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ARTICLE INFO ABSTRACT

Keywords: To optimize and characterize xanthan gum multi-particulate formulation for colon targeting, which increases the
Microspheres residence time at the absorbing surface of the colon. Xanthan gum was dispersed in cold water containing drug
Polysaccharides and was permitted to expand for 2 h. Sodium alginate was blended well in 10 ml of water. Xanthan gum solution
g:;?;;:ﬁiy containing the drug was added to sodium alginate solution and 0.3 ml of glutaraldehyde was added to the
Colon 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,"> 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.® 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
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delivery methodologies include the prodrug approach,“’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 pm. The objective was that the core might react with the
surroundings, which must be kept separated from chemical attacks,
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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.°Through 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.”

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.® 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.’ 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 from Merck 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 tests'’ that included identification,
preparation of a calibration curve, determinations of melting points,
studies on drug solubility, polymer characterizations of xanthan gum and
alginate'! 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
cm!. 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 mg were 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.'2 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.
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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.'® 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.'* 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.!>1°

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.!”

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 morphology'® 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.'® 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 = mx + ¢

Entrapment efficiency of drug (%) = [Theoretically content of drug/Initial
content of drug into formulation] x100

Formulation code ~ Metronidazole(MG)  Xanthan gum(%W/V) Sodium Alginate(% W/V)  Calcium Chloride(% W/V) Glutaraldehyde(ML) Cross-LInkingTime (Min)
F1 400 0.5 2.0 5.0 0.5 10
F2 400 0.6 2.0 5.0 0.5 10
F3 400 0.7 2.0 5.0 0.5 10
F4 400 0.5 2.0 5.0 0.5 15
F5 400 0.6 2.0 5.0 0.5 15
F6 400 0.7 2.0 5.0 0.5 15
F7 400 0.5 2.0 5.0 0.5 20
F8 400 0.6 2.0 5.0 0.5 20
F9 400 0.7 2.0 5.0 0.5 20
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Percentage of loading drug = [Microspheres weight / Amount of the drug

present] x 100

Yield Percentage (%) = [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
HCI (900 ml). Then, 1.7g of KHyPO4 and 2.225g of NapHPO4.2H,0 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 fresh medium. 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 A,y of 277 nm using a double-beam UV-
spectrophotometer.?>?! 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.%?

R = kot 1
Log UR =kt /2.303 2
R = kpy/t 3
R = kypt™ 4

R and UR are the released and unreleased percentages, respectively,
at the time [t]; ko, k1, ky, and ki, 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 HCI, 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.?> The degree of swelling (a) was then calculated from the
formula: a = 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 bottlesat 4 +1 °C,25+1°C,and 50 + 1 °C
for 90 days and observed for any change in morphology®»?® 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 Apq, 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.?® 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 no major drug interaction
with polymers.” 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.%®
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 CaCly, 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.?’ 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 pm to 728 + 0.72 pm. Mean size of the
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Fig. 1. FTIR Spectra of metronidazole with xanthan gum and sodium alginate.
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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.

6 cm from the level of CaClysol™
30° to 40 °C for 2 h.

0.7 % w/v dispersion.

2%w/v dispersion.

6% w/v solution.

0.5 ml.

Height of dropping

Drying time & temperature
Xanthan gum concentration
Sodium alginate concentration
Calcium chloride concentration
Concentration of glutaraldehyde

PARTICLE SIZE ANALYSIS

F2 F3 4 F5 F6 F7 F8 F9

FORMULATION CODE

760
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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.°

3.3.2. Surface topography (SEM)

Scanning electron microscopy (FEI Quanta-200 MK2, The
Netherlands) was used to observe the surface morphology 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.>? 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

wD
8.6 mm

HV mag | spot
10.00 kV| 75 x| 3.0

500 pm
Metronidazole Bdl_1

HV mag|spot| WD det
OO0 kV| 80 x| 3.0 |86mm|LFD

®

S00 pm
Metronidazole Bdl 2

Fig. 4. SEM of metronidazole microspheres (a) before dissolution and (b) after
dissolution.
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Table 3
Drug entrapment efficiency, drug loading and percentage of yield.
SL. No Formulation % YIELD DEE %* DL %*
Code
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
% DRUG ENTRAPMENT EFFICIENCY
— 80 -
=
2 75
g
= 65
e
o 60
g 55
® F1 F2 F3 Fa F5 F6 F7 F8 F9
FORMULATION CODE
(a)
% DRUG LOADING
e 14
g 12
S 10 |
=
< 3
o |
z 5
o 4 |
2 2]
S o
= F1 F2 F3 Fa FS5 F6 F7 F8 F9
FORMULATION CODE
(b)
% YIELD
90 W
32 85 ‘
r
% 80 ‘
75
70
F1 F2 F3 Fa FS F6 F7 F8 F9
FORMULATION CODE

©

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

in Fig. 6 (a)-(c).>

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.>*

3.3.6. Swellability study

Xanthan gum-alginate microspheres swell in water, 0.1N HCI, 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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Fig. 6. Cumulative release study of formulations (a) formulations F1-F3, (b)
F4-F6 and (c) F7- F9.

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
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Table 4
In-vitro release kinetic for metronidazole multiparticulate formulation.
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Formulation code Zero Order Model First-Order Model H-M Model Korsmeyer-Peppas Model
? ko I ky ? ky, I 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+031 0.80+063 0844061 064+037 078+022 0924032 094+050 098+043 1.11+0.44
2. 0.1N HCl 059+034 075+045 0854027 085+032 089+031 095+023 0.86+021 0.89+052 1.02+0.25
3. Phosphate buffer 7.4  0.83+0.30 0.88+0.22 1.07+0.39 086+045 089+041 1144023 097+050 1.15+029 1.31+0.51
*Mean + SD (n = 3).
various molecular weights, varying chemical compositions, low toxicity,
14 - and biodegradability. In the present studies, the xanthan gum-alginate
microspheres can be used for effective and controlled delivery of
124 metronidazole.
0
2 9.
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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

“Mean + SD (n = 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

Mean + SD (n = 3).

344

M Koteswara Rao Sandu: Methodology, Investigation. Subhabrota
Majumdar: Writing — review & editing, Formal analysis, Data curation.
Shayeri Chatterjee: Writing — review & editing, Writing — original draft.
Rana Mazumder: Writing - original draft, Supervision, Project admin-
istration, Conceptualization.

Acknowledgement

Authors wish to give thanks to Gitanjali College of Pharmacy, Birb-
hum, West Bengal, India Calcutta Institute of Pharmaceutical Technol-
ogy, Howrah, West Bengal and Department of Pharmaceutical
Technology, Brainware University, Barasat, Kolkata, West Bengal, given
research laboratory to carry out this project work and also thanks to help
and encourage by our fellow colleagues in completion of the research
project work.

Abbreviations

MTZ Metronidazole

FTIR Fourier transform infrared spectroscopy
DSC Differential scanning colorimeter

SEM Scanning electron microscopy

XG Xanthan Gum



M.K.R. Sandu et al.

References

10.

11.

12.

13.

14.

15.

16.

17.

. Lee SH, Bajracharya R, Min JY, Han JW, Park BJ, Han HK. Strategic approaches for

colon targeted drug delivery: an overview of recent advancements. Pharmaceutics.
2020;12:68.

. Beaugerie L, Itzkowitz SH. Cancers complicating inflammatory bowel disease. N Engl

J Med. 2015;372(15):1441-1445.

. Teruel AH, Gonzalez-Alvarez I, Bermejo M, et al. New insights of oral colonic drug

delivery systems for inflammatory bowel disease therapy. Int J Mol Sci. 2020;21(18):
6502.

. Maroni A, Zema L, Maria DDC, et al. Oral colon delivery of insulin with the aid of

functional adjuvants. Adv Drug Deliv Rev. 2012;64(6):540-556.

. Abet V, Filace F, Recio J, Alvarez-Builla J, Burgos C. Prodrug approach: an overview

of recent cases. Eur J Med Chem. 2017;127:810-827.

. Mazumder R, Nath LK, Haque A, et al. Formulation and in vitro evaluation of natural

polymers-based microspheres for colonic drug delivery. Int J Pharm Pharmaceut Sci.
2010;2(1):211-219.

. Mazumder R, Mahanti B, Majumdar S, et al. Satranidazole-loaded chitosan/locust

bean gum/xanthan gum polysaccharide composite multiunit pellets for colon
targeting: in vitro—in vivo investigation. Beni-Suef Univ J Basic Appl Sci. 2022;11:151.

. Haghshenas B, et al. Microencapsulation of probiotic bacteria Lactobacillus

plantarum 15 HN using alginate psyllium fenugreek polymeric blends. J Appl
Microbiol. 2015;118(4):1048-1057.

. Agarwal T, et al. Calcium alginate-carboxymethyl cellulose beads for colon-targeted

drug delivery. Int J Biol Macromol. 2015;75:409-417.

Chaurasia G, et al. A review on pharmaceutical preformulation studies in formulation
and development of new drug molecules. Int J Pharma Sci Res. 2016;7(6):2313.
Rezvanian M, et al. Development and physicochemical characterization of alginate
composite film loaded with simvastatin as a potential wound dressing. Carbohydr
Polym. 2016;137:295-304.

Wang H, et al. Highly enhanced visible light photo catalysis and in situ FT-IR studies
on Bi metal defective BiOCI hierarchical microspheres. Appl Catal B Environ. 2018;
225:218-227.

Khan S, et al. Formulation and evaluation of multiparticulate gel beads containing
tinidazole for stomach specific delivery. Int J Pharm Tech Res. 2015;8(8):196-205.
Awasthi R. Preparation, characterization and evaluation of ranitidine hydrochloride-
loaded mucoadhesive microspheres. Polim Med. 2014;44(2):75-81.

Ramteke KH, et al. Preparation, evaluation and optimization of multiparticulate
system of mebendazole for colon targeted drug delivery by using natural
polysaccharides. Adv Pharmaceut Bull. 2015;5(3):361.

Weissman SA, Anderson NG. Design of experiments (DoE) and process optimization.
A review of recent publications. Org Process Res Dev. 2015;19(11):1605-1633.

Beg S, et al. Solid self-nanoemulsifying systems of Olmesartan medoxomil:
formulation development, micromeritic characterization, in vitro and in vivo
evaluation. Powder Technol. 2016;294:93-104.

345

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Intelligent Pharmacy 2 (2024) 339-345

Newbury DE, Ritchie NW. Performing elemental microanalysis with high accuracy
and high precision by scanning electron microscopy/silicon drift detector energy-
dispersive X-ray spectrometry (SEM/SDD-EDS). J Mater Sci. 2015;50(2):493-518.
Abdalla KF, et al. Optimization of the entrapment efficiency and release of ambroxol
hydrochloride alginate beads. J Appl Pharmaceut Sci. 2015;5(4):13-19.

Briuglia ML, et al. Influence of cholesterol on liposome stability and on in vitro drug
release. Drug Del Translational Researc. 2015;5(3):231-242.

Jangra S, et al. In-vitro drug release kinetics studies of mesoporous SBA-15-
azathioprine composite. J Porous Mater. 2016;23(3):679-688.

Matshetshe KI, et al. Preparation, characterization and in vitro release study of
p-cyclodextrin/chitosan nanoparticles loaded Cinnamomumzeylanicum essential oil.
Int J Biol Macromol. 2018;118:676-682.

Elzoghby AO, et al. Swellable floating tablet based on spray-dried casein
nanoparticles: near-infrared spectral characterization and floating matrix evaluation.
Int J Pharm (Amst). 2015;491(1-2):113-122.

Bodoira RM, et al. Chia (Salvia hispanica L.) oil stability: study of the effect of natural
antioxidants. LWT. 2017;75:107-113.

Kozlowska J, Stachowiak N, Pru W. Stability studies of collagen-based microspheres
with Calendula officinalis flower extract. Polym Degrad Stabil. 2019;163:214-219.
Mazumder R, Allamneni Y, Firdous SM, Parya H, Chowdhury AD. Formulation,
development and in-vitro release effects of ethyl cellulose coated pectin
microspheres for colon targeting. Asian J Pharmaceut Clin Res. 2013;6(5):138-144.
Zhuang J, Li M, Pu Y, Ragauskas AJ, Yoo CG. Observation of potential contaminants
in processed biomass using fourier transform infrared spectroscopy. Appl Sci. 2020;
10:4345.

Gill P, Moghadam TT, Ranjbar B. Differential scanning calorimetry techniques:
applications in biology and nanoscience. Journal of Bimolecular Techniques. 2010;
21(4):167-193.

Hung SF, Hsieh CM, Chen YC, Lin CM, Ho HO, Sheu MT. Formulation and process
optimization of multiparticulate pulsatile system delivered by osmotic pressure-
activated rupturable membrane. Int J Pharm (Amst). 2015;480(1-2):15-26.

Shah RB, Tawakkul MA, Khan MA. Comparative evaluation of flow for
pharmaceutical powders and granules. AAPS PharmSciTech. 2008;9(1):250-258.
Mazumder R, Mahanti B, Majumdar S, Pal R, Chowdhury AD. Response surface
method for optimization of prepared satranidazole powder layered pellets. Future J
Pharmaceut Sci. 2021;7:190.

Patel KS, Patel MB. Preparation and evaluation of chitosan microspheres containing
nicorandil. Int J Pharm Investig. 2014;4(1):32-37.

Swain S, Behera A, Dinda SC, et al. Formulation design, optimization and
pharmacodynamic evaluation of sustained release mucoadhesive microcapsules of
venlafaxine HCl. Indian J Pharmaceut Sci. 2014;76(4):354-363.

Iyer V, et al. Impact of formulation and particle size on stability and immunogenicity
of oil-in-water emulsion adjuvants. Hum Vaccines Immunother. 2015;11(7):
1853-1864.


http://refhub.elsevier.com/S2949-866X(24)00030-3/sref1
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref1
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref1
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref2
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref2
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref2
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref3
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref3
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref3
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref4
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref4
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref4
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref5
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref5
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref5
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref6
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref6
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref6
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref6
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref7
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref7
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref7
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref7
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref8
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref8
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref8
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref8
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref9
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref9
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref9
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref10
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref10
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref11
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref11
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref11
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref11
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref12
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref12
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref12
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref12
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref13
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref13
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref13
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref14
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref14
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref14
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref15
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref15
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref15
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref16
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref16
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref16
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref17
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref17
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref17
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref17
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref18
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref18
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref18
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref18
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref19
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref19
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref19
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref20
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref20
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref20
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref21
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref21
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref21
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref22
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref22
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref22
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref22
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref23
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref23
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref23
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref23
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref23
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref24
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref24
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref24
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref25
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref25
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref25
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref26
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref26
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref26
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref26
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref27
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref27
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref27
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref28
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref28
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref28
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref28
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref29
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref29
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref29
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref29
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref29
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref30
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref30
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref30
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref31
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref31
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref31
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref32
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref32
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref32
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref33
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref33
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref33
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref33
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref34
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref34
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref34
http://refhub.elsevier.com/S2949-866X(24)00030-3/sref34

	Optimization and characterization of xanthan gum based multiparticulate formulation for colon targeting
	1. Introduction
	2. Materials and methods
	2.1. Materials
	2.2. Methods
	2.2.1. Preformulation studies
	2.2.1.1. Preformulation investigations of the drug and polymer
	2.2.1.2. Drug - polymer interaction studies

	2.2.2. Preparation of multiparticulate formulation
	2.2.3. Variables for process optimization
	2.2.4. Characterization of multiparticulate formulation
	2.2.4.1. Particle size and micromeritic properties
	2.2.4.2. Surface topography
	2.2.4.3. Drug entrapment efficiency, drug loading and percentage of yield
	2.2.4.4. In-vitro drug release study
	2.2.4.5. In-vitro drug release kinetics
	2.2.4.6. Swellability study
	2.2.4.7. Stability studies



	3. Results and discussion
	3.1. Preformulation studies
	3.1.1. Preformulation investigations of the drug and polymer
	3.1.2. Drug - polymer interaction studies

	3.2. Evaluation of multiparticulate formulation and process optimization
	3.3. Characterization of multiparticulate formulation
	3.3.1. Particle size and micromeritic properties
	3.3.2. Surface topography (SEM)
	3.3.3. Drug entrapment efficiency, drug loading and percentage of yield
	3.3.4. In-vitro drug release study
	3.3.5. In-vitro drug release kinetics
	3.3.6. Swellability study
	3.3.7. Stability studies


	4. Conclusion
	Data availability
	Declaration of interest statement
	CRediT authorship contribution statement
	Acknowledgement
	Abbreviations
	References


