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A B S T R A C T   

Due to the lack of pharmacopeia guidelines for injectable microspheres based on poly (D, L-lactide-co-glycolide) 
(PLGA), an internal method validation is a critical prerequisite for quality assurance. One of the essential issues 
of developing peptide-based drugs loaded PLGA microspheres is the precise determination of the amount of 
peptide drug entrapped in the microspheres. The aim of this study is the development and optimization of a 
method for measuring the drug content loading of PLGA microspheres using exenatide as a model peptide drug. 
Exenatide-loaded PLGA microspheres were prepared by a double emulsion solvent evaporation method. The 
extraction method to determine exenatide content in microspheres was optimized using Design of Experiments 
(DoE) approach. After the initial screening of six factors, using Fractional Factorial design (FFD), four of them, 
including type of organic solvent, buffer/organic solvent ratio (v/v), shaking time and pH, exhibited significant 
effects on the response, namely the exenatide loading, and a Box-Behnken design (BBD) was subsequently 
applied to obtain its optimum level. The optimum level for organic solvent volume, buffer/organic solvent ratio, 
shaking time, and pH were 4 ml, 1, 5.6 hrs, and pH 6, respectively. The exenatide content in microspheres under 
these conditions was 6.4 ± 0.0 (%w/w), whereas a value of 6.1% was predicted by the derived equation. This 
excellent agreement between the actual and the predicted value demonstrates that the fitted model can thus be 
used to determine the exenatide content.   

1. Introduction 

In recent years, the development of prolonged-release formulations 
such as microspheres, implants, and liposomes has received tremendous 
attention. These formulations are developed to the improve the thera-
peutic efficacy of drugs, and also benefit patient compliance. Particu-
larly polymeric microspheres have been widely used for subcutaneous 
and intramuscular injection to control the release of loaded low mo-
lecular weight drugs as well as biotherapeutics, such as proteins and 
peptides [1–4]. Due to the biodegradability and biocompatibility of poly 
(D, L-lactide-co-glycolide) (PLGA) [5,6], many studies have focused on 

microspheres based on these polymers for the development of controlled 
release systems for pharmaceutically active peptides and proteins [7,8]. 
In the last two decades, a number PLGA-based peptide formulations has 
been approved by FDA, including Lupron Depot®/Lupaneta Pack™ 
(Leuprolide), Decapeptyl®/Trelstar®/Triptodur Kit® (Triptorelin), 
Zoladex® (Goserelin), Sandostatin® LAR Depot (Octreotide), Signifor® 
LAR (Pasireotide), Bydureon® (Exenatide) [7,9,10]. 

Like other drug formulations, various characterization methods are 
needed to ensure the pharmaceutical quality of microsphere products. 
Different physicochemical properties of PLGA microspheres such as 
morphology, particle size (distribution) and zeta potential, drug 
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encapsulation efficiency, drug content and drug release (in vitro and in 
vivo), residual organic solvent content, polymer molecular weight, glass 
transition temperature (Tg), and moisture content are usually estab-
lished [11–14]. Due to the lack of pharmacopeia methods for injectable 
microspheres, an internal method validation is a critical prerequisite for 
quality assurance [15]. 

Analytical characterization of peptide drugs loaded in PLGA micro-
spheres is challenging due to their complex structure. One of the critical 
issues in developing peptide/PLGA microsphere formulations is the 
precise determination of the drug content, defined as the weight fraction 
of drug in the microspheres [16]. The drug content can be determined 
using an indirect method, meaning that quantification of the amount of 
drug encapsulated in the microspheres is calculated by subtracting the 
amount of drug which is not incorporated from the total amount in the 
feed. Alternatively, the drug content is determined by a direct method by 
extraction of the bioactive from microspheres. The latter method is 
necessary for evaluating the quality of marketed drug and stability 
studies [17]. Accurate determination of the drug content is required for 
studying the effects of microencapsulation techniques and process var-
iables on the encapsulation and loading efficiency as well as dosing the 
targeted amount of peptide in vials for in vivo studies, determination of 
the in vitro release kinetics, and for quality control of the final product 
during stability studies [18]. 

Various direct methods have been published to determine the 
amount of peptide entrapped in PLGA microspheres. One of these ap-
proaches is the hydrolysis of microspheres under acid or basic conditions 
followed by amino acid or peptide analyses [19]. Importantly, this 
method may be associated with peptide degradation due to hydrolysis of 
amide bonds. Another direct method concerns dissolution of the mi-
crospheres in a suitable solvent such as dichloromethane followed by 
extraction of the peptide with an aqueous medium [20,21]. It is obvious 
that incomplete extraction of the peptide from the organic phase to the 
aqueous phase leads to an underestimating of the peptide amount in the 
microspheres [22]. The most commonly used direct method is based on 
the dissolution of the polymer and peptide in a water-miscible organic 
solvent such as acetonitrile (ACN), acetone, and dimethyl sulfoxide 
(DMSO). After obtaining a dispersion (due to the presence of particles of 
insoluble peptide), an aqueous buffer solution is added, which results in 
precipitation of PLGA and dissolution of the peptide [23]. Using this 
method, it cannot be avoided that the peptide co-precipitates with PLGA 
and/or stick to the precipitated polymer, which as a consequence results 
in an underestimation of the loaded amount. 

Exenatide is a polypeptide of 39 amino acids, with a molecular 
weight of 4186 Da and an isoelectric point of pH 4.86 [24].This drug is a 
glucagon-like peptide (GLP-1) agonist approved for treating type 2 
diabetes. Low patient compliance, short half-life, and kidney toxicity are 
the most important challenges posed by multiple daily injections [25]. 
Exenatide was first registered by Byetta® in 2009 and is administered 
twice daily as a subcutaneous injection in the thigh, upper arm, or 
abdomen. More recently, Bydureon® was introduced, which is a once- 
weekly injection product based on exenatide-loaded PLGA micro-
sphere, approved by FDA in 2014 for treatment of adults with type-2 
diabetes [24,26,27]. 

In the literature, different methods were reported for the determi-
nation of the exenatide content of this PLGA microsphere formulation. 
For example, Wang et al. measured the exenatide content by dissolving 
10 mg of PLGA microspheres in 5 ml of ACN, followed by the addition of 
the same volume of acetate buffer of pH 4.5. The mixture was subse-
quently centrifuged, and the peptide in the supernatant was quantified 
by HPLC analysis [28]. In another study, Qi et al. determined the exe-
natide content of PLGA microspheres by dissolving the microspheres (5 
mg) in a mixture of ACN and 0.01 M HCl 15/85 (v/v). However, the 
dissolution of PLGA in this mixture is questionable [29]. In a study of 
Tinghui Li et al. the peptide content of marketed exenatide microspheres 
(Bydureon®), was determined using a sophisticated method comprise 
five extraction steps with acetone followed by drying. The exenatide 

content was determined by UPLC and N-content analysis. It turned out 
that the exenatide content of Bydureon® was 4.47 ± 0.04% (w/w) and 
4.89 ± 0.02% (w/w) by UPLC and N analysis, respectively. These re-
ported values are slightly different from each other, however, are close 
to the 5% loading as claimed on the package insert [30]. 

The discussed examples highlight the problem that despite the high 
interest in peptide formulations based on PLGA, a convenient method 
for quantifying the drug content is still lacking. In other words, insuf-
ficient attention has been paid to the development, optimization, and 
validation of appropriate drug content assay methods for PLGA/peptide 
formulations. 

Design of experiments (DoE) is a powerful and systematized meth-
odology for optimization and validation of processes and products by 
utilizing the principles of statistics [31]. DoE gives important insights 
how the relationship between different factors and selected response(s) 
by testing a minimum number of experiments to yield maximal re-
sponses, thus saving time and simultaneously reducing costs [32]. In 
contrast to traditional one factor at a time (OFAT) approach, the DoE 
methodology considers interactions between factors, improves the ac-
curacy and reduction of bias errors, and thus provides more information 
about the studied system [32–34]. The Fractional Factorial design (FFD) 
can be applied to identify the most critical variables, which makes the 
study relatively simple and well-manageable [35]. After selecting the 
most important variables influencing response(s) in the screening study, 
Response Surface Methodology (RSM) is normally applied to optimize 
the factors and understand the relationship between the main factors, 
response(s) and their interactions in an efficient and suitable model 
[36]. 

This study aims to use the DoE methodology to develop and optimize 
a water-miscible organic solvent method for determination of the drug 
content of PLGA microspheres using exenatide as a model peptide. 
Process parameters, including the type of organic solvent, buffer/ 
organic solvent ratio, pH of the aqueous phase, and effect salts, were 
studied to identify a method for determining the amount of exenatide 
content of PLGA microspheres with high reproducibility and efficiency, 
which not only for exenatide is also applicable for both laboratory and 
industrial uses. 

2. Materials and methods 

2.1. Materials 

PLGA 50:50 (acid terminated 5004A with lactide/glycolide molar 
ratio 50:50, and inherent viscosity of 0.4 dl/g) was purchased from 
Corbion, the Netherlands. Bydureon® (Lot. number LC0144) was pur-
chased from a local pharmacy in Germany and shipped in a well- 
conditioned cold pack. Exenatide (purity 98.5%) was kindly provided 
by Parsian Pharmaceutical Co (Iran). Polyvinyl alcohol (PVA; MW 
30,000–70,000; 88% hydrolyzed) was obtained from Sigma Chemical 
Co. (St. Louis, MO). ACN and trifluoroacetic acid (both of HPLC grade) 
were purchased from Sigma Chemical Co. (St. Louis, MO). NaCl, 
NaH2PO4, MgCl2, and DMSO were obtained from Merck (Darmstadt, 
Germany), and all other chemical reagents used for analytical methods 
were of at least analytical grade. 

2.2. Preparation of the exenatide microspheres 

A double emulsion (w/o/w) solvent evaporation technique, as 
described by Shirangi et al., was used to prepare exenatide-loaded mi-
crospheres [37]. Briefly, 100 µl of an exenatide solution in Mili Q water 
(300 mg/ml) was emulsified with 1000 µl PLGA solution in dichloro-
methane (300 mg, 18.4% w/w). The mixture was homogenized at the 
highest speed (30,000 rpm) for 30 s using a MICCRA homogenizer 
(MICCRA D-1, Germany) to obtain a w/o emulsion. Then, 2000 µl of 
PVA solution (1% w/w in 30 mM acetate buffer, pH 4.5) was added, and 
the mixture was vortexed for 45 s at 30,000 rpm. Next, the resulting w/ 
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o/w emulsion was transferred into an aqueous solution (7.5 ml PVA 
0.5% w/w in 30 mM buffer acetate pH 4.5) and stirred for 2 hrs at 
ambient temperature to evaporate DCM. The hardened microspheres 
were collected by centrifugation (HETTICH EBA 20, Canada) at 5,000 g 
for 3 min, followed by washing three times with 50 ml of RO water. The 
resulting microspheres were lyophilized using a freeze-dryer (Christ, 
Switzerland). Main drying phase took place at − 50 ◦C and 0.005 mbar 
for 24 hrs followed by a final drying which took place at 1 mbar and the 
temperature gradually elevated to 20 ◦C over a period of 2hrs. The 
freeze-dried microspheres were subsequently stored at 20 ◦C. 

2.3. Optimization of the method of exenatide content assay for PLGA 
microspheres using DoE 

The exenatide content of the PLGA microspheres prepared as 
described in section 2.2. was determined by dissolving accurately 
weighed amounts of microspheres of ~10 mg in 2–4 ml of organic sol-
vent (ACN or DMSO) with gentle shaking (100 rpm, 37◦ C) (Memmert, 
Germany). Next, 2–12 ml of acetate buffer solutions (100 mM, pH 2.5, 
4.5 or 6.0) was added to precipitate PLGA. Next, the obtained mixture 
was centrifuged at 5,000 g for 3 min. The amount of exenatide in the 
supernatant was quantified using HPLC analysis (Agilent, 1260 infinity) 
with a reverse phase column BEH x-bridge Waters C18 (5 µm, 4.6 × 150 
mm). In detail, a linear gradient of mobile phase A (95% H2O, 5% ACN 
and 0.1% (v/v) TFA) and mobile phase B (100% ACN and 0.1% (v/v) 
TFA) was used. The eluent linearity changed from 25 to 90% A over 12 
min at a flow rate of 0.8 ml/min. Exenatide standards (7.8–250 μg/ml, 
injection volume 20 µl) were used for calibration, and detection was 
done at 210 and 280 nm. The drug content (%) of microspheres was 
calculated as follows [28]: 

Drug Content (%) =
weight of exenatide in the microspheres

weight of the drug − loaded microspheres
× 100 (1)  

2.3.1. Experimental design and statistical analysis 
To identify the critical independent variables influencing the method 

of determining exenatide content for PLGA microspheres, a screening 
design was performed. The next step in the process was the use of a Box- 
Behnken design (BBD) to obtain a response surface to identify the best 
extraction procedure for determination of the drug content. 

2.3.1.1. Screening design. The factors affecting the extraction of exe-
natide from PLGA microspheres were chosen as follows: To determine 
the amount of loaded exenatide, the microspheres were dissolved in a 
water-miscible organic solvent. After addition an excess of buffer solu-
tion, PLGA precipitates. Using this procedure, exenatide may co- 
precipitate with the polymer resulting in a decrease of the recovery of 
the peptide. DMSO and ACN were chosen as the organic solvents 
because they solubilize both exenatide and PLGA to yield a homoge-
neous phase [38]. The pH of the buffer may affect both the solubility and 
stability of the peptide [38]. In addition, the shaking time can play an 
important role for the extraction of exenatide from the microspheres. To 

disrupt the electrostatic interaction between the carboxylate groups of 
the PLGA chains and the amine groups of exenatide and thus to prevent 
the co-precipitating of the peptide with polymer, MgCl2 was added [39]. 
Furthermore, tween 80 was added to prevent adsorption of exenatide 
onto the wall of the container and simultaneously improve its stability. 

A 2-level FFD (2IV
6− 2) with six central points was utilized to identify 

the important variables that potentially have significant effects on the 
measured exenatide content of the microspheres. In detail, solvent type 
(X1), buffer/organic solvent ratio (X2), MgCl2 concentration (X3), tween 
80 concentration (X4), shaking time (X5), and pH (X6) were selected as 
independent variables (Table 1). The measured exenatide content was 
the dependent variable. 

As shown in Table 1, the identified independent variables were 
varied at three different levels, which are coded as low (− 1), medium 
(0), and high (+1). The Design-Expert software® (9.0.4.1, Stat-Ease Inc., 
Minneapolis, USA) was applied to evaluate six factors in twenty-two 
experiments. 

2.3.1.2. Optimization design. After identifying the most important fac-
tors affecting the response, the optimum level of each factor was 
distinguished using an RSM. Optimization of the level of variables 
affecting the measured exenatide content of the microspheres was car-
ried out using a BBD. 

Factors that were found significant in FFD, including ACN volume 
(X1), buffer/organic solvent volume ratio (X2), shaking time (X3), and 
pH (X4) were defined at three levels, which are coded as low (-1), me-
dium (0), and high (+1) (Table 2). Based on Design-Expert software, 
twenty-nine experiments, including twenty-three factorial points, with 
six replicates at center points to estimate the pure error and the sum of 
squares, were performed. 

Design-Expert was utilized for statistical analysis of the data by 
employing multiple regression modeling and plotting the response sur-
face graphs. In addition, the significance of the effect of the independent 
factors on the response was investigated by analysis of variance 
(ANOVA) through Fisher’s test and a value of p < 0.05 was considered 
significant. 

The mathematical relevance between response (Y) and independent 
variables (Xi) was modeled using the following quadratic polynomial 
equation: 

Y = β0 + β1X1 + β2X2 + β3X3 + β4X4 + β11X1
2 + β22X2

2 + β33X3
2 + β44X4

2

+ β12X1X2 + β13X1X3 + β14X1X4 + β23X2X3 + β24X2X4 + β34X3X4

(2)  

Where Y is the predicted response, (X1, X2, X3, X4) represent the inde-
pendent variables, β0 is the intercept, (β1, β2, β3, β4) are the linear co-
efficients, (β11, β22, β33, β44) are the quadratic coefficient of the 
independent variables, and (β12, β13, β14, β23, β24, and β34) represent the 
interaction coefficients between the four defined independent factors, 
respectively. Using this equation, it is possible to assess linear, 
quadratic, and interactive effects of the independent variables on the 
response. The quality of the fit of the second-order polynomial equation 
was evaluated using the multiple correlation coefficient (R2), adjusted 
R2, and predicted R2 [40]. 

Table 1 
Independent Variables used in screening by the FFD.  

Independent 
variable 

Unit Symbol Low 
level 
(–1) 

Medium 
level (0) 

High level 
(+1) 

Solvent type – X1 ACN – DMSO 
Buffer/organic 

solvent ratio 
– X2 1 2 3 

MgCl2 mM X3 0 125 250 
Tween 80 (%w/v) g/L X4 0 0.25 0.5 
Shaking time hrs X5 2 5 8 
pH -log 

H+

X6 2.5 4.5 6  

Table 2 
Independent Variables used in the BBD.  

Independent 
variable 

Unit Symbol Low level 
(–1) 

Center 
point (0) 

High level 
(+1) 

ACN ml X1 2 3 4 
Buffer/ organic 

solvent ratio 
– X2 1 2 3 

Shaking time hrs X3 2 5 8 
pH – X4 2.5 4.5 6  
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3. Results and discussion 

3.1. Fractional Factorial design for screening important factors 

In the first step of optimization, the effect of six factors on the 
measured exenatide content of the PLGA microspheres was evaluated 
using an FFD. The design matrix and the results are presented in Table SI 
1. As shown in Table 3, statistical analysis using a student t-test 
demonstrated that the model p-value was <0.05. In addition, all inde-
pendent variables tested had a statistically significant effect (p-value <

0.05) on the determined exenatide content. pH, solvent type, buffer: 
organic solvent ratio, and shaking time were the primary factors with 
the highest normalized effect on the measured exenatide content. 
However, as presented in Table 3, the effects of MgCl2 (X4) and tween80 
(X5) were 0.66% and 1.18%, respectively. Although these independent 
variables had significant effects (p-value < 0.05), due to their relatively 
small effect compared to the other selected independent variables, these 
two factors were excluded in the optimization stage and thus the effects 
of pH, solvent type, buffer: organic solvent ratio, and shaking time on 
the amount extracted of drug were further investigated. 

3.2. Box-Behnken design (BBD) and for response surface methodology for 
optimization 

After the screening design as discussed in Section 3.3, in order to 
select the optimum level of each factor using the Design-Expert software, 
a BBD was implemented to design an experimental matrix, to perform 
statistical analysis and to develop a second order polynomial model. The 
design matrix and the results obtained are shown in Table SI 2. The 
exenatide content ranged from 2.7 to 6.5% (w/w). The best model to fit 
data was obtained by analysis of variance by calculating F-value. The 
model was fitted successfully (p < 0.05), and the ACN volume (X1), 
buffer/organic solvent ratio (X2), and pH (X4) were identified as sig-
nificant variables (Table 4). 

The calculated mismatch of R2, adjusted R2, and predicted R2 were 
0.82, 0.78, and 0.67, respectively. The difference between the predicted 
and fitted R2 was <0.22, indicating reasonable agreement between 
predicted and experimental results, and the following equation was 
fitted to the model. 

Y =+4.64+0.3232X1 − 0.3803X2 +0.7218X4 +0.5001X2
22 -

− 0.4925X2
44 (3) 

According to Eq. (3), the pH (X4) had the greatest effect on the 

Table 3 
Analysis of variance for FFD.  

Source Sum of squares df Mean square F-value p-value Effects %Contribution 

Model  15.22 13  1.17  177.21 < 0.0001  –  – 
X1  2.98 1  2.98  450.77 < 0.0001  − 0.86  19.5 
X2  1.43 1  1.43  216.80 < 0.0001  − 0.60  9.38 
X3  0.10 1  0.10  15.30 0.0079  0.16  0.66 
X4  0.18 1  0.18  27.20 0.0020  0.21  1.18 
X5  1.06 1  1.06  160.21 < 0.0001  0.51  6.93 
X6  3.33 1  3.33  503.41 < 0.0001  0.91  21.77 
X1X2  0.58 1  0.58  87.51 < 0.0001  –  – 
X1X4  0.67 1  0.67  100.63 < 0.0001  –  – 
X1X2  2.62 1  2.62  396.36 < 0.0001  –  – 
X1X6  0.32 1  75.87  48.05 0.0004  –  – 
Lack of Fit  0.014 2  6.886E-003  1.06 0.4260  –  –  

Table 4 
Analysis of variance of the fitted model based on Box-Behnken design for the 
measured exenatide content of the PLGA microspheres.  

Source  Sum of 
Squares 

df   Mean 
Square 

F- 
Value  

p-value   

Model  13.18 5  2.64  20.33 <

0.0001 
Significant 

X1  1.25 1  1.25  9.67 0.0051 Significant 
X2  1.74 1  1.74  13.39 0.0014 Significant 
X4  6.25 1  6.25  48.21 <

0.0001 
Significant 

X2
2  1.67 1  1.67  12.86 0.0016 Significant 

X4
2  1.62 1  1.62  12.47 0.0019 Significant 

Residual  2.85 22  0.13    
Lack of 

Fit  
2.80 19  0.15  8.78 0.05 Not 

Significant 
Pure 

Error  
0.050 3  0.017    

Cor. 
Total  

16.03 27     

R2  0.82      
Adj. R2  0.78       

Fig. 1. Response surface plots indicating the effects of interaction between (A); Shaking time and ACN volume (B); buffer/organic solvent ratio and pH, and (C); pH 
and ACN volume. 
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response Y (exenatide content). The quadratic conditions of X22 and X44 
had a significant effect on the response, as shown by their coefficients. 

Counterplot and response surface plots are powerful tools that 
graphically show the relationship between the independent variables 
and the response (the exenatide content of the PLGA microspheres). 
Each plot represents the interaction of two variables, while the third 
variable is kept constant at its middle-level value. 

The response surface plots (Fig. 1(A)) show that the shaking time had 
no significant effect on the measured exenatide content, whereas the 
buffer/organic solvent ratio, pH, and ACN volume did have a significant 
effect on it. 

In Fig. 1(B), the response surface plot shows a curvature manner for 
the buffer/organic solvent ratio and pH of buffer axes which can be due 
to the statistical significance (p-value <0.05) of the quadratic coefficient 
of them in the model. As observed, increasing the buffer/organic solvent 
ratio from 1 to 2 resulted in a reduced response to a minimal level, 
followed by a slight increase for the buffer/organic solvent ratio >2. 
Likely, the solubility of the polymer in the mixture decreases with an 
increasing buffer volume fraction and likely resulted in co-precipitation 
of the peptide and polymer. 

We found that with increasing ACN volume, the amount of extracted 
exenatide increased (Fig. 1(C)). The solubility of PLGA in a solvent de-
pends on various factors such as the molecular weight and lactide to 
glycolide ratio of the polymer and temperature [41,42]. It is important 
to note that the optimal amount of ACN may depend on the specific 
formulation and properties of the microspheres, so it is important to 
optimize the extraction conditions for each individual case. 

Fig. 1(C) clearly shows that with increasing the pH of the buffer from 
2.5 to 5.8, the response increased to reach a plateau at pH 4.5. Exenatide 
has a pI value of 4.86 [24] and therefore, at pH 2.5 the peptide has the 
highest aqueous solubility, and thus the highest response would be ex-
pected. However, this was not observed. At pH lower than the pI, the 
peptide possesses a positive charge, and the interaction between the 
protonated amine and polarized carbonyl ester groups in PLGA may 
cause co-precipitation of peptide with the polymer. This finding is 
consistent with other studies that have reported the highest interaction 
between a peptide and PLGA at low pH, leading to the sorption of the 
peptide to the polymer [43,44]. Moreover, it has been shown that the 
stability of exenatide is highest at a pH of 4.5–5.5 [45]. 

3.3. Validation of the model 

In order to maximize the response, by solving Eq. (3) and analyzing 
the response surface plots, the optimum level of ACN concentration, pH, 
buffer: organic solvent, and shaking time were determined to be 4 ml, 
5.8, 1, and 5.6 hrs, respectively. At these conditions, the predicted 
exenatide content assay was calculated to be 6.1%. 

Three experiments were performed using the identified statistically 
optimum levels. The maximum determined exenatide content was 6.4 ±
0.0%, indicating a very good agreement with the predicted value (6.1%) 
which confirms the validity of the model. This means that encapsulation 
efficiency was 70.3 %. 

Finally, in order to further validate the optimized model, the exe-
natide content in the marketed microspheres (Bydureon®) was deter-
mined using the optimized levels of the different variables. The 
determined Exenatide content of Bydureon® was 4.9 ± 0.1%, which in 
excellent agreement with the claim on the label of Bydureon® (5.0%) 
[30]. 

4. Conclusion 

The present study was focused on the development of an assay to 
determine the actual exenatide content in PLGA microspheres. After 
initial screening of six factors via FFD, a BBD approach was applied for 
optimization of the extraction method of exenatide from the PLGA mi-
crospheres. The excellent agreement between the actual and the 

predicted exenatide content shows the validity of the model. 
The optimized method described in this paper may be useful for 

development of generic exenatide loaded-microsphere formulations. 
The developed method can also be used to determine the loading of 
other peptides, low molecular weight drugs as well as proteins and 
nucleic acid-based drugs in PLGA microspheres. Due to the reproduc-
ibility and robustness of the method, it is suitable for laboratory and 
industrial uses for exenatide microspheres as well as other PLGA-based 
long-acting release formulations. 
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