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ABSTRACT 
This research aimed to chemically synthesize four different sized 
hydroxyapatite (HA) compound nanoparticles, then coating them with 
trehalose sugar. After that, a drug release study in an in vitro model 
was achieved to evaluate the release of ceftaroline fosamil drug from 
HA different sized coated powders in a simulated body fluid.Calcium 
nitrate tetrahydrate and diammonium hydrogen phosphate were 
employed by sol-gel method and wet chemical method to produce the 
four different sized nanoparticles of hydroxyapatite compound. 
Identification of the produced HA nanoparticles was implemented 
using FTIR spectroscopy and X-ray diffraction. Additionally, scanning 
electron microscopy was utilized to check the morphology and particle 
size of the synthesized nanoparticles. These nanoparticles were 
coated by trehalose disaccharide. An in vitro release study was carried 
out to evaluate the release of ceftaroline fosamil, a low bacterial 
resistant 5th generation cephalosporin antibiotic, from the four HA 
coated nanoparticles, at a temperature of 37 OC for 4.5 hours with a 
time interval of 7.5 minutes, employing simulated body fluid as a 
releasing medium. The U.V. spectroscopy at λmax of 245.2 nm was 
used to check the loading amounts and to follow the release of 
ceftaroline from the synthesized coated HA nanoparicles. The loading 
percents of ceftaroline on the four identified HA nanoparticles were  

 
59.6% w/w, 53.35% w/w, 38.21% w/w and 32.23% w/w. A percent 
of 75.84% w/w ceftaroline fosamil was released within 37.5 minutes 
from the coated hydroxyapatite nanoparticles that was formulated by 
sol-gel method with sintering for 12 hours. This release remained with 
a median of 74.95% w/w till the end of the 3rd hour, after that it started 
to decrease.The release of ceftaroline from HA nanoparticles that was 
formulated by sol-gel method with sintering for 12 hours, was the 
fastest to reach the steady state and the highest one during the study 
time than all other releases, so it is considered effective for futuristic 
therapeutic uses. The trehalose coating was expected to greatly 
diminish the hydroxyapatite-ceftaroline ionic interactions, resulting in 
increased drug release proficiency. 
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INTRODUCTION  
There are a number of challenges that face the use of 

antibiotics for solid skeleton of mammalians. The limited 

penetration of antibiotics in these sites and the increased 

microbial resistance are of the important challenges that had 

been noticed in this area (1). Day after day, the need becomes 

much greater for new items, techniques and approaches to 

overcome such obstacles and to open doors for new progress 

ways in this medical field. 

Drug delivery, which usually concerns with formulations, 

technologies and systems for transporting pharmaceutical 

compounds, opened new amplitudes in developing 

orthopedic and dental medication (2). In addition to the 

reduction of the side effects of some drugs and improving of 

pharmacokinetics for others, drug delivery contributed to the 

provision of high concentrations for many pharmaceutical 

agents in the desired site of action in bony compartments by 

targeting these agents locally to that site (3). 

One of the important approaches that have been followed to 

confront microbial resistance in osseous tissue, as well as 

other tissues, is the use of the new antibiotics (4). Much work 

had been exerted to develop new effective antibiotics in many 

categories, and the cephalosporins took much interest in 

these studies (5). Ceftaroline fosamil is recently administered 

methicillin-resistant 5th generation cephalosporin antibiotic. 

It has good eradication ability against gram-positive bacteria. 

Also, studies have proven that this well-tolerated antibiotic 

possesses broad antibacterial spectrum for the gram-negative 

bacteria (6). 

Hydroxyapatite is one of the calcium phosphate compounds, 

and it had been used for a variety of medical purposes. It's 

utilized in bone tissue engineering, as bone filler, as a coating 

biomaterial and in dental and orthopedic implant and as 

remineralizing agent in toothpaste (7, 8). In addition to that, 

the hydroxyapatite is widely used in drug delivery (9). It is 

considered one of the fascinating compounds that had used 

as a substrate to carry drugs into definite sites in body solid 

skeleton. It is characterized by good biocompatibility and 

osteoconductivity; also it has non-toxic and non-

inflammatory characters (10). Hydroxyapatite compound has 

fabulous bioactivity which means that it can make a direct 

bond with the osseous tissue (11). In comparison with the 

other calcium phosphates, hydroxyapatite has the highest 

stability under physiological environment (10). 

The scientific access to the stage of nanotechnology 

applications had led to a paradigm shift in many scientific 

disciplines including the medical field (12). Drug delivery was 

one of the biggest areas that make full use of this 

nanotechnology, which has made great strides and still grows 
(13). During this period of progress revolution, HA has 

witnessed a prominent place of interest by the researchers (14). 

With the nano-hydroxyapatite (nano-HA), wide scopes had 

been paved for redesigning the previous medical applications 

of HA, primarily the drug delivery in areas of orthopedics and 

dentistry.  New approaches, formulations and even sites of 

action for this compound were opened for the drug delivery 

by HA (15). 

The present study deals with the chemical synthesis of four 

different sized HA compound nanoparticles and the 

subsequent identification of the HA compound. After sugar-

coating of the nanoparticles, evaluation of ceftaroline fosamil 

release from HA different sized coated powders in a 

simulated body fluid was conducted in an in vitro model 
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EXPERIMENTAL WORK 

Chemicals 

The chemicals in this study were all of analytic grade. 

Ceftaroline fosamil was from AstraZenca pharmaceutical 

company. Calcium nitrate tetrahydrate, diammonium 

hydrogen phosphate, Sodium sulfate, tris-(hydroxymethyl) 

aminomethane and calcium chloride hydrate were provided 

by Fluka Co. Sodium chloride, sodium bicarbonate, Sodium 

hydroxide and potassium chloride were from Sigma Aldrich 

Co. Ltd. Ammonium hydroxide is supplied by B.D.H. Co. 

Sodium hydrogen phosphate dihydrate, and magnesium 

chloride hexahydrate were from Merck Co. Ethanol was 

provided by Scharlab S.L. The hydrochloric acid (37%) was 

supplied by Carlo-Erba, whereas distilled water was obtained 

from College of pharmacy / University of Basra and the 

deionized water was provided by College of Science / 

University of Basra. 

 

Instruments 

Different instruments were used in this study.  Zeiss Supra 

55VP, Germany, Field Emission Scanning Electron 

Microscope, Muffle Furnace, size 3, Gallenkamp Co., U.K., 

Hotplate, Heidolph Instruments Co., Germany, X-ray 

diffractometer, PANanalytical Co, EMCLAB GmbH Co., 

Germany, Netherlands, FTIR spectrophotometer, IR 

Affinity-1, SHIMADSU Co., Japan and UV-1100 

Spectrophotometer were used in this research.  

 

Preparation of calcium HA nanoparticles 

In this study, hydroxyapatite nanoparticles with different 

sizes were prepared by two ways; sol-gel method and wet 

chemical method. 

 

 by sol-gel  method 

Both of calcium nitrate tetrahydrate and diammonium 

hydrogen phosphate solutions with a concentration (0.5 

molar) were prepared by dissolving each of the chemicals in 

10 milliliters of distilled water. The pH of solutions was 

adjusted to a value of 11 by the addition of ammonium 

hydroxide. Then, these solutions were diluted by adding 

absolute ethanol in a quantity equal to the volume of these 

solutions.  Diammonium hydrogen phosphate solution was 

added to the solution of calcium nitrate tetrahydrate upon 

continuous stirring. The reaction lasted for 2 hours at the 

temperature of 40 OC. Then, Filtration was done and the 

precipitate was washed 3 times with distilled water. The 

precipitate was equally divided into two parts and then kept 

in an oven at 40 OC separately for a period of 12 and 24 hours 
(16).  

 

 by wet chemical method 

Two hundred and fifty milliliters of (0.06 molar) calcium 

nitrate tetrahydrate solution with a pH of 7.4 were added 

drop by drop during 4 hours to a vigorously stirred 250 

milliliters solution of diammonium hydrogen phosphate that 

already have a concentration of 0.04 molar and a pH equal to 

4. The pH of the medium was maintained to be 10.8 

throughout the reaction time by the addition of 0.1 molar 

sodium hydroxide solution. The stirring continued for 36 

hours. Then, the same procedure was repeated, but for 

stirring time of 72 hours. The precipitates were dried, washed 

and sintered at 750 OC for 12 hours (17). 

 

Fourier Transform Infrared analysis for HA powder 

One milligram from each of the precipitates gained by sol-gel 

method and wet chemical method was carefully mixed with 

100 milligrams of KBr and then compressed into a disk. The 

FTIR spectra were measured in the range of 400- 4000 cm-1. 

 

X-ray diffraction for HA powder 

A quantity of two grams for each of the four resultant 

powders was subjected to X-ray diffractometry. The 

diffraction data were obtained in two theta range of 200-60ₒC 

using diffractometer operating at a tension of 40kv and a 

current of 20Ma, producing Cu k (alpha) radiation with a 

wavelength of (1.54A0) and a scan speed of 1/min (18). 

 

Scanning electron microscopy for HA powder 

Ten milligrams for each of the four HA powders were used as 

a sample to be examined by the scanning electron microscope 

(SEM). 

 

Preparation of simulated body fluid (SBF) 

Four liters of simulated body fluid were prepared. The 

weights and addition order are stated in table (1). The 

resultant concentrations, along with the plasma normal 

values are presented in table (2).

 

Table 1: The chemicals and their amounts constructing simulated body fluid (19). 

Order Reagent Amount (Gram per 4L) 

1 NaCl 26.188 

2 NaHCO3 9.072 

3 KCl                                                     1.492 

4 Na2HPO4.2H2O                                  0.712 

5 MgCl2).6H2O                                     1.22 

6 CaCl2.2H2O                                       1.472 

7 Na2SO4     0.284 

8 (CH2OH)3CNH2 24.228 

Deionized water was used for the preparation of simulated 

body fluid which has a concentration asymptotic to that of 

the human plasma. The additions of chemicals were done in 

such a sequence as in the table (1). Complete dissolving of 
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each chemical in 2800 milliliters deionized water is a 

compulsory issue for the second addition of a chemical. In 

order to avoid the occurrence of turbidity, 60 milliliters of 

1molar HCl was added to the solution before the addition of 

calcium chloride dihydrate. After the completion of the final 

addition, i.e., tris (hydroxymethyl) aminomethane addition, 

the temperature of the resultant solution was set to be 37OC. 

After that, 100 milliliters of 1 molar HCl was added to the 

solution to drive its pH to reach 7.4. The volume was 

completed to 4 liters by deionized water (20). 

 

Table 2: Ion concentrations for both, prepared simulated body fluid and human plasma (21). 

Sequence  Ion (mM)                          Present work (mM)       Human plasma (mM) 

1 Na+                                               142.0                                    142.0 

2 Cl-                                                125.0                                    103.0 

3 HCO-3                                          27.0                                       27.0 

4 K-                                                   5.0                                        5.0 

5h Mg+2                                              1.5                                         1.5 

6 Ca +2                                                      2.5                                         2.5 

7 HPO 4
+2                                         1.0                                         1.0 

8 SO4
+2                                             0.5                                         0.5 

 

Coating the HA with Trehalose Sugar 

Trehalose solution has been prepared by dissolving 40 

milligrams from trehalose disaccharide in 10 milliliters 

distilled water. To four volumetric flasks each of which 

contains 1000 milligrams of a definite form of the four 

hydroxyapatite powders, two milliliters of the trehalose 

solution have been added successively. After a tight closure of 

the volumetric flask, a vigorous shaking has been 

accomplished for 20 minutes. The contents of the flask have 

poured into a trough having water and the suspension was 

left for 60 minutes at a temperature of 25 OC with shaking 

from time to time. Then, each suspension has been 

centrifuged for 5 minutes at 2000 rpm. After centrifugation, 

the coated powders were collected and dried in the air (22). 

 

Ceftaroline Drug loading on the coated HA nanoparticles 

Four quantities of ceftaroline fosamil acetate, each weighs 600 

milligrams were separately dissolved by 20 milliliters of the 

prepared simulated body fluid. Each of These solutions was 

added to a light-resistant container in which 1000 milligrams 

of each definite form of the trehalose-coated hydroxyapatite 

powders was found. The solutions in the containers were 

completed to 500 milliliters by adding sufficient volume of 

SBF. The containers were closed and left for 1 hour. 

Thereafter, the powders were filtered off and dried. 

 

Ceftaroline release from the HA nanoparticles 

Freshly prepared 500 milliliters of simulated body fluid were 

used to replace the loading media for each of the four loading 

containers. The release behavior of ceftaroline fosamil from 

the trehalose-coated HA powders was studied for 4.5 hours 

at 37oC. The UV measurements were taken at 245.2 nm (23), 

which is the  of ceftaroline drug. These measurements 

were done at 7.5 minutes intervals for the entire time of the 

study. 

 

RESULTS AND DISCUSSION 

FTIR analysis of HA 

Figures (1) and (2) represent the FTIR spectra of the 

hydroxyapatite prepared by sol-gel method with a sintering 

time of 12 hours (HAS12) and 24 hours (HAS24), while 

figures (3) and (4) refer to hydroxyapatite prepared by wet 

chemical precipitation method for 36 hours (HAW36) and 72 

hours (HAW72).

  

 
Figure 1: FTIR of HAS12. 
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Figure 2: FTIR of HAS24. 

 

 
Figure 3: FTIR of HAW36. 

 

 

 
Figure 4: FTIR of HAW72. 
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The (O-H) stretching occurs at 3568.31- 3572.17 cm-1 for all 

FTIR spectra. Similarly, the (P=O) symmetrical stretching 

occurs at 1045.42-1049.28 cm-1. The (P=O) deformation 

presents at 605.65 cm-1 in both figures (1) and (2), and at 

632.65 cm-1 in figures (1) and (2). These data confirm the 

formation of hydroxyapatite (10). 

Identification of HA by X-ray diffraction 

The diffractograms of the four prepared nanoparticles are 

stated in figures (5, 6, 7, and 8). These diffractograms assured 

that the formation of the crystalline HA compound (18). 

 

 
Figure 5: X-ray diffraction of HAS12. 

 

 
Figure 6: X-ray diffraction of HAS24. 

 

 
Figure 7: X-ray diffraction of HAW36. 
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Figure 8: X-ray diffraction of HAW72. 

 

Scanning electron microscopy for HA 

Figures (9, 10, 11, and 12) represent images of the scanning 

electron microscopy that belongs to the four different texture 

HA nanoparticles (HAS12, HAS24, HAW36 and HAW72). 

These images revealed that all the four HA nano-powders 

resulted were in the scale of nano-size, but with a little 

difference in their particle sizes.  

The sintering time usually has an effect in respect with 

particle size of the HA nanoparticles (24). It is obvious that 

hydroxyapatite nanoparticles obtained by sol-gel method 

with sintering time of 12 hours (HAPS12) was really smaller 

than that heated for 24 hours (HAPS24), where the SEM 

stated that HAS12 had an average particle size equal to 172.8 

nm, whereas the Average particle size for HAS24 was 262.73 

nm. 

The literature survey also correlates between stirring time 

and the nanoparticles size (24). It was found that the size of 

particles produced by the wet chemical precipitation method 

with a stirring time lasted for 36 hours (HAW36) was less 

than that which took 72 hours (HAW72.). The Average 

particle size was 196.86 nm for HAW36, while it was 311.56 

nm for HAW72. The morphology of the synthesized 

nanoparticles ranges from irregular to multi-faceted and 

slightly spherical shape. 

 

 
Figure 9: SEM of HAS12. 

 

 
Figure 10: SEM of HAS24. 

 

 
Figure 11: SEM of HAW36. 

 

 
Figure 12: SEM of HAW72. 

 

Quantities of ceftaroline fosamil loaded on the coated 

hydroxyapatite nanoparticles 

UV spectroscopy has been used for estimating the loaded 

ceftaroline fosamil in the coated hydroxyapatite 

nanoparticles. The amounts of ceftaroline loaded in the 

HAS12, HAW36, HAPS24 and HAW72 were calculated to 
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be: 357.6 milligrams (59.6% w/w loading), 320.1 milligrams 

(53.35% w/w loading), 229.26 (38.21% w/w loading) and 

193.44 milligrams (32.23% w/w loading) successively. 

 

The release of ceftaroline fosamil from the HA coated  

The release patterns of ceftaroline fosamil from the prepared 

coated hydroxyapatite nanoparticles formulas (HAS12, 

HAW36, HAPS24 and HAW72) were studied through UV 

spectroscopy. In this study, the release of ceftaroline was 

expressed in terms of the weight percent of the released drug 

to the weight of the drug that primarily loaded on the specific 

coated HA. 

    As it is shown in table (3), the release of ceftaroline fosamil 

from HAS12 attained (75.84% w/w) during the first 37.5 

minutes of the releasing time, while the release from HAW36 

reached (62.79% w/w) within 45 minutes. A time of 52.5 

minutes was needed for the ceftaroline release from both 

HAS24 and HAW72 nanoparticles to get the steady state at 

(55.57% w/w) and (48.77% w/w) levels. 

The median percent w/w releases from the four HAS12, 

HAW36, HAPS24 and HAW72 nanoparticles within the 

period of steady state condition were (74.95, 62.5, 55.6 and 

47.5% w/w) respectively.  

Moreover, the standard deviations for the release percent in 

the steady state were 0.603 for HAS12, 0.459 for HAW36, 

0.641 for HAS24 and 0.535 for HAW72. It is obvious that in 

spite that the release approaches are somewhat convergent 

for the four HA formulations in respect with time needed to 

catch the steady state, but there's still a considerable 

difference regarding the extents of the release level within the 

steady state from the four HA nanoparticles in addition to the 

differences in median concentration for each release in the 

steady state.  

The gained data state coherently that the particle size 

differences that accompanied the employment of two 

different methods for the production of HA nanoparticles, 

with a definite change in a particular production factor in 

each method, had been much reflected during the drug 

release pattern from the four different texture powders. 

Figure (13) illustrates that releases of ceftaroline antibiotic 

was greatly coincided with that phenomenon, where the 

general overview of the releases appears to link a lot to the 

differences of the powder surface areas, resulted from particle 

size difference.  

After the steady state, the release from the four nanoparticles 

started to plummet. The release from HAS12 and HAW36 

nanoparticles began to decrease after 180 minutes. On the 

other hand, 187.5 minutes was the slumping time for the 

ceftaroline drug release from HAS24 and HAW72 

nanoparticles. This is may be related to ceftaroline stability 

behavior (25). 

The decrease in the concentration of ceftaroline fosamil 

continued, and the drug concentrations from HAS12, 

HAW36, HAPS24 and HAW72 at the end of the study time 

were (71.95, 60.68, 51.33 and 45.54% w/w) respectively

 

Table 3: The release data of ceftaroline drug from the four different hydroxyapatite nanoparticles. 

% w/w Release of 

drug from  

HAS12 

% w/w Release of 

drug  from 

HAW36 

% w/w Release 

of drug from 

HAS24 

 % w/w 

Release of 

drug from 

HAW72 Time hr. Time min 

0 0 0 0 0 0 

15.24 13.88 7.79 6.6 0.125 7.5 

27.39 31.67 11.67 14.87 0.25 15 

43.56 37.67 17.98 19.89 0.375 22.5 

66.63 46.34 25.78 25.62 0.5 30 

75.84 57.47 32.33 33.56 0.625 37.5 

74.27 62.79 46.42 42.84 0.75 45 

74.89 62.15 55.57 48.77 0.875 52.5 

75.27 62.53 55.08 47.34 1 60 

74.66 61.54 54.87 47.61 1.125 67.5 

73.54 62.13 54.89 47.47 1.25 75 

75.57 62.82 53.88 46.68 1.375 82.5 

74.46 62.23 55.87 47.66 1.5 90 

75.05 61.82 56.02 47.89 1.625 97.5 

75.25 62.14 55.91 46.18 1.75 105 

74.94 62.48 56 47.72 1.875 112.5 

75.62 62.86 55.75 47.34 2 120 

75.46 62.92 55.41 47.68 2.125 127.5 

75.75 62.13 56.29 47.43 2.25 135 

74.95 61.81 56.04 46.76 2.375 142.5 

74.53 63.05 54.81 46.78 2.5 150 

75.34 62.67 56.11 47.43 2.625 157.5 

73.78 62.7 55.29 47.47 2.75 165 

74.45 63.23 54.82 47.76 2.875 172.5 
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73.86 62.43 54.36 47.73 3 180 

73.63 62.22 52.57 45.63 3.125 187.5 

73.54 62.01 52.41 45.53 3.25 195 

73.37 61.79 52.3 45.42 3.375 202.5 

73.17 61.66 52.12 45.30 3.5 210 

72.92 61.49 51.95 45.19 3.625 217.5 

72.86 61.3 51.85 45.04 3.75 225 

72.61 61.11 51.68 45.94 3.875 232.5 

72.41 60.98 51.55 45.82 4 240 

72.29 60.79 51.37 45.71 4.125 247.5 

72.11 60.67 51.28 45.62 4.25 255 

72.02 60.51 51.14 45.51 4.375 262.5 

71.95 60.68 51.33 45.54 4.5 270 

 

CONCLUSIONS  
The release of ceftaroline drug from the hydroxyapatite 

nanoparticles formulated by sol-gel method with sintering 

for 12 hours (HAS12) was fabulously highest and fastest than 

all the other releases investigated in this study, whereas the 

release of the drug from hydroxyapatite nanoparticles 

produced by the wet chemical precipitation method whom 

the reaction continues for 36 hours (HAW36) was the most 

regular one during the steady state condition. Also, after 3 - 

3.125 hours, all releases decreased due to drug stability 

problem. The overall release was largely expected to be 

enhanced, due to the trehalose coating which plays a role in 

preventing of any probable ionic interaction between the 

hydroxyapatite and the ceftaroline drug. 
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