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a b  s  t  r a  c t

Therapeutic  properties  of Dead  Sea  Water  (DSW)  in the  treatment  of skin diseases  such  as atopic  der-

matitis,  psoriasis  and  photo aging  UV damaged skin  have been  well  established.  DSW  is in fact  rich in

minerals  such  as  calcium,  magnesium,  sodium,  potassium, zinc and  strontium  which  are  known  to exploit

anti-inflammatory  effects  and to promote skin  barrier recovery.

In  order to develop  a  Dead  Sea  Minerals (DSM) based  drug  delivery  system for topical  therapy  of skin

diseases, polymeric  nanoparticles based  on Poly  (maleic anhydride-alt-butyl  vinyl ether)  5%  grafted  with

monomethoxy poly(ethyleneglycol)  2000  MW  (PEG) and 95% grafted  with  2-methoxyethanol  (VAM41-

PEG) loaded with  DSM  were  prepared  by  means of a combined miniemulsion/solvent evaporation  process.

The resulting nanoparticles were  characterized  in terms  of dimension,  morphology,  biocompatibility,  salt

content  and  release.  Cytocompatible  spherical  nanoparticles possessing  an  average diameter  of about

300  nm, a time  controlled  drug  release  profile  and  a high  formulation yield were  obtained.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Psoriasis and atopic dermatitis represent the most common skin

diseases found in the entire population. Different factors seem to be

related both to atopic dermatitis and psoriasis leading the scientific

community to consider them as “complex diseases” [1].

Both psoriasis and atopic dermatitis are characterized by the

infiltration of inflammatory cells into the dermis and epidermis

which causes the hyper-proliferation of keratinocytes in  psoriatic

patients and the formation of inflamed patches in  patients with

atopic dermatitis [2].  The inflammatory cells involved in  the over

mentioned processes are different in the two pathologies. While

in psoriasis inflammatory cells invading the skin are TH1 cells,

macrophages, dendridic cells and neutrophils, in atopic dermatitis

TH2 cells, eosinophil and mast cells invade the skin  [3].  In  both pso-

riasis and atopic dermatitis alterations regarding skin properties

are present; for instance, the skin of patients with atopic dermati-

tis demonstrates increased transepidermal water loss (TEWL) [4]

and skin barrier function alterations, which are also observed in

psoriatic skin [5–9].
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Similar disorders can also be observed in UV-damaged healthy

skin. Prolonged UV-light exposure can in  fact lead to  acute

responses including erythema, keratinocytes hyper-proliferation

and skin permeability barrier alterations [10].

In  the treatment of skin diseases, the beneficial effects of  Dead

Sea Water (DSW) are well known [11–13].  Therapeutic baths in

the Dead Sea are  commonly used as a  treatment both for psoriasis,

atopic dermatitis and UV-damaged skin [14].  DSW  salt composi-

tion is represented by a  high concentration of different minerals

such as magnesium, calcium, bromide, sodium, potassium, zinc and

strontium [15,16].

Although the exact mechanism of DSW skin beneficial effects

is  still not  well understood, the above mentioned minerals, whose

penetration through psoriatic skin is  more profound than in healthy

skin, are known to  bring about anti-inflammatory effects and to

promote skin barrier recovery [17]; moreover bromide is known

to have a strong inhibitory effect on fibroblast proliferation, while

magnesium is implicated in the regulation of cyclic adenosine 3′–5′

monophosphate and cyclic guanosine 3′–5′ monophosphate levels

which, altered in  psoriatic tissue, determine the excessive ker-

atinocyte proliferation [18].

In  recent years, miniemulsions have been studied and success-

fully applied in cosmetics and therapeutics for skin treatments.

They can be defined as heterophase systems consisting of

thermodynamically stable nanodroplets (possessing an average

diameter between 50 and 500 nm)  in a continuous phase [19].

Miniemulsions can be basically divided into oil-in-water (O/W)
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Fig. 1. Chemical structure of VAM41-PEG.

and water-in-oil systems (W/O); the above mentioned systems

are commonly studied both in  the development of miniemul-

sion polymerization processes [20,21] and for the production of

emulsion-based drug delivery systems for the time-controlled

administration of antitumor agents, peptide drugs, sympatholytics,

local anaesthetics, steroids, anxiolytics, anti-infective drugs, vita-

mins, anti-inflammatory drugs and dermatological products [22].

The use of miniemulsions in the development of skin care products

presents many advantages related to  the system stability against

sedimentation [23] and to the use of skin-friendly ingredients [24].

In the present work, the scientific background related to  the prepa-

ration of miniemulsions for skin treatments was  transferred to  the

preparation of solid nanoparticles based on Poly (maleic anhydride-

alt-butyl vinyl ether) 5%  grafted with m-PEG (2000) and 95% grafted

with  2-methoxyethanol (VAM41-PEG), loaded with Dead Sea Min-

erals (DSM). The particles were finally dispersed in  cosmetic oil to

allow the topical administration and to favour a  drug controlled

release and penetration through the skin barrier [25]. The oil is in

fact expected to penetrate into the skin, transporting particles into

the epidermis, where DSM may  be released thanks to skin moisture.

The use of a polymeric nanoparticle based system, besides offering

a longer life-time if compared to water-in-oil emulsions, can also

permit the addition of dermal drugs such as Cyclosporins, Retinoids

and Corticosteroids to the formulation without altering its stability.

2. Materials and methods

2.1. Materials

VAM41-PEG: Poly (maleic anhydride-alt-butyl vinyl ether) 5%

grafted with monomethoxy poly(ethyleneglycol) 2000 MW  and

95% grafted with 2-methoxyethanol (Fig. 1) was synthesized at Bio-

lab, Department of Chemistry and Industrial Chemistry, University

of Pisa [26].

Spectra/Por dialysis membranes of regenerated cellulose

(MWCO: 15000 Da) were purchased from Spectrum Labs.

Paraffin oil (Norpar 12) was purchased from Exxon Mobil;

Dimethylaminopyridine (DMAP), Poly(ethylene glycol) [M.W.

2000] (PEG2000), 2-Methoxyethanol, Almond Oil, Ethanol and

Diethyl Ether were purchased from Sigma Aldrich; Hypermer B246-

E, Span 80, Nonylphenol Ethoxylate and Brij 72 were supplied by

Uniqema; Styrene-divinyl benzene sulfonic resin (Amberlyst 15,

4.6 meq  g−1 exchange capacity) was supplied by  Fluka; Ethanol and

Tetrahydrofuran (THF) were purchased by Carlo Erba; Poly[(maleic

anhydride)-alt-(butylvinyl ether)] polymer was supplied by Poly-

mer  Laboratories; Cell line 3T3/BALB-C Clone A31 mouse embryo

fibroblast (CCL163) was purchased from American Type Culture

Collection (ATCC) and propagated as indicated by  the supplier;

Dulbecco’s Modified Eagles Medium (DMEM), 0.01 M pH 7.4 phos-

phate buffer saline without Ca2+ and Mg2+ (PBS), bovine calf serum

(BCS), glutamine and antibiotics (penicillin/streptomycin) were

Table 1

List of nanoparticle formulations and the corresponding DSW dilutions applied in

their preparation.

Formulation name %  of DSW in the

aqueous solution (v/v)

DSM content% (w/v)

Nps Dsw 0 – –

Nps Dsw 1/2[A] 8 1

Nps Dsw [A] 16  2

Nps Dsw 2[A] 32  4

purchased from GIBCO/Brl; Cell proliferation reagent WST-1 was

provided by Roche diagnostic.

Dead Sea Water (DSW) was  kindly supplied by Ahava-Dead

Sea Laboratories (Israel), with the following chemical composition:

Ca2+ 36–40 g/l, Cl− 320–370 g/l, Mg2+ 90–95 g/l, K+ 1.3–1.5 g/l, Na+

1.5–2.5 g/l, Br− 11–12 g/l,  Sr2+ 0.75–0.85 g/l.

The commercial products were used without any preliminary

purification if not otherwise stated.

2.2. Methods

2.2.1. VAM41-PEG synthesis

VAM41-PEG was  synthesized as previously reported [26].

Briefly, 2.00 g of Poly[(maleic anhydride)-alt-(butylvinyl ether)]

(10 mmol  of maleic anhydride units), 1.01 g m-PEG (0.5 mmol) and

0.058 g DMAP were dissolved in 80 ml of anhydrous THF under

nitrogen atmosphere. The resulting solution was maintained at

75 ◦C and monitored by IR spectroscopy. After 24 h,  when the inten-

sity of the anhydride C O band at 1786 cm−1 reached a  constant

intensity, 7.71 g 2-methoxyethanol (100 mmol) were added and

the solution was  maintained at 75 ◦C  under stirring until the anhy-

dride C O  band disappeared (24 h). The solution was then cooled

to  room temperature and added to a  mixture of 50/50 (v/v) diethyl

ether/petroleum ether (volume ratio 1/10) with vigorous stirring.

The resulting pink  precipitate was  dried under high vacuum to con-

stant weight. The removal of excess DMAP was performed by ion

exchange chromatography. The polymer was dissolved in ethanol

(EtOH)/H2O (80/20, v/v) and loaded on Amberlyst 15  exchange

resin, previously conditioned with H2O, H2O/EtOH (80/20, v/v),

H2O/EtOH (50/50, v/v), and finally with H2O/EtOH (20/80, v/v). The

solution collected at the end of the column was dried under high

vacuum to constant weight. The polymer was then characterized

by  means of FT-IR and 1H NMR  spectra analysis.

FT-IR (KBr): 3500–3300 (COOH), 1735 (C  O  ester), 1715

(C O  acid), 1210–1160 and 1095 cm−1 (ester). 1H  NMR

(DMSO-d6):  ı  =  12.4 (COOH), 4.3–3.8 (CH2OCO), 3.8–3.3

(OCH2CH2O +  CHOCH2 +  CH2OCH3), 3.3–3.1 (CH3O), 3.1–2.3

(OCCHCHCO), 2.3–1.6 (CH2CH), 1.6–1.0 (CH2CH2CH3), 1.0–0.6

(CH2CH3).

2.2.2. Nanoparticle formulation

DSM loaded polymeric nanoparticles were prepared by means of

a water-in-oil (W/O) combined miniemulsion/solvent evaporation

process. 50 mg  of VAM41-PEG were dissolved in 1 ml of ethanol and

after polymer dissolution 0.5  ml of an aqueous dilution of  DSW was

added under magnetic stirring. Four different formulations were

tested, differing in the dilution of DSW  used in the preparation of

the nanoparticles. Table 1 reports the applied DSW dilutions and

the corresponding DSM concentrations.

In parallel, 87.5 mg of Hypermer B246-E were dissolved in  3.5 ml

of Norpar 12 by heating to 37 ◦C on a  hot plate/magnetic stir-

rer. Hypermer B246-E is an A-B-A block copolymer surfactant; the

lipophilic A chains consist of polyhydroxystearic acid and the B

hydrophilic part is  polyethylene glycol.

The aqueous polymeric solution was then added to the oil

solution and maintained under vigorous magnetic stirring for
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approximately 1 min. The resulting emulsion was sonicated at

200 W for 1 min  using a  Labsonic 2000 ultrasonifier.

The resulting nanoemulsions were treated in  a Büchi EL131

Rotavapor apparatus, equipped with a Vacuubrand CVC2 mem-

brane pump (40 ◦C,  70 mbar), for 2 h to remove ethanol and water.

The polymeric nanoparticles were then centrifuged at 3000 rpm for

10 min  using a Sigma 3E-1 centrifuge. The resulting pellet was  dis-

persed in 10 ml  of diethyl ether and centrifuged again at 3000 rpm

for 10 min  to remove excess surfactant. The purified nanoparticles

were dried under high vacuum, at room temperature, until constant

weight.

The formulation yield was calculated as the ratio between the

dry weight of the centrifuged pellet and the sum of the starting

weight of each component.

Formulation yield =
Nanoparticles (g)

Formulation components (g)
× 100 (1)

All nanoparticle formulations were prepared in triplicates.

2.2.3. Nanoparticle suspension in almond oil

5 mg of purified nanoparticles were dispersed in 4 ml of diethyl

ether and 4 ml  of almond oil were added under magnetic stirring.

The system was maintained over night in  a  water bath (40 ◦C) to let

the ether evaporate.

2.2.4. Nanoparticle salt content determination

20 mg  of purified nanoparticles were suspended in 5 ml of

deionised water. In order to dissolve the nanoparticles, 10 �l of

NaOH 1 N were added under magnetic stirring. After dissolution,

the  solution was put in a  dialysis tube (regenerated cellulose,

15 kDa MWCO) using 600 ml of deionised water as outer phase.

Conductivity of the external medium was measured using a  Mettler

Toledo conductivity meter SG3 equipped with conductivity sen-

sor InLab 737. A blank experiment was carried out separately by

putting 10 �l of NaOH 1 N and 5 ml  of water into a  dialysis tube; the

conductivity of the external medium was measured. Salt concentra-

tion was estimated by  using a  calibration curve obtained by  plotting

conductivity values of aqueous DSM solutions (7–42 �g/ml) vs.

their concentration in  �g/ml (R2 = 0.9999).

The nanoparticle salt content was expressed in terms of encap-

sulation efficiency (E.E.; Eq. (2)) and salt loading (Ldg; Eq. (3)).

E.E. =
Salts loaded (g)

Total salts (g)
×  100 (2)

Ldg =
Salts loaded (g)

Nanoparticles (g)
× 100 (3)

The nanoparticle salt content was calculated as the mean value

of at least 3  replicates for each nanoparticle formulation.

2.2.5. Nanoparticle salt release kinetic

The salt release kinetic of the nanoparticles was analyzed by sus-

pending 3 mg  of purified nanoparticles in 1 ml  of almond oil. The

resulting suspension was put on top of deionised water (30 ml),

using a separation funnel as a  container. The water phase was

stirred mildly, while mixing with the upper oil phase was  avoided.

Water samples were collected periodically and conductivity mea-

surements were carried out. A blank experiment was carried out by

putting a known volume of pure almond oil on top of water, using

the same experimental setup. Salt concentration was  estimated by

using a calibration curve obtained by  plotting conductivity values

of aqueous DSM solutions (7–42 �g/ml) vs. their concentration in

�g/ml (R2 = 0.9999). All samples were assayed in triplicates.

2.2.6. Nanoparticle characterization

Dimensional analyses were carried out by means of a Malvern

Zetasizer Nano ZS. Nanoparticle suspensions were added into a

glass cuvette and almond oil  was used as background. Three runs

were performed on each sample.

Nanoparticle morphology was  investigated by means of Scan-

ning Electron Microscopy (SEM) and Atomic Force Microscopy

(AFM). SEM and AFM samples were prepared from dry, purified

nanoparticles. Gold sputtering was  performed before SEM analysis.

A commercial AFM instrument (Multimode microscope working

with a  Nanoscope IV controller, Veeco Instr. Santa Barbara Ca., USA)

operated in tapping mode was  used to evaluate the surface topogra-

phy of the nanoparticles, which were deposited on a  freshly cleaved

surface of mica.

2.2.7. Infrared spectroscopy (IR)

IR spectra analysis was  performed on cast films on dispos-

able polytetrafluoroethylene (19-mm aperture) IR cards, by  using

a Perkin-Elmer System One FTIR-Spectrometer. IR spectra analy-

ses were recorded for DSM, Hypermer B246-E, VAM41-PEG and

the water samples from the release kinetic experiments with

Nps Dsm ½[A], Nps Dsm 2[A] and Nps Dsm [A].

2.2.8. Nuclear magnetic resonance spectroscopy (NMR)

NMR spectra were recorded on a  Varian Gemini 200 spectrome-

ter using a  Sparc 4 (Sun) console and VNMR 6.1B software. Spectra

were processed by using MacFID 1D 5.3 (Tecmag) software. NMR

spectra were recorded in  5–10% (w/v) solutions in deuterated sol-

vents at 25 ◦C,  with tetramethylsilane (TMS) as internal standard.
1H NMR  spectra were recorded at 200 MHz, using the following

spectral conditions: 3 kHz spectral width, 30◦ impulse, 2  s acquisi-

tion time, 16 transients.

2.2.9. Cytotoxicity tests

Cytotoxicity evaluation of DSM loaded nanoparticles was car-

ried out using the 3T3/BALB-C Clone A31 cell line. Cells were grown

in  DMEM containing 10% (v/v) Bovine Calf Serum, 4 mM  glutamine,

100 U/ml of penicillin and 100 �g/ml of streptomycin.

Subculturing: A 25 ml flask containing exponentially growing

3T3 cells was observed under an inverted microscope for cell

confluence. DMEM was  then removed completely, and cells were

rinsed for a few minutes with PBS. The buffer solution was removed,

and cells were incubated with 0.5 ml of trypsin/EDTA solution at

37 ◦C in  a  5% CO2 incubator for 5 min  or until the monolayer started

to  detach from the flask. Cells were suspended in  an appropriate

volume of DMEM at a  split ratio of 1:6 or 1:10 in a 75 ml flask.

For the determination of the cytocompatibility of DSM loaded

VAM41-PEG based nanoparticles, a  subconfluent monolayer of  3T3

fibroblasts was trypsinized using a  0.25% trypsin, 1 mM EDTA solu-

tion, centrifuged at 200 × g for 5 min, re-suspended in  growth

medium and counted. Appropriate dilution was made in  order to

obtain 3 ×  103 cells  per 100 �l  of medium, the final volume present

in each well of a  96 well plate. Cells were incubated at 37 ◦C,  5% CO2

for 24 h until 60–70% confluence was reached. The medium from

each well was then removed and replaced with medium containing

different nanoparticle concentrations. Nanoparticle suspensions in

cell medium were achieved by adding a  known amount of  dry,

purified nanoparticles to a  known volume of DMEM;  the suspen-

sion was  then sonicated with a Vibra-Cell sonicator (Vc  130) for

60 s at 20 kHz and 20% of amplitude. After a  homogeneous suspen-

sion was obtained, 10% (v/v) Bovine Calf Serum, 4 mM glutamine

and 100 U/ml:100 �g/ml penicillin:streptomycin were added to

the suspension. Control cells were incubated with fresh growth

medium sonicated for 60 s at 20 kHz and 20% of amplitude. After

24 h of incubation with medium containing DSM loaded nanoparti-

cles, cells were analyzed for viability with Cell Proliferation Reagent

WST-1. Cells were  incubated with WST-1 reagent diluted 1:10 (as

indicated by the manufacturer) for 4 h at 37 ◦C,  5% CO2. Plates were

then analyzed with a  Biorad Microplate Reader. Measurements of
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Table 2

Formulation Yields.

Formulation name Formulation yield (% ± S.D.)

Nps Dsm 0 0

Nps Dsm ½[A] 47 ± 2.1

Nps Dsm [A] 58.5 ± 3

Nps Dsm 2[A] 80 ± 2.5

Table 4

Nanoparticles DSM loading and encapsulation efficiency (values estimated within

an  instrumental error of 3%).

Formulation Loading (% ± S.D.) E.E. (% ± S.D.)

Nps Dsm ½[A] 8 ± 1 15 ± 0.8

Nps Dsm [A] 11.5 ± 1.2 19.3 ± 0.9

Nps  Dsm 2[A] 8.5 ± 1.9 16 ± 1.5

formazan dye absorbance were carried out at 450 nm, with the

reference wavelength at 620 nm.

3.  Results and discussion

3.1. DSM loaded polymeric nanoparticles

Poly (maleic anhydride-alt-butyl vinyl ether) 5%  grafted with m-

PEG (2000) and 95% grafted with 2-methoxyethanol (VAM41-PEG)

is an amphiphilic synthetic polymer which has shown favourable

physical–chemical properties in  the formulation of bioerodible

polymeric nanostructured systems for the controlled release of

high and low molecular weight active agents [24].  In the past,

nanoparticles based on VAM41-PEG polymers have always been

prepared by means of the co-precipitation technique, whereas in

this context, a  combined emulsion/solvent evaporation process is

applied. The first step consisted in  the development of a stable

nanoemulsion by testing the suitability of different surfactants,

such as Hypermer B246-E, Span 80, Nonylfenolethoxylat and Brij

72, together with the high electrolyte concentrations of the DSM

containing water phase. The use of Hypermer-B246-E together

with Norpar 12 as the oil phase gave the best results in terms of

nanoparticle dimension and system stability against aggregation

and sedimentation.

Table 3

Polymeric nanoparticles diameter distribution.

Formulation name Nanoparticles diameter

distribution (nm ± S.D.)

Nps Dsm 0 0

Nps Dsm ½[A] 226 ± 15

Nps Dsm [A] 342 ± 32

Nps Dsm 2[A] 303 ± 26

After preparation and purification, nanoparticles were dis-

persed in almond oil, chosen as the final dispersant due to  its

well known skin-friendly properties. Almond oil, together with oils

obtained from other prunus kernels such as apricot, peach, plum

and cherry, is commonly used for the preparation of  cosmetics and

pharmaceutical systems [27–29].

3.2. Nanoparticle characterization

After the miniemulsion/solvent evaporation process, the result-

ing nanoparticles were purified by means of centrifugation.

As reported in Table 2, the formulation yield increases as a

function of salt content. Without salt in the formulation system

no pellet was  obtained during centrifugation, indicating that no

solid nanoparticles were formed, whereas the maximum yield was

observed with the highest salt concentration. These results are

in  agreement with literature data reporting a  stabilizing effect of

electrolytes in emulsion systems, since the rate of coarsening and

coalescence of water droplets in  water in oil emulsions is  decreased

in  presence of electrolytes [30].

DSM loaded nanoparticles dispersed in  almond oil  were char-

acterized by dynamic light scattering, yielding an average particle

diameter of 220–350 nm (Table 3).

No linear correlation between salt content of the formulation

and particle size could be observed. Furthermore, the particle diam-

eter distribution seems not to be affected by changes in molar salt

content in  the initial nanoemulsion.

Nanoparticle salt content and release were estimated by

analysing the increase of conductivity of electrolytic solutions gen-

erated by the presence of released DSM in  water.

Concerning the nanoparticle salt content, known amounts of

dry, purified nanoparticles were dissolved in  water at alkaline pH

Fig. 2. Salt release profile of DSM loaded VAM41-PEG nanoparticles. (a) Nps Dsm ½[A], (b) Nps Dsm [A], (c) Nps Dsm 2[A].
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Fig. 3. FT-IR spectra analysis. DSM (A); Hypermer (B); VAM41-PEG (C); water samples from salt release kinetic experiments with Nps Dsm ½[A] (D), Nps Dsm [A] (E) and

Nps Dsm 2[A] (F).

(pH = 8) and the resulting solution was filled in a  dialysis tube. The

conductivity increase of the outer phase was correlated to the salt

concentration by  means of a  calibration curve. The direct mea-

surement of the conductivity of the nanoparticle solution was not

applicable due to unknown contributions of polymer and surfactant

to the total conductivity.

Nanoparticles loading and encapsulation efficiency (E.E.) values

are reported in Table 4.  The obtained results reveal a salt loading

between 8 and 11.5 percent and an E.E. between 15 and 19.3 per-

cent. However, no linear correlation between the salt concentration

in the formulation system and the final loading of the polymeric

nanoparticles could be observed. It  can be  concluded that despite

the different DSM feeding, all the resulting nanoparticles possess

similar properties regarding size and salt content. The amount of

DSM present in  the formulation system affected only the yield of

the preparation process: higher salt concentration leads to  more

coagulation of the dissolved polymer into solid nanoparticles.

The salt release kinetic of the nanoparticles was  monitored

by suspending a known amount of dry, purified nanoparticles in

almond oil. The resulting suspension was put on top of a known

volume of water under mild stirring and the conductivity of the

water phase was measured as a  function of time. Pure almond oil
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Fig. 4. SEM (a and b) and AFM (c) micrographs of VAM41-PEG based DSM loaded polymeric nanoparticles (Nps Dsm 2[A]).

on top of water was used as a control sample. As reported in Fig. 2, a

slow, progressive salt release from Nps Dsm ½[A],  Nps Dsm [A] and

Nps Dsm 2[A] was observed, that reached a  plateau after approxi-

mately 30 h in all of the three cases analyzed.

The above mentioned system was tuned as a  model to analyse

the nanoparticle’s capability of releasing DSM across the oil–water

interface, in order to  obtain preliminary information regarding the

suitability of the system to be  used as a  dermal drug delivery

system.

In order to  assess whether the increase of conductivity mea-

sured during the release kinetic experiments was only due to  salt

presence, FT-IR spectra analyses were performed. As reported in

Fig.  3,  FT-IR spectra analyses of VAM41-PEG polymer, surfactant,

DSM and water samples from the release kinetic experiments were

carried out.

Water samples from release experiments with Nps Dsm ½[A],

Nps Dsm [A]  and Nps Dsm 2[A] formulations, showed FT-IR spec-

tra which were completely super imposable to the DSM one. Since

no characteristic peaks of polymer, surfactant and almond oil were

detected in  the water samples, it can be concluded that the con-

ductivity increase was  only due to a  gradual and progressive salt

release from the nanoparticle dispersions.

Since the Nps Dsm 2[A] formulation gave the best results in

terms of formulation yield, this preparation was selected to  be

Fig. 5. WST-1 cytocompatibility test performed on DSM loaded polymeric nanoparticles (Nps Dsm 2[A]).
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investigated in terms of morphological features as well as biocom-

patibility properties.

To check the morphology, SEM and AFM analysis were carried

out with dry, purified nanoparticles. As shown in Fig. 4, spherical

nanoparticles can be detected in  SEM samples, although it appears

as if they were covered by  a  sticky layer. This can be attributed

to a residual amount of paraffin oil which, apparently, was not

completely removed during the centrifugation/diethyl ether wash-

ing step. These findings are also confirmed by AFM analysis which

revealed the presence of solid nanometric structures, suggesting

that the new developed combined miniemulsion/solvent evap-

oration technique leads to the preparation of nanostructured

systems.

3.3. Nanoparticle cytocompatibility evaluation

To be considered suitable for biomedical applications, the

nanoparticle formulation with best results in terms of size distri-

bution and stability was submitted to  a  preliminary in vitro test to

assess its biocompatibility. The cytocompatibility of Nps Dsm 2[A]

was evaluated using 3T3/BALB-C Clone A31 murine fibroblast as

a cell line, as indicated by international ISO 10993 guidelines.

Quantitative evaluation of cell viability performed by  WST-1 assay

indicates no toxicity for the developed Nps Dsm 2[A] formulation;

cell viability in presence of nanoparticles was comparable to the

control cell profile up to a  nanoparticle concentration of 5 mg/ml

as shown in Fig. 5.

4. Conclusions

This work proposed a combined miniemulsion/solvent evap-

oration method for the production of DSM loaded VAM41-PEG

based polymeric nanoparticles. The formulation process and

conditions were optimised to obtain a  uniform dispersion of

nanoparticles in almond oil, possessing suitable features in

terms of dimensions, morphology, salt release profile, and

cytocompatibility.

Although further studies concerning the effectiveness of the

therapeutic activity have to  be performed, the results obtained in

the present work indicated the potential of the developed system

of being used as a  pharmaceutical product for the topical treatment

of skin diseases.
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