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Abstract 

Background: The current study expands on the use of design of experiment in developing cefuroxime axetil 
mucoadhesive minitablets for treating antibiotic-associated colitis. A comprehensive QbD-based product develop-
ment strategy was implemented, with the target product profile defined based on the desired product quality of 
mucoadhesive minitablets. The identified critical quality attributes are based on the target product profile. The goal 
was to find the optimum levels by using the concentrations of chitosan (mg) (X1), HPMC K100M (X2) and sodium 
carboxymethyl cellulose (X3) as the influential variables. The response surface methodology determines the depend-
ent variables using  33 Box–Behnken design to optimize the selected critical factors. The friability (%), drug content (%) 
and mucoadhesive strength (%) characteristics of cefuroxime axetil mucoadhesive minitablets were evaluated using 
ANOVA for the observed responses or dependent variables.

Results: The study demonstrated that run 8 with optimum composition chitosan, HPMC K100M and sodium carboxy 
methyl cellulose, which  are the mucoadhesive polymers, showed a desirable and promising drug release profile up to 
24 h, higher percentage of drug content, mucoadhesion and swelling index.

Conclusions: The optimized mucoadhesive minitablets of cefuroxime axetil demonstrated desired formulation char-
acteristics, including improved bioavailability and high control over the drug’s release rate and increased flexibility in 
adjusting both the dose and the drug’s release rate. In a nutshell, the studies support the successful development of 
mucoadhesive minitablets of cefuroxime axetil, which could be used to treat antibiotic-associated colitis.

Keywords: minitablets, Quality by design, Swelling index, Mucoadhesion, Percentage of hydration, Modified drug 
release, Bioavailability
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1  Background
Antibiotic cefuroxime axetil (CA) is a second-gener-
ation cephalosporin antibiotic with low solubility and 
high permeability (BCS Class-II). There are 32% oral 

bioavailability and a short half-life for CA [1]. Cefurox-
ime is hydrolysed by nonspecific esterase enzymes when 
CA is attached to the intestinal mucosa, and the highly 
polar carboxyl group is ionized in this environment. 
This condition occurs when a large amount of antibiotic 
enters the colon [2]. Proximal to the GI tract, CA has a 
higher rate of absorption at pH 8. Cefuroxime axetil (CA) 
has an absorption window located in the proximal gas-
trointestinal tract that can be overcome by slowing the 
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release of cefuroxime axetil from the formulation. As 
a result, better absorption of CA necessitates a gastro-
retentive mucoadhesive drug delivery system. Minitablets 
with modified release mucoadhesion consist of multiple 
subunits, each containing a different dose of medication 
[3]. As a result, the dose is the sum of the quantities of 
the drug in each subunit, and the total functionality of 
the dose is directly correlated with each individual subu-
nit’s functionality. Also, a common problem with the oral 
sustained release dosage form is that it does not have a 
long-term ability to remain in the proximal part of the 
small intestine [4, 5]. When it comes to prolonging the 
gastric residence time of solid dosage forms, mucoadhe-
sive drug delivery systems offer the most effective and 
rational protection against early and random gastric 
emptying. Modified release bioadhesive systems were 
developed as a result of the reliability and irreproducibil-
ity of single-unit solid dosage forms in prolonging gastric 
residence time due to the problem of all or nothing emp-
tying [6, 7]. There is great promise in the development 
of minitablets, which will allow for greater control over 
drug release rates while allowing for greater dose due to 
less adverse effects, enhanced residence time of drug in 
oral cavity, with release rate customization [8–10]. Box–
Behnken experimental design, a three-factor three-level 
(− 1, 0, 1) notable response surface methodology, was 
used to perform statistical optimization of the developed 
formulation to determine the specific interactions of the 
parameters. Additionally, the Box–Behnken design incor-
porates the idea of interpreting category and numeri-
cal factors through the use of (1–5) minimum centre 
points [5, 6, 8]. The conventional immediate release (IR) 
formulation available in the market shows inability to 
accomplish desired drug release profile owing to poor 
retentivity in the stomach for extended periods of time 
and the utility of diverse gastroretentive floating formula-
tions of cefuroxime axetil, yet, these systems are not con-
sidered to be highly satisfactory for attaining the desired 
retentivity in the gastric absorption window owing to 
floatation characteristics only. Thus, attempts were made 
to develop the mucoadhesive minitablets employing dual 
approach of floatation and bioadhesion for maintaining 
drug absorption and plasma concentration of the drug for 
prolonged periods of time and improving the therapeutic 
efficacy of cefuroxime axetil. Chitosan is a cationic poly-
saccharide polymer and mostly used for the development 
various novel delivery system low toxicity properties. 
Chitosan has –OH and –NH2 functional groups and its 
chemically modified derivatives ability to form hydrogen 
and covalent bonds and stick to the mucus membrane 
in the targeting site of the drug delivery [9–11]. HPMC 
K100M is a common binder, film coating and controlled-
release matrix polymer used mainly for preparation of 

solid dosages forms including hydrophilic matrix tablets 
formulations because as it forms quickly homogeneous, 
strong, viscous gel over the dosage form and protects the 
drug release in a controlled manner from the matrix. On 
the other hand, the amount of drug present in the matrix 
causes the swelling properties of the matrix to become 
more pronounced [11–13].

2  Materials and methods
2.1  Materials
Cefuroxime axetil was obtained as a gift sample from Dr 
Reddy’s Laboratory, Hyderabad, India. HPMC K100M 
was a gift sample from Colorons, Goa. The sodium car-
boxymethyl cellulose and chitosan were procured from 
Himedia Laboratories Ltd., Mumbai. All other chemicals 
and reagents used were of analytical grade.

2.2  Methods
2.2.1  Target product profile (TPP)
The formulation’s target product profile (TPP) containing 
cefuroxime axetil minitablets was determined to improve 
its bioavailability. Analysing quality target product profile 
(QTPP), factors such as mucoadhesive strength, friabil-
ity and ex vivo or in vivo pharmacokinetic profiles were 
used to traverse the optimum multi-dimensional space 
based on method factors, i.e. method of operable design 
(MODR) by selecting optimum process parameters and 
quality attributes [14, 15].

2.2.2  Critical quality attributes (CQAs)
Among the entire TPPs, several crucial and promis-
ing quality attributes are designated as CQAs based on 
the criticality effect upon prepared minitablets by map-
ping the critical process parameters (CPPs) [16–18]. The 
intent CQAs such as % friability, mucoadhesive strength 
and % drug contents were chosen.

2.3  Pre‑formulation study
2.3.1  Determination of solubility
The solubility was determined by adding an excess 
amount of CA in a screw-cap glass vial to which 20  ml 
of SGF or water was added. The samples were shaken 
at 25 ± 0.5  °C for 24  h on a Mini-Rotary shaker (RS-
12R DX, Remi, India). After 48  h, the samples were fil-
tered through a 0.45-μm membrane filter. The filtrate 
was diluted ten times and further analysed at maximum 
wavelength λmax  at 281  nm using a UV–visible spectro-
photometer (Shimadzu UV-1800, Switzerland).

2.3.2  Drug–excipient compatibility study
2.3.2.1 Fourier transform infrared spectroscopy 
(FT‑IR) FT-IR analysis was performed on pure drug CA 
and its physical mixture with mucoadhesive polymers 
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(HPMC K100M, chitosan and sodium carboxy methylcel-
lulose) to determine drug–polymer compatibility using 
KBr discs (IR Affinity, Shimadzu, Japan). The apparatus 
was operated with a dry air purge, and scans were taken at 
a scanning speed of 2 mm/sec with a resolution of 4  cm−1 
over the range 4000–400  cm−1.

2.3.2.2 Differential scanning calorimetry (DSC) The 
thermal analyses were performed using a differential 
scanning calorimeter (DSC-TA-60, Shimadzu, Japan). 
Approximately 2 mg of CA and its physical mixture with 
mucoadhesive polymers (HPMC K100M, chitosan and 
sodium carboxy methyl cellulose) were placed in a sealed 
aluminium pan and heated at a scanning rate of 10 °C/min 
from 30 to 300 °C. An empty aluminium pan was used as 
a reference.

2.3.3  Preparation of mucoadhesive minitablets
The drug (CA), mucoadhesive polymers (HPMC K100M, 
chitosan and sodium carboxy methyl cellulose) and other 
excipients were passed through sieve 40. Then, required 
quantities of each ingredient were weighed as per Table 1 
and were mixed for 10 min. The final powder mixes were 
compressed into minitablets of 3  mm diameter using 
multi-tip flat punches (Karnavati, Ahmedabad, India). 
The batch size of each formulation was 50 minitablets.

2.4  Statistical analysis and optimization of variables using 
experimental design

2.4.1  Statistical analysis
Design-Expert® (version 12), Stat-Ease Inc., Minneapolis, 
MN, advanced statistical software of USA, was employed 
for formulation optimization and the estimation of its 
critical method parameters (CMAs) [9]. Microsoft per-
formed the data evaluations excels 2007 (Microsoft, 
USA).

2.4.2  Optimization of variables using experimental design
The experiments were carried out using the Box–
Behnken experimental design, with 15 runs using three 
categories and three numerical factors with single-cen-
tre points using response surface methodology [8, 14]. 
Design-Expert 12 statistical software was used to opti-
mize the formulation. Further away from these focal 
points, consecutive cumulative replicates of CQAs were 
created for evaluation [14]. The concentrations of chi-
tosan (X1), HPMC K100 M (X2) and sodium CMC (X3) 
are chosen as influential factors while keeping the other 
factors constant at a low level. Based on preliminary data 
from the analysis, three levels (− 1, 0 and 1) were chosen 
for each factor. Table 2 shows the 15 runs (centre points 
1) using a three-factor at three levels of  33 BBD [15, 16, 
18]. Characterization studies on each formulation were 
carried out to investigate the effect of various factors.

2.4.2.1 Interpretation of  Box–Behnken design using 
ANOVA Calculating quadratic polynomial equa-
tions, counter plot analysis, and using response surface 

Table 1 Formulation composition of mucoadhesive minitablets of cefuroxime axetil

Formulation code Cefuroxime 
axetil (mg)

Chitosan (mg) HPMC K100M 
(mg)

Sodium CMC 
(mg)

Lactose (mg) Talc (mg) Total 
weight 
(mg)

F1 10 2 – – 8 1 21

F2 10 4 – – 6 1 21

F3 10 6 – – 4 1 21

F4 10 8 – – 2 1 21

F5 10 10 – – 0 1 21

F6 10 – 2 – 8 1 21

F7 10 – 4 – 6 1 21

F8 10 – 6 – 4 1 21

F9 10 – 8 – 2 1 21

F10 10 – 10 – 0 1 21

F11 10 – – 2 8 1 21

F12 10 – – 4 6 1 21

F13 10 – – 6 4 1 21

F14 10 – – 8 2 1 21

F15 10 – – 10 0 1 21
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to exemplify interactions intensified the mathematical 
model, which was then used to interpret the results 
through graphical optimization using overlay plots and 
2D and 3D plots [15, 16] as shown in Fig.  1a–f. The 
Box–Behnken design was carried out by demonstrating 
a strong link between the independent and dependent 
variables [16–18]. The model F-value of 18.24 for the 
response R1 (% Friability) indicates that the model is 
significant. There is only a 0.26 per cent chance that the 
F-value will be abnormally high, which could be due to 
noise. P-values less than 0.0500 indicate that the model 
is valid. The predicted R2 value is 0.6897, while the 
adjusted R2 value is 0.9173, meaning that the predicted 
and actual values are nearly equal and pass through the 
central axis (Fig.  2). In the same way, R2 is a response 
(% drug content). The model F-value of 14.98 indicates 
that the model is statistically significant. There is only 
a 0.41 per cent chance that the F-value will differ due 
to noise. Model terms with P-values less than 0.0500 
are considered essential. Similarly, the adjusted R2 was 
found to be 0.8999, and the predicted R2 was 0.4278. As 
an S/N ratio, the appropriate precision value was used 
to navigate. For model significance, a ratio greater than 
four is preferred. The calculated ratio of 9.942 indicates 
a sufficient signal, implying that the current model was 
adequate for navigating the design space. After interpre-
tation of BBD, the quadratic polynomial Eqs. (1–3) were 
calculated, which are represented as follows:

Here, the responses [R1], [R2] and [R3] represent 
the evaluation of % friability, % drug content and % 
mucoadhesive strength, respectively.

2.4.3  Response surface analysis of 2D and 3D counter plots
2.4.3.1 Interaction of factor X1 (concentration of chitosan) 
on the responses (% friability), (% mucoadhesive strength) 
and  (% drug content) By gradually increasing the con-
centration of chitosan, there is a deliberate change in the 
variables, i.e. % friability to its low density, poor flowabil-
ity and compression characteristics. Similarly, tolerable 

(1)

R1 = + 0.1867+ 0.0250A+ 0.0025B+ 0.0025C

− 0.0050AB− 0.0050AC + 0.0000BC

+ 0.0067A2
+ 0.0017B2

+ 0.0017C2

(2)
R2 = + 98.90− 0.2875A+ 1.19B+ 0.0000C

− 0.5750AB+ 0.0000AC + 0.0000BC

+ 0.2875A2
− 2.41B2

− 0.2875C2

(3)
R3 = + 7.46− 0.1131A− 0.1773B+ 1.05C

+ 0.3545AB− 0.1282AC + 0.0000BC

+ 0.0128A2
+ 0.1410B2

+ 0.0878C2

Table 2 Design matrix of cefuroxime axetil mucoadhesive minitablets by employing Box–Behnken design

− 1: Low level (2 mg), 0: Intermediate (6 mg), + 1: High level (10 mg)

Experimental runs Factor 1 Factor 2 Factor 3 Response 1 Response 2 Response 3
A: Conc. of 
chitosan (mg)

B: conc. of HPMC K 
100 M (mg)

C: conc. of sodium 
CMC (mg)

Friability (%) Drug content (%) Mucoadhesive 
strength (%)

1 1 0 − 1 0.22 98.9 6.697

2 1 − 1 0 0.22 95.3 7.256

3 1 1 0 0.22 97.1 7.256

4 0 1 − 1 0.19 97.1 6.697

5 0 0 0 0.19 98.9 7.256

6 0 − 1 − 1 0.19 95.3 6.697

7 − 1 0 − 1 0.16 98.9 6.184

8 0 − 1 1 0.19 95.3 8.674

9 0 1 1 0.19 97.1 8.674

10 1 0 1 0.22 98.9 8.674

11 0 0 0 0.18 98.9 7.256

12 0 0 0 0.19 98.9 7.858

13 − 1 − 1 0 0.16 95.3 8.674

14 − 1 1 0 0.18 99.4 7.256

15 − 1 0 1 0.18 98.9 8.674
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variations are observed in the available responses such as 
% drug content and mucoadhesive strength [8, 14].

2.4.3.2 Interaction of  factor X2 (concentration of  HPMC 
K100M) on the responses (% friability), (% mucoadhesive 
strength) and (% drug content) The 2D counter and 3D 

response surface plots (Fig. 1) depict that HPMC K100M 
and chitosan polymer were found to be the most influential 
factors, which indicates that the desirable sustain release 
profile of the drug in 24 h signifies in 2D and 3D plots. A 
gradual increase in the HPMC K100M proportions may 
gradually increase the viscosity of the minitablet matrix 

Fig. 1 Schematic diagram indicating 2D and 3D surface optimization graphs for friability % [R1], drug content % [R2] (c) and mucoadhesive 
strength % [R3] (a–f)
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Fig. 2 Predicted versus actual value for the observed responses of R1, R2 and R3 (a–c)
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gel layer with a longer diffusional path. The formulation 
F8 (with experimental run 7) was selected as an optimized 
formulation through graphical and numerical optimiza-
tions through point predication and confirmation data 
demonstrated, which reflects the values of 0.16 (% friabil-
ity) R1, 98.9% drug content, R2 and 6.184 as (% mucoad-
hesive strength) R3. Here, R1, R2 and R3 depict the indi-
vidual responses. Table 2 represents the design matrix of 
Box–Behnken design with coded levels, and Table 3 signi-
fies the predicted and experimental responses, which are 
almost closer to the central axis. The plots are depicted in 
Fig. 2. From the critical factors’ results, HPMC K100M is 
chosen as the rate-controlling polymer with the propen-
sity for oral extended-release drug delivery, elucidating 
the most robust formulations and simplified production 
among other selected polymers [17]. Similarly, the inter-
action effect of the influential variable (HPMCK 100 M) 
and its observed responses are explained in perturbation 
plots, shown in Fig.  3. Ultimately, the quadratic model 
exposed a good correlation with the tentative experimen-
tal data employed to navigate the design space.

2.4.3.3 Interaction of  factor X3 (concentration of  sodium 
CMC) on  the  responses (% friability), (% mucoadhesive 
strength) and  (% drug content) The sodium CMC con-
siderably impacted the per cent friability and per cent 
mucoadhesive strength responses and favoured the per 
cent drug content. However, due to the ionic features of 
the applied sodium CMC concentration, a progressive 
increase in mucoadhesive strength was seen; similarly, 
purposeful change was found in the variables of per cent 
friability and per cent drug content due to its viscosity 
modification propensity [14, 18].

2.4.4  Characterization of mucoadhesive minitablets
2.4.4.1 Quality control tests for  minitablets The drug 
content was determined by crushing ten minitablets with 
a pestle in a mortar. Weighing an amount equal to 10 mg 
of CA and transferring it to a 10-mL volumetric flask, 
10 mL SGF was added to the formulation powder with-

out enzyme, sonicated for 5 min, filtered and analysed at 
281  nm in a UV–visible spectrophotometer (Shimadzu, 
Japan). Using a portable digital hardness tester (Elec-
trolab, India), the hardness of six minitablets was deter-
mined, and the average of six minitablets was calculated. 
The friability of minitablets was tested using a Roche fri-
ability tester with 20 minitablets. The total weight of ten 
minitablets was determined before and after the friabil-
ity test, and the per cent weight loss was calculated. The 
per cent deviation was calculated using the collective and 
individual weights of 20 minitablets as a weight variation 
test.

2.4.4.2 In vitro dissolution study and kinetics The USP 
type 2 apparatus was used to conduct an in vitro dissolu-
tion investigation on mucoadhesive minitablets of CA in 
SGF without enzyme. Time stamps of 0, 0, 0, 0, 1, 1, 2, 3, 
4, 6, 8, 10, 12, 18 and 24 h were used to collect the 5-mL 
aliquots from the dissolution jar. The dissolution jar was 
refilled with 5 mL of fresh dissolution medium to main-
tain a sinking state. Various kinetics equations, such as 
zero-order, first-order, Higuchi and Korsmeyer–Peppa’s 
equations, were used to examine the order and mecha-
nisms of drug release for all formulations.

2.4.4.3 Ex vivo  mucoadhesion study The strength of 
the mini-mucoadhesive tablet was measured using the 
modified physical balance. The device is a modified 
double pan physical balancing with additional weight 
added to the right pan to bring the weight on the right 
side to the same level as the weight on the left side. A 
tiny beaker was placed beneath the balance’s right-side 
pan in a beaker filled with SGF without enzyme. The 
moistening fluid was SGF without enzyme, while the 
model membrane was goat stomach mucosa. A goat’s 
stomach mucosa was acquired from a nearby slaugh-
terhouse and delivered in a Kerb’s solution. The under-
lying mucous membrane was removed with a surgical 
blade and extensively cleaned with an SGF medium. It 
was then tied over the smaller beaker with thread, cello 

Table 3 Point prediction and confirmation data of CA through ANOVA

Two-sided, Confidence = 95%, Population = 99%; R: Response

Run 7 response Predicted 
mean

Predicted 
median

Observed Std Dev SE Mean 95% CI low for 
mean

95% CI 
high for 
mean

95% TI low 
for 99% 
Pop

95% TI high 
for 99% Pop

% Friability (R1) 0.185 0.185 0.163 0.0057735 0.005 0.172147 0.197853 0.143854 0.226146

% Drug content 
(R2)

95.0125 95.0125 99.18 0.514296 0.445393 93.8676 96.1574 91.3473 98.6777

% Mucoadhe-
sive strength 
(R3)

6.81013 6.81013 6.489 0.445406 0.385733 5.81857 7.80168 3.63587 9.98438
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Fig. 3 Representative plot for perturbation analysis for the observed responses of R1, R2 and R3 (a–c)
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tape and elastic bands. During the trials, the smaller 
beaker was filled with SGF such that the enzyme did 
not come into contact with the viable upper surface of 
the goat stomach mucosa. The balance’s right arm/pan 
was linked to one side of the mini-tablet, and the beaker 
was slowly elevated until contact was formed between 
the goat mucosa and the mucoadhesive mini-tablet. 
One gramme preload was placed on the slide for 5 min 
to induce adhesion bonding between the mucoadhe-
sive mini-tablet and the goat stomach mucosa (preload 
time). The preload and preload time were kept constant 
across all formulations. Burette removed the preload 
from the right side and continued to pour water into the 
glass beaker in the left arm at a consistent rate of 100 
drops per minute. After the mucoadhesive mini-tablet 
was removed from the goat stomach mucosa, the water 
was turned off. The amount of water required to remove 
a mucoadhesive mini-tablet from the stomach mucosa 
was characterized as mucoadhesion strength (g). The 
following parameters were calculated from the mucoad-
hesion strength using Eqs. 4 and 5.

2.4.5  Swelling index and percentage of hydration
Each mini-tablet was weighed (W0) and placed in a 
beaker with 200  mL of SGF without enzyme for the 
duration of the experiment (0.5, 1, 2, 4, 8 and 24  h). 
After immersion, the mini-tablet was taken from the 
beaker, and excess surface water was collected from the 
minitablets using filter paper. The swelling index and 
percentage of hydration were computed using Eqs.  6 
and 7.

where Wt and Wo are the weights of the minitablet at par-
ticular time t and 0, respectively.

2.5  Stability study
Selected minitablet formulation was subjected to 
accelerated stability as per ICH guidelines, i.e. at 
40 ± 2 °C with relative humidity 75 ± 5%. The study was 

(4)
Force of adhesion (N ) =

Mucoadhesion strength

1000
× 9.81

(5)

Bond Strength
N

m2
=

Force of adhesion (N )

Surface area of tablet m2

(6)Swelling Index (SI) =
Wt −Wo

Wo

(7)Percentage of Hydration =
Wt −Wo

Wo

× 100

performed for 6 months, and the samples were analysed 
at 0, 3 and 6 months for drug content and mucoadhe-
sive strength [14].

2.6  Pharmacokinetic study
The Institutional Animal Ethical Committee approved 
this study of Jeeva Life Sciences, Hyderabad (CPCSEA 
Reg. no.: 1757/PO/ReBiBt/S/14/CPCSEA). For the bio-
analytical estimation of CA in rabbit serum samples, the 
reported UFLC method was used [14, 15]. At 1 mL/min, 
PDA was used to monitor the flow of 80:20 (v/v) water/
methanol as a mobile phase on a C18 column with an 
i.d. of 25  cm by 4.6  mm and 5  m particle size. CA had 
a retention time of 3.182 min when it was eluted. CA in 
the mobile phase and serum calibration curve was con-
structed. CA was extracted from serum samples using 
ethyl acetate as a solvent. Among the animals in the ani-
mal house, 12 male rabbits weighing 2.5 kilogrammes 
or less were selected. The tests (using a mucoadhesive 
minitablet of CA) and the standard were divided into two 
groups of six animals each (aqueous suspension of pure 
drug CA). Every day, they were fed and hydrated with 
sterile water and food. Before the study, all animals were 
given a 15  days washout period. The rabbit dosage was 
determined as follows: For a rabbit weighing 2.5 kg, the 
total dose (in human) is (250 0.07 2.5)/1.5 = 29.16  mg 
≈ for the rabbit of 2.5  kg body weight. With a Ryle’s 
tube with a diameter of 4 mm, rabbits were given three 
mucoadhesive minitablets, each containing 10 mg of CA 
and an aqueous suspension of CA (30  mg). Blood sam-
ples of 1 mL were taken from the marginal ear vein at 1, 
4, 8, 12, 18 and 24 h after the sample was administered, 
and the serum samples were used for bio-analytical esti-
mate [14, 17]. The serum concentration versus time plot 
was used to calculate pharmacokinetic parameters. The 
peak plasma concentration (Cmax), the area under the 
curve (AUC) and the time to reach the peak concentra-
tion (Tmax) were all determined.

3  Results
3.1  Determination of solubility
Solubility of CA was determined in two solvents, namely 
distilled water and SGF without enzyme, by saturation 
solubility. It showed saturation solubility of 0.056 ± 0.002 
and 0.121 ± 0.024  mg/mL in distilled water and SGF 
without enzyme, respectively. It reveals that CA is a 
poorly soluble drug.

3.2  Fourier transform infrared spectroscopy (FT‑IR)
Two carbonyl absorption bands at 1681   cm−1 were 
observed in CA pure medication, which was attributed to 
amide carbonyl stretching. In the physical mixing of CA 
with mucoadhesive polymers chitosan, HPMC K100M 
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and sodium CMC, there were two absorption peaks at 
3483   cm−1 and 1778   cm−1, which were attributable to 
secondary N–H stretching vibration and C=O stretch-
ing of vinyl ester, respectively. Figure 4 clearly illustrates 
that the FT-IR spectra of pure drug and its formulations 
showed no difference in peak characteristics (observed 
between group frequency region 1500 and 4000   cm−1), 
showing that there were no interactions between the 
drug and the excipients in current study.

3.3  Differential scanning calorimetry (DSC)
With an exothermic peak at 237.71 °C, the DSC thermo-
gram of CA showed an onset or endset temperature of 
221.45  °C and 244.03  °C. Latent heat of fusion (H) was 
discovered to be 49.92  mJ. As a result, CA is shown to 
be amorphous. Temperatures of 200.03 °C and 228.22 °C 
were recorded as the onset and endset of the exothermic 
peak in the DSC thermogram of PM, CA and chitosan-
containing CA; the latent heat of fusion was found to be 
56.53 mJ. Onset and endset temperatures were 220.40 °C 
and 248.14  °C, respectively, in the DSC thermogram of 
PM from CA and HPMC K100M; a value of 56.53 mJ was 
found to be the latent heat of fusion. For PM of CA and 

sodium CMC, the DSC thermogram showed an exother-
mic peak at 216.47  °C; the start and end temperatures, 
on the other hand, were each at 197.87 °C and 225.91 °C.  
The latent heat of fusion was found to be 56.53  mJ. All 

Fig. 4 FT-IR spectra of the cefuroxime axetil (A), HPMC K100M (B), physical mixture of drug and HPMC K100M (C) and optimized formulation (D)

Fig. 5 DSC spectra of the cefuroxime axetil (A), HPMC K100M 
(B), physical mixture of drug and HPMC K100M (C) and optimized 
formulation (D)
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three PM with mucoadhesive polymers chitosan, HPMC 
K100M and sodium CMC showed no significant change 
in the exothermic peak of CA. The drug and excipients 
used in this study are compatible so that the results can 
be extrapolated. No observable variations in melting 
point have been noted. DSC spectra are shown in Fig. 5, 
and they emphasize the fact that there was no difference 
in exothermic peak characteristics between the pure drug 
and the formulation, indicating no interactions between 
the drug and the excipients.

3.4  Preparation of mucoadhesive minitablets
The drug and excipient mixtures were compressed by 
direct compression using multi-title punches of 3  mm 
diameter. The batch size of each formulation was 50 
minitablets. The prepared minitablets were subjected to 
various quality control tests.

3.5  Experimental design, optimization and analysis
A three-factor, three-level  (33) experimental design was 
applied for the optimization of process variables and 
analysis of critical quality attributes (CQAs) [16, 18]. The 
optimization was performed using the RSM methodol-
ogy in which PRESS (predicted residual error sum of 
squares), predicted and experimental values are analysed 
using statistical analysis using ANOVA. Ultimately, the 
predicted R2 and adjusted R2 were found out which could 
afford the statistical data, enduring the model goes sig-
nificant or not [13–15].

3.5.1  Response surface analysis of 2D and 3D plots
3.5.1.1 Effect of the factor on CQA (% of Friability) Fig-
ure 1a, d counter plots (2D and 3D) responses elucidate the 
impact of observed Responses % friability content upon 
the polymer concentration. There is a gradual decrease 
in the chitosan concentration (low level coded value − 1, 
0 was embedded in the model), and there is a significant 
variation in % friability due to its low density, poor flowa-
bility and compression characteristics. However, when 
the level changes from low to high (0, to + 1), i.e. results in 
a significant increase in polymer concentrations (HPMC 
K100M and sodium CMC), there is a prevalence of dark 
green colour region replicating the considerable influence 
upon % friability of mucoadhesive minitablets.

3.5.1.2 Effect of  the  factor on  CQA (% of  drug con‑
tent) Figure 1b, d counter plots (2D and 3D) depict that 
improvement in the polymer concentration upsurges the 
level of size aggregation, which retards the release behav-
iour. This, in turn, enhances an optimum % drug content 
(95–99.5%) specified in the prevalence of the red region. 
For example, in the case of mucoadhesive minitablets of 
CA, organized with HPMC K100M polymer, it was per-

ceived that an abundant, desirable sustain release profile 
of 24  h was achieved with a much lesser proportion of 
HPMC K100M in comparison with chitosan and sodium 
CMC.

3.5.1.3 Effect of  the  factors on  CQA (% of  mucoadhesive 
strength) Figure 1c, f counter plots (2D and 3D) depict 
those higher values of mucoadhesive strength were 
detected for chitosan-based mucoadhesive minitablets. In 
contrast, HPMC K100M indicates reasonable mucoadhe-
sive strength compared with sodium CMC-based minit-
ablets. This can be accredited to chemical bonding and 
high molecular weight. The % mucoadhesive strength can 
be altered due to a significant change of high viscoelas-
tic and swellable polymeric properties of HPMCK 100 M 
rather than others indicated by the prevalence of green 
colour region.

3.6  Quality control tests for minitablets
The per cent drug content for all the minitablet formula-
tions was in the range of 95 to 99.5%. This high drug con-
tent of all minitablets can be attributed to a uniform size 
and optimum mixing of drugs and excipients. The hard-
ness of the minitablets was in the range of 4.8–5.2  kg/
cm2. This ensures the mini-tablet’s desirable physical 
strength to maintain its integrity during its storage and 
processing. The loss in weight of minitablets in the fri-
ability test of all the formulations was less than 0.35%, 
below the acceptable limit of 1%. The minitablet formu-
lations (F1–F15) passed the weight variation test as the 
percentage deviation in weight was within the allowable 
limit of ± 10%. The results of quality control tests for 
mucoadhesive minitablets are demonstrated in Table 4.

3.7  In vitro dissolution study and release kinetics
The in  vitro dissolving study was conducted for all of 
the prepared minitablet formulations for 24  h. The dis-
integration rate of mucoadhesive minitablets made with 
chitosan as a mucoadhesive polymer was shown to be 
retarded as the chitosan content was increased (F1–F5). 
The drug concentration in minitablets F1 and F2 could 
not be sustained for more than 6  h, whereas F3 and F4 
could be sustained for up to 12 and 20  h, respectively. 
Formulation F5, on the other hand, had a favourable sus-
tained release profile, with 100% drug release after 24 h. 
The viscoelasticity features, swelling index and high 
molecular weight of the chitosan are responsible for the 
protracted release (Fig. 6).

3.8  Ex vivo mucoadhesion study
The strong molecular weight (20.000 Daltons), strong 
viscoelastic capabilities and high swellable polymeric 
properties are also essential factors that contribute to 
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Table 4 Quality control test results of the prepared mucoadhesive minitablets

*Mean ± SD, n = 6, ** Mean ± SD, n = 10, ***Mean ± SD, n = 20, ****Mean ± SD, n = 10

Formulation code Hardness (Kg/cm2)* Friability (%)** Weight variation*** Drug content (%)****

F1 4.8 ± 0.02 0.16 ± 0.001 21 ± 1.25 96.5 ± 4.29

F2 5.1 ± 0.021 0.21 ± 0.001 21 ± 0.85 97.2 ± 2.96

F3 4.7 ± 0.031 0.19 ± 0.003 21 ± 1.14 98.7 ± 3.82

F4 5.1 ± 0.025 0.3 ± 0.011 21 ± 0.25 98.9 ± 3.81

F5 5.0 ± 0.022 0.22 ± 0.002 21 ± 1.15 99.4 ± 1.95

F6 5.2 ± 0.021 0.18 ± 0.003 21 ± 1.32 95.3 ± 3.89

F7 5.1 ± 0.026 0.22 ± 0.001 21 ± 1.24 97.7 ± 2.31

F8 4.9 ± 0.033 0.21 ± 0.002 21 ± 0.89 98.9 ± 1.95

F9 5.0 ± 0.023 0.32 ± 0.007 21 ± 0.98 99.8 ± 2.56

F10 4.8 ± 0.029 0.26 ± 0.005 21 ± 0.85 97.1 ± 2.93

F11 5.2 ± 0.08 0.19 ± 0.006 21 ± 1.21 97.8 ± 2.97

F12 5.1 ± 0.023 0.27 ± 0.005 21 ± 1.36 96.5 ± 3.72

F13 4.9 ± 0.027 0.18 ± 0.009 21 ± 1.45 95.9 ± 3.29

F14 5.0 ± 0.031 0.34 ± 0.004 21 ± 0.95 98.2 ± 2.31

F15 5.3 ± 0.029 0.29 ± 0.002 21 ± 0.58 99.3 ± 4.51

Fig. 6 Schematic diagram elucidating the in vitro dissolution studies of cefuroxime axetil mucoadhesive minitablets

Table 5 Mucoadhesive strength results of the prepared mucoadhesive minitablets

*Mean ± SD, n = 6

Formulation code Mucoadhesive strength (g)* Force of adhesion (N)* Bond strength (N/m2)*

F1 6.697 ± 0.24 0.0951 ± 0.0019 3366.15 ± 91

F2 10.168 ± 0.15 0.0997 ± 0.0013 3529.65 ± 84

F3 12.368 ± 0.29 0.2413 ± 0.0018 4293.35 ± 17

F4 18.564 ± 0.18 0.3432 ± 0.0027 5361.38 ± 75

F5 19.741 ± 0.21 0.3449 ± 0.0031 5422.83 ± 63

F6 4.265 ± 0.54 0.0418 ± 0.0067 1480.52 ± 85

F7 5.321 ± 0.86 0.0521 ± 0.0011 1847.09 ± 65

F8 6.124 ± 0.93 0.0599 ± 0.0018 2241.68 ± 91

F9 6.879 ± 0.17 0.0674 ± 0.0033 2387.93 ± 18

F10 7.261 ± 0.29 0.0724 ± 0.0065 2520.53 ± 56

F11 6.184 ± 0.43 0.0606 ± 0.0065 2146.67 ± 74

F12 6.557 ± 0.92 0.0643 ± 0.0014 2276.15 ± 82

F13 7.256 ± 0.17 0.0711 ± 0.0023 2518.82 ± 97

F14 7.858 ± 0.45 0.0770 ± 0.0073 2727.77 ± 18

F15 8.674 ± 0.47 0.0850 ± 0.0081 3011.03 ± 34
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improved mucoadhesion. The findings are summarized 
in Table 5 [1].

3.9  Swelling index and percentage of hydration
With increased chitosan concentration, the swelling 
index (SI) of minitablets increased (F1–F5). Within 0.5 h, 
F1 had a 59 per cent hydration rate, while F2 had a 98% 
hydration rate. Within 0.5  h, all other formulations had 
reached 100% hydration. Therefore, hydration is essen-
tial for a mucoadhesive polymer to expand and form a 
suitable macromolecular mesh and promote mobility 
in the polymer chains to improve the interpenetration 
process between the polymer and the mucin. By expos-
ing the bioadhesive sites for hydrogen bonding and elec-
trostatic contact between the polymer and the mucosal 

network, polymer swelling allows for mechanical entan-
glement [2]. The swelling index (SI) of all HPMC K100M-
based mucoadhesive minitablets (F6 to F10) ranged from 
1.363 to 6.739. With increasing concentrations of HPMC 
K100M, the swelling index (SI) of minitablets increased. 
Within 0.5 h, all HPMC K100M-based formulations had 
reached 100% hydration. The percentage of hydration of 
minitablets increased as the concentration of mucoadhe-
sive polymer (HPMC K100M) was raised, reaching 674 
per cent. In addition, the swelling index (SI) of sodium 
CMC-based mucoadhesive minitablets (F11–F15) ranged 
from 0.515 to 4.

3.10  Stability study
The stability study for the selected mucoadhesive minit-
ablets showed no significant change in drug content and 
mucoadhesive strength. Hence, the prepared formula-
tions are stable as per ICH guidelines. The results of sta-
bility studies are demonstrated in Table 6.

3.11  Pharmacokinetic study
RP-UFLC measured serum drug concentrations at vari-
ous time intervals during the pharmacokinetic investiga-
tion using an aqueous suspension of CA and a selected 
mucoadhesive minitablet [14, 15]. Table  7 and Fig.  7 a, 

Table 6 Six-month stability study of the optimized formulation

*Mean ± SD, n = 6

Time (Months) Drug content (%)* Mucoadhesive 
strength (g)*

0 99.4 ± 1.256 19.741 ± 0.51

3 99.25 ± 1.568 19.25 ± 0.53

6 99.14 ± 1.058 18.89 ± 0. 47

Table 7 Pharmacokinetic parameters estimation for the aqueous suspension of CA and mucoadhesive minitablets

*Mean ± SD, n = 6

PK parameters Aqueous suspension of CA* Mucoadhesive minitablets*

Cmax (ng/mL) 2548.295 ± 354.82 8795.32 ± 423.58

Tmax (h) 4 ± 0.02 4 ± 0.03

AUC (ng h)/mL 19690.11 ± 125.56 73857.32 ± 314.15

AUMC (ng/h2)/mL 99178.5 ± 269.47 592716.1 ± 358.4

MRT (h) 5.03 ± 0.025 8.025151 ± 0.031

Fig. 7 Schematic diagram elucidating the optimized chromatogram (A) and pharmacokinetic studies of CA for bioavailability enhancement (B)
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b depict the time–concentration relationship between 
minitablets and the pure medication CA administered 
to rabbits. The bioavailability (through AUC (ng.h)/mL) 
was obtained as 19690.11 ± 125.56 for aqueous suspen-
sion and 73857.32 ± 314.15 for mucoadhesive minitablets 
(Table  7). From the calculated results, it was confirmed 
that cefuroxime axetil minitablet formulation is better 
and effective than aqueous suspension and to that of pure 
drug.

4  Discussion
The Box–Behnken experimental design delivers an 
appropriate means of optimization and testing the 
robustness of a pharmaceutical method. BBD is a perti-
nent design with response surface analysis that essentially 
comprises cube, centre points and axial points. Such dif-
ferences in points organized the experiments in block 
prearrangement. The DSC thermogram of CA showed an 
onset or endset temperatures of 221.45 °C and 244.03 °C, 
respectively, and an exothermic peak at 237.71  °C. The 
latent heat of fusion (H) was found to be 49.92 mJ. As a 
result, CA is shown to be amorphous. The temperature 
of 200.03 °C and 228.22 °C was recorded as the onset and 
endset of the exothermic peak in the DSC thermogram of 
PM, CA and chitosan-containing CA, and the latent heat 
of fusion was found to be 56.53 mJ. The onset and endset 
temperatures were found to be 220.40 °C and 248.14 °C, 
respectively, in the DSC thermogram of PM from CA and 
HPMC K100M; the latent heat of fusion was 56.53  mJ; 
for PM of CA and sodium CMC, the DSC thermo-
gram showed an exothermic peak at 216.47 °C; the start 
and end temperatures, on the other hand, were each at 
197.87  °C and 225.91  °C, respectively, and 56.53 mJ was 
found to be the latent heat of fusion. All three PMs with 
mucoadhesive polymers chitosan, HPMC K100M and 
sodium CMC showed no significant change in the exo-
thermic peak of CA. The drug and excipients used in this 
study are compatible so that the results can be extrapo-
lated. The mucoadhesive minitablets of CA produced 
with HPMC K100M polymer had a suitable  24-h sus-
tained release profile. The in vitro dissolution data of all 
the 15 minitablet formulations were subjected to various 
kinetic equations vis-à-vis zero-order, first-order, Higuchi 
and Korsmeyer–Peppa’s equations. All the 15 minitab-
let formulations exhibited Higuchi-order kinetics, as the 
regression coefficient value (R2) is more in case of Higu-
chi-order kinetics than others and also the % drug release 
kinetics irrespective upon the type of mucoadhesive pol-
ymer and concentration. All the formulations showed a 
non-Fickian diffusion-controlled release mechanism for 
the release of CA from minitablets. The mucoadhesive 
strength, the force of adhesion and the bond strength of 
chitosan-based mucoadhesive minitablets were higher.

In contrast, HPMC K100M and sodium CMC-based 
minitablets had lower values. This could be due to chemi-
cal bonding or physical entanglement of the enlarged 
polymer with mucin, resulting in enhanced mucoad-
hesion. With the increasing concentrations of HPMC 
K100M, minitablets swelling index (SI) increased. Within 
0.5 h, all HPMC K100M-based formulations had reached 
100% hydration. The percentage of hydration of minit-
ablets increased as the concentration of mucoadhesive 
polymer (HPMC K100M) was raised, reaching 67.4%. 
The swelling index (SI) of sodium CMC-based mucoad-
hesive minitablets (F11–F15) ranged from 0.515 to 4. 
When sodium CMC concentration was raised, minit-
ablets swelling index (SI) also increased. Within 0.5  h, 
F11 had a 51% hydration rate, while F12 showed an 80% 
hydration rate. Within 0.5  h, all other formulations had 
reached 100% hydration. The percentage of hydration of 
minitablets increased as the concentration of mucoad-
hesive polymer (sodium CMC) was raised to 400%. 
Aqueous suspension of CA was shown to have a Tmax of 
4  h, but the selected mucoadhesive minitablet had 3.0 
times greater, indicating increased activity. The AUC for 
mucoadhesive minitablets was 3.75 times higher than for 
CA aqueous suspension. A possible explanation for this 
is mucoadhesion of minitablets in the proximal section 
of the gastrointestinal tract (GI). The higher MRT value 
for the mucoadhesive minitablet indicated that the medi-
cine had a more extended period to be absorbed before it 
was removed from the body. The selected mucoadhesive 
minitablets’ pharmacokinetic profile was superior to that 
of CA aqueous suspension, allowing both therapeutic 
and commercial applications. Finally, the mucoadhesive 
minitablets containing HPMC K100M and chitosan con-
siderably enhanced the bioavailability of CA.

5  Conclusions
The current study concluded that mathematical data 
analysis was performed to fit the two-factor interaction 
model, and optimized mucoadhesive mini-tablet for-
mulations were considered. The run 8 (− 1, 0, + 1 lev-
els obtained in  33 experimental design) demonstrated 
a desirable and promising release profile for 24  h when 
compared with other formulations, specifying that it 
is the optimized run as the concentration of blends of 
chitosan, HPMC K100M and sodium CMC for the best 
mucoadhesive combination polymers as per response 
surface analysis (outlined in perturbation plots, predicted 
vs. actual value aided counter plot elucidations, as well 
as point prediction data’s obtained through solutions of 
graphical optimizations). The optimized run is applica-
ble to formulate CAs minitablets as it reflects a higher 
percentage of drug content, mucoadhesion and swelling 
index. As a result, it can be concluded that the developed 
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formulation is suitable for estimating CA in the formu-
lated mucoadhesive minitablets.
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