellular accumula
tion and does not appear to induce inflammato
ry-reacti ve phenomena or scarce tolerance to 
ch itin itself. Chitin biodegradablility prevents 
intracutaneous persistence, which in turn could 
induce a non-self inflammatory reaction. 
The absorption of chitin nanofibri ls at the leve! 
of root, follicular and perifollicu lar sheets, deter
mine a modification in the architecture these 
structures, although not markedly. This effect 
may partially be attributable to an osmotic stress 
mechanism as well as to the recali of molecular 
troph ic factors (growth factors), which favour 
hair regrowth . The risk of small subepidermal 
vessels constituting a pathway for the migration 
and diffusion of nanostructured molecules to the 
circulation is attenuated by chitin 's biodegrada
ble nature and thus low biologica! persistence. 
Our data also confirm that the absorption of chi
tin nanofibril s alone or associated with solvent 
or solvent/lutein does not induce s ignificant non
self dermal-epidermal reactions ( 15- I 6). The 
chit in nanofibril solution also proved to be an 
interesting stimulus for CD34-positive radicular
follicular (i.e. stem) cells (17,18). The evidence 
for biofunctional CD34 celi activation in the pre
sence of chitin nanofibril solutions opens intere
sting prospects for the use of such vehicle in der
mato-cosmetology and is expected to result in 
clinical-dermatological benefi t. 
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These and previous findings may enable future 
research into the degree of penetration of derma
to-cosmetic factors with troph ic-regenerative 
action , using chitin nanofibrils as the vehicle . 
These researchers may be carried out almost 
exclusively in skin equivalent devices (19), fur
ther to curb animai experiments. 



G. Biagini. A. Zizzi. F. Giantomassi. F. Orlando. G. Lucarini. M Mattia/i Be/monte, MG. Tucci and P. Morganti 

References 

1) Maynard AD. (2006) Nanotechnology: assessing the risks. Nano Today, 1: 22-33. 
2) Sealey C. (2006) Getting under your skin . Nano Today, 1: 1. 
3) Toh YC, Ng S, Khong YM, Zhang X, Zhu Y, Lin PC, Te CM, Sun W, Yu H. (2006) Cellular 

response to nanofibrous enviroinment. Nano Today, 1: 34-43. 
4) Rosso F, Giordano A, Barbarisi M , Barbarisi A. (2004) From cell-ECM interactions to tissue 

engineering. J Cell Physiol., 199: 174-80. 
5) Ng S, Wu YN, Zhou Y, Toh YE, Ho ZZ, Chia SM, Zhu JH, Mao HQ, Yu H. (2005) 

Optimization of 3-D hepatocyte culture by contro lling the physical and chemical properties of 
the extra-cellular matrices. Biomaterials, 16: 3153-63. 

6) Tran H , Pankov R, Tran SD, Hampton B, Burgess WH, Yamada KM. (2002) Integrin cluste
ring induces kinectin accumulation. J Celi Sci., 115: 203 1-40. 

7) Ong LL, Er CPN, Ho A, Aung MT, Yu H. (2003) Kinectin anchors the translation elongation 
factor- 1 delta to the endoplasmic reticulum . J Biol Chem., 278: 32115- 123. 

8) F rank L , Lebreton-Decoster C, Godeau G, Coulomb B, Jozefonvicz J . (2006) Dextran deri 
vatives modulate collagen matrix organization in derma! equivalent. J Biomater Sci Polym, 17: 
499-5 17. 

9) Botchkarev VA. (2003) Neurotrophins and their role in pathogenesis of alopecia areata. J 

lnvestig Dermatol Symp Proc., 8: 195-8. 
10) Kippenberger S , Loitsch S, Guschel M, M uller J , Ka ufmann R , Bernd A. (2005) Hypotonic 

stress induces E-cadherin expression in cultured human keratinocytes. FEBS Lett., 579: 207- 14. 
11) Carton I , Hermans D, Eggermont J. (2003) Hypotonicity induces membrane protrusions and 

acti n remodeling via acti vation of small GTPases Rac and Cdc42 in Rat- 1 fi broblasts. Am J 
Physiol Celi Physiol., 285: C935-44. 

12) Muzzarelli RAA, Morganti P, Morganti G, Palombo P, Palombo M , Biagini G, Mattioli 
Belmonte M, Giantomassi F, Orlandi F, Muzzarelli C . (2007) Chitin nanofi bri ls/chitosan g ly
colate composites as wound medicaments. Carbohydrate Polymers, 70: 274-284. 

13) Tada Y, Riedl E, Lowenthal MS, Liotta LA, Briner BM, Crouch EC, Udey MC. (2006) 
Ident ification and Characterization of Endogenous Langerin Ligands in Murine Extracell ular 
Matrix. J fnvest Dermatol., 126: 1549-1558. 

14) Jung S, Otberg N, Thiede G , Richter H, Sterry W, Panzner S, Lademann J. (2006) 
Innovative Liposomes as a Transfollicular Drug Delivery System: Penetration into Porcine Hair 
Follicles. J lnvest Dermatol., 126: 1728-1732. 

15) Gupta P, Freyschmidt-Paul P, Vitacolonna M, Kiessling S, Hummel S, Hildebrand D, 
Marhaba R , Zoller M. (2006) A Chronic Contact Eczema Impedes Migration of Antigen
Presenting Cells in Alopecia Areata. J lnvest Dermatol ., 126: 1559-1573. 

16) Hodak E, David M , Maron L , Aviram A, Kaganovsky E , Feinmesser M. (2006) CD4/CD8 
double-negative epidermotropic cutaneous T-cell Iymphoma: an immunohistochemical variant of 
mycosis fungoides. J Am Acad Dermatol ., 55: 276-84. 

17) Kaur P. (2006) Interfollicular Epidermal Stem Cells: Identification, Challenges, Potential. J 
fnvest Dermatol., 126: 1450-1458. 

79 



Cutaneous Absorption of Nanostructured Chitin Associated with Natural Synergistic Molecules (Lutein) 

18) Cotsarelis G. (2006) Epithelial Stem Cells: A Folliculocentric View. J lnvest Dermatol., 126: 
1459-1468 . 

19) Zghoul N, Fuchs R, Lehr CM, Schaefer UF. (2001) Reconstructed skin equivalents for asses
sing percutaneous drug absorption from pharmaceutical formul ations. ALTEX., 18: 103-6. 

Author Address: 

Monica Mattioli Belmonte 
Department of Molecular Pathology 
and Innovative Therapies- Histology 
School of Medicine 
Marche Polytechnic University 
Via Tronto l 0/A 60020 Ancona, ltaly 
Email: m.mattioli@univpm.it 

80 


