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ABSTRACT

The oral route by so far, has always been the preferred route of drug delivery because it was the easiest and most
convenient of non-invasive administration. But oral route possesses problems such as to poor bioavailability,
hepatic metabolism, lack of dose proportionality.Therefore, developing suitable formulation for such active
pharmaceutical ingredients (API) present a major challenge to pharmaceutical scientist. The purpose of study was
to formulate solid self emulsifying drug delivery system containing Ketoprofen as sustain release dosage form. The
aim of present research was to formulate Liquid SEDDS which contains the drug ketoprofen, oleic acid (oil), Tween
80 (surfactant) and Ethanol (Co-surfactant). The ratio of this component in this formulation was 22.50:25.8:51.6
9(w/w) and optimized by pseudo ternary diagram. The droplet size of optimized liquid with drug was 111.11nm and
solid SEDDS 965nm. Slicon dioxide was used as adsorbent agent. The formulation was characterized for in-vitro
studies. The work was aimed to increase dissolution rate as compared to other oral dosage forms.

Keywords: Ketoprofen, SEDDS, Silicon dioxide, Solid SEDDS

INTRODUCTION

The oral route by so far, has always been the pesferoute of drug delivery because it is the esisidd most
convenient of non-invasive administration [1]. Appimately 40% of new drug candidate emerging fromgd
discovery process displays low solubility in watedich leads to poor bioavailability, high intrabgect/inter
subject variability and lack of dose proportionalfurthermore, oral delivery of numerous drugbiiglered owing
to their lipophilic nature[2, 3].Therefore, deveilog suitable formulation for such active pharmamaltingredients
(API) present a major challenge to pharmaceutici@nsist. This is because when they are adminidterally, the
dissolution rate in gastrointestinal lumen becothesate limiting step for their absorption [4].

According to the Biopharmaceutical Classificatigatem[5]'BCS), drug is classified into four categories defieg
upon the solubility and permeability of the drugméng these classes of drug, BCS class Il possgasas
solubility and reasonable permeability. Developanigprmulation for a drug belonging to BCS Il iseftchallenging
as it requires improved dissolution characteristics
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Fig 1. Biopharmaceutical classification system (BQS
MATERIAL AND METHODS

Materials

Ketoprofen was obtained as gift sample from Savarfhceutical Pvt Ltd, Pune. Oleic Acid (Loba cheats,
Mumbai), Tween 80 (Loba chemicals, Mumbai), Ethghoba chemicals, Mumbai), Aerosil 200 (Researthfiae
Chem Industries Mumbai

Methods

Aqueous solubility determination

The solubility of drug was determined in methamethanol, and chloroform by adding excess quanfityriog to the
vial containing methanol, ethanol, and chloroform.

Determination of saturation solubility of Ketoprofen in different oils, surfactant, and co- surfactant

The solubility of Ketoprofen in various oil phasesyrfactants, co surfactant/co solvents was deteuniby
dissolving an excess amount of drug in 2 ml of esethcted individual oils, surfactants and co sisfiats contained

in stoppered vials (5 ml capacity) separately. Titpeids were mixed using a vortex mixer and thdsviaere then
shaken using orbital shaker at 37°C+1°C for 72ketich equilibrium. The equilibrated samples wersawed from

the shaker and centrifuged (3000 rpm) for 15 mihe Bupernatants were taken out and filtered throaigh
membrane. The concentration of Ketoprofen in variphases was determined by UV spectroscopy (Shimadz
1800) at their respectivenax.[6]

Construction of pseudo ternary phase diagram

Based on the observations of solubility studiesnponents of emulsion viz. oil phases, surfactamd eo

surfactants indicating highest solubility of Ketofan were selected. The surfactants and co-surfactaere
blended together in 1:1, 1:2, and 1:3 proportiespectively. These blends of surfactants: co stafiés (S mix)
were mixed with oily phase by adding small amouwith constant stirring. The proportions of oil: Smiere

varied as 9:1, 8:2, 7:1, 6:4, 5:5, 4:6, 3:7, 2:8 arB. The resultant blends were titrated withillst water in 0.5%
(w/w) increment was added taking care for propérisg. Systems were allowed to reach equilibriund ahe

samples were checked visually for clarity. The peeternary phase diagrams were constructed for egatem of
oil, surfactant, and co-surfactant. The point iatlitg the clear and isotropic mixtures were consideThe data
obtained was subjected to CHEMIX Software for cargdton of ternary plot.[7,8]
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Preparation of Liquid SEDDS

SEDDS formulation was prepared varying ratio of silrffactant and co-surfactant shown in Table & Surfactant
and co-surfactant (Smix) in the ratio 1:2. A singlese of ketoprofen was incorporated in all forrtiales. The
formulations were prepared by dissolving the drugurfactant followed by addition co-surfactant aildn a glass
vial. The mixtures were stirred continuously bytesrmixing and heated at 40to obtain a homogenous isotropic
mixture. The SEDDS formulations were stored at amiol emperature until further use. [7, 8]

Tablel Composition of drug, oil, surfactant and cosurfactant

Formulation Code Drug | Oleic Acid | Tween 80: Ethanol
(Mg) (ml) ml (1:2)
F1 100 22.5( 95.1¢
F2 100 22.50 7750
F3 100 22.50 77.50
F4 100 22.50 77.50
F5 100 40.18 7750
F6 100 10.0( 65.0(
F7 100 35.0( 65.0(
F8 100 10.00 90.00
F9 100 35.00 90.00
F10 100 22.50 59.82
F11 100 22.50 77.50
F1z 100 22.5( 77.5(
F12 100 8.9: 77.5(

Characterization and evaluation of Liquid-SEDDS [9]

Emulsion Droplet Size Determination

Emulsion droplet size was determined by using phatooss correlation spectroscopy (Nanophox). Eronlsi
(50uL) was diluted with the 5ml distilled water.n§ale was placed in polystyrene cuvette path ledgth which
was placed in thermostatic sample chamber mairdaan@% C and 3 run for 60sec were performed. Detection was
carried out at scattering angle of’9Borm resulting correlation curves, second orderéign was applied to obtain
the mean droplet size.

Determination of self-emulsification time
The assessment of formulation was done by adding @f each formulation standard apparatus (USP Tijpe
containing 100m| purified water at 32, gentle was provided by paddle rotating at 50.rpm

Spectroscopic Characterization of Optical Clarity
Each formulation equivalent to 100 mg Ketoproferswauted with 500 mL of distilled water. he absambe values
of each emulsion were measured by a UV spectroptetter at 400 nm.

Preparation of Solid SEDDS by Adsorption Method

S-SEDDS was prepared by mixing liquid SEDDS cormtgjiKetoprofen with silicon dioxide in various praions

of F2, F5 formulations. The liquid SEDDS of Ketofso was adsorbed onto Silicon dioxide carrier bysital

mixing process. After each addition, mixture wasnbgenized by triturating using mortar and pestlemnsure
uniform distribution of the formulation. Resultaddmp mass was passed through sieve no. 120 anbadr@enbient
temperature and stored until further use.[10]

Characterization and evaluation Solid-SEDDS
% Drug Content
Pre weigh formulation was analyzed for % drug cohtdy making dilution with methanol by UV

spectrophotometer atmax 254.60nm.

Powder flow properties

Bulk density
It is the ratio of total mass of powder to the buttume of powder. It was measured by filling theighed powder

into a measuring cylinder and the volume noted.
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Bulk density = (Mass of powder)/(Bulk volume)

Tapped density
It is the ratio of total mass of powder to the taghpolume of powder. The tapped volume was meadwredpping
the powder to constant volume.

Tapped density = (Mass of powder)/(Tapped volume)

Angle of Response

The angle of repose of S-SEDDS was determined bgelumethod. Accurately weighed sample were takea i
funnel. Height of the funnel was adjusted in sueteg that the tip of the funnel just touches thexapf the heap of
S-SEDDS powder. The powder samples were allowdbwothrough funnel freely onto the surface. Thardéeter

of the powder cone was measured and angle of re@bsgated using the following equation:

tan® = h/r (or)6 =tan -1 h/r
Where6- Angle of respoe, h-height, r -radius

Carr’s index
Carr's Compressibility Index is a measure of powflew properties and was calculated using the foilg
equation

Tapped Density — Bulk Densit
pp Y Y 100

Carr’s Index =
arrs fndex Tapped Density

Hausner ratio
A similar index like compressibility index has bedafined by Hausner. Hausner's ratio is the rafigapped
density to bulk density and can be calculated lxyguhe following equation

Hausner ratio = (Tapped Density)/(Bulk Density)

Droplet size
S-SEDDS was checked by determining droplet sizaudigg photon cross correlation spectroscopy (Naowph
NX0088).

Zeta Potential

The particle is one of the factors determining phsical stability of emulsion and suspension. Pheicles are
equally charged, the higher is the electrostatiuiston between particles higher is the physicabiity. Typically
particle charge is quantified as called zeta paknZeta potential of diluted liposomal sample waetermined
using (Beckman Coulter).

DSC analysis

The DSC thermo grams were recorded for drug andEBES using differential scanning calorimeter.
Approximately 2-5 mg of each sample was heated preeced aluminum pan (Al-Crucibles, 40 rate of H@mm.
Thermal data analyses of the DSC thermo grams wamducted using STARsoftware (version 5.21).Al) from
30°C to 308C at a heating rate of 40/min under a stream of nitrogen at flow rate af§nin.

X- Ray diffraction study

X-ray diffraction study of the powder sample of tireig and formulation was performed by Bruker D8v&wnced
X-ray diffractometer. Sample was scanned for 2Quesiform 5 to 50 Diffraction pattern for ketoprofen was
obtained.

SEM analysis

The surface morphology of the S-SEDDS was studieddanning electron microscopy (SEM). The sampte fo
SEM were prepared by lightly sprinkling powder ooutlle adhesive tape stuck to an aluminum stub whiab
then placed in the scanning electron microscop®JESM-6360 A, Japan) chamber. The sample wasstamned
and image was taken and the SEM result obtained.
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In- vitro release study

Ketoprofen loaded S-SEDDS formulation was filled(size 0) capsule. The quantitative in vitro reéetest was
performed in 900ml (0.1N HCL) maintained at#83° C using USP type Il dissolution apparatus. Thedfedas
rotated at 50 rpm. 5ml aliquots was collected mkcally (5, 10,15,30,45,60,120,180,240,360,420 380 min) and
replaced with fresh dissolution medium. Aliquotseaffiltration through whatman filter paper andutidd with
methanol. Analysis was carried out using UV spgitodometer at 254.60 nm. Results were compared with
marketed capsule and pure ketoprofen. The dissaligkperiments were carried out in triplicate, alatia were
expressed as meaf.D. The drug release data was further analyzed to investigate release kinetic from S-SEDDS by
different mathematical models.

Accelerated Stability study

The stability test was carried out according to Bl guidelines on the topics Q1 A (R2): stabiligsting of new
drug substances and product. The hard gelatin Eafiled with the S-SEDDS (A2) were stored in tight glass
container and protected from light. Samples maneigi in a stability chamber under accelerated cmmdit
(45°Cc+2°C, 75'C+5% RH) with humidity and temperature control, eéaken at 0, 1, 2 and 3 month. Droplet size,
drug content, X-ray, DSC, Zeta potential, Flow pndies of S-SEDDS were evaluated.

RESULTS AND DISCUSSION

Aqueous solubility of ketoprofen

Table 2 Aqueous solubility of ketoprofen

Sr. No Solvent Solubility (mg/ml)
1 Methanol 62
2 Ethanol 55
3 Chloroform 57

Solubility of ketoprofen in different oil surfactant and co-surfactant

Oil is the important component in SEDDS becauseait solubilize marked amount of the lipophilic drag
facilities self-emulsification. Thus at least ongsd should be sufficiently solibilize in the oil be emulsified. For
this purpose solubility of ketoporfen in differeoil was determine and The solubility of ketoprofenvarious
surfactant and co-surfactant (Span 80, Tween8@thiyimine, Labryfacpg, ethanol, PEG 400, PEG 20@s w
determined

Table3. Solubility of ketoprofen in different oil surfactant and co-surfactant

Sr No Solubility(mg/ml)
1 Soya bin oil 3.23140.01
2 MCT 6.951+1.02
3 Arachin oil 2.7804+0.368
4 Oleic acid 17.280+1.677
5 Capryol 90 3.987+0.378
6 Olive oil 0.45+0.167
7 Span 80 9.121+0.939
8 Tween 80 12.841+1.068
9 Triethylamine 4.085+0.500
10 Labryfacpg 6.32940.775
11 Ethanol 11.731+0.818
12 PEG400 11.109+0.514
13 PEG 200 6.487+0.520
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Fig2. Solubility of ketoprofen in different oil surfactant and co-surfactant

Construction of pseudo ternary phase diagram
The pseudo ternary phase diagram of oil (Oleic )acsdirfactant (Tween80), Co-surfactant (Ethanol)rewve
constructed (fig.13) with surfactant/co-surfacteatio of 1:1, 1:2, 1:3

ol ol

WATER cos WATER cos WATER

cos

Fig 3. Pseudo ternary phase diagram for different 8ix ratio A) 1:1 B) 1:2 C) 1:3

Evaluation parameters of Liquid SEDDS

Table 4 evaluatiparameters of Liquid SEDDS

) ) I ) Optical clarity (nm)
Formulation code | Droplet size (nm) Y | Self emulsification Time (sec) ¥ waler 0.1 HCL
F1 350 42 0.109 0.126
F2 163.80 40 0.045 0.181
F3 215 90 0.053 0.100
F4 210.10 35 0.121 0.246
F5 111.11 22 0.043 0.165
F6 300 75 0.032 0.479
F7 245 55 0.057 0.074
F8 230 85 0.136 0.050
F9 320 90 0.070 0.049
F10 163.80 40 0.045 0.181
F11 163.80 40 0.045 0.181
F12 163.80 40 0.045 0.181
F13 163.80 40 0.045 0.181

The design reported that a decrease in oil pergentasulted into decrease of droplet size, an dsereself
emulsification time and a increase optical clavityich would help to improve solubility. Thus, Forlation (F5)
having droplet size 111.11nm, self emulsificatiimnet 22sec and optical clarity 0.043nm was founbdemptimized.
The composition of optimized formulation (F3) ajuid SEDDS of ketoprofen was found to be oleic &2d75%,
Smix 77.50%
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Evaluation parameters of Solid SEDDS
% drug content

The result of % drug content of F5 S-SEDDS forniatats 96.951+ 0.652

Powder flow properties

Table5. Flow properties of S-SEDDS

F5 S-SEDDS formulation
Bulk Density (gm/ml) 0.552
Tapped Density (gm/ml) 0.59
Carr's Index% 6.77
Hasuner ratio 1.07
Angle of repose ) 25.42
Flow property Excellent
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Solid formulation F5 had shown excellent flow prdjgs. Hence F5 was found to be optimized S-SEDDS

formulation.

Droplet Size determination

The mean droplet size for S-SEDDS (F5) was founet®65nm with polydispesity index 0.30. The drogiee of

S-SEDDS further conformed
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Fig7. Droplet size determination (F5)

Many studies have reported the zeta potential plege important role in the interaction with mucustloe
gastrointestinal tract. According to the reporg thtestinal cell interior carry negative chargehwpresences of
mucosal fluid, positive charge droplet could haettdr interaction with the mucus of the gastroitites tract. Zeta
potential of formulations increased with increasesiirfactant concentration. Surfactant decreasegltfbule size
that makes higher surface area, lead to increazeténpotential value. Zeta potential was obser8e@b mv[11,12]
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Morphological study by SEM

Fig 8. Zeta potential of solid SEDDS

The scanning electron micrographs of the ketopr@eBEDDS prepared with aerosil 200 appeared asrisphe
smooth surfaced particles. (Fig9C) compared to diaaerosil 200 (Fig. 9B) which are rough in natufdis

observation indicates that the crystalline drug gem(Fig9A) is converted into amorphous form orgdraust be
present in dissolved state in S-SEDDS.[13]
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Fig 9. SEM image A) Pure drug, B) aerosol 200 and)GS-SEDDS

The DSC curve of pure ketoprofen (Fig.10A) showears endothermic peak at temperature $&5®rresponding
to its melting point and indicate its crystallinatire showing melting has occurred at that temperabur result
shows the disappearance of endothermic peak ofiilg in thermo gram of S-SEDDS supports the preserfic
ketoprofen in an amorphous form in S-SEDDS (fig.J0R.4, 15]

KETOPROFEN A

— F 5P

6 8 10 12 14 16 18

T T
20 min

X-ray diffraction study

Fig 10.DSC thermo gram of A) Ketorpofen B) S-SEDDS

X-ray diffraction pattern of S-SEDDS (fig.11B) supfed the presence of ketoprofen in amorphous $ta®-
SEDDS. Ketoprofen had sharp peak at the diffractiogles, showing a typical crystalline pattern.{ficA) and the
disappearance of peak in S-SEDDS indicates preseariakug in an amorphous state.
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Fig 11 .XRD spectra of A) pure Ketoprofen B) S-SEDB
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8 In —vitro release study

To understand the characteristics of drug releasa SEDDS, an in vitro release study was carrietd Asi shown
in figl2, the release performance of ketoprofemf@-SEDDS formulation was significantly improvedrgmared
with the marketed capsule and pure drug powder.
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Fig12. In Vitro Drug release
Accelerated stability study

Table7. Accelerated stability study

Month

Droplet size

Drug content

0 Month

965 +1.00

96.951+0.65

N

1 Montt

967 +1.52

91.951+1.15

2 Month

965.5+1.322

93.170+1.03

©

3 Month

966+1.755

94.390+0.63

CONCLUSION

In this study, the S-SEDDS of ketoprofen was susfedly formulated in an attempt to increase itsubdlty and
dissolution rate. The pseudo ternary phase diagraarcentral composite design (CCD) were succeg<uiployed

as optimized tool to optimize L-SEDDS. Adsorptioethod was found to be useful solidification teclieigvhich
produced uniform and free flowing particles of SEEES. The SEM analysis, DSC measurement and X-ray
diffraction analysis suggested that ketoprofenresent in the dissolved state in S-SEDDS. In wtissolution test
showed that the S-SEDDS had a higher in vitro seleate than drug powder and marketed formulatfon.
significant improvement in dissolution is obtainémt the drug. SEDDS for ketoprofen holds promisebt®
developed as useful oral dosage form.
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