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ABSTRACT: This work describes a melt granulation techniquienigrove the solubility and dissolution charactécsbf a
poorly water-soluble drug Fenofibrate (FNO). Malamgulation technique is a process by which pharotaz powders are
efficiently agglomerated by a meltable polymers andactants. The advantage of this technique coedp@ara conventional
granulation is that no water or organic solventméeded. Because of bypassing drying step, theegsois less time
consuming and uses less energy than wet granula@oanules were prepared by using hydrophilic peynPEG
(polyethylene glycol-6000) and surfactant (poloxosré07). The prepared granules were characterizieg ppwder XRD,
DSC and FTIR techniques. A significant enhancemetité solubility and vitro dissolution profiles thfe melt granules was
observed compared to the pure drug and drug extipteysical mixtures. DSC results indicated changaternal energy of
FNO with polymer and surfactant in the melted gtasuln conclusion, the results of this work suggleat melt granulation
is a useful technique to enhance the solubility disdolution rate of poorly water-soluble drug |ik&NO.

KEY WORDS: Fenofibrate, surfactants, melts granulation, Digsah, polyethylene glycol, wettability.

INTRODUCTION: originating risk of residual solvents; moreover, nelt
Combinatorial chemistry and high throughput scregrdre  granulation the drying step is not necessary, thegprocess
modern techniques in drug research. Many of thesjru is less consuming in terms of time and energy aspemed
evolving from these techniques, can be categormediass to wet granulatio?ﬁ3 .The apparatus of choice for melt
Il drugs according to the Biopharmaceutics Clasaiion granulation are the high shear mixers, where thoglymt
Sys'[eml . These drugs are poorly water soluble, but oncetemperature is raised above the melting point eftiimder
they are dissolved they are easily absorbed thrahgh either by using a heating jacket or via the heafricfion
gastro-intestinal membrafié Therefore, the bioavailability ~generated by the impeller blades, when the impsfieed is
after oral administration can be improved by eneament  high enough. _ _
of the dissolution raté.One of the approaches to enhance Now days, m?'t granulation tech_r_nque has_ been _ssﬁddy

. . - . employed to improve the solubility and dissoluti@te of
the dissolution rate is the use of fully amorphaaid .

) Y T ] R poorly soluble compounds and the technique haseprtivat
dispersions”. A solid d|sper3|0n_for suc_:h_apph_canon IS @ melt granulation can be used to enhance the i vitr
system composed of a hydrophilic matrix in whicho®rly — gissolution rate of different pharmaceuticals, eviplg
soluble drug is dispersed. The enhanced dissolusite of poloxamer-188 as a melting binder which is mostseds

drugs from these solid dispersions is mainly basedour surfactant. The objective of this work was to eveduthe

different mechanism&®*: feasibility of the melt granulation technique topirave the
1.Wetting of the drug is improved by direct contatttee solubility and dissolution characteristics of a gpavater-
drug with the hydrophilic matrix, soluble drug Fenofibrate.

2.The saturation concentration around small partitles Fenofibrate (FNO) (isopropyl ester of 2-[4-(4-cldor
higher than around large particf]é)s benzoyl) phenoxy]-2-methylpropanoic acid) is a wWde
3.The surface area is increased. used hypolipidemic drug. Its pharmacological atyivi

4.The drug has higher energy in the amorphous stateith ~ consists in  reducing triglyceride and cholesterol
the crystalline state, through which the saturationconcentration in plasma. Solubility and permeapiite the
concentration is increased™2. fundamental parameters controlling the rate anerexof
In recent years, the interest in melt granulatioas h drug absorption. According to the Biopharmaceutics
increased due to the advantage of this techniquer oy Classification System (BCS), FNO is a Class II hgviow
traditional wet granulation method. The water oramig  SOlubility and high permeability. Bioavailabilityf &NO
solvents required for granulation are eliminatiorttie melt ~ Solely depends on dissolution rate in the gasestimal
granulation process. The used solvents in granulatiay  tract This drug is used mostly in lipid regulatias it
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decreases low-density lipoprotein (LDL) and veryHo mg) of FNO and equivalent prepared melt granulesewe
density lipoprotein (VLDL) levels, and increasegHri taken in screws capped test tubes with fixed vol(h@e
density lipoprotein (HDL) levaf. ml) of deionized water. The resultant suspensiors wa
In the present work, the feasibility of fast-releamte  treated at 37C with 100 rpm in incubator shaker. After
granules by melt granulation has been considerbi F 24 hr samples were withdrawn and filtered througtu 0
was chosen as a water-insoluble model drug and PE ilters (Ultipor®Ngs, Pall Life sciences, Mumbai, India).
poloxamer as a hydrophilic polymer and surfactant. The filtrate was suitably diluted with deionizedtamand
Polyethylene glycol (PEG) and poloxamer were analyzed at 290 nm by UV-visible spectrophotometer
employed as a melting binder, in consideration tef i (Pharma spec 1700, Shimadzu Corporation, Kyoto,
favourable solution properties, low melting poirdpid Japan).

solidification rate, low toxicity and low cost. kitro In-vitro Dissolution Studies:

release of the drug from the granules was investija A LABINDIA Disso 2000 (Mumbai) dissolution test
and compared with the pure drug and drug excipientapparatus type Il (Paddle) at rotation speed ofrB0
physical mixtures. Differential scanning calorinyetix- was used for the study. Dissolution of the drug and
ray powder diffraction and Fourier transform infred samples was carried out on an equivalent of 50 ftlgeo
spectroscopy (FTIR) were utilized to investigatee th FNO in 0.1 M SLS as dissolution media. The volumé a

chemistry and crystallinity of the system. temperature of the dissolution media were 900 rdl 2ih
MATERIALSAND METHODS: +0.2°C, respectively. After fixed time intervals, 5 nfl o
Materials: samples were withdrawn and replace the same fresh

Fenofibrate was supplied as a gift sample from Aliem dissolution media so as to maintain sink conditibimese
Research Ltd (Vadodara, India). Poloxamer 127samples were assayed through ultraviolet absorbance
(Pluronic F-68) and Polyethylene glycol (PEG-6000) measurement —at  290nm  using  UV-Visible
were procured from Lupin Research Park (Pune, Jndia Spectrophotometer (Sh|madzu UV-1700, Japan) by an
Sodium Laurel Sulphate (SLS) and other raw material analytically validated method?(= 0.9992). To increase
were procured from S. D. Fine (Mumbai, India). the reliability of the observations, the dissolatistudies
Preparation of the granules,Physical Mixtures: were performed in triplicailél.

Melted granules were prepared in a porcelain dishFourier transform infrared spectroscopy (FTIR):

Firstly, the mixture of FNO with hydrophilic polyme FT-IR spectra of prepared melt granules were resmbrd
(Polyethylene glycol) or surfactant (poloxamer-127) on Shimadzu FT IR — 8400 spectrophotometer (Shimadz
mentioned in Table:1 was dry blended for 10 mimeri,  Corporation, Kyoto, Japan). Potassium bromide pelle
this mixture was placed in hot porcelain dish anppsy method was employed and background spectrum was
the heat around 8G on temperature controlled water collected under identical situation. Each spectnas
bath so as to melt the polymers or surfactanthitivthe  derived from single average scans collected inrdigéon
drug was dispersed .The formed molted mass is thed00 — 4000 cr at spectral resolution of 2 éhand ratio
cooled to room temperature and at the end of theagainst background interferogram. Spectra wereyaedl
granulation process the granules were allowed lidiso by software supplied by Shimadzu.

at room temperature by spreading them in thin Eyer  Powder X-Ray Diffraction (PXRD):

glass plates. Pass the melted dried granules threiege  Crystallinity of the drug and the samples was dwieed

no # 20 so as to form uniform granules. The cooledusing the Philips Analytical XRD

granules were stored in sealed bags for their atialu (Model: PW 3710, Holland) with copper target. The
Prepared the physical mixtures of the same fornmmat conditions were: 40 kV voltages; 30 mA currentraim

and compared the solubility and dissolution ratthwfie  temperature. The samples were loaded on to the

melt granules. difffractometer and scanned over a range ofvalues
Yield and Drug Content: form 10 to 8¢ at a scan rate of 0.8%min.

The prepared melt granules were weighed after dryin Differential Scanning Calorimentry (DSC):

and process yield was calculated. Thermal properties of the untreated drug and thpamed

Melted granules (200mg) were powdered, from whichagglomerates were analyzed by DSC (TA Instruments,
powder equivalent to 20 mg FNO was weighed andUSA, and Model: SDT 2960). The samples were heated
extracted using three portions of 100mL 0.1M SL&CHE  in a hermetically sealed aluminum pans. Heat rans f
portion was filtered through a G-4 sintered gla#terf  each sample were set fromt8B50°C at a heating rate
and volume was adjusted to 100 mL.After sufficient of 10°C/ min, using nitrogen as blanket gas

dilutions with 0.1N SLS, samples were analyzed

spectrophotometrically at 290nm and FNO content was

calculated.

Saturation Solubility Studies:

Saturation solubility studies were carried out gsin

deionized water as a solvent. Each excessive dqu#56
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Flow Properties.Flow properties of the drug and prepared The untreated drug and prepared melted granules were
melt granules were studied by determining the blelsity placed on a sintered glass disk forming the botdrglass
( ), tap density (;), Carr's Index and Hausner ratio. A tube on which methylene blue crystals were pladgte
weighed quantity of the samples was taken to déterthe whole device was brought into contact with wateedgure
bulk and tap density. The properties were determirsitg the time taken for the capillary rising of waterthe surface

following equations. so as to dissolve methylene blue crystals was noted
Minimum is the time required to reach the watestioface
Bulk density () = Mass / Poured volume (1) maximum is its wettability.
Stability Studies:
Tap density () = Mass / Tapped volume  (2) Stability studies for the samples were carriedasuper ICH
guidelines. The samples (each 10mg, n=3) were kapt f
Carr's Index = [(;— )/ {x 100 3) stability studies at 40 +%C and 75 + 5% RH for a period of
3 months in environmental test chamber (HMG INDIA,
Hausner ratio = ¢/ ( 1) (4) Mumbai). The samples were kept in glass vials sealtd
rubber plugs. After 30, 60 and 90 days, the sample®
Wettability/ Powder Bed Hydrophilicity Study: taken out and analyzed for appearance, drug cortedt

dissolution study.

Table: 1 Product coding and solubility of melt granules and their dispersionswith polymer
and surfactant.

Sr.No: Composition Drug:Excipients Coding Solubility*

ratio (mg/ml)
1 Fenofibrate (API) | - FNO 0.087+0.001
2 Melt granules
2A Fenofibrate:PEG 11 FNO-PEG1 0.376+0.03b
2B Fenofibrate:PEG 1:2 FNO-PEG2 0.456+0.026
2C Fenofibrate:Poloxamer 11 FNO-POL1 0.415+0.019
2D Fenofibrate: Poloxamer 1:2 FNO-POL2 0.523+0.032
3 Physical mixture
3A Fenofibrate:PEG 11 FNO-PEG1(PM) 0.092+0.001
3B Fenofibrate:PEG 1:2 FNO-PEG 2(PM) 0.112+0.001
3C Fenofibrate:Poloxamer 11 FNO-POL1(PM) 0.098+0.001
3D Fenofibrate: Poloxamer 1:2 FNO-POL2(PM) 0.125+0.010

* Each value represents mean = S.D. (n = 3)
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Table: 2 Technological characterizations of FNO and prepared melt granules.

Characteristics FNO FNO-PEG2 | FNO-POL?2
Production yield (%0)* | —-eeee- 98+0.085 97 £0.045
Content (%)* 98+0.060 94+0.075 95+0.098
Bulk density (gm/ml)* 0.525+0.056 | 0.575+1.0283 0.56928
Tap density (gm/ml)* 0.655+0.085 0.655+0.026 0.6B865
Compressibility Index(CI)* 19.85+0.023 12.21+0.07614.16+0.057
Hausner ratio* 1.25+0.045 1.14+0.089 1.14+0.089
Flow time 100 ml/s* 28.56+0.057 21.54+0.019 20.884®

Table: 3 Stability study data of TEL and prepared granules at accelerated conditions.

Parameters | Accelerated condition (40°C,75% RH)

FNO FNO-PEG2 FNO-POL2
Duration Initial |[1IM | 2M | 3M | Initia |1IM | 2M |3M | Initia |IM |2M | 3M
Content %) | 98.0 97.0| 96.00 96.0 96.0 9640 950 950 97.0 96.6.0 9 95.0
Dissolution | %Cumulative Drug Release (% CDR)
10 min. 12 12 10 11| 42 40 38 37 55 53 52 54
20 min. 19 20 18 17| 55 58 58 54 67 65 63 66
30 min. 27 25 22 23| 64 63 65 63 75 76 75 74
45 min. 35 33 30 29| 75 74 77 73 87 84 83 8b
60 min. 40 38 35 34| 92 90 92 88 95 93 92 92
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Figure: 1 1n vitrorelease profile of FNO and its optimized melt granules
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Figure: 2 In vitrorelease profiles of FNO and its physical mixtures
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Figure: 3 DSC of theraw Fenofibrate (API) powder and melt granules prepared from
PEG and Poloxamer
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Figure: 4 FTIR of theraw Fenofibrate (API) powder and melt granules prepared from PEG and Poloxamer.
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Figure: 5 XRD of theraw Fenofibrate (API) powder and
melt granules prepared from PEG and Poloxamer.
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RESUL TS AND DISCUSSION: ranging between 12 and 14 while their Hausner ratie
below 1.15.As for the rheological properties, thepared
Production yield and Drug content analysis: melt granules revealed a good flowability because o

The production yield of the prepared granules byt me their granular size which reduces the surface areh
granulation method shows above 95.0% which wasincreases the flow rate.

calculated by measuring the weight of the preparedPowder bed hydrophilicity study:

granules by considering the material taken for theTable: 2 indicate powder bed hydrophilicity studf o
granules as 100.09Rrug content analysis was done on FNO and their melted granules. The melt granules
all physical mixtures as well as granulation foratigns ~ showed significantly shortest rising time £<0.01) of

in triplicate. The FNO contents in the prepared granuleswater to its surface as compared to raw FNO crystal
shows in range of 90-95% mentioned in table 2. represent better wattability of prepared granules
Satur ation solubility: compared to raw FNO. The order of wettability was
Table 1 summarizes the experimentally determined®NO-PEG2> FNO-POL2>FNO. The reason for the
solubility of fenofibrate in deionized water. Witan ~ superior wettability with PEG is due to adsorptioh
aqueous solubility of 87ug/ml, FNO is clearly pgorl polymers on the raw crystals of FNO during prepanat

soluble as compared to literature value 082 pug/mt®>  Stability study:

.The prepared melted granules with hydrophilic piys  The pure FNO drug and optimized granules FNO-PEG2,
and surfactants were show significantly higher sty ~ ENO-POL2 were charged on  accelerated stabilitgl a
compared to their physical mixture and drug aldhés  monitored for appearance, content and in-vitro
to be expected that fenofibrate would be solulilisell  gissolution study at 1,2 and 3 month. The obtaidath

in melt granulated form due to adsorption of hydidp \vere mentioned in table: 3. The stability studyeas no
polymers and surfactants. The solubility of fenail is sjgnificant variation in appearance, content anthvitro
therefore expected to limit its absorption from the gissolution study of pure FNO drug and optimized
gastrointestinal tract. granules FNO-PEG2, FNO-POL2 up to three months.
Dissolution study:

The in vitro dissolution profiles of the granule®pared DSC study:

by melt granulation were compared with that of pumeg Figure 3 represents the thermographs of FNQ and F_NO
and a physical mixture. The in vitro dissolutioteraf all ~ Melted granules. The corresponding melting point
prepared granulates (Fig. 1) was increased comptared depressions, enthalpy of fusion and degree ofaitiysty

the corresponding physical mixtures (Fig.2) anddhey. ~ are shown in figure. A depression in melting pauft
The dissolution rate of pure FNO was very low, vifie fenofibrate was found in melted granules, whichidates
amount of drug dissolved in 20 min being less tha. an interaction of fenofibrate with meltable polyreard
Dissolution of prepared melt granules of FNO was Surfactants. The DSC thermograph of FNO melt gesul
substantially higher G0 to 60% release in 20 min) than formulation shows only endothermic peak; the absaic
that of FNO ( 20% release in 20 min). Drug dissolution €xothermic recrystallization peak may be attributed

of above 90% was obtained in 60min for both melt interaction between drug and polymers.

granules with PEG-6000 and poloxamer-127. The highl nfrared spectroscopy:

dissolution rate of prepared granules can be atgibto ~ State of drug molecule with the different hydrojshil
an increase in the surface area of FNO after atisorp Polymers and surfactants was determined using ET-IR
onto the surfactants and polymers. In the caseafujes  Figure 4 shows IR spectra of FNO and prepared melt
containing PEG as the meltable binder, a largedgranules.IR-spectra of FNO and melted granules are
enhancement was observed in the dissolution ritevee ~ exactly same, and there is no shift of peaks after
to both the physical mixture and the drug alone. Inadsorption of drug onto polymer and surfactantsfase;
Comparison, the p|0x0mer granu|es showed a S|@mf|c indicating that there is no Change in chemicalcstne of
increase in the dissolution rate as compared tadthg ~ drug after preparing it into melt granules. SpeckiNO
and physical mixtures. The increase in dissolutiate  Peaks are observed at 2990, 1740, 1660, and 160cm-
could be attributed to the higher hydrophilic clieaof ~ and observed same in prepared melt granulation
the system due to the presence of water-solubléersr ~ formulation.

and that part of the drug dissolves in the bindérese  XRD study:

results show that melt granulation can be a usefulFenofibrate crystals show various diffraction peaks
technique to improve the dissolution rate of FNO. (figure 5) due to its crystalline structure. Howevtne
Technological characterization of the granules: prepared melt granule shows a loss of drug crysitgll
According to the literature data, powders with adue to drug loading onto polymers and surfactants
Compressibility Index (ClI) between 5 and 15% and asurface. In optimized melt granules , a few lessrise
Hausner ratio below 1.25 are suitable for producingand wide diffraction peaks of fenofibrate are obedy
tablets. The prepared melt granules formulatiomsen@€l ~ Which may be attributed to the adsorption process i
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which some of amorphous drug may have crystallized

due to higher temperature.

CONCLUSION:

In conclusion, melt granulation technique has been
proved to be a important process to increase the

solubility,

dissolution and other physicochemical

characteristics of FNO using PEG and Poloxarsea a

melt binder without using any solvents. Adsorptioh
FNO on hydrophilic polymers and
significantly increases the drug solubility, wetti#p and
dissolution rate. In addition, the adsorption of&-Hoes
not leave any residual solvent in the final forntioka
because of elimination of use of solvent for prafian
of granules. Crystallinity of the melt granules szduced

surfactants

due

to drug-excipients interaction in formulation

obtained using melt granulation technique withooy a
chemical interaction and slightly reducing the inglt

point.
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