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ABSTRACT
A promising nanocarrier (XMANP) for mesalamine drug has been crafted by the cross-linking and
self-assembly of xanthan gum and methacrylic acid. The optimum sample with maximum % cross
linking and minimum % Equilibrium Swelling Ratio as well as drug release has been obtained by
monitoring and optimizing the different parameters of the nanoparticle synthesis. The XMANP have
been characterized with the help of FTIR, FESEM, and HR-TEM which revealed that the size of the
nanoparticle lies in the range of 100-300 nm. Thermal degradation kinetics suggested that the cross
linked nanoparticles have high thermal stability. The XMANP could effectively load mesalamine drug
where it exhibited 65.43% encapsulation efficiency in 24 h time. The drug release from the matrix
depended on the pH of the buffer medium as well as on the extent of cross linking. The greater release
of drug in the pH of Lower Gastrointestinal Tract reflected that the drug release through XMANP can
increase the bioavailability of the drug in colon.
Graphical Abstract
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INTRODUCTION
Current research in the field of nanotechnology has offered a wide variety of potential applications in
various fields. As the size of a bulk material in the micro/macro range is converted into the nano
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range, a number of special properties are exhibited by the material. Naturally available
polysaccharides like Dextrin, Chitosan, etc., are communicated to act like a precursor for several
industrial and medicinal applications such as sensors [1, 2], contrast agents [3], biofilm formation [4],
anti-microbial activity [5] and drug delivery carriers [6, 7].The components used and the technique
involved in its preparation plays a vital role in establishing the shape and size of the nanoparticle.
Several physical and chemical methods are reported for the preparation of nanoparticles like
nanoprecipitation [8], solvent dissolvation [9], emulsification [10], self-assembly [6] and free radical
polymerization [11]. Among these, self assembly method is prominent as it does not involve the use
of harsh chemicals, needs moderateexperimental conditions and enables the shielding of responsive
materials [12]. The properties of the nanoparticles can also be tailored as required by changing
various parameters of the method of preparation, viz. size of the nanoparticles can be controlled by
the molecular weight and concentration of the precursor polysaccharide, compactness of the
nanoparticles is influenced by the pH and ionic strength of the solvent, its polydispersity and zeta
potential is changed by the concentration of the crosslinker [13, 14]. Therefore, the desired
characteristics of the nanoparticles can be achieved by tuning different factors.
Xanthan gum (XG) is an abundant, naturally available and high-molecular weight polysaccharide
ranging from 2 × 102 to 20 × 106 Da [15]. The primary, secondary and tertiary structural features
make the XG highly stable, visco-elastic and lubricant gum [16]. However, its biodegradable nature
lessens its applicability and thereby restricting its frequent use in various fields. Derivative materials
of Xanthan gum have potential to be used for colon-targeted drug delivery through the oral
administration [17] since they are vulnerable to biodegradation in the colon environment as well as its
stability over a wide pH range. Xanthan gum can be modified by grafting which instigates
hydrophobicity and steric bulkiness to the polysaccharide leading to the protection of the matrix and
carbohydrate backbone. Methacrylic acid (MA) had been grafted onto XG using hydrogen peroxide–
ferrous ammonium sulphate [18] initiator systems. However, no attempt has been made to prepare
graft co-polymerized and crosslinked XG-graft-MA using potassium persulfate (KPS) and ascorbic
acid (AA) as redox initiator system and methylene bisacrylamide (MBA) as crosslinker.
Upper gastrointestinal tract (GI) have a high pH which poses a serious challenge on oral colon
drug delivery as the drug molecules are absorbed and degraded in the acidic environment. This leads
to low bioavailability of the drug in the colon site providing an acute source of systemic side effects to
the body. These drawbacks can be controlled by building colon-specific drug delivery carriers which
are reported to be bacteria-dependent, time-dependent and pH dependent [19].The physiochemical
properties of such material make them a suitable candidate for delivering the drug at the targeted site
and thereby, improving the bioavailability and promising curative properties of the drug. Among
these, the pH-dependent delivery carrier shows better practical applications and desirable properties
due to the presence of acidic groups which limits its swelling in the acidic stomach fluid resulting into
almost negligible release of the drugs from the matrix at low pH [20]. However, in the colon
environment, high pH of the large intestine increases the extent of swelling of the matrix, causing the
release of the drug where required [21].
In the present work reports the fabrication of MBA cross-linked XMANP nanoparticles via selfassembly method for colon-targeted drug delivery. Grafting and Crosslinking forms the root of the
synthesis which controls the size, stability, and swelling behavior of XMANP nanoparticle. The
improvement in its swelling behavior will, in turn, provide a pH-responsive character to the
nanoparticle and ensure the sustained release of the model drug, mesalamine from the synthesized
matrix.

MATERIALS AND METHODS
XG and Mesalamine were acquired from Himedia Company where XG was purified by precipitating
with absolute ethanol. KPS and AA of Qualigens make were purchased while MA and MBA were of
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LOBA Chemie. The replicability of the findings was confirmed by implementing all the experiments
in triplicate.
The pH values of the buffer medium were corrected by using 5M HCl (GR, Merck, 35%); or 1M
NaOH (Merck) with the help of pH meter (Lab tronics, model LT-49).Orbital shaker Incubator and
Lyophilizer of Metrex Scientiﬁc Instruments (P) Ltd., New Delhi were used for the synthesis.
Absorbance values were observed on UV/Vis Spectrophotometer (UV 100, Cyber lab, USA). FT-IR
spectra were done with KBr pellets on FTIR Spectrum 2 Perkin Elmer Spectrophotometer in the range
of 4000 to 400 cm-1. The surface texture was recorded using a Nova Nano FE-SEM 450 (FEI) Field
Emission Gun SEM and TEM (Tecnai G2 20 (FEI) S-TWIN, FEI). SEM sample was prepared using
double-stick carbon tape on aluminum stubs and gold coatings. XRD was carried out using an X-Ray
Diffractometer (Panalytical X Pert Pro) at Cu/Kα-source. Thermogravimetric analysis was determined
using STA 6000 (Perkin Elmeris) instrument under N2 flow (50 mL min-1) by raising the temperature
at 20°C min-1.
Standard drug stock solution was prepared by dissolving 0.32 mmol of Mesalamine in 500 mL of
pH 7.4 phosphate buffer. Its standard calibration curve was hiked up playing on working standard
solutions (20–0.1 mg mL-1) which conformed to a correlation coefficient value (R2) of 0.9999 by the
linear regression analysis. The drug release study was carried out in Dissolution Rate Test Apparatus
(Bezif Instruments Inc., Model: U.S.P./B.P.11.P. Std). The pH values of the gastrointestinal tract (GI)
are taken for the study in order to access the effectiveness of the XMANP as a candidate for colon
targeted drug delivery.
Synthesis of XMANp: XMANp nanoparticles were synthesized by redox initiated free radical
polymerization and cross-linking method. Summarily, XG(4.0g) was dissolved in 1L of water and apt
quantity of MA, KPS, and AA (Table 1) were added to the polysaccharide solution. The reaction
system was exposed in the incubator shaker at 100 rpm and 35oCtemperature. MBA was added to it
after 1h and the reaction was further allowed for 4h. The copolymeric nanoparticles were precipitated
with acetone and separated from concurrently formed poly(methacrylic acid)(PMA)by thoroughly
washing with acetone. The solution was centrifuged for 5 min at 5500 rpm and lyophilized to get
white, solid, fibrous XMANP.
The synthesis has been advanced by changing the concentrations of different process parameters. The
% Yield and % cross linking were calculated by the following equations (Eq. 1, 2).

Yield % =

%C=

Weight of resultant nanoparticles after freeze − drying
× 100 … (1)
Total weight of the reagents during synthesis

Weight of Copolymer − Weight of Polysaccharide
× 100
Weight of monomer + Weight of crosslinker

… (2)

Measurements of equilibrium swelling capacity and swelling kinetics: The equilibrium swelling
ratio (ESR) of XMANP (of varying % C) was assessed at 37C in SGF (Simulated Gastric fluid) and
SIF (Simulated Intestinal Fluid) solutions. 0.05 g of the samples was allowed to saturate and swell
with respective buffers for 10 h to achieve the equilibrium swelling. After every 1 h, the swelled
samples were phased out from the solution, wiped carefully and reweighed. The % ESR has been
calculated using Eq. (3):
ESR (%) =

W

− W
× 100
W
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Where Wd and Weq are weights of dried and swollen samples at equilibrium, respectively. The
kinetics and rate parameter of swelling was calculated using the Voigt model (eq. 4)
=

1−

… (4)

where St (g g-1) is the swelling of the matrix at time t (min), Se (g g-1) is the equilibrium swelling, and
τ (min) represents the rate parameter. Lower the rate parameter value (τ), higher will be the swelling
rate [22].
In vitro drug delivery study
Determination of drug loading and entrapment efficiency: To evaluate the application of the
nanoparticles in the delivery of Mesalamine drug, solvent swelling technique [23] was adopted. The
loading of mesalamine was performed at pH 7.4 buffer solutions and 25°C for 12-24 h. In brief,
XMANP (5 mg) was added in 20 mL of drug stock solution. The mixture was stirred in dark for 12 and
24 hand then centrifuged to settle down the suspended drug-loaded nanoparticle and decanted the
supernatant solution. To remove the unloaded drug, the suspended XMANP was washed with 10 mL
buffer solution for three times and was dried in a vacuum oven at 40 °C. The amount of drug loaded
in XMANP was evaluated by measuring the difference of absorbance of supernatant and the standard
solution of the drug by UV spectrophotometer at 303 nm (SGF) and 330 nm (SIF). The drug loading
(%) and entrapment efficiency (%) were determined using the following Eq. 5,6.

%

%

=

.

× 100

.

=

.
.

… (5)

× 100

… (6)

Invitro Mesalamine delivery: In vitro release of Mesalamine from loaded XMANP was studied by
dialysis process. Drug-loaded XMANP was kept in a dialysis membrane (12-14KDa, pore size 2.4 mm,
Himedia) and dipped in 100 mL SGF buffer solution for 2 h followed by SIF in Drug Dissolution
Apparatus at 37 ± 0.2C. The membrane was allowed to rotate with the help of rotating paddle of the
apparatus at 60 rpm up to 18 h. The amount of drug release was monitored by measuring the
absorbance of the aliquots withdrawn from the buffer solutions after 1 h interval and was dropped
back to the jars after each reading. The percentage of drug release was calculated applying the
calibration curve for the respective pH buffer solutions (i.e. at SGF and SIF) obtained earlier. The
study was done for the purified XG and different samples of XMANP at two pH values (SGF for 2 h
followed by SIF) and the drug release profiles were plotted.
Various mathematical models such as zero order, first-order kinetic models, Korsemeyar–Peppas
model, and Higuchi model were applied to study the kinetics and mechanism of the drug release.

RESULTS AND DISCUSSION
Synthesis of XMANP: The copolymeric XMANp nanoparticles were obtained by grafting of MA onto
XG using KPS and MA redox system and subsequent crosslinking of the grafted chains with MBA.
Various grades of the XMANp (XMANp1 to XMANp6) were synthesized by varying the [MA] at fixed
KPS/AA ratio (2:3) and [MBA] (2.5×10-2M) at 35 ºC (Table 1). The effect of increasing [MA] was
studied in the concentration range of 11×10-2 M to 27×10-2 M. The % C increased with the increase in
[MA] (upto 23×10-2 M) as additional monomer molecules are available to bind with the
polysaccharide, which however resulted to more homopolymer formation when the [MA] was >23×
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10-2 M. 2:3 molar ratio of KPS/AA resulted into higher % C (45%) in comparison to 1:3(22%), which
indicates that this redox ratio is more efficient to activate the XG backbone for immediate
incorporation of the monomer. Therefore, the sample with maximum % C was obtained at 23×10-2 M
of MA and 2:3 molar ratio of KPS/AA where the amounts of XG (0.1 g) and MBA (1.9×10-2 M ) were
fixed at 35oC.
Table 1. Optimization of reaction parameters for XMANp synthesis at
fixed [MBA] = 1.9 X 10-2 and temperature (35C).
% ESR

S. No.

Sample

MA
(M × 10-2)

K2S2O8/AA
(in Molar Ratio)

%Yield

%C

1.
2.
3.
4.
5.
6.

XMANP1
XMANP2
XMANP3
XMANP4
XMANP5
XMANP6

11
15
19
23
27
23

2:3
2:3
2:3
2:3
2:3
1:3

32.36
41.51
57.3
62.4
35.4
30.5

28.0
32.9
37.8
44.9
25.4
22.1

SGF

SIF

Rate Parameter
τ

94
75
68
61
103
124

305
280
180
135
280
300

73.40
74.52
76.33
81.76
72.41
70.85

Both XG and PMA are water-soluble macromolecules, while XMANp was insoluble and it has
been reported [24] that polycarboxylic acids have a tendency to form interpolymer cross-linked
complexes with water-soluble polysaccharides. The complexation of MA grafts and XG segments is
vital for the hydrophobic driving force required to form nanoparticles.
Active free radical sites are generated on XG backbone on an interaction of KPS/AA redox
system with water molecules. PMA chains are included in these active sites through free radical
copolymerization [25]. This is followed by the subsequent addition of bifunctional monomer-MBA
which plays a key role in crosslinking the PMA chains through covalent bonds resulting in the selfassembly of the molecules to form ‘micelle’ like nano aggregates. The presence of XG fragments in
periphery prevented inter-particle crosslinking (Scheme-1). XMANp sample “XMANp4” was selected
for further characterization as this is the sample of maximum % C.
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Scheme 1. A plausible route for the formation of XMANp
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Characterization of XMANp
FTIR: FTIR spectra of XG showed a broad band at 3418 cm-1 attributed to the stretching vibrations
of O-H groups, while the peak at 2898 cm-1 can be assigned to the stretching band of C-H groups
(Figure 1). Peaks at 1726 cm−1 and 1415 cm−1 are attributed to the C=O group and symmetric
carboxylate (COO−) groups stretching vibrations of glucuronic acids respectively [26, 27].
FTIR spectra of XMA exhibited a significant shift and decrease in the intensity of stretching vibration
at 3394 cm−1 which indicate that O-H groups have reacted with available bonding sites. The Peak at
2970 cm−1indicates the presence of C-H groups at MA segments of XMA. The successful crosslinking
of the grafts with MBA was confirmed by the 2o amide (N-H) bending peak at 1529cm-1. Drug-loaded
XMA has a strong peak at 3426cm−1due to overlapping stretching peaks of O-H (XG), NH2 and
phenolic O-H (drug). In addition, aromatic C=C stretching is visible as a pair of strong peaks between
1650 cm-1 - 1452cm−1.

Figure 1. FTIR of XG, XMANp4 and drug loaded XMANp4

SEM and TEM: The surface morphology of XG (Figure 2(A)) indicates the presence of layered and
fibrous particles of variable size while the surface of XMANp4 (Figure 2(B)) appeared rough, irregular,
crosslinked, and aggregated. The presence of PMA segments atXMANp4 can be manifested as the
presence of small globular but agglomerated particles protruding out from XG surface which showed

Figure 2. SEM micrographs of (A) XG, (B) XMANp4, (C) Drug loaded XMANp4 at 100,000
magnifications while (D) TEM image of scattered XMANp4 at 50 nm
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a particle size ranging from 100-300 nm. The irregular and rough surface exhibited byXMANp4 is
likely to favor its drug loading capacity. Figure 2(C) shows the morphology of drug loaded XMANp4
where the deposition of the drug at XMANp4 surface is evident by the change in morphology from
spherical, globular structure to layered crystals.
The morphology and size were also confirmed by the TEM image (Figure 2(D)) which revealed
that the nanoparticles of XMANp4 are well scattered and have small spherical shaped morphology in
the diameter range of 100 to 300 nm.
XRD: XRD patterns (Figure 3) indicated that XG is amorphous in nature as it does not show
crystalline peaks [27], while XMA illustrated significant, high ordered crystalline structure. It showed
small as well as large diffraction peaks appearing at 2θ = 28.18o, 29.79o, 30.78o and 35.77o due to
grafted MA onto XG.

Figure 3. XRD of XG and XMANp.

TGA and DTG: Grafting of MA onto XG backbone affected the thermal stability of XG. Thermal
analysis of XG showed two decomposition stages (Figure 4). The first DTG peak is visible at 91.83C
(initiated at ~27ºC and continued till 123ºC) which corresponded to ~13% weight loss due to
evaporation of water molecules. The second DTG peak is at 299ºC (initiated from 205ºC and
continued until 353ºC) which corresponded to ~42% weight loss due to break down of an
unacetylated fragment of the polysaccharide backbone [28].
The TGA of XMA showed weight loss in four stages. First DTG peak can be seen at ~68ºC,
corresponding to ~10%weight loss, due to the loss of moisture and adhered solvents. The second
weightloss of 6% extends from 159 to 249 ºC and third peak centers around 313 ºC (between 271◦C
and 327◦C), corresponding to 10% weight loss, indicated the loss of XG gum. Maximum 24% weight
loss is seen between 331◦C and 423◦C, due to the loss of MA segments.
TGA of the drug-loaded sample has peaks shifted to a lower temperature which indicates the
change in the degradation pattern of grafted XG. The first peak at 83.90 ºC is attributed to 8% weight
loss due to the loss of adhered solvent. The peaks at 271ºC and 373ºC corresponded to loss of XG
gum (16% weight loss between 151ºC and 287ºC) and MA segments (22% weight loss between
311ºC to 445ºC) respectively. The adsorbed drug species delayed the thermal degradation of MA than
it was lost in the XMA itself indicating higher thermal stability. The thermogravimetric constants
obtained (Table 2) further supports the analysis as higher values of Initial Decomposition
Temperature (IDT), Maximum Rate Decomposition Temperature (MRDT), and Final Residue (FR) of
XMA and drug-loaded XMA were obtained in comparison to XG.
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Table 2. Thermogravimetric parameters of XG, XMA and drug loaded XMA
Samples
XG
XMA
Drug loaded XMA

IDT
27◦C
30◦C
29◦C

MRDT
205◦C -353◦C
331◦C -423◦C
311◦C -445◦C

FR
58%
76%
78%

Figure 4. The thermograms of XG, XMANP4 and drug loaded XMANp4.

Particle size analysis: The size of XMANP4 was in the range of 193-500 nm, where 100% particles of
XMANP4corresponded to a particle size of 418 nm (Figure 5). Polydispersity value for XMANP4 was
found to be 2 which indicate the heterogeneous distribution of the particles. Presence of greater
percentage of smaller particles makes them possess adequate energy through the Brownian motion
which prevents them from agglomeration.

Figure 5. Particle size distribution of XMANP4.

Swelling study: The equilibrium swelling properties of XG and XMANp were investigated in SGF
and SIF solutions at 37C. XG exhibited the fundamental property of polysaccharide by dissolving in
water and providing a homogeneous solution. This property is modified by grafting and crosslinking
where the XMANp swelled in due course of time and the equilibrium swelling was established in ~7 h.
The presence of PMA and MBA moieties in XMANp enhanced the hydrophilicity and facilitated the
hydration as well as an expansion of the network. It was observed that % ESR decreased as %
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Crosslinking increased and the minimum % ESR (61% at SGF and 170 % at SIF) was shown by the
sample XMANp4which can be explained by its large surface area and structurally rigid nature due to
highly crosslinked structure (Table 1).It is also evident from the swelling curve (Figure 6) that the
swelling was initially fast which eventually retarded and attained an equilibrium swelling rate of ~7 h.

Figure 6. Swelling characteristics of XM and various XMANpat (a) SGF and (b) SIF.

The change in the texture of the nanoparticles from layered to porous fibres enhanced the swelling
and water holding capacity of the molecules. Furthermore, XMANP showed a higher rate of swelling
at SIF(than at SGF). The low swelling rate at SGF may be credited to the protonation of the
hydrophilic groups at XMANP, which opposed the interaction with water and thus lowered the swelling
capacity. Whereas, at SIF, all the hydrophilic groups of XMANP backbone remained free to form Hbonding with the water molecules. Some of the –COOH groups of PMA may also ionize and the
electrostatic repulsion between them, stretched the network widely, causing an enhancement of the
swelling capacity.

APPLICATION
In vitro drug release studies: The % loading of mesalamine drug into XMANP (after 12 and 24 h)is
given in table 3. The maximum % loading and maximum % entrapment efficiency were achieved in
24 h. It was observed that the lower % swelling of XMANP4 resulted in higher drug loading (65.43%)
and entrapment efficiency (65.43%). The presence of COO- and OH- groups at the interaction sites
within the XMANP matrix allowed hydrogen bonding/physical interactions with the drug molecule.
Table 3. Drug loading details of the tablet
Drug

Weight of
XMANP (mg)

Weight of drug
(mg)

Mesalamine

20

20

Time of loading
(h)
12
24

% of
loading
30.65
65.43

% of
encapsulation
30.65
65.43

Identical experimental conditions were established for in-vitro drug release study and swelling
study. As shown in Figure 7, mesalamine release was in accordance with the swelling kinetics of
XMANP. The drug was solubilized and released as soon as XMANP4matrix swelled. Non swollen
matrices retard the Mesalamine release which was very well exhibited by all the samples of XMANP
resulting into slower drug release rate in both buffer mediums. In contrast, XG swelled very fast and
95% of the loaded drug was released in the first 9 h.
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The Cumulative release (%) release of the drug loaded on XMANP was studied upto 18 h where
for first 2 h, the sample was exposed to SGF subsequently followed by SIF. It was observed that in
SGF, almost negligible swelling occurred due to which the drug was not released from the matrix.
However, the drug molecules which could not be loaded effectively within the network of the matrix
were seen to dissolve in the buffer medium [29]. At SIF, it was observed that as the percentage
swelling of the matrix decreased, the drug was released in a more sustained manner. Maximum
controlled drug release (~29% release after 12 h) behavior was shown by the sample XMANp4 which
well accorded with the high % C, low % ESR and high τ value. These results indicated XMANp4as the
most suitable candidate for the controlled release of mesalamine drug as the higher amount of drug is
released at the targeted site of the colon.

Figure 7. Mesalamine cumulative release (%) from XG and various samples
of XMANP at pH gradient medium (2 h at SGF and upto 18h at SIF).

Kinetics and mechanism of Drug release: The kinetics of the drug release was studied by applying
zero order [Eq. (7)], and first-order kinetic models [Eq. (8)].
=
log

+
= log

… (7)
+

2.303

… (8)

where Q0 is the initial amount of drug in tablet and Qt is the amount of drug release at time t, k0 and k1
is the zero order and first order release constant expressed as concentration/time.
To investigate the release mechanism of XMANp, the obtained data are fitted by two classical methods,
Korsemeyer–Peppas mode [30][Eq. 9] and Higuchi model [31][Eq. 10].
=

… (9)

where Mt/M∞ represents the fractional release of drug in time t, k is the rate constant and “n” shows
the characteristic of the diffusion exponent of drug release. If the value of n is < 0.5, then the drug
release process is controlled by Fickian diffusion; whereas, if n is > 0.5, non-Fickian diffusion
mechanism is followed.
=

+

/

… (10)

In the Higuchi model (Eq. 10),Q0 is the initial amount of drug in solution, Qt is the amount of drug
released after time t, and kH is the Higuchi dissolution constant. As shown in table 4, the drug release
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profiles follow zero-order kinetics (with higher R2 value). The value of n obtained for all the samples
are greater than 0.5, which proposed that non-fickian diffusion mechanism is followed. Higher values
of R2 for the Higuchi model indicated that the drug is released from the matrix by the diffusion
process.
Table 4. Kinetic data of XMANp at pH gradient

Nanoparticles
XMANp1
XMANp2
XMANp3
XMANp4
XMANp5
XMANp6

Zero order model
R2
0.943
0.896
0.850
0.944
0.846
0.961

First order Model
R2
0.733
0.682
0.624
0.665
0.576
0.870

Higuichi Model
R2
0.998
0.984
0.961
0.992
0.959
0.920

Korsemeyar-Peppas Model
n
R2
0.542
0.998
0.551
0.988
0.622
0.959
0.779
0.986
0.787
0.948
0.757
0.963

CONCLUSION
The main idea of the present investigation was to formulate a colon-targeted drug delivery carrier
utilizing a novel and biodegradable cross-linked nanoparticle of natural origin. The nanoparticles were
prepared utilizing Xanthum Gum and Methacrylic acid via self-assembly method and were found to
have porous and rough morphology. With an average diameter of ~150 nm and thermal stability,
nanoparticles performed well as efficient drug delivery carrier for the mesalamine drug. The swelling
capacity of the matrix was enhanced by its cross-linked network structure, which in turn, controlled
the release of the confined mesalamine drug molecules at the targeted site of the colon. The drug
release was apprehended by zero-order kinetic and non-Fickian diffusion mechanism.The
nanoparticles displayed promising behavior for controlled release of mesalamine drug.
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