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Abstract: Polymeric-blend beads of ghatti gum with sodium alginate containing the drug,
galantamine hydrobromide were prepared by varying the gum concentrations and cross linkers
viz., CaCl2 and AlCl3.  It  was found that  in  comparison between AlCl3 and CaCl2, the particle
size, percent yield and drug entrapment efficiency was greater in beads prepared by AlCl3 as
cross linking agent. Formulation SGF6 formulations showed high percent yield which may be
attributed for higher concentration of ghatti gum. SEM photographs for the prepared
formulation indicated that the beads were having smooth and crack-free surface. FTIR and DSC
spectra indicated that galantamine hydrobromide has not undergone any chemical interaction
with the polymers and excipients used. In vitro drug release data indicated that formulations
SGF3, SGF5 and SGF6 showed a release of about 99, 98 and 94% at the end of 12 h indicating
their suitability for showing a 12 h release profile. Mathematical model fitting indicated that the
best-fit model for the formulations was peppas and the release of drug from the polymer matrix
followed super case-II transport. Formulation SGF6 was found to be ideal and when subjected
for stability studies showed that the drug was stable.
Keywords:  Ghatti gum, beads, sodium alginate, galantamine hydrobromide.

Introduction

Natural polymers and their derivatives are widely used to prepare various pharmaceutical dosage forms.
Natural polymers can be modified to have tailor-made materials for preparing drug delivery systems and thus can
compete with synthetic materials which are widely available in the market [1]. Oral sustained release dosage
forms (DFs) are being developed for the past several decades due to their considerable therapeutic advantages [2,
3]. Natural polysaccharides hold advantages over synthetic polymers as they are non toxic, less expensive,
biodegradable and easily available.

The use of biodegradable polysaccharides has gained importance in the development of controlled and
sustained release drug delivery systems. Over the past few decades, natural biodegradable polysaccharides such as
pectin, xanthan gum, guar gum, chitosan, carrageenans, sodium alginate (Na-alginate), hydroxypropyl
methylcellulose (HPMC), agar and gellan gum have been widely used [4, 5]. These polymers can be exploited in
various ways in the formulation of targeted and controlled drug delivery as they have different derivatizable
groups, a wide range of molecular weight, and varying chemical composition. They can change their volume in
contact with external media and form a viscous layer which serves as a protective barrier against water influx into
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the system and drug efflux into the contact medium. Thus, immediate drug release is prevented, and a sustained or
prolonged drug release rate can be achieved [6, 7].

Multiparticulate drug delivery systems made up of natural biodegradable polymers have been paid
considerable  attention  for  several  years  in  controlling  and  sustaining  of  release  rate  of  drugs.  Beads  are  small,
solid and free flowing particulate carriers containing dispersed drug particles either in solution or crystalline form
that allow a sustained release of various active agents without major side effects. Alginic acid, also
called algin or alginate, is an anionic polysaccharide distributed widely in the cell walls of brown algae. Alginates
mainly consist of mannuronic acid, guluronic acid and mannuronic-guluronic blocks [8]. Dropwise addition of
aqueous alginate solution to the aqueous solution containing calcium ions or other di- and polyvalent cations
causes spherical gel formation termed as alginate bead. The dried alginate beads have the property of reswelling
and thus they can act as sustained/controlled/extended release drug delivery system. Many researchers have done
work related to alginate beads either alone or by blending with many different polymers [9-11].

Gum ghatti is a complex non-starch polysaccharide obtained as amorphous translucent mucilage from
wounds in the bark of Anogeissus latifolia tree which is found in the deciduous forests of India and Sri Lanka. It
has been widely employed in food, pharmaceuticals, paper and other industries primarly due to its emulsification
and thickening property [12, 13]. It is a high molecular weight complex polysaccharide that occurs in nature as a
mixed calcium, magnesium, potassium, and sodium salt; upon hydrolysis it yields L-arabonose, D-galactose, D-
mannose, D-xylose, L-rhamnose, and D-glucuronic acid. Gum ghatti is marketed in Japan as an existing food
additive, and was assigned “generally regarded as safe” (GRAS) status by the US FDA [14]. The molecular
structure, functional properties and pharmaceutical applications of the gum have also been extensively studied
[15]. Ghatti gum has also been used for preparing matrix tablets for domperidone [16], floating drug delivery
system [17]  and  also  as  an  emulsifying  agent  [18].  Even  though,  ghatti  gum is  an  important  forest  product,  its
commercial exploitation was limited due to non-availability of scientific information, especially in relation to its
application in the pharmaceutical preparations.

In the present study, galantamine hydrobromide (GAL) was used as a model drug, which is an
analkaloid that is obtained synthetically or from the bulbs and flowers of Galanthus caucasicus, Galanthus
woronowii and related genera like Narcissus, Leucojum, and Lycoris including Lycoris radiate. It is used is used
for the treatment of mild to moderate Alzheimer's disease and various other memory impairments, in particular
those of vascular origin  [19-21].

In the present study, an attempt was made to develop polymeric blend beads of sodium alginate and
ghatti gum containing GAL as model drug. This is a novel study and was not carried out elsewhere by any
researcher.  The overall  objective of  the present  investigation is  to  investigate  the utility  of  ghatti  gum, a  natural
and biodegradable gum in pharmaceutical preparations as a carrier in formulating sustained drug delivery systems.
Different  formulations  were  prepared  by  varying  the  concentration  of  gums  and  the  prepared  beads  were
evaluated for particle size, scanning electron microscopy (SEM), percent yield, entrapment efficiency, differential
calorimetry (DSC), Fourier transform infrared spectrophotometer (FTIR), in vitro drug release studies, diffusion
coefficient (n) and stability studies.

Materials and Methods

Materials

Galantamine hydrobromide was received as gift sample from Dr. Reddy’s Laboratories, Hyderabad,
India. It is a white to almost white powder, slightly soluble in water, fairly soluble in hot water, and freely soluble
in alcohol, acetone, and chloroform. Ghatti gum was purchased from Girijan Co-operative Society, Govt. of
Andhra Pradesh, Hyderabad, India. Sodium alginate was purchased from Sigma Aldrich, Mumbai, India. All
other chemicals used were of analytical grade and purchased from Loba Chemie, Mumbai, India.

Purification of gum [15]

First the foreign extraneous matter like bark etc was separated from the gum, then powdered using mixer
grinder and passed through sieve # 80. The powdered gum was dispersed in distilled water to get a 1% solution,
kept in sonicator for 10 min until it was clear and added to equimolar mixture of acetone and ethanol (2:1 v/v) to
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give precipitation of gum. Precipitated polymer was kept in an oven for drying, powdered and evaluated for
general characteristic properties.

Preparation of polymer blend beads [22, 23]

Required amount of drug, galantamine was homogenously dispersed in an aqueous solution of sodium
alginate and ghatti gum. The resulting dispersion was extruded through 23 Guage hypodermic needle into CaCl2/
AlCl3 solution. Six formulations were prepared by varying the concentration of gums and cross linking agents as
given in Table 1.The prepared beads were, then collected by filtration, washed with deionized water, air dried at
room temperature for 12 h and dried at 40°C in a hot air oven to constant weight and kept in a dessicator until
further use.

Table 1: Formulation chart for ghatti gum-sodium alginate polymer blend beads

Formulation
code

GG%:
SAL%

Drug load
(% w/w of

total polymer)

Gelation
time (h)

Conc. of
AlCl3

(% w/v )

Conc. of
CaCl2

(% w/v )
SGF1 1:1.5 10 0.5 -- 10
SGF2 1:1 10 0.5 -- 10
SGF3 1.5:1 10 0.5 -- 10
SGF4 1:1.5 10 0.5 10 --
SGF5 1:1 10 0.5 10 --
SGF6 1.5:1 10 0.5 10 --

UV/Visible spectroscopy

The wavelength of maximum absorbance (λmax) of galantamine hydrobromide drug in pH 7.2 phosphate
buffer was determined by scanning a known concentration of sample solution in the wavelength region 200–400
nm by using Shimadzu 1601 UV/Visible spectrophotometer. The λmax was  found  to  be  221  nm  and  this
wavelength was used for further studies.

Particle size analysis [24, 25]

The particle size analysis was carried out by using optical microscope. Samples were dispersed in liquid
paraffin and observed under optical microscope. Stage micrometer was used to calculate calibration factor.
Averages of 50 beads were counted and size was determined.

Scanning electron microscopy (SEM) [24]

SEM photographs were taken for the prepared beads with a scanning electron microscope, at the required
magnification in room temperature. The photographs were observed for morphological characteristics and to
confirm the spherical nature of beads.

Yield of the process [23-26]

Determining whether the preparation procedure chosen for incorporating a drug into the polymers is
efficient is of prime importance. The raw materials, amount of active compound, and other process parameters are
deciding factors for the yield of the product during the preparation of beads. The yield was determined by
weighing the beads and then finding out the percentage yield with respect to the weight of the input materials, i.e.,
weight of drug and polymers used. The formula for calculation of % yield is as follows

% Yield = (Weight of drug + Weight of polymers) x 100/ Weight of beads

Drug entrapment efficiency [25]

Drug entrapment efficiency represents the proportion of the initial amount of drug, which has been
incorporated into the beads. 100 mg of beads were weighed and transferred to 100 ml volumetric flask containing
pH 7.4 phosphate buffer. They were shaken for 1 h on a mechanical shaker, crushed and further shaken for 1 h.
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From this, 1 ml of solution was transferred to 10 ml volumetric flask and diluted up to the mark. Further 1 ml of
this solution is diluted to 10 ml and absorbance was measured at 221 nm. The drug content was calculated by
using the formula-

Amount of drug = Conc. from standard graph x Dilution factor/ 1000

Percentage drug entrapment efficiency was found out by calculating the amount of drug present in 100 mg of
beads. It is further calculated by using formula-

% Drug entrapment efficiency = Experimental drug content x 100/ Theoretical drug content

In vitro drug release studies [24, 25]

To understand the release kinetics of drug from beads, release studies were carried out using USP
dissolution apparatus, basket type at 100 rpm and at 37 ± 0.5˚C. The release studies were carried out for 12 h in
simulated intestinal condition (pH 7.2 phosphate buffer). A 10 ml aliquot of the dissolution solution was
withdrawn at regular intervals of time and analyzed for drug content using a UV– visible spectrophotometer at
221 nm. A 10 ml of the fresh buffer solution was replaced back to the dissolution vessel so as to maintain the sink
conditions.

Peppas model fitting [27, 28]

Koresmeyer-Peppas model is one of the mathematical expression to evaluate the mechanism of drug
delivery. The Koresmeyer-Peppas equation is as follows;

Mt/ M∞ = 1- A (exp -kt) (2)

log (1 - Mt/M∞) = log A – kt/2.303 (3)

where, Mt/M∞ is the fractional amount of drug released and t is the time in hrs. In this study, the release constant,
k  and  constant,  A  were  calculated  from  the  slopes  and  intercepts  of  the  plot  of  In  (1-  Mt/M∞)  versus  time  t
respectively where, Mt is the amount of drug release at time t; M∞ is the amount of drug release after infinite time;
k is a release rate constant incorporating structural and geometric characteristics of the tablet; and A is the
diffusional exponent indicative of the mechanism of drug release. To find out the release exponent, the log value
of percentage drug dissolved was plotted against log time for each batch according to the above equation. If A is
equivalent to 0.5 indicates Fickian (case I) release; greater than 0.5 but less than 1 for non-Fickian (anomalous)
release and A is greater than 1 indicates super case II type of release. Case II generally refers to the erosion of the
polymeric chain, and anomalous transport (Non-Fickian) refers to a combination of both diffusion and erosion
controlled drug release.

Fourier Transform Infrared Spectroscopy (FTIR) [21]

FTIR spectra of the pure galantamine hydrobromide and the optimized formulation were recorded using a
Fourier transform infrared spectrophotometer (FTIR 8400 Shimadzu, Japan). Samples were prepared as KBr
pellets using a hydraulic pellet press and scanned from 4000 to 400 cm-1.

Stability studies [17]

Stability studies of the optimized formulation of galantamine hydrobromide beads was carried out to
determine the effect of formulation additives on the stability of the drug and also to determine the physical
stability of the formulation. The stability studies have been measured at 40 ºC/75% RH for 3 months (Thermolab,
Mumbai, India). Drug formulation was analyzed every 15 days for its physical appearance and % drug content.

Differential Scanning Calorimetry (DSC) [21]

All dynamic differential scanning calorimetric (DSC) studies were carried out using DuPont thermal
analyzer with 2010 DSC module. Accurately weighed samples were placed on aluminum plates, sealed with
aluminum lids, and heated at a constant rate of 5 °C/min over a temperature range from ambient temperature to
300 °C. DSC thermograms were recorded for pure galantamine drug and the optimized formulation.
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Results and Discussion

The data obtained for particle size analysis, percent yield and drug entrapment efficiency is given in
Table 2. From the table, it is clear that the particle size increased with increase in concentration of ghatti gum in
the formulation. When CaCl2 is used as cross linking agent, the particle size for the formulations was in the order
0.64, 0.71 and 0.98 mm for SGF1, SGF2 and SGF3 respectively. Similarly when AlCl3 cross linker is used the
particle size was 0.66, 0.79 and 1.04 mm for SGF4, SGF5 and SGF6 respectively. In comparison to AlCl3 and
CaCl2, the particle size was higher in beads prepared using AlCl3 as cross linking agent (particle size of SGF6 is
more than SGF3).

Table 2: Average particle size for the prepared polymer-blend beads

Formulation code Mean particle size
(mm)*

% Yield
mean ± SD*

Entrapment
efficiency (%)
Mean± SD*

SGF1 0.64 68.76 ± 1.22 76.5 ± 1.25
SGF2 0.71 71.33 ±1.39 80.6 ±1.46
SGF3 0.98 78.54 ±1.71 87.3 ±1.81
SGF4 0.66 71.14 ±1.23 80.7 ±1.46
SGF5 0.79 78.26 ±1.57 85.9 ±1.72
SGF6 1.04 82.57 ±1.26 91.1 ±1.68

*Mean, n=50

From the table, it is clear that the percent yield increased with increase in concentration of ghatti gum in
the formulations. When CaCl2 is employed as cross linking agent, the percent yield for the beads was in the order
68, 71 and 78% for SGF1, SGF2 and SGF3 respectively. SGF3 formulation showed high percent yield compared
to SGF1 and SGF2. This may be attributed for increase in concentration of ghatti gum in SGF3.

Similarly, when AlCl3 cross linker was used the percent yield was 71, 78 and 82% for SGF4, SGF5 and
SGF6 respectively. SGF6 formulation showed high percent yield compared to SGF4 and SGF5. This may be
attributed for higher concentration of ghatti gum in SGF3. In comparison to AlCl3 and CaCl2, the percent yield
was more in beads prepared used AlCl3 as cross linking agent (percent yield of SGF6 is more than SGF3).

From the results, it is clear that the entrapment efficiency increased with increase in concentration of
ghatti gum in the formulations. When CaCl2 was used as cross linking agent, the drug entrapment efficiency by
the beads was in the order 76, 80 and 87% for SGF1, SGF2 and SGF3 respectively. SGF3 formulation showed
high drug entrapment efficiency compared to SGF1 and SGF2. This may be attributed for higher concentration of
ghatti gum in SGF3.

Similarly when AlCl3 cross linker was used the entrapment efficiency was 80, 850 and 91% for SGF4,
SGF5 and SGF6 respectively. SGF6 formulation showed high percent yield compared to SGF4 and SGF5. This
may be attributed due to higher concentration of ghatti gum in SGF3. In comparison of AlCl3 and CaCl2, the drug
entrapment efficiency was high in beads prepared used AlCl3 as  cross  linking  agent  (percent  yield  of  SGF6  is
more than SGF3). This result shows that AlCl3 is an effective cross linker for preparing the polymer-blend beads.
It is also evident that by increasing the concentration of ghatti gum in the preparation, drug leaching from the
prepared beads can be prevented.

Scanning electron microscopy was carried out to observe the surface morphology and texture of the
beads. The SEM microphotographs of SGF6 are given in Figures 1 and 2. From the photographs it was observed
that the beads were having a smooth and crack free surface. The IR spectra of pure galantamine hydrobromide
(A)  and  formulation  SGF6  (B)  are  shown  in  Figure  3.  The  FTIR  spectra  obtained  indicated  that  no  chemical
interaction occurred between the drug, polymers and the excipients used in formulating the polymer-blend bead.
But, a slight shift in absorption peaks position was noticed which indicated that physical interaction might have
occurred between drug and the polymer.
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Figure 1: SEM microphotograph showing the surface of prepared SGF6 beads

Figure 2: SEM microphotograph of the bead indicating a smooth crack-free surface

Figure 3: FTIR spectra of pure drug (A) and formulation SGF6 (B)
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The in vitro drug release data of galantamine hydrobromide from the prepared polymer-blend beads is
shown in Figure 4. From the figure, it is clear that beads prepared using CaCl2 as cross-linker showed burst drug
release. Formulations SGF1-SGF3 showed a drug release of 50, 46 and 41% of drug at 4 h. Formulations SGF1
and SGF2 released the entire amount of drug in 8 and 10 h respectively and thus could not sustain the release of
drug for 12 h. On the other hand, formulations prepared using AlCl3 as  cross-linker  showed very less  release at
the end of 4 h. Formulations SGF4-SGF6 showed drug release of 40, 36 and 31% at the end of 4 h. But, SGF4
showed complete drug release within 10 h, indicating its unsuitability to design for 12 h release. Formulations
SGF3, SGF5 and SGF6 showed a release of about 99, 98 and 94% at the end of 12 h indicating their suitability for
showing a 12 h release profile.

In vitro release studies data of prepared beads (formulations SGF3, SGF5 and SGF6) was fitted into
various mathematical models to determine the best-fit model. The best fit model with the highest regression
coefficients (R2) for all the formulations is given in Table 3 and the best-fit model was found to be Peppas model.
When the in vitro release  data  was  fitted  to  the  Korsmeyer-Peppas  equation,  the  release  exponent  values  (n)
obtained in all the cases were found to be more than 1. This result indicated that the release of drug from the
polymer matrix formulations was found to be super case-II transport, i.e., drug release by both diffusion and
relaxation of polymer chain. From the table, it was concluded that, formulation SGF6 with R2 value of 0.9968 is
the optimized formulation for 12 h study period.

Table 3: Model fitting data for the prepared formulations

Formulation codeRelease model
SGF3 SGF5 SGF6

Zero order R2 0.8475 0.8952 0.9031
First order R2 0.9044 0.9348 0.8227

Hixson Crowell R2 0.8348 0.8324 0.8343
Matrix R2 0.8346 0.8646 0.8952

R2 0.9926 0.9934 0.9968Peppas
n 1.123 1.215 1.361

Best fit model Peppas Peppas Peppas

Table 4: Stability study data of optimized formulation SGF6

Time in weeks % Drug content in SGF6 mean ± SD* at 40 ±
0.5°C and 75% RH

0 (Initial) 101.62 ± 1.28
1 100.48 ± 1.83
2 100.74 ± 2.78
3 99.28 ± 1.43
4 9946 ± 2.46
5 98.82 ± 1.43
6 98.36 ± 2.46

*Standard deviation n=3

DSC thermograms of the pure drug and its optimized formulation were recorded to evaluate whether the
drug has undergone any degradation during the study period. A sharp endothermic peak at 270 °C was obtained
for galantamine hydrobromide. From the DSC data obtained (Figure 4), it was evident that the melting point of
galantamine hydrobromide has not appeared in the prepared beads. Hence, it may be inferred that the drug has
dispersed in micron level in the prepared beads.
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Figure 4: DSC spectra of pure drug (a) and formulation SGF6 (b)

Conclusion

Polymeric-blend beads of ghatti gum with sodium alginate were prepared by varying the gum
concentrations and cross linkers viz., CaCl2 and AlCl3. It was found that in comparison between AlCl3 and CaCl2,
the particle size, percent yield and drug entrapment efficiency was greater in beads prepared by AlCl3 as cross
linking agent. SGF6 formulations showed high percent yield which can be attributed for higher concentration of
ghatti gum used. SEM photographs for SGF6 indicated that the beads were having smooth and crack-free surface.
FTIR and DSC spectra indicated that galantamine hydrobromide has not undergone any chemical interaction with
the polymers and excipients used. In vitro drug release data indicated that formulations SGF3, SGF5 and SGF6
showed a release of about 99, 98 and 94% at the end of 12 h indicating their suitability for showing a 12 h release
profile. Mathematical model fitting indicated that the best-fit model for all the formulations was peppas and the
release  of  drug  from  the  polymer  matrix  followed  super  case-II  transport.  Formulation  SGF6  was  found  to  be
ideal and when subjected for stability studies showed that the drug was stable.
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