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ABSTRACT: 
Background: Hydrophilic polymeric matrices provide a practical approach for achieving sustained drug release, 
although optimization of polymer composition is required to obtain the desired dissolution profile. Objective: This 
study aimed to develop and optimize Fosinopril Sodium sustained-release matrix tablets using HPMC K4M and 
sodium carboxymethyl cellulose (SCMC) and to evaluate the applicability of a 3² full factorial design for 
formulation optimization. Methods: HPMC K4M and SCMC were investigated as two independent formulation 
variables at three concentration levels, generating nine experimental formulations (F1–F9). The prepared tablets 
were evaluated for pre-compression and post-compression characteristics and subjected to in-vitro dissolution 
testing for 12 h. The dissolution-time responses t₁₀%, t₅₀%, t₇₅%, and t₉₀% were analyzed using second-order 
polynomial regression and response-surface methodology. Checkpoint formulations were used to compare predicted 
and experimentally observed responses. Results: The factorial formulations showed distinct dissolution behaviors 
across the investigated formulation space. F4, containing 30 mg HPMC K4M and 40 mg SCMC, was identified as 
the optimized formulation and exhibited t₁₀%, t₅₀%, t₇₅%, and t₉₀% values of 0.350, 2.268, 4.537, and 7.530 h, 
respectively. Checkpoint validation demonstrated prediction errors below 2% for all evaluated dissolution responses, 
supporting the predictive performance of the developed models. The dissolution profile of F4 was comparable to 
that of the marketed formulation, with a difference factor (f₁) of 1.543 and a similarity factor (f₂) of 89.561. 
Conclusion: The 3² factorial design provided a systematic basis for evaluating the combined effects of HPMC K4M 
and SCMC and identifying an optimized Fosinopril Sodium matrix formulation with sustained in-vitro drug release 
over 12 h. Further stability and in-vivo studies are warranted to establish its long-term and pharmacokinetic 
performance. 
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optimization; Drug release; Response surface analysis 
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1. Introduction 
1.1 Sustained-release oral drug delivery 
Sustained-release oral dosage forms are designed to 
regulate drug release over an extended period and 
thereby provide more prolonged therapeutic exposure 
than conventional immediate-release formulations[1], 
[2]. Such systems can help reduce the frequency of 
administration and may improve dosing convenience 
and patient adherence[3]. Matrix-based delivery 
systems are particularly attractive because they can 
be prepared using relatively simple manufacturing 
approaches while providing predictable control of 
drug release through appropriate selection and 
concentration of matrix-forming polymers[4], [5]. 
1.2 Fosinopril Sodium as a formulation candidate 

Fosinopril Sodium is an orally administered 
angiotensin-converting enzyme inhibitor used in the 
management of hypertension and related 
cardiovascular conditions[6], [7], [8]. The 
development of a sustained-release matrix 
formulation provides an opportunity to investigate 
controlled drug release from a hydrophilic polymeric 
system[9], [10]. The physicochemical characteristics 
of Fosinopril Sodium, including its solubility and 
partition behavior, are relevant to the design of an 
oral modified-release dosage form[11], [12]. 
Therefore, systematic selection of suitable matrix-
forming polymers is important for obtaining the 
desired release characteristics[13], [14]. 
1.3 Hydrophilic matrix systems 
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Hydrophilic polymers are widely used to develop 
sustained-release matrix tablets because they form a 
hydrated polymeric barrier following contact with the 
dissolution medium[10], [15], [16]. HPMC K4M and 
sodium carboxymethyl cellulose (SCMC) are 
hydrophilic polymers capable of absorbing aqueous 
media, swelling, and contributing to gel-layer 
formation[17]. The resulting hydrated matrix can 
regulate drug movement by increasing diffusional 
resistance and through gradual matrix erosion[18], 
[19]. In the present study, these properties were 
utilized to investigate the ability of HPMC K4M and 
SCMC to modulate the release of Fosinopril Sodium. 
1.4 Need for systematic formulation optimization 
Conventional formulation development based 
primarily on trial-and-error approaches may require 
numerous experimental batches and may not 
adequately reveal the individual and combined 
effects of formulation variables[20], [21]. Design of 
Experiments (DoE) provides a systematic approach 
for evaluating formulation variables and their 
interactions[20], [22]. A factorial design is 
particularly useful because multiple variables can be 
investigated simultaneously using a defined set of 
experimental combinations[23], [24]. 
1.5 Rationale for the Present Study 
A systematic investigation of the combined influence 
of HPMC K4M and SCMC concentrations on the 
dissolution characteristics of Fosinopril Sodium 
matrix tablets was undertaken using a 3² full factorial 
design. The factorial approach enabled simultaneous 
evaluation of the two polymer variables at three 
concentration levels and assessment of their 
individual and interactive effects on the dissolution-
time responses. 
It was hypothesized that systematic variation of 
HPMC K4M and SCMC concentrations would 
produce measurable changes in the dissolution-time 
responses and that their combined effects could be 
described using a 3² factorial model. 
1.6 Study objective 
The objective of the present study was to develop and 
optimize Fosinopril Sodium sustained-release matrix 
tablets using HPMC K4M and SCMC as formulation 
variables through a 3² full factorial experimental 
design, with dissolution parameters used as the 
principal responses. 
 
2. Materials and Methods 
2.1 Materials 
2.1.1 Active pharmaceutical ingredient 
Fosinopril Sodium was obtained as a gift sample 
from Simson Pharma Limited, Mumbai, India. 
2.1.2 Excipients and chemicals 
Hydroxypropyl methylcellulose K4M (HPMC K4M), 
sodium carboxymethyl cellulose (SCMC), lactose 

monohydrate, and magnesium stearate were procured 
from Sigma-Aldrich, St. Louis, MO, USA. 
Analytical-grade acetone and hydrochloric acid (HCl) 
were purchased from Merck KGaA, Darmstadt, 
Germany, while methanol of HPLC/analytical grade 
was obtained from Sigma-Aldrich, USA. All 
chemicals and reagents were used as received without 
further purification. 
2.2 Preformulation Studies 
Preformulation studies were performed to 
characterize Fosinopril Sodium and to assess its 
suitability for incorporation into the sustained-release 
matrix system. The studies included organoleptic 
evaluation, melting point determination, solubility 
assessment, partition coefficient determination, 
Fourier-transform infrared spectroscopy (FTIR), 
drug–excipient compatibility assessment, and UV–
visible spectrophotometric characterization. In the 
present formulation-focused study, the 
preformulation investigations were primarily used to 
confirm the identity and compatibility of the drug 
with the selected excipients and to establish an 
analytical procedure for quantitative determination of 
Fosinopril Sodium during dissolution testing. 
2.2.1 FTIR Characterization and Drug–Excipient 
Compatibility 
FTIR spectroscopy was performed to characterize 
Fosinopril Sodium and assess its compatibility with 
the selected matrix-forming polymers, HPMC K4M 
and SCMC. The FTIR spectrum of Fosinopril 
Sodium was recorded over the range of 4000–500 
cm⁻¹ and showed characteristic absorption bands 
corresponding to its principal functional groups[25], 
[26]. A prominent absorption band in the 1725–1705 
cm⁻¹ region was attributed to carbonyl (C=O) 
stretching, consistent with the characteristic spectral 
features of Fosinopril Sodium[27]. 
The physical mixtures of Fosinopril Sodium with 
HPMC K4M and SCMC retained the characteristic 
absorption bands of the drug and respective 
polymers. The SCMC-containing mixture showed 
characteristic bands in the 3400–3200 cm⁻¹, 2950–
2850 cm⁻¹, 1730–1700 cm⁻¹, 1600–1500 cm⁻¹, and 
1300–1000 cm⁻¹ regions, corresponding to the 
principal functional groups of the formulation 
components. 
Similarly, the characteristic absorption bands 
associated with HPMC K4M were retained in the 
Fosinopril Sodium–HPMC K4M physical mixture, 
with no significant disappearance or alteration of the 
principal bands reported. Overall, no significant 
shifts, disappearance of characteristic bands, or 
appearance of new bands were observed in the drug–
polymer physical mixtures, suggesting the absence of 
detectable chemical interactions between Fosinopril 
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Sodium and HPMC K4M or SCMC under the 
conditions investigated. 
2.2.2 UV–Visible Spectrophotometric Method 
UV–visible spectrophotometry was used for 
quantitative determination of Fosinopril Sodium in 
the dissolution samples. A calibration curve was 
prepared using standard Fosinopril Sodium solutions 
over the concentration range established in the thesis, 
and the resulting relationship was used to calculate 
drug concentration in the dissolution samples. The 
analytical procedure was used as a supporting method 
for quantification of drug release rather than as an 
independent objective of the present formulation 
study. 
The organoleptic characteristics, melting point, 
solubility, and partition coefficient of Fosinopril 
Sodium were evaluated during preformulation; 
however, these preliminary investigations are not 
discussed separately because they did not constitute 
independent formulation variables or study objectives 
in the present factorial optimization study. 
2.3 Statistical Analysis 
The experimental data obtained from the nine 
factorial formulations were analyzed using a 3² full 
factorial design to evaluate the effects of HPMC 
K4M (X₁) and SCMC (X₂) concentrations on the 
dissolution-time responses, namely t₁₀%, t₅₀%, t₇₅%, 
and t₉₀%. Second-order polynomial regression models 
incorporating linear, interaction (X₁X₂), and quadratic 
(X₁² and X₂²) terms were used to describe the 
relationship between the formulation variables and 
the measured responses[28]. Analysis of variance 
(ANOVA) was used to assess the statistical 
significance of the fitted regression models, with p < 
0.05 considered statistically significant. Response-
surface methodology was used to visualize the 
combined influence of the two polymer variables on 
the dissolution responses and to support formulation 
optimization[29], [30]. 
The predictive performance of the developed 
regression models was further assessed using the 
checkpoint formulations C1 and C2 by comparing the 
predicted and experimentally observed dissolution 
responses and calculating the percentage prediction 
error. The optimized formulation was selected based 
on the experimentally defined dissolution-
performance criteria and comparison of the responses 
within the investigated formulation space. Where 
applicable, model-generated predictions were 
compared with experimental observations to assess 
the adequacy of the optimization approach. 
For comparison of the optimized formulation with the 
marketed formulation, the dissolution profiles were 
evaluated using the model-independent difference 
factor (f₁) and similarity factor (f₂)[31], [32], [33]. 
The factors were calculated from the corresponding 

dissolution data using the standard equations, with 
the comparison based on the specified common 
sampling time points. A low f₁ value and a high f₂ 
value were interpreted as indicating greater similarity 
between the dissolution profiles. All experimental 
measurements were reported as mean ± standard 
deviation where applicable. 
3. Experimental Design 
3.1 Selection of Formulation Variables 
A statistical experimental design was employed to 
systematically investigate the influence of polymer 
concentration on the sustained-release performance 
of Fosinopril Sodium matrix tablets. HPMC K4M 
and sodium carboxymethyl cellulose (SCMC) were 
selected as the independent formulation variables 
because of their established roles in hydrophilic 
matrix formation and modulation of drug release. 
Upon hydration, hydrophilic polymers can form a gel 
layer that influences drug transport through a 
combination of diffusion, swelling, and matrix 
erosion mechanisms[34].  
HPMC K4M was designated as X₁, while SCMC was 
designated as X₂. Each polymer was investigated at 
three concentration levels, represented by the coded 
values −1, 0, and +1. For HPMC K4M, the selected 
concentrations were 10%, 15%, and 20% w/w of the 
total tablet weight. The same concentration levels 
were used for SCMC. 
Table 1 (a): Independent formulation variables 
and their coded levels 

Variable −1 0 1 

X₁: HPMC K4M (% 
w/w) 

10 15 20 

X₂: SCMC (% w/w) 10 15 20 

3.2 3² Full Factorial Design 
A three-level, two-factor (3²) full factorial design was 
employed to systematically investigate the effects of 
HPMC K4M and SCMC concentrations on the 
sustained-release characteristics of Fosinopril 
Sodium matrix tablets. HPMC K4M (X₁) and SCMC 
(X₂) were selected as the two independent 
formulation variables. Each variable was investigated 
at three concentration levels, corresponding to code 
values of −1, 0, and +1 for the low, intermediate, and 
high levels, respectively. The combination of the 
three levels of each factor generated nine 
experimental formulations (F1–F9). Full factorial 
designs permit simultaneous evaluation of the main 
effects of formulation variables as well as their 
interaction effects and are commonly used in 
pharmaceutical formulation optimization[35], [36]. 
The factorial design enabled simultaneous evaluation 
of the individual effects of HPMC K4M and SCMC 
and their combined influence on the dissolution 
behavior of the matrix tablets. The experimental 
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responses obtained from the nine formulations were 
subsequently used for regression analysis, response-
surface analysis, and formulation optimization[37]. 
Table 1 (b): Experimental design matrix for the 3² 
full factorial design 

Formulation 
X₁: HPMC 
K4M 

X₂: SCMC 

F1 1 1 

F2 1 0 

F3 1 −1 

F4 0 1 

F5 0 0 

F6 0 −1 

F7 −1 1 

F8 −1 0 

F9 −1 −1 

Table 1 a & b Experimental design matrix for the 3² 
full factorial design used for formulation 
development. X₁ represents HPMC K4M 
concentration and X₂ represents SCMC 
concentration. The coded levels −1, 0, and +1 
correspond to the low (10%), intermediate (15%), 
and high (20%) polymer concentration levels, 
respectively. 
The corresponding actual quantities of HPMC K4M 
and SCMC used in the nine formulations were 20, 30, 
and 40 mg per tablet, corresponding to 10%, 15%, 
and 20% w/w, respectively. The two polymers were 
varied according to the factorial combinations shown 
in Table 1, while the total tablet weight was 
maintained at 200 mg by adjustment of lactose 
monohydrate. 
Drug–Excipient Compatibility was assessed by 
Fourier-transform infrared (FTIR) spectroscopy to 
evaluate the potential compatibility of Fosinopril 
Sodium with the selected matrix-forming polymers. 
The FTIR assessment did not indicate any major 
incompatibility between the drug and the formulation 
components under the conditions investigated. As the 
present study primarily focused on factorial 
formulation optimization and dissolution behavior, 
the FTIR findings were used only as a preliminary 
compatibility assessment and were not considered as 
independent evidence of formulation performance. 
4. Formulation Development 
4.1 Preparation of Matrix Tablets 
Fosinopril Sodium sustained-release matrix tablets 
were prepared by the direct-compression technique. 
Each formulation contained 20 mg of Fosinopril 
Sodium. HPMC K4M and sodium carboxymethyl 

cellulose (SCMC) were selected as the matrix-
forming polymers, lactose monohydrate was used as 
the diluent, and magnesium stearate was incorporated 
as the lubricant. The concentrations of HPMC K4M 
and SCMC were varied according to the 3² full 
factorial design, while the drug dose and total tablet 
weight were maintained constant. 
For each formulation, Fosinopril Sodium, HPMC 
K4M, SCMC, and lactose monohydrate were 
accurately weighed and passed through an 
appropriate sieve to obtain a uniform powder 
mixture. The components were subsequently blended 
to achieve homogeneous distribution of the drug and 
matrix-forming polymers. Magnesium stearate was 
then incorporated during the final blending stage to 
facilitate powder flow and reduce friction during 
compression. The resulting powder blend was 
compressed using a suitable tablet compression 
machine to obtain tablets with a target weight of 200 
mg. 
The prepared tablets were collected and evaluated for 
their physical and pharmaceutical quality attributes, 
including appearance, weight variation, thickness, 
hardness, friability, and drug-content uniformity. The 
tablets were subsequently subjected to in-vitro 
dissolution testing to investigate the influence of 
polymer concentration on the sustained-release 
behavior of Fosinopril Sodium. 
4.2 Composition of Fosinopril Sodium Sustained-
Release Matrix Tablets 
Nine formulations (F1–F9) were prepared according 
to the 3² full factorial design. HPMC K4M and 
SCMC were incorporated at 10%, 15%, and 20% 
levels, corresponding to the coded levels −1, 0, and 
+1, respectively. The amount of lactose monohydrate 
was adjusted to maintain a constant tablet weight of 
200 mg, while magnesium stearate was maintained at 
4 mg per tablet. The formulation composition is 
presented in Table 2. 
Table 2: Composition of Fosinopril Sodium 
sustained-release matrix tablets 
Ingredi
ent 
(mg/tab
let) 

F
1 

F
2 

F
3 

F
4 

F
5 

F
6 

F
7 

F
8 

F
9 

Fosinop
ril 
Sodium 

2
0 

2
0 

2
0 

2
0 

2
0 

2
0 

2
0 

2
0 

2
0 

HPMC 
K4M 

4
0 

4
0 

4
0 

3
0 

3
0 

3
0 

2
0 

2
0 

2
0 

SCMC 
4
0 

3
0 

2
0 

4
0 

3
0 

2
0 

4
0 

3
0 

2
0 

Lactose 
monohy
drate 

9
6 

1
0
6 

1
1
6 

1
0
6 

1
1
6 

1
2
6 

1
1
6 

1
2
6 

1
3
6 
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Magnes
ium 
stearate 

4 4 4 4 4 4 4 4 4 

Total 
2
0
0 

2
0
0 

2
0
0 

2
0
0 

2
0
0 

2
0
0 

2
0
0 

2
0
0 

2
0
0 

Table 2 Composition of Fosinopril Sodium sustained-
release matrix tablets prepared according to the 3² 
full factorial designs. Fosinopril Sodium and 
magnesium stearate were maintained at 20 and 4 mg 
per tablet, respectively, while HPMC K4M and 
SCMC concentrations were varied systematically. 
Lactose monohydrate was adjusted accordingly to 
maintain a total tablet weight of 200 mg. 
The formulation design provided systematic variation 
of the two matrix-forming polymers while 
maintaining a constant Fosinopril Sodium dose and 
total tablet weight. HPMC K4M was investigated at 
20, 30, and 40 mg per tablet, corresponding to 10%, 
15%, and 20% w/w, respectively, while SCMC was 
varied at 20, 30, and 40 mg per tablet. This 
formulation arrangement enabled evaluation of the 
individual and combined effects of the two polymers 
on tablet characteristics and drug-release behavior 
within the factorial experimental design. 
4.3 Manufacturing Controls 
During preparation, particular attention was given to 
achieving uniform distribution of Fosinopril Sodium 
and the matrix-forming polymers before 
compression. Uniform blending is important because 
differences in component distribution can affect 
tablet weight uniformity, drug content, mechanical 
properties, and drug-release behavior. 
Magnesium stearate was incorporated at the final 
blending stage to minimize its potential influence on 
powder bonding and tablet mechanical properties, 
particularly when excessive or prolonged lubrication 
is avoided. 
The resulting tablets were visually inspected before 
further evaluation. All nine formulations were 
subsequently subjected to the specified 
physicochemical and mechanical evaluations, as 
described in the following sections. 
 
5. Evaluation of Powder Blends 
Prior to compression, the powder blends of 
formulations F1–F9 were evaluated for their 
micromeritic properties, including bulk density, 
tapped density, Carr’s compressibility index, Hausner 
ratio, and angle of repose. All determinations were 
performed in triplicate, and the results were 
expressed as mean ± standard deviation where 
applicable. Bulk density was determined from the 
mass and untapped volume of the powder blend, 
whereas tapped density was determined after 
mechanical tapping to constant volume. Carr’s 

compressibility index and Hausner ratio were 
calculated from the corresponding bulk and tapped 
density values. The bulk and tapped density values 
reported for F1–F9 ranged from 2.65 to 2.86 g/cm³ 
and 3.70 to 6.50 g/cm³, respectively. Carr’s 
compressibility index ranged from 23.51% to 
43.61%, while the Hausner ratio ranged from 1.30 to 
1.77. The pre-compression properties of the nine 
formulations are summarized in Table 3. 
5.1 Bulk Density 
Bulk density was determined by measuring the 
volume occupied by a known mass of powder before 
mechanical tapping. It was calculated as the ratio of 
the powder mass to its initial untapped volume. 
5.2 Tapped Density 
Tapped density was determined after mechanical 
tapping of a known quantity of powder until a 
constant volume was obtained. It was calculated from 
the powder mass and final tapped volume. 
5.3 Carr’s Compressibility Index 
Carr’s compressibility index was calculated from the 
reported bulk and tapped density values using the 
standard relationship between these two parameters. 
The calculated values for formulations F1–F9 ranged 
from 23.51% to 43.61%. Because replicate-level bulk 
and tapped density measurements were not available 
for calculation of variability, Carr’s index values are 
reported as calculated single values rather than as 
mean ± standard deviation. 
5.4 Hausner Ratio 
The Hausner ratio was calculated from the reported 
tapped and bulk density values and was used as an 
indicator of powder packing and cohesiveness. The 
calculated values for formulations F1–F9 ranged 
from 1.30 to 1.77. As replicate-level density data 
were not available, the Hausner ratio values are 
presented as calculated single values without 
standard deviation. 
5.5 Angle of Repose 
The angle of repose was determined using the fixed-
funnel method by measuring the height and radius of 
the resulting powder cone. The determination was 
performed in triplicate. The angle of repose, together 
with bulk density, tapped density, Carr’s 
compressibility index, and Hausner ratio, was used to 
characterize the flow and packing properties of the 
powder blends. 
Table 3: Pre-compression properties of Fosinopril 
Sodium matrix tablet formulations 

Formulat
ion 

Angl
e of 
repo
se 
(°) 

Bulk 
densi
ty 
(g/c
m³) 

Tapp
ed 
densi
ty 
(g/cm
³) 

Carr
’s 
inde
x 
(%) 

Hausn
er 
ratio 
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F1 
25 ± 
2 

2.83 
± 
0.05 

3.70 
± 
0.30 

23.5
1 

1.3 

F2 
27 ± 
2 

2.75 
± 
0.04 

4.50 
± 
0.50 

29.4
8 

1.41 

F3 
29 ± 
3 

2.77 
± 
0.05 

5.10 
± 
0.20 

32.4
3 

1.48 

F4 
30 ± 
1 

2.72 
± 
0.03 

4.50 
± 
0.30 

35.2
3 

1.54 

F5 
28 ± 
2 

2.76 
± 
0.02 

4.10 
± 
0.10 

32.6
8 

1.48 

F6 
29 ± 
2 

2.78 
± 
0.05 

4.10 
± 
0.20 

32.1
9 

1.47 

F7 
30 ± 
2 

2.82 
± 
0.03 

5.50 
± 
0.30 

37.3
3 

1.59 

F8 
28 ± 
1 

2.65 
± 
0.02 

4.70 
± 
0.30 

43.6
1 

1.77 

F9 
27 ± 
1 

2.86 
± 
0.05 

6.50 
± 
0.10 

36.4
4 

1.57 

Values are presented as mean ± standard deviation 
where applicable. Carr’s compressibility index and 
Hausner ratio were calculated from the reported bulk 
and tapped density values and are therefore 
presented as calculated values without standard 
deviation. 
The powder blends showed angle-of-repose values 
ranging from 25° to 30°, while bulk density ranged 
from 2.65 to 2.86 g/cm³ and tapped density from 3.70 
to 6.50 g/cm³. Carr’s compressibility index ranged 
from 23.51% to 43.61%, whereas the Hausner ratio 
ranged from 1.30 to 1.77. F1 exhibited the lowest 
Carr’s index and Hausner ratio, whereas F8 showed 
the highest values for both parameters. 
The observed variation in packing and 
compressibility characteristics among the 
formulations may be related to differences in the 
proportions of the hydrophilic matrix-forming 
polymers. These differences were reflected in the 
measured bulk and tapped densities and the 
corresponding compressibility indices and Hausner 
ratios. Overall, the powder blends were processed 
using the reported direct-compression approach and 
subsequently used for preparation of the matrix 
tablets. 
6. Evaluation of Prepared Matrix Tablets 
The prepared Fosinopril Sodium sustained-release 
matrix tablets were evaluated for appearance, weight 

variation, thickness, hardness, friability, and drug-
content uniformity. The results for formulations F1–
F9 are summarized in Table 4. 
6.1 Appearance 
All prepared matrix tablets exhibited an intact and 
uniform appearance without visible cracks, capping, 
or other major physical defects. 
6.2 Weight Variation 
The mean tablet weight of formulations F1–F9 
ranged from 199.22 ± 0.32 to 202.11 ± 0.15 mg, 
indicating relatively low variation among the 
prepared batches. 
6.3 Thickness 
Tablet thickness ranged from 2.46 ± 0.14 to 2.85 ± 
0.13 mm across the nine formulations. The relatively 
narrow range indicated consistency in tablet 
dimensions among the formulations. 
6.4 Hardness 
The hardness values ranged from 3.50 ± 0.20 to 4.08 
± 0.30 kg/cm². The observed values indicated 
adequate mechanical strength of the prepared matrix 
tablets for subsequent handling and dissolution 
testing. 
6.5 Friability 
Friability values ranged from 0.21 ± 0.026% to 0.52 
± 0.043%. The relatively low friability values 
indicated adequate resistance of the tablets to 
mechanical abrasion during handling. 
6.6 Drug-Content Uniformity 
The drug content of the prepared formulations ranged 
from 98.46 ± 0.44% to 99.58 ± 0.32%. The close 
agreement of the measured drug content with the 
intended drug content demonstrated uniform 
distribution of Fosinopril Sodium within the prepared 
matrix tablets. 
Overall, formulations F1–F9 exhibited consistent 
tablet weight, dimensions, mechanical strength, low 
friability, and drug-content values across the 
formulation batches. These characteristics supported 
the suitability of the prepared tablets for subsequent 
in-vitro dissolution and formulation-optimization 
studies. 
Table 4: Post-compression characteristics of 
Fosinopril Sodium sustained-release matrix 
tablets 

Formul
ation 

Hard
ness 
(kg/c
m²) 

Thick
ness 
(mm) 

Friabi
lity 
(%) 

Tab
let 
wei
ght 
(mg
) 

Dru
g 
cont
ent 
(%) 

F1 
3.50 ± 
0.20 

2.75 ± 
0.11 

0.27 ± 
0.021 

200.
21 ± 
0.13 

99.1
2 ± 
0.48 

F2 
3.51 ± 
0.40 

2.85 ± 
0.13 

0.24 ± 
0.023 

199.
71 ± 

98.4
8 ± 



RESEARCH PAPER 

 IJDDT Volume 16 Issue 76s 2026 Page: 1228 

0.27 0.52 

F3 
4.02 ± 
0.40 

2.77 ± 
0.11 

0.42 ± 
0.041 

199.
22 ± 
0.32 

98.5
2 ± 
0.36 

F4 
3.79 ± 
0.30 

2.63 ± 
0.15 

0.37 ± 
0.021 

199.
53 ± 
0.44 

99.4
7 ± 
0.45 

F5 
4.05 ± 
0.40 

2.67 ± 
0.13 

0.36 ± 
0.053 

201.
01 ± 
0.18 

99.4
1 ± 
0.31 

F6 
3.81 ± 
0.30 

2.55 ± 
0.15 

0.21 ± 
0.026 

202.
11 ± 
0.15 

98.6
5 ± 
0.36 

F7 
3.52 ± 
0.50 

2.57 ± 
0.13 

0.52 ± 
0.043 

200.
62 ± 
0.16 

99.2
4 ± 
0.33 

F8 
4.08 ± 
0.30 

2.55 ± 
0.15 

0.49 ± 
0.022 

201.
11 ± 
0.18 

99.5
8 ± 
0.32 

F9 
3.82 ± 
0.40 

2.46 ± 
0.14 

0.24 ± 
0.026 

199.
62 ± 
0.29 

98.4
6 ± 
0.44 

Table 4 Post-compression characteristics of 
Fosinopril Sodium sustained-release matrix tablets. 
Values are presented as mean ± standard deviation. 
The nine formulations exhibited relatively consistent 
physical and mechanical characteristics, as reflected 
by the measured tablet weight, thickness, hardness, 
and friability values. Drug content remained close to 
the intended value across all formulations. These 
findings indicated satisfactory reproducibility of the 
prepared matrix tablets and supported their 
subsequent evaluation in the in-vitro dissolution 
study and factorial-design optimization. 
7. In-Vitro Drug Release Study 
7.1 Dissolution Testing 
The in-vitro drug-release behavior of Fosinopril 
Sodium sustained-release matrix tablets was 
evaluated using USP Dissolution Apparatus II 
(paddle method)[38]. A dissolution medium volume 
of 900 mL was used, and the dissolution medium was 
maintained at 37 ± 0.5°C throughout the study. One 
tablet was placed in each dissolution vessel, and 
dissolution testing was continued for 12 h. Samples 
were withdrawn at 1-h intervals from 1 to 12 h. After 
each withdrawal, an equivalent volume of fresh 
dissolution medium, pre-equilibrated to the test 
temperature, was added to maintain a constant 
dissolution volume. 
The withdrawn samples were filtered, suitably diluted 
where required, and analyzed by UV–visible 
spectrophotometry using the established analytical 
procedure. The cumulative percentage of Fosinopril 
Sodium released was calculated from the calibration 
relationship and plotted against time. Dissolution 

experiments were performed in triplicate, and the 
results were expressed as mean values. 
7.2 Cumulative Drug-Release Profiles 
The cumulative drug-release profiles of formulations 
F1–F9 over 12 h are presented in Fig. 1. All 
formulations exhibited gradual drug release, with 
cumulative release ranging from 5–9% at 1 h and 87–
100% at 12 h. F4 showed the highest cumulative 
release, reaching 100% at 12 h. The differences 
among formulations demonstrate the influence of 
HPMC K4M and SCMC concentrations on 
Fosinopril Sodium release behavior. 

 

Figure 1: In-vitro cumulative drug-release profiles 
of Fosinopril Sodium sustained-release matrix 
tablets (F1–F9) 
Figure 1 In-vitro cumulative drug-release profiles of 
Fosinopril Sodium sustained-release matrix tablets 
(F1–F9) over 12 h. Data represent mean values from 
triplicate dissolution experiments. 
7.3 Dissolution Parameters 
To quantitatively characterize and compare the 
release behavior of the nine factorial formulations, 
the time required to achieve 10%, 50%, 75%, and 
90% drug release was determined and expressed as 
t₁₀%, t₅₀%, t₇₅%, and t₉₀%, respectively. These 
dissolution-time parameters provided a quantitative 
basis for evaluating differences in the release rate 
produced by the different combinations of HPMC 
K4M and SCMC. 
Table 5: Dissolution parameters of Fosinopril 
Sodium sustained-release matrix tablets 

Formulation 
t₁₀% 
(h) 

t₅₀% 
(h) 

t₇₅% 
(h) 

t₉₀% (h) 

F1 0.43 2.84 5.67 9.43 

F2 0.49 3.25 6.5 10.8 

F3 0.65 4.22 8.44 14 

F4 0.35 2.27 4.54 7.53 

F5 0.46 3.02 6.04 10 

F6 0.64 4.17 8.34 13.9 
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F7 0.51 3.36 6.72 11.1 

F8 0.56 3.69 7.38 12.3 

F9 0.56 3.73 7.47 12.46 

Table 5 Dissolution-time parameters of Fosinopril 
Sodium sustained-release matrix tablets prepared 
according to the 3² full factorial design. t₁₀%, t₅₀%, 
t₇₅%, and t₉₀% represent the time required to achieve 
10%, 50%, 75%, and 90% drug release, respectively. 
The dissolution parameters showed clear differences 
among the nine formulations, demonstrating that the 
composition of the polymeric matrix influenced the 
rate of Fosinopril Sodium release. The t₉₀% values 
ranged from 7.53 h for F4 to 14.00 h for F3, while the 
corresponding t₅₀% and t₇₅% values ranged from 2.27 
to 4.22 h and from 4.54 to 8.44 h, respectively. These 
differences demonstrate the ability of the formulation 
variables to modify the dissolution behavior of the 
matrix tablets. 
Among the factorial formulations, F4 exhibited the 
shortest t₅₀%, t₇₅%, and t₉₀% values, at 2.27, 4.54, and 
7.53 h, respectively. The thesis identifies F4 as the 
optimized formulation based on its overall 
dissolution characteristics and its suitability for 
controlled release over the investigated dissolution 
period. 
The observed differences in dissolution behavior can 
be associated with the hydration and swelling 
characteristics of the hydrophilic polymers. Variation 
in HPMC K4M and SCMC concentrations altered the 
hydrated matrix environment and consequently the 
resistance encountered by the drug during release. 
Higher polymer concentrations generally produced 
longer dissolution times, consistent with greater 
matrix hydration and increased resistance to drug 
transport [34]. 
8. Factorial Design Analysis and Optimization 
8.1 Effect of HPMC K4M and SCMC on Drug 
Release 
The 3² full factorial design was used to investigate 
the individual and combined effects of HPMC K4M 
(X₁) and SCMC (X₂) concentrations on the 
dissolution behavior of Fosinopril Sodium matrix 
tablets. The dissolution responses selected for 
analysis were t₁₀%, t₅₀%, t₇₅%, and t₉₀%, representing 
the time required to achieve 10%, 50%, 75%, and 
90% drug release, respectively. 
The experimental results demonstrated considerable 
variation in dissolution times among F1–F9, 
confirming that polymer composition influenced the 
release behavior of the matrix tablets. Increasing the 
concentration of HPMC K4M generally increased the 
dissolution times. This effect can be attributed to 
greater hydration and formation of a thicker and more 
viscous gel layer, which increases diffusional 

resistance and consequently slows drug transport 
through the matrix[34]. 
SCMC also exerted a significant influence on the 
dissolution responses. Its hydrophilic character 
promotes water uptake, swelling, and gel formation 
within the matrix, thereby modifying the diffusion 
pathway available for Fosinopril Sodium. The thesis 
further indicates that the combined effects of HPMC 
K4M and SCMC were reflected in the interaction 
terms of the regression models. 
Response-surface analysis demonstrated a 
progressive increase in t₁₀%, t₅₀%, t₇₅%, and t₉₀% with 
increasing concentrations of the polymers. Thus, 
higher polymer levels generally produced greater 
release-retarding effects. The results indicate that 
adjustment of the HPMC K4M–SCMC ratio provides 
a means of modifying matrix hydration, gel strength, 
diffusional resistance, and overall drug-release 
behavior. 
8.2 Regression Analysis 
Second-order polynomial regression models were 
developed to describe the relationship between the 
concentrations of HPMC K4M (X₁) and SCMC (X₂) 
and the dissolution responses t₁₀%, t₅₀%, t₇₅%, and 
t₉₀%. The models incorporated linear, interaction, and 
quadratic terms to evaluate the individual and 
combined effects of the formulation variables. The 
regression equations obtained from the factorial 
design were as follows.  
Table 6: Regression models and statistical 
information for dissolution responses 

Response 
Polynomial 
regression equation 

Statistics  

Y₁: t₁₀% 

0.515 − 0.011X₁ − 
0.095X₂ − 0.037X₁X₂ 
+ 0.055X₁² + 
0.0172X₂² 

ANOVA 
significance 
assessed at p < 
0.05 

Y₂: t₅₀% 
3.395 − 0.077X₁ − 
0.611X₂ − 0.251X₁X₂ 
+ 0.362X₁² + 0.114X₂² 

ANOVA 
significance 
assessed at p < 
0.05 

Y₃: t₇₅% 
6.789 − 0.156X₁ − 
1.223X₂ − 0.505X₁X₂ 
+ 0.721X₁² − 0.224X₂² 

ANOVA 
significance 
assessed at p < 
0.05 

Y₄: t₉₀% 
11.280 − 0.259X₁ − 
2.01X₂ − 0.840X₁X₂ + 
1.21X₁² + 0.370X₂² 

ANOVA 
significance 
assessed at p < 
0.05 

Table 6 Second-order polynomial regression models 
describing the effects of HPMC K4M (X₁) and 
SCMC (X₂) on the dissolution responses of 
Fosinopril Sodium sustained-release matrix tablets 
Y₁, Y₂, Y₃, and Y₄ represent t₁₀%, t₅₀%, t₇₅%, and 
t₉₀%, respectively. The polynomial models 
incorporated linear, interaction (X₁X₂), and quadratic 
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(X₁² and X₂²) terms to describe the effects of HPMC 
K4M and SCMC concentrations on the dissolution 
responses. Statistical significance of the regression 
models was assessed by analysis of variance 
(ANOVA) at p < 0.05. The regression coefficients 
indicate the contribution of the formulation variables 
to the dissolution responses, while the interaction and 
quadratic terms describe the combined and non-linear 
effects of polymer concentration. These models 
provided a mathematical basis for relating the 
concentrations of HPMC K4M and SCMC to the 
dissolution characteristics of the Fosinopril Sodium 
matrix tablets. 
8.3 Response-Surface Analysis 
Response-surface analysis was used to visualize the 
combined influence of HPMC K4M (X₁) and SCMC 
(X₂) concentrations on the dissolution-time 
responses. The generated three-dimensional surfaces 
provided a graphical representation of the 
relationship between the two formulation variables 
and the time required to achieve 10%, 50%, 75%, and 
90% drug release. The response surfaces for t₁₀%, 
t₅₀%, t₇₅%, and t₉₀% are presented in Figs. 2–5, 
respectively. 
The response surfaces demonstrated a concentration-
dependent and interactive influence of HPMC K4M 
and SCMC on the dissolution-time responses. 
Changes in the concentration of either polymer 
altered the dissolution responses, while the 
magnitude and direction of the response depended 
partly on the concentration of the other polymer. This 
behavior was consistent with the inclusion of the 
X₁X₂ interaction terms in the regression models and 
indicated that the combined polymer composition 
contributed to the dissolution characteristics of the 
matrix tablets. 
The response-surface analysis therefore provided a 
graphical representation of the combined and non-
linear influence of HPMC K4M and SCMC on the 
dissolution-time parameters and supported the 
systematic optimization of polymer concentrations 
using the 3² full factorial design. The observed 
changes in dissolution behavior can be associated 
with polymer hydration, swelling, gel-layer 
formation, and the resulting resistance to drug 
transport within the hydrated matrix. 

 

Figure 2: Response-surface plot showing the 
combined effect of HPMC K4M (X₁) and SCMC 
(X₂) concentrations on the time required for 10% 
drug release (t₁₀%) from Fosinopril Sodium 
sustained-release matrix tablets. 

 
Figure 3: Response-surface plot showing the 
combined effect of HPMC K4M (X₁) and SCMC 
(X₂) concentrations on the time required for 50% 
drug release (t₅₀%) from Fosinopril Sodium 
sustained-release matrix tablets. 

 
Figure 4: Response-surface plot showing the 
combined effect of HPMC K4M (X₁) and SCMC 
(X₂) concentrations on the time required for 75% 
drug release (t₇₅%) from Fosinopril Sodium 
sustained-release matrix tablets. 

 
Figure 5: Response-surface plot showing the 
combined effect of HPMC K4M (X₁) and SCMC 
(X₂) concentrations on the time required for 90% 
drug release (t₉₀%) from Fosinopril Sodium 
sustained-release matrix tablets. 
8.4 Validation of the Optimization Model 
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The predictive performance of the regression models 
was further examined using two checkpoint 
formulations, C1 and C2, prepared at intermediate 
levels of the formulation variables. The predicted 
dissolution responses showed close agreement with 
the experimentally observed values. 
For C1, the predicted and observed values for t₁₀%, 
t₅₀%, t₇₅%, and t₉₀% were 0.578, 3.792, 7.588, and 
12.605 h and 0.589, 3.789, 7.595, and 12.597 h, 
respectively. For C2, the corresponding predicted 
values were 0.474, 3.102, 6.210, and 10.315 h, while 
the observed values were 0.481, 3.117, 6.218, and 
10.333 h. 
The close agreement between predicted and observed 
responses supports the predictive capability of the 
developed mathematical models. The thesis therefore 
identifies the factorial design and response-surface 
approach as suitable for establishing the relationship 
between polymer concentration and dissolution 
behavior. 
 
9. Selection of Optimized Formulation 
9.1 Optimization Criteria 
The optimization criterion was based on obtaining a 
controlled and sustained in-vitro dissolution profile 
appropriate for a 12-h release period. The 
dissolution-time responses t₁₀%, t₅₀%, t₇₅%, and t₉₀% 
were considered collectively to assess the release 
characteristics of the factorial formulations. 
Formulations providing progressive drug release 
throughout the dissolution period, without 
excessively rapid or excessively prolonged release, 
were considered preferable within the investigated 
formulation space. No separate numerical desirability 
value was available in the verified thesis material; 
therefore, F4 was selected on the basis of the 
experimentally defined dissolution characteristics 
reported for the factorial formulations rather than on 
a software-derived overall desirability score. 
9.2 Selection of F4 
Based on the dissolution-response profiles obtained 
for the nine factorial formulations, F4 was identified 
as the optimized formulation. F4 contained 30 mg of 
HPMC K4M and 40 mg of SCMC and exhibited 
t₁₀%, t₅₀%, t₇₅%, and t₉₀% values of 0.350, 2.268, 
4.537, and 7.530 h, respectively. These responses 
demonstrated progressive drug release during the 12-
h dissolution study and were considered appropriate 
according to the experimental formulation-selection 
criterion. F4 was therefore selected for further 
comparison with the marketed formulation. 
9.3 Predicted Versus Experimental Response 
The predictive capability of the factorial regression 
models was evaluated using checkpoint formulations 
prepared at intermediate levels of the independent 
variables. Two checkpoint formulations, C1 and C2, 

were used to compare the dissolution responses 
predicted by the developed mathematical models 
with the corresponding experimentally observed 
values. The close agreement between the predicted 
and experimental responses supported the predictive 
capability of the developed regression models. 
Table 7: Predicted and experimental dissolution 
responses of checkpoint formulations 

Formula
tion 

Respo
nse 

Predic
ted 
 (h) 

Experime
ntal  
(h) 

Predict
ion  
Error 
(%) 

C1 t₁₀% 0.578 0.589 1.87 

C1 t₅₀% 3.792 3.789 0.08 

C1 t₇₅% 7.588 7.595 0.09 

C1 t₉₀% 12.605 12.597 0.06 

C2 t₁₀% 0.474 0.481 1.46 

C2 t₅₀% 3.102 3.117 0.48 

C2 t₇₅% 6.21 6.218 0.13 

C2 t₉₀% 10.315 10.333 0.17 

The predicted and experimentally observed responses 
showed close agreement for both checkpoint 
formulations. For C1, the prediction errors ranged 
from 0.06% to 1.87%, whereas those for C2 ranged 
from 0.13% to 1.46%. The small differences between 
predicted and experimental values support the 
adequacy of the developed polynomial models for 
describing the dissolution responses within the 
investigated formulation space. 
Table 7 Predicted and experimentally observed 
values of t₁₀%, t₅₀%, t₇₅%, and t₉₀% for checkpoint 
formulations C1 and C2. Prediction error (%) was 
calculated from the reported predicted and 
experimental values using the absolute percentage 
difference, |Experimental − Predicted|/Predicted × 
100. The checkpoint formulations were used to assess 
the predictive performance of the factorial regression 
models. 
Importantly, the thesis does not separately report 
predicted values or prediction errors for the 
optimized F4 formulation. Therefore, no predicted 
values for F4 have been introduced into Table 7. The 
experimentally observed dissolution responses for F4 
were 0.350 h for t₁₀%, 2.268 h for t₅₀%, 4.537 h for 
t₇₅%, and 7.530 h for t₉₀%. 
 
10. Comparison with Marketed Product 
10.1 Dissolution Profile Comparison 
The in-vitro dissolution profile of the optimized F4 
formulation was compared with that of the marketed 
Fosinopril Sodium sustained-release formulation 
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under the dissolution conditions described for the 
formulation study. The comparison was performed 
using the dissolution profiles obtained at the reported 
sampling intervals over the dissolution study period. 
The comparative dissolution profiles of F4 and the 
marketed formulation are presented in Fig. 6. 
The same dissolution conditions were used for 
comparison of the optimized and marketed 
formulations to minimize the influence of 
experimental conditions on the observed dissolution 
profiles. The dissolution data were used for 
subsequent calculation of the model-independent 
difference factor (f₁) and similarity factor (f₂). The 
calculation was based on the corresponding 
dissolution percentages at the common sampling time 
points. In accordance with the procedure reported in 
the thesis, only one dissolution time point after the 
first occurrence of greater than 85% drug release was 
included in the f₁/f₂ comparison. 
The comparative dissolution profiles of F4 and the 
marketed formulation are presented in Fig. 6. 

 
Figure 6: Comparative in-vitro dissolution profiles 
of optimized F4 formulation and the marketed 
Fosinopril Sodium sustained-release formulation. 
Comparative in-vitro dissolution profiles of the 
optimized F4 formulation and the marketed 
Fosinopril Sodium sustained-release formulation. The 
profiles were compared using the model-independent 
difference factor (f₁) and similarity factor (f₂). 
10.2 Similarity and Difference Factors 
The dissolution profiles of the optimized F4 
formulation and the marketed formulation were 
compared using the model-independent difference 
factor (f₁) and similarity factor (f₂). The calculated 
values were f₁ = 1.543 and f₂ = 89.561, indicating 
close similarity between the two dissolution profiles 
under the conditions investigated. 
The high f₂ value and low f₁ value support the 
conclusion that the optimized F4 formulation 
exhibited a dissolution pattern comparable to that of 
the marketed formulation. However, dissolution-
profile similarity should not be interpreted as 
evidence of bioequivalence or therapeutic 
equivalence, as such conclusions require appropriate 
in-vivo pharmacokinetic studies. 

11. Discussion 
11.1 Effect of Polymer Concentration 
The factorial formulation study demonstrated that the 
concentrations of HPMC K4M and SCMC influenced 
the dissolution behavior of Fosinopril Sodium matrix 
tablets. The dissolution-time responses varied 
substantially across the nine formulations. In 
particular, t₉₀% ranged from 7.53 h for F4 to 14.0 h 
for F3, demonstrating a considerable difference in the 
time required to achieve 90% drug release across the 
experimental design space. Similarly, t₅₀% ranged 
from 2.27 h for F4 to 4.22 h for F3, while t₇₅% ranged 
from 4.54 to 8.44 h. 
These differences indicate that polymer concentration 
and formulation composition were important 
determinants of drug-release behavior. HPMC K4M 
contributes to the formation of a hydrated polymeric 
matrix in which water penetration, polymer swelling, 
and drug diffusion are regulated. SCMC also 
contributes through its hydrophilic and swelling 
characteristics. However, the observed responses did 
not follow a simple monotonic relationship with the 
concentration of either polymer alone, indicating that 
the overall release behavior was dependent on the 
combination of HPMC K4M and SCMC 
concentrations. 
11.2 Polymer Interaction 
An important advantage of the 3² factorial design was 
its ability to evaluate the combined influence of 
HPMC K4M and SCMC. The X₁X₂ interaction term 
was incorporated into the second-order regression 
models for all four dissolution responses, 
demonstrating that the influence of one formulation 
variable was evaluated in relation to the level of the 
other variable. 
The response-surface analysis further showed that 
changes in the concentrations of both polymers 
produced corresponding changes in the dissolution-
time responses. Thus, the release characteristics were 
governed not simply by the concentration of an 
individual polymer but by the formulation 
combination. This behavior is relevant to hydrophilic 
matrix systems, in which the relative contribution of 
different polymers can influence hydration, swelling, 
gel development, diffusional resistance, and matrix 
erosion. 
11.3 Matrix Hydration and Gel Formation 
The sustained-release behavior can be associated 
with hydration and swelling of the hydrophilic 
polymers following exposure to the dissolution 
medium. The thesis reports progressive swelling of 
the formulations during the dissolution study, with F4 
showing the highest reported swelling index at 12 h. 
Upon hydration, HPMC K4M and SCMC form a 
swollen polymeric layer surrounding the tablet 
matrix. This hydrated layer can act as a barrier to 
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drug transport and increase the diffusional pathway 
through which dissolved drug passes. Continued 
hydration, swelling, diffusion, and gradual matrix 
erosion can therefore contribute to the overall release 
process. 
The relationship between polymer composition, 
swelling behavior, and dissolution supports the 
proposed role of matrix hydration in regulating 
Fosinopril Sodium release. Nevertheless, gel-layer 
thickness and polymer erosion were not directly 
characterized in the present study. Therefore, these 
processes should be considered mechanistic 
interpretations supported by the dissolution and 
swelling observations rather than directly measured 
mechanisms. 
11.4 Factorial Design as an Optimization Tool 
The 3² full factorial design provided a systematic 
approach for evaluating the effects of HPMC K4M 
and SCMC on drug-release behavior. Unlike 
conventional trial-and-error formulation 
development, the factorial approach enabled 
simultaneous investigation of two formulation 
variables at three concentration levels and permitted 
evaluation of their combined influence. 
In the present study, the two polymers generated nine 
experimental combinations. The resulting dissolution 
data were used to develop second-order polynomial 
models for t₁₀%, t₅₀%, t₇₅%, and t₉₀%. Response-
surface analysis subsequently provided a graphical 
representation of the relationship between polymer 
composition and dissolution behavior. 
A further strength of the experimental design was the 
evaluation of checkpoint formulations. For C1, the 
predicted and experimental values were 0.578 and 
0.589 h for t₁₀%, 3.792 and 3.789 h for t₅₀%, 7.588 
and 7.595 h for t₇₅%, and 12.605 and 12.597 h for 
t₉₀%, respectively. For C2, the corresponding 
predicted and experimental values were 0.474 and 
0.481 h, 3.102 and 3.117 h, 6.210 and 6.218 h, and 
10.315 and 10.333 h, respectively. The relatively 
small prediction errors reported for these checkpoint 
responses support the predictive usefulness of the 
developed mathematical models. 
11.5 Optimized Formulation Performance 
F4 was identified as the optimized formulation 
among the nine factorial batches. F4 contained 30 mg 
HPMC K4M and 40 mg SCMC and exhibited t₁₀%, 
t₅₀%, t₇₅%, and t₉₀% values of 0.350, 2.268, 4.537, 
and 7.530 h, respectively. The formulation achieved 
100% drug release at 12 h under the conditions of the 
dissolution study. 
The performance of F4 indicates a formulation 
balance between polymer-mediated matrix resistance 
and progressive drug transport. Its dissolution profile 
demonstrated controlled release throughout the 12-h 
study while permitting substantial drug release by the 

end of the test period. The combination of HPMC 
K4M and SCMC therefore provided a matrix 
composition capable of modifying Fosinopril Sodium 
release over the investigated period. 
Importantly, the present findings establish in-vitro 
formulation performance only. They do not 
demonstrate in-vivo pharmacokinetic performance, 
bioequivalence, therapeutic efficacy, or clinical 
benefit. Such conclusions would require appropriate 
in-vivo investigations. 
11.6 Comparison with Marketed Product 
The optimized F4 formulation was further compared 
with the marketed formulation using model-
independent dissolution-profile comparison. The 
calculated difference factor (f₁) was 1.543, whereas 
the similarity factor (f₂) was 89.561. 
The low f₁ value and high f₂ value indicate close 
similarity between the dissolution profiles of F4 and 
the marketed formulation under the experimental 
conditions used. This comparison provides additional 
support for the dissolution performance of the 
optimized formulation because F4 was evaluated not 
only against the other factorial formulations but also 
against an established marketed product. 
However, dissolution-profile similarity should not be 
interpreted as evidence of bioequivalence or 
therapeutic equivalence. Such conclusions require 
appropriately designed in-vivo pharmacokinetic 
and/or bioequivalence studies, which were beyond 
the scope of the present investigation. 
11.7 Pharmaceutical Significance 
The present study demonstrates the feasibility of 
developing Fosinopril Sodium sustained-release 
matrix tablets using HPMC K4M and SCMC as 
hydrophilic matrix-forming polymers. Systematic 
variation of the two polymers produced measurable 
differences in dissolution behavior, while the 3² 
factorial design provided a structured approach for 
investigating formulation effects and identifying an 
optimized composition. 
Among the nine formulations, F4 exhibited the 
shortest t₉₀% value of 7.530 h and achieved complete 
drug release by 12 h under the investigated 
dissolution conditions. Its dissolution profile was also 
comparable to that of the marketed formulation, with 
an f₁ value of 1.543 and an f₂ value of 89.561. 
Overall, the findings demonstrate the usefulness of 
factorial experimental design for systematic 
optimization of hydrophilic polymer combinations in 
sustained-release matrix tablets. Further studies, 
particularly stability evaluation and appropriate in-
vivo pharmacokinetic and bioequivalence 
investigations, would be required to establish the 
long-term performance and clinical relevance of the 
optimized formulation. 
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12. Conclusion 
Fosinopril Sodium sustained-release matrix tablets 
were successfully developed using HPMC K4M and 
SCMC and systematically optimized through a 3² full 
factorial design. Variation in polymer composition 
produced measurable differences in the dissolution-
time responses, enabling identification of F4 as the 
optimized formulation. F4 provided sustained in-vitro 
drug release over 12 h and exhibited a dissolution 
profile comparable to that of the marketed 
formulation, with an f₁ value of 1.543 and an f₂ value 
of 89.561. The findings demonstrate the utility of 
factorial experimental design for the systematic 
optimization of hydrophilic matrix formulations. 
Further stability and in-vivo studies are required to 
establish the long-term stability and pharmacokinetic 
performance of the optimized formulation. 
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