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RGD nanodomains grafting onto titanium surface
G. Forget, L. Latxague, V. Héroguez, C. LabrughteC. Durrieu

Abstract— Titanium alloys exhibit excellent biocompatibility
and corrosion resistance in the body fluid and pogss favorable
mechanical properties. In order to study the tissuémplant
interaction and to favor osteoblast-adhesion ontoitanium, our
work deals with the grafting of cell-binding peptides containing
the Arginine-Glycine-Aspartic acid (RGD) sequence.

In the present study, we focus on the elaborationf patterned
biomaterial surfaces with highly functionalized naaodomains.
The strategy of RGD peptide immobilization involvesfirst the
grafting if an amino-functional organosilane (APTES. Then,
each of the free amino moieties were used as antiator core
for a dendrimer-like synthesis to multiply the numter of free
groups available for RGD immobilization on the mateial
surface.

. INTRODUCTION

DEAL bone substitute should present a surface octhaiu

to or inducing osseointegration, regardless of anfation
site, bone quality, bone quantity, etc. A commoatidee in
engineering cell and tissue behaviors at biomdsesiarfaces
is thus to modify the material in order to interaetectively
with a specific cell type through biomolecular rgaiion
events.

A promising approach is to use biomimetic modificat

a Mickael addition of 1,3-propanediamine on theeest
moieties of the materials. Those reactions areeptes in
figure 1. The materials obtained after the alkglatiwith
methylacrylate were named half generation as thbs&ined
after the Mickael addition of the 1,3-propanediagniare
called full generation or generation 1 or 2.
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Fig. 1: Successive steps conducted for the dersinothesis
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This work proposed to synthesize and charactetizbe
intermediates of the generation 2 dendronized ititan
namely: silanized titanium (or generation 0), gatien 0.5
(first half generation), generation 1, generatios hAnd
generation 2, which present 4 amino moieties peatifin
sites. The generation 2 dendronized titanium isesgted

of the biomaterial with a peptide sequence contgini on figure 2.

adhesion domains of the extracellular

Asp) which is known to mediate cell attachment [1].

The process of integrin mediated cell adhesion cE®p
a cascade of four different party overlapping e&vencell
attachment, cell spreading, organization
cytoskeleton, and formation of focal adheS|ons [Ihe
number of attached cells is clearly related to R&Pface
density [2]. Moreover, clustering the RGD sequences
shown to increase the cell motility and adhesidn [3

In the present work, we focus on the elaboration
patterned biomaterial surfaces with highly funetiized
nanodomains. In this way, 3-amino-propyl-triethesilane
(APTES) was covalently linked to a clean titaniuftoya
surface which is then presenting amino moieties INgxt,
from each amino moieties, two successives stepsrausof
poly-amido-amine (PAMAM) synthesis [5] are condutte

matrix (ECM)
proteins. The most used is the RGD sequence (Alg, G

actin

O
N\_\-/\)/\/\/NHz
\/?/\/\/NHz

Fig. 2: Representation of the generation 2 dendeshititanium.
This material present 4 amino moieties by silanigées. The blue

Ol poxstancs for the titanium allo'

The free functional sites are finally used to cewndlly link
a RGD sequence, mediating cell attachment. The adeth
was inspired of [4] by using 3-succimidyl-3-
maleimidopropianate (SMP) to activate the primanyire
moieties and RGDC sequence will be grafted in assphate
buffer.

multiply by 2 the number of amino moieties for each At each step, the materials are characterized Wyay-

silanized sites. The first step is an alkylationtlsd amino
moieties by the methylacrylate in methanol andstheond is
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Photoelectron Spectroscopy (XPS) and by indirectibn
with  fluorescamine which is a compound reacting
specifically with primary amine moieties to form a
fluorescent complex.

Because the fluorescence is extinct by the proyiofithe
metal [6], the fluorescence can not be quantifizdady on
the titanium surface and the titration was carrmd by
measuring the fluorescamine which had not reaateldveas
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still in the solution.

Il. MATERIALS AND METHODS

A. Materials

3-aminopropyltriethoxysilane (APTES) was obtainexhf
ABCR-Roth Sochiel, France. Anhydrous hexane, methan
methylacrylate, 1,3-propanediamine,

hours. Materials are rinsed for 2 hours with deied water
and the adsorbed water is removed under vacuum¥@°=
Torr) for the night (15 hours).

E. XPScharacterization

XPS spectra have been recorded with a VG 220i-XL
Escalab spectrometer on titanium at each step ef th

fluorescamingynthesis. Power of the monochromatized é\lsource was

anhydrous ~dimethylformamide (DMF), SMP, acetonelOOW with an investigated area of about 250um. dodl
triethylamine and n-butylamine were purchased froflun was used for charge compensation. Acquisitionigh

Aldrich, France. Disks of titanium alloy (Ti-6Al-4\or
TAG6V) were produced by Merck Biomaterials, Darmstad
Germany.

B. Preparation of the the silanized titanium

Mirror polished TA6V disks have been sonicated 16 m
in ethanol and 15 min in acetone and hence cleagetB
hours washing by methanol in soxhlet extractor.

The silanization was then carried out in a dried air
free chamber that allow us to avoid the contammatif the
surface by water or carbon compounds. For thistimaahe
materials were first outgassed at 150°C under vac(i0®
Torr) for 15 hours and the silanization is thenlizea by
immersing the materials in a 10 APTES solution in
anhydrous hexane, under argon atmosphere [4].

This reaction was purchased for 4 hours and thenmni
were rinsed with anhydrous hexane and rinsed byamet
in soxhlet extractor.

At last, they are outgassed under vaccuni®(TI6rr) for
20 hours.

C. Preparation of the dendronized titanium

resolution spectra was done at constant pass enéfgeV.
Fitting was then realized with a software providad VG
Scientific, each spectrum being referenced to agarbo
pollution at 284.8eV. Binding energy values areegivat
+0.1leV.

F. Fluorimetric characterization

10mL of a 1¢ M solution of fluorescamine in acetone is
prepared. 50uL of triethylamine is added in thisuton
(0.5%). Each materials are immersed in 2mL of sieisition
for 15 hours. The titration of the unreacted flismamine is
done by mixing 1mL of the solution put on the miaisrwith
1mL of a 0.1M solution of n-bytulamine in pH9 bufe
solution.

The excitation wavelength was fixed at 390nm arel th
emission wavelength was fixed at 460nm.

I1l. DiscussION

A. XPSresults.

Silanization is an important step as regards repibdity
of chemical functionalization. Although such reantihas

For the half generations (0.5 and 1.5) synthegis, tbeen extensively studied, the resulting structemeerage,

materials are immersed in 2mL of a solution of 5wiL
methylacrylate in 5mL of anhydrous methanol. Tleiaation
is conducted for 20 hours and the materials are thesed

with anhydrous methanol for 1 day. At last, theye ardendronized

sonicated for 15 min in anhydrous methanol and wrger
vacuum (P = 10 Torr) for 4 hours.

orientation, and organization of the intermediatesthe
generation 2 have not been studied.

Our aim is the process development of experimental
titanium  whose experimental atoms
quantification is not too far from the theoreticales.

Many materials were prepared to get a good Si/lb rat

The generation 1 and 2 are synthesized from theithout a too low Ti, Al or Si signal, meaning thtte

corresponding half generations by immersing the@nih. of

molecules formed a film on the materials surfacacivh

a solution of 5mL of 1,3-propanediamine in 5mL ofmasks the titanium. Some of the experiments dore ar

anhydrous methanol. This reaction is purchased&dnours
and then the materials are rinsed in anhydrousanetHor 1
day, sonicated for 15 min in anhydrous methanol@deaned
in a methanol soxhlet extractor for 48 hours. At l¢they are
dried under vacuum (P = T0rorr) for 4 hours.

D. Functionalization with the RGDC sequence

Materials are then coupled with a heterobifunctiona

cross-linker (SMP) (2.18M) in anhydrous DMF for 2 hours.
Next, the materials are rinsed in anhydrous DMF I6r
hours and dried under vacuum (T = 70°C, P 2 T6rr) for
4 hours

The activated materials are then immersed in 2mla of

summarized in table 1. The G1-50 was prepared hygus
50% in volume of 1,3-propanediamine, for G1-10 the

TABLE |
XPSQUANTIFICATIONS OF MATERIALS GENERATIONL PREPARED
DIFFERENTLY

Materials C (0] Si N Ti Al
355 396 1,2 4,3 12,4 3,4

G1-50

G110 1327 44 63 15 118 25

1100 |31.6 462 04 26 139 34

Atomic composition of generation 1 prepared withffedent
concentrations of 1,3-propanediamine. The values given in

10°M RGDC solution in a pH 7 phosphate buffer for 4 percentage.



solution was 10% in volume of 1,3-propanediamind, dor
G-100, the 1,3-propanediamine was used without ameth
This table show some effects which were observed on

Nis .o~ NH;
materials badly prepared. M, ,/“:WM Gen. 0

The better concentration to use seems to be solutio

C1s

Counts / s
Counts / s

T
|:E containing 50% of methylacrylate and 50% of methdoo 410403406 404 40 400308396304 392300
® the synthesis of the half generation, and 50% ®fptopane- K o| Tertiary §
= diamine in 50% methanol for the synthesis of th# fu 3 2
S generation. The signal for Si, Ti and Al is not tow and SLLBCES
g the Si/N ratio is very near to the theoretical ea(that is to W
> Sa 5 for the generatlon 1) 206 294 292 290 288 286 284 2862 260 408 406 404 402 400 395 396 294 392
% Y, i ™ . . . .| Tertiary
o} The table 1l show the XPS quantification for théfetient E c-0 |amine,
= intermediates to generation 1 dendronized titanidine 8| c=0, g
. " Gen. 1
. table 11l show the theoretical quantities of eatdmeent for \
= one dendron on each intermediates.
(D 206 204 292 290 288 286 284 282 280 408 406 404 402 400 398 396 3094 392
§ TABLE Il i Binding Energy (eV) Binding Energy (eV) )
- XPSQUANTIFICATIONS OF THE INTERMIEDIATES TO THE GENERTION 1 Fig 3: N1s and Cls peaks of the XPS spectra_ointieemediates
8 of the generation 2 dendronized titanium.
IO—\O Materials C (0] Si N Ti Al
© 0 (slanized T)| 256 521 07 13 172 3,1 B. Fluorimetric results
_% A preliminary results give a 3.7 ratio between the
S Generation 05| 33,6 386 14 18 135 4 silanized titanium and the generation 2 dendrontiadium,
g Generation 1 | 355 396 1,2 43 124 34 as thfe theoretical valuelwas 4
= : _ : : : This results let us think that this method coulduseful
N Atomic composition of the studied materials. Valirepercentage. for quantifying our primary amine density on thetemals
surface.
TABLE Il

NUMBER OF EACH ELEMENTS FOR ALL THE INTERMEDIATES

Materials C 0 Si N IV. PERSPECTIVES

1

3 1 The grafting of the RGD sequence is now study.illtlve
followed by an XPS characterization and a fluoricet
Generation 0.5 15 7 1 1 titration with benzoin which react specifically titthe
guanido moieties of the RGD sequence [7].
5 1 5 The generation 2 preparation is now carried out \&itd
be characterized soon.

0 (silanized Ti)| 7

Generation 1 19

Those results show that the ratio Si/N is well otgd for

the different materials. The heavy carbon and omyge V. OTHER WAY POSSIBLE
pollution make difficulties to interpret those dataut the  An other way for nanodomaines synthesis is alsdiestu
results have an evolution similar to the theory. It consists of the use of nanoparticles of a copely of

At last, Ti, Al and V percentage are decreasinfing us polynorbornene-polyethyleneoxide [8] functionalizedth
think that molecular layer become more and moreoiamt,  eijther a carboxyl group, either a RGD sequence.

in adequation with the dendritic tree growing. Those nanoparticles can be grafted on a silanittdum
An other interesting results is the evolution af 1s and suyrface with the carboxyl group and could be caersid as
N1s peaks of the XPS spectra presented in figure 3. nanodomains itself.

For the Cls peaks, as the generation increased;he  The diameter of the nanoparticles is between 208nch
bound become more and more important. BesidesCH#@ 500nm, it can be define very precisely as the comaton
bound appears from the 0.5 generation and become vef RGD sequence on its surface.
important in the 1.5 generation.

The N1S peaks is very thin for the silanized tigami(or VI. CONCLUSION
generation 0), proving that the amino moieties ace
protonated and in the primary amines form. As, tioe
generation 0.5 or for the generation 1, the peaatme
larger, proving the presence of an other amine, tifpleed to
the tertiary amines of those two compounds.

Materials surface can be chemically modified inesrtb
present RGD peptides nanodomains. Various dendity o
nanodomaines as various densities of RGD peptides b
nanodomaines can be carried out and will be uskiul
studying the influence of clustering the RGD se@eenn
osteoblasts adhesion.
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