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In the present study, microparticles loading amoxicillin have been prepared 
and characterized. These particles were carried out by solvent evaporation 
method (o/w) using β-cyclodextrin (β-CD) and cellulose acetate phthalate 
(CAP) as matrix. This study is carried out in order to investigate its effect on 
encapsulation efficiency and drug release kinetics. Scanning Electron 
Microscopy (SEM) micrographs showed that microspheres were smooth, 
rigid and porous with different shapes. The encapsulation efficiency varied 
between 71 and 86 % and the mean diameter d10 was varied between 184 to 
250 µm. Microspheres were also characterized by FTIR and XRD. The 
release kinetics was studied in pH 1.2 medium at and 37 ±0.5 °C and their 
data base were analyzed by different mathematical methods as Fick and 
Higuchi laws. The prepared microspheres were exposed to two bacterial 
strains at different concentrations and the inhibition zones have been 
determined. 

 

 
 

INTRODUCTION* 

 Drug-based dosage forms contain both active 
agents and excipients added to aid the formulation 
and assemble of the ensuing dosage form for 
administration to patients. The final properties of 
the dosage form as bioavailability and stability are 
dependent on the excipients chosen, their mass 
ratios and interaction with the active agent.1 
 The impetus for developments in preparation of 
galenic forms and drug release comes from various 

                                                 
* Corresponding author: abderrezzak-mesli@netcourrier.com 

researches.2-7 The microencapsulation is a successful 
method used to obtain dosage forms which protects 
the active agent, allows to control a drug release over 
a defined period of time and improve the passage 
through biological barriers.6,8  
 Several techniques of microencapsulation have 
been developed and different formulations based on 
polymers were formulated. Among these polymers, 
cellulose derivatives and oligosaccharides which are 
especially attractive due to their physical and 
chemical properties,9-11 are to be mentioned. 
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Fig. 1 – RMN Spectra (a: β-CD, b: complex). 

 
Cellulose derivatives are widely used in 

pharmaceutical formulations and food products. 
They may be used in direct-compression tablet,12 
in nanoparticles ganulations,13 syrup emulsion.14 
Literature survey reveals different cellulose 
derivatives polymer for encapsulation of 
amoxicillin,3,15,16 Emamectin Benzoate17 and 3,3’-
diindolylmethane.18 
 The most used oligosaccharides in pharmaceutical 
formulations are cyclodextrin derivatives.19 With 
their hydrophobic interior and hydrophilic exterior, α, 
β and γ cylodextrins can form complexes by 
inclusion the hydrophobic active agents including 
cinnamon oil,20 sulfamethoxazole,21 meloxicam22 and 
isoflavones.23 

The present work is a continuity of the previous 
one.24 The objective of this study was to 
investigate the effect of chosen matrix on the drug 
release rate and physicochemical properties of 
prepared microspheres. For this purpose, cellulose 
acetate phthalate (CAP) and β-cylodextrin (β-CD) 
were used for formulating microparticles loaded 
amoxicillin in order to study their effect on 
microspheres morphologies and drug kinetics. 
Biological tests by agar diffusion using Escherichia 
coli and Staphylococcus aureus strains were also 
studied. 

RESULTS AND DISCUSSION 

RMN H1 

 In order to confirm the inclusion complexation, 
we compared the 1H NMR spectrum of pure β-CD 
with the spectrum of complex (Fig. 1). 
 The RMN spectrum of β-CD: 1H-NMR 
(DMSO, 300 MHz), d, ppm:  3.40 (t, 7, H4,), 3.45 
(t,7, H2), 3.55 (t,7, H5), 3.58 (d,7, H6), 3.65 (t,7, 
H3), 4.48 (d,7, H1). 
 The 1H NMR spectrum of complex demonstrate 
the presence of the correspond protons of AMO.  
 The RMN spectrum of C: 1H-NMR (DMSO, 
300MHz), d, ppm: 6.9(d, 2, Hb-phenyl), 6.92(d, 2, 
Ha-phenyl), 1.41(s, 3, external CH3-thiazolidin), 
1.43 (s, 3, external CH3-thiazolidin), 4.49 (s,1, 
internal-H-thiazolidin), 4.84 (dd,1, internal-H-
lactam), 5.15 (d,1, internal-H-lactam). 
 The inclusion phenomenon had not effect on 
the values of the H1, H2, H4, H5 and H6 protons 
of β-CD, compared to H3 proton; it showed a 
slight shift. This change should confirm the AMO 
penetration into the β-CD cavity.  
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Fig. 2 – Infrared Spectra of AMO, β-CD, C, F1 and F2. 
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FTIR  

 The FT-IR spectrum of β-CD is characterized 
by the intense band at 3400cm−1 corresponding to 
vibration of the hydrogen of OH groups. The band 
at 2900cm−1 correspond the CH and CH2 groups. 
The FT-IR spectrum of complex manifests reduced 
intensities of these bands with insignificant shift. 
We note also the apparition of low intensity bands 
in complex spectrum correspond to AMO:  
1380 cm−1 for the N—C aromatic band, 1720 cm−1 
for C=O of carboxylic acid, 1630cm-1 of the N-H 
stretching, 1540 cm-1 for the NH2 bending. The 
other bands of AMO cannot found owing to 
absorption disturbance of β-CD. 

The infrared spectrum of microspheres appears 
as the sum of encapsulated agent (AMO or C: 
complex) and CAP matrix (Fig. 2). It showed the 
presence of principal bands of the both: 

• F1(AMO+CAP): the large band at 3500 cm-1 

(OH stretching), 2970 cm-1 (CH stretching), 1240 cm-1 

(CH3 bending), 1060 cm-1 (C-O stretching cyclic 
ether), 1740 cm-1 (C=O sterching), 1380 cm-1 (N—C 
bending), 2010 cm-1 (C-S bending),  1630 cm-1 (N-H 
stretching) and 1540 cm-1 (NH2 bending). 

• F2 (C+CAP): the large band at 3500 cm-1 (OH 
stretching), 2900cm-1 (CH stretching), 1245 cm-1 

(CH3 bending), 1060 cm-1 (C-O stretching cyclic 
ether), 2100cm-1 (C-S bending), 1740 cm-1 (C=O 
sterching), 1385 cm-1 (N—C bending), 1630 cm-1  

(N-H stretching) and 1540 cm-1 (NH2 bending). 

SEM MICROGRAPHS 

Figure 3 shows the SEM images of AMO/ β-
CD complex. As described and showed in previous

paper,19-21 unloaded β-CD appears as crystalline 
particles with different sizes and shapes. The 
prepared complex appeared as agglomerate 
particles, undefined shapes with different sizes. 

The SEM analysis of various batches was 
carried out. The study indicated that the surface of 
the prepared microspheres were smooth, rigid and 
porous with different shapes. Additionally, varied 
sizes and some shape irregularities were observed 
in prepared microspheres. Used polysaccharides, 
shaped irregularities named a “flat ball effect” 
have been cited by some researchers.25 A similar 
shaped irregularity especially in the presence of β-
CD has been obtained (Fig. 4). However, the 
spherical shape was obtained when we use only 
CAP as matrix.  
 

XRD 

 The Figure 5 shows the XRD diffractograms of 
AMO, β-CD and the inclusion complex. AMO and 
β-CD are in crystalline forms; their picks appeared 
clearly with important intensity (AMO: 12°, 
15°,18°) (β-CD: 4°, 9°,13°). The XRD pattern of 
the complex showed the important peaks of β-CD 
which appeared shifted at 8° and 12° with low 
intensity. The diffraction peak of AMO cannot be 
found due to the inclusion process. 
 The diffraction patterns of formulation showed 
the absence of diffraction peaks meaning that 
particles are present as amorphous materials 
proving that the active agent is dispersed in the 
amorphous part of polymer as founded in previous 
works.7,26 

 

 
Fig. 3 – SEM Micrographs of C. 

 



 Controlled release 531 
 

 
Fig. 4 – SEM Micrographs of prepared microparticles. 

 

PARTICLE SIZE  
AND ENCAPSULATION EFFICIENCY 

 The use of complexation permits to enclose 
more active agent which appears in the 
encapsulation efficiency (EE%). It’s noted that 
CAP/C matrix gives 86.38% compared to the CAP 
matrix which gives 71,21%. This is explained by 
the enclosing of active agent in β-CD that 
minimizes the transit of active agent to aqueous 
phase during the encapsulation.   

The mean diameter (d10) of the microspheres was 
kept in average between 180 to 400 μm (Table 1). 

IN VITRO RELEASE STUDIES 

 The plots of released AMO versus time from F1 
and F2 are presented in Figure 6. We note that 
these curves contain two stages, at the beginning 
the AMO released quickly and a landing was next 
formed.  At the end of kinetics, the percentage of 
AMO liberated from F1 and F2 achieved 90.44%, 
and 92.68% respectively. β-CD promotes 
liberation of AMO  due to their important 
solubility in water, it gives the higher percentage 
of liberation.  
 

 
Table 1 

Microparticles characteristics and encapsulation results 

Code  EE% DL% d10(µm) d32(µm) d43(µm) Dispersiona 

F1 71,21±0,08 23,50±0,03 245,86 368,74 401,80 1,63 

F2 86,38±0.31 38,01±0.15 184,62 301,19 326,48 1,76 

The arithmetic mean: d10=Σnidi/Σni, The volume-surface mean: d32= Σ ni di
3/Σnidi

2 ,The volume-moment mean:d43= Σnidi
4 

/Σni di
3 , Dispersiona = d43/d10. 
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Fig. 5 – XRD Diffractograms of AM O, β-CD, C, F1 and F2. 
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Data analysis 

 The studied drug release cannot be described by 
a classical kinetic equation. When we plot the 
percentage as function of the square root of time, a 
line is observed at short time (Fig. 7). This is 
related to a phenomenon of mass transfer 
controlled by diffusion according to Fick’s Law. 
Higuchi and Korsmeyer Peppas mathematical 
models were also tested.       

 The mathematical results of drug release have 
been assembled in Table 2. In Higuchi model, the 
R² values are above 0.97 and the kH determined are 
coherent with the plot of drug release. The F2 have 
the highest speed constant compared to F1.  
 In Korsmeyer Peppas model, the R² values are 
more than 0.93 and “n” is in average of 0.3, it’s 
lower than 0.5 proving that the transfer of AMO 
was ruled by diffusion. 

 
 

 
Fig. 6 – Release profile of AMO from the microspheres (F1 and F2) in pH=1.2 at 37 °C. 

 

 
Fig. 7 – AMO% released from microspheres (F1 and F2) as a function of square root of time in pH=1.2 at 37 °C. 

 
Table 2 

Release kinetic parameters of the model equations applied to the in vitro release of AMOH+ from microspheres 

Higuchi model Korsmeyer Peppas model  
code kH  (min1/2) R² N kK-P / min−n R² 
F1 7.03 0.97 0.34 0.13 0.96 
F2 8.20 0.98 0.35 0.14 0,93 

kH and kK-P  the release rate constants for Higuchi and Korsmeyer Peppas models, respectively;  
n the release exponent of Korsmeyer Peppas model; R² the correlation coefficient 
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BIOLOGICAL STUDIES 

 The inhibition zone values of prepared 
microparticles designate that the released AMO is 
still active after encapsulation. The active agent 
(AMO) has a greater antibacterial activity than that 
obtained by amoxicillin (positive control). The 
obtained values of inhibition zone are cited in Table 3 
which is the average of the three experiments.  

 We note that the bacterial strains are susceptible 
to the released AMO and the inhibition zones 
enlarge with increasing the mass of microparticles. 
With F2, the inhibitions zones are large compared 
to F1 justified by the presence of β-CD which 
facilitates the diffusion of AMO on the agar 
medium.  

 
Table 3 

Inhibition zone values of F1 and F2 

Diameters of inhibition zones (mm) Code Mass of 
microparticles  Escherichia coli Staphylococcus aureus 

0.01g 20 18 F1 
0.04g 22 26 
0.01g 23 25 F2 
0.04g 25 30 

Positive control / 20 25 
 

Table 4 

Formulations processing conditions of microspheres 

Emulsion (O1/O2) 
Dispersed phase (O1) Continuous phase 

 
Code 

Polymer Encapsulated agent Acetone Liquid paraffin Tween 20 
F1 CAP 1.2 g AMO 0.6 g 15 mL 100mL 2% 
F2 CAP 1.2 g C 1.2g 15 mL 100mL 2% 

 
EXPERIMENTAL  

Chemicals 

 All the solvents and reagents used in the research were 
purchased from Biochem Chemopharma (UK) and used 
without further purification. 
 Cellulose acetate phthalate (CAP) was obtained from 
Fluka Analytical (product of United States). β-cyclodextrin  
(β-CD) and Amoxicillin (AMO) were purchased from Sigma 
(St. Louis, MO, USA). Tween20 (Polyethylene Glycol sorbitan 
monooleate) was obtained from Sigma-Aldrich (USA).  

Preparation of complex  

 The preparation of complex was released by precipitation 
method to include AMO in β-CD.20 Initially, a first solution 
was prepared at 55°C by dissolving 1.5g of B-CD in 30mL of 
an ethanol/water (1:2) mixture. A second solution was 
prepared by dissolving 1.5 g of AMO in 15mL of ethanol and 
was added to the first solution. During 4h, the mixture was 
stirred magnetically at 55°C, and it was stirred also without 
heating for an additional 4h. When the temperature was 
maintained at 25°C, the solution was cooled overnight at 7°C. 
The solid product was recuperated by vacuum filtration, dried 
in vacuum oven at 50°C for 24h then it was stored in 
desiccator for another 24h. 

Preparation of microspheres  

 Amoxicillin loaded microspheres were prepared using 
microencapsulation by O1/O2 emulsion solvent evaporation 

method as described in previously papers.27-29 Firstly, the 
organic solution containing samples of CAP (1.2g) and AMO 
(0.6g) or complex C (1.2g) were maintained in acetone (AC) 
at 20°C under a reflux condenser.  
 The dispersed solution was emulsified in a liquid paraffin/ 
tween20 solution under mechanical stirring at 600rpm for 30 
min. Then 50mL of chloroform was added to the emulsion 
system and continued stirring for another 30min. The 
solidified microspheres were filtered, watched with three 
portions of 15 mL of chloroform and derided at 30°C. The 
varied conditions of microencapsulation are presented in  
Table 4. 

COMPLEX AND MICROSPHERES 
CHARACTERIZATION 

 The drug loading (%) and the encapsulation 
efficiency. The water solubility of different 
prepared particles permits to find its composition 
on active agent.19 Drug amount in complex or 
microspheres was determined by dissolving  
100 mg of the particles in a sealed bottle 
containing buffer solution pH=7.7 (100mL) under 
stirring for 48 h at T=40°C. The resulting solution 
was filtered and analyzed by UV-VIS spectroscopy 
(Shimadzu UV-2401 PC, Shimadzu, Japan) at 
λmax= 230 nm for amoxicillin.  
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 The drug loading (DL%) and the encapsulation 
efficiency (EE%) of the microspheres were 
determined using the following equations: 

DL % =   

EE% =   

 RMN H1: The RMN1 H of complex was 
recorded in the DMSO and TMS as internal 
reference, on the 500 MHz Brücker “AVANCE” of 
the University of ORAN1 (Algeria). 
 Particle size: The mean particle size of the 
Microspheres was determined by optical 
microscopy method using an image analyzer 
OPTIKA 4083. B1(see Table1). 
 FTIR: The prepared complex and microspheres 
were characterized by infrared spectroscopy. The 
FTIR spectra were recorded using an FTIR-8300 
Shimadzu spectrophotometer (Shimadzu, Japan). 
Samples were prepared in KBr disks and 
transmittance was measured from 400 to 4000 cm1.  
 SEM: Surface morphology of complex and 
microparticles was characterized by SEM using 
Quanta 200 at the Center for Development of 
Advanced Technologies (Algeria) and Bordeaux 
Center Imaging, University Bordeaux-1(France). 
 X-ray powder diffractometry: X-ray diffraction 
analysis were performed with D8 Advance 
BRUKER diffractometer of synthetic and catalysis 
laboratory of IBN Khaldoun university (Tiaret-
Algeria) and at the diffraction angle 2θ from 5° to 
70°. 

IN VITRO DRUG RELEASE STUDIES 

 Drug release was performed using a closed 
flask fitted with fried glass extremity. First, 100mg 
of microspheres was soaked in 100mL of buffer 
solutions (pH=1.2). Experiments were kept at 37C° 
with a controlled rate of stirring (500 rpm). For 
determining the AMO content, samples (1 mL) of 
liquid were taken at different intervals for analysis 
after appropriate dilutions using UV-Vis-2401PC-
SHIMADZU spectrophotometer at the corresponding 
λmax = 228 of AMO.  

IN VITRO ANTIBACTERIAL ACTIVITY 

To confirm the effectiveness of the active agent 
after encapsulation, the antibacterial disk- diffusion 
assay was studied as described by different 

works.30-32 Initially, the Gram negative bacteria 
(Escherichia coli) and Gram positive (Staphylococcus 
Aureus) suspensions were prepared by picking a 
colony of respective bacteria using sterile wire 
loop and suspending it in 5 ml Brain heart infusion 
liquid media. The dilutions formed the bacterial 
stock solutions for use in the agar-well diffusion 
assays. 
 The agar medium was enclosed in a screw cap 
container and autoclaved at 120 °C for 15 minutes. 
The medium was later dispensed into sterile plates 
and left to set. The plates were incubated for  
24 hours at 37 °C to confirm their sterility. When 
no growth occurred after 24 hours, the plates were 
considered sterile.  
 The agar plates were inoculated with bacterial 
suspensions of the test microorganism. Then, filter 
paper discs (about 6 mm in diameter) were placed 
on the plate surface. Filter papers have been 
soaked in the release medium of amoxicillin 
(pH=7.3) liberated from two different masses 
(0.01g and 0.04) of F1 and F2 formulations in  
pH =7.3. For comparison, Amoxicillin (10 µg) was 
used as a positive control.  
 Finally, the plates were incubated at 37°C for 
24 hr. After incubation, the resulting diameters of 
zones of inhibition were measured using a ruler. 

CONCLUSIONS 

 The present study demonstrated the effect of 
chosen matrix on the microspheres characteristics 
and in vitro release behavior using the 
microencapsulation by solvent evaporation 
technique. The release profile showed that the use 
of β-CD favored the liberation of AMO. The 
morphology of microspheres was carried out by 
SEM micrograph, it demonstrate that CAP gives a 
spherical shape. However, in presence of β-CD, 
shape irregularities were obtained. The 
microencapsulation was confirmed by other 
analysis as IR, DRX and the mean diameters of 
microparticles were also determined. The release 
kinetics was studied in pH=1.2, it’s noted that 
AMO released quickly in short time then it forms a 
landing. The release kinetics using Higuchi and 
Korsmeyer Peppas laws showed a diffusion 
phenomenon. The activity of encapsulated AMO 
was verified by microbiological tests using 
Escherichia coli and Staphylococcus aureus 
strains, it confirm the stability of AMO activity 
after encapsulation. 
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