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ABSTRACT

Objective: The study objective is to focus on the isolation of the Soursop Starch (SSS) from the fruit pulp of Annona muratica (Soursop) used as a
natural super disintegrating agent in the carvedilol formulation of Fast-Dissolving Tablets (FDTs) using (23) factorial design.

Methods: The SSS was isolated from the fruits of Annona muratica (Annonaceae family) by using sedimentation and centrifugation techniques. The
physicochemical properties of the SSS were assessed. A direct compression method was employed to prepare Carvedilol Fast-Dissolving Tablets (C-
FDTs). The factorial design was adopted at two levels (0 and 5 %) of superdisintegrant, and the dependent variables are SSS, psyllium husk, and
Sodium Starch Glycolate (SSG). The Critical Quality Attributes (CQA) were measured for all eight formulations, including Disintegration Time (DT),
Wetting Time (WT), % Drug Dissolved in 10 Min (PD10) and dissolution efficiency. The finished C-FDTs were evaluated for different test
parameters like drug content, water absorption ratio, weight variation, hardness, dissolution, dissolution efficiency at 10 min, and stability studies
for optimized formulation.

Results: The isolated SSS was found to be insoluble in water and other inorganic solvents, and its swelling index, viscosity, bulk density, and tapped
density were found to be satisfactory. The critical quality attributes like DT (22+1.38 sec), WT (24+0.58 sec), and PD10 (99.05+0.21 %) were found
to be satisfactory for the optimized formulation (F2). The dissolution efficiency (F2) at a 10 min time point was found to be 44 times higher than
that of the F1 formulation.

Conclusion: C-FDTs were successfully designed and optimized by employing the SSS as a natural superdisintegrant which exhibited a better % of
the drug release in 10 min with good DT, dissolution efficiency, and all other FDT characteristics.
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INTRODUCTION is a 23 factorial design. The three factors are SSS (A), psyllium husk (B),
. . . R . and SSG (C) at two levels of 0% and 5 %. The interaction of each
The drug delivery systems emphasize the quick availability of active independent variable (A, B, C) and the combination of variables have
moiety at the site of action with minimal side effects. In this context, one been established [10]. The product CQAs that were evaluated with this
of the best delivery systems is FDTs [1]. The FDTs are known for patient Design are DT, WT, PD10 and dissolution efficiency at 10 min, and the
Comphanc.e fmd gpod bioavailability. AS_ per the_ United States Food and results indicative that a new natural superdisintegrant (SSS) shall be
Drug Administration (US FDA), Oral Disintegration Tablets (ODT-known used for the formulation of FDTs for the BCS class-1I molecules.
as FDTs) disintegrate in seconds once administered orally on the tongue

[2]. This formulation (FDTs) will not need any extra water for intake MATERIALS AND METHODS
through the oral route and also avoids swallowing the dosage form as
such (this helps for the patient's dysphagia). This helps for patients such

as paediatric, geriatric, and bedridden [1, 3]. The drug substance (carvedilol) and other excipients, like SSG,
Microcrystalline Cellulose (MCC) Lactose Monohydrate, Talc, and
Magnesium Stearate were the gift samples from M/s. DRL Limited
Hyd. Soursop Starch was isolated in the lab. Psyllium husk acquired
from Organic India Pvt Ltd. Hyd. Sodium sulphite, procured from
M/s. Deepak nitrite Hyderabad and Amarnath die, sodium hydroxide
was procured from yarrow chemicals Maharashtra.

Materials

The key ingredient in the formulation of FDT(s) is superdisintegrant [4].
There are numerous types of superdisintegrants on the market,
including natural and synthetic [5]. Still, it has always been difficult to
develop a new superdisintegrant that is compatible with the drug for
rapid disintegration [6]. In this study, we have isolated the starch from
the pulp of soursop fruit (Annona muratica.) This new soursop starch is

natural, biocompatible and biodegradable; it has fewer processing steps, Methods
is cost-effective, and is being developed as a superdisintegrant to
improve the solubility as well as dissolution of carvedilol. Carvedilol is a Isolation of SSS

Biopharmaceutics Classification System (BCS) class II antihypertensive
drug [7]. This drug is the first-line treatment for severe hypertensive
crises. It exists as a white to half-white powder. The US FDA approved
dosage ranges from 6.25 mg to 100 mg per day based on clinical
conditions [8]. Dose titration shall be performed as per the requirement.
The development of FDTs for this drug is important to increase
compliance by patients, both the elderly and paediatric populations, who
have difficulties swallowing solid oral medication [9].

The ripened, bruised soursop fruits were selected for the soursop
starch isolation. These fruits were cleaned, and the peel and seeds
were removed from the fruit. The pulps are collected in the stainless
steel vessel, quickly cleaned with sodium sulphite solution, and
dried at 50 C in an oven. Ball Mill is used to grind the dried chips to
powder form. For two hours, the powder's known weight was
immersed in purified water at a 1:5 (powder: water) ratio, and then
this solution was sieved through a muslin cloth. Wash water was
Carvedilol was used to formulate the FDTs by employing the new used to clean the residue till it was completely clean. After
superdisintegrant (SSS). The optimization design adopted in this study centrifugation of the starch milk for thirty minutes at 5000 RPM, the
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supernatant was poured off. After being separated in a solution of
0.3% NaOH (w/v), the resultant sediment of starch, which includes a
thin layer of yellow mucus, was repeatedly rinsed with the same
solution till the clean white starch appeared as a centrifuge. Cleaned
white starch was dried, and the clean water had a neutral litmus
colour. It was dried and kept in a sealed container [11, 12].

Physicochemical characteristics of the isolated SSS

The physicochemical properties such as identification, solubility,
bulk density, tapped density, loss on drying, acidity/alkalinity,
viscosity, swelling index, compressibility index, particle size
distribution and Scanning Electron Microscopy (SEM) were
evaluated for the newly isolated naturally occurring biodegradable
and biocompatible superdisintegrant.

Identification

The isolated SSS was subjected to mix with the 0.2 % iodine solution.
The blue colour indicates that the isolated SSS has the amylose and
amylopectin groups.

Solubility

SSS was subjected to standard solubility testing using the saturation
solubility technique and discovered to be not soluble in both
aqueous and non-aqueous media.

Bulk density

A specified quantity of SSS was weighted and poured into the
cylinder for measuring purposes to determine bulk density with the
help of the formula density=mass/volume.

Tapped density

The specified quantity was weighed and filled into the cylinder for
measurement and subjected to a standard tapping process till there
was NO significant change in the volume of the material. By using the
formula density = mass/volume, tapped density was determined.

Loss on drying

A specified quantity of SSS was placed in halogen moisture loss on
drying apparatus and subjected to drying at 105 °C, and the weight
difference divided by initial weight yielded the loss on drying [13].

Acidity/Alkalinity (pH)

A small amount of SSS was added to the distilled water, and a litmus
paper test was performed on the solution.

Viscosity

2 % w/v solution of SSS was prepared, and a standard Brookfield
viscometer method was used to measure the viscosity of the solution
[14].

Swelling index

A specified quantity of SSS was taken into two graded test tubes. One
was added with light paraffin, and the second one was added with
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distilled water. These dispersions were sediment for 12 h, and SI
was calculated using the formula below.

Volume of sediment in water-volume of sediment in light liquid paraffin

Swelling Index(%)=
welling Index(%) Volume of sediment in light paraffin

x100
Compressibility index

Both bulk density and tapped density are required to calculate the
CIL The formula to determine CI is as follows:

o
Compressibility index = v * 100

Where Vo= Tapped density V=Bulk density.
Particle size distribution

A specified quantity of SSS was poured into the sieve shaker setup
by keeping the sieves in ascending order #20, #40, #60, #80, and
#100. The retains on each sieve were measured and reported as
cumulative particle size distribution [14].

SEM

The external structure and shape of SSS were then examined with a
scanning electron microscope (DSM 940 apparatus Carl Zeiss,
Oberkochen, Germany) [15].

Preparation of C-FDTs

The most convenient and industrial feasible tablet manufacturing
methods are direct compression methods followed by dry
granulation, wet granulation, top spray granulation, and other
complex granulations like centrifugal coating granulation.

Hence, we have opted for the direct compression process for the
preparation of C-FDTs. The précised ingredients in every preparation
are provided below (table 1). The drug and excipients were dispensed
as per the formulae. Carvedilol, MCC, Lactose Monohydrate, and
selected superdisintegrant were sifted through #60 mesh. Talc and
magnesium stearate were sieved through # 80 mesh. The #60 mesh
sieved materials were blended in the bag for a couple of minutes, and
then the # 80 mesh sieved materials were added and blended for
another couple of minutes to get the uniform blend. An eight-station
rotary compression machine with 6 mm round plain punches [16] was
used to compress the final blend into tablets.

Evaluation methods of C-FDTs

The compressed tablets are evaluated for their weight fluctuation,
thickness, hardness, friability, DT, WT, the ratio of water absorption,
drug content, dissolution, and efficiency of dissolution at a 10 min time
point. The detailed process of these evaluations is provided below.

Weight variation

We use the analytical balance to determine the weight fluctuation.
Randomly selected, ten tablets were ingested, and the weight of each
tablet was noted.

Table 1: C-FDTs formulae
Ingredient (mg/tablet) F1 F2 F3 F4 F5 F6 F7 F8
Carvedilol 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5
Soursop Starch -—- 5 - 5 - 5 - 5
Psyllium Husk -—- -—- 5 5 - - 5 5
Sodium Starch Glycolate -—- -—- - - 5 5 5 5
McCC 50 50 50 50 50 50 50 50
Lactose monohydrate 335 28.5 28.5 23.5 28.5 23.5 23.5 18.5
Talc 2 2 2 2 2 2 2 2
Magnesium Stearate 2 2 2 2 2 2 2 2
Total weight 100 100 100 100 100 100 100 100
Thickness Hardness

With the use of Vernier-Callipers, the tablet's thickness was
determined and noted. Ten pills were chosen at random, and their
thickness was measured and noted.

The force required to deform the tablet/pill is the measure of its
hardness. Hardness is a destructive test. Hardness is an output of
compression activity that can impact the quality of the product. Ten
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pills/tablets are chosen randomly and subjected to a hardness test
by use of a Monsanto Hardness Tester (MHT). The tablet was kept
horizontally on the MHT, and force was applied from the other side
to deform the tablet. This measured force (Kg/cm?) is the hardness
of the tablet.

Friability

Friability is the parameter that will explain how the tablet withholds its
shape and morphology. As per the standard procedure, "Roche
friabilator" was used here. As per the guidance, ten tablets or 6.5 g
(whichever is close) weight of tablets should be subjected to friability
testing. In this study, about 6.5 g (approx. 66 tablets) of tablets were
taken into consideration. These tablets were loaded into the friability
and subjected to 100 rotations (25 RPM for 4 min), and the pills/tablets
were collected after being weighed and de-dusted in the friability [17].
The % difference in the weight to that of the initial weight is the friability.
Friability is calculated using the formula below.

o Initail weight — Final Weight
Friability = Initial weight * 100

Duration of DT

As per the USP recommendation, 1000 ml of 6.8pH phosphate buffer was
taken in the disintegration apparatus (6 stations). After the temperature
reached about 37+0.5 °C, tablets were placed into the apparatus. The test
was run till there was no mass left on the disintegration mesh (#40), and
the time was recorded as disintegration time [18].

WT

To determine the tablet WT, we used the Petri dish method. The
Whatman filter paper was cut into the petri dish size. In a plain petri
dish, 2 mm water was poured, and a die soluble in water was
included in it. Then, a filter paper was placed to wet it completely.
The tablet/pill was positioned on the wetted filtration material, and
time was counted till the tablet/pill got fully wet [19].

Water absorption ratio (R)

The test was performed by using the Petri dish method, and
saturated tissue paper was used for the study. Six millilitres of water
is poured into a petri dish, and the filter paper is placed over it and
saturated with water. Then, one tablet was weighed and positioned
over the filter paper. After the tablet had been fully soaked, it was
removed and weighed again. Wetting ratio of absorption was
calculated with the following equation:
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R Wa — Wb 100
= %
Wb

Where Wa = weight of the pill upon absorption of water, Wb= weight
of the pill before absorption of water.

Drug content

Ten tablets were measured and crushed into a blend. From this
similar blend, 10 mg carvedilol was weighed and moved into the
conical cylinder and further diluted by using the pH 6.8 buffer
solution. The absorbance was calculated at 242 nm by using
Ultraviolet spectrometry and recorded [7].

In vitro dissolution rate studies

Dissolution was performed by using the USP type-II dissolution
apparatus (paddle-ElectrolabTDT-08L). The dissolution media was
900 ml of pH 6.8 buffer, rotations were 50 rpm and the dissolution
conditions were 37+0.5 °C. The dissolution time points are 2, 4, 6, 8,
10, 15, 20, 25, 30, 45 and 60 min. Dissolution was performed on six
tablets. Six tablets were placed in each of the dissolution vessels, and
the dissolution was started. Dissolution samples (5 ml) were
collected at specified time intervals and analysed for the active
content on the UV spectrometer at 242 nm. The dissolution media
was replaced after every sampling point.

The dissolution efficiency at 10 min intervals

Based on the generated dissolution information, the efficiency of
dissolution at the 10 min was measured using the following formula.

A

Dissolution Efficiency = m

Where A is the Area under the dissolution curve till the time point
e

B is the 100 % dissolution value

“t” is the time point of the dissolution test.

Optimization

Factorial design (23) was adopted in this study. The two levels are 0
and 5 % concentration of the superdisintegrant, and three
independent variables are superdisintegrants SSS (A), psyllium husk
(B), and SSG (C). The factorial design was as follows:

Table 2: A transformed matrix design for analysis of responses of C-FDTs

Design A B C
1 0 0 0
2 0 0 5
3 0 5 0
4 0 5 5
5 5 0 0
6 5 0 5
7 5 5 0
8 5 5 5

These designs were formulated (F1-F8) and assessed for all the
predefined critical quality attributes (CQAs). These inputs were
further incorporated into the Design of Expert (DOE) software to
know the impact of individual and interaction effects of each
superdisintegrant used in this study. The surface plots of response
and contour charts were assessed for the result of each
superdisintegrant at a concentration of 0 to 5%.

Stability studies

According to regulations, an optimum composition of carvedilol
rapidly dissolving tablets requires accelerated testing by simply
storing them in HDPE containers for 180 d at a temperature of 40+2
°C and 75x5°RH [20]. These samples have been examined for
modifications in physical change and drug release properties during
storage for 180 d [21].

RESULTS AND DISCUSSION

The isolated SSS was found to be a fine powder with the below
physicochemical properties (table 3).

The isolated SSS emerged to be insoluble in both water and non-water-
based solvents, indicating that this will aid in improving the solvent-
wicking effect. The weak acidity pH indicates that it is physiologically
compatible with the saliva, and the swelling index of 74 indicates that
it will be used as a superdisintegrant by swelling the mass around SSS.
The moisture absorption is good enough to use in pharmaceutical
formulations. The bulk density tapped density and other properties
are promising that the isolated SSS has excellent flow properties.

Drug-excipients compatibility studies

The spectrum of carvedilol (fig. 1) shows a strong absorbance band
around 3339.76 cm-1 because of N-H expanding. C-H expanding is
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responsible for 2834.28 cm!, C=0 expanding for 1606.66 cm!, C=C
aromatic for 1500.24 cm-, C-O-C symmetric expanding at1284.53
cml, The same peaks were also identified in the FTIR spectra of a
pure medication with SSS (fig. 2): (-NH) 3340.01, (-CH)2834.62,
(C=0) 1606.71, (-C=C)1500.32, (C-0-C) 1284.50, and (C=CH2)
670.86. The FTIR chromatograms (fig. 1, fig. 2) of the pure drug and
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1:1 ratio of the pure drug along with the isolated SSS (a new
superdisintegrant) revealed that there is NO interaction between
carvedilol and the new superdisintegrant SSS. The compatibility
studies revealed that the proposed excipient is compatible with the
formulation of tablets. The SEM of the SSS supports its spherical
nature, as illustrated in fig. 3.

Table 3: The physicochemical properties of SSS

Character Remarks
Solubility Not soluble in both organic and aqueous solvents like Alcohol,
Dichloromethane, Chloroform, Acetone and Petroleum ether
Viscosity (2% solution) 32.0
pH (1% aqueous dispersion)* 6.13+0.04
Swelling index 74%
Moisture absorption 4.6%
Particle size 90% Retains on #100 (150um)
Bulk Density 0.498g/cc
Tapped density 0.515g/cc
Angle of repose 26.86
Compressibility index 9.12%
*n=3, Mean+SD
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Fig. 2: FT-IR spectra of carvedilol with SSS
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Fig. 3: SEM of the SSS

Tablet evaluation (s)
Weight variation

The weights of 10 tablets for each formulation are provided in table
4. The USP allowable weight variation for 100 mg tablet weight
is10 % (90-100 mg). All the formulation weights are well within
the+5 % range. The results are indicative that the prepared tablets
were consistent in weight with allowable weight variation (table 4)
ranging from 98.77+1.95 to. 102.35+2.03 these results are in line
with the a. Kusuma et al. [22].

Thickness

The thickness for ten tablets was measured by using the vernier
callipers, and the results were found to be well within the limit of
3.39£0.12 to 3.52+ 0.12. Results are provided in table 4.

Hardness

The tablet's hardness was discovered to be 3.8+0.93 to 4.4+0.65
kg/cm? This hardness for the 6 mm tablet is found to be good enough
to withstand while handling. Data is provided below in table 4.

Table 4: Weight variation, hardness, thickness, and friability of F1-F8

S. No. Weight variation (mg/tab) Hardness (kg/cm?) Thickness (mm) Friability (%)
F1 99.11£1.90 4.1+0.65 3.48+0.13 0.11+0.030
F2 100.59+1.49 4.0+0.78 3.51+0.12 0.25+0.074
F3 98.77+1.95 3.9+ 0.26 3.51+0.09 0.10+0.076
F4 101.53+1.72 3.8+0.93 3.39+0.12 0.14+0.097
F5 101.03+2.27 4.1+0.87 3.41+0.10 0.12+0.085
F6 99.04+2.32 4.4+0.65 3.50+0.11 0.13+0.036
F7 102.35+2.03 3.9+1.00 3.45+0.11 0.16+0.023
F8 99.14+2.01 4.0+0.75 3.52+0.12 0.15+0.191

Data are given as mean+SD, n=3

Friability

As per USP, the recommended friability range for the tablet dosage
forms is Not More Than (NMT 1.0 %). Each formulation was tested
three times for friability: The friability data (0.10+0.076 to
0.25+0.074) is indicative that the prepared tablets have good
strength during further manufacturing unit operations like packing.
The friability data is provided in table 4, and these findings are
consistent with other FDT researcher inputs [23].

Drug content

The drug composition of pills is measured and reported in table 5. As
per the USP, the drug content of the formulations should be 90-110
% of the labelled claim. The formulations F1-F8 were well, having
the drug content well within this limit. So, it is clear that the tablets
have a sufficient amount of carvedilol for use. These results are in
line with the research by A Kusuma et al. [24].

WT and water absorption ratio

The WT for FDTs should be as little as possible. The shorter WT
indicates that the formulation will be hydrolytically fast and

processed fast to get the active moiety into the molecular level for its
defined therapeutic action. The WT(s) observed are provided in
table 5, and the order of WT increases is
F2<F6<F4<F5<F7<F8<F3<F1. The best formula had a WT of 24+0.87
sec, which was similar to the Jyotsana Madan et al [25], who
reported a WT of 32.66+1.87 seconds for tablets. The ability of the
pill/tablet to absorb water and dissolve quickly is known as the
water absorption ratio. The data is provided in table 5, and it is
F8>F6>F2>F4>F7>F5>F3>F1. The water absorption ratio of F2 was
87+0.58% was higher than that of tablets (74.48%) manufactured
by Kalpesh Gaur A, [26].

DT

Disintegration/degradation was performed on six tablets, and data
was reported in table 6. The DT findings suggest that the decreasing
order of DT of the formulations is F1>F3>F8>F7>F5>F4>F2>F6. The
commercial superdisintegrant SSG was found to have less
disintegration time, followed by the new natural superdisintegrant.
The DT of F2 was found to be 22+1.38 sec, which was shorter than
that of tablets (47+02 sec) manufactured by Nani Parfati et al. [27].
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F1 at Time 0 Sec

— |

5 at Time 0 Sec

F7 at Time 0 Sec

F7 at Time 45 Sec

F6 at Time 0 c

F8 at Time 0 Sec

F6 at Time 24 Sec

F8 at Time 52 Sec

Fig. 4: Wetting time of C-FDTs

Table 5: Drug content, WT, water absorption ratio and DT of F1-F8 is provided below

Int ] App Pharm, Vol 17, Issue 1, 2025, 242-254

S. No. Drug content (mg/tab) WT (sec) Water Absorption ratio (%) DT(Sec)
F1 98.21+1.29 487+2.65 13+ 1.51 575+ 10.88
F2 98.59+0.48 24+0.58 87+ 0.58 22+1.38
F3 96.77+0.78 122+3.06 48+ 2.15 120+3.61
F4 98.53+0.82 34+1.53 84+ 297 24+1.03
F5 98.03+0.95 49+2.08 73+2.27 55+1.94
F6 98.05+0.28 24+2.65 88+ 0.99 20+0.82
F7 96.85+0.83 45+1.00 73+1.78 58+1.87
F8 98.19+0.85 52+2.65 93+ 0.50 59+2.16

Data are given as mean+SD, n=3

In vitro dissolution and dissolution efficiency at 10 min

The in vitro dissolution investigations carried out under guidelines
specified in the materials and techniques are given in table 6. By
using the dissolution efficiency formula, dissolution efficiency at 10

min it was calculated and provided in table 6. From the dissolution
data, it is clear that formulation 2 (releasing 99 % in 10 min) has a
more rapid release than any other formulation. The dissolution
efficiency at 10 min is indicative that formulation 2 (F2) is 44 times
more efficient than the base formulation (F1).

Table 6: Dissolution and dissolution efficiency of all the formulations

Formulations F1 F2 F3 F5 F6 F7 F8

PD10 (%)* 3.40+1.39 99.05+ 0.21 37.30+0.65 88.57+ 1.45 64.80+ 1.15 86.90+2.66 88.85+1.65 93.42+1.99
$ 0.0126 0.5571 0.0888 0.2410 0.5449 0.4260 0.4682

$$ - 44 7 19 43 34 37

Data are given as mean#SD, n=3. $: Dissolution Efficiency at 10 min. $$: No of folds’ increase in Dissolution Efficiency
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Fig. 5: C-FDTs dissolution profiles (F1 - F4). Data are given as mean+SD, n=3. Error bars indicate SD values
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Fig. 6: C-FDTs dissolution profiles (F5 - F8). Data are given as mean+SD, n=3. Error bars indicate SD values

Factorial design

The adopted full factorial Design experimental data was run on the
experiment's Design (DOE) software to understand the impact of
each independent superdisintegrant and the interaction of each
other at the level of 0 and 5 % were evaluated. WT, DT, PD10 and
dissolution efficiency at 10 min intervals are the four CQAs that were
chosen for the investigation. The independent variables were named
SSS (A), psyllium husk (B) and SSG (C). The polynomial equations
were written as equations no 1, 2, 3 and 4

WT = 104.625 — 71.125 A — 41.375B — 62.125 C + 50.875 AB +
66.625 AC + 47.375 BC — 42.875 ABC —----Equation 1

DT = 116.625 —85.375A —51.375B —68.625 C + 61.625 AB +
76.875 AC + 61.875 BC — 52.625 ABC —----Equation 2

PD10 = 70.2863 + 21.6987 A + 6.74875 B + 13.2063 C —
7.73875 AB — 15.0312 AC + 0.89375 BC + 3.35625 ABC —----
Equation 3

Dissolution efficiency at 10 min = 0.345163 + 0.153062 A +
0.0062625 B + 0.0748625 C — 0.0590375 AB — 0.0665375 AC +
0.0208125 BC — 0.0063875ABC —----Equation 4

The factorial design employed here is 23 designs. The model was run
with the measured values of WT, DT, PD10 and dissolution efficiency.
Based on the experimental results, the model has given the interaction
effect for each superdisintegrant and also for the combination of
disintegrants. The positive and negative impact indicates how the CQA
is moving with the individual and combination inputs of independent
variables. Using Design Expert 7.11 software, surface response curves
and contour plots were created after the equation was generated. The
effect of independent superdisintegrants SSS (A), psyllium husk (B),
and SSG (C) is shown in table 7.

The contour charts and response surface charts are made
considering the formulation results and provided in the below fig.
from fig. 7-18. These fig. indicate that the concentration of
superdisintegrants on WT, DT, PD10 and dissolution efficiency is 4-5
%. The F1-F8 formulations were studied for DT, WT, % drug release
and dissolution efficiency. The factorial design plots are as follows:

DT and WT

Response and contour plots demonstrate that when the
concentrations of SSS (A), psyllium husk (B), and SSG (C) increase,
the DT and WT of FDTs decrease. The main, as well as interacting
results from independent factors (4, B, C, AB, AC, BC, and ABC) on
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the DT and WT were clarified further by the use of 3D response
surface plots and contour plots. The interaction of Aand B on DT and
WT are depicted in fig. 7 and fig. 10. Fig. 8 and fig. 11 illustrate how
A and C affect DT and WT. The interaction of B and C on DT and WT

Int ] App Pharm, Vol 17, Issue 1, 2025, 242-254

were depicted in fig. 9 and 12. The contour plots are linear; the
concentration of SSS was inversely proportional to the DT and WT,
which indicates that as the proportion of SSS increases, the DT and
WT of FDTs decrease.

Table 7: Interactions between superdisintegrants and their effect on WT, DT, Cumulative % drug dissolved in 10 min and dissolution
efficiency in 10 min

Superdisintegrants’ _Effect on

Interactions WT DT Cumulative % drug dissolved in 10 min Dissolution efficiency in 10 min

A + + + +

AB - - - +

AC - - - -

B + + + +

BC - - + +

C + + + -

ABC + + + +

“+” indicates positive effect means less WT, less DT, high dissolution at 10 min and good dissolution efficiency, "-" Indicates that there is NO

favorable impact, like more WT, more DT, less dissolution ata 10 min time point, and low dissolution efficiency.

The cumulative percentage of drug dissolved in ten minutes
and dissolution efficiency at 10 min

The results of SSS (A), psyllium husk (B), and SSG (C), along with
their interaction with PD10 and dissolution efficiency at 10 min,
were tabulated in table 7. The interaction of A and B on
dissolution and dissolution efficiency are depicted in fig. 13 and

fig. 16. Fig. 14 and fig. 17 illustrate how A and C affect
dissolution and dissolution efficiency. The interaction of B and C
on dissolution and dissolution efficiency were depicted in fig. 15
and 18. The contour plots were linear. It demonstrates that when
the concentrations of SSS (A), psyllium husk (B), and SSG (C)
rise, they correspondingly increase the PD10 and dissolution
efficiency at 10 min of FDTs.

Factor Codeng: Actusl
OF (seg)
o7 (seq
20 "
-l »
X1« A Sowrsop Starch X1 » A Soursop Starch
X2 « B Prylbum Husk 32« B Pryliam Mk
€ Sodium Sturch Ghycolate = 25 % C: Sedhum Stasch Ghycolate « 25 §
§
3
K Souwe Sach (N
Response Surface plot Contour Plot
Fig. 7: Effect of A and Bon DT
Tacier Codeg Actal
OF (seq) 5
» [l or (w
X1 = A Sounop Starch 600 X1 = & Sounop Rwch ‘
X2 = C: Sodum Surch Giyeolee 500 1 + € Sedum Sarch Gyeolte
400 g
Actual Facter 300 Acteal Facter : 3
B Pryliom Husk = 25 £200 B Pyl Mok » 25 :
100 i
& § 2
o !
5 1
3
2 2
C: Sodium Statch Glycolate (%) q A Scursop Suwch () 0 ! 2 3 4 5
00 & Soxnep Rarch (N
Response Surface plot Contour Plot

Fig. 8: Effectof Aand Con DT

249



V. R. Matta & S. K. Rada

Int ] App Pharm, Vol 17, Issue 1, 2025, 242-254

10 Sty Factor Codng: Actual

OT (sec)

X1 » B Pryfim Huk

Actead Factor
A Soursop Stanch « 25

00

32 & C Sodm Starch Glycolate

€ Sodbiam Sisth Ghpekane (%

Response Surface plot

Contour Plot

Fig. 9: Effect of Band Con DT

Facser Coding Actudd
Wetting Tiee (seq)
24 -u.' Wetting Time (seq)
M w
X1 = & Soursop Starch 500 X1 » A Sounop Starch
X2 = & Pyylium Husk 400 12 = i Pryflum Muk
Actuel Foctor gsoo' Actual Factee €
C: Sodum Surch Glycolate « 25 Em C Sodum Starch Ghyrolate « 25 §
7 100 3
PR ’
\ 5
5
A"Sour;opzvdn
B: Psyfham Husk (%) 1 00 0 1 2 3 4
A Seunep S IN
Response Surface plot Contour Plot

Fig. 10: Effect of Aand B on WT

Fcwon Loty Rl
Wetting Time [se) 5
u [l Wirtting Time {sec)
o
¥1 = kc Soiap Saich S00 X1 = i Soursop Starch 4
2w O Sodium Sarch Glyeolite 40 ¥ = - Sodium Starch Ghyvolate 7
2
Actual Facter 30 Actual Factor :.; 3
'Cp!jﬁl'l'lﬂd-l-l!i %m B: Pyybum Hutk = 25 F
" d
2 100 t
= u g
: 5
5
3 A Soursop Sarch | ,
C:Sedium Sarch Gheobte (6 e 1 2 L
& Seuriop Lassh %
Eesponse Surface plot Contour Plot

Fig. 11: Effect of Aand Con WT

250



V.R. Matta & S. K. Rada
Int ] App Pharm, Vol 17, Issue 1, 2025, 242-254

Factor Coding: Actual
-'-.’.° Wetting Time (seq)
o e » R~
X0 = B Pryliom Motk 500 X1« B Pyl Husk
X = € Sodum Surh Gycolee 40| X2 « C Sodium Starch Giycolate
Actual Facter g300) Actual Factor g
A Sourvop Sarch » 25 Em A Soursop Starch = 25 %
5 100
£
; 0
s v
2 | S Poam e
C: Sodum Ssch Gicolte (%) o g
Response Surface plot Contour Plot

Fig. 12: Effect of Band Con WT

Facrr Codeg Acvasl

Dissolution #10 min (%)
i =

X1 = k Sounop Starch
2 = & Pofiam Mk

Actual Factoe
C Sodium Stanch Giycolate = 25

B P st W)

A Sounap RN

Response Surface plot Contour Plot

Fig. 13: Effect of A and B on dissolution

Factor Coang. Actux Daschson 910 mw (N

Dissolution 10 min (%)

s
X1 = A Sounocp Steech ‘
X2 » C Sodium Starch Glycolate

B Pyyfium Mtk « 25

C Sodem Stawcn Ghycclate ('S

0 ' 2 ) 4 )

A Sourop Rk (W

Response Surface plot Contour Plot

Fig. 14: Effect of A and C on dissolution

251



V.R. Matta & S. K. Rada
Int ] App Pharm, Vol 17, Issue 1, 2025, 242-254

Factor Coding Actusl
Diolution 810 min (%)
. Déssolution §10 min (%)
X1« R Py sk "
X2 + € Sodum Surh Glycolate 80 e 't
K E 60 Actual Factor g
A Soursep Sunch = 28 g & * S £
¢ L i
§
5
L 3
I - s B Paum Mk 0
C Sodum Sch Gloae %) o™ o
Response Surface plot Contour Plot

Fig. 15: Effect of B and C on dissolution

Factor Coding: Actusl

Dissloution Efficency at 10 min

oo2e [ 055

X1 = A Sounop Steech
X2 = B Pyylium Husk

€ Sodim Starch Glycolate = 25

B Pyylhm Muss ™)

Eoulmia 9 | 0 0 . ' : H .
A Sourscp Sech (N

Response Surface plot Contour Plot

Fig. 16: Effect of A and B on dissolution efficiency

Factor (ndeg Actusl
’
B o Dissloution Efficency st 10 min
ooce JR 055 oove [ oo
B _— 06 X1« A Souncp Rwch ‘.
X2 + € Sofhem Stasch Gk Eos 12« C Sodum Stch Giycolate ;
o 04
- Actudl Facter ]
St 1% B Prylum Wisk = 25 3
& Puylum Husk + 23 E 02 ¥ i
€ o1} ,
3 0 i
v
5
C Sodum Sarch Gliycolate %) , M ' : ' 4
A Sorvp Reor N
Response Surface plot Contour Plot

Fig. 17: Effect of A and C on dissolution efficiency

252



V. R. Matta & S. K. Rada

Int ] App Pharm, Vol 17, Issue 1, 2025, 242-254

Dinslowtion Efficancy at 10 min

osus [ o5

X = B Pyl Huk
12 = C Sodim Sunh Gyrolete

Acseal Factor
A Soumop Sech » 15

Alon Eficency ot 10 min

Dwsslon

CSodumBachGieobe ™) 0 0

Factor Codng Actuel

Dissloution Efficency at 10 min \_‘
X1« B Pyylhum Huk s \

X2 = C Sodum Stach Glycolate

ket (W

Actual Factor

€ Sohum Star

& Fyham rak N

Response Surface plot

Contour Plot

Fig. 18: Effect of B and C on dissolution efficiency

The factorial design reveals that the suggested range of
superdisintegrant is from the 4-5 %. The isolated SSS alone (F2) at 5
% concentration is good enough for the desired DT, WT, maximal
drug dissolution, and dissolution efficiency as other commercially
available starches that are used in this study, i. e., Psyllium husk and
SSG. Therefore, the F2 formula was regarded as an optimized
formulation, indicating that SSS is a new natural superdisintegrant
that can improve the dissolution of carvedilol.

Stability studies

The final formulation was exposed to accelerated stability conditions
as per the International Conference on Harmonization (ICH) stability
conditions 40 °C+ 2 and 75 %5 RH for 180 d, and the formulation
was found to be stable. The stability data is provided below: There
was No significant difference in any of the CQAs of the drug product
till the 180 d study period.

Table 8: Accelerated stability studies of F2 formulation

Days Weight variation (mg/tab) Hardness (kg/cm?) Drug content (%) DT (Sec) WT (Sec) Dissolution (%)
Initial 100+1.49 4.30£0.79 98.59+0.48 22+1.38 24+0.58 99.05+0.21

30 101+ 1.99 4.50+0.68 96.64+1.12 22+1.72 25+1.00 98.65+0.70

60 101+ 2.17 4.10£0.91 96.80+1.05 22+2.07 23+2.00 98.55+0.61

90 102+ 1.58 4.31+0.82 96.61+0.98 21+2.10 25+1.15 98.20+0.85

180 101+ 2.39 4.50+0.99 97.28+0.84 21+1.05 23+1.73 97.50+1.28

All values are reported as mean+SD n=3.

CONCLUSION CONFLICT OF INTERESTS

In a nutshell, this research study is indicative that the isolated
soursop starch is suitable to use as a natural biodegradable,
biocompatible superdisintegrant at 4-5 % level in the formulation of
BCS class-II antihypertensive drug carvedilol. The dissolution at 10
min for the prepared fast-dissolving tablets is promising that the
amount of drugs released has significantly increased with the
proposed superdisintegrant. The dissolution efficiency at 10 min is
44 times higher than that of no superdisintegrant formulation (F1).
This may further amplify the bioavailability, dissolution, and
solubility of the carvedilol by using this new natural
superdisintegrant. In addition, the formulations have shown NO
significant effect in any of the formulation characteristics like
description, assay, and dissolution up to 180 d at 40 °C and 75 % RH.
So, the formulation shelf life was extrapolated as per the ICH Q1 E,
and it was found to be 24 mo.
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