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Article Information  ABSTRACT 
Received: 16th December 2024  Background: Current research aims to fabricate carboxymethyl cellulose sodium (CMC-Na) and 

carbopol hydrogel beads. Gleichzeitig, beads were coated with chitosan to enhance the controlled release 

of the drug Metformin HCl (MET), which serves as a model drug for diabetes mellitus (DM). 

Methodology: The MET beads were synthesized through the ionotropic gelation process. The 

foundation of ionotropic gelation is a polyelectrolyte’s capacity to cross-link to create hydrogels when 

counterions are present. The negatively charged carboxylate groups (-COO⁻) on CMC-Na form 

electrostatic interactions with the positively charged aluminium ions (Al³⁺) from AlCl3. The quality-by-

design approach was employed to optimize process factors in preparing hydrogel beads. A 

comprehensive evaluation of the beads covered various aspects such as particle size, scanning electron 

microscopy, percentage yield, Fourier transform infrared spectroscopy, X-ray diffraction, entrapment 

efficiency (EE), and in vitro drug release. Results and Discussion: The beads were spherical, with an 

average particle diameter of 153.6 to 231.5 μm. The entrapment efficiency percentage range is 94.4% 

and 97.83% for MET-loaded and chitosan-coated MET-loaded beads, respectively. Therefore, in-vitro 

drug release of the optimized MET-loaded beads is 55.5 %, and chitosan-coated MET-loaded beads are 

approximately 48.8% achieved in 10 hours. Conclusion: Chitosan-coated CMC-Na and carbopol 

hydrogel beads showed good MET encapsulation and sustained release, improving structural integrity 

and drug release. The ionotropic gelation process created stable, homogeneous beads, making this 

delivery method viable for oral sustained-release MET formulations. 
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INTRODUCTION 
Approximately 10% of the global population is affected by 
diabetes mellitus (DM), a prevalent metabolic disorder marked 
by chronic hyperglycemia and whose incidence is expected to 
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rise in the coming years [1]. Particles with a size greater than 10 
μm struggle to penetrate the mucus layer of the gastrointestinal 
tract (GIT) effectively. Therefore, such delivery systems of the 
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drugs necessitate the drugs being ingested multiple times daily 
to maintain appropriate plasma levels and realize the expected 
therapeutic response [2]. 
 
MET exhibits an oral bioavailability ranging from 50% to 60% 
when administered at doses between 500 to 1500 mg. When 
administered as a monotherapy, MET, a biguanide with insulin-
sensitizing properties, has exhibited equivalent effectiveness to 
insulin or sulfonylureas in managing type 2 diabetes [3]. MET is 
offered in both liquid and tablet formulations and taken orally. 
This drug may be prescribed alone or in combination with other 
drugs to improve glycemic regulation [4]. As reported in the 
2000 edition of the Physician's Desk Reference electronic 
library, food consumption has been found to lessen the extent of 
MET absorption and cause a minor delay in its absorption. MET 
is designated as a class II pharmaceutical agent, known for its 
high solubility and low permeability. The permeation rate limits 
absorption, although the drug solvation occurs swiftly. Hence, it 
is formulated to increase gastrointestinal transit time [5]. 
 
As a novel generation of hydrogels, multi-layered beads 
demonstrate enhanced physical characteristics relative to single-
layered beads. Therefore, coating these beads using layer-by-
layer adsorption is frequently utilized to establish a diffusion 
barrier, which effectively delays the swift release of drugs in 
meticulously controlled drug delivery systems [6]. In this case, 
Chitosan, Carbopol, and CMC-Na are significant polymers in 
bead preparation, particularly for drug delivery systems. The 
negatively charged carboxylate groups (-COO⁻) on CMC-Na 
form electrostatic interactions with the positively charged 
aluminium ions (Al³⁺) from AlCl3. Aluminium ions (Al³⁺) are 
multivalent, meaning they can interact with multiple carboxylate 
groups on different CMC chains.  
 
This can result in cross-linking between polymer chains, 
potentially forming a gel or precipitate, depending on the ratio 
of CMC-Na to AlCl3 and the pH of the solution. These 
interactions are often used in applications requiring gelation, 
such as controlled drug delivery systems or food products. 
Cross-linking can lead to the formation of beads or gels, which 
have been studied for various applications, including drug 
delivery systems. For instance, a study demonstrated that higher 
concentrations of (AlCl3) (40% and 60% w/v) produced more 
uniform and rounded CMC-Na beads compared to lower 
concentrations (20% w/v). These beads were used to control the 

release and bioavailability of MET, indicating the potential of 
CMC-Na and AlCl3 interactions in pharmaceutical formulations 
[7],[8]. 

 
Figure 1: The chemical interaction pattern between CMC-
Na, Carbopol 934P, and Aluminium ions leads to ionotropic 
gelation. 
 
Carbopol 934P is an acrylic acid-based synthetic polymer that 
has been cross-linked with either polyalkenyl ethers or divinyl 
glycol. The interaction between Carbopol 934P (a cross-linked 
polyacrylic acid polymer) and aluminium chloride (AlCl3) 
involves complex chemical dynamics influenced by multivalent 
metal ions. The negatively charged carboxylate groups (-COO⁻) 
in Carbopol 934P interact with the positively charged aluminium 
ions (Al³⁺) from AlCl3. Carbopol polymers, including 934P, are 
known to interact with multivalent Metal ions such as aluminium 
(Al³⁺). Aluminium ions (Al³⁺), being trivalent, can form multiple 
bonds with different carboxylate groups, leading to extensive 
cross-linking of the Carbopol matrix.  
 
The degree of ionization and swelling depends on the pH of the 
solution. The cross-linking effect of Al³⁺ on Carbopol 934P can 
enhance its gel-forming properties, making it useful in 
formulations requiring high viscosity. The interaction can be 
exploited in drug delivery systems to form cross-linked gels that 
control the release of active pharmaceutical ingredients (APIs) 
[9], [10], [11]. 
 
Chitosan, a natural polysaccharide obtained from chitin, 
possesses distinctive attributes like biocompatibility, 
biodegradability, and reactive amino groups that facilitate 
surface modification and cross-linking. The chitosan coating is 
accomplished by electrostatic contact. Chitosan demonstrates a 
positive charge in acidic environments (pH < 6.5) as a result of 
the protonation of its amino groups (-NH3⁺) [12], enabling its 
adsorption onto negatively charged surfaces such as CMC-Na 
and Carbopol 934P beads through ionic interactions. The 
hydroxyl (-OH) groups of Chitosan enhance its hydrophilicity, 
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facilitating water absorption and interaction with polar 
molecules. The thickness of the coating and the degree of cross-
linking affect the release patterns of encapsulated compounds 
[13], [14], [15]. 
 
Ionotropic gelation is a technique that utilizes the inherent ability 
of polyelectrolytes to cross-link and form hydrogel beads, 
known as gel spheres, when exposed to counter ions [16]. The 
ionotropic gelation process for fabricating beads provides 
several significant benefits in treating DM, particularly in 
improving drug delivery systems [17]. CMC-Na and carbopol 
are polyanionic polysaccharides characterized by a high 
concentration of carboxyl groups within their polymer chains, 
which readily facilitate the formation of hydrogels through 
cross-linking with Al3+ ions [18]. 
 
In this study, hydrogel beads were first synthesized using CMC-
Na and carbopol using the ionotropic gelation method. 
Subsequently, the prepared beads were coated with a chitosan 
layer, attributed to its rigid crystalline structure and minimal 
solubility in water and biological fluids at a pH of 7.4. MET has 
been recognized as a potent option in treating type 2 DM. To the 
best of our understanding, this represents the inaugural instance 
of synthesizing hydrogel beads through the introduction of 
CMC-Na and carbopol mixtures into an aluminum chloride 
solution for cross-linking, with Chitosan employed as a coating 
material to enhance stability and prolong release time. Various 
techniques were used to characterize the bilayer hydrogel beads, 
focusing on size, surface morphology, surface modifications, 
crystallinity, drug loading content, and the in vitro drug release 
profile [6]. 
 
MATERIALS AND METHODS 
Materials 
Metformin HCl was a gift sample from Yarrow Chem Products 
Pvt. Ltd., Mumbai. CMC-Na was acquired from CDH India, 
Carbopol 934P was obtained from Molychem, India, and 
Chitosan was procured from Himedia, Mumbai, India. All 
reagents and solvents employed in the experiment were of 
analytical grade and procured from a local supplier. 
 
Preparation of Metformin-Loaded Beads 
The preparation of MET-loaded beads was accomplished 
through the ionotropic gelation technique. To synthesize these 
beads, 100 mg of MET was dissolved in a solution of CMC-Na 

and carbopol 934P in a specific amount. Subsequently, the drug-
loaded polymeric solution was carefully injected dropwise 
through a syringe into different concentrations of aluminium 
chloride solution. The beads were left inside the aluminum 
chloride solution for 24 hours to determine the hardening of the 
beads. The beads were then filtered and thoroughly washed with 
distilled water, leaving them to dry in the air [19]. 
 
Optimization of Metformin HCl (MET) beads by Box-Behnken 
Design 
The optimization process for the formulations of the prepared 
MET beads was performed through a three-factor, two-level 
Box-Behnken Design (BBD) with the support of Design Expert 
software 8 Trial (8.0.7.1). The selected independent variables for 
this research included the concentrations of CMC-Na as factor 
A, carbopol 934P as factor B, and aluminium chloride as factor 
C. The response factors selected were particle size and percent 
drug entrapment. The design pattern can be found in Table 1.  
 
The responses were then analyzed using statistical parameters 
such as the F value, R2 value, p-value, lack of fit, and F value to 
develop an appropriate mathematical model. The model's 
adequacy and validity, which feature quadratic polynomial 
response equations alongside main and interaction factors, were 
analyzed through ANOVA to ascertain the best-fit model. The 
study focused on the dependent variables, which comprised 
particle size and the percent entrapment efficiency, X1 and X2, 
respectively. The non-linear quadratic model equation allows for 
the calculation of the expected X response. 
 
Table 1: Independent and dependent variables and their 
levels for Box-Behnken design used in the development of 
beads by ionotropic gelation technique. 

Variables 
 

Code levels 
Independent 

variables 
Low 
(-1) 

Medium
(0) 

High 
(+1) 

A CMC-Na(mg) 500 1000 1500 
B CPO (mg) 250 375 500 
C AlCl3 (%) 5.00 7.50 10.0 

 
Dependent 
variables 

 Goal 

X1 Particle size(mm) Minimum 
X2 EE (%) Maximum 
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Table 2: Box-Behnken experimental design showing the outcome of different independent variables on dependent variables 
 Independent variables Dependent variables 

Std Run CMC-Na(mg)(A) CPO (mg) (B) AlCl3 (%) (C) Particle size (mm) Entrapment Efficiency (%) 
4 1 1500 500 7.50 184.2 94.4 
1 2 500 250 7.50 204.6 96.42 

12 3 1000 500 10.00 171.6 97.80 
8 4 1500 375 10.00 210 95.93 
3 5 500 500 7.50 153.6 95.32 

14 6 1000 375 7.50 202.8 94.7 
10 7 1000 500 5.00 0 0 
7 8 500 375 10.00 175.8 97.87 
5 9 500 375 5.00 0 0 

13 10 1000 375 7.50 202.8 94.7 
15 11 1000 375 7.50 202.8 94.7 
2 12 1500 250 7.50 159 95.67 
9 13 1000 250 5.00 0 0 

11 14 1000 250 10.00 231.5 97.83 
6 15 1500 375 5.00 0 0 

Optimal selection was made based on desired values of response parameters like mean particle size and entrapment efficiency. Bead 
formulations corresponding to these optimal results were prepared and coated with Chitosan for further evaluation. 

 
Figure 2: The general procedure employed for preparing the chitosan-coated MET-loaded beads. 
Coating of optimized beads with Chitosan 
2.5 grams of chitosan were dissolved in 100 milliliters of a 2% 
acetic acid solution to prepare the chitosan solution. The pH of 
this mixture was precisely adjusted to 6.0 by carefully adding  
 

1M NaOH. The formulated beads were added to 5 mL of the 
chitosan solution to prepare coated beads. To enhance the 
coating process of beads, the suspension was mixed for 5 
minutes, and beads were collected and dried at ambient 
temperature [20]. 
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Figure 3: Electrostatic interaction and hydrogen bonding 
between the -NH2 group of Chitosan and the negative charge 
of CMC-Na and carbopol 934P. 
 
Evaluation of optimized formulation 
Percentage yield 
The percentage yield was assessed by considering the dried 
formulation's weight alongside the original components' total 
initial weight. The percentage yield can be calculated using the 
following equation: 

% 𝒀𝒀𝒀𝒀𝒀𝒀𝒀𝒀𝒀𝒀 =
𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷 𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 (𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩)

𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 (𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑 + 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅) × 𝟏𝟏𝟏𝟏𝟏𝟏 

 
Estimation of particle size 
The estimation of particle size analysis was determined using an 
optical microscope in conjunction with a stage micrometer slide. 
Around 50 beads were analyzed for particle size, and the result 
was recorded. 
 
Swelling Index 
In a simulated stomach pH of 1.2, the swelling index of beads 
was measured. The drug-loaded and chitosan-coated beads were 
each placed in separate test tubes and left to equilibrate for 8 
hours at 37°C. The test tubes were removed at various intervals, 
and the beads were filtered before being transferred to a small 
beaker and weighed [19]. 
 
Fourier transform infrared spectroscopy (FTIR) 
The FTIR spectra for both drug-loaded beads and chitosan-
coated drug-loaded beads were acquired utilizing an FTIR 
spectrophotometer (Alpha II Eco ATR 2019-20). The beads are 
crushed into powder form and analyzed to determine the peaks 
formed for the MET-loaded and chitosan-coated MET-loaded 

beads in the FTIR spectrophotometer. The FTIR data was 
examined across the spectral region from 4000 cm-1 to 400 cm-1 

[21]. 
 
X-ray Diffraction (XRD) 
The crystallinity of the dried bead samples was assessed by 
analyzing the XRD patterns derived from composite beads, both 
with and without the chitosan coating, utilizing an X-ray 
diffractometer (Xpert3 powder Panalytical). The drug-loaded 
beads, encased in a chitosan coating, were reduced to a 
powdered state, followed by the analysis of the samples 
conducted within the established range of 2Ө = 0⁰ to 90⁰ [22]. 
 
% Entrapment efficiency  
The accurate weighing of 50 mg of each drug-loaded bead was 
done separately, followed by grinding and transferring into a 100 
ml volumetric flask with purified water. The blend was then 
mixed continuously for 24 hours to attain a state of equilibrium. 
The polymer residue obtained after crushing the drug-loaded 
beads was filtered using filter paper. We could determine the 
drug content spectrophotometrically using the filtrate at λmax of 
230 nm. Each of the experiments performed was executed three 
times [19]. 

𝑬𝑬𝑬𝑬 % =
𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 𝒐𝒐𝒐𝒐 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑

 𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑 × 𝟏𝟏𝟏𝟏𝟏𝟏 

 
Scanning electron microscopy (SEM) 
The morphology of the beads in the selected formulations was 
analyzed using SEM (COXEM-EM30). The samples were 
stored within the vacuum chamber and subjected to random 
scanning, during which photomicrographs were captured [23]. 
 
In-vitro drug release 
The in-vitro release of the drug was carried out in a phosphate 
buffer saline (PBS) solution with a pH of 7.4, miming intestinal 
fluid, employing the dialysis bag technique under sink 
conditions. The release studies employed a dialysis membrane 
with a molecular weight cutoff between 12,500 and 14,000 
Daltons. The activation of the dialysis membrane was achieved 
by soaking it overnight in a PBS solution, which was 
incorporated into the release media at a pH of 7.4. Accurately 
measure 2 mg of MET-loaded and chitosan-coated MET-loaded 
beads in a dialysis bag securely tied at both ends. The dialysis 
bag containing the loaded beads was suspended in 100 ml of 
PBS at pH 7.4, with a stirring rate of 100 rpm, maintained at 
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37°C for 12 hours. At specified intervals, 2 ml of the dissolution 
medium was withdrawn through the drainage system and 
replaced with an equivalent volume of fresh-release media. The 
drug's quantity was quantified using a UV spectrophotometer, 
where absorbance readings were recorded at a maximum 
wavelength of 230 nm. All experiments were executed in 
triplicate to maintain reliability [16]. 
 
Release kinetics modelling 
Several kinetic models, including first order, zero order, 
Korsmeyer-Peppas, Higuchi kinetics, and Hixson-Crowell 
models, were evaluated for the best fit of drug release data to 
determine the release kinetics of produced MET-loaded and 
chitosan-coated MET-loaded beads preparations. The optimal 
release kinetic model was the one that was submitted to the 
formulation and had the highest regression coefficient (R2) [21]. 
 
RESULT AND DISCUSSION 
Optimization 
Within the framework of BBD, Design Expert 8.0.7.1 facilitated 
the development of 15 test formulations. Table 2 summarizes the 
data for these formulations' particle size and drug entrapment 
efficiency. Notably, the dependent variables strongly relied on 
the independent variables employed. Polynomial equations were 
used to express the results for all response variables. 
Furthermore, 3D graphs were utilized to depict the visual 
interaction of product parameters. 
 
Effect of formulation variables on particle size 
This model exhibits a high F-value of 128.17, signifying its 
significance. The occurrence of noise resulting in a substantial 
F-value is limited to just 0.01% of instances. According to Table 
2, model expressions are considered significant when the 
probability value is less than 0.05, with expressions B, C, AB, 
BC, A2, and C2 crucial. Model expressions lose their meaning 
when values surpass 0.1000. Simplification is necessary to 
enhance the model if it contains numerous insignificant 
expressions. However, in this case, such simplification is not 
required since most values are below 0.100; the analysis reveals 
that factors A and B play a pivotal role in determining particle 
size, while the impact of factor C is minimal. An acceptable 
model necessitates an insignificant lack of fit, with the adjusted 
R2 value of 0.9957 equating to the predicted R2 value of 0.9309. 
The signal-to-noise ratio is measured with adequate precision, 
favoring ratios that exceed 4. Our determined signal-to-noise 

ratio of 29.012 indicates a positive result. The model can 
effectively guide the design space, with the resulting equation as 
follows: 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 202.80 + 2.40𝑥𝑥𝑥𝑥 − 10.71𝑥𝑥𝑥𝑥 + 98.61𝑥𝑥𝑥𝑥 +
19.05𝑥𝑥𝑥𝑥𝑥𝑥 + 8.55𝑥𝑥𝑥𝑥𝑥𝑥 − 14.98𝑥𝑥𝑥𝑥𝑥𝑥 − 15.89𝑥𝑥𝐴𝐴2 − 11.56𝑥𝑥𝐵𝐵2 −
90.46𝑥𝑥𝐶𝐶2  
AB, AC, BC, A2, B2, and C2 are interactive expressions that 
signify a non-linear relationship between responses. The 
particles in the formulations are measured between 153.6 mm 
and 231.5 mm in size. Adding a greater quantity of CMC-Na led 
to a notable increase in particle size, which can be explained by 
the accumulation during the preparation phase. This occurrence 
may also contribute to a more extensive particle size distribution. 
The result obtained after ANOVA for the quadratic model shows 
the significant effect of CMC-Na, Carbopol, and AlCl3 on the 
particle size (p-value <0.0001). When the higher amount of 
CMC-Na and decreased carbopol in the polymer blend increased 
the concentration of AlCl3 solution for cross-linking, the particle 
size significantly increased (Formulation 14). The ratio of low 
volume, i.e., 5% of AlCl3, decreased particle size at any weight 
of CMC-Na and carbopol polymer. The increase in the 
concentration of the cross-linking agent strengthens the 
connections within the polymer network, thereby facilitating the 
formation of larger entities. These more stable beads are less 
prone to break. Particle size increases due to the beads' increased 
viscosity, swelling, and gelation rate. 
 
% Entrapment efficiency 
The design expert established the model's significance through 
the 13495.65 F-value. The expected R2 of 0.9999 corresponds 
effectively with the modified R2 of 0.9993. The polynomial 
equation derived for this model is as stated: 
% 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 94.70 − 0.45𝑥𝑥𝑥𝑥 − 0.30𝑥𝑥𝑥𝑥 +
48.68𝑥𝑥𝑥𝑥 − 0.042𝑥𝑥𝑥𝑥𝑥𝑥 − 0.49𝑥𝑥𝑥𝑥𝑥𝑥 − 7500𝐸𝐸 − 003𝑥𝑥𝑥𝑥𝑥𝑥 + 0.15𝑥𝑥𝐴𝐴2 +
0.61𝑥𝑥𝐵𝐵2 − 46.40𝑥𝑥𝐶𝐶2  
All batches exhibited an entrapment efficiency ranging from 
90.88% to 95.55% (as shown in Table 1). The data indicated that 
the %EE percentage of the MET-containing beads increased 
with the elevation of CMC-Na and a reduction in carbopol 
content in the polymer blend, in conjunction with an increase in 
the concentration of the AlCl3 solution. Porous structures can 
also result from an imbalance in the ionic interaction (CMC-Na 
and carbopol) or cross-linking agent (AlCl3), which lowers the 
drug's retention capacity. Enhancing drug retention in the bead 
matrix and maximizing formulation performance requires 
understanding these formulation-dependent mechanisms (such 
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as PEE and particle size). The observed increase in PEE (%) with 
the addition of more CMC-Na in these beads could be explained 
by the rising viscosity of the polymer (CMC-Na) solution that 
occurs with higher polymer concentrations; such an approach 
may have served to prevent the migration of drugs into the cross-
linking solution.  
 
Additionally, the augmented presence of CMC-Na within the 
polymer blend could have intensified the cross-linking process 
induced by AlCl3 by offering increased sites for ionic 
interactions. In evaluating the fifteen batches, fourteen achieved 
a remarkable drug entrapment efficiency of 97.8%. The 
observed result could be attributed to the elevated levels of 
CMC-Na and the maximum concentration of AlCl3 at 10%, 
which enhances the drug's entrapment relative to formulation 13, 
which features a reduced amount of carbopol, 5% AlCl3, and an 
absence of CMC-Na. 
 
Optimization and validation of the BBD outcomes 
The formulation of MET beads was precisely determined, 
considering aspects like particle size and entrapment efficiency. 
Identifying independent factors was achieved through statistical 
analysis and graphical representation, focusing on the intended 
response values. After applying the BBD experimental design 
for point prediction, an optimized formulation of MET-loaded 
beads was chosen based on desirability factors. The response 
variables of the experimental batch, developed and characterized 
using the projected independent factors, were thoroughly 
examined. The anticipated and achieved outcomes, precisely an 
average particle size of 188.12 mm and an encapsulation 
efficiency of 95.94%, are in substantial agreement, thereby 
validating the effectiveness of the optimized MET bead 
formulation. 
 
% yield 
The optimized formulations exhibited a percentage yield of 
98.4%. Higher entrapment efficiency reveals that CMC and 
Carbopol are polymers with functional groups (like carboxyl 
groups) that can interact with MET through hydrogen bonding, 
electrostatic forces, or other molecular interactions.  
 
These interactions help the drug more effectively encapsulate 
within the polymer matrix, leading to higher entrapment 
efficiency. CMC and Carbopol are hydrophilic polymers with a 
strong affinity for water. MET, which is water-soluble, is 

efficiently incorporated into the hydrophilic network of these 
polymers, as the polymers can easily swell in water, providing a 
suitable environment for the drug to be imprisoned. 
 
Swelling index 
The investigation of swelling in vitro was conducted under pH 
1.2 at a temperature of 37⸰C, and the gravimetric determination 
was used to measure the degree of swelling (wt.%) for each 
sample. The formulation's swelling index was higher in drug-
loaded beads than in chitosan-coated beads. The drug itself may 
be hydrophilic or have qualities that encourage water absorption, 
leading the drug-loaded beads to grow more during the swelling 
test as they absorb water. When exposed to water, Chitosan can 
produce a hydrogel-like structure, contributing to more 
significant swelling. The chitosan coating may form a hydrogel 
layer on the beads, increasing water absorption and swelling. 
Combining chitosan, drug, and bead matrix features may result 
in a distinct swelling behavior in chitosan-coated MET-loaded 
beads, resulting in a more significant swelling. 
 
FTIR 
Figure 5 compares FTIR spectra of MET, MET-loaded beads, 
and chitosan-coated MET-loaded beads, respectively. 
Corresponding IR peaks to N-H stretching secondary and 
primary amine vibrations, respectively. The FTIR spectra of 
MET showed distinctive peaks at around 3360-3370 cm-1 and 
3290-3300 cm-1.  The C=N stretching of the imine group was 
identified as the cause of a clear peak close to 1625-1650 cm-1.  
Peak values between 1550 and 1570 cm-1 also showed N-H 
bending; those between 1470 and 1490 cm-1 and 1020–1040 
cm⁻¹ were given C-N stretching vibrations. These unique peaks 
verify the existence of functional groups compatible with the 
chemical composition of MET [24]. The distinctive spectral 
peaks associated with MET functional groups were observed in 
both optimized samples (A) MET-loaded beads and (B) 
Chitosan-coated MET-loaded beads, indicating that MET and 
excipients such as CMC-Na, in the context of bead design and 
development via the ionotropic gelation method, Carbopol and 
Chitosan, exhibited compatibility. All the above-observed peaks 
of FT-IR indicate the presence of all necessary peaks of MET in 
Chitosan-coated MET-loaded beads. 
 
XRD 
XRD serves as a valuable resource in studying the crystal lattice 
arrangement, offering a wealth of helpful information about the 
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crystallinity of the sample. The prominent semicrystalline 
feature of Chitosan is fundamentally linked to the significant 
quantity of amino and hydroxyl groups incorporated into its 
composition. These groups can form strong inter- and 
intramolecular hydrogen bonds, contributing to the overall 
crystalline behavior. The broad peaks in the XRD diffractogram 
demonstrate that incorporating chitosan coating on MET-loaded 
beads effectively mitigated polymer crystallization. In contrast, 
the graph illustrates the amorphous nature of the bead's 
formulation in drug-loaded beads (Figures 6 & 7). 
 
Surface Morphology  
In Figure 8, images show the bead structure and surface 
morphology of the MET-loaded beads and chitosan-coated 
MET-loaded beads. The irregularity suggests a higher polymer 
concentration on the beads' surface. Surface morphology is also 
observed under the microscope, determining the spherical 
structure of the beads. In Figure 8, the MET-loaded beads have 
a rough surface on the outer coating, while in the chitosan-coated 
beads, the outer layers of the beads are covered with the chitosan 
layer, which indicates that the coating is done on the beads. The 
drug-loaded beads have a spiral outer layer, which can be easily 
identified in the SEM image of the MET-loaded beads 
mentioned in sections a and b. In sections c and d of the figure, 
the rough surface is covered with a layer that can be 

distinguished as the chitosan coating on the chitosan-coated 
MET-loaded beads. 
 
In-vitro release study 
An assessment of the in vitro release profile of MET was 
conducted over a 10-hour timeframe at pH 7.4, employing a 
release medium maintained at pH 1.2. All studies were done in 
triplicate. Specifically, after 30 minutes, 32.9% of the drug was 
released from the drug-loaded beads, whereas the chitosan-
coated drug-loaded beads released 26.1%. After 10 hours, the 
total drug release from the beads containing the drug was 
measured at 55.5%, in contrast to the 48.8% release observed 
from the chitosan-coated drug-loaded beads (Figure 9). The in 
vitro drug release profile revealed a continuous release of MET 
throughout 10 hours from both MET-loaded and chitosan-coated 
MET-loaded beads.   
 
Over the first two hours, there was an initial burst release, then 
a slow, steady release.  At all times, MET-loaded beads showed 
a larger cumulative drug release than chitosan-coated beads.  
The chitosan coating probably slowed down drug diffusion using 
its barrier-forming characteristics, which can control the release 
rate.  This suggests that chitosan coating helps to create a more 
regulated release profile, therefore improving the fit of the 
formulation for long-term drug administration. 

Table 3: Summary of ANOVA for the response parameters in Box-Behnken experimental design. 

Source 
Particle size (mm) Entrapment Efficiency (%) 

Sum of squares p-value Sum of squares p-value 
Model 1.120E+005 <0.0001 27017.14 <0.0001 

A-CMC 46.08 <0.0001 1.63 0.0425 
B-CPO 918.06 0.5215 0.72 0.1319 
C-AlCl3 77795.40 0.0276 18956.97 <0.001 

AB 1451.61 <0.001 7.225E-0.003 0.8641 
AC 292.41 0.0118 0.94 0.0948 
BC 897.00 0.1431 2.250E-004 0.9759 
A2 931.99 0.0288 0.080 0.5741 
B2 493.63 0.0269 1.35 0.0569 
C2 30215.87 0.0738 7948.53 <0.0001 

Residual 485.63 (sum of square) 1.11 (sum of square) 
Lack of fit Not significant Not Significant 
Pure error 0.000 0.000 

R2 0.9357 0.999 
Predicted R2 0.9309 0.9999 
Adjusted R2 0.9879 0.9993 
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Figure 4: The surface response 3D plot showing (a) the CMC-Na amount and the AlCl3% ratio influence on particle size. (b) 
The influence of CPO amount and CMC-Na on Particle size. (c) The influence of AlCl3% and CPO ratio on Particle size. (d) 
The influence of CMC-Na amount and AlCl3% ratio on EE. (e) The influence of CPO amount and CMC-Na on EE. (f) The 
influence AlCl3% and CPO ratio on EE. 

 
Figure 5: FTIR graph of (A) MET (B) MET-loaded beads 
(C) Chitosan-coated MET-loaded beads 

 
Figure 6: X-ray diffractogram of (A) chitosan-coated MET-
loaded beads and (B) MET-loaded beads 
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Release Kinetics Modelling 
Several kinetic equations were employed to assess the release 
data to characterize drug release kinetics from beads. The 
analysis of the data was performed using the regression 
coefficient technique. The regression coefficient (R²) values 
illustrated in Figures 10 and 11 were derived using the least-
squares technique, ensuring a confidence level of 95%. The 
evaluation of the regression coefficient values across all 
formulations demonstrated that both the MET-loaded beads and 
the chitosan-coated MET-loaded beads aligned with the 
Korsmeyer-Peppas model, achieving the most significant 
regression (R2) values of nearly 0.958 and 0.946. Data analysis 
aligned with the Korsmeyer-Peppas equation demonstrated that 
the drug release was facilitated by a diffusion process that 
displayed non-Fickian behavior. Further investigation of the 
release data indicates that the formulations (i.e., MET-loaded 
beads and the chitosan-coated MET-loaded beads) fit well 
within the Korsmeyer-Peppas model. The Higuchi model is the 

second-best-fitted model compared to the other two kinetic 
models. In the context of the Higuchi model, the MET-loaded 
beads and chitosan-coated MET-loaded beads demonstrated R² 
values of 0.745 and 0.826, respectively, suggesting that the 
release process occurs predominantly through diffusion. 

Figure 7: X-ray diffractogram of MET 

 
Figure 8: SEM images (a) and (b) of MET-loaded beads, (c) and (d) of chitosan-coated MET-loaded beads

 
Figure 9: In-vitro cumulative percentage release of MET-loaded beads and chitosan-coated MET-loaded beads 
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Figure 10: Drug release data fitted to various kinetic models: (a) Zero order (b) First order (c) Higuchi model (d) Korsmeyer-
Peppas (Kors-Peppas) of MET loaded beads in 7.4 pH buffer. 

 
Figure 11: Drug release data fitted to various kinetic models: (a) Zero order model (b) First order model (c) Higuchi model 
(d) Korsmeyer-Peppas (Kors-Peppas) model of Chitosan-coated MET-loaded beads in 7.4 pH buffer. 
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CONCLUSION 
As carbopol is insoluble in low pH 1.2 and tends to form a gel-
like structure, this gel formation can make the carbopol appear 
more swell, but it does not fully dissolve. As a result of this 
enlargement, pore formation occurs, and drug release from the 
matrix occurs more slowly. This polymer-based matrix system 
(carbopol and CMC-Na) is loaded with MET and coated with 
the polymer chitosan to regulate the release rate. The presence 
of an amine group in its structure renders Chitosan a polymer 
with a positive charge. When this matrix system is coated, the 
MET is released when the matrix swells and degrades over time. 
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