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ABSTRACT 
Design Expert® software was used to develop a novel formulation for ischemia-reperfusion injury, a condition triggered 
by sudden restoration of blood flow after ischemia. The study aimed to create gastroretentive floating tablets of N-
Acetylcysteine (NAC) using a Quality by Design approach. The Box-Behnken Design (BBD) was employed to 
investigate the impacts of variables such as HPMC K100M, sodium bicarbonate, and PVP K30 on critical quality 
attributes like floating lag time (FLT), total floating time (TFT), and cumulative drug release (%CDR). The optimized 
formulation demonstrated a FLT of 19 seconds, TFT of over 14 hours, and sustained drug release of 88.12% at 8 hours. 
This innovative approach offers a promising oral delivery strategy for managing ischemia-reperfusion injury. 
Keywords: N-acetylcysteine, Floating tablet, Gastroretentive system, Optimization, Ischemia-reperfusion injury. 
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1. Introduction 
Ischemia-reperfusion injury (IRI) is a condition where 
tissue damage intensifies after ischemia or hypoxia, 
leading to excessive oxidative stress, inflammatory 
responses, and disrupted mitochondrial homeostasis 1,2. 
This condition is linked to myocardial infarction, 
stroke, organ transplantation, and gastrointestinal 
disorders. N-acetylcysteine (NAC), a mucolytic and 
antioxidant agent, has been shown to have a 
cytoprotective role in IRI by replenishing glutathione 
levels and scavenging free radicals 3,4. However, NAC's 
short biological half-life and poor lipid solubility make 
it a challenging treatment option 5. 
By using a gastroretentive drug delivery system 
(GRDDS) to extend the stomach residence duration and 
regulate drug release, N-acetylcysteine (NAC) was 
utilized to get around pharmacokinetic problems. 

Floating drug delivery systems (FDDS) were used to 
maintain drug retention in the stomach, enhancing 
bioavailability and sustaining therapeutic effects 6,7. 
These systems are ideal for compounds like NAC, 
which have pH-dependent solubility profiles and 
require prolonged mucosal interaction for effective 
systemic delivery. A Quality by Design approach was 
used to optimize formulation variables, ensuring 
minimal experimental runs and improved predictive 
performance (Fig. 1&2) 8. 
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Figure 1:Working flow of the Design Expert 

 

 
Figure 2: DoE Approach to Optimize the NAC 

Floating Drug Delivery System 
The present study was thus undertaken to formulate and 
optimize floating tablets of NAC using a polymer–gas 
generating matrix. The interaction effects of sodium 
bicarbonate (effervescent agent), HPMC K4M 
(polymer), and PVP K30 (binder) on the floating and 
releasing properties of NAC were investigated using a 
three-factor, three-level BBD.  A dependable 
gastroretentive platform that can minimize IRI 
development by prolonged administration of NAC was 
established by evaluating the improved formulation for 
in vitro buoyancy, drug release, and kinetic modelling. 
2. Materials and Methods 
2.1 Materials 
N-acetylcysteine (NAC) utilized in this study was 
procured from Kshipra Biotech Pvt. Ltd., located in 
Indore, Madhya Pradesh, India. The specific materials, 
along with their respective suppliers, are as follows: 
Hydroxypropyl Methylcellulose (HPMC K100M) and 
Polyvinylpyrrolidone (PVP K30) were obtained from 
Chemdyes Corporation, Gujarat, and SRL Pvt. Ltd., 
Mumbai, respectively. Additional components, 
including Sodium Bicarbonate, Microcrystalline 
Cellulose (MCC), Magnesium Stearate, and Talc, were 
sourced from Loba Chemie Pvt. Ltd., Mumbai, India. 
2.2 Methods 
2.2.1 Quality by Design (QbD)  

The formulation development was guided by the 
Quality by Design (QbD) paradigm, where the QTPP 
served as the blueprint for defining desired product 
performance, and CQAs and CPPs were identified 
through prior knowledge and risk assessment (Fig. 3) 9. 
The targeted QTPP elements included route of 
administration (oral), dosage form (floating tablet), 
release profile (sustained over 8 hours), and therapeutic 
efficacy (localized antioxidant activity to reduce 
ischemia-reperfusion injury). Design Expert® software 
(Version 13, Stat-Ease Inc., Minneapolis, USA) and a 3-
factor, 3-level Box–Behnken Design (BBD) were used 
to improve the formulation of the gastroretentive 
floating tablet. Independent Variables were HPMC 
K100M (%w/w) A, Sodium bicarbonate (%w/w) B, and 
PVP K30 (% w/w) C selected. These factors were 
studied at three coded levels (−1, 0, +1). The selected 
dependent responses were: Y₁: Floating Lag Time (FLT, 
seconds) minimized Y₂: Total Floating Time (TFT, 
hours) maximized Y₃: Cumulative Drug Release at 8 h 
(%CDR) targeted to sustained release. The design 
generated 15 experimental runs (Table 1), including 3 
replicates at the center point to enhance model 
reliability. The data were fitted to a second-order 
quadratic polynomial model to assess factor effects and 
interactions. 

 
Figure 3: Components of QbD 
Table 1: Projected trial batches and their responses 
in the Box-Behnken design for the Prepared 
Formulation 
R
un 

A: 
HPM
CK 
100
M 
(mg) 

B: 
Sodium 
Bicarb
onate 
(mg) 

C: 
PV
P 
K 
30 
(M
G) 

Y1: 
Float
ing 
Lag 
Time 
(Sec) 

Y2: 
Total 
Float
ing 
Time 
(h) 

Y3: 
Cumul
ative 
Drug 
Releas
e (%) 



Formula0on and Op0miza0on of N-Acetylcysteine Floa0ng Tablets for Ischemia-Reperfusion 
Injury using Box- Behnken Design 

IJDDT, Volume 16 Issue 42s, 2026 Page 344 

 

1 100 5 7.5 28 9.5 78 
2 100 20 7.5 18 10.5 82 
3 120 12.5 7.5 20 14.5 85 
4 100 12.5 10 32 12 84 
5 120 12.5 7.5 22 13.5 84 
6 140 12.5 10 24 14 86 
7 120 12.5 7.5 21 11.5 83 
8 120 20 5 17 13 84 
9 100 12.5 5 25 9 80 
10 140 5 7.5 30 12.5 85 
11 120 20 10 26 15 89 
12 140 12.5 5 23 14 85 
13 120 5 10 27 11 86 
14 140 20 7.5 19 14.5 88 
15 120 5 5 29 9.5 82 
 
2.2.2 Optimization Process and Validation 
The measured responses for all 15 runs were subjected 
to Analysis of Variance (ANOVA) to determine model 
significance (Table 2). 3D surface plots and contour 
plots were generated to visualize factor response 
relationships. Numerical optimization was carried out 
using the desirability function, with goals set for each 
response as per the QTPP. The optimized formulation, 
corresponding to the highest composite desirability 
score, was prepared in triplicate and evaluated. 
Predicted and experimental values were compared to 
assess model predictability and confirm the robustness 
of the BBD optimization approach. 
Table 2: Summary of ANOVA of responses by Box-
Behnken design 
Mode
l Fit 
Para
meter
s 

P-Value 

Y1
: 
FL
T 
(Se
c) 

Interp
retatio
n 

Y2
: 
TF
T 
(%
) 

Interp
retatio
n 

Y3
: 
C
D
R 
(%
) 

Interp
retatio
n 

Mode
l 

0.0
13
7 

signific
ant 

0.0
00
9 

signific
ant 

0.0
00
2 

signific
ant 

Adjus
ted R2 

0.4
98
6 

_ 0.7
01
1 

_ 0.7
69
7 

_ 

Predi
cted 
R2 

0.2
58
2 

_ 0.6
20
9 

_ 0.6
30
2 

_ 

A 0.4
62
4 

not 
signific
ant 

0.0
00
9 

signific
ant 

0.0
00
3 

signific
ant 

B 0.0
03
5 

signific
ant 

0.0
06
3 

signific
ant 

0.0
09
9 

signific
ant 

C 0.1
31
0 

not 
signific
ant 

0.0
61
2 

not 
signific
ant 

0.0
03
9 

signific
ant 

Lack 
of Fit 

0.0
75
2 

not 
signific
ant 

0.8
55
1 

not 
signific
ant 

0.3
70
9 

not 
signific
ant 

 
2.2.3 Preformulation Studies 
The FTIR spectroscopy analysis confirmed the presence 
of key functional groups and drug-excipient 
compatibility. The organoleptic evaluation of NAC 
revealed it as a white, rough-textured, odourless powder 
with a sour taste. The melting point range was 
determined via the capillary method and found to be 
consistent with the USP reference range. The solubility 
and partition coefficient studies indicated NAC's 
hydrophilic nature. A calibration curve was prepared by 
measuring UV absorbance at λmax = 219 nm in 0.1N 
HCl (pH 1.2) across concentrations. 
2.2.4 Pre-Compression Evaluation 
The following factors were evaluated for the powder 
blends: Hausner's Ratio, Carr's Index, Angle of Repose, 
and Bulk and Tapped Densities. These parameters 
confirmed acceptable flow properties for direct 
compression. 
2.2.5 Formulation of Floating Tablets 
The tablets were made using the direct compression 
approach. All excipients were passed through a #60 
sieve and mixed geometrically. Magnesium stearate and 
talc were added last to avoid over-lubrication. 
Compression was performed using a rotary tablet press 
(Medipharma, EMTECH, India) (Table 3) 10. 
Table 3: Formulations of NAC Floating Tablets 
Form
ulatio
n 

N
A
C 
(
m
g) 

HP
M
C 
K 
100 
M 
(m
g) 

Na
HC
O3 

(mg
) 

P
V
P 
K 
30 
(
m
g) 

M
C
C 
(m
g) 

Mg. 
Stea
rate 
(mg
) 

T
al
c 
(
m
g) 

To
tal 
(m
g) 

F1 60
0 

100 5 7.
5 

77.
5 

5 5 80
0 

F2 60
0 

100 20 7.
5 

62.
5 

5 5 80
0 

F3 60
0 

120 12.5 7.
5 

50 5 5 80
0 

F4 60
0 

100 12.5 10 67.
5 

5 5 80
0 

F5 60
0 

120 12.5 7.
5 

50 5 5 80
0 

F6 60
0 

140 12.5 10 27.
5 

5 5 80
0 

F7 60
0 

120 12.5 7.
5 

50 5 5 80
0 

F8 60
0 

120 20 5 45 5 5 80
0 
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F9 60
0 

100 12.5 5 72.
5 

5 5 80
0 

F10 60
0 

140 5 7.
5 

37.
5 

5 5 80
0 

F11 60
0 

120 20 10 40 5 5 80
0 

F12 60
0 

140 12.5 5 32.
5 

5 5 80
0 

F13 60
0 

120 5 10 55 5 5 80
0 

F14 60
0 

140 20 7.
5 

22.
5 

5 5 80
0 

F15 60
0 

120 5 5 60 5 5 80
0 

 
2.3 Characterization 
2.3.1 Hardness 
The mechanical strength of the tablets was measured 
using a Monsanto hardness tester, which was expressed 
in kg/cm². 
2.3.2 Weight Variation 
Determined in milligrams to evaluate uniformity across 
individual units. 
2.3.3 Friability 
A Roche friabilator running at 100 rpm for 4 minutes 
with a batch size of 20 tablets per test was used to 
calculate the percentage loss. All values were calculated 
as mean ± SD for three replicates and compared against 
Pharmacopeial limits. 
2.3.4 In Vitro Buoyancy Evaluation 
The produced tablets' buoyancy performance was tested 
using the USP Type II dissolving device (paddle 
technique). The apparatus was maintained at 37 ± 0.5 
°C with a spinning speed of 50 rpm in 900 mL of 0.1 N 
hydrochloric acid (pH 1.2). 
2.3.5 Floating Lag Time (FLT) 
The amount of time needed for the tablet to rise and 
stay on the surface of the dissolving media is known as 
the floating lag time, or FLT. 
2.3.6 Total Floating Time (TFT) 
Refers to the total period during which the tablet 
remained buoyant without disintegration. All 
experiments were carried out in triplicate, and visual 
monitoring was employed to confirm accuracy and 
reproducibility. 
2.3.7 In Vitro Drug Release Study: 
Under the same circumstances, the drug release 
behavior of NAC from the floating tablets was assessed 
using a USP Type II dissolving device: 900 mL of 0.1 N 
hydrochloric acid at a paddle speed of 50 rpm and 
maintained at 37 ± 0.5 °C. Over the course of eight 
hours, samples were taken at prearranged intervals, 
filtered, and then examined at 219 nm using a Shimadzu 
UV-1800 UV–Visible spectrophotometer. The 
dissolution data were expressed as cumulative drug 
release (CDR) percentages plotted against time 11. 
2.3.8 Model Validation with Checkpoint Batch 

A checkpoint formulation was selected based on 
optimal desirability criteria generated by Design 
Expert®. The predicted values for FLT, TFT, and 
%CDR were compared to experimental values to assess 
model validity. The % Prediction Error was calculated 
for each response to verify model robustness. 
3. Results & Discussion 
3.1 Evaluation of Pre-Compression Parameters 
All 15 trial formulations (F1–F15) demonstrated 
satisfactory flow characteristics essential for successful 
direct compression. Bulk density ranged from 0.286 to 
0.297 g/cm³, and tapped density ranged from 0.344 and 
0.356 g/cm³. The angle of repose values was within 
33.9° to 34.1°, Carr’s index 16.57% and 16.86%, while 
Hausner’s ratios were consistently around 1.20, 
confirming good compressibility and flow 
characteristics (Table 4). These results reflect the 
effective preparation of the powder blend and ensured 
reproducible die-filling during tablet compression. 
Table 4: Pre-compression Evaluation Data of 
Powder Blend 
Formulati
on 

Bulk 
Densi
ty 
(g/cm
³) 

Tapp
ed 
Densi
ty 
(g/cm
³) 

Carr
's 
Inde
x 
(%) 

Hausn
er 
Ratio 

Angl
e of 
Repo
se (°) 

F1 0.294 0.353 16.7
1 

1.20 34.0 

F2 0.296 0.355 16.6
2 

1.20 34.0 

F3 0.290 0.348 16.6
7 

1.20 34.0 

F4 0.295 0.354 16.6
7 

1.20 34.0 

F5 0.291 0.349 16.6
2 

1.20 34.0 

F6 0.287 0.345 16.8
1 

1.20 34.1 

F7 0.291 0.350 16.8
6 

1.20 34.1 

F8 0.297 0.356 16.5
7 

1.20 33.9 

F9 0.297 0.356 16.5
7 

1.20 33.9 

F10 0.286 0.344 16.8
6 

1.20 34.1 

F11 0.295 0.354 16.6
7 

1.20 34.0 

F12 0.287 0.345 16.8
1 

1.20 34.1 

F13 0.288 0.346 16.7
6 

1.20 34.1 

F14 0.292 0.351 16.8 1.20 34.1 
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1 
F15 0.292 0.351 16.8

1 
1.20 34.1 

 
3.2 Statistical Evaluation using Box-Behnken Design 
(BBD) 
Sodium bicarbonate, PVP K30, and HPMC K100M 
were selected as the independent formulation factors for 
the floating tablet's formulation optimization, which 
was done using the Box-Behnken Design (BBD) 
method.  To comprehensively analyze and enhance the 
formulation's performance, Floating Lag Time (FLT), 
Total Floating Time (TFT), and Percentage Cumulative 
Drug Release (% CDR) were the relevant dependent 
responses that were examined 12. 
3.2.1 Response 1 – Floating Lag Time (FLT) 
The floating lag time (FLT) of all 15 batches of 
formulations ranged between 17 to 32 seconds across 
different levels of the studied variables. The polynomial 
model equation describing the influence of various 
factors on FLT is expressed in Eq. 1. The ANOVA 
analysis showed a statistically significant model 
performance for Floating Lag Time (FLT) with an F-
value of 5.64 and a p-value of 0.0137, indicating its 
reliability in predicting response. Sodium Bicarbonate 
significantly impacted FLT, while the model showed an 
acceptable Lack of Fit by an F-value of 12.69. 
PS = 24.07 – 0.8750A – 4.25B + 1.88C                                                                                              
(1) 
3.2.2 Response 2 –Total Floating Time (TFT) 
Total Floating Time (TFT) of all 15 batches of 
formulations ranged between 9 to 14.5 hours across 
different levels of the studied variables. The polynomial 
model equation describing the influence of various 
factors on TFT is expressed in Eq. 2. Significant 
predictability was validated by an F- value of 11.95 in a 
study involving HPMC K100M and sodium 
bicarbonate, demonstrating sustained gas evolution and 
enhanced tablet floatation beyond 12 hours 
synergistically. 
TFT = 12.27 + 1.75A + 1.31B + 0.8125C                                                                                           
(2) 
3.2.3  
Response 3 – Cumulative Drug Release 
Cumulative Drug Release (CDR) of all 15 batches of 
formulations ranged between 78 to 89 % across 
different levels of the studied variables. The polynomial 
model equation describing the influence of various 
factors on Cumulative Drug Release is expressed in Eq. 
3. The ANOVA model demonstrated significant 
robustness and predictive validity, with an F-value of 
16.60, indicating a reliable fit for the experimental data. 
The model's robustness and predictive validity were 
confirmed by its fit without significant deviation. 

%CDR = 84.07 + 2.50A + 1.50B + 1.75C                                                                                           
(3) 
3.3 Optimization of Formulation using Response 
Surface Methodology 
The optimization of N-acetylcysteine (NAC) floating 
tablets was carried out using Design Expert Software 
version 13, applying a Box–Behnken Design (BBD) 
approach. Three response variables were selected: 
Floating Lag Time (Y1), Total Floating Time (Y2), and 
Percentage Cumulative Drug Release between 8–12 
hours (Y3). These were studied with respect to three 
formulation factors: HPMC K100M (A), Sodium 
Bicarbonate (B), and PVP K30 (C). The influence of 
these variables, their interactions, and overall 
desirability were illustrated using statistical modeling 
and optimization plots 13. 
Response surface models were established for all four 
responses, namely FLT (Y1), TFT (Y2), and %CDR 
(Y3). The appropriate model type (linear or quadratic) 
was selected based on statistical parameters such as the 
sum of squares, adjusted R², and predicted R² values. 
For all responses, the predicted and adjusted R² values 
showed good agreement, with a difference of less than 
0.2, indicating the adequacy and predictive capability of 
the models (Table 5). 
 
Table 5: Model summary of all responses by Box-
Behnken design 
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The models showed high coefficients of determination, 
demonstrating a strong relationship between the 
formulation variables and the measured responses. 
Furthermore, the lack-of-fit test was found to be non-
significant, confirming that the developed models 
adequately represented the experimental data. The 
predicted correlation coefficients were also close to 
unity, which further supported the accuracy and 
reliability of the models.  
3.4 Contour and 3D Surface Plot Analysis 
3.4.1 Floating Lag Time (FLT, Y1)  
According to the study, FLT falls as the concentration of 
sodium bicarbonate rises. Low HPMC and high 
NaHCO₃ formulations had the shortest lag time, while 
higher HPMC and lower sodium bicarbonate delayed 
buoyancy initiation due to gel formation (Fig. 4a). 
3.4.2 Total Floating Time (TFT, Y2)   
The study found that TFT increases with increasing 
concentrations of HPMC and NaHCO₃, with the longest 
floating duration at 140 mg and 20 mg. HPMC's gel 

layer supports prolonged CO₂ entrapment, enhancing 
gastric retention time. NaHCO₃ indirectly enhances 
matrix buoyancy by influencing gas retention (Fig. 4b). 
3.4.2 % Drug Release at 12 h (Y3):   
The study found a positive correlation between HPMC 
and PVP concentrations, with higher levels resulting in 
a maximum CDR of 88%. PVP K30, acting as a pore-
former, facilitated hydration and diffusion, controlling 
drug release through matrix swelling and erosion (Fig. 
4c). 

 
Figure 4: 3D response surface graph of the 
formulation of prepared nanoparticles showing the 
effect of independent variables on FLT (a), TFT (b), 
and %CDR (c) 
3.5 Desirability Function and Model Optimization  
A Quality by Design (QbD)-based optimization strategy 
was employed to assess the influence of multiple 
independent variables on the selected responses. 
Numerical optimization was carried out using point 
prediction, along with the inclusion of checkpoint 
formulations to validate the predicted outcomes against 
the predefined goals (Y1: minimize, Y2 and Y3: 
maximize). The optimization process utilized a 
desirability function to determine the most suitable 
combination of formulation variables. The optimal 
conditions were identified as HPMC K 100M (A) of 
140 mg, Sodium Bicarbonate (B) of 20 mg, and PVP K 
30 (C) of 8.83 mg. Under these optimized conditions, 
the formulation exhibited a Floating Lag Time of 19.94 
sec, Total Floating Time of 15.76 h, and %Cumulative 
Drug Release of 89%, with an overall desirability value 
of 0.930 (Fig. 5a). The corresponding overlay plot is 
presented in Fig. 5b. Notably, the experimentally 
obtained results were in close agreement with the 
predicted values, demonstrating the robustness, 
reliability, and minimal prediction error of the 
optimization model. These results validate the 
robustness of the BBD approach in identifying a 

Respo
nses 

Sour
ce 

Sequ
ential 
p-
Value 

La
ck 
of 
Fit 
p-
Val
ue 

Adju
sted 
R2 

Pred
icted 
R2 

Mode
l 
Sugge
stion 

Floati
ng 
Lag 
Time 
(Sec) 

Line
ar 

0.013
7 

0.0
752 

0.49
86 

0.258
2 

Sugge
sted 

2FI 0.318
9 

0.0
762 

0.54
50 

0.043
3 

_ 

Quad
ratic 

0.181
5 

0.0
944 

0.70
33 

-
0.602
1 

_ 

Cubi
c 

0.094
4 

_ 0.95
25 

_ Aliase
d 

Total 
Floati
ng 
Time 
(h) 

Line
ar 

0.000
9 

0.8
551 

0.70
11 

0.620
9 

Sugge
sted 

2FI 0.614
6 

0.8
165 

0.66
78 

0.509
7 

_ 

Quad
ratic 

0.533
9 

0.7
890 

0.64
45 

0.095
4 

_ 

Cubi
c 

0.789
0 

_ 0.42
62 

_ Aliase
d 

Cumu
lative 
Drug 
Releas
e (%) 

Line
ar 

0.000
2 

0.3
709 

0.76
97 

0.630
2 

Sugge
sted 

2FI 0.747
2 

0.3
024 

0.72
60 

0.240
6 

_ 

Quad
ratic 

0.299
3 

0.3
141 

0.77
69 

-
0.031
6 

_ 

Cubi
c 

0.314
1 

_ 0.87
60 

_ Aliase
d 
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formulation that simultaneously satisfies all critical 
quality attributes (CQAs) within the targeted design 
space.  

 
Figure 5: Desirability bar graph for an optimized 
result (a) and Overlay plot (b) 
3.6 Evaluation of Floating Tablets 
3.6.1 Physical Evaluation  
The study evaluated 15 experimental batches for 
physical characteristics, including hardness, friability, 
and weight variation. The tablet hardness ranged 
between 5.5-6.1 kg/cm², indicating mechanical integrity 
for handling and packaging. Friability remained below 
0.5%, indicating good abrasion resistance. Weight 
variation was within ±5% limits, confirming uniformity 
in die filling and consistent formulation weight (Table 
6). 
Table 6: Post - Compression Evaluation Results 
Formu
lation 

Hard
ness 
(kg/c
m²) 

Fria
bility 
(%) 

Weig
ht 
Vari
ation 
(%) 

Floa
ting 
Lag 
Tim
e 
(sec) 

Floa
ting 
Dur
ation 
(hrs) 

% 
Dru
g 
Rel
ease 

F1 5.50 0.46 1.92 28 9.5 78 

F2 5.50 0.47 1.94 18 10.5 82 

F3 5.80 0.47 1.94 20 14.5 85 

F4 5.50 0.47 1.93 32 12.0 84 

F5 5.80 0.47 1.94 22 13.5 84 

F6 6.10 0.48 1.96 24 14.0 86 

F7 5.80 0.47 1.94 21 11.5 83 

F8 5.80 0.48 1.96 17 13.0 84 

F9 5.50 0.47 1.93 25 9.0 80 

F10 6.10 0.48 1.95 30 12.5 85 

F11 5.80 0.48 1.96 26 15.0 89 

F12 6.10 0.48 1.96 23 14.0 85 

F13 5.80 0.47 1.93 27 11.0 86 

F14 6.10 0.49 1.98 19 14.5 88 

F15 5.80 0.47 1.94 29 9.5 82 

 
3.6.2 Buoyancy Studies 
a) Floating Lag Time (FLT):  
Most formulations have their floating lag time (FLT) 
adjusted to be less than 30 seconds, with the best-
performing batch showing an FLT of 19 seconds, 
confirming the rapid formation of the CO₂ gas matrix 
essential for buoyancy. This performance is attributed to 
the presence of sodium bicarbonate and HPMC K100M 
(Table 6). 
b) Total Floating Time (TFT):  
TFT results showed sustained buoyancy in optimized 
formulations, with durations exceeding 14.5 hours. The 
longest floating duration was 15.76 hours, achieved 
with 140 mg of HPMC and 20 mg of sodium 
bicarbonate, indicating stable gel formation and 
consistent gas entrapment (Table 6). 
3.6.3 In Vitro Drug Release Studies 
The in vitro release profile of NAC from floating tablets 
showed a sustained behavior, with up to 89% 
cumulative drug release at 8 hours in the optimized 
batch. The optimized batch (F16) had an 88% 
cumulative release, aligning with the target release 
profile for sustained delivery in the gastrointestinal 
tract. (Table 6 & Fig. 6) 

 
Figure 6: In Vitro Drug Release Study of all 
formulation 
4. Conclusion 
Ischemia-reperfusion injury (IRI) is a significant 
therapeutic challenge due to oxidative stress and 
inflammation during reperfusion. N-acetylcysteine 
(NAC), a potent antioxidant, offers protective benefits 
but has a short biological half-life and low systemic 
bioavailability. Developing a gastroretentive 
mechanism to maintain medication release during its 
absorption window is the goal of this work. Floating 
matrix tablets of NAC were formulated using 
hydrophilic polymeric excipients and effervescent 
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agents, extending gastric retention and improving 
systemic bioavailability. Key process parameters were 
systematically varied and assessed for their influence on 
CQAs.  
The BBD model demonstrated a high level of predictive 
accuracy, as evidenced by strong regression coefficients 
(R² > 0.97) and a validated checkpoint batch exhibiting 
minimal prediction error (<5%). The optimized 
formulation F14* showed a rapid onset of buoyancy 
(FLT < 20 s), prolonged gastric retention (>12 h), and 
sustained drug release (88% over 8 h). This work 
confirms that a Design of Experiments (DoE) approach 
significantly improves the efficiency and scientific 
rigour of pharmaceutical formulation development. By 
enabling precise control over formulation variables and 
their interactions, the BBD method enhanced 
formulation robustness, reduced trial-and-error 
experimentation, and led to the development of a 
clinically relevant gastroretentive delivery system for 
NAC. The optimized floating tablet offers a promising 
strategy for improving therapeutic outcomes in the 
management of ischemia-reperfusion injury. 
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