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Abstract
Background: The overall objective was to prepare a highly accurate nanocarrier system of mesalamine for the
treatment of ulcerative colitis with increased therapeutic efficacy and targeting. In the formulation of nanocarrier
systems, optimization is a critical process for understanding nanoformulation variables and quality aspects. The goal
of the present work was to determine the effect of independent variables, i.e., the concentrations of chitosan,
carboxymethyl inulin (CMI), and the drug on the response variables, i.e., particle size and percent entrapment
efficiency of the mesalamine-loaded nanoparticle using the Box Behnken design (BBD). The correlation between the
independent and dependent variables was investigated using the Design Expert generated mathematical
equations, contour, and response surface designs.
Result: An optimized batch was developed using the ionotropic gel method with selected independent variables
(A: + 1 level, B: 0 level, C: − 1 level) and the developed nanoparticles had a particle size of 184.18 nm, zeta potential
26.54 mV, and entrapment efficiency 88.58%. The observed responses were remarkably similar to the predicted
values. The morphological studies revealed that the formulated nanoparticles were spherical, and the results of the
FTIR and DSC studies indicated the drug-polymer compatibility. The nanoparticle showed less than 5% release in
the pH 1.2. In the colonic region (pH 7.4), more than 80 % of the medication was released after 24 h. The kinetics
study showed that the Higuchi and Korsemeyer-Peppas models had R2 values of 0.9426 and 0.9784 respectively, for
the developed formulation indicating linearity, as revealed by the plots. This result justified the sustained release
behavior of the formulation.
Conclusion: The mesalamine-loaded chitosan-CMI nanoparticle has been successfully developed using the
ionotropic gelation method. The nanoparticles developed in this study were proposed to deliver the drug to its
desired site. The developed nanoparticles were likely to have a small particle size with positive zeta potential and
high percent drug entrapment. It could be stated from the results that BBD can be an active way for optimizing
the formulation and that nanoparticles can be a potential carrier for delivering therapeutics to the colon.
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Background
Ulcerative colitis (UC) and Crohn’s disease (CD) are two
major inflammatory bowel disorders (IBDs), which are a
group of chronic gastrointestinal (GI) conditions that
can affect intestines (both small and large) and are most
frequent in adolescents and young adults between the
ages of 15 and 30 [1]. Diarrhea, stomach pain, weight
loss, rectal bleeding, fatigue, and fever are clinical signs.
Since there are no effective treatments, the most successful protocols depend on long-term remission to prevent relapse [2].
5-ASA (5-Aminosalicylic acid) is a commonly used
drug for an active CD or UC and for maintaining symptom remission in UC. Although the mechanism of action
is unknown, some research findings specify that 5-ASA
shows its action locally on the intestinal mucosa. On the
other hand, 5-ASA is rapidly and extensively absorbed in
the upper GI tract when taken orally, resulting in low
bioavailability. This necessitates a high daily dose of 5ASA, which can cause systemic side effects, including
interstitial nephritis, blood dyscrasia, pancreatitis, and
pleuropericarditis [3]. In the current scenario, designing
and delivering 5-ASA with increased bioavailability, effectiveness, and reduced side effects is a top priority.
Nanotechnology has been investigated as a potential
method for improving the therapeutic efficacy and bioavailability of 5-ASA by using it to design and deliver
anti-inflammatory drugs. Nanoparticles can be used to
deliver therapeutics directly to the site of inflammation,
avoiding drug-related systemic side effects. Nanoparticles gained much popularity for playing a significant role
in designing oral sustained or controlled release solid
dosage form because of their potential benefits viz., reduced risk of systemic toxicity, reduced risk of local irritation, predictable gastric emptying, increased
bioavailability, improved reproducible pharmacokinetic
profile, improved stability and patient compliances too
[4, 5]. Furthermore, regulated and site-specific drugcarrier systems have been prepared to improve the
therapeutic bioavailability at the desired site. Numerous
methods have been used to convey therapeutics directly
to the desired site, one of which is the 5-ASA entrapment of the charged carrier [6], which has the added
benefit of favoring mucoadhesion and possibly cell absorption of positively charged carrier system through
their interaction with negative cell membranes. Bioadhesion to cell membrane can be advantageous for sitespecific delivery because it allows for stronger mucosal
surface contact for drug absorption and release. Increased intestinal motility, which is common in IBD, can
decrease nanocarrier clearance. Mucoadhesiveness may
prevent 5-ASA from being absorbed in the upper GI
tract, lowering the dose required to achieve a therapeutic
effect. Consequently, there is a decrease in side effects,
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implying an improvement in patient adherence [7]. Drug
delivery carriers with nanometer-sized dimensions presented increased transit time in inflamed colonic regions, and offered extra assistance for IBD care. By using
the augmented epithelial permeability and retention
(eEPR) effect, it is possible to increase and specifically
deliver drug molecules to the colitis tissue, and [8] allows the preferential absorption of nanoparticles by immune cells, which are increased significantly in the
inflamed areas [9]. By decreasing the particle size, it may
be feasible to evade quick carrier removal through diarrhea, a frequent sign of IBD. Nanosystems are easily
absorbed into inflamed tissues and cells, avoiding carrier
removal [10].
From the previous researcher findings, chitosan was
considered as a vital molecule to examine these hypotheses, a biopolymer with favorable biocompatible and biodegradable properties, as well as to facilitate membrane
permeability and quickly deteriorates in serum by lysozyme, Chitosan is a polysaccharide that is widely used in
the delivery of drugs to its desired site, and it is used in
nano- and micron-sized particulate matter. Its notable
characteristics comprise bioadhesion and potential for
drug delivery [11], as well as negatively charged polysaccharides, which help to shape more complex nano vehicles. Another polymer, the carboxymethyl inulin (CMI),
a derivative of inulin, was employed to develop chitosanCMI composite nanoparticles. Inulin is a polysaccharide
made up of repeated fructose units used in the pharmaceutical industry because it is biocompatible and chemically simple to modify, despite being exogenous to the
human body. It also has poor absorption in most of the
tissues and can quickly filter through the kidneys. It also
has characteristics in common with CMI, such as being
readily available and inexpensive and having non-toxic
metabolites [12].
A very little research has been done on the delivery of
5-ASA to a specific site using a biopolymer-decorated
nanoparticulate system. In our research, we used response surface methodology (RSM) and a BBD to
optimize the entrapment efficiency (EE) and particle size
of 5-ASA-loaded nanosystem composed of CMI and chitosan, the two features that have a major impact on the
success of the dosage type, bioavailability at the desired
site, and drug efficacy [13, 14].
BBD is a design of surface response with many advantages over other experimental designs. In this, only
three levels of independent variables must be run,
and the variation of the expected result at any point
is determined solely by its distance from the design
center point [15].
Since our goal was to optimize the size of the particle
and percent entrapment efficiency of biopolymer-based
5-ASA nanoparticles simultaneously, we combined the
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two separate responses into a single composite system
using multi-criteria decision analysis (MCDA). MCDA is
a formal technique to decision-making that allows for
selecting of alternatives based on various parameters
while avoiding the drawbacks of unstructured decisionmaking.
There have been no studies on the fabrication or
optimization of 5-ASA nanoparticles using chitosan and
CMI to our knowledge. Even though there were several
kinds of literature on the optimization of nanoparticles
containing various agents, none of them utilized the
RSM technique to optimize chitosan-CMI nanoparticles.

Methods
Material

Mesalamine (5-ASA) was obtained from Zydus Healthcare Pvt. Ltd. (Ahmedabad, India). Chitosan (Purified
viscosity grade, 50 cps, MW~ 150 KDa) was purchased
from CDH Laboratory Pvt. Ltd. (Mumbai, India). Inulin
was procured from Amruta Herbals Pvt. Ltd. All the
other chemicals and reagents used in this study were of
commercial grade and were used precisely as received,
with no further purification.
Experimental design

Employing Stat-Ease Design-Expert Software, a 15-set
BBD with 3-independent factors with 3-level was preferred to optimize the 5-ASA decorated chitosan-CMI
nanoparticulate system (Version 11.1.0.1 Stat-Ease, Inc.,
Minneapolis, MN 55413). The 3 independent factors include the concentration of the drug, A; chitosan, B; and
of CMI, C, which are thought to be important factors in
the production of nanoparticles. As shown in Table 1,
these factors are analyzed at the levels of low (−1),
medium (0), and strong (+ 1). Entrapment performance
and particle size are two dependent variables. The nonlinear quadratic model equation shown below can be
used to calculate the expected Y response:
Y ¼ α0 þ α1 A þ α2 B þ α3 C þ α1 α1 A2 þ α2 α2 B2
þ α3 α3 C 2 þ α1 α2 AB þ α1 α3 AC þ α2 α3 BC
where Y is the calculated response; α0 is the intercepts;
α1, α2, α3 are the coefficients in linear form; the interception is α1α1, α2α2, α3α3; and the quadratic coefficients
are α1α2, α1α3, and α2α3.
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Formulation of chitosan-CMI nanoparticles

Chitosan-CMI nanoparticles were formed by ionotropic
gelation of the positively charged amino group of chitosan with the negatively charged carboxyl group of CMI,
as shown in Fig. 1. Chitosan was dissolved in 1.0% (v/v)
lactic acid solution at a range of 2.0 mg/mL, and pH was
changed to 4.0 by slowly adding 1.0 M NaOH until full
dissolution. PBS (pH 7.4) was used to dissolve CMI at a
range of 0.5 mg/mL. The correct amount of 5-ASA was
applied to the CMI solution and fully dissolved.
Chitosan-CMI nanoparticles were formed spontaneously
by adding 100 mL CMI of dissolved drug solution to
100 mL chitosan solution (10 mL/min) at room
temperature while stirring at 2000 rpm (RQT-124A/D
stirrer, Remi motors, India). After 5 min of stirring, the
solution had become slightly cloudy, and the stirring was
continued for another 20 min to stabilize the chitosanCMI nanoparticle framework. The solution was centrifuged for 20 min at 6000 rpm (R-8C / RM-12C Centrifuge machine, Remi motors, India). The precipitate was
discarded, and the supernatant was filtered through a
1.0-μm membrane filter (Millipore, Omnipore Membrane) to obtain chitosan-CMI nanoparticle suspension.
They were lyophilized for 48 h to get nanoparticles in
powder form.
Optimization employing Box Behnken design

Box Behnken statistical design is an efficient method for
optimizing a system in a short amount of time. BoxBehnken design (BBD) was used to optimize mesalamine
decorated chitosan-CMI nanoparticles employing Design
Expert Software Version 11.1.0.1 (Stat-Ease Inc., USA).
The concentrations of chitosan (factor A), CMI (factor
B), and drug (factor C) were chosen as independent variables at two low and high levels respectively, shown in
Table 1. Particle size and percent drug entrapment were
chosen as response factors. Table 2 depicts the pattern
of the design. Various statistical parameters such as the
probability value (p-value), the regression coefficient (R2
value), the Fisher model value (F value), and the lack of
fit F value were used to adapt the responses to the appropriate mathematical model developed by design. In
addition to the best fit model, quadratic polynomial response equations with key factors and interaction factors
have been developed. The presented model’s suitability
and validity were assessed using ANOVA. The optimal
formulation was chosen based on response variables’

Table 1 Levels and the experimental condition for Box Behnken design
Factor

Designation

Low level (−)

Mid-level (0)

High level (+)

A

Concentration of drug (% w/v)

0.1

0.3

0.5

B

Concentration of chitosan (% w/v)

0.1

0.15

0.2

C

Concentration of carboxymethyl inulin (CMI) (% w/v)

0.06

0.08

0.1
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Fig. 1 Schematic presentation of chitosan-CMI nanoparticles

Table 2 Experimental runs for Box-Behnken design
Formulation

Factor A

Factor B

Factor C

Response 1

Response 2

Concentration of chitosan
% w/v

Concentration of CMI
% w/v

Concentration of drug
% w/v

Particle size
nm±SD

Entrapment efficiency %
nm±SD

1

0.2 (+ 1)

0.08 (0)

0.5 (+ 1)

199.25±1.2

79.20±2.2

2

0.15(0)

0.08 (0)

0.3 (0)

179.41±2.2

72.32±3.3

3

0.1 (−1)

0.08 (0)

0.5 (+ 1)

160.36±3.0

59.36±4.5

4

0.1 (−1)

0.06 (−1)

0.3 (0)

15,535±3.6

66.14±5.2

5

0.15 (0)

0.1 (+ 1)

0.5 (+ 1)

188.85±4.5

64.25±5.0

6

0.1 (−1)

0.08 (0)

0.1 (−1)

151.62±1.5

66.22±3.6

7

0.2 (+ 1)

0.06 (−1)

0.3 (0)

208.55±1.8

86.50±1.4

8

0.2 (+ 1)

0.1 (+ 1)

0.3 (0)

192.55±1.5

77.45±1.5
71.48±2.0

9

0.15 (0)

0.1 (+ 1)

0.1 (−1)

191.27±2.0

10

0.1 (−1)

0.1 (+ 1)

0.3 (0)

174.22±2.8

55.34±3.5

11

0.15 (0)

0.06 (−1)

0.5 (+ 1)

193.32±4.2

73.38±1.8

12

0.15 (0)

0.08 (0)

0.3 (0)

180.20±5.2

73.49±1.6
88.58±1.0

13

0.2 (+ 1)

0.08 (0)

0.1 (−1)

184.18±2.5

14

0.15 (0)

0.08 (0)

0.3 (0)

178.42±1.8

72.25±2.2

15

0.15 (0)

0.06 (−1)

0.1 (−1)

179.34±3.6

82.54±2.6
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desirability, and it was tested physicochemically, in vitro,
and ex vivo.
Particle size and size distribution

With the help of dynamic laser scattering, the size distribution and average particle size of 5-ASA loaded nanoparticles were calculated using a Zetasizer (Nano ZS,
Malvern Instruments Ltd., UK). Nanosuspensions were
properly diluted with distilled water and homogenized
for 2 min to form a homogeneous dispersion before being placed in a quartz cell. With He-Ne laser, the hydrodynamic diameter of the particles was estimated at a
scatter angle of 900 at 25 °C. All the samples were measured in triplicate, and the outcomes revealed as the
average particle size ± SD.
Zeta potential

The electrophoretic light scattering approach was used
to determine the zeta potential of the prepared formulation (Nano-ZS ZEN 3600, Malvern Instruments Ltd.,
UK). The nanoparticles in water were diluted and stabilized at 25 °C before being put in transparent one-use
zeta cubicles. Cataphoretic kinesis among the electrodes
was used to achieve zeta potential. The tests were carried out three times, and the findings were measured in
millivolts (mV).
Surface morphology

The microstructure of the prepared formulation loaded
with 5-ASA was studied using a transmission electron
microscope (TEM). The nanoparticles were diluted with
sterile deionized water sonicated for 2 min in a sonicator, and a drop placed on a carbon-coated copper mesh
and viewed using TEM (JOEL H-7500, Hitachi, Japan).
Drug content

A 100.0 mg quantity of each batch of the chitosan-CMI
nanoparticles powder was digested in 250 mL of buffer
(pH 7.4) in a 250-mL graduated cylinder with intermittent shaking for 24 h at 37±0.5 °C to fully dissolve the
encapsulated drug. A high-speed mechanical magnetic
stirrer was used to stir the solution for 25 min at 2500
rpm (RQT-124A/D stirrer, Remi Motors, India). The solution was then filtered to remove dissolved polymers
and debris using Whatman® filter paper (#41). Aliquots
of the clear supernatant fluid were used to test the actual
drug content using a UV-visible spectrophotometer (Shimadzu 1800, Japan) against the buffer as blank. Each
analysis was conducted thrice, and the results expressed
as means ± standard deviation. The following formula
was used to calculate the drug entrapment efficiency
(DEE):

Page 5 of 17

DEEð%Þ ¼

Percent drug loading
 100
Theoretical drug loading

Fourier-transform infrared (FTIR) spectroscopy

The KBr disc method was used to record spectra of
pure drug, CMI, chitosan, and drug-loaded CMIchitosan nanoformulation to determine potential chemical interactions between drug and polymer components. The nanoparticles were mixed with FTIR grade
anhydrous KBr (Merck IR Spectroscopy grade) at a ratio of 1:100 before being dried at 40 ± 0.5 °C to remove
all moisture. The mixture was crushed in a mortar with
a pestle and sieved, then compressed into a disc, and
eventually packed into a sample holder. At ambient
temperature, the spectra were scanned using an FTIR
spectrometer (1800, Shimadzu, Japan) at a resolution of
4 cm−1 and speed of 1 cm/s over a wavelength region of
4000 to 400 cm−1.
Differential scanning calorimeter (DSC)

A thermal examination of the samples was conducted
using a Shimadzu 60 plus-Differential Scanning Calorimeter (DSC) (Shimadzu Technologies, India) to comprehend the potential interactions between the constituents
of the formulation. The temperature and energy scales
of the calorimeter were calibrated using Al2O3 as the
primary standard. Approximately 8 mg of CMI, chitosan,
and CMI-chitosan nanoparticles were heated at a rate of
10 °C/min in 40 mL aluminum pans at a temperature
limit of 40 to 400 °C. Thermal examinations were
performed in a nitrogen environment at a flow speed of
60 mL/min. The DSC thermogram of the sample was
recorded using Shimadzu software.
In vitro drug release profile of nanoparticles

Different buffers, like 0.1 N HCl (1.2 pH), phosphate
buffer (pHs 6.8 and 7.4), were used to perform in vitro
drug release studies to mimic the stomach, intestinal,
and colon GI conditions. The drug release time profile
analysis was conducted on each of the formulations (F1F15). Drug release tests lasted up to 24 h a day. Samples
were removed at different periods. The samples were
taken every hour for up to 2 h in acidic conditions (1.2
pH). After that, at a pH of 6.8, sampling was done every
1 to 4 h, and then in colonic condition pH, 7.4 samples
were taken for 1 to 10 h; after that, two samples were
withdrawn at 12 h and 24 h. Fresh media was used to replace the samples that had been withdrawn from the system. The drug release from the developed nanoparticle
was tested using a dialysis bag (Himedia labs, cutoff
weight 12,000–11,000 Da). The dialysis bag was saturated in deionized water overnight before the experiment in this process. A 2-mL nanoparticle dispersion is
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mounted in the 2000 Da dialysis bag, and clamps are
used to secure the two ends. The bags were placed in
250 mL of dissolution media held at 35±0.5 °C to determine the drug’s release. At predetermined intervals,
samples were removed for approximately 24 h. At regular intervals, 1.0 mL of the sample was withdrawn by
adding fresh buffer/fresh dissolution fluid. UV spectrophotometry at 330 nm was used to examine the samples.
All measurements have been done in triplicate. Based on
R2 and 'n' values, various kinetic models were used to
evaluate the release mechanism of the drug.

models. The Korsemeyer-Peppas model was employed
to differentiate between the competing mechanisms of
drug release: Fickian release (distribution facilitated),
non-Fickian release (anomaly passage), and case-II transport (release based on relaxation). The Fickian diffusion
method of drug release is used when n is less than 0.5.
Non-Fickian release or anomalous transport is suggested
by a value of 0.5 ˂ n ˂ 1.0. The feature is zero-order
release or case-II transport if n=1 and super case-II
transport if n > 1.0. The best-suited model was found by
evaluating the R2 values.

Modeling and comparison of in vitro release profiles

Ex vivo mucoadhesion study

In vitro drug release data was integrated into different
kinetic equations to elucidate the mechanisms of drug
release from each batch of the formulation [16]. The results were adjusted using zero-order, first-order, HixsonCrowell, Higuchi, and Korsemeyer-Peppas models. The
R2 determination coefficient must be used to select the
“right model” or “goodness-of-fit” criterion for drug dissolution or release phenomenon analysis. An equation to
direct this model: Mt = M0+ K0t, where Mt represents
the quantity of drugs dissolved in time t, M0 represents
the initial quantity of drugs in the solution, and K0 represents the zero-order release rate constant. The rates of
drug release from the systems are concentrationdependent, according to first-order. The mathematical
equation for this model is M = M0ekt, where M represents the quantity of released drug in time t, M0 represents the initial quantity of drug in the solution, and k
represents the rate constant. Drugs are released from an
insoluble matrix as a square root of time, as per the
Higuchi model, based on Fickian diffusion. An equation
to direct this model: M= Kt, where M represents the
sum of the released drug in particular time t, K represents the respective equation’s release rate constant, and
t represents the time of release. The Hixson–Crowell
model states that drug release is proportional to the variation in particle surface area and diameter, as shown by
the equation: M1/3= Kt + M01/3, where M represents
the quantity of released drug in time t, M0 represents
the initial quantity of drug in the solution, and K represents the rate constant.
The Korsemeyer-Peppas model is commonly used
when the release mechanism is unknown or when more
than one type of release phenomenon is considered to
study release from the device. Mt/M-polymer = Ktn is
the model’s equation, where Mt/M-polymer denotes the
percentage of drug released in time t and K denotes the
steady integration of the drug/polymer system’s structural and geometric characteristics, and n seems to be
the release exponent, which denotes mechanism of drug
release. Calculation of the R2 (correlation coefficient)
values compared the accuracy and predictability of these

Prior to the ex vivo analysis, chitosan-CMI nanoparticles
(10 mg) were incubated in 1.0 mL of ethanol containing
1% w/v fluorescein isothiocyanate solution for 24 h. In
an ex vivo study, Wistar rats (220 g) were fasted overnight, provided free access to water, and handled according to CPCSEA guidelines. A warm Tyrode fluid (37 °C)
was used to clean the colon to extract lumen material
before being sacrificed. Each animal’s colon was divided
into two equal parts. One part was immersed in a 20 mg
fluorescent nanoparticle solution, i.e., OF1 in 10 mL
Simulated colonic fluid (SCF) (pH 7.4), while another
part was immersed only in a fluorescent marker. Both
parts were subsequently incubated in the gaseous oxygen
solution of Tyrode at 37 °C in the dark. The colonic
segments were washed three times in ice-cold SCF to
extract any remaining nanoparticles and examined under
a fluorescent microscope after 2 h (Germany’s Carl
Zeiss) [17]. The study was approved by the Institutional
Animal Ethics Committee (IAEC/JU/48).

Results
Optimization of chitosan-CMI nanoparticles process
variables

The biggest challenge in developing pharmaceutical
products and processes is finding the right combination
of process variables that will result in high-quality products. With fewer experimental sequences and less time,
biostatistical experimental designs may potentially support studying the effects of individual process variables
and their interactions [18]. The present study used BBD
optimization to accurately measure response variables
and create polynomial equations based on experimental
results. Appropriate statistical trials were run, the best
fit model was chosen, and independent variables that
could generate optimal responses were further
determined.
Design Expert Version 11.1.0.1 provided 15 test
formulations for BBD; the result of particle size and drug
entrapment efficiency for all the 15 formulations is summarized in Table 2. Heavy dependence on dependent
variables has been reported for the adopted independent
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variables. For all of the response variables, the results
were expressed as polynomial equations. By treating the
third factor as constant, 3D graphs were used to describe
the product parameter interaction.
Effect of formulation variables on particle size

The F-value of the model is high 77.75, indicating that it
is significant. Just 0.01% of the time does noise causes
such a strong F-value. The model expressions are important if the Prob > F value below 0.05 [19]. The model
expressions A, C, AB, BC, A2, and B2 are important in
this case as shown in Table 3. When the values are
higher than 0.1000, model expressions are not meaningful. A model contraction is needed to improve the model
if it includes a large number of insignificant model expressions. This is not necessary in this case since most
of them are less than 0.100, indicating that factors A and
B have the most significant impact on particle size and
that factor C has little impact. The 7.75 F value of lack
of fit indicates that the lack of fit is not substantial with
the pure error. In order to get an acceptable model,
there must be an insignificant lack of fit. The 0.9801
value of adjusted R2 is equal to the predicted R2 0.8942.
The signal-to-noise ratio is measured by adequate precision. It is preferable to have a ratio of more than four.
Our signal-to-noise ratio of 29.907 represents a good
sign. The design area can be navigated using this model.
For this model, the polynomial equation obtained is as
follows:
Particle size = 179.00+17.87xA+1.25xB+4.38xC−8.75xAB+
1.50xAC−4.25xBC− 5.50xA2+8.75xB2+0.000xC2
Response predictions for the given levels of each factor
can be calculated using the equation in terms of coded
factors. The main effects on particle size in the above
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regression equations are A, B, and C. The interactive expressions AB, AC, BC, A2, B2, and C2 represent a nonlinear relationship between responses. As can be seen
from the equation and Fig. 3, as the polymer ratio rises
from low to high, the particle size increases as well. This
could be due to a higher amount of polymer causing increased viscosity which was in acceptance according to
the literature [20, 21]. The formulations have particle
sizes ranging from 151.62 to 208.55 nm; the optimized
batch average particle size is displayed in Figs. 2 and 3.
Zeta potential

The zeta potential/surface charge of developed nanoparticles is affected by the polyelectrolyte ratio. The zeta potential is measured to determine the surface charge of the
nanoparticles. The zeta potential of nanoparticles strongly
depends on the particle’s composition and the dispersion
medium, and it also indicates the particle’s electrical potential. Table 4 shows the individual zeta potential and
PDI values for each formulation. Within the ranges of
18.98–36.58 and 0.232–0.355 respectively, Fig. 4 shows
the zeta potential of the optimized batch. For all the nanoparticles, it was discovered that they have a positive charge
value, with the formulation F2 having the highest charge
value of 36.58, whereas PDI 0.248 indicates good stability
and dispersion homogeneity [22].
Surface morphology

Advanced techniques such as TEM were used to perform microscopic analysis of the optimized formulation.
The particles were found to be spherical with a uniform
size range, confirming their size range within the nanolimit in Fig. 5 and revealed that they had a narrow size
distribution range.

Table 3 Particle size statistical analysis result
Source

Sum of squares

df

Mean square

F-value

p-value

Model

3533.68

9

392.63

77.75

< 0.0001

A-CH

2556.12

1

2556.12

506.16

< 0.0001

B-CMI

12.50

1

12.50

2.48

0.1765

C-5-ASA

153.13

1

153.13

30.32

0.0027

AB

306.25

1

306.25

60.64

0.0006

AC

9.00

1

9.00

1.78

0.2394

BC

72.25

1

72.25

14.31

0.0129

A2

111.69

1

111.69

22.12

0.0053

2

B

282.69

1

282.69

55.98

0.0007

C2

0.0000

1

0.0000

0.0000

1.0000

Residual

25.25

5

5.05

Lack of fit

23.25

3

7.75

7.75

0.1164

1.0000

Pure error

2.00

2

Cor Total

3558.93

14

Significant

Not significant
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Fig. 2 Particle size of optimized formulation

Entrapment efficiency

The 1018.11 F-value obtained via design expert showed
that the model was significant. In this case, the model
expression A, B, C, AB, AC, BC, B2, C2 are significant, as
shown in Table 5. The lack of fit has an F-value of 0.00,
indicating that it is insignificant to the pure error. The
predicted R2 of 0.9988 agrees with the adjusted R2 of
0.9989 rationally. For this model, the polynomial equation obtained is as follows:
Entrapment efficiency = +72.33+10.50xA−5.00xB4.00xC+0.5000xAB−0.5000xAC+0.5000xBC
−0.4167xA2−0.9167xB2+1.08xC2.
According to the equation above, chitosan concentration positively affects entrapment efficiency, as shown in
Fig. 6. Furthermore, the coefficients A and AB were
positive, indicating that entrapment efficiency will increase along with an increase in the concentration of
chitosan and the interaction between two polymers.
Optimization and validation of the model

The optimized nano-formulation was sensibly selected
based on measures such as particle size minimization and
maximum entrapment efficiency. Independent factors
were derived from statistical and graphical analysis based
on the desired range of response values. The Design Expert Software point prediction was used to select an optimized chitosan-CMI nanoparticle formulation based on
the desirability factor’s proximity to 1 [23]. The selected

formulation had 0.2% chitosan concentration (A), 0.08%
CMI concentration (B), and 0.1% drug concentration (C).
The dependent variables’ predicted values were within the
desired range for the above composition (average particle
size 185.02 mm, percent EE 88.30%). The experimental
batch of the checkpoint utilizing the projected independent factors was developed and characterized for the response variables. The projected results and the obtained
result (average particle size 182.60 mm, percent EE
87.45%) are in good agreement, representing the optimized nano formulation’s rationality.
Fourier-transform infrared (FTIR) spectroscopy

The FTIR spectroscopic analysis was used to prove the drugdrug interaction of chitosan/CMI in the samples. IR spectra
of 5-ASA (mesalamine), chitosan, CMI, and drug-decorated
chitosan-CMI nanoparticles are shown in Fig. 7. As shown
in the figure, mesalamine was successfully loaded onto
chitosan-CMI nanoparticles. The O-H group of stretching
vibrations are responsible for mesalamine peaks such as
3408 cm−1 (because of O-H stretching), 1741 cm−1 (because
of C=O stretching), 1618, 1448 cm−1 (because of C=C and
C-C stretching), and 1618, 1448 cm−1 (due to C=C and C-C
stretching) [24]. The extended vibration group O-H was responsible for the peaks of chitosan at 3500 to 3300 cm−1.
The protonated amino (NH2) group’s N-H bending vibration has a wide peak around 3278 cm−1 from the O-H widening in the polysaccharide backbone of allied glucose and
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Fig. 3 2D-contour plots and 3D-response surface plots presenting the effect of independent variable on response particle size

fructose elements, and the alkyl group [25] and CMI’s C-H
bending vibration has a broad peak centered at 3277 cm−1
from the O-H stretching in the polysaccharide backbone of
associated glucose and fructose units. Peaks represent C-H
stretch at 2943 cm−1/2887 cm−1, and the peak at 1654 cm−1
represents the hydroxyl bending mode. Around 1037 and
932 cm−1, the bands relate to C-O-C widening, and at 1598

cm−1 and 1423 cm−1 respectively, two additional peaks are
found. The carboxylate group (COO-) is responsible for the
above peaks by the anti-symmetric and symmetric extending
modes, which are strong evidence of the addition of inulin to
carboxymethyl groups [26]. At comparable wave numbers,
these peaks appeared clearly in the chitosan-CMI nanoparticle spectrum. The drug peak was not very projecting in the
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Table 4 Zeta potential and polydispersity index (PDI) of all the
formulation
Formulation code

Zeta potential (mv± SD)

Polydispersity index

F1

35.46±1.3

0.232±0.02

F2

36.58±1.0

0.248±0.04

F3

28.36±1.5

0.355±0.08

F4

22.36±2.0

0.355±0.10

F5

25.98±3.4

0.245±0.12

F6

27.26±1.6

0.242±0.05

F7

32.58±2.6

0.238±0.03

F8

30.02±2.3

0.242±0.14

F9

24.60±4.2

0.247±0.12

F10

24.08±2.2

0.350±0.06

F11

18.98±3.2

0.262±0.02

F12

20.36±3.0

0.242±0.07

F13

26.54±2.8

0.238±0.15

F14

36.20±1.5

0.251±0.13

F15

30.24±1.8

0.255±0.05

formulation because it could be available in the polymer
matrix as molecular dispersion. The FTIR findings indicate
that the polymer and the drug were not chemically
incompatible.
Differential scanning calorimeter (DSC)

The DSC thermogram shows an endothermic melting
peak of pure mesalamine, representing its crystalline nature, at 284 °C [27]. The crystalline matter of chitosan,

Fig. 4 Zeta potential of optimized formulation
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and the amount of water loss associated with the polymer’s hydrophilic groups, have a sharp endothermic
peak at 316 °C [28]. Furthermore, the melting of different semi-crystalline isoforms causes endothermic transitions between 167 and 185 °C in the carboxymethyl
inulin sample [29], with a glass transition occurring at
167 °C before degradation at 240 °C. The calorimetry of
nanoparticles showed that the mesalamine peak shifted
from 284 to 280 °C, showing a decrease in the
temperature of its glass transition (Tg) (Fig. 8) [30].
In vitro drug release profile of developed chitosan-CMI
nanoparticles

In vitro release finding on mesalamine-loaded nanoformulations at pH 7.4 followed by pH 1.2 revealed
that drug release was minimal (about 5%) in the
acidic pH, even though the drug release increased exponentially after a few hours in 7.4 pH buffer (up to
84%) until 24 h, as shown in Fig. 9. Negligible drug
release in the acidic media may be due to the
enzyme-sensitive polymer inulin, which was adsorbed
on the nanoparticle surface, and minimal hydration of
the formulation. At higher pH, chitosan present in
the nanoparticle forms an interpenetrating network
that, when contacted with alkaline media, swells and
forms a dense, rigid network, leading to increased diffusion path length through which leaching of the
drug occurs slowly, showing a sustained release pattern [31]. Figure 9 shows the comparative dissolution
profile of mesalamine marketed tablet “PENTASA”
500 mg and optimized chitosan-CMI nanoparticle.
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Fig. 5 TEM image of optimized formulation

The mesalamine of conventional tablet showed release
with a percent cumulative drug release (% CDR) of
57.91% in 24 h whereas the optimized nanoparticles
exhibited % CDR of 84.43% in 24 h. Hence, it can be
concluded that the prepared nanoparticles show
better-sustained release behavior compared to conventional marketed tablets.

Kinetic modeling analysis

In order to select the optimal fit model and regression coefficient, in vitro release data was incorporated into different mathematical models, including zero-order, first
order, Higuchi Matrix, Korsemeyer-Peppas and Hixson
Crowell. Table 6 displays the results obtained In the case
of Higuchi and Korsemeyer-Peppas, the regression

Table 5 Statistical analysis result of entrapment efficiency
Source

Sum of squares

df

Mean square

F-value

p-value

Model

1221.73

9

135.75

1018.11

< 0.0001

A-CH

882.00

1

882.00

6615.00

< 0.0001

B-CMI

200.00

1

200.00

1500.00

< 0.0001

C-5-ASA

128.00

1

128.00

960.00

< 0.0001

AB

1.0000

1

1.0000

7.50

0.0409

AC

1.0000

1

1.0000

7.50

0.0409

BC

1.0000

1

1.0000

7.50

0.0409

A2

0.6410

1

0.6410

4.81

0.0798

2

B

3.10

1

3.10

23.27

0.0048

C2

4.33

1

4.33

32.50

0.0023

Residual

0.6667

5

0.1333

Lack of fit

0.0000

3

0.0000

0.0000

1.0000

0.3333

Pure error

0.6667

2

Cor Total

1222.40

14

Significant

Not significant
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Fig. 6 2D-contour plots and 3D-response surface plots presenting the effect of independent variable on entrapment efficiency

coefficient (R2) finding of 0.9426 of the kinetic model for
prepared formulation referred to above show values close
to one, the additional R2 values of 0.9784 are very close to
one, and the ploy reveals linearity. This result supports the
formulation’s sustained release behavior. The n value in
the optimized formulation is 0.6911. As a result, it is concluded that the optimized formulation used a non-Fickian

release pattern, in which release was controlled by means
of diffusion and swelling, as described by the Higuchi and
Korsemeyer-Peppas models.
Ex vivo mucoadhesion

The results obtained from the ex vivo mucoadhesive
study are presented in Fig. 10. The result showed that
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Fig. 7 FTIR spectra of (A) chitosan, (B) CMI, (C) mesalamine, and (D) chitosan-CMI nanoparticle

the mucoadhesion of chitosan-CMI nanoparticle with
colonic mucosa is due to the ionic association among
the positively charged chitosan and negatively charged
sialic acid of mucin facilitates the attraction of nanoformulation with the mucus layer of colonic epithelium,
resulting in mucoadhesion. The interaction between the
chitosan-CMI nanoparticles and the colonic mucosa was
confirmed using fluorescence microscopy, elucidating
nanoparticle binding sites all over the body.

Discussion
Entrapment efficiency and particle size are critical considerations for developing effective therapeutic drug delivery systems to ensure that the desired amount of
drugs is delivered to the target site for the optimum
therapeutic response. These attributes can be managed
during the initial phase of development by analyzing
some formulation and process parameters [32, 33]. BBD
has been used in this work to optimize the nanoparticles
developed with Chitosan-CMI. The results of the BBD
were analyzed, and the utility of this statistical design
resulted in a significant amount of data being provided
to optimize the formulation. All responses were adjusted
to fit the quadratic model, and ANOVA was used to
check for model compatibility, lack of fit, and regression
coefficients (R2). Each response should be connected to
the others to optimize responses, and a most supportive

zone should be required for each response to eliminate
bias. Many types of literature have supported the desirability function to optimize multiple responses [34, 35].
The FTIR study revealed that mesalamine was successfully loaded onto chitosan-CMI nanoparticles. All prominent drug peaks were detected in the optimized
formulation, indicating that the drug and polymers used
in the formulation have no chemical interaction. The
endothermic melting peak of pure mesalamine, which
represents its crystalline nature, is 284 °C [36]. DSC
study also confirms that there was no drug-polymers
interaction among the formulation. The thermal peak of
the optimized formulation illustrated a wide melting
peak (284–292 °C). This indicates that mesalamine was
converted to an amorphous form. The rationale of the
observation may be the entrapment of the drug in the
polymer matrix [37].
As the polymer concentration increases, the organic phase’s viscosity rises, slowing the rate of
diffusion towards the aqueous phase. Diffusion is
slowed, which encourages the formation of large
nanodroplets at the interface [38]. The mean diameter of nanoparticles against polymer concentration
was close to linearity with R2=0.9929. These findings
support previous research [39], which found that the
higher the polymer concentration in the sample, the
higher the frequency of collision, the higher the
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Fig. 8 DSC thermograms of (A) chitosan, (B) CMI, (C) mesalamine, and (D) chitosan-CMI nanoparticle

Fig. 9 Cumulative drug release (%) profile of the optimized formulation
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Table 6 Model fitting results of optimized chitosan-CMI
nanoparticle
Optimized
formulation
code

Regression coefficient R2

OF1

0.9845

Release
exponent
Zero order First order Higuchi Peppas
(n)
0.8935

0.9426

0.9784

0.6911

concentration of semi-formed particles, and the larger the overall size of the nanoparticles. The morphological study performed with the help of TEM
showed that the particles were nearly spheroidal in
shape and were all approximately the same in size.
The zeta potential of nanoparticles is affected by the
polyelectrolyte ratio, with a decrease in chitosan viscosity causing structural instability and thus lowering
the zeta potential [40]. A positive charge value was
found in all nanoparticles, also with a maximum
charge value of 36.46, and a PDI of 0.248 indicates
good dispersion stability and homogeneity [22]. This
positive surface charge causes epithelial mucin interaction, which has mucoadhesion characteristics [41].
By increasing the concentration of chitosan at the
lower CMI level, the entrapment efficiency was improved. Similarly, the efficiency of entrapment improves with increasing CMI, but not in a linear
fashion. These findings suggest that increasing chitosan concentration leads to increased encapsulation
efficiency. This has confirmed the findings of previous studies, which have shown that chitosan has a
rapid gel-forming capability and a high viscosity
resulting in a more robust hydrogel matrix and optimal entrapment [42, 43].
The result of cumulative drug release for optimized
chitosan-CMI nanoparticles over 24 h in simulated gastric fluid (SGF) and in SCF showed that the formulation
released less than 5% of the drug after 2 h in an acidic
environment; it is recommended that the formulation’s
drug release be minimized in the upper gastro-intestinal
region, which was achieved in the developed chitosanCMI formulation. The drug release profile was gradually
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increased after the acidic condition and was found to be
60.32 ± 1.74 at the end of 12 h. The next aliquote was
taken after 24 h, and the release of the drug was reported
to be 82.87 ± 1.80. Since chitosan and CMI have different pKa values, they respond differently in the context of
protonation/deprotonation as a pH function. Both the
NH2+ group of chitosan and COO− groups of CMI are
protonated under acidic conditions (pH 1.2). The
ionization of CMI carboxylic groups is partial and prevails, which helps to protect the nanoparticles through
the coulombic repulsion of carboxylic groups. Inulin is a
natural polysaccharide hydrolyzed by inulinase produced
by the microbiome in the colon but not by GI digestive
enzymes [44]. However, mild swelling and minimal
mesalamine leaching were noted at 1.2 pH. At the colonic region (7.4 pH), CMI carboxylic groups get deprotonated, resulting in electrostatic repulsion between
ionized groups, giving rise to chain repulsion, and chitosan in the nanoparticle get swell and form a dense, rigid
network leading to slow leaching of the drug showing
sustained release pattern [31]. The release kinetics applied on different kinetic models revealed a non-Fickian
release mechanism, i.e., the release was regulated by
diffusion-controlled and swelling-controlled mechanisms. The developed chitosan-CMI nanoparticle
showed good mucoadhesion with colonic mucosa; this
may be due to ionic interaction among the positively
charged chitosan and negatively charged sialic acid of
mucin [45].

Conclusion
This work has successfully synthesized and characterized
a novel, and effective drug nanocarrier focused on ionotropic gelation of the biocompatible, biodegradable, nontoxic biopolymers such as chitosan and CMI. The effect
of three independent variables on particle size and percent entrapment efficiency was studied and optimized by
BBD. The nanoparticle formulation method did not involve any external cross-linking or stabilizing agents; efficient derivatizations and easy and accurate purification

Fig. 10 A Fluorescent image of colonic mucosa without formulation. B Fluorescent image of colonic mucosa showing mucoadhesion of
optimized Nanoparticulate formulation

Akram and Garud Future Journal of Pharmaceutical Sciences

(2021) 7:146

of the finished product allow this nanocarrier to be very
appealing for colonic disorders. The resultant nanoparticles were uniform in diameter in the range of 151–208
nm and resistant to hydrolytic degradation. The mesalamine adducts release profile has also been investigated,
with less than 5% release in the gastric environment
(pH 1.2). The vast majority of the medication was released in the colonic region (pH 7.4), which is a highly
desirable condition for effective colonic disorder management. The findings suggest that BBD can be a valuable tool for optimizing nano-formulations and that the
chitosan-CMI nanoparticles can be a potential carrier
for delivering mesalamine to their target sites. As a result, the proposed nano-pharmaceutical has a high
chance of being used in a “bench-to-bed” study. Such research may lead to a “side effect-free” drug delivery system for the treatment of inflammatory bowel disease.
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