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Abstract: The paper describes the process to produce Chitin Nanofibril-Hyaluronan 

nanoparticles (CN-HA), showing their ability to easily load active ingredients, facilitate 

penetration through the skin layers, and increase their effectiveness and safety as an  
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anti-aging agent. Size and characterization of CN-HA nanoparticles were determined by 

Scanning Electron Microscopy (SEM) and Zetasizer, while encapsulation efficiency and 

loading capacity of the entrapped ingredients were controlled by chromatographic and 

spectrophotometric methods. Safeness was evidenced on fibroblasts and keratinocytes 

culture viability by the MTT (Methylthiazol) assay; anti-aging activity was evaluated in vitro 

measuring antioxidant capacity, anti-collagenase activity, and metalloproteinase and  

pro-inflammatory release; efficacy was shown in vivo by a double-blind vehicle-controlled 

study for 60 days on 60 women affected by photo-aging. In addition, the CN-HA 

nanoparticles have shown interesting possibility to be used as active ingredients, for 

designing and making advanced medication by the electrospinning technology, as well as 

to produce transparent films for food packaging, by the casting method, and can be used 

also in their dry form as tissues or films without adding preservatives. These unusual  

CN-HA nanoparticles obtained from the use of raw materials of waste origin may offer an 

unprecedented occasion for making innovative products, ameliorating the quality of life, 

reducing pollution and safeguarding the environment’s integrity. 

Keywords: chitin nanofibrils; skin aging emulsions; innovative beauty masks; 

biopolymers; skin delivery; electrospinning; casting technology; fishery by-products; 

biomass waste 

 

1. Introduction 

The multi-functionality and safeness of Chitin Nanofibril-Hyaluronan (CN-HA) micro/nanoparticles, 

used as cosmetic emulsion because of their 100% biodegradability and skin friendly activity, the 

targeted delivery capacity to overcome the skin barrier acting as an anti-aging carrier, and the 

possibility to also be used in their dry form as tissues with structural similarities to native extra cellular 

matrix (ECM) and as transparent films free of preservatives, offer unprecedented occasion for making 

innovative products to ameliorate the quality of life, and reduce pollution and greenhouse gas emissions. 

The use of these unusual nanoparticles, which are in fact obtained from the raw material of waste, 

safeguards environment integrity by addressing biodiversity loss, which is already estimated to cost the 

EU (European Union) around 450 billion Euro per year. 

Progress in nanotechnology have given rise to the possibility to design, produce and engineer 

delivery systems as nanoparticles and smart nanoemulsions maximizing the effectiveness of the 

ingredient(s) entrapped or encapsulated [1–4]. The physicochemical properties of these nanoparticles 

can be engineered at the molecular level [5,6], while their shape, size, and electrical charge, as well as 

the surface density of their targeting ligands for specific applications, can be easily controlled [7–10]. 

Thus, it is possible to develop a nanocarrier that, loaded with active ingredients, may accumulate 

selected compounds in certain skin areas owing to its physicochemical and distributing properties. In 

this way, these effective ingredients may be delivered into different skin layers and released in a 

controlled manner for optimal dosing [11]. Tuning of the physicochemical properties of nanoparticles 

to achieve site-specific accumulation is, therefore, an attractive approach that takes advantage of 
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physiological defects and cellular interactions with nanomaterials used, for example, to design  

anti-aging cosmetic products or emulsions, reparative non-woven tissues and films as beauty masks 

that, preservative free, may have antiseptic or anti-inflammatory activities depending on the 

ingredients entrapped into the nano/micro fibers. These smart and innovative beauty masks should be 

used for helping, for example, people affected by acne. Because of their lack of toxicity, interesting 

electrochemical properties, biodegradability, biocompatibility, and high mucoadhesive properties, 

many natural polymers, such as chitin nanofibrils obtained from fishery/crustacean waste [12–15], 

and/or some lignocellulosic compounds, extracted from plant biomass [16,17], have been used as 

nanoparticle delivery systems [18–20]. Among these, Chitin Nanofibrils (CNs), being prevalently 

covered by positive electrical charges, have shown the possibility to form block-copolymeric 

nanoparticles (BCC) when directly in contact in water suspension with electronegatively charged 

polymers such as Hyaluronan (HA) or other negative natural compounds. It is interesting to underline 

that these nanoparticles can easily entrap in the same way differently sized active ingredients that are 

hydro or liposoluble [21]. The same entrapping activity has been shown by the use of CN that, mixed 

with other natural polymers, has been treated by electrospinning technology or by casting technology 

to obtain respectively porous matrixes as scaffolds for tissue-engineering purposes and beauty  

masks [22], as well as thin films [23]. 

The aim of this paper is to report results of different studies characterizing and controlling the 

bioavailability and safety of block-copolymeric CN-HA nanoparticles, entrapping lutein and other 

active ingredients, just to underline their effectiveness as compounds of anti-aging cosmetic emulsions. 

In addition, non-woven biomimetic tissues and biodegradable films made by the use of CN and other 

natural polymers will be shown as first results of the EU research projects Chitofarma and n-Chitopack. 

2. Experimental Section 

Materials and Methods 

Materials 

Lutein crystals (99%) were purchased from Kemin (Kemin Food, Des Moines, IA, USA), 

Hyaluronic Acid (HA) from Kibun (Kibun Food Chemifa Co., Tokyo, Japan), Chitin and Chitosan 

from Primex (Siglufjordur, Iceland), lignocellulosic polymer from Compagnie Industrielle de la 

Matière Végétale (Labège, France) while Chitin nanofibrils (CN) block-copolymeric nanoparticles and 

nanoemulsions were purchased from MAVI sud S.r.l. (Aprilia, Italy). 

Methods 

Nanoparticles preparation and characterization: in vitro and in vivo activity. According to gelation 

method (Boochemal et al. [24] modified from our group [25], it was possible to obtain block-copolymeric 

CN-HA micro/nanoparticles slowly dropping the acidic suspension of CN (2% w/v) into a stabilized 

suspension of HA (2% w/v) by a syringe with a 30-gauge needle under high speed and constant 

stirring, as reported in Figure 1. 
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The HA water suspension contained a stabilized hydrophilic surfactant, while CN contained both a 

lipophilic stabilizer and lutein as example of an active ingredient (2 mg% w/v). The obtained 

morphological characterization of the micro/nano lamellar complexes entrapping different active 

ingredients, purified by centrifugation, re-suspended in distilled water, treated by high-pressure 

homogenizer, and atomized in a stream hot air, have been controlled by Scanning Electron Microscopy 

(SEM) (Philips XL20, Amsterdam, The Netherlands) [26] as shown in Figure 2. 

The medium size of the lutein-loaded nanoparticle was controlled by a Zetasizer (NanoZS  

Model 3600—Malvern Instruments, Worcestershire, UK), while its release was measured by a 

dissolution apparatus (Distek 2100 B) and controlled by HPLC (High Performance Liquid 

Chromatography, Varian 9012, Varian Associates Inc., Palo Alto, CA, USA). Both the encapsulation 

efficiency of CN and the loading capacity of the entrapped active ingredients, compared with chitosan 

and amorphous commercial chitin, were determined by gel filtration chromatography, and analyzed by 

spectrophotometer and HPLC, as reported in Table 1 [24,25]. 

Table 1. Nanoparticles yield, Lutein loading content and entrapment efficiency of different 

kind of chitin and chitosan complexed with hyaluronic acid. 

Polymer 
Nanoparticle 

yield (%) 
Lutein loading 

content (%) 
Entrapment  
efficacy (%) 

Particle mean 
size (%) 

Chitosan-HA-Lutein 33 ± 9 10 ± 3 32 ± 5 458 ± 14 
Amorphous Chitin-HA- Lutein 31 ± 10 18 ± 3 40 ± 5 355 ± 13 
Crystal-Chitin HA (CN) Lutein 42 ± 9 35 ± 3 66 ± 6 185 ± 13 

Note: All measurements were performed in triplicate; CN = Chitin nanofibrils; HA = Hyaluronic acid. 

Figure 1. The gelation method between Chitin nanofibrils (CN) and Hyaluronan (HA) nanoparticles. 
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Figure 2. Nanoparticles of CN-HA at SEM. 

 

Moreover, the cytotoxicity of the different nanoparticles was performed in vitro measuring the 

keratinocyte and fibroblast viability by the MTT assay, normally utilized by our group (Figures 3  

and 4) [25–27]. 

In addition, the supposed anti-aging activity was controlled both in vivo and in vitro, evaluating the 

antioxidant and the anti-inflammatory activity, as well as the balancing effect on the anticollagenase 

and the metalloproteinase release. It was controlled the emulsion efficacy in vivo by a double-blind 

vehicle-controlled study for a period of 60 days, on a group of 60 women affected by photo-aging [27]. 

Finally, the skin penetration was controlled in vivo by the tape stripping method (D-Squame, Cu Derm, 

Dallas, TX, USA) and the scrub technique, applying the cream (2 mg/mL) in a random manner for  

one month of treatment [27]. 

Figure 3. Effect of Chitin Nanofibril-Hyaluronan nanoparticles on the viability of 

keratinocytes. All p values are not significant as the control and the groups. 
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Figure 4. Effect of Chitin Nanofibril-Hyaluronan nanoparticles on the viability of 

fibroblasts. All p values are not significant as the control and the groups. 

 

3. Results and Discussion 

Nanocosmetology may be defined as the cosmetic intervention at the molecular scale to repair and 

control human biological systems of skin, aged or affected by minor disorders, such as acne and 

xerosis. Basic nanostructured materials, engineered enzymes and the many other products of 

biotechnology will most probably become essential elements in some areas of medical and biological 

applications to design innovative cosmetics and a new generation of advanced beauty biomasks and 

medications [28,29]. However, the full promise of nanocosmetology is yet to be defined, because it 

will depend on the development of new technologies necessary for a more precise control of the 

effectiveness and safeness of the ingredients used, as well as of the obtained final products. 

In this study, we try to define this fascinating area of research suggesting the use of Chitin Nanofibrils 

(CN) as a biomimetic natural innovative carrier, reporting some technologies used to control the 

effectiveness and safeness of anti-aging cosmetic products based on this nano-ingredient [30,31]. 

Thus, by the use of the gelation method [24,25], we bonded together the electropositive CN with the 

electronegative hyaluronic acid, obtaining block-copolymeric nanoparticles (BCC) in the size range of 

40–200 nm (Figure 2). Naturally, the dimension of BCC depends on the way of operating the carrier 

(emulsion) as well as on the active ingredients’ entrapment [26,32]. 

Characterization and size of nanoparticles, their release profile and degradation, loading content and 

related entrapment, essential for a thorough understanding of their properties, efficacy and degradation 

behaviour, are reported on Table 1 and Figure 2, regarding the entrapped lutein [26,32]. Molecular 

weight of the CN-polymer was used together with the encapsulated ingredient influence—in fact, the 

nanoparticle size, entrapping efficiency, and degradation rate of the nanoparticles—hence affecting the 

release rate of active ingredient(s). These phenomena have been also underlined by different authors 

for the use, for example, of polylactide-co-glycolide and other polymers (PLGA) [33–36]. 
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However, degradation, as well as active ingredient release, can be precisely controlled, 

characterizing in advance the physicochemical properties of the polymer, such as its molecular width, 

polydispersity index, hydrophobicity, hydrosolubility and crystallinity. 

Soon after, the entrapped active ingredients can be released in a controlled manner due to their 

diffusion through the polymeric matrix, or be triggered in response to environmental stimuli, or 

released in the course of enzymatic degradation. 

According to our used method [25], the release of lutein entrapped into CN-HA was measured by 

the dissolution apparatus Distek 2100 B equipped with an autosampler and assayed by HPLC at  

490 nm. The results obtained are reported in Figure 5 [25]. 

Figure 5. Release profile for lutein from chitin/chitosan nanoparticles. 

 

Moreover, as reported in Figures 6 and 7, it is interesting to underline how the in vitro results have 

been confirmed from the in vivo studies, showing a good skin penetration and bioavailability of lutein 

recovered at the level of different stratum corneum layers (SC) at different times, depending on the 

size and charge of the nanoparticles designed and, of course, on the method used, such as the stripping 

and desquamation techniques measuring the skin turnover [37,38]. 

Because of the crystallinity of CN and their methodology of production, these nanoparticles, 

covered by positive surface charges, seem to have an interesting ability to disturb the tight lamellar 

layers of the SC, enabling a better diffusion of entrapped active compounds through the dipper’s skin 

layers as well. On the contrary, when the nanoparticle surface is covered by negative charges, the 

active ingredients remain at the level of the outermost skin (Figure 8). 

As a consequence of the positive CN-HA nanoparticles obtained, it was possible to modify the 

quantity and quality of SC lipids, repairing the disrupted skin barrier of subjects affected by  

photo-aged skin (Figure 9) [39] or acne (Figure 10) [40], as well as to re-balance skin hydration from 

inside and outside (Figure 11) and skin elasticity (Figure 12) of subjects affected by photo-aging [27,41]. 

It is also interesting to underline that the nanoparticles, entrapping the antioxidant complex  

Melatonin-vit E-Betaglucan (MEB), have shown in vitro the best activity in increasing collagen 

production (Figure 13) at the level of fibroblasts cultures, contemporarily inhibiting the collagenase 

activity (Figure 14) and the MMP1 (Metallo Proteinases1) (Figure 15) and IL-8 release (Figure 16) 

compared to other active ingredients used [27,31]. 
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Figure 6. Lutein recovery of different stripped skin layers after one month of treatment by 

CN-nanoparticles applied on left or right forearm. All p values are significant (p < 0.005) 

as control and as groups; * = not significant. 

 

Figure 7. Lutein recovery of corneocytes removed from forearm by forced scaling at 

different times and days of treatment by nanoparticles entrapping lutein. All p values are 

significant (p < 0.005) as control and as each other groups. 

 

Figure 8. CN-HA has the capacity to disturb the stratum corneum lamellae organization, 

increasing the skin penetrability of the active ingredients entrapped. 
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Figure 9. Activity of chitin nanofibrils alone or complexed with antioxidant and 

immunomodulant ingredients (active cream) as a vehicle on superficial skin lipids of the 

skin of photo-aged women. All p values are highly significant as control and as each other 

groups (p < 0.005). 

 

Figure 10. Transepidermal water loss (TEWL) of acne affected patients treated by  

4%-nicotinamide phosphatidylcholine linoleic acid rich emulsion vs. 1%-clindamycin 

phosphate and the vehicle. All p values are significant as groups and as baseline  

(p < 0.05) clindamycin vs. NPHL (Niacinamide-Phosphatidylcholine) (p < 0.05). 

 

Moreover, it has been shown that CN-HA size and its physicochemical characteristics can enhance 

the cellular uptake: the smaller the particle, especially when positively charged, the easier it can be 

delivered to cells, acting as cell signalling [42]. 

Topical use of antioxidant compounds seems, in fact, useful to remove free radicals in excess, 

preventing also the consequential increased production of inflammatory cytokines and MMPs. The 
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efficacy shown by CN-HA nanoparticles is probably due to the double activity of Hyaluronan and 

Chitin (polymer of glucosamine and acetyl glucosamine), capable of creating a favourable enzymatic 

environment for skin turnover. These particular conditions, further reinforced by the activity of the 

antioxidant ingredients entrapped, facilitate the skin’s cell migration and function, sustaining the 

synthesis of both ECM and fiber-macromolecules, neutralizing the oxidative activity of free radicals  

in excess. 

Figure 11. Skin hydration of photo-aged healthy subjects treated topically and/or orally by 

antioxidant compounds with chitin nanofibrils (% increase vs. baseline values). All  

p values are highly significant (p < 0.005) as baseline, placebo and significant (p < 0.05)  

as to groups. 

 

Figure 12. Skin elasticity of photo-aged healthy subjects treated topically and/or orally by 

antioxidant compounds complexed with chitin nanofibrils (% increase vs. baseline values). 

All p values are highly significant (p < 0.005) as baseline, placebo and significant  

(p < 0.05) as to groups. 
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Figure 13. Percentage increase of collagen produced by fibroblast cultures added with the 

liposomial complex phosphatidylcholine-hyaluronic acid-chitin nanofibrils encapsulating 

active compounds (ALC) vs. untreated control. ALC values vs. control highly significant  

(p < 0.001). 

 

Figure 14. Inhibitory activity vs. collagen degradation of chitin nanofibrils-hyaluronan 

nanoparticles entrapping active ingredients in fibroblast culture incubated collagenase 

enzyme. All p values highly significant (p < 0.005) as the control and groups. 
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Figure 15. MMPl release in aged fibroblasts treated by chitin nanofibril-hyaluronan (CN-HA) 

entrapping active ingredients. All p values highly significant (p < 0.005) as untreated, 

TGF-β (Tumour Growth Factor-β) treated and as groups. 

 

Figure 16. Inhibition of IL-8release on TNF-α (Tumour Necrosis Factor- α) stimulated 

human keratinocytes. All p values are highly significant (p < 0.01) vs. control and 

significant (p < 0.005) vs. the groups. 

 

Finally, as previously reported in Figures 3 and 4, all the studied block-copolymeric nanoparticles 

have shown to be non-toxic on the viability of both keratinocytes and fibroblasts’ cultures [40,41]. On 

the other hand, it is interesting to underline the capacity CN-HA has to increase the UV-screening 

efficacy of both the inorganic and organic sunscreening agents trapped in a block polymeric structure 

(Table 2) [43]. 
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Table 2. Comparison of SPF and UVA-PF activity of chitin nanofibrils-hyaluronan 

entrapping carotenoids, ZnO and TiO2. All p values are highly significant as control  

(p < 0.005) and significant as each other groups. Zn = zinc oxide nanoparticles; TiO2 = 

titanium dioxide nanoparticles; CN = chitin nanofibrils; HA = hyaluronic acid. 

Active compounds SPF (Sun Protection Factor) UVA-PF (UVA Protection Factor) 

Zn-TiO2 Alone (control) 20 ± 1.8 7 ± 0.8 
Zn-TiO2 CH-HA entrapped 30 ± 2.3 10 ± 2 
Zn-TiO2 Lutein CH-HA entrapped 50 ± 3.4 21 ± 4 
Zn-TiO2 β-Carotene CN-HA entrapped 40 ± 2.9 13 ± 3 
Zn-TiO2 Lycopene CN-HA entrapped 45 ± 2.5 20 ± 4 

By this technique, lutein and lycopene have shown to increase the sunscreen activity of ZnO and 

TiO2, versus both UVA and UVB (Ultraviolet rays long waves A and short waves B), much more than 

betacarotene. Thus, the CN-HA block polymer seems to acts not only as a carrier but also as an 

interesting boosting agent [43,44]. Moreover, CN and CN-HA nanoparticles have been transformed, 

by electrospinning technology, in non-woven tissue to be used as innovative beauty masks and 

advanced medications. 

From the first results the obtained micro/nanofibers have shown, in fact, the ability to form 

interesting scaffolds that, mimicking the size and arrangement of skin’s ECM and native collagen 

fibers, are able to increase cell proliferation rate, maintain cell phenotype, support differentiation of 

stem cells, and activate cell-signalling pathways as well (Figure 17) [28,29]. 

Finally, by the EU n-Chitopack project, using the casting method, we are obtaining food packaging 

nanocomposite films with bacteriostatic and UV-resistant properties of high performance and 

environmental compatibility (Figure 18). It is also interesting to underline how low quantity of CN 

seems able to orient the disposition of the chitosan fibers into the nanocomposite film, leading to an 

increase in strength and Young modulus of the obtained composite fibers (Figures 19 and 20) [45]. 

Figure 17. Non-woven tissue obtained by electrospinning at SEM. 

 

10 μm
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Figure 18. Film-tissue obtained by the casting method at SEM and as final product. 

 

Figure 19. The smooth surface of chitosan/CN composite fiber (a) shows a regular 

disposition of CN into its inner structure (b). The fiber contains 1 wt% of CN. 

 

Figure 20. Dependences of tensile strength (a) and Young modulus (b) of the chitosan/CN 

composite fibers on the content of the chitin nanofibrils. 
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4. Conclusions 

Current polymeric nanocarrier technologies, both as nanoparticles/nanoemulsions and non-woven 

tissues and/or films, have shown remarkable advantages for a drug/cosmetic/food delivery, when 

compared with conventional emulsions or tissues. Among the other polymers utilized up until today, 
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CN seems to be a very promising natural ingredient for making innovative anti-aging and skin 

reparative cosmetic delivery systems, due to its specific characteristics, including good biodegradability 

and biocompatibility, when taken by oral route as well [41,46–52]. Development of multifunctional 

CN-HA block-copolymers, or CN complexed with other negatively charged natural polymers, 

containing specific ingredients for active targeting, will provide new versatile and straightforward 

approaches such, as the mind-body NICE-activity (Neurological Immune Cutaneous Endocrine 

systems) [51–55], to improve, for example, the skin aging activity [31,32,41] or accelerate the wound 

healing processes [56–60]. For further advancement, it will be necessary to focus more research 

attention on their regulatory status [61] and productive processes, decreasing energy consumption and 

costs, and increase the use of waste materials to reduce pollution and save humans and the environment. 

In conclusion, the application of nano-techniques, at the cellular, molecular and atomic levels, 

should certainly help in improving understanding of skin biology, as well as in the development of 

advanced medications or innovative cosmetic products for treating not only aging and photo-aging skin 

but also minor disorders or mild skin abnormalities. 

According to our previous opinion [61], these innovative cosmetic products that show a 

physiological activity in “suffering skin” also have to be considered under the same cosmetic EU rules 

as a new class of clinically correct cosmetics, having demonstrated meeting additional in vitro and  

in vivo requirements for safety and efficacy. 

Acknowledgments 

Financial support by EC SME 2012-1 grant agreement No. 315233 is gratefully acknowledged. 

Author Contributions 

Pierfrancesco Morganti has coordinated the whole works done. Francesco Carezzi and Paola Del 

Ciotto have controlled the stability and the safeness of all the studied formulations. Galina Tishchenko 

and Vladimir E Yudin have contributed to control and define the chemico-physical activity of the 

Chitin Nanofibrils films. Giuseppe Fabrizi, Fabrizio Guarneri and Maria Cardillo have studied the 

clinical activity of the different emulsions made by the Chitin Nanofibrils technology. 

Conflicts of Interest 

Pierfrancesco Morganti is also the R&D Director of the Nanoscience Centre, Mavi Sud s.r.l.,  

Francesco Carezzi and Paola Del Ciotto work at Nanoscience Centre, Mavi Sud s.r.l., Italy. 

References 

1. Sprintz, M. Editorial: Nanotechnology for advanced therapy and diagnosis. Biomed. Microdevices 

2004, 6, 101–103. 

2. Devalapally, H.; Chakilam, A.; Amiji, M.M. Role of nanotechnology in pharmaceutical product 

development. J. Pharm. Sci. 2007, 96, 2547–2565. 

3. Alexis, F.; Pridgen, E.; Molnar, L.K.; Farokhza, O.C. Factors affecting the clearance and 

biodistribution of polymeric nanoparticles. Mol. Pharm. 2008, 5, 505–515. 



Cosmetics 2014, 1 155 

 

 

4. Morganti, P. Use and potential of nanotechnology in cosmetic dermatology. Clin. Cosmet. 

Investig. Dermatol. 2010, 3, 5–13. 

5. Weissleder, R.; Kelly, K.; Sun, E.Y.; Shtatland, T.; Josephson, L. Cell-specific targeting of 

nanoparticles by multivalent attachment of small molecules. Nat. Biotechnol. 2005, 23, 1418–1423. 

6. Euliss, L.E.; Dupont, J.A.; Gratton, S.; DeSimone, J. Imparting size, shape, and composition 

control of materials for nanomedicine. Chem. Soc. Rev. 2006, 35, 1095–1104. 

7. Jana, N.R. Shape effect in nanoparticle self-assembly. Angew. Chem. 2004, 116, 1562–1566. 

8. Gratton, S.E.A.; Ropp, P.A.; Pohlhaus, P.D.; Luft, J.C.; Madden, V.J.; Napie, M.E.; DeSimone, J.M. 

The effect of particle design on cellular internalization pathways. Proc. Natl. Acad. Sci. 2008, 105, 

11613–11618. 

9. Clarke, S.J.; Hollmann, C.A.; Aldaye, F.A.; Nadeau, J. Effect of ligand density on the spectral, 

physics and biological characteristics of CdSe/ZnS quantum dots. Bioconjugate Chem. 2008, 19, 

562–568. 

10. Haun, J.B.; Hammer, D.A. Quantifying nanoparticle adhesion mediated by specific molecular 

interactions. Langmuir 2008, 24, 8821–8832. 

11. Moore, T.; Graham, E.; Mattix, B.; Alexis, F. Nanoparticles to Cross Biological Barriers. In 

Biomaterials Science: An Integrated Clinical and Engineering Approach; Rosen, Y., Elman, N., 

Eds.; CRC-Press: New York, NY, USA, 2012; pp. 85–121. 

12. Morganti, P.; Morganti, G.; Morganti, A. Transforming nanostructured chitin from crustacean 

waste into beneficial health products: A must of our society. Nanotechnol. Sci. Appl. 2011, 4, 

123–129. 

13. Morganti, P.; Li, Y.H. From Waste Materials Skin-Friendly Nanostructured Products to Save 

Humans and the Environment. J. Cosmet. Dermatol. Sci. Appl. 2011, 1, 99–105. 

14. Morganti, P.; Morganti, A. Chitin nanofibrils: A natural nanostructured compound to save the 

environment. NBT 2011, 7, 50–52. 

15. Morganti, P.; Li, Y.H. Healthy products from waste materials. Euro Cosmet. China Spec. Issue 

2012, 20, 60–63. 

16. Pu, Y.; Kosa, M.; Kalluri, U.C.; Tuskan, G.A.; Ragauskas, A.J. Challenges of the utilization of 

wood polymers: How can they overcome? Appl. Microbiol. Biotechnol. 2011, 91,1525–1536. 

17. Ten, E.; Vermerris, W. Functionalized Polymers from Lignocellulosic Biomass: State of the Art. 

Polymers 2013, 5, 600–642. 

18. Morganti. P.; Morganti, G. Chitin Nanofibrils for Advanced Cosmeceuticals. Clin. Dermatol. 

2008, 26, 334–240. 

19. Morganti, P. Chitin Nanofibrils for Cosmetic Delivery. Cosmet. Toilet. USA 2010, 125, 36–39. 

20. Morganti, P.; Carezzi, F.; del Ciotto, P.; Morganti, G. Chitin nanoparticles as innovative delivery 

system. Pers. Care Eur. 2012, 5, 95–98. 

21. Morganti, P.; del Ciotto, P.; Gao, X.H. Skin Delivery and Controlled Release of Active 

Ingredients by Chitin Nanofibrils: A New Approach. Cosmet. Sci. Technol. 2012, 20, 136–142. 

22. Morganti, P.; Palombo, M.; Chen, H.D.; Gao, X.H. Medical Textile and Nanotechnology. Cosmet. 

Sci. Technol. 2013, 21, 128–138. 



Cosmetics 2014, 1 156 

 

 

23. Morganti, P.; Tishchenko, G.; Palombo, M.; Kelnar, L.; Brozova, L.; Spirkova, M.; Pavlova, E.; 

Kobera, L.; Carezzi, F. Chitin Nanofibrils for Biomimetic Products: Nanoparticles and 

Nanocomposite Chitosan Films in Health-Care. In Marine Biomaterials: Isolation, 

Characterization and Application; Kim, S.K., Ed.; CRC-Press: New York, NY, USA, 2013;  

pp. 681–715. 

24. Boochemal, K.; Briancon, S.; Fessi, H.; Chevalier, Y.; Bonnet, I.; Perrier, E. Simultaneous 

emulsification and interfacial Polycondensation for the preparation of colloidal suspension of 

nanocapsules. Mater. Sci. Eng. 2006, 26, 478–480. 

25. Morganti, P.; del Ciotto, P.; Fabrizi, G.; Guarneri, F.; Cardillo, A.; Palombo, M.; Morganti, G. 

Safety and Tolerability of Chitin Nanofibril/Hyaluronic Acid Nanoparticles Entrapping Lutein. 

Note I. Nanopartices Characterization, Bioavailability and Biodegradability. SOFW J. 2013, 139, 

12–23. 

26. Characterization of Chitin Nanofibril-Hyaluronan Block Polymer Characterised. Available online: 

http://www.personalcaremagazine.com/Story.aspx?Story=11805 (accessed on 26 June 2014) 

27. Morganti, P.; Palombo, M.; Fabrizi, G.; Guarneri, F.; Slovacchia, F.; Cardillo, A.; del Ciotto, P.; 

Carezzi, F.; Morganti, G. New Insights on Anti-Aging Activity of Chitin Nanofibril-Hyaluronan 

Block Copolymers Entrapping Active Ingredients: In Vitro and in Vivo Study. J. Appl. Cosmetol. 

2013, 31, 1–29. 

28. Morganti, P.; Guarracino, M. Industrial EU Research Projects Performed by Biomaterials and 

Nanotechnology to Save the Environment. Euro Cosmet. 2013, 22, 19–24. 

29. Morganti, P. Biomimetic Materials Mimicking Nature at the Base of EU Projects. J. Sci. Res. Rep. 

2014, 3, 532–544. 

30. Morganti, P. Nanoparticles and Nanostructured Man-Made or Naturally Recovered: The 

Biomimetic Activity of Chitin Nanofibrils. J. Nanomater. Mol. Nanotechnol. 2012, 1, 1–4. 

31. Morganti, P.; Palombo, P.; Palombo, M.; Fabrizi, G.; Slovacchia, F.; Guevara, L.; Mezzana, P.  

A phosphatidylcholine-hyaluronic acid-chitin nanofibrils complex for a fast skin remodelling and 

a rejuvenating look. Clin. Cosmet. Investig. Dermatol. 2012, 5, 213–220. 

32. Morganti, P.; del Ciotto, P.; Carezzi, F.; Morganti, G.; Chen, H.D. From Waste Material A New 

Anti Aging Compound: A Chitin Nanofibril Complex. SOFW J. 2012, 138, 28–36. 

33. Baratt, G.M. Therapeutic applications of colloidal drug carriers. Pharm. Sci. Thecnol. Today 2000, 

3, 163–171. 

34. Schlieker, G.; Schmidt, C.; Fuchs, S.; Kissel, T. Characterization of a homologous series of  

D,L-lactic oligomers: A mechanistic study on the degradation kinetics in vitro. Biomaterials 2003, 

24, 3835–3844. 

35. Grung, S. Polymers in drug delivery—State of the art future trends. Adv. Eng. Mater. 2011, 13, 

B61–B87. 

36. Dinarvand, R.; Sepehri, N.; Manoocheheri, S.; Rouhani, H.; Atyabi, F. Polylactide-co-glycolide 

nanoparticles for controlled delivery of anticancer agents. Int. J. Nanomed. 2011, 6, 877–895. 

37. Jansen, L.H.; Hoiyo-Tomako, M.T.; Kligman, A.M. Improved fluorescent staining technique for 

estimating turnover of the human stratum corneum. Br. J. Dermatol. 1974, 90, 9–12. 

38. Roberts, D.; Marks, R. The determination of regional and age variations in the rate of 

desquamation: A comparison of four techniques. J. Invest. Dermatol. 1980, 74, 13–16. 



Cosmetics 2014, 1 157 

 

 

39. Morganti, P.; Fabrizi, G.; Guarneri, F.; Palombo, M.; Palombo, P.; Cardillo, A.; Ruocco, E.;  

del Ciotto, P.; Morganti, G. Repair activity of skin barrier by chitin-nanofibrils complexes. SOFW J. 

2011, 5, 10–23. 

40. Morganti, P.; Berardesca, E.; Guarneri, B.; Guarneri, F.; Fabrizi, G.; Palombo, P.; Palombo, M. 

Topical clindamicyn 1% vs. phosphatidylcholine linoleic acid-rich and nicotinamide 4% in the 

treatment of acne: A multicenter-randomized trial. Int. J. Cosmet. Sci. 2010, 33, 1–10. 

41. Morganti, P.; Fabrizi, G.; Palombo, M.; Guarneri, F.; Cardillo, A.; Morganti, G. New chitin 

complexes and their anti-aging activity from inside out. J. Nutr. Health Aging 2012, 16, 242–245. 

42. He, C.; Hu, Y.; Tang, C.; Yin, C. Effects of particle size and surface charge on cellular uptake and 

biodistribution of polymeric nanoparticles. Biomaterials 2010, 32, 3657–3666. 

43. Morganti, P.; Chen, H.D.; Gao, X.H.; del Ciotto, P.; Carezzi, F.; Morganti, G. Nano-Particles of 

Chitin Nanofibril-Hyaluronan Block Polymer Entrapping Lutein as UVA Protective Compound. 

In Carotenoids: Food Source, Production and Health Benefits; Miyamaguchi, M., Ed.; Nova 

Science Publishers, Inc.: New York, NY, USA, 2013; pp. 237–259. 

44. Morganti, P.; Fabrizi, G.; del Ciotto, P.; Palombo, P.; Palombo, M.; Cardillo, A.; Morganti, G. 

The boosting activity of chitin nanofibrils. Eurocosmetics 2011, 19, 22–26. 

45. Yudin, V.E.; Dobrovolskayia, I.P.; Neelov, I.M.; Dresvyanina, E.N.; Popryadukhin, P.V.; 

Ivan’kovaa, E.M.; Elokhovskii, V.Y.; Kasatkin, I.A.; Okrugin, B.M.; Morganti, P. Wet spinning 

of fibers made of chitosan and chitin nanofibrils. Carbohydr. Polym. 2014, 108, 176–182. 

46. Morganti, P.; Chen, H.D.; Gao, X.H.; Li, Y.H.; Jackbson, C.; Arct, J.; Fabianowski, W. 

Nanoscience Challenging Cosmetics, Healthy Food & Biotextiles. SOFW J. 2009, 135, 32–41. 

47. Morganti, P. Natural Products Work in Multiple Ways. In Nutritional Cosmetics Beauty from 

Within; Tabor, A., Blair, R., Eds.; William Andrew: New York, NY, USA, 2009; pp. 95–112. 

48. Morganti, P.; Palombo, M.; Palombo, P.; Fabrizi, G.; Cardillo, A.; Carezzi, F.; Morganti, G.; 

Ruocco, E.; Dziergowski, S. Cosmetic Science in Skin Aging: Achieving the Efficacy by Chitin 

Nano-Structured Crystallites. SOFW J. 2010, 136, 14–24. 

49. Morganti, P. Chitin Nanofibrils and Their Derivatives as Cosmeceuticals. In Chitin, Chitosan, 

Oligosaccharides and Their Derivatives: Biological Activities and Application; SeKwon, K., Ed.; 

CRC-Press: New York, NY, USA, 2010; pp. 531–542. 

50. Morganti, P. Uso biomedico delle nanofibrille di chitina. Caratteristiche e meccanismo d’azione 

di una molecola naturale. Natural 2011, 103, 40–43. (In Italian) 

51. Morganti, P.; Chen, H.D. Una nanoemulsione innovativa per il trattamento della xerosi cutanea e 

dell’alterazione della barriera. Cosmet. Technol. 2011, 14, 29–37. (In Italian) 

52. Morganti, P.; del Ciotto, P.; Morganti, G.; Fabien-Soule, V. Application of Chitin Nanofibrils and 

Collagen of Marine Origin as Bioactive Ingredients. In Marine Cosmeceuticals: Trends and 

Prospects; Kim, S.K., Ed.; CRC Press: New York, NY, USA, 2012; pp. 267–289. 

53. Morganti, P.; Chen, H.D. NICE melody for innovative mind-body skin care. Cosmet. Sci. Technol. 

2011, 19, 49–59. 

54. Morganti, P.; Li, Y.H.; Chen, H.D. Skin Cell Management: The NICE Approach. Pers. Care 2011, 

4, 29–36. 

55. Morganti, P.; Chen, H.D.; Li, Y.H. Concetto NICE mente-corpo. Una melodia innovativa per la 

cura della pelle. Cosmet. Technol. 2011, 14, 27–33. (In Italian) 



Cosmetics 2014, 1 158 

 

 

56. Morganti, P.; Chen, H.D. Trillions of Signals from the Net Architecture of the Skin Cells: The 

NICE-TCM Approach for Innovative Cosmeceuticals. Eurocosmetics 2012, 20, 18–21. 

57. Morganti, P.; Chen, H.D.; Gao, X.H.; Morganti, G. Cento trilioni di Connessioni Cellulari del 

Nostro Corpo: Approccio NICE-TCM con molecole naturali nano strutturate. Cosmet. Technol. 

2012, 15, 31–37. (In Italian) 

58. Muzzarelli, R.A.A.; Morganti, P.; Morganti, G.; Palombo, P.; Palombo, M.; Biagini, G.; 

Belmonte, M.M.; Giantomassi, F.; Orlandi, F.; Muzzarelli, C. Chitin nanofibrils/chitosan 

composites as wound medicaments. Carbohydr. Polym. 2007, 70, 274–284. 

59. Mattioli-Belmonte, M.; Zizzi, A.; Lucarini, G.; Giantomassi, F.; Biagini, G.; Tucci, G.; Orlando, F.; 

Provinciali, M.; Carezzi, F.; Morganti, P. Chitosan-linked to chitosan glycolate as Spray, Gel, and 

Gauze Preparations for Wound Repair. J. Bioact. Compat. Polym. 2007, 22, 525–538. 

60. Mezzana, P. Clinical efficacy of a new nanofibrils-based gel in wound healing. Acta Chir. Investig. 

Dermatol. 2008, 3, 5–13. 

61. Morganti, P.; Paglialunga, S. EU borderline cosmetic products review of current regulatory status. 

Clin. Dermatol. 2008, 26, 392–397. 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


