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Abstract Resumen 

Context: Cellulose esters such as cellulose acetate, cellulose acetate 
butyrate and cellulose acetate propionate are used in solid 
pharmaceutical dosage forms for controlling drug delivery. The 
property of cellulose acetate butyrate (CAB) varies according to butyryl, 
acetyl and hydroxyl level. These polymers are soluble in flammable 
organic solvents such as acetone. CAB-553-0.4, however, is characterized 
by its solubility in a less harmful organic solvents such as low molecular 
weight alcohol. 

Aims: To evaluate the use of CAB-553-0.4 as a new carrier for the 
preparation of microparticles by solvent evaporation method and 
comparing the result to the well-known carrier i.e., ethylcellulose (EC). 

Methods: The polymer organic phase containing carbamazepine or 
propranolol HCl was dispersion in an aqueous media containing 
polyvinyl alcohol (PVA). Percent of encapsulation efficiency, EE%, was 
calculated and in vitro drug release from the microparticles was 
investigated.  

Results: EE% of EC microparticles was relatively high (71%) for 
carbamazepine and low for propranolol HCl. However, the EE% of 
propranolol HCl increased by two folds when CAB used as a carrier. 
EE% of carbamazepine was decreased by increasing the volume of the 
aqueous phase from EC- and unchanged from CAB-microparticles. The 
optimum concentration of PVA was 0.25% w/v and the EE% was 
decreased with increasing temperature. Carbamazepine release from 
EC- and CAB-microparticles was similar, however, propranolol HCl 
release was slower from CAB- microparticles than EC microparticles. 

Conclusions: CAB-553-0.4 is an interesting carrier for the formulation of 
microparticles, loaded with a water-soluble drug, by solvent 
evaporation.  

Contexto: Los ésteres de celulosa tales como el acetato de celulosa, el 
butirato acetato de celulosa y el propionato acetato de celulosa se usan 
en formas farmacéuticas sólidas para controlar la administración de 
fármacos. La propiedad del butirato acetato de celulosa (CAB) varía 
según el nivel de butirilo, acetilo e hidroxilo. Estos polímeros son 
solubles en solventes orgánicos inflamables como la acetona. CAB-553-
0.4, sin embargo, se caracteriza por su solubilidad en solventes orgánicos 
menos dañinos como el alcohol de bajo peso molecular.  

Objetivos: Evaluar el uso de CAB-553-0.4 como un nuevo vehículo para 
la preparación de micropartículas por el método de evaporación del 
solvente y comparar el resultado con el vehículo conocido, es decir, 
etilcelulosa (EC). 

Métodos: La fase orgánica del polímero que contenía carbamazepina (CZ) 
o propranolol HCl (PP) se dispersó en un medio acuoso que contenía 
alcohol polivinílico (PVA). Se calculó el porcentaje de eficiencia de 
encapsulación, %EE, y se investigó la liberación in vitro del fármaco 
desde las micropartículas.  

Resultados: El %EE de las micropartículas de EC fue relativamente alto 
(71%) para CZ y bajo para PP. Sin embargo, el %EE del PP aumentó en 
dos veces cuando se usó CAB como vehículo. El %EE de CZ disminuyó 
al aumentar el volumen de la fase acuosa de las micropartículas CAB y 
sin cambios de las micropartículas CAB. La concentración óptima de 
PVA fue de 0,25% p/v y el %EE disminuyó al aumentar la temperatura. 
La liberación de CZ desde las micropartículas EC y CAB fue similar, sin 
embargo, la liberación de PP fue más lenta desde las micropartículas 
CAB que las micropartículas EC. 

Conclusiones: CAB-553-0.4 es un vehículo interesante para la formulación 
de micropartículas, cargadas con un fármaco soluble en agua, por 
evaporación del disolvente.  

Keywords: cellulose acetate butyrate; drug release; encapsulation 
efficiency; microparticles; solvent evaporation. 
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INTRODUCTION 

Microparticles are defined as solid particles 
with sizes in the range of micrometers (1 to 1000 
μm) in which the drug is dissolved, entrapped, 
encapsulated or attached to a microparticles ma-
trix (Nikam et al., 2016). They are formulated to 
protect the drug core from the environment, elim-
inate incompatibilities, masking of unpleasant 
taste, modifying the drug release, improving bioa-
vailability and minimizing the side effects (Gat-
tani, 2010). 

Many methods such as coacervation (Sanders et 
al., 1984), spray drying (Bodmeier and Chen, 
1988), supercritical fluid extraction (York, 1999), 
and solvent evaporation (Gharge and Bhandare, 
2018) are used for the formulation of microparti-
cles.  

Despite spray drying is relatively simple, how-
ever, its use for highly temperature-sensitive com-
pounds is limited. On the other hand, coacervation 
is frequently affected by residual solvents and co-
acervating agents found in the microspheres 
(Freitas et al., 2005). 

Solvent evaporation technique is widely used in 
the preparation of microparticles nowadays. In 
this method, the drug-polymer organic solution is 
emulsified under agitation in a dispersing phase 
consisting of a non-solvent of the polymer and is 
immiscible with the organic solvent, which con-
tains an appropriate emulsifying agent (Watts et 
al., 1990). Unlike other methods, solvent evapora-
tion neither requires elevated temperatures nor 
phase separation inducing agents (Freitas et al., 
2005). Selecting a particular method is primarily 
determined by the solubility of the drug and pol-
ymer. Solvent evaporation method is a common 
method for the encapsulation of water-insoluble 
drugs within water-insoluble polymers. Mean-
while, water-soluble drugs have been encapsulat-
ed by using an external oil phase instead of an 
aqueous phase (Alex and Bodmeier, 1990). 

Many polymers such as ethylcellulose 
(Muhaimin and Bodmeier, 2017), cellulose acetate 
(Chandiran Irisappan et al., 2013), Eudragit® RS 

and RL (Lokhande et al., 2014), Eudragit® S (Lee et 
al., 2000), polylactic acid (Zhang et al., 2018) and 
poly lactic-co-glycolic acid (Hamishehkar et al., 
2009) have been used for the preparation of micro-
particles by solvent evaporation technique. 

Unlike other cellulose acetate butyrates, CAB-
553-0.4 is soluble in low molecular weight alcohol 
due to higher hydroxyl content (Eastman, 2006). 
Additionally, it is stronger, more flexible and more 
permeable than ethylcellulose (Ali et al., 2018). 

The main objective of the present work was to 
use CAB-553-0.4 as a carrier for the preparation of 
microparticles by the solvent evaporation method 
and determining the factors that may affect the 
encapsulation efficiency. Propranolol HCl and 
carbamazepine were used as model drugs, water-
soluble and water-insoluble, respectively.  

MATERIAL AND METHODS 

Materials 

Carbamazepine and propranolol HCl (BASF 
AG, Ludwigshafen, Germany); ethylcellulose 
standard 4 premium (Ethocel®, Colorcon Ltd, 
Dartford, Kent, UK); cellulose acetate butyrate 
(CAB-553-0.4, Krahn Chemie GmbH, Hamburg, 
Germany); sodium lauryl sulfate, SLS (Gainland 
chemical company, Deeside, UK); chloroform 
(Scharlau, Barcelona, Spain); polyvinyl alcohol, 
PVA (Mowiol® 4-88, Carl Roth GmbH + Co. KG, 
Karlsruhe, Germany); methanol and ethyl acetate 
(Merck, Darmstadt, Germany). 

Preparation of microparticles  

Cellulose acetate butyrate or ethylcellulose (0.6 
g) and carbamazepine or propranolol HCl (0.4 g) 
were dissolved in 9 g of the organic solvent(s) to 
achieve the solid content of 10% w/w. The organic 
solvent was then emulsified into 800 mL of the 
aqueous phase containing 0.25% w/v (if not oth-
erwise mentioned) PVA as an emulsifying agent at 
room temperature (if not otherwise mentioned). 
The resulting emulsion was agitated continuously 
by a propeller mixer (Heidolph Stirrer RZR1, Kel-
heim, Germany) until the organic solvent com-
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pletely evaporated and solid microparticles were 
formed. The microparticles were then collected by 
filtration and washed with distilled water before 
drying in an oven (Binder, Tuttlingen, Germany) 
at 40°C for 24 h. The dried microparticles were 
screened through stainless steel sieves (Analysen-
ieb, Haan, Germany), sizes of 315-725 µm were 
collected and stored at room temperature. 

Viscosity measurement 

The viscosity of 6% w/w polymers solution 
was determined using the viscometer (Visco basic 
plus, New York, USA) at 100 rpm using R2 spin-
dle. 

Encapsulation efficiency 

In order to extract the drug, the microparticles 
were dissolved in the ethanol-water mixture and 
the drug content was determined by spectropho-

tometer (Shimadzu 1700, Japan) at max of 285.5 
and 289 nm for carbamazepine and propranolol 
HCl, respectively. 

The percent of encapsulation efficiency (EE%) 
was calculated according to the following equation 
[1]: 

 
[1] 

Drug solubility measurement 

An excess amount of carbamazepine was added 
to 0.1 N HCl with or without SLS (0.25% or 0.5%). 
Samples (n = 3) were shaken using laboratory 
shaker (GFL - Orbital Shaker - Model 3017, 
Burgwedel, Germany) until equilibrium achieved. 
The samples were filtered, and the drug concentra-
tion was measured by spectrophotometer after 
appropriate dilution. 

Particle size measurement  

Particle size of the microparticles is measured 
by a digital microscope (KKMOON Electronic mi-

croscope 1600, China) and particle morphology 
was investigated with a scanning electron micro-
scope SEM (CamScan 3200LV, Ashford, England) 
in which the microparticles were mounted on 

stubs and coated for 120 s with a layer of gold us-
ing a sputter coater. 

Drug release study 

The in vitro drug release from the microparticles 
was performed by the rotating bottle method us-
ing laboratory shaker (GFL - Orbital Shaker - 
Model 3017, Burgwedel, Germany) at room tem-
perature. Samples (n = 3) of the drug-loaded mi-
croparticles (20-30 mg) were suspended in 100 mL 
of dark glass bottles containing 100 mL of the dis-
solution medium (0.1N HCl and 0.1N HCl contain-
ing 0.5% SLS). The glasses were sealed tightly and 
rotated at 100 rpm. Samples of 5 mL were with-
drawn at predetermined time intervals and re-
placed with the fresh media to maintain the origi-
nal volume (n = 3). The samples were assayed 
spectrophotometrically either directly or after ap-
propriate dilution with the release medium.  

Statistical analysis 

The similarity factor (f2) was used to establish 
the similarity of two release profiles [2] (Polli et al., 
1997): 

  100  )()/1(1  log50 5.02
−+= − tt TRn2f  

[2] 

n = number of pull points for tested samples, Rt 
= reference assay at time points t, Tt = test assay at 
time points t. 

f2 values higher than 50 (50–100) shows the sim-
ilarity of the release profiles.  

RESULTS AND DISCUSSION 
 

Microparticles containing carbamazepine or 
propranolol HCl were prepared by the solvent 
evaporation technique. After the drug-polymer 
solution was emulsified into the aqueous phase, 
the organic solvent starts to evaporate from the 
droplet surface into the aqueous phase. The sol-
vent loss resulted in an increase in polymer con-
centration at the phase boundary (Bodmeier and 
Mcginity, 1987a). Phase separation and polymer 
precipitation will be initiated at the droplet surface 
when the concentration limit for the polymer pre-
cipitation is reached. The drug partitioning into 
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the aqueous phase continues as long as the droplet 
is in a liquid state. Once the polymer precipitated 
at the droplet surface, the drug loss into the aque-
ous phase will not occur (Bodmeier and Mcginity, 
1988). 

Effect of formulation parameters on the 
encapsulation efficiency  

To investigate the effect of organic solvent on 
the EE%, chloroform, methanol, and ethyl acetate 
were used and CAB, as a carrier, was compared to 
ethylcellulose (Table 1). The basic requirement for 
microparticles formation is the water immiscibility 
of the organic solvent. Due to miscibility with wa-
ter, a fluffy irregular mass was obtained instead of 
microparticles when methanol was used as an or-
ganic solvent (Fig. 1). Regardless of the carrier and 
drug solubility, microparticles were achieved with 
chloroform and ethyl acetate (Fig. 2) and EE% was 
very similar (Table 1).  

Carbamazepine loaded microparticles were 
rough and less spherical when prepared with chlo-
roform and propranolol HCl loaded microparticles 
were more spherical and smoother especially 
when using ethyl acetate (Fig. 2). This is probably 

due to the higher solubility, faster evaporation 
rate, of ethyl acetate in water, namely, 8.7% and 
0.8% for ethyl acetate and chloroform, respectively 
(Muhaimin and Bodmeier, 2017). Using the blend 
of organic solvents, namely chloroform:methanol 
at a ratio of 8:1, increased the EE% irrespective of 
the carrier and drug solubility, this is due to faster 
polymer precipitation at the droplet surface and 
decreasing drug partitioning. 

 

Figure 1. Dispersion of CAB methanol 
solution in water containing PVA. 

 

Table 1. Effect of organic solvents and polymer on the encapsulation efficiency. 

Polymer  

(0.6 g) 

Drug  

(0.4 g) 

Organic solvents (g) 
EE (%) 

Chloroform Methanol Ethyl acetate 

EC Carbamazepine - 9 - - 

- - 9 59.0 ± 2.1 

9 - - 62.0 ± 2.0 

8 1 - 71.0 ± 3.2 

Propranolol HCl - 9 - - 

- - 9 17.0 ± 2.3 

9 - - 17.5 ± 2.1 

8 1 - 21.0 ± 3.1 

CAB Carbamazepine - 9 - - 

- - 9 56.0 ± 2.0 

9 - - 56.5 ± 2.6 

8 1 - 62.0 ± 3.2 

Propranolol HCl - 9 - - 

- - 9 25.0 ± 2.5 

9 - - 25.0 ± 2.1 

8 1 - 38.0 ± 3.0 
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A B  

  

Figure 2. Carbamazepine (A and B) and 
propranolol HCl (C and D) loaded CAB 
microparticles when chloroform and 
ethyl acetate used as organic solvents, 
respectively. 

C D  

  

 

 
Due to high water solubility and fast partition-

ing into the aqueous phase, EE% of the water-
soluble drug, propranolol HCl, from ethylcellulose 
microparticles was low 21%. Interestingly, EE% of 
propranolol HCl was increased to 38% when CAB 
was used as a carrier. This is probably due to the 
physicochemical difference between these poly-
mers (Ali et al., 2018). Additionally, the average 
size of CAB microparticles was larger than EC 
microparticles prepared under the same condition 
due to higher viscosity of the former than the lat-
ter, 64 cP vs 46 cP. With increased viscosity more 
energy is needed to divide the globules into small-
er particles, which increase the mean particle size 
(Jelvehgari et al., 2011). 

The volume of the external phase has a direct 
influence on the microparticle formation and en-
capsulation efficiency because the diffusion rate of 
the organic phase depends on the volume of the 

external phase (Bodmeier and Mcginity, 1987b). In 
the case of carbamazepine loaded microparticles, 
increasing volume of the external phase, decreased 
the EE% of EC microparticles, however, proprano-
lol HCl was slightly affected (Table 2). This is 
probably due to increasing the amount of drug 
dissolved in the aqueous phase and, therefore, 
increasing the drug loss form organic phase results 
in the reduction of the encapsulation efficiency 
(Sharma et al., 2016). Meanwhile, the EE% was 
slightly increased from CAB microparticles with 
increasing external volume irrespective of the drug 
type. Because the EE% of the water-soluble drug 
from CAB microparticles was higher than EC mi-
croparticles, further study was undertaken on 
CAB microparticles. 

In the emulsion solvent evaporation method, 
the emulsification and stabilization of the globules 
are two  crucial  factors.  The  surfactant  molecules  

http://jppres.com/jppres


Ibrahim and Ali Cellulose acetate butyrate microparticles 

 

http://jppres.com/jppres  J Pharm Pharmacogn Res (2020) 8(4): 341 

 

Table 2. Effect of aqueous to organic phase ratios on the encapsulation 
efficiency using chloroform: methanol (8:1). 

Polymer Drug 
Aqueous phase  

(L) 

EE  

(%) 

EC Carbamazepine 0.8 71.0 ± 3.2 

1.2 49.0 ± 2.5 

1.6 45.5 ± 2.3 

Propranolol HCl 0.8 21.0 ± 3.1 

1.2 23.0 ± 2.6 

1.6 25.0 ± 2.1 

CAB Carbamazepine 0.8 62.0 ± 3.2 

1.2 69.0 ± 3.0 

1.6 70.0 ± 2.8 

Propranolol HCl 0.8 38.0 ± 3.0 

1.2 39.5 ± 2.5 

1.6 45.0 ± 2.0 

 
tend to align themselves at the droplet surface 
lowering the free energy at the interface between 
two phases and resisting coalescence of the drop-
lets (Sharma et al., 2016). The EE% was increased 
with increasing PVA content from 0.125 to 0.25% 
w/v and decreased with further increasing PVA 
content (Table 3). This could be explained by de-
creased average particle size, which increased the 
effective surface area exposed to the media and 
subsequently resulting in increased drug partition-
ing to the external phase (Bhagav et al., 2011). 

Table 3. Effect of PVA concentration in the 
aqueous phase on the encapsulation 
efficiency of CAB microparticles loaded 
with carbamazepine. 

PVA  

(%) 

EE  

(%) 

0.125 50.0 ± 2.6 

0.25 62.0 ± 3.2 

0.5 56.0 ± 2.5 

1.0 49.0 ± 2.1 

To investigate the effect of temperature, the 
aqueous phase was heated or cooled in an ice bath. 
As the temperature of the aqueous phase in-

creased, the EE% was decreased (Table 4). This 
could be related to the increase of the vapor pres-
sure of the organic solvent, which causes an in-
crease in the flow of molecules across the phase 
boundary and a disturbance of the interface (Bod-
meier and Mcginity, 1987b). In addition, the in-
crease of the temperature may result in increasing 
the solubility of the water-insoluble drug, and this 
results in increasing drug partitioning to the aque-
ous phase (Bodmeier and Mcginity, 1987b). 

Table 4. Effect of temperature of the aqueous phase 
on the encapsulation efficiency from CAB 
microparticles. 

Drug  Temperature  

(°C) 

EE  

(%) 

Carbamazepine 0-5 81.0 ± 2.3 

15 75.0 ± 2.2 

25 62.0 ± 3.2 

40 16.5 ± 2.4 

Propranolol HCl 0-5 54.0 ± 2.0 

15 47.0 ± 2.6 

25 38.0 ± 3.0 

40 31.0 ± 2.0 
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Figure 3. Drug release (A) carbamazepine and (B) propranolol HCl from EC and CAB microparticles (315-725 µm). 

 
Drug release 

Generally, the water solubility of the drug has an 
influence on the release, as the water solubility 
increase the rate of drug release is increased and 
with decreasing solubility the dissolution medium 
becomes saturated. The solubility was increased 
from 0.36 mg/mL to 1.71 mg/mL with the addi-
tion of 0.5% SLS. The in vitro release of carbamaz-
epine and propranolol HCl from CAB and EC mi-
croparticle exhibited an initial burst effect, which 
may be due to the large surface area and the pres-
ence of some drug particles on the surface of the 
microspheres, followed by extended-release (Fig. 
3). 

The difference in carbamazepine release be-
tween CAB- and EC microparticles in 0.1 N HCl 
containing 0.5% SLS was not significant (f2 = 52). 
However, the release was significantly decreased 
(f2 = 32) in the media containing no SLS, this is due 
to poor solubility of carbamazepine and achieving 
equilibrium solubility (Fig 3A). Despite higher 
encapsulation efficiency (45% vs 25%), propranolol 
HCl release was significantly lower (f2 = 25.8) than 
carbamazepine from CAB microparticles. Addi-
tionally, propranolol HCl release was slower (f2 = 
20.7) from CAB microparticles than EC microparti-
cles (Fig. 3B). Because no change in infrared spec-
tra was noticed (data is not shown), the micropar-

ticles were investigated with SEM. Microparticles 
formulated with EC were very rough, porous and 
irregular especially when loaded with carbamaze-
pine (Fig 4A-B), hence carbamazepine release was 
relatively fast. Propranolol HCl microparticles, 
however, were more spherical and smoother. 
Cracks and pores were noticed at the surface of the 
propranolol HCl loaded EC microparticles but not 
for CAB microparticles (Fig. 4C-D), which explains 
the faster release of propranolol HCl from EC mi-
croparticles. 

CONCLUSIONS 

Cellulose acetate butyrate (CAB-553-0.4) was 
used as a carrier for the formulation of microparti-
cles by solvent evaporation technique. The encap-
sulation efficiency and the drug release of the wa-
ter-insoluble drug from CAB microparticle were 
similar to ethylcellulose microparticles. However, 
for the water-soluble drug, the encapsulation effi-
ciency of CAB microparticles was higher by two 
folds and the release was slower. CAB is a promis-
ing carrier for the formulation of microparticles by 
solvent evaporation. 
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C D 

   

Figure 4. Scanning electron micrographs of carbamazepine loaded EC and CAB (A and B) microparticles and 
propranolol HCl loaded EC and CAB (C and D) microparticles, respectively. 
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