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Abstract

The interaction of DL-leucine, an essential aminial daving a hydrophobic character with poorly tajlne
calcium phosphate apatites, synthesized at thegdbgical temperature (37 °C), is studied. Thesatitgs of
atomic ratio Ca/P between 1.33 and 1.67 are anatogw bone mineral. Their surface reactivity iseied
linked to the existence of a metastable hydrateihse layer containing labile ionic species. Thislg shows
that the kinetics of release is slow and experialerglease profiles corresponding to these phoephate
similar. The chemical composition of the apatites lan influence on the release. The release ratere
important for apatite containing more HPQons. It is found that the incubation of apatiteeafixation of the
amino acid DL-leucine in the de-ionized water dolutdepends on the R (ml/mg) = volume/mass. The
adsorption and release properties of poorly criystabpatites are essentially dependent on therat#in, the
chemical composition of the hydrated layer andddvposition of the adsorbate solution. The undedsta

of adsorption and desorption mechanisms with réspecactive molecules can be exploited for the
development of drug delivery applications.

Keywords Release, Adsorption, DL-leucine, Apatitic calcipimosphate.

1. Introduction

Apatitic calcium phosphate has developed considieiiabthe last few years essentially as bone fijliand
bone reinforcement biomaterigl$-5].These materials have found various applicationga@ally as bone
substitutedecause their chemical composition similar to tfghe bong6-11] to their high biocompatibility
[12-14] and have been used as drug delivery systgifsl8]. The behaviour of these biomaterials in
biological environments is crucial for their useviro [19-21]. To date, the biological behaviour of apatitic
calcium phosphate has been studied through in t@8ts in Ringer and/or simulated body fluid salng, with
inorganic ion composition and pH similar to biologi fluids[22—24]. The high specific surface area of these
poorly crystalline apatites allows the high reatyivo the biological mediumtéble 1) The phenomenon of
evolution and maturation of apatites in aqueoupension[25-28] can be confounded with the reactions of
dissolution of these apatit¢29-30].The binding and release of active molecules and anthe interface
between calcium phosphate minerals and biologicalr@nments are crucial to determine how they penfo
in vivo [31]. Recently, calcium phosphates are very much studigte adsorption of protei82-35], amino
acids[36-37], textile dye[38], fluorides[39]. It is especially important to cellular responsedses[40-41].
Other studies on the loading and release of vafidosctive molecules in calcium phosphai#a-50] have
shown that the release was strongly dependent ermpdhosity and permeability of the calcium phosphat
material. Factors such as solubility, binding cayaend net charge of the bioactive molecules deitez the
release ratf1-53].
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The release properties of DL-leucine by poorystalline calcium phosphate apatites, haveviptesly
fixed the molecules of this amino acid and thecatftéd R(ml/mg)= volume/mass are studied. All expemts
were performed under near-physiological conditionthe body (temperature 7 + 0.1°C, solution pH.& of
agqueous media).

2. Materials and methods

2.1. Adsorbents

Apatites used in this study were obtained by prttipn in a water-ethanol (50% ethanol by voluras)
previously describefb4]. They were prepared by mixing a solution of calcidhand a solution containing
varying amounts of phosphate and ammonium carbdB&td he solution A (30mmol of nitrate calcium Ca
(NO3),-:4H,0 in 100 ml of de-ionized water and 100 ml of etha(95%)) was immediately poured at 37°C
into a solution B (30mmol of diammoniumhydrogenpghttate (NHAHPO, and ammonium carbonate (NH4)
,CQO; in 250 ml of de-ionized water and 45 ml of a siolutof ammonia (d = 0.92) and 295 ml of ethanol
(95%)). The precipitates were filtered and washel & basic solution (180 ml of de-ionized wated, 8l of
ammonia and 210 ml of ethanol) and then dried &C3fbr 24 hours.

The precipitates were characterized by cbamand physical analysis. The calcium content was
determined by complexometry with EDTA, the phosphi@in content by spectrophotometry of phospho-
vanado-molybdic acid and carbonate ion by voluroetrhe specific surface area was determined aguptdi
the Brunauer, Emett and Teller (BET) method usingabtisorption(Table 1) Infrared spectroscopy IR was
carried out after dispersion of anhydrous KBr (abdbus mg product to 300 mg of KBr) using TENSOR 27
spectrophotometer (Bruker Optics Germafly)y. 1) Scanning electron microscopy (JSM-6060LV, JEOL
Ltd, Japan) was used to create 3-dimensional imalgesrfacegFig. 2).

These calcium-phosphates, which are defmed ratio R = C&/(CO,>+ PQ?*) between 0 and 0.15
(1.33< Ca / P< 1.67), are poorly crystalline apatitgst], deficient in calcium ions in which carbonate ions
CO,% substitute for HPEY ions[54] of the formula:

Ca (g+0.570)[PO4] (3.5+1.640)[HPO4] 2.5 (1-0) [CO3]0.860 OHo5 1y With 0 <b <1

For Ca/P = 1.33 (R = 0), the apatite (not contgjngarbonate ions) is called the phosphate apatitic
octocalcium (OCPa) of formul&ag [PO4] 35 [HPO4] 25 OHg 5

Table 1. Characteristics of phosphates used

Ca/P 1.33] 140 1.4 1.67
R= CO327 (CO32+PO43") | 0,000 0,034/ 0,068 0,150
Specific surface (#ig) 58 89 95 108

Previous studiefb4] showed that these phosphates are poorly crystapaétes, the crystallisation degrades
progressively when the ratio R= 0 (CO,*+PQO,*) increases.

The infrared absorption spectra of thesipitates(Fig. 1), confirms the existence of various bands
which vary in accordance with the value of the dtoratio R: the peaks at 472,565 and 603" @re due to P-
O bending vibration, the peaks at 962 and 1038 are due to P-O stretching vibration. The peak7at@n*
was assigned to the HFOand C@* common ions, which islightly more intense for most carbonated apatite
(Ca/P=1.67). The bands at 634 and 3571 telong to the stretching vibrations of hydroxyl OFhe band
observed at1093 chis due to the phosphate stretching vibration. ififiared peaks at 3000-3430 Crare
due to the adsorption water. Moreover, the band&88 cni is due to symmetric vibration of water
molecules. Our previous studi¢36] confirm by SEM micrographs that the morphology oégipitated
apatitegFig. 2)was flat and porous, which can confer to theseiteganteresting biological properties when
placed in contact with a cellular mediybb]. The agglomeration of particles decreases whematt@ Ca/P
increases, this results in the increase of spesifitace area. This latter changed from S8gnfor OCPaFig.

2 (a))to 95 nf/g for carbonated apati€ig. 2 (b)) [36]
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Fig. 1.Infrared absorption spectra of phosphates: (ép€h83, (b) Ca/P=1.40, (C) Ca/P=1.48, (d) Ca/P=1.67
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Fig. 2. Scanning electron micrograpifiithe calcium phosphates (a) Ca/P=1.33 and (b) Ca/P=1.48

2.2. Adsorbate

DL-leucine or 2-amino-4-methylpentanoic, lo¢ tthemical formula §1,5NO,, is an essential amino acid-
like branched, very hydrophobic and no-polar, highemologue of valine. It represents about 8% @f th
amino acids of proteins in the human body. DL-leadielps regulate the blood sugar, growth and iogildf
muscle tissue (bone, muscle, skin) and the prooluotif hormone growtlj56-58]. DL-leucine can also
stimulate the release of insulin and help to sitabibr reduce blood sugar. It is slightly solubleniater (24.26
g/l at 20 °C). In solution, it is under zwitterieniorm, its pH isoelectric is of the order of pHi6=04. The
infrared spectrum of the amino acid DL-leucinetiswen inFigure 3

CHg—(|3H —CH,—CH-CO00
| .

CHs NH

The structural formula of the amino acid DL-leucine
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Fig. 3.Infrared absorption spectrum of the amino acid [Bucine

2.3. Experimental protocol
Adsorption

Adsorption experiments were performed usamino acid DL-leucine in the presence of different
phosphates of the atomic ratio Ca/P=1.33, 1.48 ard 1.67. The solid was dispersed in the adsorpti
medium at the physiological temperature (37 °CjeA$ome incubation time, the suspension was teged
and the supernatant obtained was assayed for Rlire(36]. The adsorbed amount of DL-leucine was
determined by a ninhydrin colorimetric dosd@®], using a UV/VIS spectrophotometer type GBC 911A
570nm, according to the relation:

Qads =V (Co-Ceq) / m.S

Where: Qads adsorbed quantity of leucinginiol/n?), Co and Ceq are respectively the initial and the
equilibrium concentration of the leucingnfol/l), V: volume of solution (I)m: mass of adsorbent used (g) and
S: Specific surface (ffg).

The kinetic study was performed with a solutof 10° mol/l the DL-leucine. The results obtained show
that the kinetics of adsorption is rapid; the aggon equilibrium is observed after 30 minutes qiig.4 (a))
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Fig.4. (a) Adsorption Kinetics and (b) Adsorption isotimsrof DL-leucine on apatitic calcium phosphates
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The amount adsorbed is much higher as the Ca/® isatow [36]. The adsorption isotherms obtained were
Langmuirian in shapé€Fig. 4(b)) The adsorption parameters, maximum amount addoabd interaction
constants were determinf26]. The isotherms obtained showed a distinct initiefease related to the affinity
and adsorption plateau generally considered toesgmt the saturation of the adsorption sites. $hidy
reveals that the chemical composition of apatites dn influence on adsorption. The high amounterbdd

at saturation are obtained for compounds contaitiiagnore HPGJ ions (Fig. 4(b))

Release

Release wasxamined considering the used experimental comditi@00 mg of powder of calcium
phosphate previously adsorbed of the DL-leucirfesishly prepared and finely ground. We then addnl of
de-ionized water pH=7.0. After stirring for one miie at the speed of 1000trs/mn, the mixture isquldn a
thermostatic bath at the physiological tempera{G#®C) for a definite time. After treatment, thdidaand
solution were separated by fritted glass. The swgiants obtained were examined by measuring thargH
determining the amount of the amino acid releasid. solid was dried in an oven at 80 °C for 24 bolihe
release rate of amino acid is determined by tHewviahg relation:

Release rate (%) = Cdes / Cads x 100
Where:CdesandCadsare respectively the desorbed and adsorbed coatentof the DL-leucineymol/l).

3. Results and discussion
3.1. Study of the release

The kinetic study of the release, perfedrwith a solution at a concentration of 10 mmoifthe amino
acid DL-leucine and apatitic calcium phosphateatoinic ratio of Ca/P= 1.33, 1.40, 1.48 and 1.6¥ well
illustrated inFig. 5 (b)The desorption isotherms are performed for theitgpaalcium phosphatg$ig. 5 (a))
The results obtained show that the kinetics ofasdeis slow.Fig. 5 indicates that the release profiles
corresponding to these phosphates are similareTiben increase followed by a decrease beyongs dae
release rate is more important when the atomio 1@&/P of apatite is lower. It spends 15% for O©Pa
Ca/P=1.33 to 10% for the apatite of Ca/P=1.67. @lee notes that for all apatites the release raggnk to

decrease beyond five days, this suggests the eeéstEf a reverse adsorption reaction between tatta@and
the surrounding environment.
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Fig.5. (a) Release isotherms and (b) Release rate (Bl)-d¢ucine on apatitic calcium phosphates of atomic
ratio Ca/P = 1.33, 1.40, 1.48 and 1.67

The pH of supernatant solutions measufied eelease of DL-leucine at different maturattones and
for different apatitic calcium phosphates is betwdés and 7,1Fig. 6). Also note that, for all apatite, the pH
is slightly increased and takes the maximum vafter five days. It decreases beyond this perkidures 5
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and 6indicate that the maximum amount released of Dicilee correspond to the solution of high pH. This
analogy between the release of DL-leucine and pti@tupernatant solutions in maturation time adlow to
propose a mechanism of adsorption-desorpfig.7). During maturation, other evolution and dissolotaf
apatite phenomena can occur. The environment matgicoreleased amino acid DL-leucine and ion PO
and / or CQat different concentrations depending on the natfithe apatite used.

Apatitic calcium phosphates are covered vathrather fragile but structured hydrated surfagesrla
containing relatively mobile iongS0] (mainly, bivalent anions and cations:’C&PQ*, CQ;%) (fig.7). The
chemical composition of this hydrated layer id stilcertain[61—64]. The consideration of this type of surface
state can help to understand and explain the bahafi biological apatite. The amino acid previously
adsorbed can be released from these apatites dioe very high specific surface area of these tgzasimilar
of bone and in constituting an important ion res@rwith an availability that depends on the matiorastate.
Release reaction of DL leucine is carried out oaorlyocrystalline samples at different stages of uration

(Fig.?.
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Fig.6. pH of supernatants of DL-leucine released foriipaalcium phosphates
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Fig.7. Schematisation of surface reactions adsorpticgassl the amino acid involving the hydrated surface
layer for poorly crystalline apatite

3.2. Effect of ratio R (ml/mg) on the release

In this part, effect of dilution on the rate of DL-leucine, by adopting the same experinhgmtecedure
as previously described, is studied. We vary the reolume of de-ionized water on the R (ml/mg) =
volume/mass; R values obtained are between 0.08.&mul/mg. The release of DL-leucine depends @méR
the initial composition of the apatite Ca/P; thefate properties are initially associated with thparameters.
Fig. 8(a)indicates that the release profiles correspontbntpese phosphates are similar; the increaseein th
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ratio R resulted in a decreased release rate sftega for example, from 15% (R=0.05 ml/mg) to 6%QR
ml/mg) for OCPa of Ca/P=1.33: compound of exempt@®” and presents the maximum of HE@ns, and
from 10% to 4% for apatite of Ca/P=1.67: in compsiwhich present the maximum of £@ns. Decrease
of the release rate of DL-leucine due to the eristeof C3" and HP@ ions caused by the phenomenon of
dissolution of apatitic calcium phosphates.

The pH of the supernatant after releaselofddcine depends both on R as the initial compmsiof the
solid. So, for different values of the ratio R, thil of the solution increases when the3Cion content
increases and the HROion content decreases. The pH values of the safsernsolution show that it is more
acidic as the R values are Igfig. 8 (b)) This observation can be linked to the high redesfsHPQ? ions in
the solution. A similar phenomenon was observeth@in vivo implantation of apatite materials where, in
some cases, the pH of the surrounding environnfehiedmplant can reach the value 53].

The results reported in this study indidht the interaction between the amino acid Dlcilee and the
apatitic calcium phosphates of atomic ratio Ca/fveen 1.33 and 1.67 is in the form adsorption-desor
reaction, influenced by maturation time and byehistence of mobile ions GQHPQ? and C&' present on
the hydrated surface layfg1] that constitutes a pool of loosely bound ions Wwhian be incorporated in the
growing apatite domains and can be exchanged bycatids or protein$2] (Fig.8). The release of the DL-
leucine is maximal at the isoelectric point of Ddutine (pHi = 6.04) and varies more or less syninsly
on both sides. The decrease in pH of the solutfter five days of maturation may be explained bg th
adsorption reaction between the released DL-leuaimbapatite CA Incubation of apatite after the fixation
of the amino acid DL-leucine in the de-ionized wadelution depends on the volume / mass R (ml/mgg
release rate does not exceed 15% when desorptiexaimined by de-ionized water dilution. Other stgdi
have shown that this rate can be change dependitftecature and concentration of the electrolge[81].

The release of DL-leucine is described asdrchange with orthophosphates ions of the surfEoese
results are in agreement with our previstisdies[36], which revealed that adsorption of DL-leucine tbe
same apatites is mainly due to the electrostatierastion between the group -COGf DL-leucine and
calcium ions C# of apatite. Furthermore, the process was not séblerwith respect to dilution. The released
molecules can only be displaced by a reverse ichamge reaction. The main driving forces at theensih

interface seem to be an ion-exchange process iimgpttie functional groups of the molecules anditiméc
groups at the apatite surface.
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Fig.8. (a) Effect of ratio R (ml/mg) on release rate @hpPL-leucine and its effect on pH (b) of supermasa

The present study stresses the fact thatetease properties of poorly crystallized calcipinosphates of
atomic ratio Ca/P between 1.33 and 1.67 are esfigrdependent on their surface characteristigse@ally
the development of the hydrated layer, and on timposition of the adsorbate solution. Exchangetias
highlighted between aptitic calcium phosphate simib the bone mineral having previously fixed pnot
molecules or amino acids such as DL-leucine andtieunding environments, could be analogousdeeh
involved in the regulation of bone metabolism. Tleibility of surface and biological properties célcium
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phosphates such as nanocrystalline apatites sutigaghese could be used as potential substratedriig
delivery[66].

Conclusion

The adsorption and release properties of poorlgtatyzed calcium phosphates appear strongly depenzh

the composition of the hydrated surface layer dedsurrounding environment and are still a greatlehge.
The understanding of the interaction mechanisms ted control of the driving forces may provide
fundamental tools for the development and appbcatdf delivery systems based on the adsorption of
pharmaceuticals onto calcium phosphates.
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