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Abstract: This study was aimed at developing a controlled-release cetirizine hydrochloride (CTZ)-

loaded polymethacrylate microsphere by optimization technique using software-based response 

surface methodology. The emulsion solvent evaporation method was utilized in the preparation of 

microspheres. Four process variables were selected, namely, Eudragit RLPO loading percentage in 

total polymer, the emulsifier hydrophilic lipophilic balance (HLB), the antitacking percentage, and 

the dispersed phase volume. The desired responses were particle size, angle of repose, production 

yield, encapsulation efficiency, loading capacity, initial drug release, and the time for 85% of drug 

release from the microspheres. Optimization was carried out by fitting the experimental data to the 

software program (Statgraphics Centurion XV). Moreover, 18 batches were subjected to various 

characterization tests required for the production of dosage form. The pharmacokinetic parameters 

were evaluated after the oral administration of 10 mg CTZ in both optimized formulation and 

commercial product on healthy human volunteers using a double-blind, randomized, cross-over 

design. The optimized formulation showed satisfactory yield (84.43%) and drug encapsulation 

efficiency (87.1%). Microspheres were of spherical shape, smooth surface, and good flowability 

with an average size of 142.3 µm. The developed optimized batch of microspheres ensured 28.87% 

initial release after 2 hours, and the release of CTZ extended for 12 hours. In addition, the rela-

tive bioavailability of the optimized formulation was 165.5% with respect to the marketed CTZ 

tablets indicating a significant enhancement of CTZ bioavailability. Thus, there is an expectation 

to decrease the administered dose and the frequency of administration, and subsequently minimize 

the adverse effects that are faced by the patient during the treatment.

Keywords: emulsion solvent evaporation, Eudragit, experimental design, in vivo, optimiza-

tion, response surface

Introduction
In comparison with the conventional unit dosage form, polymeric multiunit 

microparticulate dosage forms have received massive scientific and industrial interest 

as they are distributed more uniformly throughout the gastrointestinal tract, which 

facilitates a uniform reliable sustained drug release pattern.1 Thus, these dosage forms 

are mostly suggested by health care professionals and ideal for patient compliance 

where drug safety is a main concern.2

For instance, emulsion solvent evaporation (ESE) process is a capable technique 

for the production of microspheres with controlled-release profile using different bio-

compatible water-insoluble polymers.3,4 Many formulation and processing variables 
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could be involved in the preparation of microspheres by the 

ESE method, eg, the molecular weight of the polymers and 

the viscosity of the polymeric solution,5 solvent mixture 

composition, and stirring speed.6 Also, the drug to polymer 

ratio affects the properties of the prepared microspheres,7,8 

while the concentration of polymer, drug to polymer ratio, 

percentage of the surfactant, and pore inducing agent affect 

the release and properties of microcapsules.9 In a different 

study, the yield, the size of microspheres, and the release rate 

were increased by the addition of a nonsolvent.10 Hariharan 

and Price11 reported that the properties of polylactic acid 

microparticles containing hexamethylamine were affected 

by the surfactant and cosolvent concentration. Moreover, 

the effect of drug loading, the concentration of emulsifier 

and polymer as formulation factors, and stirring speed as a 

process parameter were investigated on the characteristics 

of microparticles.12 In another study, the effects of the rate 

of temperature increase on dextran release profile were 

evaluated.13

Although the ESE technique is a complex process, it 

depends mainly on the efficient emulsification and the rate 

of solvent evaporation. The major challenge remains in the 

encapsulation of water-soluble drugs within microspheres to 

extend their release. This challenge arises from the escaping 

or degradation of drug during the preparation. To achieve 

this goal, the optimization of the process variables using 

Draper–Lin small composite experimental design has been 

made. Draper–Lin small composite design (D-LSCD) is a 

highly efficient optimization tool that is used to develop 

mathematical models for the estimation of relationships 

between the responses and key variables.

Cetirizine hydrochloride (CTZ) is one of the second-

generation histamine H1 receptor antagonists, with a rapid 

onset of action that is used in the treatment of seasonal aller-

gic rhinitis, hay fever, angioedema, and chronic urticaria.14

In this study, we report the influence of Eudragit RLPO 

loading percentage in total polymer (X
1
), the emulsifier 

hydrophilic lipophilic balance (HLB) (X
2
), the antitacking 

percentage (X
3
), and the dispersed phase volume (X

4
) on the 

quality attributes of CTZ-loaded polymethacrylate micro-

spheres. These are the mean particle size, angle of repose, 

production yield percentage, encapsulation efficiency, 

loading capacity, and release pattern of CTZ as a model of 

water-soluble drugs from the prepared microspheres. So, the 

objective of this study was to develop innovative erodible 

microspheres for the delivery of CTZ and understand the 

effect of processing factors on the newly developed formula, 

in an attempt to maximize the encapsulation efficiency and 

retard the release of CTZ from the microspheres.

Materials and methods
Materials
CTZ was kindly gifted from Deef Pharmaceutical Industries Co. 

(Al Badayea, KSA). Eudragit RSPO and RLPO were kindly 

supplied by Evonik Industries (Essen, Germany). Talc powder 

from Whittaker Clark & Daniels (South Plainfield, NJ, USA); 

dichloromethane and acetone from Prolabo (Paris, France); 

n-hexane 95% from Honil Limited (London, UK); acetonitrile 

high-performance liquid chromatography (HPLC) grade from 

EMD Millipore (Billerica, MA, USA); potassium dihydrogen 

orthophosphate from BDH Chemicals Ltd. (England); light 

liquid paraffin from WINLAB (Leicestershire, UK); and 

sorbitan monooleate, NF, Span 80 from Sigma Chemicals 

(Perth, Australia) were purchased. All other materials were 

of analytical grade and used without any further purification.

Methods
The design of experiment
A full randomized rotatable D-LSCD was adopted to explore 

the impact of four important process factors on the quality 

attributes of CTZ-loaded polymethacrylate microspheres 

and analyze the interaction of each level of factors on the 

desired responses. The design of experiment was generated 

within the domain of levels using Statgraphics Centurion 

XV, version 15.2.05, software (StatPoint, Inc., Warrenton, 

VA, USA). As listed in Table 1, 18 different batches of CTZ-

loaded polymethacrylate microspheres were prepared (eight 

batches as the cube portion, eight batches as the star points, 

and two batches as the center points). To make this design 

rotatable, for each factor, two axial points were chosen to 

be 1.68 at the lower and higher extreme levels, and the runs 

were randomized in order to exclude the block effects.15 

Besides that, the process factors were Eudragit RLPO load-

ing percentage in total polymer (X
1
), the emulsifier HLB 

(X
2
), the antitacking percentage (X

3
), and the dispersed 

phase volume (X
4
). The selected responses were the mean 

particle size of the microspheres (Y
1
), angle of repose for 

the prepared batches (Y
2
), production yield percentage (Y

3
), 

encapsulation efficiency percentage (Y
4
), loading capacity 

(Y
5
), initial CTZ release from microspheres (Y

6
), and time 

for 85% of drug release (Y
7
). The design matrix including 

investigated process variables along with their levels is 

shown in Table 1.

Preparation of the required HLB from the emulsifier 
blend
To prepare the emulsifier with HLB of 2.83, 58.8% of Span 85 

was mixed with 41.2% of Span 80, while 46.07% of Span 80 

and 53.93% of Tween 80 would produce an emulsifier with 
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HLB value =10.07. Also, the emulsifier with HLB of 6.45 was 

prepared by blending 50% of both Span 80 and Span 20.

Preparation of microspheres
Each batch of CTZ-loaded polymethacrylate microspheres 

was prepared by loading fixed quantity of pure CTZ 

(500 mg). Furthermore, accurately weighed amount of drug, 

talc, and the mixture of Eudragit RSPO (ERS) and Eudragit 

RLPO (ERL) polymers, at drug to polymer ratio of 1:7, 

were dispersed in the specified volume of mixed solvent 

system of dichloromethane and acetone (1:1, v/v) forming 

the dispersed phase. The obtained dispersion was stirred at 

1,000 rpm (Steady stir Digital, 855; Thermo Fisher Scientific, 

Waltham, MA, USA) in mineral oil (light liquid paraffin, 

100 mL) to form oil-in-oil emulsion using the specified 

emulsifiers with different hydrophilic lipophilic balance 

(2%, w/w). Also, the emulsion was continuously stirred 

for a period of 6 hours till complete evaporation of solvent 

from the dispersed phase. The hardened microspheres were 

filtered off and washed with n-hexane (50 mL, four times) 

and dried under vacuum for a period of 24 hours and stored 

in a desiccator for further use.

Micromeritics evaluation of microspheres
The mean particle size of the prepared batches was evalu-

ated by sieving method as previously reported,16 whereby the 

arithmetic mean diameter of the microspheres was calculated 

using Equation 1. Also, the flowability of the microspheres 

expressed as the angle of repose was assessed. The standard 

procedures for these determinations were followed as 

described earlier.16–19

 
Mean

particle size

(Mean particle size of the fraction

Wei
=

×Σ
gght fraction

Weight fraction

)

Σ
 (1)

Production yield
On calculation of the weight of the raw materials used in 

the preparation and the final weight of the produced micro-

spheres, the production yield percentage of the microspheres 

was calculated (Equation 2).

 
Production

yield (%)

Weight of microspheres

Total expected weight
=

oof drug

and polymers

×100  (2)

Encapsulation efficiency and loading capacity
A total of 50 mg of each formulation was dissolved in freshly 

prepared phosphate buffer (50 mL/pH 7.4) and maintained 

on a mechanical shaker for 24 hours, filtered and suitably 

diluted, then determined using HPLC (Agilent 1200 series, 

Table 1 Design matrix including investigated process variables with their levels

Batch number X1 X2 X3 X4

1 20.0 6.45 3.318 10.0
2 36.818 6.45 5.0 10.0
3 20.0 6.45 5.0 1.591
4 30.0 4.3 4.0 15.0
5 10.0 8.6 4.0 15.0
6 20.0 2.834 5.0 10.0
7 10.0 4.3 6.0 5.0
8 10.0 4.3 4.0 5.0
9 20.0 10.066 5.0 10.0
10 20.0 6.45 5.0 18.409
11 30.0 4.3 6.0 15.0
12 30.0 8.6 4.0 5.0
13 20.0 6.45 6.682 10.0
14 20.0 6.45 5.0 10.0
15 10.0 8.6 6.0 15.0
16 20.0 6.45 5.0 10.0
17 3.182 6.45 5.0 10.0
18 30.0 8.6 6.0 5.0
Variable level Lower extreme (−1.68) Low (−1) Medium (0) High (1) Higher extreme (1.68)
erl loading (%, w/w) (X1) 3.182 10 20 30 36.818
Emulsifier HLB (X2) 2.834 4.3 6.45 8.6 10.066
Talc percentage (%, w/v) (X3) 3.318 4 5 6 6.682
Dispersed phase volume (ml) (X4) 1.591 5 10 15 18.409

Abbreviations: hlB, hydrophilic lipophilic balance; erl, eudragit rlPO.
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equipped with an ultraviolet diode array detector and an 

automatic sampling system, Agilent, CA, USA) at 229 nm 

(n=3). The encapsulation efficiency and the actual loading 

capacity expressed in percentage were calculated according 

to Equations 3 and 4.

 
Encapsulation

efficiency (%)

Actual drug content

Theoretical dru
=

gg content
×100  (3)

 
Loading

capacity (%)

Weight of drug

Weight of microspheres
= ×100  (4)

in vitro release study
In this section, United State Pharmacopoeia dissolution 

tester apparatus II (Erweka GmbH DT 700; Heusenstamm, 

Germany) was applied for evaluating the in vitro release of 

CTZ from the prepared microspheres. A hard gelatin capsule 

of suitable size was filled with the prepared microspheres 

equivalent to 10 mg of CTZ. Besides that, the experiment was 

carried out using 900 mL of freshly prepared phosphate buffer 

(pH 7.4), at 37°C±0.5°C and 50 rpm. Sample aliquots were 

withdrawn and replenished with fresh media at time inter-

vals of 0.5 hours, 1 hour, 2 hours, 4 hours, 6 hours, 9 hours, 

12 hours, 16 hours, 20 hours, and 24 hours. The CTZ content 

in the filtered samples was analyzed using HPLC (Agilant 

1200 series) using reversed-phase column 25 cm ×4.6 mm 

(id) C18, 5 mm – Inertsil® ODS-3 (GL Sciences Inc., Tokyo, 

Japan). The mobile phase consisted of a mixture of (28:72) 

acetonitrile/0.05 M potassium dihydrogen orthophosphate 

(pH 3.5), and the flow rate was 1 mL/min. In addition, the 

CTZ content was determined at 229 nm after injecting a 

volume of 10 L, in which CTZ was detected at a retention 

time of 3.5 minutes. Assay performance was further evaluated 

through determination of specificity, recovery, linearity, 

the limit of quantification, the limit of detection, precision, 

and accuracy as reported in the International Conference on 

Harmonisation guidelines. The release experiments were 

done in triplicate.

Kinetic treatment of cTZ release data
The release data of CTZ were mathematically fitted 

to different kinetic models: zero-order,20 first-order,21 

Higuchi,22 and Korsmeyer–Peppas models that are often 

utilized to designate the drug release mechanism from the 

microspheres.23,24

scanning electron microscopy
The morphology of CTZ-loaded polymethacrylate micro-

spheres, including shape and surface, was examined using 

scanning electron microscope (Philips XL30; FEI, Hillsboro, 

OR, USA). At this stage, the samples were mounted onto 

stubs covered with clean glass and coated with gold pal-

ladium film (thickness 2 nm) for 120 seconds at 10 mA, 

under argon at low pressure and investigated at 4–25 kV. The 

obtained photomicrographs of the formulation with suitable 

magnification are given in Figure 1.

in vivo study on human volunteers
The pharmacokinetic parameters of the optimized CTZ 

microspheres (test) were evaluated in comparison with 

those of Zyrtec® tablet (reference; GlaxoSmithKline plc, 

London, UK) after the oral administration of 10 mg single 

dose to healthy adult, male and nonpregnant female volun-

teers by means of noncompartmental analysis.

study design and conduct
The study used single-center, open-label, randomized, single 

dose with a two-way cross-over design. Two weeks of 

screening preceded two 36-hour study periods, which were 

separated by a washout period of at least 1 week. During these 

study periods, the subjects were given a single oral dose of 

the optimized CTZ microspheres equivalent to 10 mg (test) or 

the marketed tablets (reference) with 250 mL of tap water in 

each period of the study. Also, the subjects were confined in-

house for 36 hours prior to and after drug administration, so 

that regular blood sampling could be done at predetermined 

times (as described in the “Blood sampling” section).

The study was conducted at the Institutional Review 

Board of the Egyptian Research and Development Company 

(ERDC), Cairo, Egypt, that has been endorsed for the ethical 

conduct of the study and had approved the protocol on its 

expedited meeting on October 19, 2014. Also, the study was 

performed in compliance with the Declaration of Helsinki 

and the International Conference on Harmonisation of Good 

Clinical Practices and with the approval from the study site’s 

Independent Ethics Committee.

subjects
Six healthy Egyptian male and nonpregnant female volun-

teers with a mean age of 27±1.9 years, median weight of 

69.5±5.9 kg, and median height of 168.2±4.7 cm participated 

in the study after understanding and signing an informed 

written consent about the nature and consequences of the 

study. The ERDC staff informed the subjects, in nontechnical 

terms, of the objectives, dates, drugs, diet, potential risks, 

and general activities during the clinical part of the study. 

Also, the subjects had been asked to read the consent forms 

carefully before signing. Upon examination and from results 
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of clinical laboratory tests of all volunteers, the data revealed 

that all volunteers had normal results and they were advised 

to stay away from any medications at least 2 weeks prior to 

and during the study period.

Blood sampling
A total of 5 mL of blood was drawn just before and at 0.5 hours, 

1 hour, 1.5 hours, 2 hours, 2.5 hours, 3 hours, 4 hours, 6 hours, 

8 hours, 10 hours, 12 hours, 18 hours, 24 hours, and 36 hours 

after the oral administration of both the test and reference and 

collected in heparinized tubes. Samples were centrifuged at 

3,000 rpm for 5 minutes, and plasma samples were collected 

and stored at −20°C until analysis.

chromatographic conditions
Plasma CTZ concentrations were analyzed by liquid chroma-

tography-mass spectrometry (LC-MS)/MS method applying 

the procedure reported by Tan et al.25 An HPLC method 

coupled with mass spectrometric detection (LC-MS/MS) was 

developed, optimized, and validated at ERDC laboratories 

for the determination of CTZ in human plasma. Moreover, 

the method was fully validated according to the US Food 

and Drug Administration Bioanalytical Method Validation 

Guidelines 2003. HPLC Agilent 6420 LC-MS Technologies 

(Deutschland GmbH, Waldbronn, Germany) system was 

used with a mass spectrometer detector, Agilent 6420, Triple 

Quad with G1311A quaternary pump, G1329 autosampler, 

and G1322A vacuum degasser, whereby the separation was 

performed on Inertsil ODS-3 column (4.6 mm ×50 cm, 

dp =5.0 µm). The mobile phase consisted of methanol:water 

in a volume ratio of 60:40, containing 0.5% triethylamine, 

and was adjusted to pH 3 using 0.1 N HCl. The components 

of the mobile phase were mixed and filtered through 0.45 mm 

nylon Millipore filter and the flow rate of the mobile phase 

was 1.2 mL/min. Also, the linearity of the assay method was 

verified within the concentration range of 0.1–30 ng/mL with 

a regression coefficient (R2) =0.9997±0.0002 for CTZ. All 

the results were within the acceptance criteria as stated in the 

recommended guidelines. The mean recovery of CTZ was 

94.97% at 0.3 ng/mL and 103.92% at 30 ng/mL.

Plasma analysis
Plasma sample was mixed with acetonitrile and the internal 

standard (erythromycin), having the mixture vortexed, and 

Figure 1 scanning electron photomicrographs of the optimized cTZ microspheres at (A) ×200 magnification, (B) ×300 magnification, (C) ×450 magnification, and (D) ×750 
magnification.
Abbreviation: cTZ, cetirizine hydrochloride.
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then centrifuged at 3,000 rpm. The upper layer was separated 

and transferred to another tube, then filtered through 0.45 mm 

Millipore® filter for analysis with HPLC. In all, 20 mL of 

each sample was injected to the column for analysis.

Pharmacokinetic analysis
Pharmacokinetic parameters from plasma data following the 

oral administration of the two formulations were estimated 

using Kinetica® (version 4; Thermo Electron Corp., Waltham, 

MA, USA). Two-way analysis of variance (ANOVA) 

followed by Sidak’s multicomparison test using GraphPad 

Prism 6 (GraphPad Software, Inc., San Diego, CA, USA) 

were used to verify the differences in drug bioavailability 

between the two investigated groups. The level of statisti-

cal significance was chosen as P0.05. Maximum plasma 

concentration (C
max

) (ng/mL), time to reach maximum plasma 

concentration (t
max

) (hours), area under the time-concentration 

curve from time zero to infinity (AUC
0–∞)

 
(ng h/mL), and 

mean residence time (hours) were calculated from which 

the relative bioavailability (AUC
test

/AUC
standard

 ×100) was 

determined.

Results and discussion
The proficient encapsulation of water-soluble drugs in con-

trolling their release from the microspheres is considered 

as a major challenge for the researchers in this field. In our 

previous work, we have succeeded in encapsulating CTZ, a 

model water-soluble drug, in a reasonable percent; however, 

the control of drug release did not exceed 8 hours.19 There-

fore, the prime features of this study were the use of mixed 

solvent system as a dispersed phase and light liquid paraffin 

as an immiscible continuous phase to form an oil-in-oil 

emulsion.26,27 Moreover, the use of mixed polymethacrylate 

polymer as a retardant polymer by increasing the drug to 

polymer ratio to 1:7 and incorporating ERLPO with different 

percentages in the total polymers were aimed at extending 

the release of drug from the microspheres as well as to maxi-

mize its encapsulation efficiency. Besides that, the highly 

efficient D-LSCD was utilized to explore the effect of the 

four process factors on the quality attributes of CTZ-loaded 

polymethacrylate microspheres.

Draper–lin small composite design
It is known that, typical response surface methodologies 

are Box–Behnken design and central composite design.28 

According to the data listed in Table 1, the study deals with 

four factors, namely, central level of Eudragit RLPO (ERL) 

loading, emulsifier HLB, talc percentage, and dispersed phase 

volume, which were 20% w/w, 6.45, 5% w/v, and 10 mL, 

respectively. In this case, central composite design and Box–

Behnken design required 30 runs and 27 runs, respectively. 

To reduce the number of runs and increase the efficiency, 

D-LSCD was developed and considered as a highly efficient 

statistical design.29 In our article, for four independent vari-

ables, the quadratic equations (Equations 5–11) included 

15 coefficients (ie, an independent term, four linear terms, 

four quadratic terms, and six interaction terms), and the total 

design runs were only 18 (Table 1).

Emulsification and formation of 
microspheres
The oil-in-oil (O/O) ESE technique was used to prepare 

CTZ-loaded polymethacrylate microspheres. The technique 

is correctly referred to as O/O instead of water-in-oil (W/O) 

as the organic solvent that contains a polymeric solution is 

considered as oil in microencapsulation terminology.30 This 

method was established to be the most common, effective, and 

robust in the encapsulation of drugs with different properties.12 

Furthermore, the insolubility of the drug and polymers in liquid 

paraffin makes it a good candidate as an external phase in the 

emulsification process. Different emulsifiers with different 

HLB were used to prevent aggregation of droplets during 

emulsification and solvent evaporation by reducing the inter-

facial tension between the droplets and the external phase.31 

Besides that, talc powder was added as an antitacking agent to 

stabilize the droplet and prevent its sticking behavior. Applying 

1,000 rpm stirring speed during the microencapsulation process 

was intended to decrease the size of microspheres. Finally, the 

prepared microspheres were washed with n-hexane several 

times to clean their surfaces from residual liquid paraffin 

without disturbing the integrity of the microspheres.32

evaluation of cTZ-loaded 
polymethacrylate microspheres
Table 2 summarizes the observed values of the response 

parameters studied (Y
1
–Y

7
) from the 18 formulations. As 

listed in Table 2, the ESE technique employed in this study 

produced spherical microspheres with smooth surfaces 

with different sizes ranging from 87 µm to 330 µm. This 

variation in particle size changed the angle of repose from 

18.5° to 34.5° as an indication of the flow behavior of the 

microspheres. The size and flowability of the prepared 

microspheres depended mainly on the percentage of antitack-

ing agent and the volume of the dispersed phase. The particle 

size of the microspheres can be decreased by the increase 

in dispersed phase volume, which could be attributed to the 

increase in volume that lowers the polymer concentration, 

which produces less viscous dispersion and maximizes the 
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shearing action leading to smaller droplets and subsequently 

smaller microspheres.33 We can also infer that lower polymer 

concentration reduces the tendency of collision between the 

droplets producing smaller microspheres.3 In addition, the 

dispersed phase volume and the emulsifier HLB significantly 

(P0.05) improved the production yield, encapsulation effi-

ciency, and the loading capacity to 97.5%, 86.7%, and 13.9%, 

respectively. This finding may be due to the increase of the 

viscosity of the dispersed phase by decreasing its volume, 

which permits faster solidification and reduces the leach-

ing of CTZ to the continuous phase. As a consequence, the 

increase in the production yield, encapsulation efficiency, and 

loading capacity were in agreement with the work reported 

by Pandit et al.34 However, the release of CTZ from the 

prepared microspheres was significantly (P0.05) affected 

by the ERL loading percentage and HLB of the emulsifier. 

With respect to different combinations of factors and factor 

levels, a substantial variation among drug release patterns 

was obtained. It is obvious from Table 2 and Figure 2A–C 

that the initial release of CTZ after 2 hours increased from 

15.57% in batch 17 to 35.19% in batch 2, while the time 

required for 85% of drug release decreased in the same 

batches from 25.35 hours to 9.14 hours reflecting the impact 

of ERL loading% on the release pattern. In general, the USP 

monographs for extended drug release dosage forms identify 

the percent of drug released after more than one time point 

(USP XXIII). An optimal extended-release dosage form 

must give a minimal initial release, whereas most of the 

drugs were released in a specific time period. As expected, 

when ERL was used in high percentage, CTZ was released 

at a faster rate as compared with the batch containing lower 

percentage of ERL. This is due to the fact that ERL is rich in 

the amount of quaternary ammonium groups, which renders 

it more permeable and hastens the liberation of drug from 

the microspheres.35,36 Figures 3 and 4 depict that increas-

ing HLB of the emulsifier increased the hydrophilicity and 

subsequently increased the drug release. Also, increasing 

the amount of talc decreased the particle size of the micro-

spheres, which influenced CTZ release owing to the large 

surface area exposed to the dissolution medium.37 Moreover, 

the correlations of the factors and the obtained responses are 

presented in Figure 5A–D.

Drug release kinetics
The release data of CTZ were fitted to various equations 

of release kinetics. Most formulations were fit better with 

Higuchi model (r=0.9563–0.9908) and Korsmeyer–Peppas 

(r=0.9756–0.9964) equations than other equations (zero 

order, first order). Moreover, the values of r for the rest of 

the formulations that fit the first order were very close to the 

Higuchi model that explains the diffusion control kinetic. 

Based on the Korsmeyer–Peppas equation, formulations (2–4, 

9–12, 16, and 18) with exponent (n) values 0.43 indicated 

that the release mechanism followed the pure diffusion, Fick-

ian or case I release. On the other hand, formulations (1, 5–8, 

13–15, and 17) that have exponent value of 0.43n0.85 

Table 2 Observed values of responses (Y1–Y7) for 18 formulations of cTZ-loaded polymethacrylate microspheres

Batch 
number

Particle sizea 
(Y1), µm

Angle of reposea 
(Y2),°

Production yieldb 
(Y3), %

Encapsulation 
efficiencyb (Y4), %

Loading capacityb 
(Y5), %

Initial releasea 
(Y6), %

T85%a 
(Y7), h

1 330±1.45 18.5±0.04 78.7±1.31 71.4±0.93 8.7±0.44 26.15±0.74 13.19±0.41 
2 291±1.24 19.8±0.11 80.7±1.14 72.7±1.35 9.7±0.39 35.19±1.25 9.14±0.09
3 283±1.75 20.1±0.54 84.3±1.33 77.2±1.43 11.5±0.19 27.45±0.15 13.25±0.24
4 239±1.04 21.2±0.24 67.8±0.71 63.4±0.83 7.9±0.21 32.14±0.34 9.78±0.21
5 247±2.15 21.3±0.13 71.2±1.01 66.5±1.11 8.6±0.08 18.14±0.09 16.65±0.53
6 223±0.45 23.7±0.09 86.4±1.03 67.3±1.32 8.7±0.14 24.32±0.39 12.98±0.14
7 245±0.96 29.8±0.15 97.5±2.72 84.3±1.03 13.4±0.22 17.33±0.65 16.15±0.32
8 268±1.54 20.3±0.07 90.3±1.94 79.5±2.43 11.8±0.10 17.54±0.54 17.31±0.85
9 231±2.15 23.9±0.24 82.4±1.55 75.1±1.41 10.8±0.25 30.15±1.12 14.25±0.71
10 197±1.31 27.6±0.17 63.9±0.84 51.6±0.95 6.8±0.13 27.15±0.34 13.09±0.92
11 96±0.84 34.5±0.06 71.5±1.25 61.6±1.52 7.3±0.23 33.45±1.37 10.33±1.04
12 275±1.26 18.5±0.15 93.7±3.33 81.9±2.24 12.6±0.09 33.92±2.09 9.25±0.44
13 87±0.79 33.4±0.26 81.7±1.41 74.3±2.06 10.7±0.15 28.14±0.84 13.87±0.65
14 224±1.57 25.3±0.38 82.4±2.11 73.9±3.11 9.8±0.12 29.18±0.47 14.52±1.54
15 110±2.23 31.7±0.23 73.9±1.23 67.8±1.25 9.1±0.08 19.72±0.26 16.42±2.06
16 219±1.91 26.1±0.08 79.8±2.03 73.7±2.13 9.9±0.17 28.77±0.75 14.01±1.39
17 210±2.32 24.8±0.19 83.4±1.68 72.7±1.72 9.7±0.09 15.57±0.64 25.35±3.53
18 256±3.09 30.3±0.14 95.6±2.39 86.7±3.41 13.9±0.21 35.19±0.83 10.14±0.74

Notes: aData are expressed as the mean ± standard deviation (n=3). bData are expressed as the mean ± standard deviation (n=10).
Abbreviations: cTZ, cetirizine hydrochloride; T85%, time for 85% of drug release.
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indicated pure case II, non-Fickian or anomalous release. 

In general, case II refers to erosion of the polymeric chain, 

while anomalous transport refers to a combination of both 

diffusion and erosion controlled-drug release.38 Finally, the 

release behavior of CTZ from the optimized microspheres 

was best explained by the first-order equation (r=0.9909) 

and Korsmeyer–Peppas model (r=0.9874), which supports 

erosion mechanism. This erosion mechanism for the release 

is preferable as it sustains the release and may be helpful in 

avoiding release failure.

statistical data analysis and model 
validation
Fitting of data to the model
Four variables with three levels are listed in Table 1. All 

the response variables were observed experimentally for 

18 batches as proposed by the D-LSCD and are expressed as 

the mean ± standard deviation in Table 2. Here, the models 

for different responses were attained using Statgraphics 

Centurion XV software. Meanwhile, the statistical ANOVA 

for the measured responses (Y
1
–Y

7
) is listed in Table 3. 

The values of probability (P-value), F-ratio, R2, adjusted 

R2, standard error of estimate, and the mean absolute error 

values for each response are listed in Table 3 along with 

their ANOVA results. After analysis of data, the following 

correlations for response variables were obtained in terms 

of coded factors. To quantify response values, model equa-

tions (Equations 5–11) that carry the variables along with 

coefficients were obtained. Positive sign of the coefficient 

indicates synergistic effects, while negative sign represents 

an antagonistic effect.39

Particle

size 
 

( )
. . . .

.
Y

X X X
1

1 2 3
594 158 0 0486 43 969 44 005

1 49

= − − −

+ 88 0 168 0 481 0 275

0 002 2 143 1 744
4 1

2
1 2 1 3

1 4 2
2

X X X X X X

X X X

+ − −

− + +

. . .

. . . XX X

X X X X X X
2 3

2 4 3
2

3 4 4
21 833 3 365 4 45 0 169+ + − −. . . .

 (5)

Angle of

 repose 
 

( )
. . . .

.
Y

X X X
2

1 2 3
23 749 1 407 0 836 0 144

0 406

= − − −
+ XX X X X

X X X X X

X

4 1
2

1 2

1 3 1 4 2
2

0 009 0 185

0 065 0 011 0 087

0 035

− +

+ + −

−

. .

. . .

.
22 3 2 4 3

2

3 4 4
2

0 155 0 359

0 06 0 055

X X X X

X X X

− +

+ +

. .

. .
 

(6)

Figure 2 Release profiles of CTZ from the D-LSCD formulations; (A) release profiles for F1–F6, (B) release profiles for F7–F12, and (C) release profiles for F13–F18.
Abbreviations: cTZ, cetirizine hydrochloride; D-lscD, Draper–lin small composite design.
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°

°

Figure 5 correlations of the factors and responses.
Notes: (A) correlation between talc% and both particle size and angle of repose, (B) correlation between eudragit rlPO loading% and both the initial release% and the 
time for 85% of drug release, (C) correlation between the emulsifier HLB and both the encapsulation efficiency and the loading capacity, and (D) correlation between the 
dispersed phase volume and both the encapsulation efficiency and the loading capacity.
Abbreviations: HLB, hydrophilic lipophilic balance; ERL, Eudragit RLPO; EE, encapsulation efficiency; LC, loading capacity; T85%, time for 85% of drug release.

Table 3 statistical anOVa of the responses (Y1–Y7)

Factors Particle size 
(Y1), µm

Angle of repose 
(Y2),°

Production 
yield (Y3), %

Encapsulation 
efficiency (Y4), %

Loading 
capacity (Y5), %

Initial release 
(Y6), %

T85% (Y7), h

F-ratio P-value F-ratio P-value F-ratio P-value F-ratio P-value F-ratio P-value F-ratio P-value F-ratio P-value
X1 1.25 0.3451 5.44 0.1020 0.44 0.5555 0.00 1.0000 0.00 1.0000 4,462.3 0.0001* 118.71 0.0017*
X2 0.02 0.9102 0.01 0.9316 0.96 0.3992 19.16 0.0221* 41.40 0.0076* 394.01 0.0003* 0.73 0.4560
X3 15.45 0.0293* 156.32 0.0011* 3.71 0.1496 1.73 0.2799 8.86 0.0588 90.39 0.0025* 0.09 0.7789
X4 10.15 0.0499* 66.60 0.0038* 24.99 0.0154* 39.63 0.0081* 35.16 0.0096* 1.04 0.3823 0.01 0.9212
X1X1 1.56 0.3006 4.43 0.1260 1.98 0.2542 0.51 0.5250 0.53 0.5197 424.50 0.0003* 5.26 0.1056
X1X2 0.17 0.7109 22.80 0.0175* 12.14 0.0399* 0.93 0.4051 9.57 0.0535 0.04 0.8535 0.02 0.8876
X1X3 0.03 0.8769 1.47 0.3121 0.28 0.6348 0.15 0.7285 0.78 0.4422 4.24 0.1315 0.90 0.4117
X1X4 0.00 0.9965 0.45 0.5499 1.76 0.2768 4.99 0.1115 11.44 0.0430* 64.96 0.0040* 0.80 0.4375
X2X2 0.54 0.5152 0.82 0.4321 5.73 0.0964 4.81 0.1159 16.65 0.0266* 95.52 0.0023* 3.57 0.1552
X2X3 0.05 0.8331 0.02 0.8976 0.60 0.4964 0.15 0.7285 0.25 0.6485 8.88 0.0586 0.18 0.6983
X2X4 0.60 0.4939 3.98 0.1400 0.03 0.8778 0.13 0.7453 0.24 0.6595 281.21 0.0005* 6.21 0.0883
X3X3 0.06 0.8188 0.66 0.4753 0.40 0.5738 0.61 0.4920 0.53 0.5197 106.07 0.0020* 3.95 0.1410
X3X4 1.86 0.2662 0.31 0.6148 0.11 0.7625 1.54 0.3025 3.58 0.1548 9.71 0.0527 0.04 0.8555
X4X4 0.10 0.7736 9.82 0.0519 3.74 0.1486 7.74 0.0688 0.21 0.6752 88.25 0.0026* 5.77 0.0956
R2 93.201 98.849 98.324 98.213 98.843 99.982 98.687
adj-R2 61.471 93.476 90.505 89.875 93.442 99.898 92.557
see 46.174 1.516 2.885 2.875 0.560 0.208 1.052
Mae 15.753 0.515 0.982 1.147 0.201 0.062 0.405
Note: *Significant effect of factors on individual responses.
Abbreviations: hlB, hydrophilic lipophilic balance; erl, eudragit rlPO; anOVa, analysis of variance; X1, erl loading percentage; X2, emulsifier HLB; X3, talc percentage; 
X4, dispersed phase volume; T85%, time for 85% of drug release; X1X2, X1X3, X1X4, X2X3, X2X4, and X3X4 are the interaction terms between the factors; X1X1, X2X2, X3X3, and 
X4X4 are the quadratic terms between the factors; R2, R-squared; adj-R2, adjusted R2; see, standard error of estimate; Mae, mean absolute error.
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Time for 85% of drug  
release (T85%) (Y

7
)  

 = 1.912 – 1.017 X
1
 + 2.847 X

2
 + 4.854 X

3
  

  + 1.164 X
4
 + 0.007 X 2

1
 − 0.004 X

1
 X

2
  

  + 0.035 X
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3
 + 0.01 X

1
 X

4
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2
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3
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2
 X

4
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3
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3
 X

4
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4
2 (11)

All the regression equations were found to be statisti-

cally significant (P0.05), as determined using ANOVA 

(Table 3).

Three-dimensional response surface with two-
dimensional contour plot analysis
Statgraphics software generated the three-dimensional response 

surface with two-dimensional contour plots, which visualized 

the effects of the process variables on the response variables: 

particle size (Y
1
), angle of repose (Y

2
), production yield (Y

3
), 

encapsulation efficiency (Y
4
), loading capacity (Y

5
), initial 

CTZ release (Y
6
), and the time for 85% of drug release (Y

7
).  

Mean particle size (Y
1
) was decreased with increasing levels 

of X
3
 and X

4
. The crystalline flat-shaped talc molecules might 

render the microsphere particle with high percentage that is 

a more compact matrix than with low percentage, leading to 

decrease in particle size of the microspheres, which is in good 

concordance with the previously published finding.40 In con-

trast, the angle of repose (Y
2
) was decreased at higher levels 

of X
3
 and X

4
 as evidenced in the Pareto chart (Figure 3A and 

B) and response surface plots (Figure 4A and B). Meanwhile, 

production yield (Y
3
), encapsulation efficiency (Y

4
), and load-

ing capacity (Y
5
) were increased with the decrease of levels 

X
4
 from 15 mL to 5 mL and were decreased with decreasing 

HLB value of the emulsifier as observed in Figures 3C–E and 

4C–E. On the other hand, both initial drug release (Y
6
) and the 

time for 85% of drug release (Y
7
) were significantly affected 

by X
1
 as depicted in Figures 3F and G and 4F and G. With the 

increase in levels of X
1
, the initial drug release and the time for 

85% of drug release increased and decreased, respectively.

For instance, response surface optimization was performed 

to get the optimum levels of the process variables: Eudragit 

RLPO loading percentage in total polymer (X
1
), the emulsifier 

HLB (X
2
), the antitacking percentage (X

3
), and the dispersed 

phase volume (X
4
) and develop Cetirizine hydrochloride 

controlled release (CTZ-CR) microspheres with minimum 

particle size, highest possible encapsulation efficiency, and 

extended-release pattern. Upon “trading-off” various response 

variables, the following criteria were accepted: mean particle 

size 300 µm, entrapment efficiency 60%, and T85% 

540 minutes.41 Accordingly, formulation 13 was ranked as 

the best batch that achieved the maximum desirability.

Validation of optimized cTZ-cr formulation
To validate the reliability of the D-LSCD results, a new 

formulation was prepared according to the predicted model 

and evaluated for the responses as listed in Table 4. The 

observed values of the responses were compared with the 

predicted values that demonstrated no considerable residuals, 

and the predicted error percentage of the responses was 6%, 

indicating that the employed design was quite valuable for 

optimizing CTZ-CR microspheres.42

surface morphology analysis
Scanning electron photomicrographs (SEM) of the optimized 

CTZ-loaded polymethacrylate microspheres were adapted at 

various magnification powers to display the surface morphol-

ogy of microspheres (Figure 1). SEM photographs exhibited 
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spherical particles with smooth even surface, which indicated 

the absence of any drug crystal on the surface and confirmed 

the even distribution of drug in the polymeric matrix.

in vivo study and pharmacokinetics 
evaluation
In this study, the mean plasma concentration–time profiles 

after the oral administration of 10 mg single dose of the 

optimized CTZ-loaded polymethacrylate microspheres 

formulation and the marketed CTZ tablets are displayed in 

Figure 6. The relevant pharmacokinetic parameters were 

calculated using Kinetica version 5.0.11 software (Thermo 

Fisher Scientific) and listed in Table 5. The absorption from 

the marketed tablets was faster, reaching C
max

 in 1.5 hours, 

whereas, the mean t
max

 was 6 hours following administration 

of the optimized formulation. The C
max

 was lower following 

the administration of the optimized formulation of CTZ-

loaded polymethacrylate microspheres (257.288 ng/mL) 

as compared with the marketed tablets (285.413 ng/mL). 

Besides that, statistical difference (P0.05) was found 

between the two formulations at all time intervals of the 

study, which is depicted with respect to the AUC curve of the 

two treatments, indicating a comparable extent of absorption. 

Also, the absorption rate is considered as a good parameter 

for the assessment of extended-release formulations, which 

can be calculated by the division of C
max

 by AUC.43 Moreover, 

the absorption rate of CTZ from the optimized microspheres 

(0.0641 h−1) was slower than that obtained from the marketed 

tablet (0.1177 h−1), which was in good agreement with the 

study by El-Kamel et al.44 The extended-release behavior of 

Table 4 Optimum combination of factors, predicted values, observed values, the residuals, and the prediction error percentage for 
the optimized formulations of cTZ-loaded polymethacrylate microspheres

Factors Optimum

erl loading percentage (X1) 21.11
Emulsifier HLB (X2) 9.6
Talc percentage (X3) 6.67
Dispersed phase volume (X4) 11.09
Responses Predicted Observed Residuala Prediction errorb (%)
Particle size (Y1) 136.2 142.3 −6.1 4.48

angle of repose (Y2) 35.29 33.25 2.04 5.78
Production yield (Y3) 83.52 84.43 −0.91 1.09

Encapsulation efficiency (Y4) 86.70 87.10 −0.4 0.46

loading capacity (Y5) 14.32 13.79 0.53 3.70
initial release (Y6) 30.00 28.78 1.22 4.07
T85% (Y7) 12.00 12.46 −0.46 3.83

Notes: aresidual = predicted value – observed value. bPrediction error (%) = (observed value – predicted value)/predicted value ×100%.
Abbreviations: hlB, hydrophilic lipophilic balance; erl, eudragit rlPO; cTZ, cetirizine hydrochloride; T85%, time for 85% of drug release.

Figure 6 Mean plasma concentration–time profiles for CTZ after the oral 
administration of a single dose (10 mg) of the marketed tablet and the optimized 
cTZ-loaded polymethacrylate microspheres.
Notes: Data represent the mean value ± standard deviation (n=6); *P0.05; 
**P0.001.
Abbreviation: cTZ, cetirizine hydrochloride.

Table 5 Pharmacokinetic parameters of cTZ following the 
administration of a single oral dose (10 mg) of the marketed 
tablets, and the optimized formulation of cTZ microspheres 
equivalent to 10 mg

Pharmacokinetic 
parameter

Zyrtec® 10 mg 
tablet

Optimized 
CTZ formula

Cmax (ng/ml) 285.413±22.17 257.288±22.75
tmax (h) 1.5±0.23 6.0±0.34
aUc(0–24) (ng h/ml) 2,403.879±328.76 3,989.643±195
aUc(24–∞) (ng h/ml) 20.228±2.72 22.355±2.15
aUc(0–∞) (ng h/ml) 2,424.107±215.32 4,011.998±319.31
Kel (h

−1) 0.128±0.043 0.153±0.066
MrT (h) 8.877±1.91 11.098±0.93
relative bioavailability (%) 165.5

Note: Data represent the mean value ± standard deviation (n=6).
Abbreviations: cTZ, cetirizine hydrochloride; Cmax, maximum plasma concen-
tration; tmax, time to reach Cmax; aUc, area under the time–concentration curve; 
Kel, elimination rate constant; MrT, mean residence time.
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the microspheres was also reflected by the mean residence 

time, which had a higher value (11.098±0.93 hours) as 

compared with the marketed tablet (8.877±1.91 hours). 

Also, the relative bioavailability of the optimized formula-

tion of CTZ-loaded polymethacrylate microspheres was 

165.5% with respect to the marketed CTZ tablet indicating 

a significant enhancement of CTZ bioavailability. Thus, 

there is a 1.65-fold increase in the bioavailability of CTZ, 

with an expectation to decrease the administered dose and 

the frequency of administration, and subsequently minimize 

the adverse effects present with the administration of a large 

dose that maximizes patient compliance.

Conclusion
The results of this study revealed that CTZ extended-release 

microspheres were prepared successfully using ESE method. 

Furthermore, the D-LSCD was a highly efficient tool in 

the optimization of the four process variables on the qual-

ity attributes of the prepared microspheres. The optimized 

formulation showed a mean particle size of 142.3 µm, pro-

duction yield of 84.43%, encapsulation efficiency of 87.1%, 

sufficient initial release of 28.78%, and release of 85% of its 

drug content in 12 hours. Besides that, the surface mor-

phology of microspheres was spherical with smooth surface 

that improves the flowability and ensures the uniformity of 

dosage amounts during capsule filling. In addition, the phar-

macokinetic parameters of the developed formulation provide 

a longer period of residence time required for achieving once 

daily dosing and enhancing drug bioavailability relative to the 

marketed product that could improve patient compliance.
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