
 

Evaluation of drug loading and 
release from hollow calcium 
phosphate microspheres 

Nadja Hajsaid 

  

 
 
  
Degree Thesis in Pharmacy 30 ECTS 
Master’s Programme in Pharmaceutical Science 
Report passed: Spring 2015 
Supervisor: Susanne Bredenberg, Sofia Mattsson 
Examiner: Staffan Tavelin



 

 



 

Abstract 

Introduction: Bioceramics are widely used in health care, ceramics are used in 
various parts of the body. Calcium phosphate is a bioceramic material that has been 
used in dentistry and medicine for a long time, for example: orthopedic load-bearing 
applications, coating for chemical bonding, dental implants, temporary bone space 
fillers, orthopedic fixation device and spinal surgery. Since the use of biomaterials and 
bioceramics has increased not only for repairing and replacement of damaged parts in 
the body but also as a new drug delivery system, different morphology of the ceramics 
has been studied. Drug delivery is of great interest in pharmaceutical science. 
 
Aim: The aim of this study was to evaluate the loading and release of drug from 
ceramic microspheres. In this study hollow calcium phosphate spheres were of interest. 
 
Methods: The method used in this thesis was the soaking method where spheres were 
soaked in drug solution, analysis of drug concentration before and after soaking was 
used to determine drug loading. Another method was loading during preparation of 
spheres. Characterisation of the spheres and drugs was performed using BET, X-ray 
diffraction and SEM. Drug release was carried out using a UPS dissolution bath. Drug 
release models that were evaluated in this thesis were Peppes, Higuchi and first order 
kinetics. Model drugs were zolidem and sodium salicylate 
 
Results: Results showed that only zolpidem was loaded onto the spheres, different 
amount of drug was absorbed depending on loading time and concentration. The 
results also showed that no drug loading occurred when trying to load during sphere 
preparation. Crystallization of drug particles shaped as needles/fibers also occurred. 
BET showed a decrease in surface area when loading compared to non loaded spheres 
and a decrease in pore size volume. Drug release showed a slower release when drugs 
were in a complex with spheres, the drug release seemed to fit the Higuchi model the 
best and could indicate a diffusion mechanism.  
 
Discussion: Different amount of drug loading was expected for the different 
concentration and loading time, the lack of loading of sodium salicylate was however 
not expected. Crystallization of drug was also not expected but could be assumed to 
occur due to high surface tension in the sphere/drug solution. Decrease in surface area 
after loading could be due to the mixture of spheres and drug fibers, the spheres/fibers 
could be analyzed as one large unit and result in smaller surface area. One reason for 
the decrease in pore size volume that could not be excluded is that if drug is absorbed 
into the sphere pores this could result in a decrease in pore size volume.  
 
Conclusion: The study showed that the hollow calcium phosphate spheres can be 
loaded with drug, in this case zolpidem, but drug crystallization on the surface of the 
spheres could occur. Loading during sphere preparation was not successful in this 
thesis. It was also found that the drug and the spheres content could react with each 
other. Release of the drug from the spheres showed that the spheres/drug complex 
could affect the release of drug by making the release slower, release seems to fit a 
diffusion mechanism. 
 
Keywords: Biomaterials, Bioceramics, Zolpidem, Drug delivery system, Drug release 
models. 
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1. Introduction 

Biomaterials are materials that are developed and manufactured to be used in humans. 
Biomaterials have been used in various areas such as medicine, engineering etc. and 
can be divided into two different groups; biomedical with artificial origin and biological 
with natural origin. In this thesis the biomedical group is of interest. Biomedicals are 
furthermore divided into subgroups, such as ceramics, metals, polymers and 
composites. (1) 
 
Ceramics have been known for a while now, the use of ceramics has been for example in 
pottery and different artifacts, but in the recent decades the use of ceramics has been 
applied in humans. It has been used in the field of muscular and skeleton systems to 
improve the quality of life. Ceramics have been used in humans to repair or reconstruct 
damaged parts in the body due to injuries or diseases. When ceramics are used for the 
purpose to enhance quality of life in humans they are called bioceramics. (2) 
 
There are different types of bioceramics; crystals (sapphire), polycrystalline 
(hydroxyapatite (HA)), glass, glass-ceramics etc. Bioceramics are widely used in health 
care, ceramics are used in various parts of the body. Calcium phosphate is a bioceramic 
material that has been used in dentistry and medicine for a long time, for example: 
orthopedic load-bearing applications, coating for chemical bonding, dental implants, 
temporary bone space fillers, orthopedic fixation device and spinal surgery. (2) 
 
Hydroxyapatite (HA) is the most used bioceramics from the calcium phosphate group, 
this due to its similarity to the minerals in the bones, which makes it biocompatible 
with the body. However, the mechanical properties are poor, but the use of it as coating 
for metallic prostheses and for small bone filling is applied. (1) 
 
Calcium phosphate cement (CPC) is also a material that has been studied for a long 
time, the use of CPC has been to fill out damaged parts in the bones. The effect of 
calcium phosphate in the body is good due to its compatibility with the bone. One 
advantage with CPC is that it is osteoconductive. The CPC can be adsorbed into the 
bone and has the ability to regenerate bone tissue slowly that later on will replace the 
cement. CPC, like HA, has poor mechanical properties but can be molded to improve 
mechanical properties. CPC can be used for small bone fillings and fillings of tooth root 
canals but also as a drug delivery system. (1,3) 
 
Since the use of biomaterials and bioceramics has increased not only for repairing and 
replacement of damaged parts in the body but also as a new drug delivery system 
different morphology of the ceramics has been studied. Drug delivery is of great 
interest in pharmaceutical science. It is always of interest to study and find new ways to 
deliver drugs in the most efficient and safe way. There are many types of administration 
ways, oral, rectal, parenteral (e.g. intra venues, intra muscular), topical, etc. (4) 
 
The most important part of drug administration is to be within the therapeutic window, 
the aim is to have a sustained drug concentration in the body that does not go below the 
minimum effect concentration but do not exceed the maximum effect concentration 
resulting in side effects. (5) In order to find a formulation and administration rout that 
is optimal it is of interest to study materials on a molecular and particle level. 
 
Particle size and structure of materials have always been a study of interest since size 
influences a lot of parameters. Depending on surface area, particle size and porosity the 
solubility and strength of different materials can be affected. Properties that can be 
affected by size and shape of particle are for example flowability and dissolution rate. 
Particles that have a high chance of interparticular locking such as irregularly shaped 
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particles, flakes etc will have an impact on the flowability of the material. Size of the 
particle will affect the surface area, which in turn will affect the dissolution rate. An 
equation that is known to explain the dissolution rate is the Noyes-Whitney equation 
(eq 1), where A= available surface are, D= dissolution rate constant, Cs = solubility of 
solid in dissolution medium and C = concentration of solute in solution at time. (6) 
 
Eq.1 
     
 
Release profiles of drugs are of interest, there are different types of release profiles, e.g. 
imitate release and slow/controlled release. Release profiles of drugs can be a factor of 
what type of tablet or administration rout companies’ choose to develop. Typical profile 
of an immediate release profile is a high accumulate drug release in the beginning and 
then the release will reach a plateau. Slow/controlled release profiles can be seen as a 
slower release, the accumulated drug that will be released will gradually increase with 
time until it will reach a plateau. Depending on what type of drug and the use of it 
different profiles are of interest. If e.g. the drug is aimed to be used as a painkiller with 
fast onset of effect immediate released profile would be more suitable. (7.) 
 
There are several methods available to evaluate what type of release mechanism that 
occurs. To evaluate what type of mechanism the release profile has one must test and 
compare to the models. In Costa and Labo a list of different models that can be applied 
to and describe drug release can be found. (8) The most common ones are the zero 
order and first order kinetics, but one could also find e.g. Peppes and Higuchi models. 
In Peppes model (eq 2) (Mt/M∞ = accumulated percentage of released drug at time and 
infinity, k = constant of incorporating structure and geometric characterization of 
system, n = exponent of the release, t = time) the n value is of interest as is the 
regression. There are guidelines one could follow to estimate what type of release the 
profile is following. If the n value is 0.43 then the mechanism is said to be fickian 
diffusion and if n is >0.43 and <0.85 then it is said that the mechanism is a mixture of 
both diffusion and zero order kinetics model. If the release profile is following the 
Higuchi model (eq 3) (Mt = cumulative amount released drug at curtain time, A= 
surface area exposed to medium, D= diffusivity in carrier material, Cs= solubility of 
drug in the medium, C0 = initial drug concentration, t= time) then the release could be 
assumed to follow diffusion release (9). First order kinetics (eq 4) (C= concentration at 
a certain time, Co = initial drug concentration, k= first order rate constant, t= time (10) 
is as previously mentioned one of the common models to use in pharmaceuticals. The 
release rate in the first order kinetics is defined as the change in the concentration 
release over the change of time (11)  
 
Eq. 2   
  

 
Eq. 3 
  
 
 
Eq. 4  
 
By the use of the mineralization method ceramic microspheres can be obtained, and 
depending on the concentration of the components different shapes and morphologies 
of the spheres can be synthesized. In Xia et al (13), a study on HA, spheres were 
synthesized and depending on the components different morphology of spheres was 
obtain. The spheres that were obtained showed a porous and hollow structure. Porous 
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and hollow spheres are of interest since the structure can be used to upload/absorb 
materials on the surface and if possible inside the hollow spheres. (12,13) 
 
Different types of bioceramic formulations are of interest, by synthesizing formulations 
such as cement, pellets or spheres different drug loading can be tested. In Forsgren et 
al(14)ceramic vehicles as a drug delivery of potent opiates were studied. In the study 
the results showed that a sustained release of the drug could be obtained and with 
limited dose dumping, which is important when aiming for a drug to be within the 
therapeutic window and also minimizing the risk of drug abuse. Another study by Ye et 
al (15) investigated the upload and release of antibiotics into hollow HA spheres and the 
results showed that the spheres that were hallow had a higher capacity of drug loading. 
In Xia et al (16)the upload of vancomycin and cephalothin into hallow HA showed that 
about 0,37 mg of the drugs was absorbed into each gram of spheres. The release from 
the hollow spheres showed an initial release in the beginning and a sustained release 
for 120 hours. (14, 15, 16) 
 
In this thesis, zolpidem and sodium salicylate will be used as a model drugs. Zolpidem 
is a benzodiazepine derivate and is used as a short time drug for insomnia. The drug is 
classified as a narcotic. Zolpidem works on the GABA receptor that controls the 
chloride ion channels.(17) Zolpidem will bind to the receptor complex and a prolonged 
activation of the ion channel will occur, this prolongation will results in a 
hyperpolarization of the nerve system. This will lead to the pharmacological sedative 
and relaxing effect.(18) The solubility of zolpidem in water is low and it is classified as a 
poorly soluble substance. To increase the solubility of zolpidem ethanol can be used as 
solvent. The molecular weight is 307.39 g/mole. Small molecular weight and the low 
aqueous solubility make it a good substance to be used as a model substance for the 
study and the drug is well studied.(19) 
 
 
Sodium salicylate is a non steroid anti- inflammatory drug (NSAID). It is a non-
selective COX inhibitor that inhibits both COX-1 and COX -2. The inhibition of the COX 
-2 is said to be the pharmacological effect. Sodium salicylate is used as an antipyretic 
and anti-inflammatory drug. Sodium salicylate is a high soluble drug and is used in this 
thesis to compare with zolpidem. The molecular weight of the drug is 160,10 g/mole. 
(20) 
 
2. Aim 

The aim of this study was to evaluate the loading and release of drug from ceramic 
microspheres and in this study hollow calcium phosphate spheres are of interest. The 
aim was also to evaluate if drugs can be entrapped in the spheres during preparation of 
the spheres.  
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3. Materials and method 

3.1 Materials 
Potassiumchloride (Sigma-Aldrich, USA), disodiumphosphate (Sigma-Aldrich, 
Germany), monopotassiumphosphate (Sigma-Aldrich, USA). Sodium chloride (Acros 
organics, Belgium), calcium chloride (Riedel- de Haen, Germany),magnesium chloride 
(VWR BDH Prolabo, Belgium). Zolpidem tartrate (Cambrex, USA). Sodium salicylate 
(Sigma, China) 

3.2 Methods 

3.2.1Preparation of spheres 
Preparation of the hollow calcium phosphate spheres was carried out by the use of a 
protocol that has previously been described (12,16). The protocol has been developed to 
prepare the type of spheres that were needed to do the test. Components and amounts 
that were used for the preparation of the spheres can be found in table 1. 
 
Table 1: Components for preparation of spheres 
Chemicals Weight(g) Concentration 

(mM) 
NaCl 40 136.8925 
KCl 1 2.6828 
Na2HPO4 5,75 8.1009 
KH2PO4 1 1.4696 
CaCl2 0,5 0.9011 
MgCl2/6H2O 0,5 0.4919 
 
All the components was dissolved into 5 L deionized water one by one under stirring, 
when all of the components were dissolved and the solution was clear the solution was 
divided into five 1 L beakers and then sealed and put in the oven at 105 oC overnight. 
When the reaction time was over the solutions were taken out of the oven to cool down. 
The remaining liquid was then filtrated through a filter of 400nm to separate the 
solution from the precipitant. The obtained precipitant was then put in an oven at 75 oC 
to dry.  

3.2.2 Drug loading 
Drug loading was carried out in two different ways at various drug concentrations. The 
methods that were used were drug loading after sphere preparation (soaking method) 
and drug loading during sphere preparation. 

3.2.2.1 Preparation of different drug concentrations 
Different drug concentrations were prepared to evaluate if the drug loading process will 
be affected depending of the concentration of the solution. Due to solubility problems 
with zolpidem, the drug was dissolved in 30%EtOH to increase the solubility. Sodium 
salicylate solution was prepared in water. The different concentrations that were 
evaluated in this study were 12,5 mg/ml and 25 mg/ml respectively. 

3.2.2.2 Drug loading after spheres preparation (soaking method) 
The loading was carried out by the use of the soaking method (16). Spheres were placed 
in a beaker and a certain amount of zolpidem solution with different concentrations 
was added. For example 4 ml of a 50mg/ml zolpidem solution was added into a beaker 
containing 100 mg spheres. The drug/spheres solution was then put on a sonicater for 
15 min and then put on steering. Drug loading was carried for 1 h or 24h. Drug/sphere 
ratio can be found in table 2. 
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Table 2: Drug/sphere ratio. 150mg spheres soaked in 12 ml of drug solution at different 
concentration 
Zolpidem  Sodium Salicylate 

Concentration Loading (h) Concentration 

12,5 mg/ml 1 12,5 mg/ml 
25 mg/ml 1 25 mg/ml 
12,5 mg/ml 24 12,5 mg/ml 

25 mg/ml 24 25 mg/ml 

 
After the drug loading, the beakers with drug and spheres were filtrated through a 
vacuum filter with a pore size of 400nm. Residual was obtained and put in a falcon 
tube. The loaded spheres were then washed with 10 ml deionized water and the second 
residual was also obtained and put in a second falcon tube.  

3.2.2.3 Drug loading during spheres preparation  
For the drug loading during preparation of spheres a volume of 1L (x2) were prepared. 
1L spheres solution generates approximately 0,2-0,3g spheres. The components for the 
preparation of 1L spheres solution is 1/5 of the amount from table 1.  
 
The preparation of solution was carried out in the same way as previously described in 
section 3.2.1 but before the solution was put in the oven for the reaction, 120 mg or 250 
mg of zolpidem were added to the solution and dissolved. The sphere/zoplidem 
solution was then put in the oven over night at 105 0C (the drug can withstand this 
temperature (21)).  

3.2.3 Calculation/analyze of drug loading 
Drug loading was determined by the use of an UV-1800 Simadzu UV-
spectrophotometer (Simadzu Corporation, Kyoto Japan), where detection was done on 
drug solution concentrations before and after loading. Detection of zolpidem was 
carried out at the wavelength (λ) of 241 nm, the λ was obtained from a spectra of the 
drug. Two different standard curves were prepared for each drug. Zolpidem curves 
were prepared, one in phosphate buffer solution (PBS) for the detection of released 
zolpidem in PBS and one in 30% EtOH for the detection of drug loaded zolpidem when 
using the soaking method. Sodium salicylate curves were prepared, one in PSB for the 
release detection and one in water for the drug loading detection. The detection 
wavelength for sodium salicylate was carried out at 296 nm, the λ was also obtained 
from a spectrum. For the detection of drug loading during sphere preparation the 
standard curve in PBS was used due to the similarity between the sphere solution 
content and PBS. Standard curve range for zolpidem was 0.02 mg/ml, 0.01 mg/ml, 
0.005 mg/ml, 0.0025 mg/ml, and for sodium salicylate 0.05 mg/ml, 0.0025 mg/ml, 
0.0125 mg/ml, 0.00625 mg/ml, 0.003125 mg/ml. 

3.2.3.1 After spheres preparation (soaking method)  
Calculation of drug loading was done by measuring the concentration of the drug 
solution before the soaking and then after the soaking. Quantification of the drug was 
carried out with the use of UV- spectrometer (Simadzu Corporation, Kyoto Japan)by 
measuring the drug concentration in the solution. By comparing the amount of drug 
found in the drug solution before soaking and subtracting the amount of drug found in 
residual 1 and 2 the amount of drug loading was calculated. The loading was calculated 
by the use of equation 5.  
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Eq. 5 
Amount of drug in spheres = Amount before soaking – (Amount residue 1 +Amount residue 2)  

3.2.3.2 During spheres preparation  
Calculation of drug loading during sphere preparation was carried out in the same way 
as for the soaking method. Before the sphere/zolpidem solution was put in the oven 1ml 
was collected to determine the concentration of zolpidem in the solution. After the 
reaction time the solution was separated from the precipitant via filtration. The first 
residue was collected in a tube and then the spheres were washed with water and the 
second residue was also collected. The collected samples were quantified with the UV 
spectrometer (Simadzu Corporation, Kyoto Japan)and the amount of drug was 
calculated according to Eq 2.  

3.2.4 Characterization 

3.2.4.1 Image analysis  
Image analysis was carried out at the same time as the particle size analysis. A scanning 
electron microscope (SEM)(AS02 SEM/EDS 1550 (Leo 1550), Zeiss, UK) was use to 
receive pictures of the spheres for analysis.  

3.2.4.2 Particle size analysis 
When determining the particle size of the sphere a SEM was used. The spheres were 
put on a metallic core, a coating (consisting of palladium and gold) of the spheres were 
needed to make them conductive. The core was then put in the SEM and SEM pictures 
of the spheres were used to determine the diameter of the spheres.  

3.2.4.3 Particle volume and pore size distribution 
The pore size distribution and volume of the spheres were determined with nitrogen 
gas absorption (BET)(ASAP 2020, Micromeritics Corp., USA).  
 

3.2.4.4 Characterization of drug structure  
Characterization of drug structure was done with the use of an X-ray diffractometer 
(Bruker D8 ADVANCE Twin-Twin diffractometer, Bruker, Germany).Analysis was 
carried out on spheres with no drugs (blank), zolpidem tartrate and loaded spheres. 

3.2.5 Drug release 
Drug release was carried out with the use of paddle dissolution bath (UPS-2 dissolution 
bath, Sotax AT7, Switzerland). 30 mg of drug-loaded spheres was put in a dissolution 
beaker that contained500 ml PBS as a dissolution media, temperature was put to 370C 
and pH in the solution was 7.45. The aim is that the dissolution is measured within sink 
condition. This was achieved by aiming to reach only 10% of the drug solubility. 
Samples were taken out from the dissolution bath at different time intervals (table 4) 
and measured in the UV-spectrometer. The release was done in three repeats from the 
same drug loaded sphere batch.  
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Table 4: Time points for sample collecting 
Sample Time point (min) 
1 3 
2 6 
3 9 
4 15 
5 20 
6 25 
7 30 
8 35 
9 40 
10 45 
11 50 
12 55 
13 60 
14 120 
15 180 
18 Sample until 360 
19 Sample 24 h 
 

3.2.5.1 Calculation of drug release 
Samples from the bath were quantified in the UV-spectrometer, if needed dilution of 
the samples was done to reach a detectable concentration. Calculation of the 
concentration in the beakers at certain time samples was used to calculate the amount 
of drugs that has been released over time according to Eq6-7. 
 
Eq. 6 
 Csamplen * dilution = Cbeaker timen 
Eq. 7 
 Cbeaker timen* Vbeaker = Abeaker timen 

3.2.5.2 Analysis the mechanics of release  
To analyze the release profile mechanisms in this thesis three different models were 
tested. The Peppes model (eq.2) where the n and regression value is of interest, the 
Higuchi model where the regression is of interest (eq. 3) and first order kinetic (eq 4) 
where the regression value is also of interest. The release profiles of the different 
batches were calculated according to the models and the best fitted model by 
comparing the regression value is assumed to be the mechanism of the release.  

3.2.6 Statistical analysis of the results 
To evaluate the variation of the test groups a statistical analysis was done with the use 
of standard deviation and confidence interval.  This was used to study the precession 
and accuracy of the tests. Anova (IBM SPSS Statistics 22) was used to study if there was 
a significant difference between the results from the different tests. 
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4. Results 

4.1 Drug loading  

4.1.1 Soaking method  

Zolpidem  

Drug loading of zolpidem into the spheres at different concentrations and loading time 
is presented in table 5. It can be seen in table 5 that the concentration in the residue 
sample that was obtained after drug loading was less than the initial concentration that 
was added into the spheres. The results therefore indicate that there was a drug loading 
into the spheres for all the samples. Results from the amount loaded (%) shows an 
trend for increase when increasing loading time and concentration, but this increase is 
not statistically significant. BatchesLS1, LS3, LS5 and LS7 were preceded with for the 
rest of this thesis 
 
Table 5 Results from the zolpidem drug loading at different concentrations and loading 
time. LS= loaded spheres. LS 1 and LS2 = duplicate, LS3 and LS4 = duplicate, etc. Included 
in this table is the average of duplicates with standard deviation. There was no significant 
difference between the different loading batches and loading time. Low vs High conc  
loading 24 h p= 0,432, Low vs Low conc different loading h p= 0,253, Low vs High conc 
loading 1h p= 0,163, High vs High conc different loading h p= 0,101 Only one of the batches 
from each duplicate was proceeded with for the rest of the tests in this thesis. 
 Loading 24 h  Loading 1h 
Sample LS1 LS2 LS3 LS4  LS5 LS6 LS7 LS8 
Aim: Concentration of 
solution (mg/ml)  

12,5 12,5 25 25  12,5 12,5 25 25 

Solution volume (ml) 12 12 12 12  12 12 12 12 
Amount of spheres (mg) 154,4 153,3 153,6 152,8  152,0 150,7 150,5 150,7 
Initial concentration C0 
(mg/ml) 

10 10 20 20  11 11 22 22 

Residue 1 (mg/ml) 5 6 8 9  7 7 12 14 
Residue 2 (mg/ml) 0,4 0,5 0,7 0,8  0,5 0,5 0,7 1 
Amount loaded (%) 46,7 35,8 57 51,7  32,6 32,6 42,8 32,6 
Mean ± DS of amount 
loaded % (duplicates) 

41,25±7,71 54,35±3,75  32,6±0 37,7±7,21 

Sodium salicylate 

A summary of the loading tests that were done with sodium salicylate is presented in 
table 6. According to the UV spectra and calculations the drug did not get absorbed 
onto the spheres. The residue concentration was the same as the initial concentration 
after 24 h loading time. This indicates that no loading was observed and data is 
therefore not available for sodium salicylate loading.  
 
Table 6 Results of sodium salicylate drug loading in different concentrations for 24 h 
loading. (N/A = data not available) 
Loading 
spheres 

Concentr
ation 
of 
solution 
(mg/ml) 

Solution 
volume 
(ml) 

Amoun
t of 
sphere
s (mg) 

Initial 
concentr
ation C0 
(mg/ml) 

Residue 
1 
(mg/ml) 

Residue 
2 
(mg/ml) 

Amoun
t 
loaded 
(%)  

Loading 24h 
LS 9 12,5  12 150,7 9 9 0,8 N/A 
LS 10 12,5 12 151,0 9 10 0,7 N/A 
LS 11 25 12 152,6 20 18 1,7 2,9 
LS 12 25 12 151,7 20 19 1,8 N/A 
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4.1.2 Loading during preparation  
The attempt to load the spheres during preparation did not succeed. 250 mg of 
zolpidem in 1 L sphere solution did not dissolve and was discarded, 120 mg was 
possible to dissolve in the solution. Results from the sample is shown in table 7, it can 
be observed that residue 1 concentration was as high as the initial concentration, 
therefore no loading into the spheres was observed.  
 
Table 7 Results from loading zolpidem (120 mg) into the spheres during preparation. (N/A = 
date not available) 
Concentration 
of solution 
(mg/ml) 

Solution 
volume 
(ml) 

Initial 
concentration 
(mg/ml) 

Residue 1 
(mg/ml) 

Residue 2 
(mg/ml) 

Amount 
loaded 
(%) 

0.12 1000 0.1 0.1 0.012 N/A 

4.2 Characterization  

4.2.1 Image analysis 
With the use of a scanning electron microscope (SEM), image analysis of the prepared 
spheres and loaded spheres could be obtained. Figure 1 shows that the prepared 
spheres are present.  It can also be observed that there are different morphologies of 
the spheres in the same batch, some spheres are smooth, some raffled and some 
spheres were broken (Figure 2).  
 

 
Figure 1 SEM image of prepared spheres 
 

 
Figure 2 SEM image of prepared spheres. Different morphologies and broken spheres are 
present  
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Analysis of the zolpidem loaded spheres showed that some type of zolpidem crystal 
fibers is present in the sample. These fibers are needle looking and the spheres are 
attached to them (figure 3). 
 

 
Figure 3 SEM of zolpidem loaded spheres. Batch: LS1 

4.2.2 Particle size analysis 
The particle size of the spheres (without drug) was measured with the use of the SEM 
pictures. In figure 4 it could be observed that different sizes of the spheres were present 
in the same batch, there are some areas in the image where sphere clusters can be 
observed. Sizes of the spheres were measured by diameter, size range was from 0,5 µm 
up to 1,6µm. 
 

 
Figure 4 SEM picture of the different sizes of the spheres 
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4.2.3 Particle volume and pore size distribution  
Particle surface area and pore size volume were obtained using BET. Analysis was done 
on the unloaded spheres and on zolpidem loaded spheres for LS1, LS3, LS5 and LS7. 
These are the different concentration and time loadings that were done in the loading 
part.  The surface area of unloaded spheres was 22.4535 m²/g and the surface area 
decreased when the drug was loaded. Pore size volume decreased when loading with 
drug. Summary of the data could be found in table 8. 
 
Table 8 Summary of data retrieved from BET. LS = loaded spheres. Blank= unloaded 
spheres (n=1). 
Sample Particle surface area Volume of pores 
Blank 22.4535 m²/g 0.065326 cm³/g 
LS1 N/A 0.030128 cm³/g 
LS3 5.1857 m²/g 0.019050 cm³/g 
LS5 7.7981 m²/g 0.031370 cm³/g 
LS7 5.9453 m²/g 0.020925 cm³/g 
 

4.2.4 Characterization of materials 
With X-ray diffractometry a characterization of the different materials that were used 
was done in order to analyze and identify the materials in the samples. The 
diffractometry showed that in the blank sample, i.e. unloaded spheres (figure 5 A) tri 
calcium phosphate is present, this could be seen at 31 degrees. The results also show 
that sodium calcium magnesium phosphate is present at 31 and 28 degrees.  Figure 5 B 
shows an analysis of the zolpidem powder that was used. This drug did not have a 
reference in the system but by reading the highest intensity peak it could be assumed 
that the peak at 2 degrees represents zolpidem tartrate. An analysis was carried out on 
the loaded spheres (on batch LS3) (figure 5 C), here one could see that this sample is 
different from A and B. The peaks that were present in the blank sample are no longer 
seen, and the zolpidem peak that was seen at 2 degrees has shifted to the right and can 
be seen at 10 degrees.  
 

A 

* 
** ** 

** 
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B 

C 
Figure 5 X-Ray diffractrometry image of analyzed samplesA: Blank, B: Zolpidem Tartrate, 
C: Loaded spheres. * presenceof tri calcilum phosphate, ** presence of sodium calcium 
magnesium phospahte, *** assume presence of zolpidem tartrate, ? lacking of peaks 

4.3 Drug release  

Zolpidem 
In figure 6 the release profiles of the four different loaded batches are presented. 
Release tests were done on batch LS1, LS3, Ls5 and LS7 at pH 7.45. LS1 and LS3 are 
low and high concentration respectively and loading for 24h, LS5 and LS7 are low and 
high concentration respectively, and loading for 1 h. It can be observed that all of the 
samples had a release of zolpidem into the dissolution media. The release 
measurements were carried out for 24 h. It could be observed that the four different 
batches had a similar release profile. The release profiles showed that at the last time 
sample the concentration was still rising and a define plateau was not reached. 
Concentrations at the last time point was observed at LS1:0.019985 mg/ml, LS3: 
0.03015 mg/ml, LS5: 0.02090 mg/ml and LS7: 0.03368 mg/ml 
 

*** 

? ? 
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Figure 6: Zopidem drug release from the spheres. Presented in this figure is the release of 
LS1: low concentration, loading 24h, LS3: high concentration, loading 24h, LS5: low 
concentration, loading 1 h, LS7: high concentration, loading 1h. The release profiles had a 
similar pattern. Release measurements were carried out in triplets and standard deviation 
is presented in the figure. 
 
When excluding the 6 last time points (120, 180, 240, 300, 360 and 1440 min) the 
profiles of the drug release became more readable. In figure 7 it could be seen how the 
release in the very beginning was fast but after 5- 10 min the drug release seamed to 
slow down and a more controlled release can be observed.  

 
Figure 7: Drug release profile excluding the 6 last time points. Each profile is a mean value 
of triplets with standard deviation. . LS1: low concentration, loading 24h, LS3: high 
concentration, loading 24h, LS5: low concentration, loading 1 h, LS7: high concentration, 
loading 1h. 
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The release pattern of the accumulated drug release in percentage is presented in figure 
8. It can be observed that the release percentage was quite high for some of the batches, 
percentage release for each batch was calculated to 90.4, 53.9, 117 and 70.3 % for batch 
LS1, LS3, LS5 and LS7 respectively. 
 

 
Figure 8: Release profiles of accumulated release. The last time point is excluded in this 
profile to have a better overview of the release pattern. . LS1: low concentration, loading 
24h, LS3: high concentration, loading 24h, LS5: low concentration, loading 1 h, LS7: high 
concentration, loading 1h. Release was done in triplets for each batch and standard 
deviation is presented for each profile in the figure. Drug released from the different 
batches showed a significant difference at the 360 minutes, LS1 vs LS3 (p=0,002), LS5 vs 
LS7 (p= <0,001), LS3 vs LS7 (p= <0,001), LS 1 vs LS5 (p=0003) 
 
The results from the drug release mechanism analysis are presented in table 9. When 
using the Peppes and Higuchi models the drug release can only be fitted in to the model 
at maximum 60% release. The results that are presented showed the fitting of the 
model up to 60% release for all three models. By observing the results from each model 
one could say by looking at the regression that the drug release profile if better fitted 
with the Higuchi model . 
 
Table 9: Results from the fitting in to the different models for each release batch. All time 
samples after 60% release is excluded. 
Batch Peppes model  

      (n )         (R2) 
Higuchi model 
(R2) 

First order kinetics (R2) 

LS1 0,774 0,958 0,975 0,894 
LS3 0,309 0,718 0,722 0,490 
LS5 0,664 0,975 0,982 0,922 
LS7 0,443 0,967 0,960 0,864 
 



15 
 

5. Discussion 

5.1 Drug loading 

5.1.1 Soaking method  
The soaking method that was used in this thesis was expected to work, in previous 
studies from Xia et al (16) they loaded a antibiotic drug into the spheres, with the use of 
the same method. The drug loading with zolpidem showed a quite high loading 
amount. When increasing the concentration it was observed that the amount of drug 
that could be absorbed had a trend of increasing. This result was expected. The loading 
mechanism is supposed to be diffusion from high concentration to low. By increasing 
the concentration, the amount of loaded drug should theoretically  also increase until a 
saturation/lack of space is reach. Amount of drug loaded into the spheres at increasing 
loading times was showed to have a trend to increase. Comparing the loading 
percentage of the low concentration into the spheres e.g LS1 compared to LS5, showed 
a loading of 46, and 32,6 % respectively. This difference in percentage of loading could 
be explained by the interacting time between the spheres and the drug particles. The 
spheres that are soaked in the drug solution are put on stirring, this gives a 
homogenous stirring, by letting the spheres be soaked in the solution for longer time 
the chance of unloaded spheres and drug particles to interact will increase.  
 
Results of the sodium salicylate loading were not expected. Sodium salicylate is a highly 
soluble drug and it was expected that if the main mechanism of the drug loading is 
diffusion then the second drug should also be loaded.  The spheres that were used had 
pores and the drug particles were expected to enter the pores and if not, then they were 
expected to be attach to the surface of the spheres. An explanation of these results could 
be that the diffusion for this loading is very fast and the drug is going in to the spheres  
and then out. When the spheres are stirred the drug could be going back and forth 
between the spheres and the surrounding liquid. It could be that at the time the 
detection was done the drug was outside the spheres.  
 
In order to confirm the lack of drug loading, samples from loaded sodium salicylate was 
added in pH 1 solution to dissolve the whole complex and then tested in the UV again, 
this showed that there is some sodium salicylate in the spheres but the amount is so low 
that the UV spectrometry could not detect this. The amount that was detected showed a 
release of 0.0025 mg of sodium salicylate. This could indicate that the UV machine is 
not sensitive enough if the loading is very low. 

5.1.2 Loading during preparation  
Loading during preparation is a method that to my knowledge has not been tried 
before. The aim of this method was to see if drugs could be captured during preparation 
of the spheres. Since the spheres are hallow it was assumed that the drug would be 
captured in the hallow area of the spheres during reaction time. The results from the 
UV detection showed that the residue concentration was as high as the initial 
concentration, and therefore no drug has been absorbed into the spheres. However, if 
some small amount of the drug has been captured or stuck on the surface of the spheres 
the UV machine may not be sensitive enough to detect the small difference in 
concentrations. This could be a reason for that one does not observe any drug 
absorption 
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5.2 Characterization 

5.2.1 Image analysis  
The image analysis showed that both whole and some broken spheres were present in 
the powder, it also showed that in the same batch different morphologies were present 
(figure 2). These different morphologies were due to different concentrations in the 
solution of the components. As previously mentioned in Xia et al (12) depending on the 
ratio and concentration of different components the morphology on of the spheres will 
be different. Some spheres will be smoother and some spheres more raffled.  This could 
also be the case for the spheres in this thesis.  
 
Analysis of the zolpidem loaded spheres showed in figure 3 that needle shaped crystal 
fibers were present in a mixture with the spheres. These crystals could be zolpidem that 
had crystallized. The solubility of zolpidem is low and to make it higher the zolpidem 
powder was dissolved in 30% ethanol in this thesis. If the solution and the sphere 
mixtures are not sealed properly the ethanol could evaporate and the concentration in 
the solution could get higher. If the solution in the loading beaker gets very 
concentrated this could make the zolpidem crystallize. If the surface tension in the 
beaker is very high then crystallization of the drug could occur to lower this tension. 
Another explanation for the fibers could be the high amount of salt in the solution that 
will also influence the surface tension.  

5.2.2 Particle size analysis  
In figure 4 it was observed that different sizes of spheres were present in the sphere 
batch. The range for the spheres size in this thesis was 0,5 µm up to 1,6µm. This was 
expected as in a previous study by Xia et al (12), a size range of the spheres was seen to 
be between 110nm to 20µm. Some sphere clusters were also seen in the figure, this 
could occur during perception of the spheres.  Broken spheres could be observed in 
figure 2, these broken spheres could be the results of not enough time for the reaction. 
The spheres may not have had the time to close and this will be seen as broken spheres.  

5.2.3 Particle surface area and pore volume 
Summary of the BET results presented in table 8 showed the difference in the surface 
area and pore volume of the different batches. It was only possible to perform one 
measurement for each batch. The surface area of the blank batch that does not contain 
any drug was calculated to be 22.4535 m2/g, by comparing this to batch LS3 and LS5 
that where the surface area was calculated to be 5.1857 and 7.7981 m2/g respectively it 
could be seen that the surface area decreased when loading with zolpidem. This 
decrease could be the result of the fibers that are mixed with the spheres. Small 
particles give a large surface area, as seen in the batch blank. By having needle shaped 
fibers present in the sample this could influence the calculation of the surface area in 
the sample. Smaller particles have a larger surface area, when the needles are present 
this could affect the size. The needle/spheres complex could be seen as one large unit 
and therefore have a smaller surface area and could be a reason for the decrease in 
surface area when loading the spheres. Data for the surface area of LS1 could not be 
obtained due to some problem with the degassing step.  
 
The pore volume that is also presented in table 8 shows that by comparing the pore 
volume for the blank with the pore volume of the loaded spheres it can be observed that 
pore volume decreased when the spheres were loaded. Pore volume for the blank was 
calculated to be 0.065326 cm³/g and for the loaded spheres LS1, LS3, LS5, LS9 it was 
0.030128 cm³/g, 0.019050 cm³/g and 0.031370 cm³/g, 0.020925 cm³/g respectively.  
 
As previously discussed the needle shaped fibers could influence the surface area, but 
for the pore volume it is assumed that the crystal needles does not have any pores that 
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could affect the results, and if there would be pores in the fibers it would be seen as an 
increase in pore volume. It could not be excluded that one reason for the decreasing of 
the pore volume that is observed in the loaded spheres could be due to drug filling the 
pores. These results would indicate that the drug does not only get attached to the 
surface of the spheres but it also goes in to the pores. 

5.2.4 Characterization of materials 
Characterization of the materials in the sample was quite difficult to do. Due to many 
different components the XRD peak graph was difficult to analyze. Analysis was done 
on the unloaded spheres (blank), on the zolpidem powder that was used for the drug 
loading and on one batch of loaded spheres (LS3). The results from the blank batch 
(figure 5A) shows that there is one peak that has a high intensity at 31 degrees, this 
peak overlaps with the peak for the reference of tricalclium phosphate that is included 
in the XRD software. This would be possible due to the components that were added 
into the preparation of the spheres. Also at 28 and 35 degrees, peaks could be read, 
these peaks overlap with the reference peak of sodium calcium magnesium phosphate, 
this component also has a peak at the same degree as tricalcium phosphate and could 
be present in that peak also.  
 
The XRD software did not have any reference to the zolpidem tartrate that was used as 
the model drug in this thesis. Analysis on zolpidem showed a graph (figure 5B) where 
an intense peak was present at 2 degrees. Due to no reference an assumption was made 
that the peak at 2 degrees is most likely to be zolpimde tartrate.  
 
Drug loaded spheres were analyzed and the results showed a graph that was not 
expected. In figure 5C it could be seen that the major peaks that were present in figure 
5 A of tricalcium phosphate and sodium calcium magnesium phosphates no longer 
were seen. It can also be observed that the assumed zolpidem peak that was seen at 2 
degrees has shifted to the right and can be observed at 10 degrees.  These results could 
be due to some type of reaction between the calcium phosphate in the spheres and the 
zolpidem drug. If there is a reaction between these materials the new material will 
probably not have the same XRD profile and therefore lacking of peaks at previous 
positions. 

5.3 Drug release  
The release profiles in figure 6 show the release pattern for the four different batches. 
By looking at the figure one could observe that the release profile for all the batches are 
quite similar. In the beginning the drug release seems to have a immediate release but 
after a while the release reaches a more stable and slower release.  By looking at the 
release profile in figure 7 one could see the similarity in the release profile more clearly. 
If the spheres are under the same conditions and the sink condition is taken into 
consideration then it should be expected that the release pattern will be more or less 
the same and not different due to more loading of drugs. This complex of spheres 
loaded with drugs can affect the release of zolpidem, as shown in a previous master 
thesis by Eriksson (22), where it could be observed that zolpidem powder dissolved 
very fast and reached a high release within a couple of minutes. By comparing the 
dissolution of zolpidem with the sphere/zolpidem complex one could say that the 
spheres are affecting the release by making it slower.  
 
Results from the accumulated release profiles shows that the release of drug followed a 
similar pattern but the percentage of the release was different between the different 
batches. LS5 had in figure 8 a release total of 117 % compared to LS1, LS3 and LS7 that 
had 90.4, 53.87 and 70.27% respectively.  The high release percentage for LS5 could be 
that the loaded batch was not homogenous. Since the sample is a mixture of both 
needle looking fibers that is assumed to be zolpidem and spheres the  amount that was 
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taken for the dissolution test could had included more of the fibers then spheres. The 
total calculated amount of drugs that should have be in the sample could have been 
wrong. The drug release showed that not all of the drug was release from the spheres, 
this could be due to the release time. In previous studies by Wei. X et al (16) the release 
of antibiotics was carried out for 120h. Drug release in this thesis was carried out for 24 
h, one could see even though the release was slow a define plateau was not reached.  
 
The analysis of the release mechanism for each batch showed that the release profile 
model that fitted the different batches best was the Higuchi model, which indicates that 
the limiting step for the release is diffusion. Some assumptions of the parameters in the 
Higuchi model could be done which could make the model fit this type of release better. 
In the model some parameters could be assumed negligible, since the release of the 
drugs in this thesis is done under sink conditions the Ct, Cs and D could be assumed 
not to affect the release. Another parameter that could be considered not having an 
influent is A, the surface area. Since the matrix that is used, in this case the spheres, is 
not supposed to disintegrate one can assume that the surface area will be unchanged. 
The Higuchi model has also in Siepmann et al (23) been written in a different way so 
that it could be used as a tool for different types of drug release systems. The 
percentage release could be compared against the square root of time. This equation 
could be used to explain the release pattern from the spheres.  The Peppes model could 
be applied in the beginning of the release due to some linearity and the n value would 
indicate that in the beginning of the release there could be a mixture of diffusion and 
zero order kinetics. In Siepmann et al (9) the different n values will indicate what type 
of release the different samples could have. The results from this thesis where the 
regression is high the n value could be found between 0.43 and 0.85 and could indicate 
a mixture diffusion and zero order kinetics in the beginning.   
 
This mixed release in the beginning of both diffusion and zero order kinetics could be 
due to some aggregation in the sample between the spheres and drug. The spheres 
could be attaches to each other and have some drug between, when the spheres gets in 
contact with the PBS medium it could separate from the aggregate and then drug that 
could have been hidden between the spheres could be released immediately. Also the 
immediate release in the beginning could be that the drug is attached to the surface of 
the spheres.  

5.4 Further studies 
There is a need to continue evaluating the effect of the spheres on the drug and vice 
versa. For example to investigate if the spheres and drug could undergo a reaction 
when mixed together and how this would affect the drug and the sphere properties. It 
would also be interesting to continuing testing if the spheres could be loaded with drugs 
that are considered to be highly soluble and thereby be able to draw conclusions on the 
correlation with drug characteristics and the drug loading. It could also be of interest to 
know if different ratio between the sphere and drug will affect the loading and the 
release. The analysis methods used to determine the loaded amount in to the spheres 
should be developed further, a method being able to detect low amounts of loading is 
needed.  Further, other alternatives such as vacuum loading could also be explored in 
order to get higher drug amount absorbed in the spheres. 
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6. Conclusion 

The study showed that the hollow calcium phosphate spheres can be loaded with, in 
this case zolpidem, but there is a risk of drug crystallization on the surface of the 
spheres. It was also found that the sphere content could react with the drug and result 
in a what may be a different compound, e.g. zolpidem bound to another group instead 
of tartrate. Loading of sodium salicylate into the spheres showed no loading. Drug 
loading during sphere preparation was not successful in this thesis, no loading was 
detected. Release of the drug from the spheres showed that the spheres/drug complex 
can affect the release of drug by making it slower. Release profiles for this type of 
complex could indicate that the determining step for the release is the diffusion of the 
drugs.  In this study it was also observed that the drug could be absorb into the pores of 
the spheres.  
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