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A B S T R A C T

To optimize and characterize xanthan gum multi-particulate formulation for colon targeting, which increases the
residence time at the absorbing surface of the colon. Xanthan gum was dispersed in cold water containing drug
and was permitted to expand for 2 h. Sodium alginate was blended well in 10 ml of water. Xanthan gum solution
containing the drug was added to sodium alginate solution and 0.3 ml of glutaraldehyde was added to the
dispersion, with constant stirring. Then, polymer-drug solution was added dropwise into 5% w/v calcium chloride
solution with continuous stirring, producing microspheres filtered by Whatman filter paper and dried at 30 �C–40
�C. Microspheres were performed by chemical cross-linking with glutaraldehyde, which increased the maximum
drug entrapment efficiency up to 73.63 � 0.65% with an increasing concentration of xanthan gum polymer 0.7%
w/v for the optimized F6 batch. Better results were found by increasing the polymer concentration along with the
glutaraldehyde concentration. The kinetics of drug release for the F6 batch was considered as an optimized batch
because the regression value was found to be 0.997 in the peppas model. The accelerated stability study on the
optimized F6 batch performed to learn whether the drug has any change during its period of usability. The
polysaccharide remains intact in the stomach and intestine and the drug was released in the colon with low
toxicity and biodegradability. The present studies showed that optimizing and characterizing xanthan gum multi-
particulate formulation for colon targeting gives metronidazole the most effective and controlled delivery.
1. Introduction

Colonic diseases, like ulcerative colitis, irritable bowel syndrome,
crohn's disease, and colonic polyps,1,2 must be treated by targeted drug
delivery. The idea of a drug delivery framework has changed applica-
tions, in which sustained-release, controlled-release, and delayed-release
drug delivery systems are playing major roles in treating organ-specific
disorders. Proteins and peptides, administered to treat
biorhythm-affecting diseases such as angina, asthma, and rheumatoid
arthritis, are absorbed in the colon.3 Colon, having a pH of 5.5–7, has a
much lesser surface area than the small intestine, but it has a long resi-
dence time of 10–24 h. Its absorption is determined by transcellular
absorption and paracellular absorption. A few colon-specific drug
om (R. Mazumder).
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delivery methodologies include the prodrug approach,4,5 coating the
polymers with pH-sensitive, biodegradable, and redox-sensitive poly-
mers or embedding in time-controlled and mucoadhesive systems, and
osmotic drug delivery.

Microencapsulation evolved strategies as a multi-particulate drug
delivery system formed around the drug particles. Microspheres of
gelatine are prepared by the coacervation technique, which is depicted
by various scientists. The drugs must reach the target site optimally
during the specific time to attain maximum efficacy and lesser toxicity.
One such methodology is through the microspheres, free-flowing pow-
ders comprising proteins, or manufactured polymers with a size range of
less than 200 μm. The objective was that the core might react with the
surroundings, which must be kept separated from chemical attacks,
i Communications Co. Ltd. This is an open access article under the CC BY license
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degradation, or release of drugs from the microsphere, and must be time-
controlled. The xanthan gum is a natural polysaccharide that retards drug
release from dosage forms.6Through an enzyme degradation process, it
remains intact and unaltered in the small and large intestines. In the
colon, the drug is released with low toxicities and biodegradability.7

In this study, microspheres were formulated using the ionotropic
gelatination technique. Bio-polymer-based hydrogels have been highly
emphasized for being used as carriers in sustained or controlled-release
drug delivery. In the microencapsulation technique, spherical poly-
meric spheres are prepared with the help of natural polymer-drug con-
centrates that are encapsulated within the polymeric beads.8 In this
process, polyelectrolytes undergo cross-linking to form hydrogels. The
bioavailability of the drugs is enhanced in the microsphere formulation.
Alginate has a defensive sway on the mucous layers, which is beneficial
for targeting the colon.9 Due to the alginate beads, pH susceptibility and
swelling properties can be applied to protect the acid-sensitive drug from
gastric juice and in controlled-release drug delivery systems.

2. Materials and methods

2.1. Materials

Metronidazole was obtained as a gift sample from Albert David Ltd.,
Kolkata, India. Xanthan gum, sodium alginate, calcium chloride, and
glutaraldehyde were obtained fromMerck specialties and Loba chemicals
respectively.

2.2. Methods

2.2.1. Preformulation studies

2.2.1.1. Preformulation investigations of the drug and polymer. The drug
was subjected to pre-formulation tests10 that included identification,
preparation of a calibration curve, determinations of melting points,
studies on drug solubility, polymer characterizations of xanthan gum and
alginate11 by the evaluation of ash values, acid-insoluble matter, drying
loss, pH, etc.

2.2.1.2. Drug - polymer interaction studies. The fourier transform infrared
spectroscopy (FTIR) spectrophotometer (Perkin Elmer Spectrum GX) by
the KBr pellet method in the wavelength region between 4000 and 400
cm1. The spectra obtained for metronidazole and physical mixtures of
metronidazole with polymers were compared to check the compatibility
of the drug with polymers. Thermograms of the samples were obtained
by a differential scanning calorimeter (DSC) (Pyris 6 DSC, Perkin–Elmer
Schweiz AG, Switzerland). Samples of 3 mgwere accurately weighed into
aluminum pans and then hermetically sealed with aluminum lids. The
thermograms of samples were obtained at a scanning rate of 10 �C/min
over a temperature range of 50–350 �C.12 All tests were performed twice.

2.2.2. Preparation of multiparticulate formulation
The required amount of xanthan gum (0.5–0.7 % w/v) was dispersed

in a specified volume of cold water containing the drug and swelled for 2
Table 1
Formulation of multiparticulate system.

Formulation code Metronidazole(MG) Xanthan gum(%W/V) Sodium Alginate(% W

F1 400 0.5 2.0
F2 400 0.6 2.0
F3 400 0.7 2.0
F4 400 0.5 2.0
F5 400 0.6 2.0
F6 400 0.7 2.0
F7 400 0.5 2.0
F8 400 0.6 2.0
F9 400 0.7 2.0
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h. A suitable amount of sodium alginate (2 % w/v) was mixed well with
10 ml of water in another beaker. The xanthan gum solution containing
the drug was added to the sodium alginate solution with stirring to
produce a viscous form. After mixing, 0.3 ml of glutaraldehyde was
added to the dispersion, followed by stirring at a constant speed. Then,
polymer-drug solution was added dropwise using a syringe of 22 G in
diameter from a height of about 5 cm into a beaker containing 5% w/v
solution of calcium chloride with continuous stirring by a magnetic
stirrer.13 Then, the solution containing the gel-formed microspheres was
filtered using Whatman filter paper. The microspheres were allowed to
dry at about 30–40 �C and stored in a well-closed container for further
use.14 The formulation of the multiparticulate system can be described in
Table 1.

2.2.3. Variables for process optimization
The process optimization factors were explored by bore distance

across the needle, the concentration of xanthan gum and sodium alginate,
the concentration of calcium chloride, the height of dropping, mixing
speed, and mixing time for size, shape, drug content, and drug release
study.15,16

2.2.4. Characterization of multiparticulate formulation

2.2.4.1. Particle size and micromeritic properties. Particle size and
micrometric properties of multi-particle systems were described by
techniques like particle size, bulk density, tapped density, angle of
repose, Carr's index, Hausner ratio, etc., which analyzed the flow prop-
erties of the formulation.17

2.2.4.2. Surface topography. The scanning electron microscope (SEM)
analysis samples were prepared by sprinkling the microspheres on one
side of an adhesive stub. Then, the microspheres were coated with gold
before microscopy. Finally, the morphology18 and size of the micro-
spheres were observed with the scanning electron microscope (FEI
Quanta-200 MK2, Netherlands).

2.2.4.3. Drug entrapment efficiency, drug loading and percentage of
yield. The amount of metronidazole in the xanthan gum microspheres
was determined by taking the known amount of microspheres in which
10 mg of the drug should theoretically be present. Then, the micro-
spheres were crushed, and the powdered microspheres were taken and
dissolved in 10 ml of phosphate buffer (pH7.4) solution and stirred for
15 min with an interval of 5 min and allowed to be kept for 24 h. Then,
the solution was filtered through the Whatman filter paper.19 Then, the
absorbance was measured spectrophotometrically at 320 nm against
phosphate buffer (pH7.4) solution as blank with the help of a UV double
beam spectrophotometer, and concentrations were determined by
employing a simultaneous equation: Y ¼ mx þ c

Entrapment efficiency of drug (%) ¼ [Theoretically content of drug/Initial
content of drug into formulation] x100
/V) Calcium Chloride(% W/V) Glutaraldehyde(ML) Cross-LInkingTime (Min)

5.0 0.5 10
5.0 0.5 10
5.0 0.5 10
5.0 0.5 15
5.0 0.5 15
5.0 0.5 15
5.0 0.5 20
5.0 0.5 20
5.0 0.5 20



Fig. 1. FTIR Spectra of metronidazole with xanthan gum and sodium alginate.
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Percentage of loading drug ¼ [Microspheres weight / Amount of the drug
present] x 100

Yield Percentage (%) ¼ [Microspheres weight/Total drug and polymers weight]
x100

2.2.4.4. In-vitro drug release study. Drug release was performed using the
USP dissolution rate test apparatus(Apparatus 1) for the first 2h in 0.1 N
HCl (900 ml). Then, 1.7g of KH2PO4 and 2.225g of Na2HPO4.2H2O were
added, adjusting the pH to 4.5 by adding 1.0 M NaOH. A release study
was continued for another 2h. At predetermined intervals, 2 ml samples
were withdrawn and replaced by an equal freshmedium. After 4h, the pH
of the dissolution medium was adjusted to 7.4 and maintained for 24 h.
Samples were filtered, diluted, and assayed at each interval for metro-
nidazole content released at λmax of 277 nm using a double-beam UV-
spectrophotometer.20,21 Three trials were carried out for all formula-
tions. From this percentage, drug release was calculated and plotted
against the function of time to study the drug release pattern.

2.2.4.5. In-vitro drug release kinetics. Drug release data were fitted to the
kinetic model, including the zero-order [Equation (1)], first-order
[Equation (2)], Higuchi matrix [Equation (3)], and Korsmeyer-Peppas
[Equation (4)] release equations to find the equation with the best fit.22

R ¼ k0t 1

Log UR ¼ k1t / 2.303 2

R ¼ kh√t 3

R ¼ kkpt
n* 4

R and UR are the released and unreleased percentages, respectively,
at the time [t]; k0, k1, kh, and kkp are the rate constants of zero order, first
order, higuchi matrix, and korsmeyer-peppas respectively. Different n
values of the korsmeyer-peppas equation indicate the different mecha-
nisms of drug release. If the n value is around 0.5, then Fickian diffusion
is apparent; if the n value ranges from 0.5 to 1.0, it represents anomalous
diffusion transport, and if the n value reaches 1 and above, then case II
and Super case II transport is indicated, which shows that the release is
following Zero order.

2.2.4.6. Swellability study. Microspheres (100 mg) were placed in a
distilled water, 0.1N HCl, and Phosphate buffer (pH 7.4) and swelled to
constant weight. The microspheres were removed and blotted with filter
paper, and their weight changes were measured and recorded at intervals
of 10 min.23 The degree of swelling (a) was then calculated from the
formula: a ¼ Wg – Wo/Wo.

Where, Wo is the initial weight of the beads, and Wg is the weight of
the beads at equilibrium swelling in the medium.

2.2.4.7. Stability studies. The selected formulation of microspheres was
stored in amber-colored glass bottles at 4� 1 �C, 25� 1 �C, and 50� 1 �C
for 90 days and observed for any change in morphology24,25 or per-
centage residual drug content. Samples were analyzed for residual drug
content at time intervals of 10 days.

3. Results and discussion

3.1. Preformulation studies

3.1.1. Preformulation investigations of the drug and polymer
In the work of this project, investigations were carried out by the

characterization of the drug and the polymer, such as identification,
determination of the melting point, studies of drug solubility, etc. ash
value, insoluble matter, loss on drying, pH, etc. which gave satisfactory
results according to the compendia.
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In the metronidazole calibration curve as a parameter of pre-
formulation study, the regression values are 0.999, 0.999, 0.998 and
0.999 where λmax was obtained at 277 nm in 0.1N HCl, in the pH 4.5
buffer and at 320 nm in pH 6.8 buffer, in the pH-7.4 buffer that main-
tained the adequate linearity of the concentration and absorbance of the
drug according to the Beer-Lamberts law by spectrophotometer.26 The
calculation of entrapment efficiency, drug loading, and drug release in
vitro was based on this calibration curve.

3.1.2. Drug - polymer interaction studies
The FTIR spectra, as in Fig. 1, demonstrated nomajor drug interaction

with polymers.27 The DSC study shows no visible endotherm if the drug is
available in a sub-atomic scattering or a strong arrangement state in the
drug-loaded polymeric microspheres. In the present investigation, DSC
thermograms of pure drug, pure xanthan gum, pure sodium alginate, and
physical mixtures of drugs and polymers as appeared in Fig. 2a and DSC
thermogram of the optimized formulation batch F6 appeared in Fig. 2b,
found prominent fusion endotherms of pure metronidazole and a phys-
ical mixture of drug and polymer at 175.41 �C and 168.08 �C.28

Drug-loaded xanthan gum microspheres showed a small and broad peak
at 185.54 �C, indicating the presence of the drug in crystalline form. The
endothermic peak's height and unevenness decrease because of polymer
nearness in the microspheres.
3.2. Evaluation of multiparticulate formulation and process optimization

In this project, metronidazole containing xanthan gum alginate mi-
crospheres was prepared using the ionotropic gelation technique. An
aqueous solution of xanthan gum with sodium alginate containing
metronidazole was placed in a solution of CaCl2, and the hardening of the
microspheres was performed by glutaraldehyde, which acts as a chemical
cross-linking agent, which increased the trapping efficiency and drug
loading of the microspheres. Better results were found by increasing the
polymer concentration along with the glutaraldehyde concentration. The
process variables were investigated and optimized, and the various
batches delivered in this way were broken down for size, shape,
simplicity of preparation, drug substance, and drug release.29 The opti-
mized procedure factors are depicted in Table 2.
3.3. Characterization of multiparticulate formulation

3.3.1. Particle size and micromeritic properties
Particle size can be determined by the sieve analysis method. The

mean diameter of the glutaraldehyde crosslinked xanthan gum micro-
spheres increased from 648� 0.48 μm to 728� 0.72 μm.Mean size of the



Fig. 2. DSC thermogram of (a) physical mixture of drug and polymers and (b)
optimized formulation (Batch F6).

Table 2
Process optimization variables.

Bore diameter of the needle 18 G.

Height of dropping 6 cm from the level of CaCl2soln

Drying time & temperature 30� to 40 �C for 2 h.
Xanthan gum concentration 0.7 % w/v dispersion.
Sodium alginate concentration 2%w/v dispersion.
Calcium chloride concentration 6% w/v solution.
Concentration of glutaraldehyde 0.5 ml.

Fig. 3. Mean particle size of formulations F1 to F9.
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microspheres enhanced with increasing polymer as well as cross linking
agents which can be described in Fig. 3. The obtained micrometric
properties are determined by the angle of repose of the formulation
within the range of 30�, which indicates very good flow properties for the
microspheres. The result of the Carr index range of 9.40 � 1.57 to 12.61
� 1.48%, suggests excellent flow characteristics of the microspheres. The
Hausner ratio varies from 1.02 � 00.031 to 1.25 � 0.22%, indicating a
good flow property of the multi-particle formulation.30

3.3.2. Surface topography (SEM)
Scanning electron microscopy (FEI Quanta-200 MK2, The

Netherlands) was used to observe the surfacemorphology of the xanthan-
alginate gum microspheres, drug before and after the dissolution study,
as described in Fig. 4 (a) and 4 (b).31

3.3.3. Drug entrapment efficiency, drug loading and percentage of yield
Drug loading results increased from 10.60 � 0.014% to 12.03 �

0.03% of the microsphere with an increasing amount of polymer and
cross linking agents.32 The encapsulation efficiency percentage increased
to 73.63 � 0.65% with an increasing concentration of xanthan gum
polymer 0.7% w/v. The amount of cross linking agent and the cross
linking time also affect encapsulation efficiency. Drug loading, percent
encapsulation efficiency, and percent yield are described in Table 3 and
Fig. 5 (a)-(c).

3.3.4. In-vitro drug release study
The xanthan gum-alginate microspheres were subjected to an in-vitro

drug release rate by dissolution study. A dissolution study can be done
using various pH conditions from stomach to colon (pH 1.2, 4.5, and 7.4).
The initial release of metronidazole microsphere at 1hr is 3.03%. The
drug release is found to be 85.73 % at the end of 12 h which is described
Fig. 4. SEM of metronidazole microspheres (a) before dissolution and (b) after
dissolution.



Table 3
Drug entrapment efficiency, drug loading and percentage of yield.

Sl. No Formulation
Code

% YIELD DEE %* DL %*

1 F1 82.37 65.33 � 0.83 10.94 � 0.61
2 F2 86.20 71.41 � 0.72 11.04 � 0.45
3 F3 81.90 72.38 � 0.97 11.39 � 0.72
4 F4 76.95 67.17 � 1.16 12.03 � 1.03
5 F5 81.77 71.10 � 0.49 11.59 � 0.98
6 F6 81.67 73.63 � 0.65 11.60 � 0.64
7 F7 83.47 64.21 � 0.89 10.60 � 0.47
8 F8 84.36 68.50 � 1.06 10.82 � 0.86
9 F9 82.94 70.50 � 0.73 10.94 � 0.52

Fig. 5. Histogram diagram of (a) % drug entrapment efficiency, (b) % drug
loading and (c) % yield.

Fig. 6. Cumulative release study of formulations (a) formulations F1–F3, (b)
F4–F6 and (c) F7– F9.
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in Fig. 6 (a)-(c).33

3.3.5. In-vitro drug release kinetics
The rate of drug release is followed by the Korsmeyer-peppas model,

where the value of n reaches above 1. This represents the super case II
transport. The release kinetic parameters are shown in Table 4. From the
release kinetics of metronidazole, the F6 formulation batch was consid-
ered an optimized batch because the regression value was found to be
0.971 in the peppas model.34

3.3.6. Swellability study
Xanthan gum-alginate microspheres swell in water, 0.1N HCl, and

phosphate buffer 7.4. the result of the swellability index can be described
in Table 5 and Fig. 7. As a result of cross-linking with glutaraldehyde, the
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overall swelling of the polymer decreased significantly. Cross-linking
with free access of water to the xanthan gum hydroxyl group, which in
turn reduces the swelling properties of the cross-linked polymer.

3.3.7. Stability studies
A stability study for the optimized formulation F6 was performed to

ascertain whether the drug undergoes any change or degradation during
its shelf life. These samples were checked for changes in physical
appearance and drug content at regular intervals. The result of the sta-
bility study is given in Table 6 and Table 7.

4. Conclusion

In the present study, a formulation method was developed, and in-
vitro characterization of xanthan gum - alginate-based microspheres
was prepared for colon-specific drug delivery, where xanthan gum acts as
a natural Polysaccharide carrier, which is inexpensive and naturally
occurring and also has hydrophilic and swelling properties. These
properties and the viscous nature of the xanthan gum retards the release
of the drug from the dosage form, making it more likely that degradation
will occur in the colon. Before the formulations were prepared, the
formulation parameters were evaluated for the identification of the drug,
melting point determination, and compatibility of the drug with poly-
mers by FTIR. All the polymers used were compatible with the drug. The
polysaccharides remain intact in the physiological environment of the
stomach and small intestine but degrade in the colon by enzymatic
degradation. This natural polymer is also appealing for drug delivery for



Table 4
In-vitro release kinetic for metronidazole multiparticulate formulation.

Formulation code Zero Order Model First-Order Model H-M Model Korsmeyer-Peppas Model

r2 k0 r2 k1 r2 kh r2 n

F1 0.909 9.32 0.917 �0.118 0.923 43.37 0.958 1.173
F2 0.943 9.34 0.920 �0.111 0.940 43.02 0.967 1.226
F3 0.996 9.15 0.929 �0.099 0.949 41.91 0.968 1.269
F4 0.912 9.32 0.919 �0.115 0.924 43.34 0.96 1.197
F5 0.944 9.35 0.926 �0.108 0.939 43.07 0.963 1.245
F6 0.966 9.15 0.930 �0.097 0.949 41.90 0.971 1.304
F7 0.914 9.34 0.923 �0.114 0.926 43.44 0.962 1.226
F8 0.945 9.36 0.925 �0.107 0.939 43.11 0.963 1.269
F9 0.965 9.14 0.931 �0.096 0947 41.84 0.960 1.301

Table 5
Swellability study of microsphere.

Sl. No. Swelling index of Formulations

Nature of solvent F1 F2 F3 F4 F5 F6 F7 F8 F9

1. Distilled water 0.68 � 0.31 0.80 � 0.63 0.84 � 0.61 0.64 � 0.37 0.78 � 0.22 0.92 � 0.32 0.94 � 0.50 0.98 � 0.43 1.11 � 0.44
2. 0.1N HCl 0.59 � 0.34 0.75 � 0.45 0.85 � 0.27 0.85 � 0.32 0.89 � 0.31 0.95 � 0.23 0.86 � 0.21 0.89 � 0.52 1.02 � 0.25
3. Phosphate buffer 7.4 0.83 � 0.30 0.88 � 0.22 1.07 � 0.39 0.86 � 0.45 0.89 � 0.41 1.14 � 0.23 0.97 � 0.50 1.15 � 0.29 1.31 � 0.51

aMean � SD (n ¼ 3).

Fig. 7. Comparison of degree of swelling of formulations in different solvents.

Table 6
Drug content of optimized formulation (F6) during stability study.

Time in days % Drug content

In room temp and humidity

0 73.63 � 0.65
30 74.16 � 0.50
60 73.41 � 0.72
90 73.90 � 0.95

aMean � SD (n ¼ 3).

Table 7
Stability study of optimized formulation (F6).

Time in Hrs Initial F6 In Room Temp and Humidity

30 Days 60 Days 90 Days

1 5.21 5.06 � 0.83 4.72 � 1.04 5.41 � 0.66
3 13.82 14.13 � 0.74 13.22 � 0.90 13.68 � 1.24
6 48.51 48.87 � 0.86 49.07 � 1.16 40.32 � 1.15
12 90.62 90.53 � 0.58 89.17 � 0.61 90.73 � 0.73

aMean � SD (n ¼ 3).
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various molecular weights, varying chemical compositions, low toxicity,
and biodegradability. In the present studies, the xanthan gum-alginate
microspheres can be used for effective and controlled delivery of
metronidazole.
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