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ABSTRACT

Aims: To prepare metformin microspheres by ionic gelation using novel pectin from the peel of
tangerine, Citrus tangerina (Rutaceae), as a copolymer with sodium alginate.

Study Design: Central composite design and response surface methodology.

Place and Duration of Study: Department of Pharmaceutics and Industrial Pharmacy, Faculty of
Pharmacy, University of Ibadan, Ibadan, Nigeria, between September 2015 and February 2016.
Methodology: Central composite design and response surface methodology were applied to
evaluate the interactive effects of three variables: Percent of pectin in polymer blend, X; (50 to
75% wiw), curing time, X;, (10 to 30 min) and concentration of chelating agent (calcium chloride),
X3, (5 to 10% w/v) on entrapment and dissolution time (tgg).

Results: Entrapment efficiency was 59.10 to 94.90% and tgy was 6.52 to 10.50 h. X; and X3 had
|_significant effects on entrapment and tg, (p < 0.0001). The interactions between X, and X; was
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calcium chloride.

microspheres.

significant at p = 0.033 for entrapment. The correlation coefficients (R = 0.9557 and R*(Adj) =
0.9158 for entrapment; R? = 0.9677 and R? (Adj) = 0.9387 for tgy) showed that the regression
model represented the experimental data well. The optimization of the analyzed responses
demonstrated that peak conditions for obtaining desired maximum responses, entrapment
(102.66%) and tg (12.27 h), were 82.91% w/w pectin; 36.33 min curing time and 7.50% w/w of

Conclusion: Tangerine pectin could serve as a cheaper alternative polymer for the formulation of

Keywords: Central composite design; metformin microspheres; response surface methodology;
tangerine pectin; entrapment; dissolution time.

1. INTRODUCTION

Pharmaceutical applications require highly
reproducible dosage and the controlled release
of active agents, which cannot be achieved with
conventional powders and granules [1]. One of
the approaches currently explored in delivering
therapeutic agents to their target sites in a
controlled release manner is the use of
microspheres as carriers for drugs. Microspheres
are characteristically free flowing, consisting of
proteins or synthetic polymers which are
biodegradable in nature and ideally having
particle size of 1-1000 um [2]. They constitute an
important part of the novel drug delivery system
by virtue of their small size and efficient carrying
capacity. Polymers used in microspheres can be
classified into synthetic and natural polymers.
Natural polymers can be obtained from different
sources such as proteins, carbohydrates and
chemically modified carbohydrates. Pectin
(derived from the Greek word meaning
“‘congealed and curled) is a structural
heteropolysaccharide initiated in the primary cell
walls of terrestrial plants, particularly in the non-
woody parts as well as in the middle lamella
between plant cells where it helps to bind the
cells together [3]. Pectin is a complex
polysaccharide comprising mainly esterified D-
galacturonic acid residues in a chain. The acid
groups along the chain are largely esterified with
methoxyl groups in the natural product [4]. The
amount, structure and chemical composition of
the pectin differ between plants, within a plant
over time and in different parts of a single plant.
The traditional, commercial sources of pectin
have been citrus peel and apple pomace [5].
Citrus peel has often been the preferred material
for pectin manufacture due to its high pectin
content and good color properties. Generally,
lemon and lime peel are the preferred sources of
citrus pectin. More recently other sources of
pectin are beginning to find usefulness as
materials for industrial application [5-7].

Tangerine (Citrus tangerina), Family Rutaceae, is
an orange-coloured citrus fruit in which the peel
is very thin, with very little bitter white monocarp
which makes them usually easier to peel and to
split into segments. The peel of tangerine which
is usually discarded as a by-product of the citrus
fruit-processing, offers a good source of pectin
and an opportunity to convert waste to wealth.
The ability of pectin to rapidly form viscous
solutions and gels on contact with aqueous
media has been exploited by the pharmaceutical
industry in its wide application as a carrier in oral
controlled release formulations.

Metformin is the only drug of the class biguanide
antidiabetics presently used. They differ
markedly from sulfonylureas because they cause
litle or no hypoglycaemia in non-diabetic
subjects and even in diabetics episodes of
hypoglycaemia due to metformin are rare. They
do not stimulate beta cells and has been
reported to improve lipid profile as well in type 2
diabetics [8,9]. The absorption window of
metformin hydrochloride is predominantly in the
small intestine. The drug has a short half-life of
about 3 hours. The immediate release
formulations of metformin that are available in
the market require repeated administration 2 — 3
times daily and are associated with high
incidence of side — effects [10]. In order to
optimize drug therapy and improve patient
compliance, a time independent drug release is
desirable in sustained release formulations. Thus
to prolong drug release of metformin
hydrochloride, the development of a microsphere
formulation would be a better alternative to the
conventional dosage form [11].

Response surface methodology is a collection of
mathematical and statistical techniques useful for
analysing and optimizing the response of
multivariate systems. Central composite design-
response surface methodology (CCD-RSM) is
the preferred method to further optimize the
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formulations of metformin microspheres with a
nonlinear model to fit the experimental data
[12,13]. When a combination of several
independent variables and their interactions
affect the desired responses, the accuracy can
be fully demonstrated, and the adequacy of the
proposed model can be revealed using the
analysis of variance (ANOVA) [14].

Thus the focus of this research was to optimize
the preparation of the microspheres of metformin
using a novel polymer, tangerine pectin in
different blend combinations with sodium alginate
prepared at different curing times and using
different concentrations of the chelating
agent, calcium chloride. The total polymer
concentration, drug: polymer ratio, stirring speed
and dropping rate were all kept constant. The
CCD-RSM was then used to optimize the
formulation by choosing entrapment efficiency
and time taken for 90% dissolution (t90) as the
evaluation indicators.

2. MATERIALS AND METHODS

2.1 Materials

Tangerine fruits were purchased from a local
market in Ibadan, Oyo State. Metformin obtained
from Zydus Cadila Healthcare Ltd. (Ahmedabad,
India). Sodium alginate was obtained from S.D.
Fine Chem. (Mumbai, India).

2.2 Methods

2.2.1 Extraction of pectin

The peels obtained from mature tangerines were
cut into pieces, washed with distilled water and
then air-dried. Fifty grams of the dried peels was
transferred into a 1000 mL beaker containing 500
mL of water. Hydrochloric acid 1N (2.5 mL) was
added to give a pH of 2.2 and then boiled for 45
minutes. The peels were then removed from the
extracts by filtering and the cake collected was
washed with 250 mL of boiled water and then
allowed to cool to 25°C to minimize heat
degradation of pectin. The extracted pectin was
precipitated by adding 200 mL 95% acetone to
100 ML of the extracted pectin with thorough
stirring. It was then left for 30 min to allow the
pectin float on the surface. The gelatinous pectin
flocculants was then skimmed off. The extracted
pectin was purified by washing in 200 mL
acetone. The pectin obtained was air dried and
blended to powder [3].

2.2.2 Characterization of tangerine pectin

2.2.2.1 Qualitative tests

Solubility of dry pectin in cold and hot water:
Pectin samples were separately placed in a
conical flask with 10 ml of 95% ethanol added
followed by 50 mL distilled water. The mixture
was shaken vigorously to form a suspension
which was then heated at 85 — 95°C for 15 min
[15].

Solubility of pectin solution in cold and hot alkali
(NaOH): To 1 ml of 0.1 N sodium hydroxide,
NaOH, 5 ml of pectin solution (0.25% w/v) was
added and then heated at 85 — 90°C for 15 min.
The pH of the above solution was determined
using pH meter.

2.2.2.2 Quantitative tests

Equivalent weight determination: Pectin sample
(0.5 g) was weighed into a 250 mL conical
Volume of flask. Ethanol (5 mL) was added to
form a mixture. Ethanol. Sodium chloride (1g)
was added to the mixture. The solution of pectin
was made by adding 100 mL distilled water and
few drops of phenol red indicator. The solution
was ftitrated slowly (to avoid possible de-
esterification) with 0.1 M Sodium hydroxide.

Equivalent weight was calculated using the
equation below:

Weight of Pectin Sample %100
[Volume of Alkali (cm3) x Molarity of Alkali]
(1)

Methoxyl content determination: To the
neutralized solution of the pectin (obtained during
the equivalent weight determination by the
saponification of the pectin followed by titration of
the liberated acid), 25 mL of 0.25 M sodium
hydroxide NaOH was added. The mixture was
stirred thoroughly and allowed to stand for 30
mins at ambient temperature. The percentage
content was calculated using the equation below:

Methoxyl content (%) =

(Volume of alkali (cm3)x Alkali Weight)
Weight of Pectin Sample (mg)

X 100
)
2.2.2.3 Morphology

The morphology of tangerine pectin was
observed using a scanning electron microscope
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(Hitachi SU8030 FE-SEM Tokyo, Japan) at an
accelerating potential of 5.0 kV. All samples were
sputter-coated with Osmium tetra oxide prior to
examination using the Osmium plasma coater
(OPC 60 X1, Japan). The size of the pectin
particles was determined using an optical
microscope.

2.2.2.4 FT-IR analysis

Tangerine pectin was mixed with the KBr powder
(1% w/w of the amount of KBr) and triturated in
an agate mortar for 5 minutes. The die-set was
assembled and the powder-mixture was
transferred into it. The powder was pressed for 2
min (Thermo Qwik Handi-Press P/N 0016-125) to
form a thin and transparent pellet. Analysis by
FTIR was carried out in transmission mode.
Transmission spectra were recorded using at
least 64 scans with 8 cm1 resolution in the
spectral range 4000—400 cm-1.

2.2.3 Preparation of metformin microspheres
containing tangerine pectin by the ionic

gelation technique

Microspheres were prepared from a hot gel blend
of pectin and sodium alginate to obtain various
blend compositions of tangerine pectin-sodium
alginate having a total polymer concentration of
2% w/v and appropriate quantity of metformin
was added such that the ratio of total polymer to
drug was 1:1. The drug-polymer dispersion was
then added drop-wise at a standardized rate of
2 ml/min into 100 ml of calcium chloride in a 250
ml beaker, while stirring at 500 rpm. Curing was
done for the various time duration to produce
spherical microspheres. The formed microbeads
were collected by decantation, washed
repeatedly with distilled water followed by drying
at 40°C for 24 hours in an oven (GallenKamp
Moisture Extraction Oven -Model: BS 250
GallenKamp Co., UK) to obtain discrete
microspheres.

2.2.4 Characterization of microspheres

2.2.4.1 Scanning electron microscopy

The morphology of the microspheres were
observed using a scanning electron microscope
(Hitachi SU8030 FE-SEM Tokyo, Japan) at an
accelerating potential of 5.0 kV.

2.2.4.2 FT-IR analysis

Pectin, sodium alginate, pristine drug and drug-
loaded microspheres were analyzed by FTIR

(FTIR-Thermo Nicolet Nexus 870 Madison, WI,
USA) in transmission mode. Transmission were
recorded using at least 64 scans with 8 cm-1
resolution in the spectral range 4000 cm-1.

2.2.4.3 Entrapment efficiency

Drug-loaded microspheres (50 mg) were
accurately weighed, crushed and suspended in
10 mL of phosphate buffer, pH 6.8. After 24
hours, the solution was filtered and the filtrate
was appropriately diluted using phosphate
buffer, pH 6.8 and analyzed using UV/VIS
spectrophotometer (Spectrumlab 752s UV-VIS
spectrophotometer, No 752512090, China) at
282 nm. The drug entrapment efficiency (E) was
calculated using the formula:

Actual drug content
Theoretical drug content

x 100

E (%)=

2.2.4.4 Drug release study

The in vitro dissolution studies were carried out
using the paddle method (USP XXXVI), rotated
at 50 rpm in 900 ml of phosphate buffer, pH 6.8,
maintained at 37+0.5°C. Samples (I0 ml) were
withdrawn at different intervals and replaced with
equal amounts of fresh medium. Each sample
was diluted and the amount of metformin
released was determined at wavelength of
225 nm, wusing a UV Spectrophotometer
(Spectrumlab 752s UV-VIS spectrophotometer,
No 752512090, China). Determinations were
done in triplicates.

2.2.5 Experimental design and optimization

In this study, Response Surface Methology
(RSM) was used for the optimization of process
ariables in combination with the factorial
experimental design of Composite Central
Design (CCD). RSM is a useful method for
studying the effect of several variables
influencing the responses by varying them
simultaneously and carrying out a limited number
of experiments. The CCD is an effective design
that is ideal for sequential experimentation and
allows a reasonable amount of information for
testing the lack of fit while not involving an
unusually large number of design points [16].

In the present study, a CCD was employed for
determining the optimum conditions for the
preparation of metformin microspheres using
tangerine pectin. The statistical software Minitab
16 Software USA, (Minitab Inc., USA) was used
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for design of experiments, regression and
graphical analyses of the data obtained, and
statistical analysis of the model to evaluate the

analysis of variance (ANOVA). Percent
composition of pectin in the pectin-alginate
blend, curing time and calcium chloride

concentration were chosen as three independent
variables in the formulation process. Accordingly,
the CCD matrixes of 20 experiments for the full
design of two factors were used for building
quadratic models. The experimental data
obtained from the CCD model experiments can
be represented in the form of the following
equation:

Yi= ) = Bo + ZEL B X, + ZE, By XF (4)

+ Xk, E!{{Zlﬁini}(J + £
Where Yi is the predicted response used to
relate to the independent variable, k is the
number of independent variables (factors) Xi (i =
1, 2, 3); while B is a constant coefficient and i,
Bij and Bii the coefficient of linear, interaction and
square terms respectively and ¢ is the residual
error [17]. Multivariate regression analysis with
model equation (4) was carried out on the data
using to yield equation (5) which was used to
optimize the product responses.

=+ i+ foit ot Bkl + o2y ookl o by £ £ P X+ B Dok £
(5)

The model developed for each determination
was then examined for significance and lack-of-
fit, while response surface plots were designed
with the same software. The quality of the
polynomial model was expressed by the
coefficient of determination, namely, R? and R?
(adj). The statistical significance was verified by
the f test [18]. According to the obtained
experimental data, the levels of the three main
parameters investigated in this study are
presented in Table 1.

3. RESULTS AND DISCUSSION

3.1 Characterization of Pectin

3.1.1 Qualitative test

The results of the qualitative tests on tangerine

pectin revealed it is insoluble in cold water
(25°C) but soluble in hot water (> 90°C). The pH

of 0.25% w/v solution of tangerine pectin was
6.0+0.02, indicating it is weakly acidic.

3.1.2 Quantitative test

The methoxyl content of the tangerine pectin was
18.41%. This classifies tangerine pectin as a low
methoxyl pectin (degree of esterification < 50%).
Such low methoxyl pectins do not require high
levels of sugar or low pH to initiate gelation, but
gel in the presence of divalent cations such as
calcium, known to form associations between
sequences of charged species on adjacent
chains [19].

3.1.3 Morphology

The SEM image of tangerine pectin is shown in
Fig. 1. The granules were irregular in shape with
a mean size of 92.43+7.34 ym.

3.1.4 FTIR analysis

The FTIR spectrum of tangerine pectin is also
shown in Fig. 1. Absorptions were observed at
1740 (-C=0); 1608 (-COO-); 1430 (CH); 1300
(CH2, CC); 1035 cm-1 [20]. Tangerine pectins
belong to a class of carboxyl polysaccharides
which differ from neutral polysaccharides with an
intense band at 1740 cm-1. The stronger
absorptions at 1608 cm-1 (-COO-) confirms that
it is a low methoxyl pectin.

3.2 Characterization of Metformin
Hydrochloride Microspheres

3.2.1 Morphology

Scanning electron image for the pectin-based
metformin microspheres is shown in Fig. 2. This
revealed that the metformin microspheres
containing tangerine pectin were near spherical
in shape with a size ranging from 653+13.68 to
1108+20.6 ym.

3.2.2 FTIR analysis

The FTIR spectra of pectin, sodium alginate,
metformin and metformin microbeads shown in
Fig. 2 suggest that there was no interaction
between metformin and the extracted pectin and
the drug was well entrapped into the copolymer
blend.
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Fig. 1. (i) SEM image and (ii) FTIR spectra of tangerine pectin
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(i)

100.0

95.0

90.0

% T

85.0

80.0

750

70.0

500 1000 1500 2000 2500 3000 3500 4000

Wave number cm™

(ii)

Fig. 2. (i) SEM of metformin and (ii) FTIR spectra of: (a) Tangerine pectin; (b) Sodium alginate;
(c) Metformin and (d) Metformin microspheres

3.2.3 Dissolution profile

The dissolution plots of eight batches of
metformin microspheres are presented in Fig. 3.
From the dissolution plots, the time taken for
90% drug release (tg0) were determined.

3.3 Optimization of Process of Metformin
Microsphere Formulation using RSM-
CCD

The levels of the three main parameters
investigated in this study are presented in Table
1. The levels were selected based on results
from preliminary studies. From CCD and

experimental results, RSM was used to optimize
formulation process design factors (independent
variables) [21]. The statistical combinations of
variables in coded and actual values along with
the predicted and experimental responses are
presented in Table 2. Table 2 depicts a complete
22 factorial design with four center points in cube,
and six axial points and two center points in
axial. The number of experiments required (N) is
given by the expression 2" (23 = 8; star points) +
2 k (2 x 3 = 6; axial points) + 6 (center points; 6
replications). For the response surface method
involving CCD, a total of 20 experiments was
conducted for the three factors at five levels with
the replicates at the center point.
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Fig. 3. Dissolution profile of metformin microspheres, Batches 1 - 8

Polynomial regression modelling was performed
on the responses of the corresponding coded
values of the three different process variables
and the results were evaluated. The regression
equation characterizing the influence of the three
variables on entrapment and t90 were obtained
using equations 7 and 8 respectively:

Entrap = 68.75 + 8.79X1 + 0.06X2 +5.82X3
— 0.44X1X2 + 1.37X1 X3 — 2.52X2X3 +
3.10X1 2 + 2.12X2 2 +1.52 X32 (7)

t90 = 7.26 + 0.81X1 — 0.01X2 + 0.76X3 —
0.09X1X2 + 0.12X1 X3 — 0.09X2X3 +0.44X1
2 +0.48X2 2 +0.46X32 (8)

A positive sign indicate a synergistic effect
whereas a negative sign indicate an antagonistic
effect.

3.3.1 Statistical analysis and validation of
model

The analysis of variance (ANOVA) values for the
quadratic regression model obtained from CCD
are presented in Table 3. Statistical test was

carried out using the Fisher’s test for ANOVA.
The models were observed to be statistically
significant at 95% confidence level, with F-value
of 23.97 and 33.31 for entrapment and t90
respectively, and very low probability P value of
< 0.0001. The interactions between X2 and X3
was significant at p = 0.033 for entrapment. The
values of the determination coefficients, R2 and
R2 (Adj), which measure the model fitting
reliability for the models were calculated to be R2
= 0.9557 and R2 (Adj) = 0.9158 for entrapment;
R2 = 0.9677 and R2 (Adj) = 0.9387 for t90. This
suggests that approximately 95.57% and 96.77%
of the respective variance is attributed to the
variables and indicates high significance of the
models [22]. Furthermore, good agreement
between experimental and predicted values of
response variables shown in Table 2 confirm the
adequacy of the regression models. Lack of fits
was not statistically significant for both
entrapment and t90 (p = 0.084 and 0.921
respectively), indicating good fit of the model and
suggesting that there is no systematic variation
that may be unaccounted for in the hypothesized
model.
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Table 1. Experimental range and levels of the independent variables

Variables Factor Range and level

-a -1 0 +1 +a
Pectin: alginate (% w/w) X1 41.48 50.00 62.50 75.00 83.52
Curing time (min) X2 3.18 10.00 20.00 30.00 36.82
Cacly concentration (% wi/v) X3 3.30 5.00 7.50 10.00 11.70

Table 2. Central composite design experiments and experimental results

Design Independent variables coded Real values of independent variables Observed Predicted Observed tyo  Predicted tyo
point X4 X2 X3 X1 X2 X3 entrapment % entrapment % (h) (h)
(% wiw) (min) (%wliv)
1 +1 -1 +1 75.00 10.00 10.00 94.90 94.38 10.50 10.52
2 -1 +1 +1 50.00 30.00 10.00 70.10 69.13 8.60 8.49
3 +1 +1 -1 75.00 30.00 5.00 80.78 79.24 8.55 8.58
4 -1 -1 -1 50.00 10.00 5.00 59.10 59.26 7.15 6.99
5 +1 +1 +1 75.00 30.00 10.00 91.50 88.58 10.10 10.16
6 -1 -1 +1 50.00 10.00 10.00 75.00 73.18 8.60 8.47
7 +1 -1 -1 75.00 10.00 5.00 77.35 74.96 8.55 8.56
8 -1 +1 -1 50.00 30.00 5.00 68.12 65.28 7.50 7.39
9 0 0 -1.682 62.50 20.00 3.42 60.61 63.28 7.20 7.28
10 -1.682 0 0 42.09 20.00 7.50 60.75 62.75 6.90 7.15
11 0 +1.682 0 62.50 36.33 7.50 71.55 74.85 8.60 8.63
12 0 -1.682 0 62.50 3.67 7.50 73.20 74.66 8.50 8.60
13 +1.682 0 0 82.91 20.00 7.50 90.15 92.31 9.99 9.87
14 0 0 +1.682 62.50 20.00 11.50 80.75 82.84 9.80 9.85
15 0 0 0 62.50 20.00 7.50 70.80 68.75 7.44 7.26
16 0 0 0 62.50 20.00 7.50 69.45 68.75 7.40 7.26
17 0 0 0 62.50 20.00 7.50 69.37 68.75 7.45 7.26
18 0 0 0 62.50 20.00 7.50 66.55 68.75 6.52 7.26
19 0 0 0 62.50 20.00 7.50 66.66 68.75 7.38 7.26
20 0 0 0 62.50 20.00 7.50 70.50 68.75 7.37 7.26
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Table 3. ANOVA regression model for entrapment and dissolution time (tq)

Source Degrees of Sum of Mean F P
freedom squares square value value
Entrapment
Mode 9 1787.33 198.59 23.97 0.000
X4 1 1055.22 1055.22 127.35 0.000
X2 1 0.04 0.04 0.01 0.943
X3 1 461.87 461.87 55.74 0.000
Xf 1 138.75 138.75 16.74 0.002
X2 1 64.88 64.88 7.83 0.019
X3 1 33.40 33.40 4.03 0.072
X1 Xz 1 1.52 1.52 0.18 0.677
X4 X3 1 15.10 15.10 1.82 0.207
X2 X3 1 50.75 50.75 6.12 0.033
Residual 10 82.86 8.29
Lack of fits 5 65.63 13.13 3.81 0.084
Pure error 5 17.23 3.45
Dissolution time (tgo)
Mode 9 24.90 2.77 33.31 0.000
X4 1 8.94 8.94 107.61 0.000
Xz 1 0.001 0.0010 0.01 0.914
X3 1 7.95 7.95 95.80 0.000
Xf 1 2.85 2.85 34.27 0.000
leZ 1 3.34 3.34 40.23 0.000
X3 1 3.10 3.10 37.33 0.000
Xi Xz 1 0.07 0.07 0.85 0.379
X1 X3 1 0.11 0.11 1.36 0.271
X2 X3 1 0.07 0.07 0.85 0.379
Residual 10 0.83 0.08
Lack of fits 5 0.17 0.03 0.25 0.921
Pure error 5 0.66 0.13
The relationship between predicted and estimated responses which were the bases of

experimental values are shown in Fig. 4. A high
correlation (R2 = 0.9992 and 0.9994 for
entrapment and t90 respectively) was observed
between the predicted and experimental values
indicating reasonable agreement. This suggests
that the data fit well with the models and show
good estimate of responses for the system in the
experimental range studied. The actual value is
the measured result from a specific run, and
the predicted value is evaluated from the
independent variables in the CCD model [23].

Figs. 5 and 6 show the residual plots for
entrapment and t90 respectively. The normal
probability plots indicate good validity for the
approximation of the quadratic regression model.
In the plots of residual versus predicted values
for the responses, points of observed runs were
scattered randomly within the constant range of
residuals across the graph. Thus, it revealed no
obvious pattern and unusual structure, indicating
the adequacy of the model.

3.3.2 Interactive effects of factors influencing
entrapment and tg

To understand the impact of each variable, three
dimensional (3D) plots were made for the

the model polynomial function for analysis to
investigate the interactive effects of two factors.
These are presented in Fig. 7.

Fig. 7a (i) represents the effects of varying
percent content of pectin in polymer blend (%
w/w) and curing time (min), X1X2, on entrapment
at constant calcium chloride concentration,
7.50% wi/v. It can be observed that the percent
content of pectin has greater effect on
entrapment than curing time. Curing time of 3.67
to 10.00 min resulted in a decrease in
entrapment but as the curing time increased from
10 to 36.33 min, entrapment increased.
Maximum entrapment was 94.90% at curing time
20.00 min and pectin concentration 82.91%w/w.
Fig. 7a (ii) shows the effect of both percent
content of pectin in polymer blend (% w/w) and
calcium chloride concentration (%w/v), X1X3, on
entrapment, keeping curing time constant at
20.00 min. Entrapment was observed to increase
with increase in percent content of pectin (%
w/w). Entrapment was initially almost constant at
calcium chloride concentration of 3.42 to 5.00%
w/v followed by a reduction between 5.00 to
7.50% wi/v calcium chloride concentrations.
However when increased from 7.50% w/v to
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11.50% wl/v, entrapment was observed to be
greatly enhanced. Fig. 7a (iii) shows the
interactive effects of curing time (min) and
calcium chloride concentration (% w/v), X2X3, on
entrapment, keeping percent content of pectin in
polymer blend constant at 62.50 % w/w. There
was a slight increase in entrapment as calcium
chloride concentration increased between 3.42%
w/v and 7.50% w/v followed by higher
entrapment values as the concentration of
chelating gent increased from 7.50 to 11.50%
w/v. Entrapment was also observed to increase
with increase in curing time. The maximum
entrapment of 94.90% occurred at 36.33 min of
curing time and 7.50% wi/v of calcium chloride
concentration.

Fig. 7b (i) represents the effects of varying
percent content of pectin in polymer blend (%
w/w) and curing time (min), X1X2, on dissolution
time, t90, at constant calcium chloride
concentration, 7.50% wi/v. A significant positive
impact is detectable; t90 was observed to
increase with increase in percent pectin from
42.09 to 82.91% w/w. On the other hand, t90
initially reduced as curing time increased from
3.67 to 20 min but later increased at curing time
increased beyond 20 min. Maximum t90 was
observed at curing time 30 min and percent
pectin 82.91% w/w. Fig. 7b (ii) shows the effect
of both percent content of pectin in polymer
blend (% w/w) and calcium chloride
concentration (% wi/v), X1X3, on t90, keeping
curing time constant at 20.00 min. Between 3.42

and 5.00% w/w calcium chloride concentration,
t90 initially reduced slightly but was observed to
greatly reduce as calcium chloride concentration
increased beyond 5.00% w/w. Percent pectin
exhibited a more powerful effect than that of
calcium chloride with t90 increasing with increase
in percent pectin. The maximum time for
dissolution was 10.52 h at percent pectin
concentration 82.91% w/w and calcium chloride
7.50% wl/v. Fig. 7b (iii) shows the interactive
effect of curing time min and calcium chloride
concentration %w/v on t90 at constant percent
content of pectin 62.50% w/w. With increase in
curing time from 3.67 to 30 min, t90 increased.
There was a slight increase in t90 as calcium
chloride concentration increased from 3.42 to
7.50% wi/v. Above 7.50% wl/v, t90 increased only
slightly. According to this figure, maximum t90
was obtained at curing time 36.33 min and 7.50
%w/v concentration of calcium chloride.

3.3.3 Optimization of formulation process
and model verification

The optimization process was carried out to
determine the optimum value of entrapment
efficiency and dissolution time t90, using the
Minitab 16 Software USA, (Minitab Inc., USA).
The desired goal for each operational condition
(percent content of pectin in polymer blend (%
w/w), curing time (min) and calcium chloride
concentration) was chosen “within” the studied
range. The Response Optimizer in Minitab was
used to identify the combination of input variable

Scatterplot of FITS1 vs Entrapment

Entrapment % Predicted
3

Entrapment %Actual

Scatterplot of FITS2 vs t90

114

104
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6 7 8 9 10 1
t90 (h) Actual

(a)

(b)

Fig. 4. The actual and predicted (a) entrapment % and (b) ty h
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Residual Plots for Entrapment
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Fig. 6. Residual plots for dissolution time (ty)

settings that jointly optimize a single response or
a set of responses. This provided optimal
solutions for the input variable combinations,
along with optimization plots shown in Fig. 8. The
optimization plot is interactive and input variable
settings can be adjusted on the plot to search for
more desirable solutions. Using the Response
Optimizer, the maximum response (arcsin) for
entrapment (%) and t90 (h) respectively were
102.66 and 12.27 respectively, with a desirability

11

of 1. In order to verify the optimizer suggested
values, confirmation runs were conducted. The
values of the input parameters from the response
optimizer suggestion were first calculated and
tests were conducted under the optimized
conditions identified from RSM. The maximum
entrapment and t90 were 99.85% and 11.75 h
respectively. Hence the predicted and
experimental values under optimized conditions
are in close agreement.
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4. CONCLUSION

Central composite design and Response surface
methodology proved to be reliable and powerful
tools for modeling, optimizing and studying the
interactive effects of the three variables (percent
pectin in the pectin-alginate blend; curing time
and calcium chlorides concentration) on the
entrapment efficiency and dissolution time of
metformin microspheres containing a novel
polymer, tangerine pectin. It is also evident that
the combination of two or more input variables
played a greater role in enhancing entrapment
and prolonging dissolution time. One of the main
contributors to high entrapment and t90 values is
the percent pectin in the polymer blend. A highly
significant regression quadratic model equation
was obtained by analyzing the data of a 23
factorial design. The predicted values were found
to be in agreement with the experimental values
[R2 = 0.9557 and R2 (Adj) = 0.9158 for
entrapment; R2 = 0.9677 and R2 (Adj) = 0.9387
for t90], defining the propriety of the model in the
optimization of the process for the formulation
of metformin microspheres. The maximum
predicted and actual entrapment were
respectively 102.66% and 99.85% while the
maximum predicted and actual t90 were
respectively were 1227 h and 11.75 h.
Tangerine pectin is therefore suitable as a
copolymer for the formulation of microspheres for
controlled release which can serve as a cheaper
substitute to synthetic polymers in drug delivery.
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