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Abstract

The present study endeavours practically for the formulation of ketoprofen-loaded nanosuspension. A central
composite design was used for the influence of the formulation variables on the responses. ANOVA was applied
to evaluate statistical significance (p<0.05). the prepared nanosuspension was optimized and subsequently
Iyophilized to obtain the dry nanosuspension. The dry powder of nanosuspension was further analysed using DSC
and PXRD. The drug particles were transformed during the processing of the nanosuspension and found to be in
amorphous form. The compatibility was studied by the FTIR. The in vitro evaluation was performed and 98 %
sustained release was found up to 24 h. In conclusion, CCD is employed to find the effect of variables on their
response to the nano formulation. Thus, nanosuspension is the best nano formulation that improves solubility and
bioavailability respectively. Thus, the KTP-loaded nanosuspension improves its solubility and bioavailability.
Thus, the prepared nanosuspension is cost-effective and safe to improve solubility and bioavailability.
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Fabrication and Characterization of Ketoprofen-Loaded

Nanosuspension Using A Central Composite Design

1. INTRODUCTION

Ketoprofen (KTP) is a potent, classical NSAID of
the aryl propionic acid class. Classical NSAIDs
inhibit prostaglandin synthesis by inhibiting the
cyclo-oxygenase (COX) enzyme. KTP exhibits
analgesic, antipyretic, and anti-inflammatory
properties through non-specific COX-1 and COX-2
inhibition, thought to occur mainly in peripheral
sites, although recent studies indicate that KTP also
appears to have central effects [1]. KTP is a chiral
molecule and only the S-enantiomer has beneficial
biological activity [2]. Conditions causing elevated
body temperature and acute pain (e.g. injury, illness,
or medical procedures) are common in children,
with NSAIDs frequently being used in children for
the symptomatic treatment of fever and pain
management. Pain in infants, children, and
adolescents is often poorly assessed and managed
[3]. Currently approved indications for KTP in
adults include pain, fever, and certain inflammatory
and musculoskeletal conditions. KTP is available in
intravenous, intramuscular, oral (tablet and syrup),
rectal, and topical formulations. In children, KTP
has been investigated in postsurgical pain,
predominantly in an intravenous formulation,
although oral, intramuscular, and rectal formulations
have also been investigated[4]. The oral tablet and
syrup formulations have been assessed for use in
fever and/or pain, and in inflammatory conditions.
In pediatric patients, KTP is used for symptomatic
relief of fever and management of pain in infants and
children aged 6 months to 11 years (up to 35 Kkg).
KTP is not approved for use in infants aged <6
months [5].

Therefore there is necessary to develop novel dosage
forms such as nanosuspension. The nanosuspension
can pass easily the first-pass metabolism. To
enhance the therapeutic activity, the drug KTP was
modified with novel technology and delivered
through nanosuspension.

Thus, the nanosuspension formulation is one of the
crucial formulations to enhance the therapeutic
range of the drug and improve its bioavailability of
the drug by reducing the dose [6]. A drug
nanosuspension is characterized as finely colloid,
biphasic, scattered, and strong medication particles
[7]. A nanosuspension is prepared and balanced by
stabilizers such as surfactants and cosurfactants [8].
The suspension has various applications by which
the drug can deliver orally transdermal, ocularly,
and parenterally [9]. For the nanosuspension drug
delivery system the ideal nanoparticle size is 200-
600 nm. The nanosuspension improves the solubility
and bioavailability of the drug as well as improves
the safety and efficacy of the drug molecules[7]. The
nanosuspension can be produced with the help of
micro fluidization and piston-gap homogenizers [9]
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This process permits the micronization of drug
particles to the submicron level [10]. To prepare
nanosuspension, a very simple process is performed
and more suitable for laboratory investigation[11].

Thus, in the present paper, we developed
nanosuspension using the precipitation—
ultrasonication method. In this work, we have
applied CCD in which the experimental variables
such as probe sonication time and total surfactant
concentration influence the responses such as
particle size, PDI, and EE (%). Optimization of the
formulation was obtained using graphical and
numerical methods to obtain the best formulation.
There is no report has been published before this to
improve the solubility and bioavailability using
nanosuspension.  The prepared  KTP-loaded
nanosuspension was lyophilized to obtain the dry
nanosuspension. The dry nanosuspension was used
for further characterization and evaluation.

2. MATERIALS AND METHODS

2.1. Materials

Ketoprofen (KTP) was kindly provided as a gift
sample by Anant Pharmaceuticals Pvt. Ltd. (India).
The surfactant, polysorbate 80 (Tween 80), and
polyvinyl pyrrolidone K-30 (PVP K-30) were
provided by (Loba Chemie Pvt Ltd, Mumbai) India.
KCI was purchased from Qualigens fine chemicals,
Navi Mumbai, India. NaOH was procured from S.
D. Fine Chemicals, Mumbai, India. Methanol,
acetonitrile, ethanol, and HCL were purchased from
Rankem Ltd. India. Dimethyl Sulfoxide (DMSO)
was purchased from S. D. Fine Chemical, Mumbai.
Pure and Double distilled and filtered water (DDW)
was prepared in the laboratory. All the other
chemicals were off (AR grade) and required
reagents procured and used in our experiment
without re-purification.

2.2. Screening and selection of stabilizer

a) Based on solubility

The solubility of KTP in surfactant was determined
using a flask-shake method previously reported [12].
The stabilizers from different categories such as
non-ionic stabilizers (Poloxamer-188, tween 80),
polymeric stabilizers (PVP-K30, HPMC), and
anionic stabilizers (SLS) were evaluated. Briefly,
the excess amount of KTP was added to the
surfactant solution (4 mL) and shaken on the orbital
shaker solution at the speed of 20 rpm for 48 h.
Afterwards, the filter sample and separate the
filtrate. Then undissolved KTP was separated from
the filtrate. An aliquot sample of the filtrate was
diluted with methanol and analyzed by a UV
spectrophotometer.

b) Based on the particle size
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The stabilizer was screened by the particle size
measuring after the experiment run [12]. In brief, 0.5
% wi/v of KTM in methanol was prepared. The
stabilizer combination of 0.4 % Tween 80 and 0.2 %
PVP K-30 was dissolved in the water and sonicated
subsequently. The KTP-loaded nanosuspension was
prepared as per the procedure and consequently
characterized for particle size and PDI by zeta sizer.
Each reading was taken in triplicate.

2.3. Preparation of KTP-loaded nanosuspension

Nanosuspension was prepared by the precipitation—
ultrasonication method[12]. The drug (KTP) was
dissolved in methanol by sonication for 5 min at
room temperature. Different combinations of
stabilizers were dissolved in water to obtain a series
of antisolvent. Both solutions were passed through a
0.45um filter. The antisolvent was cooled to 3°C in
an ice-water bath. Then, the drug solution was
quickly introduced utilizing a syringe positioned
with the needle directly into the stabilizer solution
into 40 mL of the pre-cooled antisolvent at different
stirring speeds under the overhead stirrer to allow
the volatile solvent to evaporate at room temperature
for 4-5 hours. After the precipitation of antisolvent,
the sample was immediately transferred to a test tube
and was treated with an ultrasonic probe at different
time lengths (in min). The probe with a tip diameter
of 6 mm was immersed in the liquid, resulting in the
wave travelling downwards and reflecting upwards.
The period of ultrasound burst was set at 30:05 on:
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off cycles and irradiated with the various amplitude
of ultrasonic intensity. Further, nanosuspension was
centrifuged at 10,000 RPM for 20 min (AllegraTM,
64R Centrifuge, Beckman, Coulter, USA) to
concentrate the formulation [12]. The batch size for
the preparation of nanosuspension was taken 40 mL.
The physical mixture was prepared as an optimized
formulation by the same method.

2.4. Design of experiment (DoE) for preparation
of nanosuspension

The experimental trial was performed and after a
successful trial we used a central composite design
for the preparation of nanosuspension and to see the
effect of experimental variables on the responses.
Here CCD was applied by using the Design Expert
software (version 11). The Alpha value was set and
a total of 13 experimental runs were conducted with
three variables which were coded at three levels,
high (+1), medium (0), and low (—1).

Independent variables including the concentration of
surfactant % (X1) and time of probe sonication %
(X2) were studied at five different concentrations
coded as —a, -1, 0, 1, and + a. The value for alpha is
calculated to fulfil both rotatability and
orthogonality in the design. All independent
variables, their levels along with actual and coded
values of these variables are shown in (Table 1).
Whereas mean particle size (Y1), PDI (Y2), and
EE% (Y3) were selected as response parameters as
the dependent variables.

Table 1. The coded and actual values of the variables used in CCD-RSM of KTP-nanosuspension

Independent variables Levels
Low (-1) Middle (0) High (+1)
X1: Conc. Of Surfactant 15 2 2.5
X2: Time of probe sonication 10 15 20
Dependent variables Constraints
Y1: Particle size (nm) Minimum
Y2: PDI (mV) Minimum
Y3: Entrapment efficiency (%) Maximum

All experimental runs were performed to find out the
effect of experimental factors on their response.
Here each response was expected to predict the
model.

2.5. Statistical data analysis

Here, formulation variables are total surfactant
concentration (X1) and probe sonication time (X2)
respectively. The responses are the particle size
(Y1), PDI (Y2) and entrapment efficiency (Y3). The
CCD has five different levels (-a, -1, 0, +1, +a) to
study the effect of the variables. The various
formulation run was displayed in Table 2

Table 2: Formulation variables and their responses using CCD

Formulation variables Response
Concentration of | Time of probe Particle size
Run surfactant (%) sonication (nm) (Y1) PDI (Y2) EE (%) (Y3)
(X1) (min) (X2) '
1 2 15 170.2 0.231 94.4
Eur. Chem. Bull. 2023, 12 (6), 702— 714 704
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2 1.5 10 241.2 0.312 87
3 25 20 162.2 0.232 94
4 2 7.928932 189.2 0.326 89.23
5 2.5 10 165.3 0.437 97
6 2.707107 15 193.2 0.203 97.22
7 2 15 198.2 0.271 95.31
8 2 15 198.2 0.251 89.25
9 2 15 239.6 0.227 92
10 15 20 239.3 0.212 81.2
11 1.292893 15 413.2 0.221 63
12 2 22.07107 198.2 0.211 83
13 2 15 201.2 0.232 82.9

Mean + SD, (n=3); Coded high values=(-1), Coded middle/mean values=(0), Coded low values=(+1).

2.6. Response surface model and ANOVA

Using design expert software (version 7.0.0; Stat-
Ease, Inc., Minneapolis, Minnesota, USA), the best
model was predicted for all the responses. The effect
of independent variables on the responses was
calculated by ANOVA through Fisher’s test. The P
value less than 0.05 were considered to be
statistically significant. Further, statistical analysis
and graph plotting such as contour plots and 3D
response surface plots were obtained.

2.7. Characterization of KTP-Nanosuspension
2.7.1. Determination of particle size and
polydispersibility index (PDI)

The particle size analysis of KTP-nanosuspension
was performed by photon correlation spectroscopy
(PCS) using Zetasizer (Nano ZS 90, Malvern
Instruments, UK) at a
fixed angle of 90° at temperature of 25 °C. The
Nanosuspension was diluted with distilled water
before analysis. The PCS yielded the mean diameter
(size) of  the main population  and
PDI is a measure of the width of the particle size
distribution[13]. This experiment was run in
triplicate (n=3)

2.7.2. Zeta potential of the KTP-Nanosuspension
Zeta potential measurements were run at 25°C with
an electric field strength of 23 VV/m, using Zetasizer
(Nano ZS 90, Malvern Instruments, UK). To
determine the zeta potential, samples of KTP-
nanosuspension were diluted and placed in
electrophoresis cells. The zeta potential was
calculated as  described by  Helmholtz—
Smoluchowski equation[14]. The experimental was
run in triplicate (n=3).

2.7.3. Determination of entrapment efficiency
(EE %)

The % EE of KTP-nanosuspension was calculated
by measuring the concentration of the unentrapped
or free drug in suspension [13]. About 2 mL of the
suspension was placed in the Eppendorf tubes and
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centrifuged at 15,000 rpm for 45 min at 4 °C (Remi
Instruments Ltd., Mumbai, India). The amount of
KTP in the aqueous phase was estimated
spectrophotometrically at Amax 0f 260 nm. The EE %
of all formulated batches was calculated using the
following Equations.

EE (%) = [(WTotaI - WFree)/WTotaI] X 100 .....

Where, Wrotal, Wrree, and W\ipig are the weight of the
total drug in suspension, the weight of the free drug
in the aqueous phase, and the weight of the lipid used
in the system, respectively.

2.8. Optimization of formulation

For optimization data analysis, the Design-Expert
(version 7.0.0; Stat-Ease, Inc., Minneapolis,
Minnesota, USA) was used in which graphical and
numerical methods were used in which contour and
3D response surface plots were generated and used
to optimize the formulation [15].

2.9. Lyophilization of KTP-Nanosuspension

The KTP-nanosuspension with added 2.5 %
cryoprotectant (Mannitol) was frozen in a
refrigerator at —75 °C for 24 hours [16]. Then the
samples were lyophilized using a lab freeze-dryer
(VirTis Benchtop K, SP scientific, Warminster
USA). The freeze-drying was conducted for 68 to 72
h. After this, the vials were sealed with rubber caps.
2.10. Redispersibility of the nanosuspension

The freeze-dried nanosuspension of 100 mg was
redispersed in 10 mL of double distilled water in a
bottle with a cap. It was then shaken to disperse the
particles in the water. It was then used for particle
size, PDI, and surface charge as described in
sections 2.7.1, and 2.7.2.

2.11. Solid state characterization of KTP-
Nanosuspension

2.11.1. Differential scanning calorimetry (DSC)
studies
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DSC analysis was carried out using a differential
scanning calorimeter (DSC 1 STAR
the system, Mettler-Toledo, Switzerland). For DSC
measurement; a scan rate of 10°C/min
was employed over the heating rate range of 30-300
°C under a nitrogen purge. DSC
studies were conducted for KTP, a physical mixture
of KTP and surfactant, and dry nanosuspension of
the optimized batch[17].

2.22.2. X-ray diffraction (XRD)

Crystalline structures of the suspension were
investigated using XRD
(Bruker AXS D8 Advance, Germany). The samples
were mounted on a sample  holder
and XRD patterns were scanned in the range of 3—
80°at a chart speed of 5 °C per min. Samples used
for measurement were pure KTP, a physical mixture
of KTP and surfactant, and dry nanosuspension of
the optimized batch [15].

2.22.3. Scanning electron microscopy (SEM)

The surface morphology of the suspension was
studied by SEM [17]. The optimized formulation
was kept on the metal plate and dried under vacuum
to form a dry film which was then observed under
the SEM (LEO 440i; Leo Electron Microscopy Ltd.,
Cambridge, UK).

2.12. In vitro release study of an optimized batch
of KTP-nanosuspension

It is usually known that the release of the drug from
nanocarriers is influenced by various factors such as
the  structure and composition of the
nanosuspension. The in vitro releases of KTP from
developed nanosuspension was studied [18].

In vitro release of KTP was performed in pH 1.2
HCL and phosphate buffer saline solution (PBS) pH
6.8, using a dialysis bag technique. The dialysis bags
were hydrated in phosphate-buffered saline, pH 6.8
overnight before the experiment. nanosuspension
containing Ketoprofen was placed in dialysis bags.
The dialysis bags were tied at both ends and were
placed in the beaker containing 100 mL phosphate
buffer saline pH 6.8 after pH 1.2 HCL. The beaker
was maintained at 37+£2°C and stirred at a constant
speed of 100 rpm[19]. The sample was withdrawn at
regular intervals 0of 0, 0.5, 1, 2, 3,4,5, 6,7, 8, 9, 10,
11, 12, and 24 h. The study was conducted in pH 1.2
HCL for the first 2 h and then pH 6.8 for the nest 24
h. The sample of 3mL of dissolution medium was
removed and was replaced with the fresh buffer at
the same temperature to maintain sink condition.
The amount of KTP in the aliquots was analyzed by
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UV-visible  spectrophotometer  (UV 1700,
Shimadzu, Japan) at Amax 260 nm.

3. RESULTS AND DISCUSSION

For designing KTP-nanosuspension, total surfactant
concentration was used in the range of 1.5 to 2.5 and
the time of the probe sonication was kept at 10 to 20
min to get results of the desired response.

Here, the main factor that affected the PS, PDI and
EE of the KTP-nanosuspension. Total surfactant
concentration (X1), and time of the probe sonication
(X2) as Independent variables and mean PS (Y1),
PDI (Y2), and EE (Y>), are the dependent variables.
The change in the concentration of independent
variables changes the responses. As PS, PDI
decreases when surfactant concentration and
concentration of lipids increase and EE increases.
Thus, depending upon the result obtained the
optimal range of independent variables
concentration of surfactant 1.5-2.5 (%) and the time
of probe sonication 10 -20 min.

3.1. DoE approach for the formulation

The most important factors influencing
nanosuspension are particle size, PDI and EE. The
most popular Central Composite design was used to
determine the optimum levels of these variables. The
central composite design response  surface
methodology (CCD- RSM) constitutes an
alternative approach because it offers the possibility
of investigating a high number of variables at
different levels with only a limited number of
experiments [20]. Table 2 shows the experimental
results considering variables such as mean particle
size of nanosuspension (Y1), PDI (Y2), and (EE %)
of nanosuspension.

3.1.1. Fitting of data to the model

The ranges of responses particle size, Y1; PDI, Y2
and EE%, Y3 were 162.2 to 413.2 nm, 0.203 to
0.437 and 63.0 to 97.22 % respectively. All the
responses observed for 13 formulations prepared
were fitted to various models using Design-Expert
software. It was observed that the best-fitted models
were Quadratic for the particle size and linear for
PDI and EE%. The quadratic model was
studied/selected because it shows the interactive
effect of all the independent variables on responses
that the linear/non-linear model does not show.
Table 3 shows the summary of regression analysis
for the responses such as particle size (Y1), PDI (Y2)
and EE (Ys).

Table 3 Summary of results of regression analysis for responses Y1, Y2 and Y3

Models R2 Value R?

Adjusted

Predicted

9
R2 S.D CV.%

Eur. Chem. Bull. 2023, 12 (6), 702— 714
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Particle size (Y1) 0.8037 0.6634 0.1271 3767 | 17.43
PDI (Y2) 0.5649 4779 0.0944 0047 | 1829
EE % (Y3) 0.6474 0.5769 0.3559 6.05 6.87

3.2. Effect of variables

3.2.1. Particle size (PS):

The particle size is an important attribute of the
nanosuspension formulation. This is the first
response that we checked at the beginning. This was

found in the range of 162.2 to 413.2 (Table 2). Using
ANOVA (Table 4) and statistical calculation it was
found that the level of significance (p<0.05). the
model was a quadratic model.

Table 4: ANOVA for response measurement of Particle size (Y1), PDI (Y2), and EE (Y3)

Source Sum of | df Mean F-value | p-value
squares square
Particle size (Y1)
Quadratic Model 40659.65 5 8131.93 5.73 0.0492 Significant
Residual 9933.18 7 1419.03
Cor Total 50592.83 12
PDI (Y2)
Model 0.029 2 0.015 6.49 0.0156 Significant
Residual 0.022 10 2.243E-003
Cor Total 0.052 12
EE (Y3)
Model 672.35 2 336.17 9.18 0.0055 significant
Residual 366.21 10 36.62
Cor Total 1038.55 12

df - Degree of freedom, F - Fisher’s ratio, and p- probability (P<0.05)

The particle size was shown in the following
equation,

Particle size =201.48-58.02* X;+0.97 * X,-0.30 *
X1* Xp+39.25* X;2-15.50* X,2

The above equation provides an idea about the effect
of the formulation variables on the response of
particle size. Analysis of particle size denotes the
negative relationship between particle size and total
surfactant concentration. As the surfactant
concentration increases the particle size decreases.
The positive relationship between probe sonication
time and particle size. so probe sonication time
should be moderate. Thus increase in probe

Eur. Chem. Bull. 2023, 12 (6), 702— 714

sonication time increases the collision of the
particles and increases the particle size.

3.2.2. Polydispersity Index (PDI)

The PDI is an important attribute of nanosuspension.
The uniformity of the particles of nanosuspension is
identified by the polydispersity index. The 2 D and
3 D of the image was shown in Fig. 1. The range of
the PDI was found to be 0.203 to 0.437 indicating
uniformity and homogeneity of the particles. The
model was found to be linear and level of
significance (< 0.05). The model equation is given
below:

=0.26+0.015 * Xi; -0.058* X
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Fig. 1. Response surface plot showing the effect of total surfactant concentration (X1) and time of probe
sonication (Xz) on the PDI

A polynomial equation of the PDI described that the
increase in surfactant concentration increases the
PDI. On the other hand time of the probe, sonication
has a negative relationship with PDI. That means
decreases the time of probe sonication and increases
the PDI. Hence it should be moderate.

3.2.3. Entrampment efficacy (EE)
The EE denotes the entrapment of the drug particles
in the lattice arrangement of the nanosuspension

[21]. The EE described the amount of the drug
encapsulated in the particles. The 2 D and 3 D
images of the response of the image was shown in
Fig. 2. The range of the EE was found to be 63 —
97.22 %. The following equation shows the linear
model with a level of significance < 0.05.

=88.12+8.90 *  X1-2.20*

Design-Expert® Software

EE
« Design Points

I 97.22

63

X1=A: Conc. of surfactant
X2 =B: Time of probe sonical

iratinn

f=snn

on

R Time af nrah

A: Conc. of surfactant

Design-Expert® Software
EE

I97 2
63
100

X1=A Conc. of surfactant
X2=B: Time of probe sonicagt:]or;5

815
w
w
7225

250

200

B: Time of probe sonic4tién & Conc. of surfactant

10.00 1.50

Fig. 2. Response surface plot showing the effect of total surfactant concentration (X1) and time of probe
sonication (X2) on the EE (%)

The above equation indicates that the increase in
surfactant concentration increases the % entrapment.
At the same time, if a decrease in probe sonication
time gradually increases the % EE. This is because
the particles could not burst in low location time.

Eur. Chem. Bull. 2023, 12 (6), 702— 714

The entrapment can be affected with the help of the
surfactant concentration and its combination.

3.2.4. Optimization of the formulation of KTP-
nanosuspension
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The optimized formulation of KTP-Nanosuspension
was selected by using Design-Expert (version 7.0.1,
Stat-Easc, Inc., Minneapolis, MN, USA) software.
Criteria of variables were selected as maximum %
EE, minimum mean particle size, and PDI within the
specified range for optimization. Depending upon the
criteria selection software provides solutions for the
selection of optimized formulations. Most probable
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optimal formulation KTP-Nanosuspension was
selected with a total surfactant Concentration of
2.50% and a Probe sonication time of 20 min. The
optimized formulation of KTP-Nanosuspension was
prepared and characterized. The experimental and
predicted values for the most probable optimal
formulation of KTP-nanosuspension was shown in
Table 5.

Table 5: Comparison between the experimental and predicted values for the most probable optimal
formulation of KTP-nanosuspension

Optimized nanosuspension formulation
Dependent variable

Experimental Predicted
Particle size(nm)Y1 169.2 176.402
PDI Y2 0.303 0.284
EE (%) Y3 97.22 95.64

3.3 Physicochemical characterization

3.3.1 Particle Size and Polydispersity Index of
KTP-nanosuspension

The major objective of using general optimal design
was to determine the levels of the two factors i.e.
Surfactant Concentration (%) (X1) and time of
probe sonication (X2) which produces the
nanosuspension with minimum particle size and
maximum entrapment efficiency. The particle size
of the nanosuspension is a crucial factor because it
determines the rate and extent of drug release as well
as drug absorption. The smaller droplet size provides
a larger interfacial surface area for drug absorption.
In addition, it was suggested that the smaller droplet
size permits a faster release rate. Also, it has been
reported that the smaller particle size of the emulsion

droplets may lead to more rapid absorption and
improve bioavailability. Also, PDI measures the
width of particle size distribution. If PDI is lower
than 0.1, it might be associated with high
homogeneity in the particle population, whereas
high PDI values suggest a broad size distribution.
The particle size and polydispersity index (PDI) of
the fabricated batches were in the range of 162.2 to
413.2 nm, and 0.203 to 0.437 respectively (Figure
3). The particle size obtained in the present study is
within the size range (162.2 to 413.2 nm) required
for efficient lymphatic uptake, therefore, it may be
expected that the size is acceptable and would not be
a limiting factor in the lymphatic uptake of the
prepared nanosuspension.

Results

Z-Average (d.nm): 169.2 Peak 1:
Pdl: 0.303 Peak 2:
Intercept: 0.963 Peak 3:

Result quality : Good

Size (d.nm): %% Intensity Width (d.nm):
228.8 o97.8 95.24
5378 2.2 323.7
0.000 0.0 0.000

Intensity (%)
4 s oa
N A ® B O N A

Size Distribution by Intensity

o0

a4

O T Tl T R S S
=

o

Size (d.nm)

b : \ i
100 1000 10000

I Record 7: ketroprofen F8 1|

Fig 3: Particle size and Polydispersity index of KTP-nanosuspension

3.3.2. Entrapment efficiency (EE %) of the KTP-
nanosuspension.

Eur. Chem. Bull. 2023, 12 (6), 702— 714

10 different batches of nanosuspension were
prepared by varying the lipid concentrations. The
amount of drug was kept constant for all the batches.
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The entrapment efficiency of all the batches ranges
from 87 % to 97.22 % respectively. Such a high
value of entrapment efficiency may be due to the
highly lipophilic nature of the drug KTP and its high
solubility in GMS.

3.5 Lyophilization of KTP —nanosuspension

The nanosuspension was successfully freeze-dried
using the bench-top freeze dryer. Lyophilization was
carried out for the optimized batch at -75°C with 2.5
% mannitol as a cryoprotectant. The role of
cryoprotectant is to decrease Nanoparticle
aggregation during the process of freeze-drying. The
obtained lyophilized powder was found to be dry,
porous and friable after 72 h. The vacuum was
maintained at 76 mTorr.

Section A-Research paper

3.5 Solid state characterization of optimized
nanosuspension

3.5.1 Differential Scanning Calorimetry

The DSC thermograms of bulk KTP, lyophilized
nanosuspension are shown in Fig. 4. KTP showed a
characteristic sharp endothermic peak at 94°C and
the lyophilized KTP-nanosuspension showed a very
small and not sharp endothermic peak around 97.49
°C (C). This small and not sharp endothermic peak
indicates that few traces of KTP may present in
KTP-nanosuspension and most KTP molecules
converted from the crystalline form of the drug to
the amorphous form i.e.maximum entrapment of
KTP in the lipid matrix. It was also concluded that
KTP is molecularly dispersed in the lipid matrix,
indicating it reduction in crystallinity as the peak
intensity of the drug was found to be reduced [22].
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Fig. 4. DSC pattern of the drug-loaded lyophilized nanosuspension formulation.

3.5.2. X-ray diffraction studies

X-ray diffraction patterns of the pure crystalline
drug, physical mixture of drug and lyophilized
nanosuspension formulation are shown in Fig. 5.
The typical crystalline nature of the drug was
defined by observing sharp principal peaks of KTP
between 5 to 50 on 20 scales. The 20 scattered angle
of the drug was found to be 6.384°, 11°, 14.401°,
18.353°, and 22.807°. Distinctive sharp peaks of

Eur. Chem. Bull. 2023, 12 (6), 702— 714

drug disappeared in drug-loaded freeze-dried
nanosuspension formulation[23]. The scale of the
formulation was found to be 13.171°, 14.397°,
18.378°, and 22.811° although both broad peak and
sharp peak were obtained in the physical mixture of
drug. These results were in good support with DSC
results, indicating the KTP conversion of crystalline
to amorphous state[24].
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Fig. 5. XRD pattern of the drug-loaded lyophilized nanosuspension formulation.

3.5.3 Fourier transform infrared spectroscopy
(FTIR)

FTIR spectra for KTP, optimized KTP-
Nanosuspension batch were depicted in Fig. 6. IR
spectra displayed the peak range at 1697.41 cm™',
71754 cm™', 1458.23 cm™', 2644.49 cm’, is
attributed to C=0 stretching; C-H bending; C=C
stretching; COOH stretching. Thus, the assigned
peak confirmed the structure of KTP. The IR
spectrum of a physical mixture at 2922.25-2850.88
cm!, 1745.64 cm™!, and 1467.88 cm™! could be
designated to SP® C—H stretching, CO, stretching,
and methyl —CH, deformation vibration. In this

study, the drug does not show an absorption band in
the fingerprint scan of the IR spectrum of the
Physical mixture due to the complete conversion of
drug molecules into the amorphous form of KTP in
the melted sample. This is further confirmed through
the results of DSC and PXRD. An optimized KTP-
nanosuspension shows the absorption band in the IR
spectrum at 2922.25-2850.88 cm™!, 1745.64 cm™!,
1467.88 cm™' recognized to SP® C—H stretching,
CO, stretching, methyl CH, deformation vibration
respectively. The intensity of the absorption peak
was reduced and shortened due to complete
conversion into an amorphous form.
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Fig. 6. FTIR spectra of the drug-loaded lyophilized nanosuspension formulation.

3.5.4 Scanning Electron Microscopy

A morphological study of optimum formulation was
done by taking SEM pictures of prepared
nanosuspension. It was revealed that they were
uniformly distributed (Fig. 7). Studies also verified
that the crystalline KTP is converted to its

Eur. Chem. Bull. 2023, 12 (6), 702— 714

amorphous form as it was encapsulated by lipids.
Studies showed that the predicted particle size and
measured size with a zeta sizer were comparable
with the size of particles that were observed by
SEM.
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Fig. 7. SEM of the pure drug (a) & Ketoprofen- nanosuspension (b)

3.6 In vitro release study of an optimized batch of
KTP-nanosuspension

The in vitro dissolution profile was described in Fig.
8. In comparison, 30 % drug was released in less
than 1 hr for lyophilized KTP-nanosuspension while
API-suspension takes released only 10 % drug in 1
h. the release of the drug from the nanosuspension is
due to the surfactant Tween 80 present in the
suspension. The poor drug release from the API
suspension was attributed to the poorly aqueous
soluble drug, poor wettability, and maybe
aggregation of the particles. The increase in the drug
release was due to the combination of the surfactant

120

100
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60

40

Drug release (%)

present in the nanosuspension [25]. In addition, the
increase in drug dissolution rate was due to the size
reduction of the nanosuspension. The reduction in
size of the particle increases the surface area and
thus, enhancement of the bioavailability of the KTP.
Moreover, drug particles were converted into
amorphous during the process. And this is the reason
for the improvement of the dissolution behavior of
the nanosuspension. For the comparison of the
mechanism of release Kkinetics, the Korsmeyer-
Peppas release kinetics was found to be the best-fit
model correlation coefficient (r>= 0.8956).
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Fig. 8. In vitro release study of lyophilized KTP nanosuspension and the API suspension
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4. CONCLUSION

The present work deals with KTP loaded with
nanosuspension to improve solubility and
bioavailability. The design of the experiment i.e.
CCD was helpful to find out the effect of variables
on the responses. The  physicochemical
characterization was performed on the optimized
nanosuspension for the observation of the
performance of the formulation. The DSC and
PXRD studies showed that the drug was crystalline
before the processing and transform into an
amorphous nature after the processing. The
compatibility study was performed using the FTIR
study. An improved solubility was obtained using
present nanosuspension. The outcome of this
nanosuspension formulation is to produce cost-
effective and potential nanoformulations to reduce
pain. Thus, using nanoformulations, we can improve
the solubility and bioavailability of the lipophilic
drug. The nanosuspension formulation can be taken
on a large scale in the future.
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