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ABSTRACT

Several approaches have been developed for theagain of calcium phosphate cements, some of them
commercially available, and they have proved vdfgctive bone substitutes in different applicatioBeme of their
properties, such as the ability to incorporate eliéint molecules make them very interesting canelédas drug
carriers. We were interested in this paper to thedg of the hydrolysis after curing a cement coregosf the
tricalcium phosphate[((-TCP) and monocalcium phosphate monohydrate (MCRiMBaqueous solution with a
controlled pH, leading system to transform towaodser calcium phosphates known by their very widguiding
biological and medical applications. In this stuthe operating conditions are chosen in order to enapatite
containing molecular oxygen. Characterization bylgmes (IR, XRD etc.) show that the proposed psopesvides
better results for oxygenated apatite containingether molecular oxygen and peroxide ions. Theseemoved by
heating the final product at a temperature of 30D.°

Keywords: tricalcium phosphate, monocalcium phosphate, cembnishite, hydrolysis, oxygenated apatite,
biomaterial.

INTRODUCTION

The calcium phosphate cements (CPC) have beenvdismband studied first by Brown and Chow [1], &eteros
et al. [2]. Products cements of calcium phosphaeewgubsequently operated in the medical fieldjquaarly in the
treatment of fractures and for the treatment of iledacial deformities [3, 4, and 5]. Since thergw cement
formulations have been developed [Mejdoubi [6]; laéme [9-10]; Driessens [11]; Bohner [12-13] to pead
specific requirements for other applications, sashfixing metal implants in bone weakened [14,1g)tebral
fractures [16-18] and the strengthening of osteofimbone [19- 22].

Calcium phosphate cements are distinguished in #pglications as compared to other biomateriaksy excellent
biological activity by their ability to form a dic¢ bond with the bone and their osteoconductiiiythermore, they
can be resorbable with a resorption rate which deépen the composition and characteristics of rsicuatures.
After mixing with a liquid phase, the cements (CR@m a viscous malleable paste, which in someasay be
directly injected during surgery in the bone [23-26

Currently, many studies have been devoted to theldement of the synthesis and study of the asBoniaf
intrinsic bone regeneration potential of cement®QEL with their ability to incorporate drugs or athactive
molecules which are designed to many therapeutiggses [27-29].
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Many studies investigate the oxygenated apatitedeosvby hydrolysis in aqueous solutions [30-36bdpihocalcic
oxygenated apatites have showing potential appicatin biomaterials because of there antiseptip@rties which
make them able of limiting the proliferation of méeorganisms at the site of implantation [30]. Relye composite
materials based on calcium phosphate have attrawteth attention [37]. Hydroxyapatite is often useda bone
implant material. Lately, the higher attraction-tAp towards protein has been utilized for bindimgl aeleasing the
active biological molecules [38], was used in tbedcement.

The aim of this work is to study the hydrolysisain aqueous medium with cured brushite cement sgizéek from
tricalcium phosphate and monocalcium phosphate rélysis leads to the cured cement apatitic phasehman
incorporate into these tunnels bioactive chemicdities. According to several parameters such assthe and
operating conditions, these entities initially oduced into the reaction medium, are insertederttinnel apatitic or
simply adsorbed to the surface, these productsadied oxygenated apatite.

MATERIALS AND METHODS

This method of synthesis consists in reacting ptbntpio solids as powders, in the presence of areags phase.
The solid phase is composed of 10 g of beta-tricalcphosphate and 8.13 g of monocalcium phospligdéh
products are carefully milled for 30 minutes. Thquid phase is prepared by dilution of 6 g of sadiu
glycerophosphate @E;Na,OgP) in 10 ml of decarbonated distilled water. Tlkenent paste is prepared by mixing
the cement powder with the aqueous solution ofwsudjlycerophosphate on a glass plate for 30 secakals
result, the system hardens and takes the forrmohadry paste. He cement paste before curing isplonto molds
to produce cylindrical samples with a diameter afmfn and a length of 2 mm. After curing, the samplese
removed from the molds and incubated at 50 ° Q#ohours.

RESULTS AND DISCUSSION

After mixing tricalcium phosphate with monocalciyhosphate reacts according to the following reactio
Cg (PO4) + Ca (BPO), .H20 + 7THO —— > 4CaHRQH,0O

After mixing, there is an instantaneous formatidrbrushite, that is shown in the spectrum of Figlireby the
presence of bands corresponding to brushite (12617 ; 1156.4 crit; 1064.6 cnit; 1002.2 crit ; 936.6 crit ;
725 cm'; 613.4 cnt ; 565.9 ciit ; 526.1 crit ; 494.4 crif).

After demoulding the cured parts cement, they dearsed and weighed in an amount of 2 g. We proceed
subsequently to hydrolysis of the parts in a sofutf 110 volumes hydrogen peroxide, diluted wilttitied water

and decarbonated, 20% by volume water. We chosedifferent pH values : 10 and 11. At these pH valthe
apatite structures are more stable and their foomainetics is faster. Solid samples of cementtaken, and then
promptly dried to stop the evolution of the product
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Figure 1. Infrared spectrum of the cured cement
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Figures 2 and 3 compare the infrared spectra addlainder the same conditions of pH and at diffetierds.
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Figure 2. IR spectra of the cured cement evolutiorip a solution of HO, at pH =10
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Figure 3. Infrared spectra of the evolution of thecement hardened in a solution of KD, at pH =11

Comparing the evolution of the infrared absorptapectra of the cement used in thgOk solution at pH = 10,
shows the evolution of brushite with time to a pparystallized apatite structure and slightly cambted. The latter
is formed by the third day. These bands corresportie structure are present, including bandg*Pmmetric
vibration absorbent 1043.8 €m1090.5 crit and 962.2 cif, and the antisymmetric elongations strips and &6

! and 568.7cm. It is also noted the appearance of vibration bammdl elongation carbonates £@ons adsorbed on
the surface of the apatite. We also observed tserption bands of OH531.9 crit and 3572.0 cih The bands
observed at 1632.4 chand 3432.4 cihcorrespond to the water. After 24 hours, the fdioneof the apatite is not
complete, since some bands corresponding to beuahét still present, such as 35413489 crifand 2384 cnl.
Apatite is completely formed after 5 days. All ttearacteristic bands are present. Over and abevetth= 10, only
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a slight influence on the formation of the apaptease. However uncontrolled product in stock sofut long
period causes fluctuations in pH, which promotesftihimation of other phosphates instead of apatite.

Thermal study
To study the effect of temperature on the cemdst &fydrolysis, it was subjected to different tenaperes. Figure

4 shows the evolution of oxygen rate as a funadiotine temperature.
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Figure 4. Evolution of the molecular oxygen ratessa function of temperature

Curve 4 shows that the oxygen content increasds t@inperature up to 300 ° C, and then it startdeorease
gradually to finally disappear at 900 ° C. At 30@; the molecular oxygen content is at maximums tan be
explained by transformation of peroxide ions to @colar oxygen [39]. In fact, after hydrolysis olbhite, it is
totally converted into poorly crystallized apatjtedich is inserted with oxygen molecules and pel@ions.

Figure 5 corresponds to the X-ray diffraction of tured cement after hydrolysis and calcinatiof0& ° C. This
figure shows that the final phase of the cemeantngn-stoichiometric apatite of the fact that it@®poses at 900 °
C at hydroxyapatite and [] (Jtricalcium phosphate. However, it is deprived sflime because after calcination, the
phenolphthalein test is negative (no pink color).
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Figure 5. X-ray diffraction of the cured cement afer hydrolysis and calcination at 900 ° C

Analysis by transmission microscopy hardened dfteirolysis at pH = 10 cement is presented in Figushows
that the particles have a spherical structure.

136
www.scholarsresearchlibrary.com



B. Hammoulti et al Der Pharma Chemica, 2014, 6 (6):133-138

i% % ’

X # . ? # Y 4
. ¥ *. s ., G
71212014 HY  |pressure| det |mag 0| ~=———100 pm ——————
12:51:31 PM |20.00kV| 60Pa [LFD|1000x| label |

Figure 6. Transmission microscopy of the cured ceme after hydrolysis at pH = 10

CONCLUSION

In this work we were able to develop brushite cetaemd follow its evolution after its dissolution axygenated
water by varying the pH of the solution

This work has allowed us to make the following rekesa

-The PH of the synthesis is a dominant factor playehe kinetics of chemical reactions of systesrpeoposed Tcp
/ MCPM, it is the most important factor in the oriation of the chemical evolution of dicalcium ppbate to
apatite.

- The basic medium pH = 10 or 11 accelerates tlogrpssion system monocalcium phosphate / tricalcium
phosphate beta to an apatite. While that belowéhee 10, the pH of the cement slowed progressdioexcess of
this value, the effect of pH is almost negative.

- This is probably related to the rate of hydradysf dicalcium phosphate, the greater the hydrslyatie, the faster
the oxygen content in the apatite network is higiBsyond pH = 10, the rate of hydrolysis is instwsito pH
variations. In fact in the presence of dicalciunogphate, the solution of hydrogen peroxide is béegmore and
more deficient in oxygen. The apatite formed in fihal stages of hydrolysis is thus less oxygenre €ffect of pH
can also be explained by the fact that it promthesdeoxygenation of hydrogen peroxide, which makeslow
oxygen in the reaction medium when the pH is raised

- The Analyzes show that the structure of the litascement evolves towards a poorly crystallizpdtide which
contains molecular oxygen and a small quantityasbonates, coming from carbon dioxide initially gget in the
solution.
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