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ABSTRACT

Two compounds, strontium flourapatite (SrFA)dastrontium hydroxyapatite
(SrHA), were synthesized using wet chemical préaign method. These
compounds were characterized by Fourier transfafrared spectroscopy and X-ray
diffraction techniques. The morphology and partsilee for the resultant particles of
the synthesized compounds were checked by scareleagron microscopy. The
average particle size of strontium flourapatite Wager than that of strontium
hydroxyapatite by 4.55 times. The particles of eacmpound were coated by
trehalose sugar to decrease the possible ionicasttens with these synthesized
compounds. Ann vitro release study of ceftazidime antibiotic from theorstium
flourapatite and strontium hydroxyapatite was penied in a simulated body fluid at
a temperature of 3%TC. This release was studied by UV spectrophotonatasax of
258 nm for 12 hours. The results of the release stutywed that the release of
ceftazidime was faster from strontium flourapathet it was higher from strontium
hydroxyapatite. The disparity in release rapiditydalevel was related to the
considerable difference in the average particle &z the formed particles of the two
synthesized compounds.
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INTRODUCTION

The substitution of chemical species or chem@aments to the structure of
calcium hydroxyapatite, which is the most occurragatite in nature, has attracted
many researchers to enhance the characteristite afalcium apatite and to explore
the effect of these new formulated compoufts

The strontium substituted apatite is one oflénge varieties of substituted apatites
(2, When usinghe strontium substituted apatite (that replaceslypthe biological
calcium apatite), the strontium may result in acréased size of bone lattice because
the ionic radius of the strontium is relativelydar than that of the calciuff\. In spite
of that, strontium apatite still has much inter@stmedical and pharmaceutical
research field$). It was found that strontium have a stimulant effier bone tissue
proliferation and differentiation®. The strontium flourapatite compound was
investigated in many experimental works as cementléntal application®), while
the strontium hydroxyapatite have found a positionrthopedic researches; where it
was experimented for bone grafting and as coatimgterial(®).

Many studies have utilized the calcium hydrqatite as a carrier in drug delivery
(), The similarity in chemical structure of both teontium flourapatite and the
strontium hydroxyapatite with the structure of aae hydroxyapatite made these
substituted apatites liable to have a place in deliyery scopé®).

As one of the approaches for the drug deliveargeting of antibiotics to many
body compartments including bones has been explSt€tkftazidime is a third
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generation cephalosporin antibiotic. This dianioaittibiotic 19 is active against
gram positive and gram negative bacteria. Alsoag Bn activity against anaerobes.
It's indicated for a variety of infectious disegasesluding joint and bone infections
(11, Although the ceftazidime has fewer side effent€dmparison with many other
antibiotics, but there are still harmful side effed ceftazidime is taken systemically
(Clostridium difficile diarrheais an examplef!?. As with other pharmacological
agents that were experimented in targeted drugetglithe ceftazidime delivery for a
specific site of action is expected to lesseniite sffects!?).

The aim of the present research is to study tan compare the release of
ceftazidime drug from the trahalose-coated padictd synthesized strontium
flourapatite and strontium hydroxyapatite, utilginhe simulated body fluid as a
releasing medium, in a@n vitro model at physiological conditions.

MATERIALS AND EXPERIMENTAL WORK

All the chemicals used in this study were ofalgtical grade. The
strontium chloride hexahydrateammonium dihydrogen phosphateammonium
hydroxide and strontium nitrate were from B.D.H.. Gtie sodium chloride, sodium
bicarbonate, potassium chloride and hydrochlorid agere provided by Sigma
Aldrich Co. Ltd. The sodium hydrogen phosphate diaye, Ammonium fluoride and
magnesium chloride hexahydrate are supplied by M€ The sodium sulfate, tris
(hydroxymethyl) aminomethane and calcium chlorideydrate were provided by
Fluka Co. The ethanol was from Scharlab S.L., ikglled water from Basra College
of pharmacy and the deionized water from the BaScdlege of Science. The
ceftazidime powder (pentahydrate) was from Cledtsiabs Itd, India.

The instruments used in this study were Hotpladeidolph instruments Co.,
Germany, Muffle Furnace, size 3, Gallenkamp CoK.UField Emission Scanning
Electron Microscope, Zeiss Supra 55VP, Germany, Taey diffractometer,
PANanalytical Co, Netherlands, FTIR spectrophot@ndR Affinity-1, SHIMADSU
Co., Japan and UV-1100 Spectrophotometer, EMCLABBIGo0., Germany.

Preparation Of Strontium Flouropatite

A 100 milliliters solution of 43.57 g diammomiuhydrogen phosphate (0.33 mole)
and 5.92 g ammonium fluoride (0.158 mole) was peghaThis solution was heated
till boiling, with adjusting the pH of the soluticat 9 throughout the reaction time by
addition of diluted ammonium hydroxide solutiontdtium nitrate solution of 0.392
M was added drop wise into the hot solution withtowious stirring for three hours.
The precipitate formed in the reaction was filtegw washed several times with
distilled water, and then it was kept in a desiocat room temperature for 12 hours.
After that, the precipitate was heated in a furretce50°C for 2 hours and then it was
calcined at 100€C for another 2 hours in the same furnéte

Preparation Of Strontium Hydroxyapatite
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500 mL solution ol M strontium chloride hexahydrateas prepared by dissolving
133.31 g in the specified volume. Similarly; 0.6 B00 mL of diammonium hydrogen
phosphate solution was prepared using 39.61 g ef diammonium hydrogen
phosphate. Thetrontium chloride hydratsolution was put in a container and heated
at 80°C on hotplate, maintaining the pH of the solutiarvalue 10 by addition of
diluted ammonium hydroxide solution. The solutioh diammonium hydrogen
phosphate was added to the resultant solution lamdeaction proceeds in a reflex
condenser for 3 hours at 8Q. Filtration of the solution was then achieved #mel
precipitate was washed with distilled water seveénaks and then it was cleaned with
ethanol. The precipitate was dried for one houtGft°C, and then it was calcined at
1000°C for 2 hours in a muffle furnad®).

Preparation Of Simulated Body Fluid

Simulated body fluid (SBF), with a volume oliters was prepared. The chemicals,
their amounts and their addition order are illusian table (1).

Table (1): The Chemicals of the SBF preparation antheir amounts (6),

Order Reagent Amount (Gram per 2L)
1 NaCl 19.641

2 NaHCQ 6.804

3 KCI 1.119

4 NgHPQ.2H20 0.534

5 MgChk.6H20 0.915

6 CaCh.2H,0 1.104

7 NaSQy 0.213

8 (CHOH):CNH> 18.171

2100 mL of deionized water was used to disstiteechemicals needed for the SBF
preparation. The chemicals addition was carried iouan order identical to that
sequence in table (1). The addition of each comgpouas carried out after that the
previously added one was completely dissolved.rPothe addition of calcium
chloride dihydrate, 45 mL of 1 M HCI was added teyent occurrence of turbidity in
the solution. After finishing the addition of théemicals, the solution temperature
was maintained at 3C. The pH of the solution was kept at 7.4 by addignL of 1
M HCI, and then the volume of the solution was ctatgal to 3 liters!”).

Coating The SrFA And SrHA With Trehalose

A concentration of 4mg/mL trhalose sugar solutivas prepared. One gram of
each of the strontium flourapatite and the strontioydroxyapatite was placed in a
25-mL volumetric flask, and to each of which, 2 rolthe trhalose sugar solution
were added. The contents of each flask were shaigenously for 20 minutes, and
then it was transferred separately to a wide coataifilled with water of a
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temperature equal to 2&, where intermittent shaking was done for one h&ach
suspension was centrifuged for five minutes at 2Q00, and then it was filtered and
left to dry@8),

Scanning Electron Microscopy

About five milligrams of each of the strontiuflourapatite and strontium
hydroxyapatite were used to accomplish the scanalagtron microscopy test for
these compounds. This was achieved in the cerdtmratory of the College of
Pharmacy, Basra University.

The X-Ray diffraction

X-ray diffraction technique was carried out w@sione gram of each of the two
synthesized chemical compounds. The data was red¢ardthe two theta range of
10°_7@. The x-ray diffractometer, with a goniometer radiequal to 240 mm, was
working at a tension of 40 kv and a current of 2R, producing Cu radiations of K-
Alphal [A] = 1.54060, K-Alpha2 [A] =1.54443 and KeBa [A] =1.39225.

Fourier Transform Infrared Spectroscopy

A weight of about five milligrams each of th&ositium flourapatite and the
strontium hydroxyapatite were mixed with about 10@ of KBr powder and
grounded together. Then, the mixture was presseddisc and then FTIR spectra
were recorded for each compound.

Determination Of Ceftazidime Amax In simulated Body Fluid.

Ceftazidime solution of 1Qg/mL concentration was prepared, utilizing SBF as a
solvent. The Amax Of the ceftazidime in SBF was checked using UV
spectrophotometric scan.

Drug Loading

One gram of strontium flourapatite was adddd 260 mL glass container. The
same weight of strontium hydroxyapatite was add®#d another 250 mL glass
container. To each container, 200 mL of freshlyppred 0.5% w/v ceftazidime
solution (SBF was used as a solvent) was addedhandcontainer closed and left for
3 hours®: 20)

Drug Release

Each of the loading mediums was replaced by 2fs0vmL of simulated body fluid.
The release of ceftazidime antibiotic was studied 2 hours under physiological
conditions.

Each of the drug loading and drug release eéxgeits was repeated three times.
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RESULTS AND DICUSSION
Simulated Body Fluid

Table (2) represents the resulted concentmatainthe ions for the SBF and the
normal concentrations of these ions in the plasma.

Table (2): The concentrations of ions in SBF and human plasma®?),

Seq.| lon (mM) | Conce. in Human plasmaConce. in the present work
(mM) (mM)

1 Na' 142.0 142.0

2 Cr 103.0 125.0

3 HCGOs 27.0 27.0

4 K 5.0 5.0

5 Mg"? 1.5 1.5

6 Ca*? 2.5 2.5

7 HPO4? 1.0 1.0

8 |SQO? 0.5 0.5

Scanning Electron Microscopy

The figures (1) and (2) illustrate the photbshe scanning electron microscopy for
the strontium flourapatite and the strontium hygwpatite respectively. The particles
of the strontium flourapatite appear as multi-faeesl multi-rims guises with satin
appearance. The average size of these strontiwraflatite particles was 898.06 nm.
The particles of the strontium hydroxyapatite pnéseé as granulated multi-faces
nanoparticles and the average particle size wa®9@&9tn.
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Figure (1): SEM of strontium flourapatite (SrFA)

Figure (2): SEM of strontium hydroxyapatite (SrHA)
The X-Ray diffraction

The x-ray diffractiogram of the strontium fleyatite and the strontium
hydroxyapatite are stated in figures (3) and (deystand in coincidence with that of
the references obtained from the literatéte?®)
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Figure (4): X-Ray diffraction of STHA
Fourier Transform Infrared Spectroscopy

Figure (5) and figure (6) refers to the FTIR&pa of the strontium flourapatite and
the strontium hydroxyapatite.
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Figure (5): FTIR spectra of strontium flourapatite (SrFA)

The FTIR of strontium flouapatite (SrFA) sho@#=0) asymmetrical stretching at
1080.14™! band and (P=0) symmetrical stretching at 1029'9®and. The P=0
deformation appears at 567397 band.

) sHmanzu

Figure (6): FTIR spectra of strontium hydroxyapatite (SrHA)

The FRIR spectra of the Strontium Hydroxyaga(rHA) states that the (P=0)
asymmetrical stretching is present at 1072"4band, while the band at 1029°99
refers to (P=0) symmetrical stretching. The appezeaf a strong band at 567 07
is corresponded to (P=0) deformation. The (O-Hupras not very clear, but may
occur at 3321.42"pand.

The result of the FTIR corresponds to that of #fenence&* 2°)

Amount Of Ceftazidime Loaded
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The {max of the ceftazidime in SBF was checked and founblet 258 nm?2f). The
amount of ceftazidime antibiotic loaded on each poamd was found by calculating
the difference in concentration of ceftazidimehe SBF loading medium before and
after loading using the UV spectroscopy. It wasbthat the mean amount of loaded
ceftazidime on the SrFA for three experiments i224v/w% and that for SrHA is
84.57wiw%.

Ceftazidime Release

The figure (7) refers to the ceftazidime relegsfashion from strontium
flourapatite and strontium hydroxyapatite compoufwtdirst the 3 hours. Figure (8)
presents the release for 12 hours.

100
90
20 /“W_‘_.
% Release 70 /
60
50
=@==Release from Sr.HA
40
—i—Release fromSr.FA 3 /"_.‘I:...ﬁ-.-._.
0 1
10 LA
0 T T T 1
0 1 2 3 4
Time (hr)

Figure (7): Ceftazidime release from strontium hydroxyapatite and strontium
flourapatite for the first 3 hours
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Figure (8): Ceftazidime release from strontium hydroxyapatite and strontium
flourapatite for 12 hours

The release was experimented three times &iC3ih a physiological medium,
which is represented by the simulated body fluitisTsimulated body fluid has
provided a pH of 7.4 for the releasing medium, \Whiefers to the physiological pH.
The reported mean values, which were collected fitmee independent experiments,
are presented in table (3).

Table (3): The release mean data from strontium hyxyapatite and strontium
flourapatite

Release from Sr.FA| Release from Sr.HA| time hours
0 0 0
13.66 26.09 0.25
33.18 47.89 0.5
33.82 66.61 0.75

33.59 77.20 1
32.12 85.70 1.25
30.86 88.88 1.5
29.57 89.14 1.75
28.31 88.15 2
27.07 88.38 2.25
25.88 87.41 2.5
24.67 86.48 2.75
23.52 86.48 3
22.22 85.23 3.5
20.02 84.55 4
18.63 83.81 4.5
17.34 82.67 5
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16.12 82.13 5.5
15.02 81.07 6
13.68 79.23 7
12.39 77.81 8
11.19 75.82 9
10.05 74.21 10
8.92 72.19 11
7.84 70.69 12

The release from the strontium hydroxyapatibevgier reached its highest level
within 1.75 hours, when the concentration was 8&M/w. On the other side, the
release from the strontium flourapatite arrivedtathighest concentration, 33.82%
w/w, within 0.75 hour. So, in gaining its highesvél, the release from the strontium
flourapatite was faster, but lower, than that fretnontium hydroxyapatite.

The relative slowness of the release from thens8um hydroxyapatite is expected
to be due to the higher entrapment of the ceftamdnolecules by the so-fine powder
particles, as compared to that of the higher stzéigbes of the strontium flourapatite.

On other side, figure (8) illustrates that tinerall release from the strontium
hydroxyapatite is much higher than that from stikontflourapatite. This is attributed
to the larger surface area possessed by the stnottydroxyapatite powder due to its
smaller particle size, where the ceftazidime logdiras higher, and consequently, the
release was more.

Both of the releases undergone drops at etgies of the study. The release from
the strontium hydroxyapatite started to fall clgaafter 2.75 hours from the start of
the study. The release from the strontium floursépadecreased earlier, where it
began to reduce after the first 1.5 hours of thuelyst This reduction in the release
from the two powders, which continues till the eridhe study, is expected to result
from the stability characteristics of the ceftamidi antibiotic®”). The general view
states that the release drop from the strontiumdxy@patite is straighter than that
from the strontium flourapatite. The relative sreallsize of the strontium
hydroxyapatite particles might be a cause for ¢higight behavior.

Conclusion

Substituting the hydroxyl group by flour atom the structure skeleton of the
strontium apatite, have much affected the parscte of the resultant powders, and
hence, the release modality of the ceftazidime .dfing ceftazidime release from the
strontium hydroxyapatite can be considered as #&niezft release if this release
manner were the same vivo. Long lasting and high concentration was obtaimed
thisin vitro study.
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Also, the trehalose coating for the particlethe synthesized strontium flourapatite
and strontium hydroxyapatite has diminished théciameraction between the ions in
those synthesized compounds and the ceftazidinm@odia antibiotic. This coating
paves the way for the release of the antibiotifottow a simple diffusion manner,
which results in an orderly release style.
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