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Abstract

The interaction of Solid Lipid Nanoparticles (SLN) based on amphiphilic calix[4]arene with one of the major circulatory
protein, serum albumin, has been investigated by Photon Correlation Spectroscopy (PCS) and Atomic Force Microscopy (AFM).
The carrier systems have shown the ability to interact with bovine serum albumin (BSA), which forms a capping layer up to

17 nm in depth. AFM imaging revealed that the SLNs are protected by this layer against flattening on surfaces.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction ular macrocyclic skeletons, focusing initially on
cyclodextrin-based amphiphile€¢leman and Kas-
Solid Lipid Nanoparticles (SLN) have generated in- selouri, 1993; Skiba et al., 1993; Sommer et al.,
creasing interestemirel and Yazan, 2000; Mehnert 1993, but more recently on calix-arene-based am-
and Mader, 2001; Mdller et al., 20p@s alternative  phiphiles Houel et al.,, 2002; Shahgaldian et al.,
carrier systems, for bioactive molecules, to such classi- 2009). The calixplarenes Gutsche, 1998 syn-
cal colloidal transporters such as liposomigsif and thetic oligo-macrocycles of methylene-bridged phe-
Ho, 2002, polymeric Mitra and Maitra, 200p and nolic rings, possess a number of advantages over
protein-derived nanoparticle$eber et al., 2000 the semi-natural cyclodextrins, these being ease of
They possess a combination of the advantages of chemical modification using low toxicity chemical
high monodispersity, long temporal stability, relatively reactions, and without the need of vacuum drying
good stability with regard to temperature, possible de- (Shahgaldian et al., 20pllow production cost and
hydration and reconstitution, high loading factors for without the known toxicity of the cyclodextrin®6st
incorporated molecules and low toxicity, either intrin- et al., 1997.
sic or from a lack of toxic biodegradation side prod- The above characteristics probably make the
ucts (Mehnert and Mader, 2001 calix-arene-based SLNs better targets for applica-
We have for some time been working on the prepa- tion as medicinal transport systems compared to the
ration of SLNs based on amphiphilic supramolec- cyclodextrin-based SLNs.
For their application and especially for their use as
"+ Corresponding author. Teks 33-4-72-72-26-95: intravenous transport systems, it is im_po_rtant to un-
fax: 433-4-72-72-26-90. derstand the interactions of the SLNs with iok®(el
E-mail address: p.shahgaldian@ibcp.fr (P. Shahgaldian). et al.,, 2002, small molecules Ja Silva et al,,
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submitted, metabolites and circulatory proteins found and a 40 MW He—Ne laser (633 nm). All values were
at high concentrations in physiological fluids. measured at an angle of 9th 10 mm diameter cells.

The main circulatory proteins are the serum albu- The system was thermostated at’25 Measurements
mins, present at high concentrations up to 46 g/l and were carried out on diluted samples (1/10), to make the
the globulins concentrations up to 27 glbiém and viscosity negligible. All measurements were repeated
Lenter, 1972 The serum albumins are of particular five times and the variance of the measurements was
interest for their ability to anchor both hydrophilicand less than 5%.
hydrophobic surfaces and participate in a cascade of
protein adhesion at surfaces presented to s&e&e(s, 2.3 AFM imaging
1999.

In this article, we wish to present a study by  |maging was carried out using a Thermomicroscope
Photon Correlation Spectroscopy (PCS) and Atomic gxplorer AFM equipped with a 10pam tripod scan-
Force Microscopy (AFM) of the interaction of per, in non-contact mode, using high resonant fre-
SLNs derived frqm three amphiphilic calix[4]arenes: quency Fo = 320kHz) pyramidal cantilevers with
p-dodecanoylcalix[4]arendy, p-dodecanoyl-25-(eth-  sjlicon probes at a scan frequency of 1 Hz. Images are
oxy carbonyl methyloxy)-calix[4Jaren@(andp-dod-  processed with the SPM Lab 5.01 software package
ecanoyl-25-(2-carboxy-methyloxy)-calix[4]arer®).( and are presented unfiltered.

It will be shown that bovine serum albumin (BSA) Samples were prepared by deposition ofyl®f

adheres, by Langmuir type surface adsorption, to the {he samples on freshly cleaved mica plates and were
surface of the SLNs to generate a layer up to 17nmin grieq at 20°'C overnight.

depth around the SLNs. However, even at BSA con-
centrations up to 40 g/l no protein or SLN aggregation
occurs. AFM non-contact mode imaging shows that 3. Result and discussion
the SLNs are present as discrete non-aggregated sys="
tems in dried gels of BSA and that the SLNs cause no

restructuring of such gels. Scheme Dresents the general formulae figr2 and

3. SLNs of these molecules have been prepared by the
solvent displacement method and mixed with varying

2. Experimental concentrations of BSA, the variations of the hydrody-
namic diameter of the SLNs, measured by PCS are
2.1. Sample preparation presented irrig. 1, for clarity and to permit compar-

. . ison, the values are given as ratios of the value of the
1, 2and3 have been synthesised as previously de- ayerage hydrodynamic diameter in pure water. In the

2001). All chemicals were purchased from Acros Or- 15 are 150, 183 and 193 foy 2 and3, respectively.
ganics (France), BSA from Sigma (France) in an es-

sentially fatty acid free form>96%).

SLNs have been prepared as previously described
(Shahgaldian et al., 20D3

To 1 ml of SLN suspensions, was added an equal
volume aqueous solutions of BSA in order to obtain
final protein concentrations of 2, 4, 10, 20, 30 and
404¢/l. The blanks were prepared by adding 1 ml of
pure water to the SLN suspensions.

2.2. PCS

PCS experiments was carried out using a Malvern scheme 1. Formulae df (X = H), 2 (X = —CH,COOEY) and3
4700 spectrometer and 7132 256-channel correlator (x = —-CH,COOH).
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Fig. 1. Average hydrodynamic diametersiof2 and3 as a function of the concentration of BSA in the suspension, for clarity and to permit
comparison of the results, the values are given as ratios of the value of the average hydrodynamic diameter in pure water for each compound.

In all the cases, the diameters increase with increas- the major axis of BSA (14 nm). In the case3based
ing the concentration of BSA. Fdrbased SLNs, the  SLNSs, the average diameters are 194, 195, 205, 213,
size increases from 152, 153, 162, 163, 164 to 166 nm 216, 222 nm for concentrations of 3, 5, 10, 20, 30, and
for concentrations of 3, 5, 10, 20, 30 and 40 mg/ml, 40g/l of BSA. This increase of size is again more im-
respectively. These slight but significant variations in portant than those observed fbbased SLNs and can
the size of the SLNs can be assumed to be due tobe compared to those observed2drased SLNs. The
the formation of a BSA capping layer at the surface protein layer can be estimated at 15nm, this is best
of the SLNs as observed byloselhy et al. (2000)  explained by an adsorption along the major axis. The
for poly(NIPAM/MAA) nanoparticles. Assuming the difference in the adsorption in the adsorption mecha-
circular shape of the SLNs, the layer formed at a nism will arise from variations in the hydrophilicity at
concentration of BSA of 40g/l can be estimated at the exterior of the SLNs and also from possible spe-
8nm in depth. This is equivalent to a double layer of cific binding. This would especially be expected with
BSA molecules whose size is 4nm4nm x 14nm SLNs which should interact with the known fatty acid
(Peters, 1996 The average hydrodynamic diameters binding sites of BSA (Argl117, Lys351 and Lys475)
for 2-based SLNs are constant for concentrations up (Peters, 1996
to 3 g/l but an increase in size is observed for concen- In all cases, the increase in size is not important
trations of 5, 10, 20, 30 and 409/l in BSA, respec- enough to be explained by a flocculation or aggrega-
tively, 186, 207, 206, 210 and 216 nm. This increase is tion process but by the formation of a BSA capping
more important than those observedfdrased SLNs, layer. Moreover, it can be postulated that the affinity
showing an increase in the affinity of the BSA for the of BSA for the surface 02- and3-based SLNs is more
surface of the SLNs. Here, the protein layer can be important than forl-based SLNs.
estimated at 17 nm in depth. Two adsorption mecha- Fig. 2 presents AFM images dfbased SLNs with
nisms are possible: (i) the interaction places the BSA and without BSA at a concentration of 20 g/I.
in the same geometry as fdrbased SLNSs, there is The image of thel-based SLNs shows moderately
then a 4-layer adsorption or (ii) a single layer along flattened objects of 250 nm in diameter and 55nm in
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Fig. 2. Non-contact mode AFM images dfbased SLNs without (a) and with BSA (20g/l) on a mica surface (b).
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height; these values can be compared to those obtainedPa Silva, E., Shahgaldian, P., Gualbert, Jiss®, K., Lazar,
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study it was Sh(_)wn that BSA on a surface a_nd in the pemirel, M., Yazan, Y., 2000. Solid lipid nanoparticles (SLN). J.
absence of additional salts forms flat gels, with a very ~ pharm. Sci. 25, 167-179.
low rugosity (azar et al., 2001l The image ofl-based Diem, K., Lenter, C., 1972. Scientific Tables. Ciba-Geigy, New
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on surface. The divergence between the v_olume cal- youel, E., Lazar, A., Da Silva, E., Coleman, AW., Solovyov, A.,
culated from the PCS and the AFM experiment can Cherenok, S., Kalchenko, V.I., 2002. Interfacial interactions of
be explained by the fact that the SLNs are embedded  cations with amphiphilic dihydroxyphosphonyl-calix-[4]-arene
in the gel and thus the topographic imaging used here ) meSOASVSt‘;r:SH Le}ggmu'fpl& (l:3|74_137gAw Jo0L. An

. . . azar, - angalaian, Ly oleman, WV, . nion
measu_res Only that part prOtrUdmg from the fll_m' Their recognition effects in the structuring of bovine serum albumin
more circular shape shows the protecting action of the  fims 5. supramol. Chem. 1, 193-199.
BSA capping layer against flattening. Similar results Lian, T., Ho, R.J.Y., 2001. Trends and developments in liposome
have been obtained previously withbased SLNs in drug delivery systems. J. Pharm. Sci. 90, 667-680.
gel matrices, where the interaction of polysaccharides 'V'e*;”egv tW '\r/]'adeft, _K-,t' 2001(-j Soll_ld t'“pld Ar;an%partugelg.
with the SLNs has been shown to protect the parti- o >% =107 S Aeierization and applcations. Adv. BIig Bl
cles against flattening where the gels were dried on @ \iya, s., Maitra, AN., 2000. Colloidal nanoparticles for drug
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