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a  b  s  t  r  a  c  t

Four  natural  gums,  namely  albizia,  cissus,  irvingia  and  khaya  gums  have  been  characterized  and  evaluated
as  polymers  for the  formulation  of  microbeads  for controlled  delivery  of diclofenac  sodium.  The  natural
gums  were  characterized  for  their  material  properties  using  standard  methods.  Diclofenac  microbeads
were  prepared  by  ionotropic  gelation  using  gel  blends  of  the  natural  gums  and  sodium  alginate  at  different
ratios  and  zinc  chloride  solution  (10%w/v)  as  the  crosslinking  agent.  The  microbeads  were  assessed  using
SEM,  swelling  characteristics,  drug  entrapment  efficiencies  and  release  properties.  Data  obtained  from
in  vitro  dissolution  studies  were  fitted  to various  kinetic  equations  to determine  the  kinetics  and  mech-
anisms  of  drug  release,  and  the  similarity  factor,  f2, was  used  to  compare  the  different  formulations.  The
results  showed  that the natural  gum  polymers  varied  considerably  in their  material  properties.  Spherical
and  discrete  microbeads  with  particle  size  of  1.48–2.41  �m  were  obtained  with  entrapment  efficiencies
of  44.0–71.3%w/w.  Drug  release  was  found  to  depend  on the  type  and  concentration  of  polymer  gum
used  with  formulations  containing  gum:alginate  ratio  of  3:1  showing  the  highest  dissolution  times.  Con-ADAN LI
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trolled  release  of diclofenac  was  obtained  over for  5  h. Drug  release  from  the  beads  containing  the  polymer
blends  of  the  four  gums  and  sodium  alginate  fitted  the  Korsmeyer–Peppas  model  which  appeared  to be
dependent  on  the  nature  of natural  gum  in  the  polymer  blend  while  the  beads  containing  alginate  alone
fitted  the Hopfenberg  model.  Beads  containing  albizia  and  cissus  had  comparable  release  profiles  to  those
containing  khaya  (f2 >  50).  The  results  suggest  that  the  natural  gums  could  be  potentially  useful  for  the
formulation  controlled  release  microbeads.

© 2013 Published by Elsevier B.V.
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. Introduction

One approach for controlled release formulation of therapeu-
ic agents is the production of polymeric gel beads. Beads are
iscrete, spherical microcapsules that serve as solid substrate
n which the drug is coated or encapsulated in the core [1,2].
icrobeads provide sustained release properties and more uni-

orm distribution of drugs within the gastrointestinal tract and
nhance drug bioavailability [2]. Microbeads have been prepared
rom a variety of polymeric materials including polysaccharides [3],
olyalphahydroxy-acids including polylactide and copolymers [4],
olyacrylates, polyalkylcyanoacrylates [5] and proteins [6]. Several
atural and synthetic polymers have been used for the prepara-
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ion of microsbeads for controlled release [7–10]. Among them are
lginic acid [7], sodium alginates [10], chitosan [11] and pectin
12]. Sodium alginate, a water soluble salt of alginic acid, is a
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linear polysaccharides composed of variable amounts of (1–4)-�-
d-mannuronic acid and its epimer, �-l-glucouronic acid, extracted
from marine brown algae [13]. Alginates are known to form stable,
bioadhesive gel with divalent cations such as Ca2+, Sr2+, Zn2+ and
Ba2+ under mild conditions that are suitable for biomacromolecules
and living cells [14].

The discovery and design of novel polymers are important in
order to expand the scope of new drug delivery systems and
meet the special needs of drug formulators [15]. There are sev-
eral natural gums which are widely available in the tropics that are
underutilized which could find application in the pharmaceutical
industry. Natural gums have been found to fulfil pharmaceutical
requirements of being non-toxic, stable, biodegradable, relatively
inexpensive and having flexible regulatory issues when compared
to the synthetic polymers. In addition, they can be subjected to
physical and chemical modifications to alter their physicochemical
properties resulting in a wide range of functional properties that
may permit their application as polymers in drug delivery [16,17].
Among the natural gums that have been evaluated for drug
delivery are albizia, irvingia, khaya and cissus gums. Albizia gum,
obtained from the incised trunk of the tree, Albizia zygia (DC) J.F.
Macbr, family Leguminosae, and khaya gum obtained from the

dx.doi.org/10.1016/j.ijbiomac.2013.03.049
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centration of 2%w/v. Diclofenac sodium (1 g) was  added such that
the ratio of total polymer to drug was  2:1. The resulting dispersion
was extruded into zinc chloride solution (10%w/v) using a syringe
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ncised trunk of the tree, Khaya grandifoliola CDC, family Meliaceae,
ave been shown to be useful as binding agents in tablet formu-

ations [18,19], directly compressible matrix system for controlled
rug delivery [20,21] and as compression coating materials for drug
argeting to the colon [21]. On the other hand, cissus gum obtained
rom the stem and roots of Cissus pulpunea Guill and Perr, family
mpelidacae, and irvingia gum obtained from the nuts of Irvingia
abonensis (O’Rourke) Bail, family Irvingiacae, have been shown
o possess binding properties in tablet formulations [22,23]. These
atural gums have been shown to comprise of mannose, galactose,
lucuronic acid and 4-o-methylglucuronic acid although the pro-
ortion vary depending on the botanical source [24,25]. They are
ydrophilic and have the ability to hydrate rapidly in cold water and
ttain high viscosity at relatively low concentrations [20]. Thus in
he present study, four natural gums, namely albizia, cissus, irvingia
nd khaya gums, have been characterized and evaluated as poly-
ers for controlled delivery of diclofenac sodium. The effects of

ifferent concentrations of these polymers and sodium alginate on
he drug release properties from the microbeads were also evalu-
ted.

Diclofenac sodium is a potent non-steroidal anti-inflammatory
rug with short biological half-life (1–2 h) that requires multi-
le dosing. Long-term administration of diclofenac often lead to
dverse effects such as gastrointestinal disturbances, peptic ulcer-
tion and gastrointestinal bleeding which may  result in poor
atient compliance and inefficient therapy [26]. The formulation
f diclofenac as controlled release microbeads will offer a means of
elivering the drug in a sustained manner with reduced side effects.

. Materials and methods

.1. Materials

The materials used were diclofenac sodium (Fagron GmbH & Co.,
arsbttel, Germany), sodium alginate (Carl Roth GmbH & Co., Karl-
ruhe, Germany), zinc chloride (Alfa Aesar GmbH & Co., Karlsruhe,
ermany). Albizia and khaya gums were obtained from the incised

runks of Albizia zygia and Khaya grandifoliola respectively (Botan-
cal Gardens, University of Ibadan, Ibadan, Nigeria), while cissus
um was obtained from the stems of Cissus pulpunea (Tose village,
yo state, Nigeria) and irvingia gum was obtained from the dried
ernels of Irvingia gabonensis (Agudama-Ekpetiama local market,
enagoa, Nigeria). All other reagents were of analytical grade.

.2. Extraction of gums

Crude khaya and albizia gums were dried in an oven at 50 ◦C
or 48 h and then milled using a laboratory mill. The gums were
ydrated in double strength chloroform water for 5 days with inter-
ittent stirring to ensure dissolution of the gums. On the other

and, cissus gum was obtained by soaking the stems of Cissus
ulpunea in chloroform water for 48 h. The gums were strained
hrough a calico cloth to remove extraneous materials and then
recipitated using absolute ethanol. The precipitated gum was  fil-
ered and the washed with diethyl ether. The purified gums were
ried in hot air oven at 40 ◦C for 48 h and then pulverized and kept

n air-tight containers [27].
Dried kernels of Irvingia gabonensis (without the seed coats)

ere powdered using a laboratory mill and then macerated in
etroleum ether for 24 h. The extract was separated from the
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esidue and the residue was repeatedly soaked in petroleum ether
ntil there was no more fat obtained in the petroleum ether. The fat-
ree residue was hydrated in chloroform water double strength for

 days and irvingia gum was precipitated with ethanol as previously
escribed for the other gums [23].
ical Macromolecules 58 (2013) 113– 120

2.3. Characterization of gums

2.3.1. Particle size analysis
Particle  size distribution of the natural gums was carried out

using laser light diffractometer with a dry feeder (Sympatec Rodos
SR 544, Sympatec, Germany). The mean particle size and surface
volume were calculated.

2.3.2.  Brunauer–Emmett–Teller (BET) surface area analysis
High speed gas absorption analyser (Nova 3200, version 6.11,

Quantochrome Corporation, USA) was  used to determine specific
surface area of the gum powders.

2.3.3. Porosity measurement
The  percent porosity of the gum powders was determined using

the Pascal 440 mercury porosimeter (Thermo Fischer Scientific,
Massachusetts, USA) with a maximum pressure of 400 MPa.

2.3.4. X-ray diffraction analysis
The  X-ray diffraction pattern was  recorded with a copper

anode x-ray tube (Cu-K�́1 radiation) using an X-ray diffractome-
ter (Phillips PW 1830, Almelo, Holland). The gum powders were
packed tightly in sample holders and each sample was  exposed to
the X-ray beam at 45 kV and 40 mA at the rate of 5 kV/20 min. The
scanning region of the diffraction angle (2�) was  from 3◦ to 50◦.

2.3.5. Particle density measurements
The  particle densities of the gums were determined by the

ultrapycnometer method using helium gas (Ultrapycnometer 1000
version 2.12. Quantachrome Corporation, Florida, USA).

2.3.6.  Thermogravimetric analysis
The moisture content (%) of the natural gums was determined

using TGA (Pyris 1 Thermogravimetric Analyzer, TGA  7, Perkin
Elmer Instruments, USA). The samples were placed in ceramic pans
and heated at a heating rate of 10 ◦C/min, from 60 to 300 ◦C. It was
held for 1 min at 60 ◦C.

2.3.7. Viscosity analysis
The  viscosity values of 2%w/v aqueous dispersion of sodium algi-

nate, the natural gums and the various blends of gum:alginate were
measured at 25 ◦C using Roto Visco 1 viscometer (Haake, Germany).

2.3.8. Preliminary formulation studies
Preformulation studies were carried out in order to optimize

the formulation and physicochemical properties of the microbeads.
Several formulation trials were done with varying ratios of the nat-
ural gum: sodium alginate, type and concentration of cross-linking
agent, stirring speed and curing time. The detailed compositions of
the optimized microbeads are presented in Table 1.

2.3.9.  Preparation of microbeads
Diclofenac  microbeads were prepared from a gel blend of

natural gum and sodium alginate to obtain a total polymer con-
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with 0.90 mm needle at a dropping rate of 2 ml/min and stirring
speed of 300 rpm. The formed beads were allowed 30 min  for cur-
ing and then left standing for 1 h to allow further cross-linking. The
beads were collected by decantation, washed with distilled water
and then dried for 24 h in hot air oven at 40 ◦C temperature.
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Table  1
The  composition and viscosity of polymer blends used for the formulation of
microbeads and the formulation code (mean ± SD, n = 3).

Polymer (s) Polymer
ratio

Formulation
code

Viscosity (Pas)

Alginate 1:0 S1 290.00 ± 0.07

Albizia:Alginate 1:0 – 26.00 ± 0.04
1:1 A1 112.00 ± 3.54
2:1 A2 52.00 ± 1.06
3:1 A3 40.00 ± 1.41

Cissus:Alginate 1:0 – 11.60 ± 0.10
1:1 C1 122.00 ± 2.83
2:1 C2 106.00 ± 2.83
3:1 C3 50.00 ± 3.54

Irvingia:Alginate 1:0 – 6.50 ± 0.08
1:1 V1 120.00 ± 2.82
2:1 V2 49.00 ± 1.41
3:1 V3 44.00 ± 1.41

Khaya-Alginate 1:0 – 19.50 ± 0.02
1:1 K1 61.00 ± 0.71
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2:1 K2 64.00 ± 0.00
3:1 K3 81.00 ± 2.12

.4. Characterization of microbeads

.4.1. Size and morphology
The  microbeads were sputtered with gold and their morphology

nd surface characteristics were analyzed using scanning electron
icroscopy (Hitachi Model S- 2460 N, Japan) at an accelerating volt-

ge of 25 kV. The particle sizes of 100 microbeads were determined
y optical microscopy using a computerized microscope fitted with

 coloured video (Leitz Laborlux II, Wetzlar, Germany).

.4.2. Swelling index
For  estimating the swelling index, 100 mg  of microbeads was

oaked in 20 ml  of phosphate buffer pH 6.8 and the weight of the
eads was determined after 3 h. Swelling index was calculated by
sing the equation:

welling index (%) = Change in weight (mg)
Original weight (mg)

× 100 (1)

.4.3. Entrapment efficiency
Drug-loaded  microbeads (50 mg)  were accurately weighed and

rushed in a glass mortar with a pestle and then suspended in 10 mL
f phosphate buffer, pH 6.8. After 24 h, the solution was filtered
nd the filtrate was appropriately diluted using phosphate buffer,
H 6.8 and analyzed using UV/vis spectrophotometer (LAMBDA 12,
erkin Elmer GmbH, Germany) at 274 nm.  The drug entrapment
fficiency (E) was calculated using the formula:

(%) = Practical drug content
Theoretical drug content

×  100 (2)

.4.4. Differential scanning calorimetry (DSC) analysis
DSC analyses of the natural gums; sodium alginate; pristine
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iclofenac sodium and drug-loaded microbeads were performed on
 DSC (Perkin Elmer Differential Scanning Colorimeter Pyris 1 CCA7,
SA) in sealed stainless steel pans. The sample pan and the refer-
nce pan were heated from −10 to 300 ◦C at a rate of 20 ◦C/min, held
or 2 min  at 300 ◦C and cooled to −10 ◦C at 20 ◦C/min. The gelatiniza-
ion enthalpy (�H), the onset, peak and conclusion temperatures
To, Tp and Tc respectively) were then determined.
ical Macromolecules 58 (2013) 113– 120 115

2.4.5. Drug release study
The  in vitro dissolution studies were carried out using the

paddle method (USP XXI), rotated at 50 rpm in 900 ml  of phos-
phate buffer, pH 6.8, maintained at 37 ± 0.5 ◦C. The microbeads
(100 mg)  were placed in the dissolution medium. Samples (10 ml)
were withdrawn at different intervals and replaced with equal
amounts of fresh medium. The sample was diluted and the amount
of diclofenac sodium released was determined at wavelength of
274 nm,  using a UV/visible spectrophotometer (LAMBDA 12, Perkin
Elmer GmbH, Germany). Determinations were done in triplicates.

2.4.6.  Modelling and comparison of release profiles
Data obtained from in vitro release studies were fitted to various

kinetic equations to determine the kinetics and mechanism (s) of
drug release from the microbeads. The results of the drug release
for the formulations was  fitted to zero order, first order, Higuchi,
Hixson–Crowell, Korsemeyer–Peppas and Hopfenberg equations
[28–33]. The model of best fit was  identified by comparing the
values of correlation coefficients.

2.4.7.  Comparison of dissolution profiles
The dissolution profiles of the microbead formulations prepared

with the natural gum:alginate blends that gave the slowest release
were compared to that containing sodium alginate alone using the
similarity factor, f2 [34]. The similarity factor (Eq. (3)) is a logarith-
mic reciprocal square root transformation of one plus the average
mean squared (the average sum of squares) differences of drug per-
cent dissolved between the test and reference products over all
time points.

f2 = 50 × log

⎧⎪⎨
⎪⎩

⎡
⎣1 +

(
1/n

) n∑
j=1

∣∣Rj − Tj

∣∣2

⎤
⎦

−0.5

× 100

⎫⎪⎬
⎪⎭

(3)

where n is the number of dissolution time points, and Rj and Tj are
the reference and test dissolution values at time t. Two dissolution
profiles are considered similar when the f2 value is 50–100.

2.4.8.  Data analysis
Statistical analysis was  carried out using the analysis of variance

(ANOVA) on the computer software GraphPad Prism® 4 (Graph-
pad Software Inc. San Diego, CA, USA) to compare the differences
between the different formulations. At 95% confidence interval,
probability, p values less than or equal to 0.05 were considered
significant.

3. Results and discussions

3.1. Properties of natural gums

The results of the material properties of natural gums are pre-
sented in Table 2. The material properties of the four natural gums
were found to vary depending on the botanical source of the gum.
Particle size and specific surface area have been shown to influence
polymer dispersion and hydration [35]. The ranking of the mean
particle size was  irvingia > albizia > khaya > cissus. Irvingia gum had
a significantly (p < 0.05) higher particle size and wider particle size
distribution than the other natural gums. It has been shown that
as the particle size of polymer gums increases, the gums becomes
more easily dispersible but hydrates more slowly [35].

One  of the major determinants of hydration kinetics is particle
size which reflects the change in surface area exposed to water and
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is a result of the internal surface of pores and the external surface
of the powder particles. The result of the specific surface area of
the gums measured using BET (Table 2), shows that the ranking
of the specific surface area was  khaya > >irvingia > albizia > cissus.
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Table  2
Material properties of the natural gums (mean ± SD, n = 3).

Polymer X50 (�m)  Sv (m2/cm3) Specific surface
area  (sq m/g)

Porosity (%) Particle density
(g  cm3)

Moisture
content (%)

Tg (◦C) �Hgel (J/g)

Albizia 73.5 ± 2.6 0.12 ± 0.01 1.03 ± 0.15 43.5 ± 14.7 1.76 ± 0.01 8.1 ± 2.2 242.9 7.77
.4 ± 1.9 1.59 ± 0.00 7.5 ± 1.5 264.2 9.26
.6 ± 12.8 1.20 ± 0.00 13.0 ± 3.4 48.8 4.44
.2 ± 13.7 1.80 ± 0.00 15.4 ± 2.0 136.8 1.99
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gum:alginate of 4:1, 3:1, 2:1 and 1:1 to produce total polymer
concentrations of 1%w/v, 2%w/v and 4%w/v (data not shown),
showed that at the concentration of 1%w/v, the polymer blend
appeared to be too dilute to form rigid, spherical beads while at
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Cissus 60.5 ± 1.3 0.20 ± 0.01 1.03 ± 0.15 52
Irvingia 138.5 ± 5.6 0.08 ± 0.00 3.17 ± 0.19 63
Khaya 68.4 ± 2.8 0.13 ± 0.01 10.91 ± 1.19 51

hus, materials like khaya gum with significantly (p < 0.001) higher
urface areas is more likely to react and dissolve faster than the
ther gum with a lower surface area, like cissus.

The pore structure of powder materials is important in charac-
erizing the material and can be used to predict their behaviour
nder different conditions. Porosity determines important phys-

cal properties of powder materials such as mechanical strength,
ermeability and adsorption properties and is expressed as a per-
entage of the total volume of voids to the total volume of the gum
36]. The ranking of the porosity presented in Table 2 was irvin-
ia > cissus > khaya > albizia. All the natural gums except albizia
howed porosity values greater than 48% with irvingia gum which
ad the highest mean particle size exhibiting the highest porosity
f 63.6%. It has been reported that a porosity value greater than 48%
hows that the particles in the powder are in the form of aggregates
nd are not of greatly different sizes [37]. The ranking of the parti-
le density was khaya > albizia > cissus > irvingia. This indicates that
rvingia and cissus gums with higher porosity had lower density
alues. The difference observed in the density of the gums could
lso be due to the difference in shape and particle size distribu-
ion.

Gums are known to be hygroscopic and they absorb moisture
rom the air depending on their physicochemical properties and
he relative humidity of the environment. Pharmacopeial limits for

oisture content of natural gums like acacia and tragacanth has
een set at ≤15.0% [38]. Higher levels of water can lead to micro-
ial spoilage and subsequent deterioration in polymer quality. The
oisture contents of the natural gums (Table 2) determined by

hermogravimetric analysis (TGA) were within the pharmacopoeial
imits except for khaya gum which showed a slightly higher value
15.4%). The mechanistic reason for this is still unclear. However,
haya gum should be carefully stored to prevent absorption of
oisture which could lead to deterioration. It can also be observed

hat irvingia and khaya gums showed significantly (p < 0.05) higher
oisture content than cissus and albizia gums.
The X-ray diffraction patterns of the four natural gums are pre-

ented in Fig. 1. It has been shown that the relative amount of each
ype of scattering of the X-ray diffraction pattern is an indication of
he degree of crystallinity of each polymer [39]. The results indicate
hat the natural gums were largely amorphous in nature although
rvingia gum exhibited some degree of crystallinity as indicated by
he increase in the intensity of the peaks. The mechanical strength,
welling behaviour and capacity to undergo hydrolysis and subse-
uently biodegradation have been shown to be directly influenced
y the crystallinity of the polymers.

The results of the DSC which have been used extensively to
easure the phase transitions of natural gums are presented in

ig. 2 and the transition temperatures are presented in Table 2.
he heat flow curves of the gums showed an endothermic peak at
ifferent temperatures except for irvingia gum which showed an
xothermic peak at 48.1 ◦C. This indicates that the natural gums
ary considerable in their phase transition and degree of crys-
allinity [7]. The ranking of the glass transition temperature was
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issus > albizia > khaya > irvingia. However, irvingia gum exhibited
ignificantly (p < 0.001) lower glass transition temperatures than
he other natural gums while sodium alginate exhibited higher
ransition temperature (253.2 ◦C).
Fig. 1. X-ray diffraction analysis of the natural gums.

The viscosity of the four natural gums, sodium alginate and the
polymer blends used in the formulation of the microbeads are pre-
sented in Table 1. The ranking of the viscosity of 2%w/v dispersion
of the natural gums was albizia > khaya > cissus > irvingia. Sodium
alginate exhibited significantly (p < 0.001) higher viscosity than all
the natural gums. However, when the polymer blends of sodium
alginate and the natural gums are considered, the viscosity of the
polymer blends decreased with increase in the concentration of
the natural gum in the blends except for khaya gum which showed
increase in viscosity. Thus, the natural gum polymers appeared to
modify the viscosity of sodium alginate to varying degrees.

3.2. Preliminary formulation studies

The preformulation studies done using polymer blends consist-
ing of the natural gums and sodium alginate at ratios of natural

IB
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Fig. 2. DSC thermograms of the natural gums.
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he concentration of 4%w/v, the polymer blends were too viscous
or easy extrusion through the 0.90 mm needle. Furthermore,
olymer blends at ratio of 4:1 of gum to sodium alginate did not
orm well-defined microbeads. However, total polymer concen-
ration of 2%w/v at ratios of 3:1, 2:1 and 1:1 gave rigid spherical

icrobeads. Thus, the total polymer concentration of 2%w/w was
sed for further formulation studies.

When the stirring speed of 200 rpm was used, the microbeads
ere generally irregular in shape but became more spherical
hen the stirring speed was increased to 300 rpm. However,
hen the stirring speed was increased to 400 rpm, the microbeads

ecame irregular in shape (data not shown). The crosslinking
gents – calcium chloride, zinc chloride and zinc acetate, used at
he concentration of 5.0, 7.5 and 10.0%w/v gave varying degrees
f crosslinking. Increasing the concentration of the crosslinking
gents from 5% to 10%w/v produced microbeads that were well
efined and more spherical in shape. Zinc chloride at a concentra-
ion of 10%w/v generally produced the most spherical and stable

icrobeads while beads produced using calcium chloride and zinc
cetate were less stable (data not shown).

The curing time was  also found to affect the quality of the
icrobeads produced. Increasing the curing time from 15 to 30 min

roduced more spherical and free-flowing beads. However, when
he curing time was increased to 1 h, the microbeads which were
nitially formed began to disintegrate. It was observed that when
he microbeads were left standing for 1 h after curing for 30 min,
he microbeads were more stable and did not disintegrate during
he recovery. This indicates that keeping the microbeads in the
rosslinking agent for a period of time allowed for further cross-
inking to occur in the gel [40].

.3. Physicochemical properties of the microbeads

The SEMs of the diclofenac-loaded microbeads are shown in
ig. 3. The beads were spherical in shape but exhibited a rough
urface morphology with visible wrinkles. This is consistent with
revious reports on alginate beads where solid drug crystals which
ere sparingly soluble in water such as diclofenac sodium and

ulindac were encapsulated [10]. The wrinkles observed on the par-
icle surface could be due to the drying procedure and properties
f the drug [10]. The DSC thermogram of diclofenac loaded beads
data not shown) showed that there was no change observed in
he thermal behaviour of diclofenac in the drug loaded beads. The
esult also suggests that diclofenac was completely entrapped in
he polymeric network of the microbeads and there was no chem-
cal interaction between the drug and the polymer blends.

The  properties of the optimized diclofenac microbeads are
hown in Table 3. The results showed that the size of the microbeads
ncreased with increase in the concentration of the natural gums.
he ranking of the particle size of the microbeads for the var-
ous formulation containing the polymer blends was  generally
lbizia > cissus > khaya > irvingia > alginate. Thus, microbeads con-
aining albizia:alginate blends had the largest particle size while
he beads containing sodium alginate alone showed the smallest
article size. Statistical analysis showed that there were signifi-
ant differences (p < 0.05) between the particle size of the sodium
lginate beads and those of the natural polymer-alginate blends.

The  swelling index of the microbeads after 3 h is presented
n Table 3. It was observed that the microbeads absorbed phos-
hate buffer rapidly and there was an increase in the size of
he microbeads within the first 3 h (data not shown). However,
rosion and breakdown of the beads was observed after 3 h
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n phosphate buffer. This may  be as a result of the degrada-
ion of the polymer backbone into smaller fragments resulting
n the disintegration of the microbeads [41]. The ranking of the
welling index for the microbead formulations was  generally
ical Macromolecules 58 (2013) 113– 120 117

alginate > khaya > cissus > irvingia > albizia. There were significant
(p < 0.05) differences in the swelling properties of the beads and
the degree of swelling appears to depend on the type and con-
centration of the natural gum in the polymer blends. However,
microbeads containing sodium alginate alone exhibited similar
swelling to those containing khaya and cissus at a ratio of 1:1.

The  entrapment efficiencies of the microbeads (Table 3) ranged
from 44.0% to 71.3%. The relatively low encapsulation efficiency
could be as a result of the poor water solubility of the drug [42,43]. In
addition, it has been reported that migration of drug during drying
and storage can result in a heterogeneous distribution of the drug
in the polymer matrix [44]. During the air drying process, water
flows to the matrix surfaces before evaporation and the drug dif-
fuses towards the surface by convection resulting in heterogeneous
distribution in the matrix. This convection-induced migration
has been reduced by freeze-drying the microparticles [44]. The
entrapment efficiency generally increased with increase in the con-
centration of the natural gums in the polymer blends. Thus, the
presence of the natural gums in the polymer blends appeared to
delay or hinder the drug diffusion within the polymer droplet [45].
The ranking for the entrapment efficiency for the formulations
was khaya > irvingia > alginate > cissus > albizia. Formulations con-
taining khaya and irvingia gums exhibited significantly (p < 0.05)
higher entrapment efficiencies than those containing alginate alone
and the other gums. Factors that have been shown to affect the
entrapment efficiency of drug in microbeads include the nature of
drug, concentration of polymer, drug–polymer ratio and stirring
speed [11].

3.4. Drug release study

The release profiles of diclofenac from the microbead formu-
lations are shown in Fig. 4 and the values of t15 and t80 (time
required for 15% and 80% of diclofenac to be released respec-
tively) are presented in Table 3. The dissolution profiles showed
that there was a gradual increase in the amount of drug release
over time. Microbead formulations containing irvingia gum and
alginate showed an initial lag time of about 1 h where the drug
release was less than 1% while the lag time was about 30 min for
formulations containing albizia, cissus and khaya gums. For con-
trolled release preparations, an initial high rate of drug release
usually referred to as “burst release” where 15% of drug is released
within the first hour, is undesirable because it can have adverse
pharmacological effects and can also make the delivery system
to be economically ineffective [44]. The release profiles indicated
that generally, the beads did not exhibit burst release, indicating
that the drugs were embedded in the beads and were not loosely
bound to the surface of the beads [9]. However, there was an
increase in the amount of drug release with time. According to
Alderman [46] when the hydrophilic matrix system is placed in
an in vitro dissolution medium, drug particles initially pass into
solution from the surface (immediate release). The solid matrix
begins to swell (polymer relaxation) as soon as hydration with
solvent molecules commences and diffusion of the dissolved drug
and erosion of gelatinous viscous polymer layer into aggregates
occurs. This in turn leads to desaggregation into fine particles that
leads to release of the drug content by dissolution. The results also
showed that the dissolution times, t15 and t80, generally increased
with increase in the concentration of the natural gums in the
polymer blends with microbeads formulations containing natu-
ral gum:alginate at the ratio of 3 to 1 showing higher dissolution
times except for formulations containing albizia gum. The rank-
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ing for the dissolution times, t15 and t80, for the formulations was
generally irvingia > alginate > albizia > khaya > cissus. The dissolu-
tion times depended on the type and concentration of natural
gum present in the polymer blends used in the formulation of
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ig. 3. Scanning electron micrographs of diclofenac microbead formulations conta
lginate; (iv) irvingia-alginate; (iv) khaya-alginate; (v) 2% sodium alginate.

he microbeads. Thus, the concentration of natural gums could be
sed to modulate drug release from the microbeads. At natural
um:alginate ratio of 3 to 1, formulation containing irvingia gum
V3) and sodium alginate alone (S1) showed significantly (p < 0.05)

U

igher dissolution times than those containing the other polymer
lends. On the other hand, there were no significant differences
p > 0.05) between the dissolution times of microbeads containing
haya, albizia and cissus gums. Furthermore, while formulations
the natural gum:alginate blends at the ratio of 3:1: (i) albizia-alginate; (ii) cissus-

containing khaya, albizia and cissus gums released 100% of the drug
within 5 h, those containing irvingia gum provided a slower release
and complete drug release was achieved only after 7 h. Thus the
natural gum could be useful for the preparation of microbeads with

different release profiles depending on the concentration used and
the intended use of the tablets. Generally, 5 h of controlled release
can be considered adequate in view of the relatively low percent of
total polymer used (2%w/v) in the formulation as well as the short
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Table  3
Properties of diclofenac microbead formulations containing the polymer blends (mean ± SD, n = 3).

Formulation code Particle size (mm)  Swelling index (%) Entrapment efficiency (%) t15 (h) t80 (h)

S1 1.49 ± 0.13 16.9 ± 3.1 55.0 ± 5.6 1.9 ± 0.9 4.5 ± 2.1

A1  2.14 ± 0.15 9.2 ± 2.5 44.0 ± 4.1 1.5 ± 0.9 3.5 ± 1.1
A2  2.29 ± 0.18 7.6 ± 2.1 60.8 ± 6.3 1.6 ± 0.1 3.9 ± 0.9
A3  2.41 ± 0.20 6.9 ± 1.1 51.3 ± 5.2 0.9 ± 0.6 3.0 ± 0.9

C1  1.98 ± 0.18 16.6 ± 4.6 48.8 ± 5.1 0.8 ± 0.3 2.9 ± 0.8
C2  2.18 ± 0.12 11.6 ± 1.8 52.5 ± 5.1 1.0 ± 0.7 3.2 ± 0.9
C3  2.41 ± 0.17 9.4 ± 2.0 54.3 ± 3.8 1.1 ± 0.4 3.3 ± 1.1

V1  1.48 ± 0.06 6.5 ± 1.7 60.8 ± 6.4 2.0 ± 0.1 4.0 ± 1.2
V2  1.57 ± 0.09 4.9 ± 0.9 61.3 ± 4.5 2.6 ± 0.8 5.3 ± 1.9
V3  1.62 ± 0.17 4.4 ± 1.2 68.8 ± 5.1 2.8 ± 0.5 5.4 ± 1.4

K1  1.73 ± 0.12 16.8 ± 3.3 71.3 ± 7.1 0.9 ± 0.5 3.0 ± 0.4
K2  1.93 ± 0.15 11.8 ± 2.4 63.3 ± 5.6 1.0 ± 0.9 3.0 ± 0.9
K3  1.98 ± 0.18 10.2 ± 2.1 66.5 ± 4.5 1.0 ± 0.7 3.2 ± 0.5

Table 4
Correlation coefficients obtained for the diclofenac microbeads using different mathematical models (n = 3).

Formulation code Zero order First order Higuchi Hixson–Crowell Korsmeyer Hopfenberg

r2 n

S1 0.965 0.880 0.762 0.869 0.963 2.310 0.993a

A3 0.905 0.798 0.880 0.765 0.997a 1.410 0.981
C3  0.953 0.903 0.861 0.830 0.997a 1.554 0.985
V3  0.876 0.818 0.659 0.797 0.997a 2.626 0.955
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K3  0.929 0.871 0.880 

a Highest correlation coefficient of drug release kinetics.

alf life of diclofenac sodium (1–2 h). In addition, sustained release
ormulations are used not only to extend the bioavailability of a
rug but to simultaneously reduce the maximum plasma concen-
ration of the drug (Cmax). Thus, the reduction in the fluctuation of
he drug concentration in the blood becomes more important than
educing the number of daily drug intakes.

The kinetics of drug release from the microbeads is important
ecause they influence the drug bioavailability, dosage intervals
nd the occurrence of toxic or untoward side effects [47]. The cor-
elation coefficients which were used as an indicator for best fit are
resented in Table 4. Drug release from the microbead formulations
ontaining all the polymer blends fitted the Korsmeyer–Peppas
odel with correlation coefficients, r2 = 0.997. This indicates that

Y O
F

rug release from the microbeads was controlled by a combination
f diffusion and erosion mechanisms. The drug release mechanism
rom the formulations containing the natural gums is considered
o be super case II transport, in which a pronounced acceleration in

ig. 4. Dissolution profiles of diclofenac microbead formulations containing the nat-
ral gum:alginate blends at the ratio of 3:1: �, albizia:alginate; �, cissus:alginate;
,  irvingia:alginate and •, khaya:alginate; �, 2% sodium alginate.

UNIV
ERSIT
0.819 0.997a 1.436 0.981

drug release by the polymer blend occurs towards the latter stages
of release, resulting in a more rapid relaxation-controlled transport
[48]. This is consistent with previous reports on release kinetics
of microbead formulations of diclofenac sodium [42,49]. However,
the drug release for the beads containing alginate alone fitted the
Hopfenberg model which describes the release of drug from spher-
ical formulations. Hopfenberg developed the mathematical model
to correlate the drug release from surface eroding polymer as long
as the surface remains constant during degradation process.

The  similarity factor, f2 has been used by the FDA for the compar-
ison of dissolution profiles of various brands of drugs containing the
same drug, for the microbeads. The FDA has set a public standard
of f2 value between 50 and 100 to indicate similarity between two
dissolution profiles and f2 of 100 for two  identical profiles [34,47].
From the results, similarity was observed between the dissolution
profiles of formulations A3 and C3 (f = 50.9), formulations A3 and K3
(f2 = 72.9) and formulations C3 and K3 (f2 = 58.9). This indicates that
microbeads containing albizia and cissus had comparable release
profiles to those containing khaya gum (f2 > 50). However, there
was dissimilarity between the dissolution profiles of the formula-
tions containing the blends of the four polymer gums and those of
the microbeads containing alginate alone (f2 < 50). The dissolution
profiles from the formulation containing irvingia gum were also
dissimilar to the microbead formulations containing the other nat-
ural gums. Thus, drug release from the microbeads was completely
altered by the addition of the polymer gums into the formulation.

4. Conclusion

Microbeads designed using the four natural gums namely
albizia, cissus, irvingia and khaya gums were useful in combina-
tion with sodium alginate for the formulation of sustained release

ADAN
microbeads for over 5 h. Formulations containing khaya and irvin-
gia gums had significantly (p < 0.05) higher entrapment efficiency
than those of all the other formulations. Drug release from the
microbeads was  dependent on the type and amount of natural
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um present in the formulation. Microbead formulations contain-
ng irvingia gum showed the highest sustained release with good
ntrapment efficiency. The natural gums could provide a more cost
ffective alternative to synthetic polymers in the formulation of
ontrolled drug delivery systems.
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