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ABSTRACT 

Objective: The purpose of this study is to design and evaluate floating sustained-release tablets of ritonavir (RTZ) employing box-behnken 
development (BBD). 

Methods: The BBD was utilized to improve the formulation parameters. The main release-retarding polymers were selected as independent 
variables: methocel K100M (A), the gas-generating agent was sodium bicarbonate (B), the secondary release-retarding polymer was ethyl cellulose 
(C), and the floating aid was Cetyl alcohol and which was kept constant. Floating lag time (FLT) (Y1), swelling index (SI) (Y2), and percentage drug 
release (Y3) were chosen as the dependent variables. Differential scanning calorimetry (DSC) and fourier transform infrared spectroscopy (FTIR) 
were used to assess the compatibility of the drug and excipient. FLT, flotation time, SI, hardness, drug content, friability, in vitro drug release, and 
drug release kinetics were assessed after the tablets were manufactured using the direct compression method. 

Results: FTIR and DSC analyses showed no interaction between the drug and the excipients. Every tablet that was tested produced positive 
outcomes. The validated optimized (VO) tablets exhibited zero-order kinetics, with a steady and sustained drug release over 12 h (95.76±0.75 %), 
FLT of VO formulation was found to be 53±0.5 sec with 91.21±1.6% of SI. In vivo bioavailability of optimized formulation shows a 1.5-fold increase 
in bioavailability. 

Conclusion: Using a statistical optimization model, the optimized tablets with the desired formulation characteristics were identified. The 
optimized formulation remarkably maintained the drug release for up to 12 h, suggesting improved therapeutic potential for HIV therapy. 
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INTRODUCTION 

The gastro-retentive drug delivery system (GRDDS) is designed to 
retain the drug in the gastrointestinal tract (GIT), specifically in the 
stomach, for an extended period. In the commercialization of novel 
drug entities, complexities have increased substantially; 
consequently, considerable attention has been directed towards the 
improvement of sustained or controlled drug delivery systems 
(CRDDS). The primary objective of designing a sustained drug 
release system is to reduce the dosing frequency or enhance the 
drug's efficacy by localizing it at the target site, thereby providing 
uniform drug delivery. Certain limitations in the oral drug delivery 
system must be overcome using GRDDS [1-3]. In addition to the 
continuous release of drugs to the small intestine, GRDDS offers 
several advantages, including a) Achievement of a prolonged 
therapeutic effect; b) Reduction in the frequency of drug dosing; c) 
Effective treatment for proximal gastric disorders [4]. 

RTZ is an HIV protease inhibitor used in combination with other 
antivirals in the treatment of HIV infection. After a single oral 
dosage, the half-life is three to five hours. Choosing the right 
medicine and delivery method is essential to a therapy's 
effectiveness [5]. The purpose of controlled-release dosage forms is 
to resolve RTZ's biopharmaceutical challenges, such as poor 
solubility, limited bioavailability, and a short absorption window are 
resolved when it is combined with a GRDDS. This ensures that the 
drug remains in the optimal absorption site (upper GIT) for a longer 
period of time, improving therapeutic performance. RTZ is therefore 
selected as an ideal candidate for the gastric floating release drug 
delivery method [6].  

The Floating tablets offer a novel strategy for improving RTZ 
pharmacokinetics by avoiding premature drug release into the 
intestine and keeping it in the acidic gastric environment for a 
longer period [7], hence enhancing drug absorption. Sustained-

release floating matrix tablet formulations address major issues in 
HIV treatment, such as medication resistance, adherence, and side 
effects induced by changing drug levels, so we may expect high 
patient compliance [8, 9]. Floating tablets were developed with a 
unique formulation to ensure sustained drug release and optimized 
buoyancy characteristics. To optimize the formulation parameters 
for floating tablets of RTZ, BBD was used. BBD proved to be a robust 
tool for optimizing formulation parameters and assessing the effects 
of formulation components on the efficacy of RTZ gastro-retentive 
sustained-release floating tablets [10-12]. 

MATERIALS AND METHODS 

Materials 

RTZ was provided by Laurus Private Ltd, Visakhapatnam. Sodium 
hydrogen carbonate, methocel K100M, EC, and supratab 11 SD were 
obtained from Merck Life Science Pvt. Ltd., Mumbai. Further, cetyl 
alcohol, talc, hydrochloric acid, and magnesium stearate were 
obtained from Yarrow Chem Products, Mumbai.  

Methods 

The tablets were prepared by the direct compression method and the 
BBD as the basis for the experimental design shown in table 1. 
Seventeen formulations of RTZ tablets have been formulated 
employing different combinations of matrix-forming agents (methocel 
K100M, ethyl cellulose), filler (SUPRATAB 11 SD), gas-generating 
agents (sodium bicarbonate), cetyl alcohol as a floating assistance, talc 
as a glidant, and magnesium stearate as a lubricant. All of the materials 
were weighed precisely following the formula and combined in 
symmetrical proportions with a pestle and mortar. The resulting 
mixture has been filtered through a sieve 80 and properly stirred in a 
polythene bag. The powdered blend was then mixed with talc and 
magnesium stearate and subsequently compacted into a tablet using a 
tablet press machine Mini-8 D [13, 14]. 
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Table 1: Formulae of RTZ floating sustained-release tablets 

Ingredients 
(mg) 

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 VO 

RTZ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

EC 45 50 40 45 45 40 50 45 50 45 40 45 40 45 50 45 45 50 

Sodium 
bicarbonate 

30 30 30 30 25 30 35 30 25 30 25 35 35 25 30 30 35 33.38 

Methocel 
K100M 

72.5 65 65 72.5 65 80 72.5 72.5 72.5 72.5 72.5 80 72.5 80 80 72.5 65 80 

Cetyl alcohol 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

Supratab 11 SD 27.5 30 40 27.5 40 25 17.5 27.5 27.5 27.5 37.5 15 27.5 25 15 27.5 30 11.62 

Talc 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
Mg Stearate 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

Total Weight 
of tab (mg) 

300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 

 

Experimental design 

In this design, a statistical approach employing BBD with (3x3, i. e., 
three factors at three levels given in table 2) has been used to 
analyze the primary, interaction, and quadratic effects of 
independent variables on the dependent variables. A second-order 
polynomial equation was generated using Design-Expert software 
(Version 13, Stat-Ease Inc., USA) to facilitate statistical optimization 
of formulation variables. This method was selected intentionally 
instead of the central composite design because it requires fewer 
experiments to be conducted to carry out an adequate analysis of the 
effects of three variables. The design matrix had 17 runs of 
experiments, which provided a sequential analysis of the 
formulation factors and their impact on the product. The release-
retarding polymer methocel K100M (Factor A), the gas-generating 
agent sodium bicarbonate (Factor B), and the secondary release-
retarding polymer ethyl cellulose (Factor C) were chosen. Factors A, 
B, and C were identified as independent variables. In this design, 
factors A, B, and C were designated as independent variables, while 
three response variables, FLT (Y₁), SI (Y₂), and percentage drug 
release (Y₃), were selected as the dependent variables. Model 
evaluation parameters, including the coefficient of variation (CV), 

coefficient of determination (R²), adjusted R², predicted R² (Pred. 
R²), adequate precision, optimization, along desirability, have been 
analyzed using Design-Expert software to identify the best-fit model. 

The primary objectives were to maximize drug release (85–95% 
over 12 h), minimize FLT (<2 min), and maintain the SI within an 
ideal range (150–250%). Adequate buoyancy and prolonged drug 
release without rapid breakdown are guaranteed within this range. 
The limitations were decided on based on preliminary research that 
showed that although insufficient swelling (<100%) decreased 
buoyancy, excessive swelling (>300%) led to faster erosion and 
abrupt matrix rupture. To balance all of these responses and provide 
an ideal formulation with consistent flotation and controlled release 
over a period of 12 h, the desired function was further adjusted. 

Analysis of variance (ANOVA) was conducted to determine the 
significance of regression coefficients and their impact on the 
responses, based on p-values and F-values [15, 16]. The selected 
factors and their levels, as well as their respective quantities, are 
detailed in table 2 [17, 18]. The 17 combinations of factors generated 
by a statistical approach employing BBD, along with their 
corresponding measured responses, are presented in table 3. 

 

Table 2: Factors and their levels employed in the BBD matrix [19] 

Factors Level: low (-1) Level: medium (0) Level: high (+1) 
Methocel K100M (A)mg 65 72.5 80 
Sodium bicarbonate (B)mg 25 30 35 
Ethyl cellulose (C)mg 40 45 50 
 

Table 3: Independent and dependent variable responses as per BBD 

S. No. Independent variables Dependent variables 
Methocel K100 (A) Sodium bicarbonate (B) EC (C) FLT (sec) (Y1) SI (%) (Y2) % drug release in 12h (Y3) 

F1 72.5 30 45 90±0.6 65.58±1.4 81.70 ±1.19 
F2 65 30 50 105±0.3 78.96±1.2 75.30±0.22 
F3 65 30 40 108±0.5 73.14±1.6 72.50±0.60 
F4 72.5 30 45 91±0.4 63.28±1.9 83.10 ±0.24 
F5 65 25 45 82±0.3 74.37±1.7 74.76±0.44 
F6 80 30 40 105±0.4 80.1±1.20 84.35±0.38 
F7 72.5 35 50 65±0.8 77.2±1.6 80.88±0.10 
F8 72.5 30 45 90±0.7 64.32±1.5 82.20±0.42 
F9 72.5 25 50 83±0.9 77.65±1.5 85.1±0.24 
F10 72.5 30 45 92±0.3 62.43±1.6 82.76±0.24 
F11 72.5 25 40 98±0.7 71.42±1.2 78.10±0.21 
F12 80 35 40 80±0.8 82.48±1.3 86.32±0.44 
F13 72.5 35 40 78±0.9 75.98±1.4 78.6±0.44 
F14 80 25 45 95±0.5 80.32±1.2 85.2±0.44 
F15 80 30 50 56±0.9 89.53±1.6 93.6±0.44 
F16 72.5 30 45 94±0.6 63.23±1.5 81.90±0.84 
F1 65 35 45 83±0.8 70.23±1.2 77.4±0.77 
VO 80 33.38 50 53±0.5 91.21±1.6 95.46±1.03 

Results are given as mean±SD, n=3 
 

Drug excipient compatibility studies 

FTIR 

An ALPHA-Brooker FTIR spectrophotometer with KBR disc FTIR 
spectra recorded ritonavir, and its combination with various 
excipients, such as methocel K100 M, sodium bicarbonate, Cetyl 

alcohol, and ethyl cellulose. The resolution was 2 cm-1, and scanning 
was 400-4000 cm-1 [19]. 

DSC 

The thermal behaviour of RTZ and various excipients (methocel 
K100M, ethyl cellulose, cetyl alcohol, sodium bicarbonate) was 
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tested in terms of their melting endotherm. This was performed with 
a combined thermal analysis system, Hitachi Japan, with about 1 to 5 
mg of the sample placed in a sealed aluminium pan. The samples 
were scanned at 30-350 °C at a constant rate of 10 °C/min under 
nitrogen [20]. 

Post-compression evaluation 

Floating tablets were developed with a unique formulation to ensure 
sustained drug release and optimized buoyancy characteristics. 

Hardness 

This was assessed using a Monsanto hardness tester, and the force 
was measured in kilograms (kg). A hardness within the range of 4-6 
kg/cm² is considered acceptable for uncoated tablets. Hardness 
values were determined for ten tablets from each formulation [21].  

Friability 

Friability, indicative of the tablet's capacity to withstand abrasion 
during packaging, handling, and transport, was determined utilizing 
a Roche Friabilator. Twenty tablets from each formulation were 
subjected to rotation at 25 rpm for 4 min. The tablets were 
subsequently dedusted and reweighed, and the percentage friability 
was calculated using the formula:  

Percent friability =
(Initial weight −  Final weight)

Initial weight
× 100 

Weight variation test 

Twenty tablets were individually and collectively weighed on a 
digital balance (Scout Pro), and the mean weight of one tablet was 
determined [22]. 

Buoyancy test (In vitro floating behavior studies) 

The in vitro floating behavior of the tablets was assessed by 
measuring two critical parameters: FLT and total floating time 
(TFT). The evaluation was conducted in an electrically controlled 
water bath maintained at 37±0.5 °C. A 200 ml borosilicate beaker 
containing 100 ml of 0.1 N HCl solution (pH 1.2) served as the 
dissolution medium, simulating gastric conditions. FLT was defined 
as the time required for the tablet to rise to the surface of the 
medium, while TFT represented the duration for which the tablet 
remained buoyant on the surface. These parameters were analyzed 
to evaluate the buoyancy performance of the formulation [23]. 

Swelling studies 

To measure swelling, also known as water absorption capacity petri 
dish equipped with a glass plate holding the tablet was utilized. The 
tablets were placed in a petri dish with 50 ml of dissolving medium 
at a temperature of 37±0.5 °C. At regular intervals, the petri dish was 
removed from the apparatus, blotted with absorbent tissue to 
remove any excess dissolution medium on the surface, and weighed 
[24]. The following equation was used to calculate the degree of 
swelling (% water uptake). 

Degree of swelling (% water uptake)  =
(Wt − W0)

W0
× 100 

Where W0 is the initial weight of the dry tablet, and Wt is the weight 
of the wet, swollen tablet. 

In vitro drug release studies 

The in vitro drug release profile of Ritonavir gastric-floating tablets 
was assessed using a LABINDIA DS 8000 dissolution apparatus (Type-
II, Paddle-DT-600). The study was carried out in 900 ml of 0.1N HCl 
used as the buffer, maintained at 37±0.5 °C, and rotated at 50 rpm. 
Over 12 h, 5 ml of buffer was withdrawn at predetermined intervals 
(1, 2, 4, 6, 8, 10 h, and up to 12 h) and 5 ml of medium replaced after 
each sampling to maintain sink condition. The collected samples were 
filtered through a 0.45 μm membrane filter, diluted appropriately with 
0.1N HCl, and analyzed for drug content with a UV-visible 
spectrophotometer at a wavelength of 245 nm nm ((ELICO Double 
Beam SL 210). This methodology enabled precise monitoring of drug 
release kinetics, simulating gastric conditions effectively [25]. 

Release kinetics of the drug 

Several mathematical models were used to analyze the kinetics of 
releasing drugs from RTZ floating tablets. The drug release kinetics 
were analyzed using the higuchi matrix model, zero-order model, 
Korsmeyer-Peppas model, Hixson-Crowell model, and first-order 
model [26]. 

Drug content uniformity (DCU) 

The DCU was spectrophotometrically analyzed at 245 nm by a UV-
spectrophotometer to confirm uniform drug distribution within the 
tablets. An equivalent mass of 200 milligrams of RTZ powder has 
been placed in a 100 ml measuring cylinder and then dissolved in 
0.01N HCl. The resulting content was clarified later, suitably diluted 
for analysis [27]. 

In vivo pharmacokinetic study design 

The institutional animal ethical committee (IAEC) has approved the 
study's protocol. Jeeva Life Sciences, Hyderabad (Approval No: 
CCSEA/IAEC/JLS/21/04/24/027). Six rabbits were kept in a wire 
cage with free access to food and water, and were exposed to a 12-
hour cycle of light and a 12-hour interval of dark each day within an 
atmosphere of cleanliness, along with an ambient temp (20-25 °C). 
Rabbits of either sex (2–2.5 kg) were chosen at random and divided 
into two batches, each with 6. All groups received different 
treatments: one group received pure medication (8.82 mg/kg body 
weight), the second group received a validated optimized 
formulation (8.82 mg/Kg body weight) all animals were restricted 
for 12 h before the study started, and they only had intermittent 
availability of water and food while it was being conducted. 
Following the medication's administration. Blood was drawn from a 
marginal ear veinat predetermined frequencies about zero (pre-
dose), 1, 2, 4, 6, 8, 10, 12 and 14 h. During collection, the blood 
sample has been mixed thoroughly with heparin in order to prevent 
blood clotting. Plasma was separated by centrifugation of the blood 
at 5000 rpm in a cooling centrifuge for 5 min to 10 min and stored 
frozen at −20 °C until analysis [28]. 

Determination of RTZ in rabbit plasma by HPLC method 

C18 (250 mm×4.6 mm, 5μ) column at room temperature using 
potassium hydrogen phosphate buffer (pH adjusted to 6.0±0.1 with 
diluted potassium hydroxide solution), acetonitrile and methanol in 
the ratio of 50:35:15 v/v and at a flow rate of 1.0 ml/min, while UV 
detection was performed at 254 nm. The retention time for lopinavir 
(IS) and ritonavir was found to be 6.0±0.2 and 3.7±0.1 min, 
respectively [29]. 

Preparation of plasma samples for HPLC analysis 

Rabbit plasma (0.5 ml) was prepared for chromatography by 
precipitating proteins with 2.5 ml of ice-cold absolute ethanol for 
each 0.5 ml of plasma. After centrifugation, the ethanol was 
transferred into a clean tube. The precipitate was resuspended with 
1 ml of acetonitrile by vortexing for 1 min. After centrifugation 
(5000-6000 rpm for 10 min), the acetonitrile was added to the 
ethanol and the organic mixture was taken to near dryness by a 
steam of nitrogen at room temperature. Samples were reconstituted 
in 200 μl of 50% acetonitrile and 50% 0.1% orthophosphoric acid 
were injected for HPLC analysis [30]. 

RESULTS AND DISCUSSION 

Analytical method of RTZ 

The spectrophotometric method was determined by using 0.1N 
hydrochloric acid at 245 nm for the estimation of RTZ. The standard 
calibration curve was developed to show that the drug samples were 
linear for 0.009x+0.016 and had a high R2  value of about 0.998 over 
their concentration, ranging from 2-10 μg/ml.  

Drug excipient compatibility studies 

The FTIR analysis spectrum of RTZ showed characteristic peaks 
observed at 3328.39 cm-1 (-NH stretching) 2964.62 cm-1(-C-H 
stretching of alkanes) and 1704.31 cm-1 (C=O stretching), and 
1613.82. cm-1 to 1535 cm-1(-C=C aromatic stretching) follows 
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confirming the RTZ pure drug structure. The spectrum peaks of the 
physical were similar to those of the pure RTZ, clearly indicating that 

there is no change in characteristics with no drug and excipient 
interaction.

 

 

Fig. 1: FTIR spectra of RTZ 
 

 

Fig. 2: FTIR spectra of RTZ with a physical mixture DSC 
 

 

Fig. 3: DSC thermogram of pure RTZ 

 

The melting point of pure drug RTZ was determined to be between 50 
and 300 degrees celsius. The DSC thermograms of pure RTZ have a 
noticeable sharp peak at 121.3 °C, which corresponds to a pure RTZ 
melting point (120 °C – 122 °C). The DSC thermogram of the RTZ 
mixture (1:1) with methocel K100, ethyl cellulose, cetyl alcohol, and 
sodium bicarbonate also showed endothermic peaks at 151.8 °C, 
indicating no changes in the melting point of the RTZ mixture. The DSC 
observation indicates no interaction between the drug and the 
excipients used. 

Results of post-compression parameters 

Hardness 

The tablet exhibits a hardness from 4.2±0.37 to5.8±0.81 kg per cm2.  
It can be attributed to the cohesive properties imparted by these 
excipients. This hardness was found to be good enough to withstand 
handling. Data was provided below in table 4. These tablets have 
better hardness compared to the tablets formulated by G. Dias et al. 
(3.6±0.547 to 4.2±0.447) [31]. 
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Fig. 4: DSC thermogram of RTZ with physical mixture 

 

Friability 

As per USP, the recommended friability range for the tablet dosage forms 
is not more than (NMT 1.0 %). Each formulation was tested 3 times for 
friability, and the data is presented below in table 4. The friability data, 
0.43±0.08 to 0.88±0.09, revealed that the prepared tablets have good 
mechanical strength during manufacturing, packing, and shipping. These 
tablets have higher friability compared to the tablets formulated by K. R. 
Shankar et al. (0.29±0.005 to 0.82±0.015) [32] 

Weight variation 

The weight variation ranged from 292±1.9 to 310±2.5 mg/tab. The 
results meet the official pharmacopoeial standards shown in the 
following table 4. 

In vitro buoyancy studies 

The FLT of several tablets remained within the stated range of 
56±0.9 seconds to 105±0.3 seconds. Furthermore, the floating time 
varies amongst various floating tabs, greater than 12 h. These results 
show that the tablets floated satisfactorily and could stay buoyant 
over an extended time the outcomes are illustrated in table 4. 
ANOVA results of FLT were shown in table 5. 

Drug content uniformity 

The content uniformity of RTZ floating tablets ranged from 
96.01±1.34 to 99.58±1.63 mg/tab. The results obtained from this 
method are shown in the following table 4. The content uniformity 
was higher than the tablets made by Kiran R Set al., it has a content 
uniformity of 98.36 ±0.68 mg/tab [28]. 

SI 

The tablet exhibits an SI ranging from 65.58±1.4 to 89.53±1.6, the 
VO formula having a SI of 91.21±1.6, the results are represented in 
table 3. Swelling enables buoyancy and medication dissolution, 

notably in floating tablets, because polymer molecules make a gel 
layer as they come into contact with water, influencing drug release. 
As the quantity of methocel K100 M in the formulation increased, it 
increased the water intake capacity. The water content of the tablet 
has a significant effect on drug diffusion. The quantity of water in the 
system may have a significant impact on this due to the flexibility of 
the polymer chain. The rise in volume is used to soften the high-
water-content polymer chain, which successfully promotes network 
expansion. Higher moisture content may also suggest additional 
gastric fluid penetration into the tablet, which would lower the FLT 
by accelerating the release of carbon dioxide gas. Faster and larger 
tab swelling thus caused tab dimensions to increase, which in turn 
caused an expanding diffusion channel and, ultimately, a reduction 
in the diffusion rate. Rahamathulla M et al. reported initially 
significant drug release followed by gradually decreased drug 
release [33]. ANOVA results of SI was shown in table 6. 

In vitro drug release 

Fig. 6 to 8 illustrate the in vitro release profiles of RTZ floating 
tablets over time. The amount of drug released from the matrix 
tablets were determined by the nature of the polymers included in 
the formula. An increase in polymer content resulted in a viscous 
swelling layer, which increased the in vitro dissolution of RTZ from 
composition (F15). Contrastingly, the higher proportion of ethyl 
cellulose and methocel K100 influences higher drug release 
93.6±0.44% for 12 h (F15), due to faster-FLT and a greater degree of 
swelling and erosion of the hydrophilic polymer. The VO formulation 
had 95.76±0.75% of drug release. This drug release was in line with 
the tablets prepared by Krishnamurthy A et al., 2019. Their tablets 
had 94.3±3,2 % drug release [34]. ANOVA results of in vitro drug 
release are shown in table 7. The increasing order of drug 
dissolution of various floating formulations were shown below. 

VO>F15>F12>F14>F9>F6>F4>F10>F8>F16>F1>F7>F13>F11>F17>
F2>F5>F3.

 

  
At 0h At 12h 

Fig. 5: SI of VO formulation 
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Table 4: Post-compression measurements of RTZ floating tablet from F1 to F17 

S. No. Formulation Weight variation  
(mg/tab) 

Friability (%) Hardness (Kg/cm2) Total floating time (h’s) Drug content 

1 F1 300±2.5 0.85±0.09 4.8±0.45 >12 97.53±1.42 
2 F2 305±3.5 0.71±0.07 5.35±0.78 >12 96.66±1.28 
3 F3 295±1.7 0.68±0.06 4.5±0.95 >12 95.45±1.46 
4 F4 310±2.5 0.85±0.09 4.2±0.56 >12 97.50±0.87 
5 F5 292±1.9 0.51±0.05 5.2±0.42 >12 96.38±0.76 
6 F6 298±1.6 0.79±0.08 4.6±0.47 >12 98.19±1.03 
7 F7 302±3.4 0.68±0.05 4.8±0.54 >12 96.01±1.34 
8 F8 294±1.5 0.56±0.08 5±0.72 >12 97.13±1.35 
9 F9 300±2.5 0.72±0.05 5.8±0.47 >12 95.25±1.45 
10 F10 295±2.4 0.88±0.09 4.2±0.37 >12 97.37±0.89 
11 F11 305±1.2 0.45±0.06 4.6±0.45 >12 98.19±0.76 
12 F12 300±1.4 0.80±0.03 5.4±0.57 >12 96.16±1.05 
13 F13 300±1.1 0.78±0.05 5.8±0.81 >12 95.19±1.03 
14 F14 300±1.6 0.62±0.06 6.2±0.36 >12 98.15±1.04 
15 F15 300±2.1 0.59±0.07 6.5±0.44 >12 99.58±1.63 
16 F16 310±1.3 0.85±0.09 5.8±0.41 >12 97.23±1.25 
17 F17 298±1.8 0.43±0.08 4.6±0.58 >12 94.42±1.41 
18  VO 300±1.2 0.39±0.10 5.1±0.42 >12 99.08±1.30 

Results are given as mean±SD, n=3 

 

 

Fig. 6: In vitro drug release profiles of RTZ floating tablets F1 to F6 (Data are given as mean, n=3) 

 

 

Fig. 7: In vitro drug release profiles of RTZ floating tablets F7 to F12. Data are given as mean, n=3 

 

Drug release kinetics  

The in vitro drug release studies were analyzed using various kinetic 
models, including zero-order, first-order, higuchi, and Korsmeyer-

Peppas models. The results, as summarized in table 8, optimized 
formulation F15 and VO formulation showed zero-order drug 
release and super case-II, release controlled by polymer erosion and 
consistent with sustained release over 12 h. 
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Fig. 8: In vitro drug release profiles of RTZ floating tablets F12 to F17. Data are given as mean, n=3 

 

Table 8: Drug release kinetics of all formulations 

Formulation Correlation coefficient (r)  
Zero order First order Higuchi Peppas  N value 

F1 0.9610 0.7270 0.9982 1.367 0.630 
F2 0.9807 0.7567 0.9863 0.7984 0.515 
F3 0.9915 0.8039 0.9858 0.8537 0.6627 
F4 0.9609 0.7271 0.9970 0.7980 0.5340 
F5 0.968 0.853 0.975 1.12 0.895 
F6 0.9856 0.7636 0.9914 0.9725 1.082 
F7 0.9734 0.7487 0.9968 1.072 0.786 
F8 0.9607 0.7280 0.9979 1.085 0.873  
F9 0.9840 0.7619 0.9926 1.177 0.748 
F10 0.9609 0.7268 0.9981 1.156 0.876 
F11 0.9815 0.7926 0.9909 1.072 0.714 
F12 0.9892 0.7861 0.9810 1.154 0.763 
F13 0.9896 0.7829 0.9836 1.165 0.890 
F14 0.9644 0.7144 0.9981 1.096 0.914 
F15 0.9763 0.7608 0.9941 1.089 0.972 
F16 0.9610 0.7258 0.9980 0.970 0.928 
F17 0.9918 0.7881 0.9827 1.063 0.938 
VO 0.9932 0.8143 0.9820 1.061 0.968 

 

Comparative studies 

Comparative studies were conducted with marketed tablets (Cipla: 
Ritomune 100 mg) and the optimized formulation (F15). The 
commercial tablets released their entire contents within 3h. F15 

showed 93.6±0.44% drug release in 12 h, and the VO formulation 
had drug release of 95.6±0.20%at the end of 12 h. The dissolution 
profile of the marketed and optimized formulation (F15) and the 
VO formulation was presented in fig. 9. 

 

 

Fig. 9: In vitro drug release profiles of marketed RTZ, F15, validated optimized floating tablets. Data are given as mean, n=3 
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Table 5: ANOVA of FLT of RTZ floating tablets 

Source of variation Sum of squares df Mean square F-value Prob>F Result 

Model 2321.74 9 257.97 2.89 0.0043 Significant 
A-MethocelK100 220.5 1 220.5 2.47 0.0061  
B-Sodium bicarbonate 338 1 338 3.79 0.0001  
C-Ethylcellulose 800 1 800 8.97 0.0021  
AB 64 1 64 0.4250 0.0015  
AC 529 1 529 0.0451 0.0321  
BC 1 1 1 0.9187 0.0346  
A2 59.21 1 59.21 0.4421 0.0852  
B2 322.37 1 322.37 0.0991 0.0002  
C2 0.26 1 0.26 0.9582 0.08  
Residual 624.5 7 89.21    
Lack of Fit 624.5 3 208.17    
Pure Error 0 4 0    
Cor Total 2946.24 16     

All the values are expressed as mean±SD, where n=3, SD: Standard Deviation. df-Degree of freedom, P>0.05 indicates non-significance, P<0.05 
Indicates Significance, ANOVA-Analysis of Variance.  
 

Table 6: ANOVA of SI of RTZ floating tablets 

Source of variation Sum of squares df Mean square F Prob>F  

Model 806.16 9 89.57 50.99 0.0001 Significant 
A-MethocelK100 159.58 1 159.58 90.84 0.0001  
B-Sodium bicarbonate 0.57 1 0.57 0.32 0.5877  
C-Ethylcellulose 64.41 1 64.41 36.67 0.0005  
AB 9.92 1 9.92 5.65 0.0491  
AC 3.26 1 3.26 1.85 0.2155  
BC 6.28 1 6.28 3.57 0.1007  
A2 274.21 1 274.21 156.09 0.0001  
B2 43.12 1 43.12 24.54 0.0016  
C2 193.69 1 193.69 110.26 0.0001  
Residual 12.3 7 1.76    
Lack of Fit 12.3 3 4.1    
Pure Error 0 4 0    
Cor Total 818.46 16     

All the values are expressed as mean±SD, where n=3, SD: Standard Deviation. df-Degree of freedom, P>0.05 indicates non-significance, P<0.05 
Indicates Significance, ANOVA-Analysis of Variance.  

 

Table 7: ANOVA of in vitro drug release of RTZ floating tablets 

Source of variation Sum of squares df Mean square F-value Prob>F  
Model 390.16 9 43.35 14.33 0.001 significant 
A-MethocelK100 306.41 1 306.41 101.31 0.0001  
B-Sodium bicarbonate 0.47 1 0.47 0.16 0.705  
C-Ethylcellulose 47.19 1 47.19 15.6 0.0055  
AB 0.58 1 0.58 0.19 0.6753  
AC 10.4 1 10.4 3.44 0.1061  
BC 11.63 1 11.63 3.84 0.0907  
A2 3.95 1 3.95 1.31 0.2906  
B2 6.18 1 6.18 2.04 0.196  
C2 2.03 1 2.03 0.67 0.44  
Residual 21.17 7 3.02    
Lack of Fit 21.17 3 7.06    
Pure Error 0 4 0    
Cor Total 411.33 16     

All the values are expressed as mean±SD, where n=3, SD: Standard Deviation. df-Degree of freedom, P>0.05 indicates non-significance, P<0.05 
Indicates Significance, ANOVA-Analysis of Variance.  
 

Experimental design 

A mathematical polynomial equation was formulated using Design 
Expert software to quantitatively evaluate the impact of 
independent variables Y1, Y2, and Y3 at various combinations and 
levels on dependent responses. The analysis was carried out by 
utilizing the coded values of the independent factors. 

FLT (sec) Y1 

FLT(Y1) =-920.58+6.63A+26.53B+20.53C-0.10AB-
0.30AC+0.02BC+0.06A2-0.35B2-1.0C2 

In equation (Y1), the main effect A, B, and C, and their quadratic term 
A, and the interaction effect BC had positive regression coefficients. 
Interaction terms (AB, AC) and quadratic terms B and C had negative 
regression coefficients. Contour plot analysis indicates an inverse 
relationship between polymer concentration and FLT, with higher 
polymer levels yielding faster buoyancy. This effect can be attributed 
to the enhanced generation of effervescence at higher sodium 
bicarbonate concentrations, which accelerates the formation of 
pores and, in turn, promotes the rapid hydration of the sustained-
release layer of the tablets. The significance of each coefficient was 
assessed using p-values, as shown in table 5. The main effects of all 
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the selected independent variables were found to be highly 
significant, as demonstrated by their corresponding p-values. The 
negative sign indicates that increasing Methocel concentration 
decreases FLT; The combinatorial effects of AB, BC, and AC were also 
significant based on their p-values. These results suggest that the 
amount of A, B, and C and the combined effect of BC and the 
quadratic effect of A have a direct relationship for achieving a 
formulation that releases 93.6±0.44% of the drug in 12 h with a 
minimal FLT of 56±0.9 sec. Fig. 10 to 12 depict the effects of 
response 3D contour plots and surface plots, illustrating the 
influence of interaction terms on FLT. The mathematical model 
generated for FLT(Y1) was significant with an F-value of 2.89, 
indicating that the model is significant. There exists a 0.01% chance 
that a “Model F-value” this large might be occur to noise. value of 
"Prob>F" less than 0.0500 indicate model terms are significant. 

SI (Y2) 

An estimated F-value of 50.99 demonstrates that the fit of the model 
is significant in statistical terms. P-values lower than 0.0500 indicate 
that the corresponding parameters of the model are significant. The 
SI R-squared score of 0.9850 indicates a good association between 
each of the dependent and independent variables. 

SI =+1516.1-22.55A-8.41B-24.09C+0.04AB+0.02AC-
0.05BC+0.143A2+0.12B2+0.27C2 

The main effect of A, B, and C, the interaction effect of BC, shows a 
negative effect on the SI. The interaction terms of AB, AC, and the 
quadratic terms of A, B, and C show a positive effect. As the 
concentration of polymers increases SI also increases, so a high level 
of methocel K100 M and EC shows the maximum SI. Fig. 13 to 15 
depict the effects of response 3D contour plots and surface plots, 
illustrating the influence of interaction terms on the SI. The 
mathematical model generated for SI(Y2) was significant with an F-
value of 50.99, indicating that the model is significant. There exists a 
0.01% chance that a “model F-value” this large might occur to noise. 
value of "prob>F" less than 0.0500 indicate model terms are 

significant. 50 mg of ethyl cellulose, 80 mg of methocel K100, and 
33.38 mg of sodium bicarbonate show a good SI, as confirmed from 
response surface plots. 

% Drug release (Y3) 

The estimated F-value of 14.33demonstrates that the model is 
statistically significant, with only a 0.01% probability of such a large 
F-value occurring due to random noise. The % drug release R-
squared value of 0.9485. There is an excellent correlation among the 
variables that are both independent and dependent.  

% Drug release (Y3) =-164+1.69A+6.75B+1.91C-0.01AB+0.04AC-
0.06BC-0.01A2-0.04B2-0.02C2 

In equation (Y3), the main effects (A, B, C) and their interaction term 
AC had a positive effect. Interaction terms (AB and BC) and 
quadratic terms A, B, and C had negative regression coefficients. The 
contour and RSM plots depict the maximum drug release observed 
at methocel K100 M 80 mg, ethyl cellulose 50 mg, and sodium 
bicarbonate 50 mg. Fig. 16 to 18 depict the effects of response 3D 
contour plots and surface plots, illustrating the influence of 
interaction terms on percent drug release. The mathematical model 
generated for % drug release (Y3) was significant with an F-value of 
14.33, indicating that the model is significant. There exists a 0.01% 
chance that a “model F-value” this large might occur to noise. value 
of "Prob>F" less than 0.0500 indicate model terms are significant. 

As the concentration of a (methocel K100 M) increases, a denser gel 
network is formed, which can also slow down drug release. While 
the concentration of EC increases, showing reduced diffusion 
resistance, as the concentration of B increases, it shows unstable 
floating of the tablet due to rapid gas escape.  

To maintain the medication's release for a maximum of twelve 
hours, methocel K100 M and EC need to be carefully optimized by 
considering the polymer ratio. From the design matrix formula, F15 
shows a maximum percent release of 93.6±0.44after 12 h, which 
contains a high level of methocel K100 (80 mg), an intermediate 
level of NaHCO3 (30 mg), and a high level of EC (50 mg). 

 

 

Fig. 10: 3D RSM and contour plot (effect from methocel K100 M and sodium bicarbonate) on FLT 

 

 

Fig. 11: 3D RSM and contour plot (effect from methocel K100M and EC) on FLT 
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Table 9: Summary of regression findings with outputs Y1, Y2, and Y3 after fitting into a quadratic equation 

Analysis Predicted mean Adjusted R2 Predicted R2 SD %CV p-value F value 

FLT 87.53 0.5155 0.788 9.45 10.79 <0.0005 89.10 
SI 74.08 0.9657 0.9850 1.33 1.79 <0.0001 50.99 
Cumulative drug release 81.75 0.9736 0.8824 1.74 2.13 <0.0010 14.33 

 

 

Fig. 12: 3D RSM and contour plot (effect of sodium bicarbonate and EC) on FLT 

 

 

Fig. 13: Explains 3D RSM and contour plot (effect from methocel K100M and sodium bicarbonate) on SI 
 

 

Fig. 14: Explains 3D RSM and contour plot (effect from methocel K100M and EC) on SI 

 

 

Fig. 15: Explains 3D RSM and contour plot (effect from sodium bicarbonate and EC) on SI 
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Fig. 16: 3D RSM plot and contour plot (effect from methocel K100 M and sodium bicarbonate) on percentage drug release 

 

 

Fig. 17:3D RSM plot and contour plot (effect from methocel K100 M and EC) on percentage drug release 

 

 

Fig. 18: Explains 3D RSM and contour plot (effect of sodium bicarbonate and EC) on percentage drug release 

 

Validation and optimization 

The statistical regression equation originated by BBD was used for 
optimizing the RTZ floating tablet. The responses were examined, 
and a single checkpoint formulation was created. Table 10 displays 

the experimental and projected response values for the validation 
batch. Fig. 19 shows the ramp plots of VO formulation independent 
variable values. The validated batch contained methocel K100M 80 
mg, EC was 50 mg, and sodium bicarbonate was 33.38 mg. VO 
formulation shows 95.46±1.03% of drug release after 12 h. 

 

Table 10: Validation batch of independent variables and their dependent responses 

Independent variables Dependent variables 

Methocel K100 (A) Sodium bicarbonate (B) Ethyl cellulose (C) FLT (sec) (Y1) SI (%) (Y2) % drug release in12 h (Y3) 
80 33.38 50 53±0.5 91.21±1.6 95.46 ±1.03 

Results are given as mean±SD, n=3 
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Fig. 19: Ramps plots explain the VO formulation independent variable values 

 

Pharmacokinetics studies 

The pharmacokinetic analysis compared the behavior of the pure drug 
with the VO formulation after oral administration. The AUCs of pure drug 
and VO formulation after oral doses were found to be 60.77±7.5, 
91.65±8.2ug. h/ml, this increase in AUC demonstrates that the VO 
formulation improved drug absorption, resulting in approximately a 
1.5fold enhancement in bioavailability compared to the pure drug. VO 
formulation’s AUCs was in line with the tablets tested by Best BM et al., 

2019, which had AUC of 92.3±1.2ug. h/ml [35]. The Cmax for the VO 
formulation was discovered to be higher than that of pure drug, i. e. the 
VO formulation had a Cmax of 6.30±7.5ug/ml and pure drug 
4.10±7.5ug/ml, respectively. The VO formulation exhibited a longer 
Tmax compared to the pure drug, this delayed Tmax suggests that the 
formulation provided a controlled and sustained release of the drug 
rather than a rapid burst release. Which suggested that the release of the 
drug from the floating tablets was prolonged and sustained. Table 11 and 
fig. 20 show the complete pharmacokinetic parameters in this study. 

 

Table 11: Summary of pharmacokinetic parameters 

Parameter Pure RTZ VO Formulation 

AUC₀–₁₄ (µg·h/ml) 40.50±6.2 54.15±7.1 
AUC₀–∞ (µg·h/ml) 60.77±7.5 91.65±8.2 
Cmax (µg/ml) 4.10±7.5  6.30±7.5 
Tmax (h) 4.00±0.2 6.00±0.5 
Ke(h-1) 0.0888±0.0.5 0.0773±0.0.5 
t½ (h) 7.80±0.1 8.97±0.1 
Ka (h-1) 1.1586±0.02 0.4021±0.03 

Results are given as mean±SD, n=3 

 

 

Fig. 20: plasma concentration-time profile of a pure drug and VO formulation. Error bars indicate SD of triplicate 

 

CONCLUSION 

The present study successfully employed BBD to design and develop 
RTZ floating tablets by the direct compression method. RTZ tablets 
are successfully formulated to retain the tablet in the gastric region 
so that it increases gastric residence time and thereby enhances its 
bioavailability. The quality control parameters of the prepared 
tablets met the official IP tablet specifications. Prepared 
formulations were further subjected to statistical optimization to 
guarantee that they had met key dissolution, FLT and SI. Among the 
formulations VO formulation, which contained methocel K100 (80 

mg), sodium bicarbonate (33.38 mg), EC (50 mg), and cetyl alcohol 
15 mg demonstrated notably 95.46% of drug release in 12 h. The 
QBD technique determined the best combination of A, B, and C in the 
formula to produce the RTZ floating tablet that has the desired 
characteristics. 
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Floating Lag time = 56.0001

56 108

Swelling Index = 90.497
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% Drug release = 89.8698

72.5 93.6

Desirability = 0.915
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RTZ-Ritonavir, ANOVA-Analysis of Variance, BBD-Box-Behnken 
Design, CDDS-Controlled Drug Delivery Systems, CV-Coefficient of 
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GRDD-Gastro-retentive drug delivery, HIV-Human 
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