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Abstract

Introduction: Canagliflozin is a BCS class IV drug. Nanosuspension is known to enhance the saturation solubility and dissolution rate
of poorly soluble drugs owing to the increased surface area of nanosized particles.

Aim: In the present study, we aimed to improve the dissolution characteristics of a poorly water-soluble drug canagliflozin by nano-
suspension formulation and stability of this solubility enhancing system - nanosuspension can be improved by converting them into
solidified forms as immediate release pellets.

Materials and methods: Canagliflozin nanosuspension was formulated using the media milling method. Poloxamer 407 was used to
stabilise nanosuspension. Prepared nanosuspensions were subjected to the characterisation of particle size, polydispersity index (PDI),
and drug content. Optimised nanosuspension (NS1) was solidified by converting into immediate release pellets: as improved stability,
where canagliflozin nanosuspension was used as a binder. Pellets were prepared by +extrusion-spheronization technique using micro-
crystalline cellulose (MCC) as pelletizing aid and sodium starch glycolate as super disintegrant. Different important process parameters
e.g. concentration of sodium starch glycolate (A), spheronization speed (B) and spheronization time (C) were investigated by 23 factorial
design to accomplish desired disintegration time (R1) and drug release at 10 min (R2).

Results: The optimised nanosuspension had 120.5 nm particle size, 99.14% drug content and the optimised immediate release pellets
(PF5) disintegrated within 23.29 second, and had 99.11% drug content. In vitro dissolution studies showed 89.59% drug release within
10 min in 0.75% w/v SLS. Scanning electron microscopy (SEM) confirmed uniform and spherically shaped pellets. Fourier transform
infrared spectrometry (FTIR) and differential scanning calorimetry (DSC) analysis reveal no significant interaction between drug and
excipients.

Conclusions: It can be concluded from the findings of this study that the formulation of nanosuspension and its use as a binder in the
formulation of immediate release pellets should be investigated further in order to improve the dissolution rate and formulation stability.
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INTRODUCTION

Canagliflozin (CFZ) {(1S)-1, 5-anhydro-1-[3-[[5-(4-fluo-
rophenyl)-2-thienyl]-methyl]-4-methylphenyl]-D-gluci-
tol hemihydrate} is the first drug approved in this class of
SGLT-2 inhibitors (also called gliflozin class of drugs).!"2! It
is administered orally as a tablet in a dose of 100 or 300 mg
once daily as an adjunct to diet and exercise for the treat-
ment of type 2 diabetes mellitus (T2DM).3*! Based on low
solubility and low permeability, canagliflozin is classified as
aBCS 4 drugg’] The FDA database of the patented product
INVOKANA " mentions that canagliflozin shows dose-de-
pendent adverse effects.l®! The formulation and design of a
dosage form require consideration of the physical, chemi-
cal and biological characteristics of all the drug substances
and pharmaceutical ingredients to be used in its prepa-
ration. Solubility is an important property of a drug sub-
stance, especially in aqueous medium.!”#! The formulation
of weakly soluble chemicals like canagliflozin into nanome-
ter-sized particles, generally less than 1 pum in diameter, is
an attempt to boost dissolution rate and affect saturation
solubility. When the drug particle size is reduced from 8
pm to 200 nm, the surface area to volume ratio increases
40-fold, resulting in a significant rise in the dissolution rate
if the formulation disperses into discrete particles.”’

One of the major challenges of the pharmaceutical
researchers is to develop an enabling formulation which
can make poorly water-soluble drugs highly soluble to
overcome the low bioavailability problem of the drugs.
Many strategies have been used to improve the aqueous
solubility of poorly soluble drugs such as complexation!!],
micronisation!!"), lipid based formulations, use of cosol-
vents, solid dispersions!'?], pellets!®], etc. However, these
techniques often lead to poor solubility, toxicity, high pro-
duction costs!'* and therefore fails at commercial level.

Nanotechnologies are one of the most prevalent strate-
gies not only for overcoming the problem of poor solubility
and thus bioavailability, but also for targeted drug delivery.
Nanosuspensions are submicron dispersions of nanosized
drug particles stabilised by surfactants, polymers, or a mix-
ture of both.!') They combine the advantages of nanoth-
erapeutics (the increased dissolution rate and saturation
solubility) with ease of commercialisation. Conversion of
nanosuspensions to solid oral and other dosage form re-
duces the physical instability associated with their liquid
state, enhances patient compliance, and solid state ensures
their long-term stability. Various drying techniques, with
some of them well established (e.g. spray drying) while
others are less applied in pharmaceutical technology. How-
ever, these methods may lead to the increased cost of the
product. Thus, an approach is required that would not only
provide solubility improvement but also impart stability to
the formulation during shelf life and which would involve
simple techniques that can be easily employed in commer-
cial production.

Pellets are a multiunit dosage form of fine powders or
granules of bulk drugs and excipients. They range in size

Solidification of Canagliflozin Nanosuspension

typically from about 0.5 mm to 1.5 mm of small, free flow-
ing, spherical or semi-spherical solid units and are intended
usually for oral administration. Extrusion-spheronization
is a versatile method for obtaining pellets of high density,
narrow particle size distribution, and high drug loading.[¢!
Most of the pellet formulations for extrusion/spheroniza-
tion include microcrystalline cellulose (MCC) as the main
excipient, which is the most widely used excipient for the
production of pellets due to proper rheological properties,
cohesiveness and plasticity to produce spherical particles
from its wet masses.!'”) However, its applicability is limited
particularly in case of poorly water soluble drugs due to its
non-disintegration behaviour of the MCC pellets. This, in
turn, decreases the release rate of drugs from the pellets.
This limitation of MCC pellets has been overcome using
a variety of pharmaceutical formulation approaches. They
include the use of 40% of isopropanol/water mixture as a
granulating binder or incorporation of superdisintegrants
into MCC pellets.'8) The present research describes en-
hancement of dissolution rate of canagliflozin from MCC
pellets by incorporating a varied proportion of superdisin-
tegrant (sodium starch glycolate) and water soluble compo-
nents (poloxamer 407).

In the present study, canagliflozin was used as a mod-
el drug and its nanosuspensions were prepared using the
media milling method for the dissolution improvement.
Optimised nanosuspension was used as a binder for the
preparation of immediate release (IR) pellets, where MCC
was used as a pelletizing agent and sodium starch glyco-
late as disintegrant and optimise the formula using the 2°
factorial design by extrusion-spheronization technique.
Physicochemical properties of nanosuspension including
particle size and polydispersity index, and % drug content
were evaluated. As the disintegration of the pellets leads to
an increase in the surface area of the drug which is already
in nanosize, stabilizing nanosuspension by converting it to
immediate release pellets would improve the solubility, sta-
bility, and the dissolution rate of the drug

AIM

This study aims to improve the solubility of a drug by nano-
suspension, and the transformation of nanosuspensions to
the solid state ensures their long-term stability and increas-
es patient compliance. Canagliflozin was used as a mod-
el drug and its nanosuspensions were prepared using the
media milling method to improve the dissolution. An opti-
mised nanosuspension was used as a binder for the prepa-
ration of immediate release (IR) pellets, where the MCC
was used as a pelletizing agent and sodium starch glycolate
(SSG) by extrusion-spheronization technique. The pre-
pared pellets were optimised and evaluated for different
characteristics and improved the dissolution compared to
the pure drug and marketed product.
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MATERIALS AND METHODS

Materials

Canagliflozin (gift sample from Zydus Cadila Pvt. Ltd,
Ahmedabad). Poloxamer 407 (BASF Corporation, USA.)
Zirconium oxide beads (0.5 mm) (gift sample from Synco
Industries Limited, India.) Microcrystalline cellulose, corn
starch, sodium starch glycolate and Kyron T 314 (gifts sam-
ple from Shiva Health Care, Mehsana). All chemicals we
used were analytical and pharmaceutical grade. Distilled
water was used throughout the study.

Methods

Preparation of canagliflozin nanosuspension

Nanosuspension of canagliflozin was prepared using wet
media milling method.['*! Suspensions of 100 mg canagli-
flozin in 10 ml distilled water were prepared in 20 ml vials
using zirconium oxide beads (0.5 mm) as a milling medi-
um with different concentration of poloxamer 407 stabilis-
er. As per a previous study for nanosuspension of canagli-
flozin was indicated among all the stabiliser, poloxamer 407
showing the lowest mean particle size and the highest drug
release in 10 min. It also showed a minimum PDI showing
uniformity in particle size of nanosuspension and indicat-
ing greater stability. Therefore, poloxamer 407 was select-
ed as a stabiliser for further studies. The drug was directly
added into the stabiliser solution. These were comminuted
with different amounts of zirconium oxide beads on a mag-
netic stirrer for 16 and 24 hrs. Nanosuspension was sep-
arated from the Zirconium Oxide beads by decanting the
suspension followed by washing the beads with water. The
processing temperature was maintained at 32°C. Based on
trial batches of canagliflozin nanosuspension in my previ-
ous research work!!), different batches were prepared by
varying the levels of both formulation and process variables
such as amount of stabiliser in mg, stirring time in hours,
amount of zirconium oxide beads in gm, and stirring speed
in rpm. Compositions of different batches of canagliflozin
nanosuspensions are shown in Table 1. The resulting na-
nosuspensions were evaluated and the optimised nanosus-
pension was converted in pellets.

Characterisation of canagliflozin
nanosuspension

Particle size distribution and polydispersity index
(PDI)

Particle size was determined by photon correlation spec-
troscopy using a Zetasizer 3000 (z-average, measuring range
20-1000 nm, Malvern Instruments, UK). All presented data
are the means of the values for three independent samples
obtained under identical conditions. Once the required
intensity was reached, analysis was performed to get the
mean particle size and polydispersity index(PDI).!"!

Drug content

An aliquot (1 ml) of the nanosuspension was diluted in
methanol and diluted with 0.75% w/v of SLS, then filtered
with a 0.2-um filter. The total drug content was determined
by UV spectrophotometer at A___of the drug. 2]

Formula:
(Total volume of nanosuspension X Amount of drug in aliquot)

Total D =
otal Drug Content Volume of aliquot

Preparation of immediate release pellets

Pellets were prepared using the extrusion-spheronization
technique.!'”) Initially eight placebo batches were prepared
in order to optimise the formula on the basis of evalua-
tion parameters (Table 2). The excipients were weighed
and mixed intimately in a mortar for 15 min. Distilled
water as binder was added to the mixture and wet mass
was prepared. The wet mass was extruded using single
screw extruder (Umang Pharmatech Pvt. Ltd, Mumbai,
India) and spheronized for ten minutes at varying speed
in a spheronizer (Umang Pharmatech Pvt. Ltd, Mumbai,
India) fitted with cross-hatched rotor plate with a diame-
ter of 150 mm and thickness 3 mm. The resulting pellets
were dried to constant weigh at 40°C and were subjected
to further evaluation. Preliminary screening for selection
of pelletizing aid, super disintegrants, other excipients and
instrument parameters was done by visual inspection and
flow properties of the pellets obtained from the initial stud-
ies. Microcrystalline cellulose and corn starch were used as
pelletizing aids?’! whereas sodium starch glycolate (SSG)

Table 1. Composition of formulation of batches of canagliflozin nanosuspension

. Amount of drug Amount of stabiliser Amount of ZrO, Stirring time Stirring speed
Formulation code beads
mg mg hour rpm
mg

NS1 100 100 8 16 1000

NS2 100 100 8 16 600

NS3 100 50 8 24 600

NS4 100 50 4 24 1000

NS5 100 50 4 16 600
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Table 2. Composition of placebo batches of IR pellets

Solidification of Canagliflozin Nanosuspension

Formulation code MCC Corn starch SSG Kyron- 314 Lactose
% w/w % w/w % w/w % wiw % wiw
P1 30 10 --- 60
P2 30 --- 10 60
P3 20 15 --- 65
P4 20 --- 15 65
P5 20 10 10 60
P6 --- 30 --- 10 60
p7 --- 20 10 10 60
P8 --- 30 10 --- 60

and Kyron T 314 were used as super disintegrants. After
optimisation of the formula, the immediate release pel-
lets of canagliflozin were prepared by applying 2* factorial
design using nanosuspension as a binder.!?!

From the formulation and production result, it was
observed that microcrystalline cellulose was used as pel-
letizing aids and sodium starch glycolate as super disin-
tegrant, gave acceptable spherical pellets with good yield,
low friability and satisfactory flow properties. Based on the
observations, 30% of MCC, 10% of SSG and spheronization
speed of 800 rpm with time 10 mm were selected as formu-
lation and process parameters.

Formulation and optimisation of canagliflozin
pellets by using 23 factorial design

In order to study the effect of processing and formulation
variable on canagliflozin pellets, 2° factorial design was uti-
lised by using Design Expert 12.0. This design consisted of
8 experimental trials (Table 3), with 2 levels of 3 indepen-
dent variables. The independent variables include conc. of
sodium starch glycolate (A) at 5 and 10%, spheronization
speed (B) at levels 600, 900 rpm, and spheronization time
(C) at 10, 15 min selected for evaluation of immediate
release pellets were as disintegration time (R1) and drug
release at 10 min (R2) and as dependent variables.

R = B,+B,A+B, B+p,C

Characterisation of drug loaded pellets

Determination of micromeritic properties'??

Tap density and bulk density of the pellets were determined
by tap density tester (Electro lab).

The angle of repose () was measured by a fixed funnel
method to know the flowability of the pellets.

Tan (0) = h/r

where ‘I’ and r" are respectively the height and radius of
the powder cone.

The Carr’s compressibility index (%) of the pellets was
determined using following formula:

Carr’s Compressibility Index (%) =
(Tapped density- Bulk density)/Tapped density

Hausner’s ratio of pellets was determined by ratio of
tapped density to bulk density.

Friability is the measure of pellet strength. The friabili-
ty of pellets was determined by using tablet friability tester
(Electro lab) for a fixed period of time combined with glass
beads of certain diameter in order to generate abrasion and
to generate friability index. The pellets were then dedusted
and reweighed.

__ (Initial weight — Final weight ) x

Friability (%) = it welgit 100
Table 3. Composition of factorial batches
Formulation A: Conc. of SSG B Spheroniza- C Spl‘leroniza- MCC Lactose Drug
code % tion speed t1(?n time % wiw % wiw mg
rpm min

PF1 5 900 15 30 55 100
PF2 5 600 15 30 55 100
PF3 5 900 10 30 55 100
PF4 5 600 10 30 55 100
PF5 10 600 10 30 60 100
PF6 10 600 15 30 60 100
PF7 10 900 10 30 60 100
PF8 10 900 15 30 60 100
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Particle size and size distribution!?!]

The size and size distribution of the pellets produced was
determined by agitation for 10 min with a sieve shaker (Ro-
tap LHC-41) fitted with a progression of standard sieves.
From the weight retained on each sieve, particle size is de-
termined from standard sieve aperture size as per Indian
Pharmacopeia.

Disintegration time??!

Disintegration time of pellets was determine as 100 mg pel-
lets from each batch in distilled water by tablet disintegra-
tion tester (Electro lab) without disc at 37+0.5°C tempera-
ture with 30 dips speed. Disintegration test was carried out
three times for the Immediate Release formulations and the
results were expressed as mean + standard deviation.

Drug content!??]

Accurately weighed 100 mg pellets were taken and con-
verted in fine using mortar and pestle and the powder was
dissolved in methanol using sonication and diluted with
0.75% w/v of SLS. The UV absorbance of the suitably di-
luted filtrate was measured at A___ 290 nm to determine
the drug content. The concentration of drug was calculated
using a calibration curve.

In vitro dissolution studies!'>'%]

In vitro drug release studies of pellets were performed using
the USP Apparatus I (basket) at a speed of 75 rpm in 900 ml
of 0.75% w/v of SLS and the medium at 37.0+2°C. Cana-
gliflozin is soluble in many organic solvents (methanol, di-
methyl sulfoxide) and insoluble in aqueous media and freely
soluble in 0.75% w/v of SLS.12324] We selected 0.75% w/v of
SLS as dissolution medium. Pellets equivalent to 100 mg of
the drug were weighed and added in to it. At predetermined
time intervals, 10 ml of sample was withdrawn and the dis-
solution medium was kept constant by refilling it with fresh
buffer solution to maintain sink conditions. The collected
samples were filtered, suitably diluted, and analysed at 290
nm using UV-Visible spectrophotometer. Dissolution rate
profiles of IR pellets were compared with the marketed tab-
let formulation of canagliflozin (Invokana 100 mg) and pure
drug in order to investigate the potential of immediate re-
lease pellets in improving the dissolution rate.[202!

X-ray diffraction?3!

X-ray diffractometer (Xpert MPD Philips, Holand) was used
for qualitative powder x-ray diftraction of pure canaglifloz-
in, physical mixture of excipients and final pellets (PF5). The
instrument was operated at a voltage of 40 KV and a current
of 30 mA, with copper as the tube anode material. The sam-
ples were run over a range of 20 angles from 2° to 40°.

Fourier transform spectroscopy analysis!?*]

The infrared spectra of the samples were obtained using a
compact Fourier transform infrared spectrometry (FT-IR)
spectrometer ALPHA II (BRUKER, Germany). 1-2 mg of

fine solid powder of sample was directly analysed over the
region 400 to 4000 cm! in the instrument.

Differential scanning calorimetry?*]

The DSC thermogram was obtained by differential scan-
ning calorimeter (DSC), on Shimadzu TA-60 model. The
samples were hermetically sealed in an aluminum crucible
before analysis. The system was purged with nitrogen gas
at a flow rate of 40-50 ml/min. Heating was done between
50°C to 300°C at the rate of 10°C/min.

Scanning electron microscopy (SEM)!?5)

The surface morphology and cross section of the optimised
pellets was examined by scanning electron microscopy
(Nova Nano SEM 450 FEI). The samples were scanned at a
voltage of 20 kV with different magnification.

RESULTS AND DISCUSSION

Characterisation and optimisation of
canagliflozin nanosuspension

Canagliflozin nanosuspensions were prepared using wet
media milling method. The prepared nanosuspensions
were clear and transparent due to reduced particle size.
The effect of amount of stabiliser, amount of ZrO, beads,
spheronization time, and spheronization speed were stud-
ied on the attributes of nanosuspension. Particle size dis-
tribution is a very important parameter because reduced
particle size helps in the improvement of solubility of pure
drug, thereby increasing its dissolution rate (Table 4).

The mean particle size of different batches of canaglifloz-
in nanosuspension was found to be in the range of 120 nm
to 300 nm. An optimised batch (NS1) of nanosuspension
showed mean particle size of 120.5 nm (Fig. 1A) at a ratio
of 1:1 (drug:surfactant) and 8 gm ZrO, beads with a stir-
ring time of 16 hr at 1000 rpm. In general, the decrease in
particle size is observed due to increased stirring speed and
amount of ZrO, beads, also an optimum concentration of
suitable stabiliser to prevent agglomeration. A stabiliser is
usually incorporated in a nanosuspension formulation to
prevent or slow down the crystal growth of nanoparticles
via Ostwald ripening. Nanosuspensions prepared in this
study were stabilised by using poloxamer 407. It was seen
that when poloxamer 407 was employed, it increased the
wettability of canagliflozin particle and hence showed bet-
ter particle size reduction. This would result in better dis-
persion of the drug particles and a greater extent of particle
size reduction.

The polydispersity index which is 0.217 in case of NS1
and for other formulation in the range of 0.131 to 0.307.
This can be attributed to the good wetting property and
dispersibility exhibited by the surfactant used in the above
ratio. Therefore, the above concentration of the stabiliser
was optimised. Impact of further higher ratios of surfactant
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Table 4. Evaluation of prepared nanosuspension

Solidification of Canagliflozin Nanosuspension

) Mean particle size
Formulation code

D tent
rig conten Polydispersity index (PDI) *

(nm) * (%)*
NS1 120.5%5.6 99.14+0.11 0.217+0.23
NS2 242.6+7.4 92.574+0.25 0.254+0.58
NS3 246.3+632 91.27+0.38 0.281+1.36
NS4 179.6+4.4 95.42+0.21 0.131+0.84
NS5 300+7.8 91.35+0.15 0.307+0.29

* Indicates average of three determinations (mean + standard deviation, n=3)

on the particle size reduction and stability was not explored
and can be further investigated. It seems reasonable to pos-
tulate that use of optimum concentration of suitable stabi-
liser and stirring rate results in fine nanosuspension with
smaller and more uniform particle size.

Zeta potential of optimised canagliflozin loaded na-
nosuspension batch NS1 was found to be -23.0+4.75 mV
which is sufficient for stability (Fig. 1B).

The drug content was determined by UV-visible spec-
trophotometer method. Formulation NS1 was found to
contain the highest drug content amongst the other formu-
lations which is 99.14%.

Figure 1A. Particle size distribution of optimum batch NS1.

Figure 1B. Zeta potential of optimum batch NS1.

Evaluation of immediate release pellets

Results for the investigation of flow properties indicates
good and excellent pellet properties for all the placebo
batches. Addition of MCC as a pelletizing agent and sodi-
um starch glycolate as disintegrant results in the improve-
ment of flow. Results for flow properties and drug content
of the prepared immediate release pellets factorial batches
are presented in Table 5.

Density and flow properties

Pellets prepared with MCC and SSG with all batches of-
fered very good physical characteristics and flow properties.
Density values for pellets shows that pellets prepared using
formula as per batch PF5 produced dense pellets. Pellets
prepared from all batch PF1 to PF8 have bulk density and
tapped density in the range of 0.59 to 0.79. Due to the spher-
ical shape, the pellets showed smaller angle of repose in the
range of 24.28 to 30.54, which is indicative of excellent flow-
ability. The pellets have also very good compressibility.

Friability

Friability is an essential parameter for any drug formulations
especially for a potent drug. Pellets prepared within Batch
PF5 demonstrated less friability compared to other batches.
Pellets produced with different batches have higher friabil-
ity in the range of 0.41-0.58 which is less than 1. Indicated
low product loss because of material during spheronization
process due to proper drying of pellets and high speed rota-
tional movement that lead to few dust formation.

Drug content

From the results shown in Table 5, it can be concluded that
pellets prepared from PF1 to PF8 showed high drug con-
tent about 90%. PF5 have a drug content of about 99.11%.

Particle size

The particle size of pellets was determined by sieve analy-
sis. Set of standard sieves were arranged with progression
of their sieve number. Based on fraction retained on each
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Table 5. Flow properties and drug content of the prepared immediate release pellets factorial batches

M - Bulkden- T d D -
Formula- . ean.par Angle of 'u en P p.e Hausner’s y . Friability rug con
. ticle size sity density . Carr’s index tent
tion code repose ratio %
pm gm/ml gm/ml %
PF1 900 29.24 0.76 0.79 1.03 3.79 0.58 91.24
PEF2 850 28.35 0.62 0.64 1.03 3.12 0.55 94.17
PF3 1000 30.54 0.75 0.78 1.04 3.84 0.60 90.31
PF4 700 27.63 0.61 0.65 1.06 6.55 0.51 95.36
PF5 600 24.28 0.59 0.61 1.03 3.38 0.41 99.11
PF6 800 27.21 0.60 0.65 1.08 8.33 0.48 96.84
PE7 750 25.34 0.62 0.66 1.06 6.06 0.58 95.21
PF8 850 25.87 0.64 0.69 1.07 7.25 0.57 94.75

sieve average particle size was calculated that is described
in Table 5. From the results it can be observed that the
particle size of pellets was in the range of 600-1000 um. It
can also be concluded that the pellet size increased with in-
creasing the concentration of SSG which leads to a decrease
of the disintegration time and increase of the drug release.

Disintegration time

Disintegration study revealed that the use of different con-
centration of disintegrants affects the process of disintegra-
tion. MCC used alone as pelletizing agent showed a slow
disintegration process with a higher disintegrating time,
also as the concentration of MCC reduced, the disintegra-
tion time also decreased. Addition of disintegrate further
lowered the disintegration time (Table 6). With sodium
starch glycolate, disintegration time was the lowest (23.29
second, batch PF5), indicating a very rapid disintegration of
the pellets. The order of disintegration for different batches
was PF1>PF8>PF3>PF2>PF4>PF7>PF6>PF5. Disintegra-
tion studies become important for immediate release pel-
lets, where faster drug release is required in gastrointestinal
fluids. Faster disintegration will result into greater number

of smaller particles in the dissolution medium. This will re-
sult in a great increase in surface area and increased water
solubility. The rapid disintegration of pellet formulation PF5
can be accounted for by the swelling of MCC and sodium
starch glycolate in the presence of disintegration medium.

Results of drug release for batches PF1 to PF8 are shown
in Fig. 2. All these batches were prepared to study the ef-
fect of concentration of different spheronization seed and
spheronization time. Drug release of batch PF5 containing
10% and spheronized at 600 rpm for 10 min was found to
be higher compared to that of other batches (PF6, PF7, PF8)
containing 10%. From the above findings it can be conclud-
ed that drug release from pellets increased with the increase
in concentration and also with the decrease in spheroniza-
tion seed and spheronization time. Batch PF5 shows drug
release about 89.31% in 10 min. So factorial batch PF5 was
selected as optimised for preparing IR pellets containing
pure drug and using nanosuspension as a binder.

Data analysis

The polynomial equations for full model relating to the re-
sponse, disintegration time and drug release at 10 min, the

Table 6. Effect of response variable immediate release pellets DOE batches

B: spheronization : spheronization R1 disintegration R2 % drug release
Formulation code ;: Conc. of $SG sp:el:)d oAt tcl:njf oAt tim(e1 Pniesrto at lg ming

rpm min second * % *
PF1 5 900 15 36.48+0.5 78.19£1.2
PF2 5 600 15 30.54+0.24 80.28+0.2
PF3 5 900 10 31.27+0.4 79.48+0.35
PF4 5 600 10 28.52+0.87 84.26+0.58
PF5 10 600 10 23.29+1.24 89.31+0.57
PF6 10 600 15 25.34+0.68 84.23+1.34
PF7 10 900 10 26.36+045 86.32+0.89
PF8 10 900 15 32.46+0.24 80.68+0.54

* Indicates average of three determinations (mean + standard deviation, n=3)
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Figure 2. Drug release studies of factorial batches PF1 to PF8.

transformed factor are shown in Table 7. The polynomial
equations can be used to draw conclusions after consider-
ing the magnitude of coeflicient and the mathematical sign
it carries (i.e., negative or positive).

Table 7 shows the results of analysis of variance (ANO-
VA), which was performed to identify insignificant factors.
Since the values of R2 are quite high, i.e. 0.9451, the poly-
nomial equations best fit the experimental data and are
statistically valid. Coeflicients with one factor represent the
effect of that particular factor on responses while the coef-
ficients with more than one factor and those with second
order terms represent the interaction between those factors
and the quadratic nature of the phenomena, respectively.
Positive sign in front of the terms indicates synergistic effect
while negative sign indicates antagonistic effect upon the
response. So from the above data, it can be observed that
concentration of SSG (A) has antagonistic effect whereas
spheronization speed (B) and spheronization time (C) have
positive coeflicient value that indicates synergistic effect on
response R1 and reverse for R2. From the equation of the
model as shown, it can be qualitatively concluded that A
had the largest effect on the response R1 and R2, which in-

Table 7. Statistical data from ANOVA test for 23 factorial design
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dicated that A was a more important parameter to regulate
disintegration time and drug release at 10 min.

The contour and surface 3D plots (Fig. 3) show the ef-
fect of concentration (A), spheronization speed (B) and
spheronization time (C) on disintegration time (R1) and
drug release at 10 min (R2). As the value of A increases, the
value of response R1 decreases and response R2 increases,
whereas when B and C increase, the value of response R1
increases and R2 decreases.

It was observed that pellets prepared using nanosuspen-
sion (PF5) released more than 89% drug within 10 min as
compared to the marketed tablet and pure drug which re-
leased only 24.63% and 18.65% drug, respectively within 10
min (Fig. 4). Dissolution of the drug depends on its release
from the dosage form, which in turn depends on the dis-
integration of oral formulation. Drugs with poor solubility
face the issue of poor dissolution and absorption after re-
lease from the dosage form. This accounts for the poor bio-
availability of the drug. Faster disintegration and increase
in surface area at the site of dissolution can lead to better
and enhanced contact of drug molecules with the physio-
logical fluid and can give a faster rate of dissolution. This
combined approach can be achieved by preparing imme-
diate release multiparticulate dosage form of the drug. The
immediate release pellets of the drug were prepared with
the objective of enhanced dissolution. Significant increase
was found in drug release from immediate release pellets as
compared to pure drug and marketed formulation.

Solidification approach of nanosuspension by using it as
a binder in immediate release pellets resulted in a marked
increase in the drug release pattern, which can be due to
the synergistic effect produced by the reduced particle size
at nano level and delivery of the poorly soluble drug in the
form of immediate release pellets. Therefore, it can be con-
cluded that both approaches, i.e. use of nanosuspension as
a binder and use MCC for immediate release pellets im-
proved the dissolution rate of canagliflozin.

Regression statistics

R1 Disintegration time

R2 Drug release at 10 min

second %
R? 0.9451 0.9450
Adjusted R? 0.9039 0.9037
Predicted R? 0.7803 0.7800
Mean standard error 0.4688 0.4188
Observation 8

Coeflicient Pvalue Coefficient Pvalue
Intercept 29.28 0.0056 82.84 0.0056
A-conc. of SSG -2.42 0.0067 2.29 0.0054
B-spheronization speed 2.36 0.0073 -1.68 0.0161
C-spheronization time 1.92 0.0148 -2.00 0.0088
DISINTEGRATION TIME = DRUG RELEASE AT 10 MIN =

Equation: full model

+29.28-2.42A+2.36B+1.92C

+82.84+2.29A-1.68B-2.00C
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Figure 3. Contour plot and surface 3D plot of dependent and response variables.

Figure 4. Drug release profile of different formulation of cana-
gliflozin with pure drug.

X-ray diffraction

X-ray diffraction was used to analyse the potential changes
in the inner structure of canagliflozin during the formu-
lation. X-ray diffractogram of pure canagliflozin, physical
mixture of excipients and final pellets (PF5) exhibited sev-
eral peaks at different intensities between 2° to 40° (Fig. 5).
While the X-ray diffractogram of optimised formulation
show less intense peak as in drug. From the obtained peaks,
it revealed that the crystalline nature of drug is not affected
significantly in the final formulation.

Fourier transform spectroscopy analysis

The FTIR spectra of canagliflozin pellets (PF5) and nano-
suspension (NS1) when compared with IR spectra of cana-

gliflozin pure drug, showed no interaction of drug with
excipient, indicating the compatibility of the drug with the
excipient. Hence principle peaks of canagliflozin can be
seen in the IR spectra of both formulation (Fig. 6). There
was no shifting of peaks found. From the spectra, it can be
concluded that canagliflozin remains unaffected during
the process of extrusion and spheronization in the pres-
ence of MCC and SSG.

Differential scanning calorimetry (DSC)

The DSC thermogram of pure drug, physical mixture
of all excipient and pellet batch (PB5) is shown in Fig. 7.
The thermogram of canagliflozin show a peak at 108.10°C
whereas in the thermogram of physical mixture of all ex-
cipients and pellet batch (PB5), the peaks are at 109.37°C
and 106.31°C, respectively, hence there is no change in the
drug peak. It was found that all the excipients used in the
formulation do not affect the melting point of the drug.
This confirmed that there was no incompatibility between
drug and excipients.

Scanning electron microscopy

The morphology of optimised pellets PF5 analysed by scan-
ning electron microscopy is shown in Fig. 8. The uniform
round spherical pellet and size of pellet diameter was found
to be 513.4 um. The surface texture of the prepared pellets
was smooth and had few pores that will be responsible for
rapid disintegrating property of pellets.
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Figure 5A. X-ray diffractogram pure of canagliflozin. Figure 5B. X-ray diffractogram of physical mixture of excipi-
ents.

Figure 6. FTIR spectra of canagliflozin, canagliflozin pellets
Figure 5C. X-ray diffractogram of canagliflozin pellets (PF5). (PF5), canagliflozin nanosuspension (NS1).

Figure 7. DSC thermogram of canagliflozin, physical mixture of excipients, canagliflozin pellets (PF5).
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Figure 8. SEM images of pellets and pellet surface.

CONCLUSIONS

On the basis of the results of the present study, we can con-
clude that the formulation of immediate release pellets us-
ing nanosuspension as a binder can be a unique and feasible
option for stabilisation as well as solidification of nanosus-
pensions. Use of wet media milling method as a non-specif-
ic technique for size reduction can produce nanosuspension
with significant improvement in dissolution rate. The study
has demonstrated that it is possible to enhance the solubil-
ity of canagliflozin by preparing its nanosuspension using
a media milling technique. Furthermore, the solubility of
the drug can be improved by formulating immediate release
pellets using MCC and SSG to improve the dissolution rate.
Solidification of nanosuspension as pellets can be further
explored for increasing the solubility of other poorly soluble
drugs and stabilisation of nanosuspension.
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Pe3ome

BBefieHue: Kanarnmudnosus spisiercs npenaparom IV kmacca cornacHo bruodapmareBrideckoit cucreMsl kinaccudukanuit BCS. Vs-
BECTHO, YTO HAHOCYCIIEH3N: MOBBIIIAET PACTBOPUMOCTD PV HACBIIEHNY ¥ CKOPOCTb PaCTBOPEHNUA Ma/lopPaCTBOPUMBIX JIEKAPCTBEH-
HBIX CPEJICTB 3a CYET yBe/MMYeHN A IIOLa/iM OBEPXHOCTY HAHOPA3MEePHBIX JaCTHII.

Llenb: B HacToAIeM MCC/IENOBaHMM MBI CTPEMIMIUCD YIY4LINTD XapaKTePUCTUKU PACTBOPEHNA IVIOXO PAaCTBOPMMOTO B BOJe JIeKap-
CTBEHHOTO CPeCTBA KaHAIN(I03MHA C IOMOIIBI0 COCTaBa HAHOCYCIIEH3MY U CTAabVIBHOCTH TON CHCTEMBI, OBBIIIAIOIEN PACTBO-
PUMOCTD — HAHOCYCIIEH3NsI MOXKET ObITh yIydIlieHa IyTéM IpeobpasoBaHIs MX B OTBEPXKAEHHbIE (OPMBI B BIfie TPAHYI C HEMEHIeH-

HBIM BBICBOOOXKIEHMEM.

Matepuanbl n MeTofbl: Hanocycrensuio kaHarmi¢Io3uHa rOTOBUIN METOfOM M3MeNlbueH s B cpefie. [l crabuamsanyy HaHOCY-
CIIEH3UM UCIIONB30BaMK Mosiokcamep 407. [IpuroToBieHHbIe HAHOCYCIIEH3UM [IOABEPTaIl XapaKTePUCTIKE pasMepa JacTILl, MHAeKca
nomaycrepcsocty (PDI) u coep>kaHus ekapcTBeHHOTO cpeictBa. OmTuMusnpoBaHHas HaHocycrensusi (NS1) 6buta oTBepxKfe-
Ha ITyTéM IIpeo6pasoBaHysl B IPAHy/Ibl C HEMe[JIEHHbIM BBICBOOOXK/IEHIEM: B Ka4eCTBe YIy4IIeHHOI CTabMIbHOCTH, e B Ka4eCTBe
CBAI3YIOLIETO VCIIOIb30BA/IaCh HAHOCYCIIEH3)s KaHAIMN(IO3NHA. [paHyIIbl TOTOBU/IN METOLOM SKCTPY3UN-CHepOHU3ALUN C UCIIONb-
30BaHIeM MUKPOKpHCTandeckoit nemmonoss (MKI]) B kadecTBe BCIIOMOTaTeIbHOTO CPEACTBA [/l TPAHYIMPOBAHNS U KPaXMalr-
JIMKOJISITA HATPUS B Ka4eCTBe CyNeppaspbIx/INTe/Is. PasiuyHble BaKHbIE IIapaMeTpBI IIPOLiecca, HAIlpUMep. KOHIIEHTPALINI0 KpaxMaJl-
mmKosnsTa Hatpus (A), ckopoctb cdeponusaunu (B) u Bpems cdheponnsanun (C) nccrenopanu ¢ nomMoubio 2°-paktopHoro gusarina
JULSL [OCTVDKEHIS JKelaeMoro Bpemenu pesuHterpanyn (R1) u BBICBOGOX/ieHNS JIEKapPCTBEHHOTO cpeficTBa depes 10 munyT (R2).

Pesynbrathl: OnTuMm3npoBaHHas HAHOCYCIIEH3V MMera pa3Mep yacTury 120.5 nm, cofiepskaHie meKapCTBEHHOTO cpeficTBa 99.14%,
a ONTUMMMUSVPOBAHHbIE IPAHY/IBI C HeMeJTIeHHbIM BbIcBoOOXKeHeM (PF5) pacmamamich B TedeHye 23.29 CeKYHABI M COfePYKaIN
nexapcTBo 99.11%. ViccnenoBanus pacTBOpeHNs in vitro oKasaau BrICBOOOXAeHMe 89.59% npemnapara B TedeHre 10 MuHyT B 0.75%
w/v SLS. CkaHupyromias amekTpoHHas Mukpockomusa (COM) nopTBeppnia OfHOPORXHOCTD IpaHyn chepudeckoit popmbl. VHpa-
KpacHas crieKTpoMeTpus ¢ npeobpasoBanueM Pypoe (FTIR) u ananus nuddepernnanpHoit ckanupymoueit kanopumerpun (DSC) He
BBIABV/IV 3HAYMTETTBHOTO B3aVMOEIICTBYIA MEX/TY TeKapCTBEHHBIM CPEIICTBOM U BCIIOMOTATeTbHBIMI Bel[eCTBAMIL.

3aKntoyeHue: VI3 pesynbTaToB 3TOTO UCCIIEOBAaHMA MOXKHO Ce/IaTh BBIBOJ], YTO COCTaB HAHOCYCIIEH3UM 1 € MICIIONIb30BaHIe B Kaue-
CTBe CBA3YIOLIETO B COCTaBe IIe/IeT C HeMeIEHHBIM BBICBOOOXK/IeHIEM CTIEAyeT JOIOTHUTETbHO M3y INTh, YTOOBI YIYIIIUTh CKOPOCTh
PacTBOpPeHNsI ¥ CTAOMIBHOCTD COCTABA.

KnwoueBble cnoBa
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