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ABSTRACT 

Objective: To develop floating microspheres for the topotecan in order to prevent its onversion into inactive carboxylate form in intestinal pH 
conditions so as to improve its bioavailability. 

Methods: Chitosan-based porous floating microspheres containing sodium bicarbonate by coacervation technique were developed. Quality by 
design approach using Box-Behnken Design was adopted to assess the influences of selected formulation variables and their importance on the 
quality of the finished product. 

Results: The selected model was analyzed and optimized. The microspheres floated immediately without any lag time upon addition into water and 
remained floatable for more than 24 h-1. The optimized formulation was found to have the particle size of 379.2 µm, entrapment efficiency of 76.3% 
and the drug release rate constant of 0.29 h i.e., the release was extended up to 16 h-1. 

Conclusion: The results affirmed that controlled-release porous microspheres of Topotecan with inherent floating without lag were successfully 
developed. 
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INTRODUCTION 

Topotecan Hydrochloride (TPT) belongs to the semi-synthetic 
alkaloid class derived from campothecin. The tree Campotheca 
acuminata is the source of campothecin, which acts as a 
chemotherapeutic alkaloid [1]. TPT acts as an anti-neoplastic agent, 
especially to treat retinoblastoma (eye cancer) along with other 
cancers like ovarian, cervical and lung cancers. Usually, cancer cells 
have the tendency to proliferate wildly due to a lack of control 
between the cell division and differentiation. Usually, anti-cancer 
drugs help in inhibiting the cancer cells either by blemishing the 
ribonucleic acid (RNA) or by blemishing the deoxyribonucleic acid 
(DNA), which is very much required for the cell division of cancer 
cells [2]. The mechanism of TPT involves encouraging the formation 
of fatal double-stranded DNA instead of single-stranded DNA during 
the S-phase of the cell cycle by hindering the required 
Topoisomerase-I enzyme [3]. 

TPT acts through the pH-dependent ring opening mechanism. Based 
on the surrounding pH, the lactone ring or carboxylate ring of 
topotecan will open and show its pharmacological activity [4]. 
Among both rings, the lactone ring shows anti-cancer activity by 
opening at an acidic pH, but the lactone ring has a rapid tendency to 
convert to an inactive carboxylate ring upon an increment in pH. 
Due to less gastric residence time, the active lactone ring will rapidly 
have converted to an inactive carboxylate form, reducing the 
bioavailability of topotecan. Along with the ring conversion, there is 
another obstacle to the bioavailability of TPT, i.e., the hydrophilic 
nature of the drug [5]. The cancer-treating drug TPT needs to act on 
the tumour tissues by permeating deep into them, but the negative 
logP value of TPT doesn’t allow it to do this. So, as to improve the 
bioavailability of TPT, many efforts have been made with regards to 
formulation and have been reported in the literature. The majority 
of the formulations were designed as extended-release (ER) dosage 
forms, such as ER tablets or ER capsules, to provide continuous 
availability of the lactone form of TPT in the bloodstream to meet 
the desired therapeutic efficacy [6]. But the short residence time of 2 

to 3 h for an oral dosage form in the stomach region is the 
disadvantage. So as to overcome the problems associated with the 
oral route, various researchers developed parenteral dosage forms 
like solid lipid nanoparticles, liposomes, and other polymeric micro-
and nanoparticles to improve the bioavailability of TPT [7]. 

By considering the invasive methods of injectable formulations, we 
have decided to develop an extended-release dosage form with 
improved gastric residence time to provide extended drug release of 
TPT. In the present work, we concentrated on the development of 
chitosan-based floating microparticles to facilitate continuous drug 
release with less variability and also prevent dose dumping in GIT 
[8]. For the purpose of designing a formulation with the utmost 
quality and desired characteristics, Quality by Design (QbD) was 
used as a tool in the development activity [9]. 

By having the QbD in your hands, it is much easier to assess the 
outcome and the behaviour of the product with a smaller number of 
trials. For the development of pharmaceuticals, QbD acts as a 
systemic quality management system by providing the facility to 
study the effect of a specific range of input parameters on the 
outcome of the product. QbD involves the systemic development 
process in a stepwise manner, which begins with setting up the 
desired quality for the product, which can be termed the Quality 
target product profile (QTPP), followed by the identification of the 
critical quality attributes (CQAs) that represent the desired quality 
of the product. And critical material attributes (CMAs) related to the 
materials or formulation that have a direct or indirect impact on the 
product's quality, performance, and stability [10] also need to be 
identified. 

In the present study, the development of chitosan-based 
microspheres was carried out with the target of extended drug 
release and absorption in the gastric region. We had developed TPT-
loaded chitosan-based floating microspheres using the coacervation 
technique. Particle size (PS), entrapment efficiency (EE), and drug 
release rate constant were taken as the responses or CQAs, and the 
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polymer to drug ratio, concentration of polymer, concentration of 
coacervation aid, and the polyanionic colloid were taken as critical 
formulation or process parameters. Box-Behnken Design (BBD) was 
adopted [11] to elucidate the effect of selected variables and their 
importance on the quality of the finished product.  

MATERIALS AND METHODS 

Materials 

Topotecan Hydrochloride was procured from Hetero Labs Pvt. Ltd.; 
chitosan, sodium tripolyphosphate and sodium alginate were bought 
from Sigma-Aldrich; xanthan gum was obtained from CP-Kelco and 
all the other materials of analytical grade were utilized. 

TPT-loaded chitosan floating microspheres (TCMs) 

QbD aspects of TCMs 

Chitosan floating microspheres of Topotecan Hydrochloride (TCMs) 
were formulated using factorial design with the coacervation 
technique [12]. The QTPP, CQAs, and CMAs were explained below. 

QTPP 

The desired QTPP of the current formulation is to provide extended 
drug release in the acidic environment of the GIT, i.e., stomach 
region, to enhance the availability of the active moiety of TPT for 
absorption into the bloodstream, and also to make the dosage form 
more acceptable to the patient [13]. In addition to the 
aforementioned properties, the dosage form should also be smaller 
in size to hinder its rapid movement into the intestine region. 

CQAs 

Usually, the CQAs of any formulation are dependent in nature due to 
their variability based on the independent factors. Typically, the 
CQAs are termed the result of a product, which will represent its 
quality. In the current formulation development, PS, EE [14] and the 
drug release rate constant of the TCMs were selected as the 
responses R1, R2, and R3, respectively, and the same will be focused 
attentively during the entire development. 

CMAs 

The outcomes or the desired quality of the product will depend on 
the properties of either the raw material, like APIs or excipients, or 
the process parameters. These parameters can be stated as the 
critical formulation or process parameters, which are independent 
in nature but have a direct impact on the CQAs [15]. So, to have the 
best product in your hands, it is very critical to choose and optimise 
the CPPs. After extensive literature review, for the development of 
TCMs, four factors, viz., A: Polymer to drug ratio, B: Concentration of 
chitosan in the polymer mix (% w/w), C: Concentration of Sodium 
tripolyphosphate (NaTPP) (% w/v), and D: Type of polyanionic 
colloid (PAC), were selected as the CMAs, and the same will be 
optimised during the development activity. 

Experimental design 

To develop the formulation with the desired properties, it is very 
important to choose the best quality design that can evaluate the effect 
of all the selected numerical and categorical factors. In the current 
development, we had selected BBD as the experimental design, and 
the suggested combinations of the factors with their levels were taken 
as different formulations, which are shown in table 1. 

Preparation of TCMs 

Chitosan (40–120 mg, according to its concentration in the polymer 
mix and the polymer-drug ratio) was dissolved in 20 ml of 2% w/v 
glacial acetic acid. In this CS solution, 40 mg of TPT and 60 mg of 
sodium bicarbonate (a gas-generating agent) were added and 
subjected to vortexing on a cyclomixer for 10 min. This dispersion was 
labelled D1. Separately, sodium alginate (SA) or xanthan gum (XG) 
(40–120 mg, according to the CS concentration in the polymer mix and 
to the polymer-drug ratio) was added to 20 ml of water and mixed to 
dissolve the polymer. NaTPP (1-3% w/v) was gradually added to this. 
This dispersion was labelled D2. Then, D1 was slowly added dropwise 
into D2, which was kept under stirring at 250 rpm. The microsphere 
generation was observed as and when the D1 was added to the D2, but 
it was kept under stirring for 30 min to allow rigidization. Later, the 
microspheres were collected by filtration and kept for drying. The 
dried microspheres were stored properly until further use. 

 

Table 1: Formulation compositions as per the BBD for developing TCMs 

Formulation code 
assigned 

Levels of factors 
Factor A: Polymer (parts to 1 part of drug) Factor B: CS conc. (% w/w) Factor C: NaTPP conc. (% w/v) Factor D: PAC type 

CSS1 4.00 25.00 1.00 SA 
CSS2 2.00 50.00 1.00 SA 
CSS3 6.00 50.00 1.00 SA 
CSS4 4.00 75.00 1.00 SA 
CSS5 2.00 25.00 2.00 SA 
CSS6 6.00 25.00 2.00 SA 
CSS7 4.00 50.00 2.00 SA 
CSS8 2.00 75.00 2.00 SA 
CSS9 6.00 75.00 2.00 SA 
CSS10 4.00 25.00 3.00 SA 
CSS11 2.00 50.00 3.00 SA 
CSS12 6.00 50.00 3.00 SA 
CSS13 4.00 75.00 3.00 SA 
CSX1 4.00 25.00 1.00 XG 
CSX2 2.00 50.00 1.00 XG 
CSX3 6.00 50.00 1.00 XG 
CSX4 4.00 75.00 1.00 XG 
CSX5 2.00 25.00 2.00 XG 
CSX6 6.00 25.00 2.00 XG 
CSX7 4.00 50.00 2.00 XG 
CSX8 2.00 75.00 2.00 XG 
CSX9 6.00 75.00 2.00 XG 
CSX10 4.00 25.00 3.00 XG 
CSX11 2.00 50.00 3.00 XG 
CSX12 6.00 50.00 3.00 XG 
CSX13 4.00 75.00 3.00 XG 
 

Characterization of the TCMs 
Entrapment efficiency 

EE was quantified using the reverse bag dialysis method. Briefly, 2 
ml of microsphere suspension was packed in a dialysis membrane 

and placed in 50 ml of 0.1N HCl for 8 h, and the media was 
analysed using UV-visible spectroscopy [16] for the quantity of 
free TPT in the microspheres. The amount of drug entrapped and 
the percentage of drug loading can be calculated using the below-
mentioned formula. 
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% Entrapment efficiency =  
DT − DF

DT
x100 

DT-Total drug content and DF-Free drug content 

Particle size 

PS was determined using microscopy techniques [17]. An optical 
microscope was used as an instrument to determine the particle size. 

Scanning electronic microscopy (SEM) 

The surface morphology of microspheres was determined using 
SEM. Briefly, the samples were glued to the stubs and sputtered with 
gold-palladium alloy at 150–200 °C [18]. The SEM was operated at 
20 KV acceleration with a working distance of 12–14 mm. 

Floating time 

The floating time of the microspheres was evaluated along with the 
drug release studies in the dissolution media to know the behaviour 
of the formulation [19]. 

Swelling index 

The swelling index was evaluated by soaking the microspheres in 
water for about 3 h. The swollen and dried weights of the 
microspheres were measured, and the swelling index [20] was 
calculated as the ratio of weight gain by the microspheres to their 
dry weight and expressed in percentage. 

In vitro drug release 

This study was performed for the floating microspheres using pH 4.5 
acetate buffer with 0.15% w/w Sodium lauryl sulphate as a 
surfactant [21]. The study was performed using a magnetic stirrer 
with continuous agitation. 

Design validation and optimisation 

The selected BBD was subjected to Design of experiments (DoE) 
analysis and evaluated using sequential model sum of squares 
analysis to choose the best regression model for studying the 
influence of the CMAs on the CQAs. Further Analysis of variance 
(ANOVA) was also applied to the selected model to determine its 
suitability [22]. Model optimization was also performed to have the 
range of input variable values in hand for desired responses. 

RESULTS AND DISCUSSION 

Characterization studies on the TCMs 

The prepared TCMs were characterised for the percentage yield, EE, 
PS, and swelling index. The results are presented in table 2. The % 
yield of the TCMs was found to be in the range of 68.9% to 84.6%, 
whereas the % entrapment efficiency ranges from 42.2% to 83.2%. 
The particle size was determined using an optical microscope, and 
the results were found to be in the range of 223 µm to 568 µm. The 
swelling index was determined by the soaking technique, and the 
results were found to be in the range of 48.5% to 156.2%. 

 

Table 2: Results of the physicochemical characterization of the TCMs (Expressed as mean±standard deviation) 

Code assigned Observed results*  
Yield (%) EE (%) Particle size (µm) Swelling index (%) 

CSS1 70.5±4.1 42.2±1.9 351±23 156.2±16.4 
CSS2 75.3±3.6 45.1±2.2 348±36 122.4±19.2 
CSS3 68.9±4.8 53.7±4.5 426±51 144.5±21.3 
CSS4 71.3±1.9 54.9±2.6 404±44 140.7±15.7 
CSS5 77.1±2.7 48.3±3.7 312±27 107.5±9.4 
CSS6 73.7±3.5 55.1±1.6 385±19 120.9±13.1 
CSS7 75.4±6.2 57.2±2.8 374±32 125.6±16.9 
CSS8 79.9±2.3 60.4±4.1 361±24 117.3±10.6 
CSS9 75.6±1.5 65.8±3.5 416±38 132.5±23.1 
CSS10 76.8±4.2 51.2±2.7 247±31 116.4±18.4 
CSS11 78.2±3.7 57.6±3.3 223±15 98.2±13.7 
CSS12 74.7±5.4 67.9±1.7 289±28 105.3±8.6 
CSS13 79.4±4.8 70.5±2.9 267±30 100.9±11.9 
CSX1 82.5±2.9 68.2±1.4 493±55 69.3±9.5 
CSX2 80.9±6.1 64.9±0.8 372±47 58.7±10.2 
CSX3 76.7±3.6 76.7±3.6 517±29 76.2±6.6 
CSX4 75.4±4.4 52.6±4.2 342±18 81.5±12.4 
CSX5 83.7±1.8 66.1±2.0 411±35 61.7±9.3 
CSX6 79.6±4.5 81.4±4.3 568±49 82.4±12.1 
CSX7 82.4±2.7 68.9±3.9 425±16 76.8±8.5 
CSX8 84.1±5.3 55.6±1.2 349±38 71.9±10.3 
CSX9 79.5±1.6 71.2±2.6 472±44 84.6±7.5 
CSX10 83.9±4.2 79.1±4.5 451±26 51.2±6.8 
CSX11 84.6±3.3 70.5±0.9 319±37 48.5±5.4 
CSX12 80.2±1.9 83.2±3.4 466±41 57.1±7.9 
CSX13 83.7±2.8 72.7±2.1 273±25 54.6±6.1 
 

The swelling index was found to be highly variable, which may be 
due to the solubility of Chitosan [23] and Sodium alginate complex-
based microspheres after 3 h. In a similar manner, the percent yield 
and swelling index were also influenced by the concentration and 
type of the PAC. The increment in sodium tripolyphosphate (NaTPP) 
and the increment in the cross-linking agent led to the decrease in 
swelling index [24]. The microspheres made of chitosan-xanthan 
gum also showed a lower index due to their higher density and 
stronger coacervation. Due to strong coacervation and a denser 
outer microsphere layer, the swelling nature of the microspheres 
gets hindered upon addition to the medium. To formulate the 
microspheres with the desired swelling and drug release, excess 
polymer needs to be added to the formulation. 

Floating time was observed while performing drug release studies. 
Microspheres of all the formulations were found to float 

immediately after adding them to water, which could be due to their 
porous nature because of the bicarbonate. All the formulations 
remained floatable until the complete release of the drug. 
Microspheres made of CS-XG and also those microspheres cross-
linked with a high amount of NaTPP exhibited floating for an 
extended period even after the completion of the drug release. 
Greater charge density and cross-linking might be responsible for 
this extended floating. 

SEM analysis 

The SEM images of the TCMs are illustrated in fig. 1. The surface 
was found to be slightly protruding, which may be due to the 
entrapment of CO2 from sodium bicarbonate during the 
manufacturing process. SEM images were taken for the cross-
sectioned microspheres and are shown in fig. 1(b). This SEM image 
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illustrated many pores present inside the core of the 
microspheres, which might be due to gas entrapment, and thus 

these microspheres can be easily floatable and hence can be called 
floating microspheres [25]. 

 

 

Fig. 1: Images of Topotecan loaded chitosan based floating microspheres. (a) Photographic image; (b) SEM image of the cross-sectioned 
microspheres indicating inner pores as cavities (at 65x magnification) 

 

Table 3: ANOVA test results for the quadratic model for the particle size (R1) 

Source Sum of squares Degrees of freedom Mean sum of squares F value p-Value Inferencea 

Model 1.78x105 13 13672.37 33.21 <0.0001 Significant 
A-Polymer 44521.00 1 44521.00 108.14 <0.0001 Significant 
B-CS conc. 6972.25 1 6972.25 16.94 0.0014 Significant 
C-NaTPP conc. 32220.25 1 32220.25 78.26 <0.0001 Significant 
D-PAC 42808.65 1 42808.65 103.98 <0.0001 Significant 
AB 338.00 1 338.00 0.82 0.3827  
AC 12.50 1 12.50 0.030 0.8646  
AD 5625.00 1 5625.00 13.66 0.0031 Significant 
BC 450.00 1 450.00 1.09 0.3164  
BD 25600.00 1 25600.00 62.18 <0.0001 Significant 
CD 5184.00 1 5184.00 12.59 0.0040 Significant 
A2 787.50 1 787.50 1.91 0.1918  
B2 52.07 1 52.07 0.13 0.7283  
C2 8305.79 1 8305.79 20.17 0.0007 Significant 
Residual 4940.35 12 411.70    
Cor Total 1.83x105 25     

Note: a-p-Value less than 0.05 indicates model terms are significant 

 

DoE analysis of the particle size (R1) 

Particle size results are presented in table 2 and analysed using the 
sequential model sum of squares to identify the ideal regression 
model between the selected variables and response. After the 
analysis, it was found that the Quadratic model was the suggested 
model to elaborate on the influence of the CMAs on the R1. To 
evaluate the significance of variables, ANOVA was also applied to the 
suggested quadratic model to find the suitability of the design [26]. 
The analysis results are shown in table 3 and fig. 2. From the 
analytical results, it was shown that the selected model was 
significant and could be progressed to further optimisation. The 
regression equation was also calculated for the particle size, and the 
formula is shown below [27]. 

Regression equation for the R1 

Particle Size = +399.50 + 52.75 ∗ A– 20.87 ∗ B– 44.88 ∗ C + 40.58 ∗ D– 6.50
∗ AB– 1.25 ∗ AC + 18.75 ∗ AD– 7.50 ∗ BC– 40.00 ∗ BD
+ 18.00 ∗ CD + 13.12 ∗ A2– 3.37 ∗  B2– 42.63 ∗ C2 

The factors were found to have a quadratic effect on the particle size 
of TCSs (fig. 2). Upon an increase in the polymer content (Factor A), 
the size was found to increase. This result was obvious, as this could 
be due to greater viscosity and, hence, minimal size reduction of the 
coacervate at higher polymer content. By increasing the CS 
concentration (Factor B), the size was found to be enlarged in the 
case of CS-SA microspheres and diminished in the case of CS-XG 
microspheres. This might be because of the higher molecular 

weights of the colloids. The molecular weight of CS is greater than 
that of SA and less than that of XG. Higher molecular weight and, 
hence, higher viscosity would result in increased particle size. By 
increasing the NaTPP concentration (Factor C), the size was 
decreased. This could be because of the strong cross-linking, which 
made the coacervate denser and, hence, reduced the size. The type of 
PAC (Factor D) also influenced the particle size. The microspheres 
made of CS-XG exhibited greater size than those made of CS-SA. 
Again, this could be because of the greater viscosity of the XG than 
that of the SA.  

DoE analysis of the entrapment efficiency (R2) 

The EE results are given in table 2 and analysed using the sequential 
model sum of squares to identify the ideal regression model 
between the selected variables and response. After the analysis, it 
was found that the 2-factorial interaction (2FI) model was suggested 
to elaborate on the influence of the CMAs on the R2 [28]. To evaluate 
the significance of variables, ANOVA was also applied to the 
suggested model to determine the suitability of the design. The 
analysis results are shown in table 4 and fig. 3. From the ANOVA 
results, it was also evident that the model was significant and could 
be navigated to develop design space. 

Regression equation for the R2 

EE = +63.12 + 5.41 ∗ A + 0.76 ∗ B + 5.90 ∗ C + 6.97 ∗ D– 0.14 ∗ AB
+ 0.33 ∗ AC + 1.52 ∗ AD + 1.98 ∗ BC– 6.09
∗ BD– 0.51 ∗ CD



P. Pragallapati et al. 
Int J App Pharm, Vol 15, Issue 6, 2023, 153-162 

157 

 

Fig. 2: Contour plots showing the effect of the factors a) A and B on the R1 in case of SA as the PAC; b) A and B on the R1 in case of XG as the 
PAC; c) A and C on the R1 in case of SA as the PAC; d) A and C on the PS in case of XG as the PAC. Interaction plots showing the effect of the 

interaction e) AD on the R1; f) BD on the R1; g) CD on the R1 

 

Table 4: ANOVA test results for the 2FI model for the EE (R2) 

Source Sum of squares Degrees of freedom Mean sum of squares F value p-Value Inferencea 

Model 2964.03 10 296.40 26.91 <0.0001 Significant 
A-Polymer 467.64 1 467.64 42.45 <0.0001 Significant 
B-CS conc. 9.15 1 9.15 0.83 0.3765  
C-NaTPP conc. 556.96 1 556.96 50.56 <0.0001 Significant 
D-PAC 1262.82 1 1262.82 114.63 <0.0001 Significant 
AB 0.15 1 0.15 0.014 0.9083  
AC 0.84 1 0.84 0.077 0.7856  
AD 36.91 1 36.91 3.35 0.0871  
BC 31.20 1 31.20 2.83 0.1131  
BD 594.14 1 594.14 53.93 <0.0001 Significant 
CD 4.20 1 4.20 0.38 0.5461  
Residual 165.25 15 11.02    
Cor Total 3129.27 25     

Note: a-p-Value less than 0.05 indicates model terms are significant. 

 

From the two-factorial design, it was found that entrapment 
efficiency was improved upon increasing the polymer content 
(Factor-A). The reason behind the increment in entrapment 
efficiency might be due to the increased binding nature of the 
polymer. With an increment in polymer content, the binding nature 
can also be improved, which in turn improves the entrapment 
efficiency of the drug [29]. 

The increase in the level of factor B led to an increment in EE in the 
case of CS-SA microspheres, whereas the same was found to be 
decreased in the case of CS-XG microspheres. The molecular weights 
and binding natures of the colloids might be the reason behind the 
vice-versa behaviour of the entrapment efficiency. By having a 
higher molecular weight of chitosan than sodium alginate, the CS-SA 
microspheres exhibit increased entrapment efficiency due to their 

higher viscosity and higher binding nature with the TPT. Whereas 
the molecular weight of xanthan gum was found to be higher than 
that of chitosan, which led to a decrease in entrapment efficiency 
due to a weaker interaction between the TPT and the polymer. The 
effect of NaTPP concentration showed a positive effect on the 
entrapment efficiency, which could be due to the strong cross-
linking, which in turn made the coacervation denser and prevented 
the leakage of the entrapped drug. 

DoE analysis of the drug release rate constant (R3) 

The drug release studies were performed for the formulated 
microspheres in pH 4.5 acetate buffer with 0.15% SLS, and the drug 
release profiles are presented in fig. 4. Results for the drug release 
rate constant are given in table 5, and the data was analysed using 
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the sequential model sum of squares to identify the ideal regression 
model between the selected variables and response. After the 
analysis, it was found that the 2FI model was suggested to elaborate 

on the influence of the CMAs on the R3. To evaluate the significance 
of variables, ANOVA was also applied to the suggested model to 
determine its suitability. The analysis results are shown in table 6. 

 

 

Fig. 3: Contour plots illustrating the effects of the factors a) A and B on the EE in case of SA as the PAC; b) A and B on the EE in case of XG as 
the PAC; c) A and C on the EE in case of SA as the PAC; d) A and C on the EE in case of XG as the PAC; e) Interaction plot for the effect of BD 

on the EE 
 

 

Fig. 4: Drug release profiles of TCMs of formulations (a) CSS1–CSS4; (b) CSS5–CSS9; (c) CSS10–CSS13; (d) CSX1–CSX4; (e) CSX5–CSX9; (f) 
CSX10–CSX13 
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Table 5: Drug release kinetics data from the TCMs 

Code Correlation coefficients Drug release rate 
constant (k, h-1) 

Higuchi’s correlation 
coefficient 

Korsemeyer–Peppas 
‘n’ value Zero-order First order 

CSS1 0.603 0.968 1.19 0.951 0.465 
CSS2 0.546 0.938 1.12 0.946 0.406 
CSS3 0.641 0.883 0.87 0.97 0.547 
CSS4 0.685 0.967 0.79 0.966 0.589 
CSS5 0.833 0.932 0.98 0.986 0.607 
CSS6 0.737 0.975 0.72 0.966 0.639 
CSS7 0.73 0.988 0.67 0.965 0.611 
CSS8 0.74 0.991 0.63 0.96 0.645 
CSS9 0.819 0.945 0.49 0.974 0.696 
CSS10 0.764 0.945 0.61 0.979 0.626 
CSS11 0.844 0.959 0.57 0.965 0.748 
CSS12 0.717 0.991 0.48 0.96 0.644 
CSS13 0.748 0.982 0.46 0.982 0.592 
CSX1 0.552 0.992 0.32 0.938 0.630 
CSX2 0.754 0.968 0.52 0.972 0.655 
CSX3 0.465 0.989 0.47 0.922 0.617 
CSX4 0.677 0.955 0.61 0.949 0.679 
CSX5 0.577 0.994 0.39 0.944 0.648 
CSX6 0.732 0.981 0.25 0.957 0.734 
CSX7 0.711 0.975 0.35 0.95 0.738 
CSX8 0.85 0.952 0.62 0.957 0.757 
CSX9 0.775 0.993 0.43 0.859 0.748 
CSX10 0.736 0.949 0.28 0.974 0.652 
CSX11 0.638 0.871 0.41 0.983 0.565 
CSX12 0.819 0.94 0.31 0.965 0.737 
CSX13 0.495 0.931 0.48 0.952 0.534 

 

The ANOVA test results indicated that the model was found to be 
significant, which indicated the suitability of the design for the 
selected factors and the obtained response results. Altogether, the 
diagnostic results indicated that this model was significant and 
could be navigated to develop design space. 

Regression equation for the R3 

k = +0.58– 0.076 ∗ A– 0.014 ∗ B– 0.14 ∗ C– 0.16 ∗ D + 0.009 ∗ AB
+ 0.014 ∗ AC + 0.016 ∗ AD + 0.020 ∗ BC + 0.13
∗ BD + 0.088 ∗ CD

 

Table 6: ANOVA results for the quadratic model for the drug release rate constant (R3) 

Source Sum of squares Degree of freedom Mean sum of squares F value p-Value Inference* 

Model 1.47 10 0.15 45.33 <0.0001 Significant 
A-Polymer 0.093 1 0.093 28.60 <0.0001 Significant 
B-CS conc. 3.306x10-3 1 3.306x10-3 1.02 0.3294  
C-NaTPP conc. 0.33 1 0.33 100.75 <0.0001 Significant 
D-PAC 0.66 1 0.66 202.64 <0.0001 Significant 
AB 6.125x10-4 1 6.125x10-4 0.19 0.6705  
AC 1.513x10-3 1 1.513x10-3 0.46 0.5057  
AD 4.225x10-3 1 4.225x10-3 1.30 0.2723  
BC 3.200x10-3 1 3.200x10-3 0.98 0.3370  
BD 0.26 1 0.26 79.17 <0.0001 Significant 
CD 0.12 1 0.12 38.20 <0.0001 Significant 
Residual 0.049 15 3.253x10-3    
Cor Total 1.52 25     

*p-Value less than 0.05 indicates model terms are significant 
 

The influences of the CMAs on the R3 were illustrated in fig. 5. Upon 
an increase in the polymer content (Factor A), the rate constant was 
observed to decline. This result might be due to strong binding of 
the drug and increased diffusion path length for drug release, hence 
decreased drug release at higher polymer content [30]. The 
influence of Factor B on the R3 was inversely correlated with that of 
the release rate constant. Upon an increase in the CS concentration 
(Factor B), the rate constant was found to decrease in the case of CS-
SA microspheres and increase in the case of CS-XG microspheres. 
This might be because of the molecular weights and the resultant gel 
matrices of the colloids. The molecular weight of CS is greater than 
that of SA and less than that of XG. Upon an increase in the CS 
concentration, the gel matrix in the case of CS-SA microspheres 
could become more complex. Whereas, in the case of CS-XG 
microspheres, the increase in CS concentration (and so a lesser XG 

concentration) could result in decreased gel matrix complexity. A 
higher molecular weight of the polymer, and hence the resultant 
strong gel matrix, could prolong the drug release [31]. Upon 
increasing the level of Factor C, the response R3 was observed to 
decline. This could be because of the strong cross-linking, which 
made the gel matrix denser, and hence the drug release was 
prolonged and the rate constant decreased. The type of PAC (Factor 
D) also influenced the rate constant. The microspheres made of CS-
XG exhibited lower rate constants than those made of CS-SA. Again, 
this could be because of the stronger gel matrix of the XG than that 
of the SA, which could slow and prolong the drug release. 

Formulation optimization 

The formulation was optimised to find the best possible 
amalgamation(s) of the chosen variables to accomplish the 
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required results of the selected responses. The QTPP of the design 
is to achieve chitosan-based floating microspheres with greater 
entrapment efficiency and extended drug release in gastric 
conditions [32]. So as to achieve the target, optimisation was 
performed on the model with the target of minimum size, 

maximum EE, and minimum release rate constant (table 7). The 
resulted overlay is presented in fig. 6. The design space shown by 
the yellow colour region indicates the area inside which the 
combination of the CMAs can provide the floating TCMs with the 
desired responses. 

 

 

Fig. 5: Contour plots showing the effects of the factors a) A and B on the R3 in case of SA as the PAC; b) A and B on the R3 in case of XG as 
the PAC; c) A and C on the R3 in case of SA as the PAC; d) A and C on the R3 in case of XG as the PAC. Interaction plots illustrating the effect 

of e) BD interaction on the R3; f) CD interaction on the R3 
 

Table 7: Constraints for desirability criteria 

Name Goal 
A: Polymer Is in range 
B: CS conc. Is in range 
C: NaTPP conc. Is in range 
D: PAC Is in range 
R1: Size Minimize (with the maximum limit of 400 µm) 
R2: EE Maximize (with the minimum limit of 70%) 
R3: k Minimize (with the maximum limit of 0.31 h-1) 

One such formulation, identified by point prediction by the software along with the predicted responses, is mentioned in table 8. A fresh floating 
TCM formulation was prepared at the suggested combination and tested for quality control tests, including particle size, EE, and drug release. 
 

 

Fig. 6: Overlay plot indicating the design space 
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Table 8: Predicted and observed values of the responses of the optimized TCMs 

Combination of the factors’ levels Responses Predicted values 95% CI low 95% CI high Observed values 
A: Polymer (2.67 parts) 
B: CS conc. (25.02 % w/w) 
C: NaTPP conc. (3.00 % w/v) 
D: PAC (XG) 

R1: Particle size (µm) 390.32 353.58 427.06 379.2 
R2: EE (%) 73.92 68.37 79.48 76.3 
R3: k (h-1) 0.27 0.17 0.36 0.29 

The observed results were correlated (with 95% confidence intervals (CI)) with those predicted by the design, and hence this combination was 
considered the optimum formulation of the chitosan-based microspheres of TPT. 

 

CONCLUSION 

The Topotecan HCL-loaded floating microspheres were prepared 
using the coacervation technique using the StatEase software as a 
quality-maintaining tool. The Box-Bhenken design was used as a 
quality tool to design the experiments with the selected dependent 
and independent variables. Further, the significance of the model for 
each response was analysed by the ANOVA. The CMAs were 
optimised with the help of desirability criteria to have low particle 
size, high EE, and a lower dissolution rate constant. Upon 
construction of the overlay plot, the model suggested a formula that 
provided the predicted particle size of 390.32 µm, the % entrapment 
efficiency of 73.92%, and the dissolution rate constant of 0.27 h-

1 against the observed values of 379.2 µm, 76.3%, and 0.29 
h, respectively. The obtained values were in correlation with the 
predicted values by the design, with a 95% confidence interval. 
Hence, it is clear that the selected dependent and independent 
factors are significant in the development of floating microspheres 
and also that the selected design was proved to be valid with the 
application of ANOVA and by providing the optimised formula with 
desirable responses. Upon correlation between the design predicted 
values and observed values, it was clear that the aim of developing 
the TPT-loaded chitosan-based floating microspheres was fulfilled. 
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