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ABSTRACT

Oral biocavailability of irbesartan (IBS) is only 60% due to its poor aqueous solubility and dissolution rate. The
present research work was aimed for improvement of dissolution of IBS by melt dispersion technique which is
supposed to improve oral bioavailability. Solid dispersions of IBS were prepared using polymeric additives
(polyvinylpyrrolidone, copovidone, polyethylene glycol and poloxamer) in different ratios. Quantitative solubility of
selected formulations were evaluated after a trial of physical solubility study of all the formulations. Formulation A
[IBSPVP (1:1) + poloxamer 10%] and formulation B [IBSPVP (1:2) + poloxamer 5%] were taken for
micronization by jet milling (Cadmach, Ahmedabad, india). Formulation A and B have been characterised by
instrumental study such as particle size analysis (Sympatech particle size laser analyser, GmbH, Germany); XRD
(Mettler Toledo, USA); DSC (Mettler Toledo, USA). Formulation A and B have been tableted (each tablet contains
150mg I1BS) using Micro Crystalline Cellulose (MCC 102), as major filler by direct compression applying 100-120
N pressure. Solubility of A and B have been improved to 4.6 (.0055mg/ml) times and 3.8 (0.046mg/ml) times
respectively compared to pure drug (0.012mg/mL). IBS dissolution of tablet A has been improved to 71.76% in SGF
(0.IN HCI). Micronized particle size of A (Xg0:1031) and B (Xg0:69u), and amorphization of drug in Solid
dispersions (decreased intensity of XRD and is appearance of endothermic peak of crystalline drug) have brought
about improved dissolution.

Keywords: IrbesartanMelt dispersion, Polymeric additives, Poly vinylrplidone, Poloxamer anillicro
crystalline cellulose.

INTRODUCTION

Irbesartan (IBS) is an angiotensin |l receptor gotest used in the treatment of hypertension. Iy miso delay
progression of diabetic nephropathy and also itditfor the reduction of renal disease progressigratients with
type Il diabetes, hypertension and micro albumigausr protein urea. According to BCS classificalid8 belongs
to class Il. So it has poor solubility in water-31L

Solubility and dissolution are the key parameters the therapeutic effect of a drug and to achidesired
concentration of drug in systemic circulation ftvapmacological response. More than 92% of the deitgd in U.S
pharmacopeia are having poor solubility. It is comniy recognized in the pharmaceutical industry thate than
40% of newly discovered drug candidates are hapowy solubility. Aqueous solubility of a drug cae & critical
limitation to its oral absorption. [4-6]
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Lipophilic molecules, especially those belonginghe biopharmaceutical classification system (B€&3s Il and
IV, dissolve slowly, poorly and irregularly, andrfoe pose serious delivery challenges like incoreplelease from
the dosage form & poor bioavailability. For the anbement of oral bioavailability of poorly solultleugs remains
one of the most challenging aspects of drug dewvedop. Although salt formation, solubilisation anaricle size
reduction have commonly been used to increase |digso rate and thereby oral absorption and bidadity of
such drugs, there are some practical limitationthe$e techniques. [7-8]

Solid dispersion technology is the science of disipg one or more active ingredients in an inertriman the solid
state in order to achieve increased dissolutios, iatproved solubility and stability. In case oftsathe increased
dissolution rate in the gastrointestinal tract may be achieved because of the reconversion & sett aggregates
of their respective acid (or) base forms. Furth@ulslisation of drugs in organic solvents or iruaqus media by
the use of surfactants and-solvents leads to liquid formulations that are Ulguandesirable from patient
acceptability and commercialization. Solid dispensmay be obtained in different ways but theretame methods
which are widely used e. g. solvent method andfusiethod. [9]

The solid dispersion approach has been widely andessfully applied to improve solubility, dissodut rate and
consequently the bioavailability of poorly soluldeugs. Many hydrophilic excipients like PEG 400G 8000,
PVP, poloxamers, povidone can be used to enhaecdisholution of drug. In the present study, thénngaal is to
increase solubility and dissolution of drug (IBS) $olid dispersion technique using PEG 4000, PEG8@VP,
poloxamers, and povidot®y physical mixing and fusion methods. [10-11]

MATERIALSAND METHODS

Material

IBS was received as a gift sample from Glenmarkoktatories Ltd, Mumbai. Poloxamer 188 and Magnesium
stearate was procured from SD fine chemicals Ltdpidai. Povidone (Plasdone S630) and croscarmelase
procured from Ozone International, Mumbai, PEG 4@mDO (poly ethylene glycol), MCC 102 (Micro Crgfshe
Cellulose) and Lactose was procured from Merck BfiacLtd, SSG (sodium starch glycolate) was ofai from
central drug house, New Delhi, PVP K 30 was a safinple from Caplin point, Pondicherry and all teagents
were of analytical grade.

Method Preparation of Solid Dispersion

The solid dispersions were prepared by taking IB& anodel drug and the hydrophilic polymer in gaitr ratios
(Table 1). The ingredients are mixed geometricdllye geometrically mixed blends were taken in metaitainer
and co-melted at a controlled temperature of I’ C, with continuous stirring to get the uniform mive.

Table 1. Formulation Ratios for solid dispersion

Excipients Drug : Excipient
PVP K 30 1:1&1:2
Poloxamer 1:1,1:2&1:3

Plasdone S630 1:1,1:3&15
PEG 4000 1:1,1:2& 15
PEG 8000 1:1,1:2&15

PVP K 30 + Poloxame 1:1(1%), 1:1(2%), 1:1(5%),(10R%),
1:2(1%), 1:2(2%), 1:2(5%) & 1:2(10%).

Table 2. Formulation compilation for solid dispersion tablets
Process Direct compression method
Batch no 1 Control 2 [Contro] 3 [Contrg 4 Contro 5 Control
Crystalline API - 150 - 150 - 15 - 150 - 150
SDs 330 - 330 - 330 - 330 - 33D -
PVP K30 - 150 - 150 - 15( - 150 - 150
Poloxamer 188 - 30 - 30, - 3( - 3 - 30
MCC 102 40 40 190 190 173 173 162 162 162 162
Croscarmellose 15.5 15.5 15.5 18.5 - - - - 55 5%
lactose 60 60 60 60 - - - - - -
Magnesium stearate 4.5 4.5 4.5 A5 3 3 3 3 3
SSG - - - - 44 44 55 55 - -
Wt of tab 450 450 600 60( 550 550 55 560 550 550
80- 80-| 87- 98- 97-
hardness [LOC-120N 100-120N| 71-171N 110 12C-150N 110N 98N |118 96-116 111
Disintegration . 21 46 19 43 16 . 21 26 9
. 50 min ] ) ; : . 48 min : . .
Time(D.T) mins min min min min min | min min
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The metal container was allowed to cool and theghe&d surfactant was added with continuous stirfimg
uniformity. The half solidified mass was then quermoled to obtain the hard mass. The resultardymtowas
ground in mortar pestle to break up. All the resmiitground mass was passed through sieve no-6& tbegaverage
particle size around 250 micronkhe suitable ratios of solid dispersions were stibj for tablet punching (Table
2).[12]

The tablets were made by direct compression metived;granulation method was not feasible for lasgale
preparation. After the tablet was formed the disSoh test was done comparing with IBS tablet.

RESULTSAND DISCUSSION

Compatibility Study

Compatibility study was carried out by employinguBrand polymer in a particular ratio meant for prettbn of
solid dispersion. For the study drug and polymes &ept in the small USP type glass vial (10 mijliplicate and
sealed with rubber bung. A specified amount R&0gng) of drug and polymer was taken, subjectedeimperature
and humid conditions for 30 days (Table 3). The plam were examined physically for any changes like
discoloration, colour development and crystal growt

Table 3. Compatibility Parameter
Stressfactor Condition Duration
Temperature and Humidit %0 30 days
Temperature and Humidit %0+ 5% Moisture| 30 days

After exposing drug and polymer to pre describéchaic conditions, it was found that there was hgsgical sign
of incompatibility with model drug; hence it wadesged to be formulated as solid dispersid3]

Solubility Study

The solubility studies were performed by physicdubility and analytical study. The physical solitpistudy was
carried out by taking samples from each trial bgeduivalent to 150mg of model drug) and placethian 250ml
volumetric flask and in the 10ml aliquots were adidgp to 200 ml and shaken (rotary flask shaker) for
solubilisation. The volumetric flasks were settlbgvn for one hour and the supernatant liquid wesenked for
probable solubility. The best possible ratios whiassed the physical solubility study were takemafiaalytical
solubility study. In the analytical solubility studthe sample was filtered with membrane filter4) and
absorbance was taken in 244 nm using UV-visibletspghotometer (JASCO V-630 spectrophotometer v&ot:
Spectra Manager). Based on the physical solubdaya, suitable combinations were selected for dpadint
solubility study and two suitable ratios (which bavighest solubility) were selected for furtherdstuThe suitable
ratios of analytical solubility study were givenTable 4.[14]

Table4. Analytical Solubility profile of SDs
S .No Batch Solubility(mg/ml)

1 Model drug 0.012

2 Model drug + PEG (4000)(1:2) 0.013
3 Model drug + PEG (8000)(1:2) 0.041
4 Model drug +PVPK29/32(1:1) + (PX 2% 0.031
5 Model drug +PVPK29/32(1:1) + (PX 5% 0.019
6 Model drug +PVPK29/32(1:1) + (PX 10%) 0.046
7 Model drug PVPK29/32(1:2) + (PX 2%) 0.029
8 Model drug PVPK29/32(1:2) + (PX 5%) 0.055
9 Model drug PVPK29/32(1:2) + (PX 10%)| 0.022

Micronization and Particle Size Analysis

The ratios which showed higher analytical solupilitere subjected for the reduction of particle sigget milling
[Cadmach , Ahmedabad, India (air velocity-4.5 kdidrand particle size distribution study were catrieut by
sympatech particle size laser analyser (GmbH, Geyln@ccording to the solubility data, two formutats having
highest solubility [sample A - IBS: PVPK29/32(1:4)(PX 10%) & sample B- IBS:PVPK29/32(1:2)+(PX 5%)]
were subjected to micronization for further enhameet of solubility and taken for particle size as&. The
particle size of sample A and B were found to b8.2P and 69.2&um respectively (Fig. 1 & Fig. 2). The higher
reduction of particle size in case of sample B diaes to higher concentration of PVP K29/815]
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Sample; Details:.
Product: Irbesartan Blend (Sample-A)

B.No:: — Run-02

AR.No:: 0902P066

Mfg.: MPL

x10 = 5.14 pm xs0. = 27.58 pm X90 =103.22 um SMD = 12.66'um VMD = 43.14 pm

x4 = 7.78 pm Xga = 7774 pm X9s = 14197 pm Sy -~ 047 m¥/cm?  Sm - 4741.17 cm¥/g
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Fig. 1. Particle size analysis of sample A
Product: Irb Blend B)
B.No: —-- Run-3
AR_No:: 0902P066
Mfg.: MPL
Xio = 6.57 wm Xso = 26.12 pm. Xsa ='69.29 jm. SMD  =1220 pm VMD = 32.86 pm
x5 = 9.20 pm Xge = 57.49 pm xg3 = 85.34 pm. Sy - 049 m?fcm? S = 4916.31 cm?/g.
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Fig. 2. Particle size analysis of sample B

XRD Analysis

XRD (X-Ray diffraction) patternof freshly prepared powdered samples (under cdetréémperature and humidity
conditions) were recorded at room temperaturX-day diffractometerNlettler Toledo, USA) with CuKa radiation
(1.54 A), at 45 kV, 40 mA, passing through a nidietr with a divergence slit (0.5°), anti scattey slit (0.5°), and
receiving slit (1 mm). The diffractometer was equéd with a 2q compensating slit and was calibrédedccuracy
of peak positions with a silicon pellet. Samplesewmounted on a 25-mm holder made of polymethyhawtlylate
(PMMA) and were subjected to X-Ray powder diffraatianalysis in continuous mode with a step sizé.@f° and
step time of 1 second over an angular range of&t2q. Sample holders were rotated in a planallphto their
surface at 30 rpm during the measurements. Obtalifrdctograms is recorded using X' pert data ectibr and
were analyzed with X’pert high score softwaBs. a comparative defractogram analysis of modagdphysical
mixture and solid disperssion sample A, it was rckbat the intensity of defractogram decreased $igaificant
value. For model drug it was in the range of 200f00,physical mixture it was 15000 and for solicmirssion
sample A, it was in 4000 range. Defractogram fon@e B the range was in 2000 range. The decreasedsity
showed a major transformation from crystalline neogphous state. From the XRD plot (Fig. 3 & Fig. df)sample
A and B, it was clear that the sample A was slighthorphized and sample B was almost amorphiéqg.

Counts

I Model drua alone

A

A A
‘physical mixture of model drug along excipients(A)

4008 Soild discersion Peree A

T T T T
10 20 30 “0

Position 2 Thetal (Copper (Cul

Fig. 3. XRD of Drug, physical mixture (Sample A)
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Fig. 4. XRD of Drug, physical mixture (Sample B)

DSC Analysis

Thermal transitions were determined using a Meffletledo 822e DSC (Mettler Toledo, USA) operatinghv
version 8.01 of Star software usin—6 mg) samples in aluminium pans Owith pierced lids at heating rates
20 °C min® under nitrogen purge at 60 mL r*. The initial and ending temperature were 30 an@ @éntigrade
respectively. The instrument was calibrated for gerature and heat flow using high purity indium aidc
standards.DSC study was performed on the pure drug, phydidehd and solid dispersions samples.
thermogram of pure drug (IBS) gave a melting enelothat 185.25°C. But while considering the therraagof
solid dispersion gave a melting endotherm «125%C range (Fig. 5 & Fig. 6). This reduction of medtipoint was
an indication of conversion of crystalline fractiomto amorphous one. As amorphous fraction of sutrst are
having lowmelting point. So we can conclude that there istipesconversior [17]

oesartan Giend -Sempie-A. 71850
besartan Blend -Sampie-A. 2 2000 Mg

Method Name: 35°C-300°C, 10°Clmin

Fig.6. DSC Endotherm of Sample B

In-vitro Drug Release

Dissolution experiments of crystalline, amorphond aolid disperssion samples were carried oufptidate with a
United States Pharmacopeia Apparatus Il (p«type) (Electrolab, India), employing 900 mL of DDWéater anc
0.1N HCI, at a temperaturd 87 + 0.5°C, at rotational speed of 50 rpm. Atdetermined intervals (30, 60, 90 ¢
120) samples were withdrawn (with replacement eia¢golume ofa prewarmed medium into the vessel), filter:
appropriately diluted and analyzed for drug conaion using Spectrophotometéissolution studies of differer
batches of solid dispersions were carried out in ddfer and 0.1 N HCI (Fig. 7The above mentioned batck
were compred for their £ Neither of the formulation reachecsq, in water, as dsolution medium, while in 0.
N hcl 3&5 batch succeeded to showsgy,, Only batch 1 &3 could not reachsgin water and in 0.1 N hcl all tt
formuation reached £, the highest percentage of realease was up to 78#smosolid dispersio. [18]
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Fig. 7: In-Vitro Release comparision of model drug and Solid dispersionsin water (A,C) and 0.1N Hcl (B,D)
CONCLUSION

The present study was performed to improve theotliien rates of IBS, a poorly soluble drug usirgids
dispersion technique. Solid dispersion providesractral means of further enhancing the solubilignefit,
achieved using amorphous systems. IBS served aslalrmoandidate for formation of solid solutionsdispersions
of amorphous IBS into a fast dissolving matrix. Témmorphous alloys generated using high moleculagsma
polymers like PVP K 30, PEG 4000, PEG 8000, Plassi@&30 and poloxamer led to a significant enhanc¢moe
solubility over the crystalline form. DSC studiesow's decrease of endothermic peaks of drugs insttie
dispersions prepared by PVP K30 and poloxamer atigig that the drug in amorphous form. The dissmfutates
of physical mixture were higher than that of pureigdand this was possibly caused by the increasarug
wettability. Solid dispersion exhibited better dikgion rates than those of physical mixtures. Taster dissolution
was obtained in case of drug: PVP K 30(1:1) andxarher 10%. High @ polymer like PVP, apart from its
antiplstisization effect, increase the wettabibityd hydrophilicity of the system and maintain theleoules in the
disordered state for a longer peridgblubility of A and B have been improved to 4.668thg/ml) times and
3.8(0.046mg/ml) times respectively compared to pdreg (0.012mg/mL). Dissolution of tablet A has bee
improved to 71.76% in SGF (0.1N HCI). Micronizedripde size of A (%0:1031) and B (%0:69u), and
amorphization of drug in solid dispersion (decréasgensity of XRD and Disappearance of endothenpeiak of
crystalline drug) have brought about improved digson.
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