International Journal of Pharmaceutical and Phytopharmacological Research (elJPPR) | December 2023 | Volume 13 | Issue 6 | Page 1-7
Paul Bastyav Rodriques, Dissolution Rate Enhancement of Dolutegravir Sodium Through Nanosuspension Technology Using 32 Factorial Design

Dissolution Rate Enhancement of Dolutegravir
Sodium Through Nanosuspension Technology
Using 32 Factorial Design

Paul Bastyav Rodriques'?, Prajapati Bhupendra Gopalbhai3*

IFaculty of Pharmacy, Ganpat University, Mahesana-384012, Gujarat, India.
2Department of Pharmaceutics, Krishna School of Pharmacy and Research, Drs Kiran & Pallavi Patel Global University
(KPGU), Varnama, Vadodara-391243 Gujarat, India.
3Shree S. K. Patel College of Pharmaceutical Education & Research, Ganpat University, Mahesana-384012 Gujarat,
India.
ABSTRACT

Dolutegravir Sodium is a potent antiretroviral medication used in the treatment of HIV. It is a BCS Class II
compound and is practically insoluble in the normal gastric pH range. This study aimed to discover and optimize
the operational and formulation factors affecting the drug characteristics. 32 factorial design was used for the
study. PVP K30, Polyvinyl Alcohol, Polxammer 407, and Polxammer 188 were used in the preparation of
nanosuspension. The formulation variables tested were the polymer concentration, whereas the manufacturing
variable was homogenization speed. Particle size and saturation solubility were the two responses evaluated in
this study. The results of the analysis of variance indicate that the polymer concentration and homogenization
speed significantly affect the saturation solubility and particle size of the nanosuspension. The contour plot and
resulting polynomial formula help to estimate the values of the chosen independent factors to develop the best

nanosuspension formulations with the required characteristics.
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INTRODUCTION

The bioavailability of the drug is primarily affected by its
ability to dissolve and release from a formulation. Since
roughly half of the active pharmaceutical ingredients being
found through the novel approaches are either insoluble or
poorly soluble in water, resolving solubility issues is a
significant challenge for the pharmaceutical industry with
the creation of new pharmaceutical products [1]. The
inherent solubility and particle size of a drug determine its
rate of dissolution. Research involving weakly water-
soluble drugs has indicated that reducing the particle size
to a sub-micron size can result in a greater dissolution rate
and increased bioavailability [2, 3].

The development and reporting of nanoparticle
engineering for medicinal purposes has occurred
throughout the past ten years [4]. Sub-micron colloidal
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dispersions of solid medication particles in a liquid phase
are  known as  nanosuspensions. High-speed
homogenization, pearl milling, and Precipitation are the
current nanosuspension engineering techniques employed
in aqueous or nonaqueous environments [5]. Additionally,
the amorphous proportion in the particles can be increased,
or even entirely amorphous particles can be created by
formulating nanosuspensions [6, 7].

Dolutegravir sodium (DTGS) is a novel integrase strand
transfer inhibitor active against human immunodeficiency
viruses (HIV). DTGS blocks HIV viral DNA integration
into host DNA, which is a necessary stage in viral
reproduction. DTGS is quickly absorbed after oral
administration. It can be taken once daily without the
requirement for a boosting dose, as the half-life of the drug
is around 11-12 hours in HIV-positive adults. DTGS
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belongs to BCS Il with lesser aqueous solubility, minimal
protein binding, and high permeability [8, 9].

Thus, the purpose of our research was to determine if it
would be feasible to prepare DTG nanosuspension to
accomplish fast dissolution. Fast onset of action in the
bloodstream is particularly advantageous when using DTG
for the treatment of HIV.

MATERIALS AND METHODS

Materials

DTGS was obtained as a gift sample from Emcure
Pharmaceutical Pvt. Ltd., Ahmedabad, India. PVP K30,
Polyvinyl Alcohol, Polxammer 407, and Polxammer 188
were obtained as a gift sample from BASF, Mumbai. All
other ingredients were of analytical grade.

Preparation method of nanosuspension

The Nanosuspension was prepared by solvent-antisolvent
method. The weighed quantity of poloxamer 188 is mixed
with water, and the weighed quantity of the drug is mixed
in methanol in separate beakers with the help of a magnetic
stirrer. The drug solution is injected slowly into the
polymeric solution with a syringe. The mixer is subjected
to high-speed homogenization at 10,000 rpm for 30
minutes for pulverization. The 6 g of dissolved mannitol in

the nanosuspension was rapidly frozen in liquid nitrogen
before being lyophilized for 24 hours at ambient
temperature [10].

Design of experiment

To assess the preparation and processing characteristics of
nanosuspensions, preliminary screening tests for different
factors were conducted, like concentration of polymer,
solvent for nanosuspension, homogenization time, and
homogenization speed (Table 1). A factorial design was
employed to determine the impact of composition and
manufacturing variables on the physical characteristics of
nanosuspension, considering the quantity and degree of
factors. It was found that the concentration of the polymer
and the homogenization speed were essential for
developing a nanosuspension in the nano range with the
necessary stability. Each of these variables was controlled
at three different levels: +1, 0, and —1. The type of polymer,
quantity of solvent, and concentration of drug were kept
the same for all the experiments. The investigation was
carried out using Design Expert 13 software. A total of 9
experiments were designed by the software. To improve
the accuracy of the model, trials were conducted in an
arbitrary sequence. For every trial trial, a batch size of 25
g was maintained [11, 12].

Table 1. Factor level and responses for 32 factorial design investigation

Batch Level of poloxamer Level of shearing speed Particle size Saturation solubility
188 (mg) (RPM) (nm) (ng/ml)
1 NS1 0.5% (-1) 5000 rpm (-1) 384.0+5.2 175.83 +1.15
2 NS2 0.5% (-1) 7500 rpm (0) 325.0+4.0 183.24 + 1.09
3 NS3 0.5% (-1) 10000 rpm (1) 356.0+4.7 195.36 + 1.32
4 NS4 1% (0) 5000 rpm (-1) 467.0+3.2 145.75+ 0.53
5 NS5 1% (0) 7500 rpm (0) 3240+ 11.0 140.78 + 1.21
6 NS6 1% (0) 10000 rpm (1) 375.8+3.2 136.12 +1.43
7 NS7 1.5% (1) 5000 rpm (-1) 3489+7.6 194.90 +1.28
8 NS8 1.5% (1) 7500 rpm (0) 230.6 £8.2 231.92+1.34
9 NS9 1.5% (1) 10000 rpm (1) 189.0+4.0 288.24 +1.32

Characterization of nanosuspension

Particle size and zeta potential

Malvern Zetasizer Z2S200 was used to determine the
particle size and zeta potential of the nanosuspension. A
minimum of three measurements were taken for each
sample. The response surfaces have been determined using
the mean value [13].

Saturation solubility

To test the saturation solubility of the developed
nanosuspension, it was placed in a container and stirred for
48 hours using a mechanical shaker. The nanosuspension
was subsequently placed in a 4 ml centrifuge tube and spun
at 5,000 rpm for 20 mins. The resulting solution was

filtered and assessed using a UV-visible
spectrophotometer after  appropriate  dilution  with
dissolving fluid that served as a blank. Every sample
underwent analysis in triplicate [14, 15].

Fourier transform infrared (FTIR)

A Bruker FTIR Alpha Il Spectrophotometer was used to
perform FTIR spectrum analysis, and the spectra were
obtained in the 4000-400 cm™ wavelength band [16].

Differential scanning calorimetry (DSC)

To investigate the thermal behavior of the sample (drug,
stabilizer,  physical  mixture, and lyophilized
nanosuspension), DSC was carried out using a DSC-60
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(Shimadzu, Tokyo, Japan) calorimeter. The samples were
heated in tightly sealed aluminum pans under nitrogen at a
scanning rate of 5 °C/min from 50 °C to 400 °C. An
unfilled aluminum pan served as a point of reference [17].

Powder X-ray diffraction (PXRD)

The crystalline state of the drug and the lyophilized
nanosuspension were investigated by PXRD analysis.
Diffraction patterns were assessed with a Miniflex 11 X-ray
Diffractometer (Rigaku Co. Tokyo, Japan) [18].

In-vitro drug release study

The USP 24 paddle apparatus was used to conduct an in-
vitro dissolution investigation. The medium was carefully
poured into the dissolution jar to reduce the frothing of the
media throughout the entire study. Dissolution was carried
out at 37 °C with a paddle speed. A nanosuspension
corresponding to one dosage of the drug was introduced to
the jar. 5 ml samples were taken at precise time intervals
and promptly filtered through a filter paper and
spectrophotometrically analyzed. Five milliliters of new
medium were then added to the dissolving vessel. The
trials were carried out in triplicate, and the average data
were stated [6].

Scanning electron microscopy (SEM)
SEM was used to examine the surface properties of
lyophilized nanosuspension formulation [19].

Accelerated stability study

The optimized formulation was stored for six months in a
stability chamber at 40 £ 2 °C and 75 = 5% relative
humidity, following ICH recommendations for accelerated
stability tests. Amber-colored vials of USP type | were
filled with the optimized formulation. Sealed with
aluminum caps and closed with rubber plugs. Following
the time of stability, the samples were removed. Studies on
dissolution were conducted. The in vitro drug release was
assessed [20].

RESULTS AND DISCUSSION

Statistical analysis

After plugging the results of the regression coefficients
into the formula, a comprehensive model was created.
Design Expert software was used to carry out regression
analysis.

The fitted equation for mean particle size (nm)

Y1=230-44.54X1-21.00X2

37.50X12+23.19X22+71.94X1 X2 @

The fitted equation for saturation solubility (ng/ml)
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Y2=231+29.86X1+6.87X2+33.25X12-5.31X22-

40.81X1X2 @

The polynomial equations 1 and 2 demonstrate the
empirical impact of the independent factors (X1 and X2)
and their relationships with both responses. Every
independent factor was shown to have a substantial impact
on the response. The negative sign of the coefficient
demonstrated that increasing the magnitude of the
independent factor reduces the magnitude of the response
and vice versa. The extent to which the independent factor
affects the response is shown by the coefficient's
absolute figure; the greater the figure, the greater
the magnitude.

The contour plots (Figure 1) for the mean particle size
(nm) and saturation solubility for a predetermined range of
values are provided in (Figure 2). It was discovered that
the contour plot was multi-dimensional. Thus, there was a
nonlinear connection between the independent factors and
the particle size and saturation solubility as well [21].

FTIR

The infrared spectrum of DTGS nanosuspension revealed
a little variation in the distinctive spectra of DTGS. In the
spectrum DTGS nanosuspension, peaks are a little
different and seem a bit wide (Figure 1). Similar results
were found in previous research [22].

DSC

The coarse drug particles showed a unique melting process
with a sharp peaking at 340 °C and starting at 327 °C. The
Lyophylized DTGS nanosuspension demonstrated a broad
peak at 317 °C. Such a broad peak is an indication of the
amorphous nature of the lyophilized nanosuspension.
(Figure 1) [23].

Particle size and zeta potential

The particle size and zeta potential of the optimized
formulation were found to be 144 nm and -26.9 mV,
respectively (Figure 2) [24].

PXRD

The PXRD of DTGS exhibited intense peaks at 20 of
13.74, 15.19, 18.9, 17.4, 18.94, 19.1, and 21.68, which
reveals the crystalline nature of DTGS. Such sharp peaks
were not found in the diffractogram of lyophilized DTGS
nanosuspension. Such results were also demonstrated in
previous research (Figure 2) [25].

In-vitro drug release study

The in vitro drug release study has demonstrated 97.55%
cumulative drug release from DTGS nanosuspension up to
45 minutes, while 32.98% cumulative drug release was
observed from pure DTGS. Therefore, nanosuspension
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significantly increased the rate of solubility of DTGS. i
(Figure 2) [26]. m———
o« .
SEM
The surface morphology of DTGS, as assessed by SEM,

was found to be prolonged, flat, and round, with particles
ranging in size from 4-30 micrometers. Nevertheless, after
being converted to lyophilized nanosuspension, particles
that were deposited on the exterior of mannitol employed
as a cryoprotectant got a smaller size (approximately 200
nm), perhaps due to hydrophobic contact [27].

[Factor Coding: Actual

Stability study Kuturston sokbitky g/
The % drug content and % CDR of optimized DTGS @ A
nanosuspension formulation were found to be 98.94 +
0.23% and 97.63 £ 0.23%, respectively, after six months at
40+ 2 °C/75% RH, which is quite similar to the results of
the initial. The result of the stability study revealed that the
formulation was stable after six months [28, 29].
Optimized formulation composition (Table 2), its
physicochemical parameters (Table 3), In vitro release %
CDR and release kinetic (Table 4), and stability study data
(Table 5) are compiled in Table 2.

Pra—

Table 2. Optimized batch formulation g B o A
1 Amount of DTGS 20 mg 1 l“\.("" | /| ]
2 Amount of polaxamer 188 150 mg §8 \‘ ‘l" [‘[' '\ ' ' I
3 Solvent-antisolvent Ratio 1:20 £21 l ’ ‘
4 Shearing speed 10,000 rpm fe ‘ i
5 Shearing time 30 mins ® ‘
6 Amount of mannitol 1:1 (cryoprotectant) 170 mg e ‘

Table 3. Physicochemical parameters of optimized batch

4000 3500 3000 2500 2000 1500 1000 500

Sr. No. Parameters Results et
1 Particle size 144.5 nm c)
2 Zeta potential -26.9 mV g LY AN e
3 PDI 0.393 .\ A/ WYl
4 Drug content 98.87% z \ Vo |f
5 Saturation solubility 288.67 (ug/ml) ES ¥ ‘ | ‘, :
6 In vitro drug release 97.54 % uptil 45 mins £, \ W

80
L

Table 4. In vitro release % CDR and release kinetic
% Cumulative drug Release kinetics

Formulations

release in 45 min R2 = .
NS Optimized 97.55 + 0.49 R2=0.997 (Zero order) - =n 30-; = oy 3
Pure drug 32.98 +0.24 R2?=0.996 (Zero order) T ——
d)

Table 5. Stability study of nanosuspension
% Drug content % CDR

Formulation (40 + 2 °CI75% RH) (40 + 2 °C/75% RH)
Optimized 98.94 +0.23 97.63+0.23
formulation
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Figure 1. a) Counter plot of particle size, b) Counter

plot of saturation solubility, ¢) FTIR of DTGS, d) 2 2%
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CONCLUSION

The DTGS nanosuspensions were effectively developed
through the high-speed homogenization approach.
Homogenization factors have a significant impact on
nanoparticle  particle size. By optimizing the
homogenization speed and concentration of surfactant,
nanosuspensions with mean diameters less than 200 nm
and with low PDI can be developed. There was a
substantial increase in the dissolution rate of DTGS. This
innovative delivery method shows promise as a substitute
conventional formulation for DTGS.
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