J Ultrasound (2014) 17:27-32
DOI 10.1007/s40477-014-0074-9

ORIGINAL ARTICLE

Solubility enhancement of rosiglitazone by using melt

sonocrystallization technique

Vaibhavkumar A. Jagtap + G. Vidyasagar -
S. C. Dvivedi

Received: 31 August 2013/ Accepted: 28 January 2014 /Published online: 27 February 2014
© Societa Italiana di Ultrasonologia in Medicina e Biologia (SIUMB) 2014

Abstract The poor solubility and low dissolution rate in
gastro-intestinal fluid, especially for class-II drugs
according to Biopharmaceutics Classification System
(BCS) the bioavailability enhanced by increasing the sol-
ubility and dissolution rate. A novel melt sonocrystalliza-
tion technique of particle engineering to enhance solubility
as well as dissolution of hydrophobic drug and to study its
effect on crystal properties of drug. The present study leads
to use investigate solubility of melt sonocrystallization
technique to modify the undesirable properties of Rosig-
litazone is antidiabetic drug in thiozolidione category with
(BCS 1II) to forms agglomerates with number of shallow
circular pits on the surface leads to increase solubility. Melt
sonocrystallization process was developed for Rosiglitaz-
one in which Rosiglitazone melt was poured in deionized
water and simultaneously subjected to ultrasonic energy for
20 min at amplitude 80 %. The product obtained was
evaluated using scanning electron microscopy, differential
scanning calorimetry, X-ray powder diffractometry
(XPRD), Fourier transformed infrared spectroscopy
(FTIR), solubility and dissolution rate. The irregular
agglomerates with porous surface were obtained having
different crystal habit which increases solubility and dis-
solution rate. FTIR shows thermal behavior of untreated
Rosiglitazone and treated Rosiglitazone have no significant
difference low intensity peaks in XPRD of treated Rosig-
litazone were noticed crystals habit changes and lattice
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defects during processing have causes favorable changes in
the physicochemical properties of Rosiglitazone. The use
of melt sonocrystallization technique is promising tech-
nique that may affords powder with improved flow as well
as improved solubility and dissolution.
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Riassunto La scarsa solubilita e il basso tasso di dissol-
uzione nei liquidi gastro-intestinali, soprattutto per farmaci
di classe II secondo il Biopharmaceutics Classification
System (BCS) richiede, per la biodisponiblita, un au-
mentando della solubilita e velocita di dissoluzione. Val-
utiamo una nuova tecnica di ingegneria delle particelle di
scioglimento per sonocristallizazione per migliorare la
solubilita, nonché la dissoluzione del farmaco e il suo
effetto sulle proprieta cristalline del farmaco. Il presente
studio indaga quindi la tecnica di scioglimento per sono-
cristallizazione per modificare la solubilita e le proprieta
indesiderabili del Rosiglitazone, farmaco antidiabetico
della categoria dei thiozolidione (BCS II) con la formazi-
one di depressioni circolari poco profonde sulla superficie,
per aumentare la solubilita. Il processo di scioglimento per
sonocristallizazione ¢ stato sviluppato per il Rosiglitazone.
In questo esperimento il Rosiglitazone € stato versato in
acqua deionizzata e contemporaneamente sottoposto a en-
ergia ad ultrasuoni per 20 min. con ampiezza all’ 80 %. Il
prodotto ottenuto ¢ stato valutato mediante microscopia
elettronica a scansione (SEM), calorimetria differenziale a
scansione (DSC), raggi X a diffrazione (XPRD), trasfor-
mata di Fourier con spettroscopia ad infrarossi (FTIR),
solubilita e velocita di dissoluzione. Sono stati ottenuti
agglomerati irregolari, con superficie porosa con diverso
aspetto cristallino, che aumenta la solubilita e di
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dissoluzione. La FTIR mostra un comportamento termico
del Rosiglitazone non trattato e trattato senza alcuna dif-
ferenza significativa, picchi di bassa intensita del Rosig-
litazone trattato sono stati notati in XPRD con cambiamenti
cambiamenti favorevoli delle proprieta fisico-chimiche del
Rosiglitazone. L’uso della tecnica scioglimento con sono-
cristallizazione € una tecnica promettente un migliore
flusso e migliore solubilita e dissoluzione.

Introduction

The poor solubility and low dissolution rate of poorly water
soluble drug in the aqueous gastro- intestinal fluid often cause
insufficient bioavailability. Especially for class-II substances
according to the Biopharmaceutics Classification System
(BCS) the bioavailability may be enhanced by increasing the
solubility and dissolution rate of the drug in the gastro-intes-
tinal fluid [1]. Any drug to be absorbed must be present in the
form of an aqueous solution at the site of absorption [2—4].

The main possibilities for improving dissolution accord-
ing to this analysis are to increase the surface area available
for dissolution rate by decreasing the particle size of the solid
compound and or by optimizing the wetting characteristics
of the compound surface, to decrease the boundary layer
thickness, to ensure sink condition for dissolution and last
but definitely not least, to improve the apparent solubility of
drug under physiologically relevant condition [5, 6]. As
solubility and permeability is the deciding factor for the
in vivo absorption of the drug, these can altered or modified
by enhancement technique like the novel approach for par-
ticle size reduction on basis of crystallization by using
ultrasound is sonocrystallization this utilizes ultrasound
power characterized by a frequency range of 20—-100 kHz for
inducing crystallization its not only enhances the nucleation
rate but also an effective means of size reduction and con-
trolling size distribution of the active pharmaceutical
ingredients (API) [7]. Most application used ultrasound in
the range 20-5 kHz [8]. There are reports on application of
ultrasonic (US) energy during crystallization i.e. sonocrys-
tallization. US energy has been used to achieve nucleation at
moderate super saturation during crystallization process or
terminal treatment to achieve deagglomeration and to obtain
crystal habbit [9].

Melt sono crystallization (MSC) is particle engineering
technique are developing to modify the physicochemical
and biopharmaceutical properties of drug Rosiglitazone-
(RS)-5-{4-(2[methyl (pyridine-2-yl)amino]ethoxy benzyl]
thiozolidione-2-4-dione, is oral hypoglycemic agent in the
thiozolidinedione class of drug. It works as an insulin
sensitizer, by binding to the pPAR receptor in fat cell and
making the cells more responsive to insulin [10].
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In the present study MSC a novel technique involving
application of ultrasonic energy to the melt during crys-
tallization has been reported. The effect of application of
US energy on the property, of MSC Rosiglitazone was
characterized by scanning electron microscopy (SEM),
Differential scanning calorimetry (DSC), X-ray powder
diffraction (XPRD), Fourier transform infrared spectros-
copy(FTIR), and solubility and dissolution study.

Materials and methods
Material

Rosiglitazone was kindly, supplied by Cipla pharmaceuti-
cal Ltd. Mumbai, Pottasium dihydrogen phosphate and
sodium hydroxide of analytical grade were purchase from
Loba chemicals (Mumbai, India).

Method of preparation

The drug (2 g) was melted in vessel in paraffin oil bath.
Molten mass was poured in vessel containing 20 ml
deionized water and sonicated for 20 min. using probe
sonicator (Chrome Tech ultrasonic) processor at pulse on
off 1 s with 5-8 mm probe diameter and 80 %. The
product obtained after solidification of disperse droplet was
separate by filtration and dried at room temp.

Solubility determination

To evaluate increase in solubility of melt sono crystalli-
zation (MSC), Rosiglitazone saturation solubility carried
out. An excess amount of MSC Rosiglitazone was added to
10 ml of distilled water maintained at 37 °C and shaken for
more than 24 h. The solution were the centrifuge at
7,000 rpm for 10 min supernatant was suitably diluted and
analyze by UV-spectrophotometer at 228 nm.

Fourier transform infrared spectroscopy

Fourier transform infrared spectroscopy (FT-IR) spectra of
pure crystalline Rosiglitazone and MSC agglomerates were
recorded on the sample prepared in KBr disks (2 mg
sample in 200 mg KBr) using Shimadzu Fourier trans-
formed infrared spectrophotometer. The scanning range
was 500—4,000/cm. with a resolution of 4/cm.

Surface topography
Scanning electron microscopy of pure and MSC agglom-

erates were obtained using SEM- JSM6360 A JEOL
JAPAN.
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Differential scanning calorimetry (DSC)

The thermal analysis of pure Rosiglitazone and MSC
Rosiglitazone agglomerates were carried out with a Metter
Tolado DSC 60 (Japan), all powder samples were placed in
sealed aluminum pans and heated at a rate 200 °C in the
temp range 20-100 °C temp range under a nitrogen flow
rate of 20 ml/min.

Powder X-ray diffraction

XPRD patterns were recorded using BRUKER-axs DS§-
ADVANCE, model generator powder X-ray diffraction
patterns were traced for 20 range 5-50 with reproducibility
of 0.001 °C for Rosiglitazone and MSC Rosiglitazone. The
position and intensities of diffraction peaks were consid-
ered for the identification and comparison of crystallinity
of the drug and MSC of drug.

Dissolution study

The dissolution of pure drug and MSC agglomerates was
studied using USP type II dissolution test apparatus TDT-
08L with phosphate buffer pH-7.4 maintained at
37 £ 0.5 °C and stirred at 100 rpm samples were collected
periodically and replaced with fresh dissolution medium
after filtration through Whatman filter paper 40,

Fig. 1 SEM of Rosiglitazone
pure and MSC Rosiglitazone
aPure drug at x 1,000, b Pure
drug at x2,000, ¢ MSC
Rosiglitazone at x 1,000,

d MSC Rosiglitazone at x3,000
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concentration of Rosiglitazone was determine using spec-
trophotometer at 228 nm (Shimadzu 1800).

Results and discussion

Melt sono crystallization was designed for Rosiglitazone
undergoes combination of melt solidification and ultra-
sonication, has advantages of melt solidified bonds and
hardened surface, this hardened surface has enabled the
particles to with stand high sonication shear and main-
tained integrity even in highly porous form [11].

Ultra sonication has been reported to cause spontaneous
nucleation at relatively low degree of super saturation due
to increase in number of collision similarly, ultrasonication
enhanced collision in molecule of the melt favors nucle-
ation rather than crystallization [12]. The crystallization
induction time decreases significantly with increases in
speed of agitation [13] this posses low energy shear caused
complete crystallization in <30 s [14] thus, it may be
conclude that MSC is promising technique to obtain por-
ous, amorphous material with high stability. MSC process
was designed for Rosiglitazone which undergoes slow and
shears independent crystallization. During study, it was
observe that the melt was immediately disperse into fine
droplets and remained in the upper portion of vessel loner
agglomerates were formed from the melt droplets at the top
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of liquid surface which received US energy [15] so that
morphology of crystal influences pharmaceutical engi-
neering and biopharmaceutical parameter as solubility and
dissolution characteristic of drug sample [16].

Scanning electron microphotographs of Rosiglitazone
and Rosiglitazone treated with US energy are shown in

Pure Rosiglitazone

A

MSC Rosiglitazone N |

‘Wave number(l/cm)

Fig. 2 FTIR spectra of Rosiglitazone and MSC Rosiglitazone

Fig. 1. The pure Rosiglitazone is in the form plate and
needle shape (Fig. la, b) application of US energy to
crystalline drug in suspension form resulted agglomeration
of crystalline drug with number of shallow circular pits on
the surface, reduction in particle size and surface roughness
with porous nature. MSC of Rosiglitazone agglomerates
shown in Fig. lc. MSC Rosiglitazone agglomerates are
irregular in shape with pores (Fig. 1d).

The FT-IR spectra of Rosiglitazone (Fig. 2) showed
characteristics peaks of Rosiglitazone at 1,187/cm (C-N
stretching aliphatic), 12,79/cm (C-N stretching aromatic)
1,655/cm (c=o stretching), 1,632/cm (N-H Bending amide)
and 3,418/cm O-H aliphatic stretching 3,336/cm (N-H
Stretching) were observed.

MSC samples showed spectrum as that of pure drug
hence no chemical changes occur in MSC Rosiglitazone.
The DSC curve of Rosiglitazone (Fig. 3a, b) was typical
crystalline anhydrous substance with sharp melting endo-
therm (temp. onset = 100.16 °C temp peak = 107.59 °C)
and end set 112.52 °C to the melting. The melting endo-
therm is sharp but asymmetric may be due to presence of
different crystal structure these observation gives confir-
mation of changes in thermal properties of Rosiglitazone

STAR® SW 10.00

Fig. 3 a DSC of Rosiglitazone. b DSC of melt sonocrystalized Rosiglitazone
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Fig. 4 XRPD of Rosiglitazone and MSC Rosiglitazone

Table 1 Solubility and % cumulative dissolution release of pure and
MSC rosigliTazone

Formulation Solubility % cum, drug % cum drug

code mg/ml release (15 min) release (30 min)

Rosiglitazone ~ 0.005 32.13 £ 0.10 40.36 £+ 0.40
pure

MSC 0.345 63.25 £+ 0.58 97.48 £+ 0.29

Rosiglitazone

n = 3 for SD

after MSC where broadening and asymmetry describe
different crystals.

In the X-ray diffractogram of Rosiglitazone powder
(Fig. 4) sharp peak at a diffraction angle 20 10.9, 14.6,
18.6, 21.9, 25.2, 29.7 are present and it suggest that the
drug is present as crystalline material and maximum
intensity peak shifted from 15.9 to 15.1 in pure Rosiglit-
azone diffractogram to MSC Rosiglitazone diffractogram.

There was no significant change observed in the d
spacing value as observed in SEM these include plates
along with fine drug crystallites and some sintered crystals
formed during processing [17]. The decrease in the inten-
sity to the changes in crystal habbit of drug similarly the
defects in the crystal structure produced due to ultrasonic
energy may also be responsible for these changes [18].
Saturated solubility of pure Rosiglitazone was found to be
0.005 mg/ml where as for MSC Rosiglitazone agglomer-
ate, it was found to be 0.345 mg/ml solubility of MSC
Rosiglitazone has been significantly higher than the origi-
nal powder it may be due to formation of agglomerates
(Table 1). Dissolution profile of pure Rosiglitazone and
MSC Rosiglitazone was shown in Table 1; Fig. 5 i.e. after
30 min Rosiglitazone pure 40.36 &+ 0.40 and 97.48 + 0.29
for MSC Rosiglitazone.

40

Time (min)

Fig. 5 Release profile of pure Rosiglitazone and MSC Rosiglitazone

Conclusion

Rosiglitazone agglomerates comprising of irregular in
shape having rough surface area with pore by melt sono
crystallization technique agglomeretates has shown no
shallow circular pits on the surface there by increased
solubility and dissolution profile.
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