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ABSTRACT: Carboxymethyl guar gum (CMGG), an
anionic semisynthetic GG derivative, was synthesized by
incorporating CM group into GG chain. Microspheres were
prepared by loading abacavir sulfate (AS) using water-in-oil
(w/o) emulsion method. Formulations were characterized
by Fourier transform infrared spectroscopy (FTIR), nuclear
magnetic resonance (NMR), X-ray diffraction (XRD), ther-
mogravimetry (TGA), differential scanning calorimetry
(DSC) and scanning electron microscopy (SEM). In vitro
release profiles of GG and CMGG loaded with AS per-
formed in pH 1.2 as well as 7.4 buffer media at 37�C dis-

played the varying drug release profiles in stomach and
intestinal conditions. Release of the drug was extended up
to 28 h in both GG and CMGG matrices, but the burst
release observed in case of GG matrix was reduced in the
case of CMGG. The kinetics of in vitro release was analyzed
using the empirical equations.VC 2011 Wiley Periodicals, Inc.
J Appl Polym Sci 122: 452–460, 2011
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INTRODUCTION

Natural polysaccharides have been widely explored
as drug delivery devices in view of their biocompati-
ble and biodegradable nature compared to the syn-
thetic polymers.1–3 In addition, these polymers pos-
sess a large number of derivatizable groups, wide
range of molecular weights, varying chemical com-
positions with low toxicity,4,5 and are widely used
in industrial and agricultural areas as viscosity con-
trollers,6 drag reducers,7 flocculants,8 adsorbents as
well as controlled release (CR) devices.9 However,
the main problem associated with these polymers is
the extensive swelling. To control these properties,
chemical modifications of the structure are needed
for their effective use as CR devices for drugs hav-
ing short plasma half-life. Among the various chemi-
cal modifications, carboxymethylation is useful to
impart better water solubility to polysaccharides.

Guar gum (GG), a polygalactomannan gum, is a
natural polysaccharide, whose chain is made up of
D-mannose units with 1–4 linkages, while the D-galac-
tose unit is linked 1–6 on an average to every second
D-mannose unit; it has a cyclic neutral structure
containing numerous hydroxyl groups (an average of
three per sugar unit), which are extracted from the
seeds of Cyamopsis tetragonoloba.10–12 Earlier, some
reports have been published on drug delivery applica-
tions of GG13–15 and on the structure modification of
GG for CR applications.16–18 For instance, Rubinstein19

reported the CR systems of GG crosslinked with glu-
taraldehyde (GA) and phosphate for colon targeting.
Soppimath and Aminabhavi12 studied water transport
and drug release characteristics of the crosslinked
polyacrylamide-grafted GG hydrogel microspheres.
Kumar et al.20 reported the chitosan–carboxymethyl
GG (CMGG)-based interpolymer complexes for colon
delivery of fluticasone. Bajpai and Sharma21 investi-
gated the pH-sensitive swelling and vitamin B12

release behavior of barium alginate/CMGG hydrogel
beads. Thimma and Tammishetti22 developed barium-
and calcium-crosslinked CMGG beads for gastrointes-
tinal drug delivery of protein to observe that BaCl2-
crosslinked beads protect the protein from low pH
conditions to deliver in the simulated intestinal fluid.
In this work, we report the preparation of CMGG

polymer by inserting carboxymethyl (CM) group into
GG, whose structure was characterized by Fourier
transform infrared (FTIR) and 13C-NMR methods.
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Microspheres were prepared using both GG and
CMGG polymers to investigate the CR of abacavir sul-
fate (AS), an antidepressant drug of the antiviral/
reverse transcriptase inhibitor class. Chemically, AS is
(1S,4R)-4-[2-amino-6(cyclopropylamino)-9H-purin-9-yl]-
2-cyclopentene-1-methanol sulfate (Fig. 1), which pre-
vents HIV from reproducing in two ways. Metabolite of
the drug inhibits the activity of an enzyme needed for
the replication of DNA in viral cells. The metabolite is
also incorporated into the viral DNA and terminates the
formation of DNA. The drug has a plasma half-life of
1.45 h, and no reports on the CR devices of AS using
natural polysaccharides are available.

In this research, we prepared the GG and CMGG
matrices for extending the release time of short-lived
AS in the stomach and intestine, by performing in vitro
release experiments of the drug in acidic and alkaline
pH conditions at 37�C. The kinetics of release data
were analyzed using empirical equations.

EXPERIMENTAL

Materials and methods

AS was received as a gift sample from the local drug
company (a proprietary drug). GG, sodium

hydroxide, sulfuric acid, monochloroacetic acid
(CAA), analytical reagent grade GA solution 25% (v/
v), petroleum ether, and liquid paraffin oil were all
purchased from s.d. fine Chemicals, Mumbai, India.
The surfactant, Tween-80, was purchased from Loba
Chemicals, Mumbai, India. Water used was of high
purity grade after double distillation and deionization.

Synthesis of CMGG

The synthesis of CMGG with various degree of
substitution (DS) was reported before23 and a slight
modification was made in this work, wherein 3 g of
GG was dispersed in 50 mL of 2-propanol (87 wt %)
and stirred for 30 min under nitrogen atmosphere.
The resulting suspension was mixed with 10 mL of
NaOH solution (5 N), and the mixture was allowed
to react for 1 h at ambient temperature (25�C). Then
a solution of chloroacetic acid (CAA) in 2-propanol
with two different concentrations (0.5 and 1 M) was
added and kept for 1 h to react. Formulations were
designated, respectively, as CMGG1 and CMGG2.
Temperature of the reaction was raised to 70�C for 2
h; the mixture was cooled to ambient temperature,
filtered and the solid was washed with 80% (v/v)
methanol solution for 30 min to remove the

Figure 1 Synthetic scheme, 13C-NMR spectrum of CMGG, and chemical structure of AS.
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inorganic salts. The pale yellow colored product was
isolated by filtration, washed with 80% methanol,
and dried in an oven at 50�C for overnight. The
synthetic scheme along with nuclear magnetic
resonance (NMR) data is given in Figure 1. The DS
of the derivatives was estimated from acidimetric
titration.24

Preparation of AS-loaded microspheres

AS-loaded GG, CMGG1, and CMGG2 microspheres
were prepared by water-in-oil emulsion method.12

Briefly, 2% GG solution was prepared in water to
which AS was added, stirred until the formation of
a homogeneous solution, and acidified with 5 mL of
dilute sulfuric acid followed by the addition of 5 mL
of GA to crosslink the polymer(s). This solution was
then emulsified into 100 mL of light paraffin liquid
with 2% (w/v) Tween 80 using a Eurostar high-
speed stirrer (IKA Labortechnik, Germany) at 600
rpm speed for 4 h at ambient temperature. The
hardened microspheres were filtered and washed
repeatedly with n-hexane and water to remove the
liquid paraffin, unreacted GA, and any adhered
Tween 80. The microspheres were dried under vac-
uum at 40�C for overnight and kept in a desiccator
until further use. The same protocol was used to
prepare the AS-loaded CMGG1 as well as CMGG2
microspheres.

13C-NMR spectroscopy

13C-NMR spectrum of CMGG was recorded on
Bruker’s 400 MHz NMR spectrophotometer (courtesy
of Dr. M. V. Badiger, Scientist, National Chemical
Laboratory, Pune, India). The NMR spectrum is
shown in Figure 1.

Fourier transform infrared spectral analysis

Formation of CMGG was confirmed by FTIR taken
on GG and CMGG on a spectrophotometer (Nicolet,
Model Impact 410). Polymer samples were crushed
to make KBr powder into pellets under a hydraulic
pressure of 600 kg/cm2 to record the spectra in the
wavelength region of 500–4000 cm�1.

Elemental analysis

Elemental analysis for carbon and hydrogen was
done using an elemental analyzer Leco (CHN), and
the results are included in Table I.

Thermal analysis

Thermal analysis of GG and CMGG was carried out
on a differential scanning calorimetry (DSC)-Q20
(TA Instruments, Waters). Thermogravimetric analy-
sis (TGA) was performed in the temperature range
of 25–600�C in an inert atmosphere of nitrogen gas
by maintaining a uniform heating rate of 10�C/min.
DSC experiments were performed on placebo GG,

AS-loaded GG, placebo CMGG, AS-loaded CMGG,
and pristine AS. Samples were heated from 25 to
400�C at the heating rate of 10�C/min in a nitrogen
atmosphere.

X-ray diffraction

Crystallinity of AS after encapsulation was evaluated
by X-ray diffraction (XRD) recorded for placebo and
AS-loaded CMGG microspheres as well as pristine AS
using X-Pert, Philips, UK. Scanning was done at ambi-
ent temperature by varying the angle, 2y up to 50�.

Scanning electron microscopy

Scanning electron microscopy (SEM) images were
taken using JEOL model JSM-840A, Japan instru-
ment available at Indian Institute of Science, Banga-
lore, India. Particles were sputtered to form a thin
gold coating of 10 nm thick to make them conduct-
ing. Before the actual measurements, samples were
placed on a copper stub and SEM images were taken
at different magnifications by applying a voltage
energy of 20 kV.

Swelling experiments

Equilibrium swelling of microspheres at 37�C was
measured by determining the weights of samples to
measure the extent of swelling in pH 7.4 buffer.25 To
ensure complete equilibrium, samples were allowed
to swell for about 24 h and any excess surface-

TABLE I
Elemental Analysis, Degree of Substitution (DS), Equilibrium Swelling, % Encapsulation Efficiency (EE), and

Diffusion Exponent (n) Values

Formulation codes

Elemental analysis (%)

DS % Equilibrium swelling % EE nC H O

GG 38.7 6.6 54.7 – 232 51 0.53
CMGG1 29.1 5.6 65.4 0.11 178 89 0.34
CMGG2 29.0 5.3 65.7 0.16 160 94 0.49
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adhered liquid drops were removed by blotting off
with soft tissue papers. The swollen microspheres
were weighed to an accuracy of 60.01 mg on an
electronic microbalance (Mettler, AT120, Greifensee,
Switzerland), and particles were dried in vacuum
oven maintained at 60�C for about 5 h until no
further weight gain of the samples was observed.
The % equilibrium swelling was calculated as dis-
cussed earlier.25 Experiments were performed in
triplicate, but average data are considered in data
analysis and these results are included in Table I.

Encapsulation efficiency

Estimation of drug concentration was done as per
the protocol adopted elsewhere.26 Particles of known
weight (�10 mg) were grounded to get the powder
using an agate-mortar, extracted with 50 mL of 7.4
pH buffer solution and sonicated for 30 min (UP
400s, Dr.Hielscher, GmBH, Germany). The solution
was centrifuged (Jouan, MR23i, France) to remove
polymeric debris and washed twice to extract the
drug. The solution was centrifuged to remove the
suspended polymer particles, and the clear superna-
tent liquid was diluted with buffer solution. Drug
was assayed using UV–VIS spectrophotometer
(Model Anthelie, Secomam, France) at the fixed kmax

of 288 nm. The % encapsulation efficiency (EE) was
calculated as described before.26

In vitro release experiments

In vitro drug release was investigated in 0.1 N HCl
aqueous solution initially for 2 h, followed by phos-
phate buffer of pH 7.4 until completion of the disso-
lution process. Experiments were performed in a
tablet dissolution tester (LabIndia, Mumbai, India)
equipped with eight baskets (glass jars) at the stir-
ring speed of 100 rpm. Weighed quantity of each
sample was placed in 500 mL of dissolution media
maintained at the body temperature of 37�C. At
regular intervals of time, sample aliquots were with-
drawn and analyzed by UV spectrophotometer
(Secomam, Anthelie, France) at the fixed kmax of 288
nm for the AS. The already withdrawn sample solu-
tion was replenished by adding 5 mL of fresh sol-
vent to maintain the sink conditions. Triplicate data
were collected and in vitro release curves were
drawn through the average points, indicating stand-
ard deviations of 63% in all the formulations.

RESULTS AND DISCUSSION

Synthesis of CMGG

The carboxymethylation reaction was designed to
obtain the GG derivatives for substitution at

hydroxyl groups of ACH2OH, as the primary alco-
hol is more reactive than the secondary alcohol of
the anhydroglucose rings. The reaction as confirmed
by NMR is shown in Figure 1. To diminish the
oxidative degradation of polysaccharide chains, the
reaction was carried out in an oxygen-free nitrogen
atmosphere. Carboxymethylation reaction was per-
formed in the presence of slight excess of 5 N NaOH
solution to act as a reactant as well as a catalyst.
Both NaOH and GG interacted to form an alkoxide
derivative, which then reacted with carboxymethyla-
tion agent through substitution reaction, leading to
CM substitution along the polysaccharide backbone.
The carboxymethylation reaction was carried out at
normal pressure and at 70�C. By varying the con-
centration of carboxymethylation agent (CAA), two
grades of CMGG with different DS were prepared,
and the results are given in Table I.

13C-NMR spectroscopy

NMR tracings (Fig. 1) confirmed that carbonyl peak
of CMGG appears at 177.9 ppm, while the carbon
peaks of mannose and galactose appeared in the
range of 98–100 ppm. The rest of the side chain car-
bons of galactose and mannose appeared in the range
of 60–80 ppm, confirming the chemical structure of
CMGG as given in Figure 1.

Fourier transform infrared spectral analysis

In case of GG (Fig. 2), a characteristic peak appear-
ing at 3423 cm�1 is due to OAH stretching vibra-
tions. The CAH stretching vibrations are observed at
2925 cm�1, and additional characteristic bands of
GG appearing at 1422 and 1023 cm�1 are attributed
to CAH and OAH bending vibrations, respectively.
Majority of the peaks of derivatized GG almost
resemble that of GG. The peak at 2925 cm�1 due to
ACAH absorption, resulting from the vibrational
mode is quite weak in GG, whereas the peak at 2924
cm�1 is due to the asymmetric stretching of CH2,
and symmetrical stretching of CH2 in CMGG is
intense. In case of CMGG, additional band observed
at 1094 cm�1 is due to CAOAC ether linkage, while
sharp bands at 1601 and 1418 cm�1 are originated
from the resonance of carboxylic groups of CM
substituents.27

Elemental analysis

The results of elemental analysis for GG, CMGG1,
and CMGG2 given in Table I suggest higher oxygen
content in CMGGs than GG, confirming the insertion
of CM group into the GG backbone.
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Thermal analysis

TGA curves of GG (Fig. 2) shows two distinct zones
of weight loss. The initial weight loss (18%) occurs
at 25–115�C, which is due to the trace amount of
moisture in the sample. The second zone of weight
loss (66%) is observed at 225–350�C due to polymer
degradation. TGA curves of CMGG also shows the
third zone of weight loss (13%) around 375–525�C,
due to degradation of CM groups of the polymer.
This third zone of weight loss is present only in
CMGG, confirming the insertion of CM groups into
GG matrix.

DSC curves of (a) placebo GG, (b) AS-loaded GG,
(c) placebo CMGG, (d) AS-loaded CMGG, and (e)
pristine AS are shown in Figure 3. Pristine AS
shows an endothermic peak at 242�C, which has
disappeared in both AS-loaded GG and AS-loaded
CMGG formulations, indicating that drug is molecu-
larly dispersed in both GG as well as CMGG poly-
mer matrices.

X-ray diffraction

XRD diffractograms of (a) placebo CMGG micro-
spheres, (b) AS-loaded CMGG microspheres, and (c)

Figure 2 FTIR and TGA thermograms of (a) GG and (b) CMGG.
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pristine AS presented in Figure 4 suggest the loss of
crystallinity of drug after formulation. For instance,
diffraction patterns of AS showed many peaks
around 2y of 9–30�, while a high intensity peak at
2y ¼ 21� represents its crystallinity. However, these
peaks have disappeared in the AS-loaded micro-
spheres, but only peaks observed in the placebo
polymer are seen, confirming that drug is molecu-
larly dispersed in the polymer matrix and its crystals
are not found in drug-loaded formulations.

Scanning electron microscopy

Typical SEM images of group of AS-loaded CMGG
microspheres and their surface morphology are
shown in Figure 5(a and b), respectively, from which
it is evident that average sizes of spherical micro-
spheres are around 100 lm and also exhibit a rough
surface as displayed in Figure 5(b).

Equilibrium swelling

To investigate the effect of substituted CM group on
swelling, we have studied % equilibrium swelling of
the matrices in pH 7.4 buffer media at 37�C. As per
data presented in Table I, equilibrium swelling is
highest (232%) in case of GG, which is obvious
due to its hydrophilic nature. However, in case of

CMGG1, equilibrium swelling decreased consider-
ably to 178% and a further decrease to 160% in case
of CMGG2, suggesting that with increased DS, the
matrix becomes less hydrophilic. Also, water-bind-
ing site of the CMGG matrix, a dominant factor in
swelling, has decreased with increasing degree of
CM substitution. This further suggests that higher
CM substitution would favor the formation of stron-
ger interaction, resulting in a structure with fewer
water-binding sites. Similar observations were also
made before by Sen and Pal.28 This suggests that
CMGG is a suitable matrix for encapsulating water-
soluble drug such as AS compared to pristine GG.

Encapsulation efficiency

The EE values also depend on the nature of the ma-
trix as well as the extent of CM substitution onto
GG. For instance, EE is highest (94%) for CMGG2,
which decreased to 89% for CMGG1, but the least
EE value of 51% was observed for GG (see Table I).
Thus, it appears that CM substitution onto GG
increases the % EE of the matrices, suggesting their
better suitability compared to neat GG.

In vitro release

In vitro release of AS from GG and CMGG micro-
spheres was investigated in gastric (pH 1.2) media
for the initial 2 h, followed by intestinal (pH 7.2)
conditions until the completion of dissolution pro-
cess to understand its release pattern in the stomach
as well as in the intestine. Each experiment was
performed in triplicate, but results displayed are the
average values of the corresponding determinations

Figure 3 DSC thermograms of (a) placebo GG, (b) AS-
loaded GG, (c) placebo CMGG, (d) AS-loaded CMGG, and
(e) pristine AS.

Figure 4 XRD tracings for (a) placebo CMGG, (b) AS-
loaded CMGG, and (c) pristine AS.
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at each time point. In each case, % cumulative drug
release is plotted versus time in case of GG and
CMGG matrices shown in Figure 6. It is evident that
burst release of AS was observed in case of GG
within the first 3 h, followed by a steady release up
to 28 h, probably due to the direct exposure of the
drug-loaded matrix to the dissolution media, giving
a quick release of the drug. However, the in vitro
release of AS from CMGG1 and CMGG2 did not
show such a sudden burst release as that of GG
matrix. The release was slowed up to 6 h, which
later leveled off with a constant release of AS over
an extended period of up to 28 h.

It can be observed from Figure 6 that 58% of AS
was released from the GG matrix in 2 h, while for
CMGG1 and CMGG2 matrices, only 25% and 18% of
drug release occurred, respectively in 2 h. The rea-
son for such a fast release of AS from GG is due to
its fast hydrating nature compared to CMGG.29

Thus, the chemical modification of GG by carboxy-
methylation has helped to release AS in a slow and
steady manner. It can also be notified that % cumu-
lative release of AS decreased at higher carboxyme-
thylation of GG. In any case, the formulation based
on GG exhibits higher release than either CMGG1 or
CMGG2, and for all formulations, the release was
extended up to 28 h. The higher release of drug

from the GG matrix compared to CMGG matrices
is due to the more hydrophilic nature of GG than
CM-substituted GG. Notice that % cumulative release
from the GG matrix was >80%, whereas with the

Figure 5 SEM images of (a) AS-loaded CMGG microspheres and (b) surface morphology of AS-loaded CMGG
microspheres.

Figure 6 In vitro release of AS-loaded formulations.

458 SULLAD, MANJESHWAR, AND AMINABHAVI

Journal of Applied Polymer Science DOI 10.1002/app



CMGG matrices, the extent of drug release was
much lower, that is, it varied between 30% and 40%,
but the advantage is that no burst release was
observed with CMGG matrices.

Drug release kinetics

To examine the relationship between drug release
and molecular transport, cumulative release data
were fitted to an empirical equation as analyzed
before30 to estimate the values of diffusion exponent,
n at 95% confidence level.31,32 These data and corre-
lation coefficients are included in Table I. The n val-
ues varied from 0.34 to 0.53, suggesting a deviation
of transport from the Fickian trend. Different empiri-
cal equations, viz., zero order, first order, Higuchi
square root, and Hixson–Crowell were also used to
analyze the kinetics of in vitro release data.33 How-
ever, the criterion for selecting the most appropriate
equation was based on the goodness-of-fit test.
Evaluated parameters from different equations are
presented in Table II. It is observed that the kinetics
of release of AS fitted well the Higuchi equation, sug-
gesting the diffusion-controlled process of in vitro
release of AS from the matrices of this study.

CONCLUSIONS

CMGG, an anionic semisynthetic GG derivative, was
synthesized and its potential was compared with
neat GG as a oral drug-delivery device to deliver
AS. The polymers were characterized by a variety of
techniques, which indicated successful carboxyme-
thylation reaction. Equilibrium swelling and extent
of EE strongly depend on the extent of CM substitu-
tion. In vitro release of CMGG matrices performed in
pH 1.2 and 7.4 media demonstrated the CR profiles
of AS that avoided the burst release of the matrix,
which was observed in case of GG matrix. Analysis
of release kinetics revealed that the release of AS
from the microspheres followed the Higuchi

kinetics, indicating a diffusion CR. In vitro release
studies indicated that CMGG microspheres effec-
tively extended the release of AS up to 28 h. The in
vitro release kinetics confirmed the non-Fickian
transport trends for the systems of this study.
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