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ABSTRACT

The main objective of this study was to develoj s#lf-nanoemulsifying drug delivery system (S{SD§&) of
Irbesartan (IRB) for enhancement of its solubilitgd dissolution rate. In this study, a novel liQUBINEDDS
containing Irbesartan was formulated and furthewveleped into a solid form by spray drying technigising
Aerosil 200 as solid carrier. The solubility of IR#as determined in various oils, surfactants anesadactants to
select the best candidates for IRB for further gtieseudoternary phase diagrams were constructedetatify the
efficient area of self-nanoemulsification. Basedpoaliminary screening of different unloaded SNEDDS8nulae,
eight formulae of IRB loaded SNEEDS were prepagdguCapryol 90, Cremophor RH40 and Transcutol HP a
oil, surfactant and cosurfactant respectively. Dpeimized IRB loaded SNEDDS formulae were evaluttedffect
of dilution (with different volumes at different pidlues), efficiency of self-emulsification, vistggoptical clarity,
morphological characterization, drug loading eféocy, in-vitro drug release, droplet size analyass well as
polydispersity index (PDI). SNEDDS formulae wersoatested for thermodynamic stability and zeta mide to
confirm the stability of the prepared SNEDDS. Rissshowed that the mean droplet size of all recnst
SNEDDS was found to be in the nanometric range wgtimum PDI values. All formulae also showed rapid
emulsification time, good optical clarity, and highiug content; and found to be highly stable. Traizsion
electron microscopic images showed the formatiospbkrical and homogeneous droplets with a sizdlsmntaan
50nm, which satisfies the criteria of nanometrizesiange required for nanoemulsifying formulaevitne release
of IRB from SNEDDS formulae showed that more tHa# 8f IRB release in approximately 90 minutes. Qjaid
SNEDDS formulae with the smallest particle sizejdamulsification time, best optical clarity, anthximum drug
content and rapid in-vitro release were selectetiealeveloped into solid self-nanoemulsifying diativery system
(S-SNEDDS) using spray drying technique. The pregh&@-SNEDDS formulae were evaluated for flow prigger
differential scanning calorimetry (DSC), scannintpotron microscopy (SEM), reconstitution propertiesug
content and in-vitro dissolution study. It was fduhat SSNEDDS formulae showed good flow properties ant hig
drug content. Reconstitution properties of S-SNEBBS&~ved spontaneous self-nanoemulsification andigro of
phase separation. DSC thermograms revealed thatWwB8in solubilized form and FTIR supported théseirfigs.
SEM photographs showed smooth uniform surface3MBEPDS with less aggregation. Results of the m-dtug
release showed that there was great enhancemeligsolution rate of IRB.

Keywords: Solid Self-nanoemulsifying drug delivery system3SEDDS), Irbesartan, Spray drying, Aerosil 200,
Capryol 90, Cremophor RH40 and Transcutol HP.

INTRODUCTION

The improvement of bioavailability of drugs repmetseone of the greatest challenges in drug fornauiat Most of
new drug candidates reveal poor water solubilityctvHeads to poor oral bioavailability, high intrand inter-
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subject variability and lack of dose proportionalitl]. One of the most popular and commercially biga
formulation strategies for this challenge is selfroemulsifying drug delivery systems (SNEDDS) [Rasically,
SNEDDS are isotropic and thermodynamically stabietures of oil, surfactant, cosurfactant and drhgttform
fine oil-in-water (o/w) nanoemulsion when addedtpeous phases under gentle agitation [3]. Uporiréstnation,
the isotropic mixture will come in contact with thgueous phase of gastrointestinal tract and formilan-water
nanoemulsion with the aid of gastrointestinal nitgtil This spontaneous formation of nanoemulsion the
gastrointestinal tract presents the drug in saldil form inside small droplets of oil, all oves iransit through the
GIT [4]. The nano-sized droplets provide also aydainterfacial surface area for drug release arsbration.
Conventional SNEDDS are usually prepared as ligloishge forms that can be administered in softigetapsules
[5], which have some limitations such as: high meigbn cost, incompatibility problems with capsskeell [6], low
drug portability and stability, drug leakage an@gipitation, low drug loading, few choices of dosdgrms and
irreversible drugs/excipients precipitation. Mongportantly the large quantity of surfactants in filnenulations can
induce gastrointestinal irritations [7].

In recent years, much attention has been paid ltd self-nanoemulsifying drug delivery systems (SEDDS),
which have shown lots of reasonable successesgroirimg oral bioavailability of poorly soluble dreig8]. This
novel drug delivery system combines the advantaddigjuid SNEDDS with those of a solid dosage foamd
overcomes the limitations associated with liquidnfolations [9]. S-SNEDDS exhibited also more conuisr
potential and patient acceptability [10]. Many teicfues are offered to convert conventional liquhEBDS to
solid form such as spray drying, adsorptions tadsohrriers, spray cooling, melt extrusion, melarmslation,
supercritical fluid based methods and high pressumamogenization. The resulting powder may then ibedf
directly into hard gelatin capsules or mixed witfitable excipients before compression into tablets.

Irbesartan is novel selective angiotensin Il regeptocker that is approved for the treatment gidryension [11].
Irbesartan is slightly soluble in alcohol and méthg chloride and practically insoluble in waterO@84 mg/ml)
due to its hydrophobic nature as shown in figude Ifbesartan is currently marketed as tablet (A& and 300mg)
presently available conventional formulation. Thetireated bioavailability of IRB is greater than 60B@wever
plasma level do not increase proportionally withseloThe calculated biopharmaceutical parameterestgdhat
IRB has very low absorbable dose. Also volume afeagqis medium required to dissolve highest dosepleaéd
using ratio of dose/solubility was 20L. Thus, theta@rally IRB exhibits a solubility limited bioavaibility and would
be advantageous to enhance solubility and dissaolutite of IRB [12]. To overcome this problem thes&s a need
to develop S-SNEDDS which improves the oral bioamlity of Irbesartan. Hence the present studyeainowards
development of a novel S-SNEDDS of IRB by sprayimdyytechnique using Aerosil 200 as solid carrier fo
enhanced bioavailability.

Fig. 1. Chemical Structure of Irbesartan

EXPERIMENTAL SECTION

2.1. Materials

Irbesartan(2-butyl-3-({4-[2-(&-1,2,3,4-tetrazol-5-yl)phenyl] phenyl}methyl)-1,2diaspiro [4.4]non-1-en-4-one),
Miglyol 812 (Caprylic/Capric Triglyceride), MiglyoB18 (Caprylic/ Capric/Linoleic Triglyceride), Mighl 829
(Caprylic/Capric/Succinic Triglyceride), Labrafil M944 CS (Oleoyl polyoxyl-6 glycerides) and Aero2D0
(Silicon Dioxide) (gift from Medical Union Pharmadéals, Egypt), Capryol 90 (Propylene glycol moajpiylate),
Gelucire 44/14 (Lauroyl polyoxyl-32 glycerides), uraglycol FCC (Propylene glycol laurate), Labrafgmophile
WL 1349 (Caprylic/Capric Triglyceride), Maisine 35-(Glyceryl Linoleate) and Transcutol HP (2-(2-
Ethoxyethoxy)ethanol) (Gattefossé, France), CreropgdH40, Cremophor S9 and Labrasol (Nerol Chemicals
Egypt), Bitter almond oil, Castor oil, Olive oil,oton seed oil, Arachis oil, Oleic acid, Hydrocldogecid and
Propylene Glycol (El Nasr Pharmaceutical Chemidadgpt), Tween 20, Tween 40, Tween 60, Tween 8an339,
Span 80, PEG 400, PEG 600 and Sodium Hydroxideof@xfaboratory, India), PEG 200 (Loba Chem. Pvdl. Lt
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India), Glycerin (EI Gomhouria Pharmaceuticals, @yynd Sodium Dihydrogen Phosphate (PureLab, US&)er
chemicals are of HPLC grade

2.2. Methods

2.2.1. Preformulation Study (Selection of SNEDDS Components)

2.2.1.1. Study of IRB solubility in various oils, surfactants and cosurfactants

Selection of SNEDDS components was based upon éxémum solubility of IRB in various oils, surfactanand
cosurfactants. Different oils including Gelucire/#4, Lauroglycol FCC, Labrafac lipophile WL 1349@yol 90,
Labrafil M 1944 CS, Miglyol 812, Miglyol 818, Migtyl 829, Maisine 35-1, Bitter almond oil, Castor, @live oil,
Cotton seed oil, Arachis oil and Oleic acid werketafor the study. Also various surfactants (CrehoypRH40,
Cremophor S9, Labrasol, Tween 20, Tween 40, TwdknT@een 80, Span 20 and Span 80) and cosurfactants
including Transcutol HP, PEG 200, PEG 400, PEG &00pylene glycol and Glycerin were also screehedhis
study, an excess amount of IRB (approximately 5@0 was introduced into 2mL of each vehicle in scoapped
greiner tubes. The mixtures were mixed well usingdex mixer (Maximix II, USA) for 10 minutes tankance the
proper mixing of IRB with the vehicles and thusifitate the solubilization. The obtained mixturegre then
shaken for 72 hours in an isothermal mechanicakeshéClifton shaking water bath, UK) maintained4&fC to
attain equilibrium. After reaching equilibrium, thequilibrated samples were centrifuged at 3000nr.for 15
minutes to precipitate the undissolved IRB. Aliqudtom the supernatants were then withdrawn artdréitl
through a membrane filter (0.45um, Whatmann). fétlesolutions were suitably diluted with methanod dRB
concentrations were determined using Hitachi UV-$fiectrophotometer (Hitachi U-2900, Japan).ak246nm.
All measurements were done in triplicate and tHetslity was expressed as the mean value (mg/mgpP4{13].

2.2.1.2. Preliminary screening of surfactantsfor emulsification efficiency

Different surfactants (Cremophor RH40, Cremophd®, S.abrasol, Tween 20, Tween 40, Tween 60, Twegn 80
Span 20 and Span 80) were screened for its encalsdn ability in the selected oily phase. Surfat&election was
done on the basis of transparency percentage aedoé@mulsification [14]Briefly, 500uL of each surfactant was
added to 500uL of the selected oil. The mixturesevgently heated at 80 for 2 minutes to attain homogenization
of components. From each mixture, 100uL were thaned with distilled water up to 50mL in glass gpered
flask. The stoppered flasks were inverted sevénaés and the number of flask inversions requiredoton a
homogenous nanoemulsion (with no turbidity or phsesgaration) was counted. Furthermore, the formedsons
were allowed to stand for 2 hours and their peagmtof transmittance was assessed at 650 nm (hysnoédJV-
Vis Spectrophotometer) using distilled water asnklaThe percentage of transmittance was calculédedach
emulsion in triplicates and the average values tw#&lbe calculatedThe surfactant forming a clear emulsion with
fewer inversions and higher percentage of trananmé# was selected [15].

2.2.1.3. Preliminary screening of cosurfactantsfor emulsification efficiency

The selected oily phase and surfactant were usedriber screening of the different co-surfactafiisanscutol HP,
PEG 200, PEG 400, PEG 600, Propylene glycol anceBily) for their emulsification efficiency. Mixtuseof
200pL of co-surfactant, 400uL of selected surfactam 600uL of selected oil were prepared and etadlin the
same manner as described in preliminary screerisgrtactants [16].

2.2.1.4. Construction of pseudoternary phase diagram

In order to investigate concentration range of congmts for the existing boundary of SNEDDS, pseeruhairy
phase diagrams were constructed using the watetidit method at room temperature [17]. The rafiswfactant
to cosurfactant (Smix) was also optimized usingugséernary phase diagraniBhe selected oil, surfactant and
cosurfactant were grouped in different combinatiforsphase studies. Surfactant and co-surfactanix}Sn each
group were mixed in different weight ratio (1:01.11:2, 1:3, 2:1 and 3:1). These Smix ratios wedresen in
increasing concentration of surfactant with resgectosurfactant and in increasing concentratiorasfurfactant
with respect to surfactant. For each phase diagodingnd specific Smix ratio are mixed thoroughty different
weight ratios (1:9, 1:7, 1.5, 1:4, 1:3, 1:2, 1:Hda&hl) in different glass vials. Different ratioals and Smix were
made to delineate the boundaries of phase predis8]lyThe amount of aqueous phase was incremented by 5% t
provide concentration of aqueous phase in the rafige-95% of total volumes. After each additionamfueous
phase, the mixtures in the vials were vortexe®farinutes and allowed to equilibrate. The changghiysical states
from transparent to turbid and vice-versa wereallgwbserved and marked on the three componematgiphase
diagram where each axis represented the oil, Smik va@ater, respectively. The different phase diagramre
plotted using CHEMIX ternary plot software (CHEMBchool Ver. 3.60, Pub. Arne Standnes).

2.2.2. Preparation of IRB loaded SNEDDS

Once the nanoemulsifying region was identified, BIS formulae with desired component ratios werected
for IRB incorporation and further optimizatioA. series of SNEDDS formulae were prepared with weyyveight
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ratios of selected oil (5-15% w/w) and Smix (20-8@%) as presented in table (1). In all formulde &amount of
IRB was kept constant. Briefly oil, surfactant acmsurfactant were accurately weighed and mixedtappered
glass vials using a vortex mixer to ensure compheitang. Amount of IRB was dispersed into the mietwf oil
and Smix with continuous mixing until IRB was comigly dissolved. These systems were warmed to 48R a
water bath for 30 minutes with mild shaking untitlaar solution was obtainedihe prepared formulae were then
stored at room temperature until further use [19].

Tab. 1. Percent w/w compositions of optimized IRBoladed SNEDDS formulae

Formula IRB (mg) Oil (% w/w)  Smix (% w/w)

F1 75 5 20
F2 75 5 40
F3 75 5 60
F4 75 5 80
F5 75 8.5 60
F6 75 8.5 80
F7 75 11.5 60
F8 75 11.5 80

2.2.3. Characterization and Evaluation of |RB loaded SNEDDS

2.2.3.1. Thermodynamic stability studies

The prepared SNEDDS formulae were subjected tartgeaboling cycles, centrifugation and freeze-theyeles,
where the physical appearances of the formulae weually observed at the end of each testing.elating cooling
cycles, the prepared formulae were subjected tacgiles between refrigerator temperature 4°C arftC Abith
storage at each temperature for 48 hours. The faamthat did not show any phase separations, cngami
cracking were subjected to centrifugation at 3506 for 30 minutes. Finally, only formulae which pad the
previous two steps were stored at alternating teatpees of -21°C and 25°C, with tlerration of 48 hours at each
temperature, for three cycles [20].

2.2.3.2. Robustnessto dilution

In order to simulatén-vivo dilution behavior, effect of dilution on emulsioharacteristics was studied. Robustness
of different SNEDDS formulae to dilution was dongdluting 1 mL of each formula 10, 100 and 100@ds with
distilled water, 0.1 N HCI and phosphate buffepbf 6.8. The diluted systems were mixed using a m@gstirrer

at 37°C to simulate body temperature and gastritilitgan the gastrointestinal tract till completeomogeneity.
These systems were stored at ambient temperatur@4fdiours then visually observed for any signgpbése
separation [21].

2.2.3.3. Assessment of efficiency of self-emulsification

The self-emulsification efficiency of SNEDDS wasafated using a standard USP dissolution appatgpes |

(Erweka, DT 600, Germany). 1 mL of each formula wdded to 500 mL of distilled water maintained at@5°C.
Gentle agitation was provided by a standard stsénkteel dissolution paddle rotating at 50 rpm. Prepared
formulae were assessed visually according to ttee aghemulsification and final appearance of thaagnulsion.
Thein-vitro performance of the formulation was visually evaddatising the following grading system [22].

Grade A: Rapidly forming emulsion having a cleabluish appearance (within 1 minute).

Grade B: Rapidly forming, slightly less clear enmts having a bluish white appearance.

Grade C: Fine milky emulsion that formed within thuates.

Grade D: Dull, grayish white emulsion having slighoily appearance that is slow to emulsify (londban 2
minutes).

Grade EFormula exhibiting either poor or minimal emuls#ion with large oil globules present on the swefac

2.2.3.4. Self-emulsification time

In this test, a predetermined volume of each foam{dl mL) was introduced into 300 mL of distilled tesa
maintained at 37+0.5°C in a glass beaker and théeots mixed gently using a magnetic stirrer rotatit constant
speed.The emulsification time (the time required for segwncentrate to form a homogeneous mixture upon
dilution) was monitored by visually observing thesappearance of SNEDDS and the final appearancieof
nanoemulsion [23].

2.2.3.5. Viscosity determination

The viscosity of the prepared SNEDDS formulae waasuared at 25+0.5°C as such before and after atiluy
Brookfield viscometer (Brookfield Engineering Lat$SA) using spindle CC3-14 with shear rate at 100 [24].
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2.2.3.6. Spectroscopic characterization of optical clarity

The optical clarity of aqueous dispersions of SNEI&rmulae was measured spectrophotometric@ltynposition
was prepared according to the design dihated to 100 times with distilled water. The pemtage transmittance as
measurements of optical clarity for the preparedEBNS formulae was measured at 650 nm using ditillater as
the standard blank solution [25].

2.2.3.7. Transmission electron microscopy (TEM)

The surface morphology and globule size of the gmeg SNEDDS formulae were observed using Transomissi
electron microscopy (JEM-2100, USA). Prior to asiythe SNEDDS samples were diluted 10 times ditilled
water. A drop from the resultant nanoemulsion wapodited on a film-coated copper grid forming an thguid
film. The films were then negatively stained witow/v) phosphotungstic acid solution. After aiyidg, the
stained films were photographed by transmissiootla microscopy [26].

2.2.3.8. Droplet size analysis and polydispersibility Index (PDI) determination

The droplet size is an important factor in self-ésification performance because it determines #te and extent
of drug release as well as absorption. Prior tosmeanent, 1mL of each SNEDDS formula was dilutedif@s
with distilled water. The globule size and polyaissbility index of the formed nanoemulsions weetedmined by
dynamic light scattering (DLS) using a photon clattien spectrometer (Zetasizer, Malvern Instrumari®, UK)
which analyzes the fluctuations in light scatterohge to Brownian motion of the particles. Light tsedng was
monitored at 25°C at scattering angle 90° [27].

2.2.3.9. Zeta potential determination

The zeta potential of the diluted SNEDDS formulagsvdetermined using Zetasizer (Malvern Instrumedts).
Samples were placed in clear disposable zetaaeflgesults were recorded. Charge on emulsion éiophd their
zeta potential values were obtained [28].

2.2.3.10. Drug loading efficiency

For determining the IRB content, 1 mL of SNEDDSnfiofae (equivalent to 75 mg of IRB) was diluted with
acidified methanol (1% V/V 0.1N HCI) and emulsifiedder moderate agitation. After complete emulaffan, the
volume was made up to 75 mL with acidified methafting/mL). From the above stock solution, 0.2 mL
(200pg/ml) was withdrawn and diluted up to 10mLhaéicidified methanol (20pg/ml). Samples were pregdn
triplicate and absorbance was measured at 246 rmg W/-Vis Spectrophotometer (Hitachi U-2900, Japan
Acidified methanol was used as a reference solufidve amount of IRB present in each formula wasuated
from a calibration plot previously determined f&8 [29].

2.2.3.11. In-vitro drug release studies

The in-vitro drug release of IRB from the optimized SNEDDS folaey pure drug and marketed product
(Irbedrin®) was performed using USP dissolution apgus type Il (Erweka, DT 600, Germany). The digsmn
medium consisted of 900 mL of freshly prepared &ed gastric fluid (0.1N HCI, pH 1.2, enzyme-free)
maintained at 37+0.5°C and the paddle speed wastsgd rpm. Hard gelatin capsules, size “000” dilleith
preconcentrate (equivalent to 75mg Irbesartan) wedeto paddles using para film spring to preveaysules from
floating. Aliquots (5 mL) from the dissolution meda were withdrawn at regular time intervals (5, 18, 30, 45,
60, 90 and 120 min) using a calibrated disposapiage. The withdrawn samples were replaced by legplames

of dissolution medium to maintain the volume antksionditions constant. The samples were therrdiltehrough

a membrane filter (0.45um, Whatmann) and drug aunagon was obtained after proper dilutions via \@lidated
method at 246 nm using UV-Vis Spectrophotometerta¢hi U-2900, Japan). All measurements were done in
triplicate [29].

2.2.4. Preparation of IRB loaded S'SNEDDS

Based on the rank order performed for all conveRrtiGNEDDS formulae depending on their charactéaraand
evaluation tests, two optimized SNEDDS formulaeenselected to be solidified by spray drying techaigising
Aerosil 200 as solid carrier. Briefly, SNEDDS forlmuand Aerosil 200 (1000mg) were suspended in 200 m
ethanol with continuous stirring until forming asotropic mixture. The mixture was then kept at rdaemperature
and equilibrating for 24h. The suspension was thgray dried using a Buchi mini spray dryer (BudBi190,
Switzerland) under the following conditions: inketmperature, 60 °C; outlet temperature, 35°C; atipin, 85%;
feeding rate of the suspension, 5 mL/min [30].
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2.2.5. Characterization of |RB loaded S-SNEDDS

2.2.5.1. Micromeritic properties of SSSNEDDS

Angle of repose (6)

The angle of repose of S-SNEDDS was determinedubgel method. Accurately weighed sample were taken

funnel. Height of the funnel was adjusted in susiia that the tip of the funnel just touches thexapf the heap of
S-SNEDDS powder. The powder was allowed to flovotigh funnel freely onto the surface. The diameteahe

powder cone was measured and angle of repose at@dulsing the following equation [31]:

tan® = h/r
Where; h = height of the heap, r = radius of thaphe

Bulk and tapped density

Both bulk density (BD) and tapped density (TD) wdetermined. A quantity of 2 g of S-SNEDDS wasadticed
into a 10 mL measuring cylinder. Initial volume walsserved, and then the cylinder was allowed toufadler its
own weight onto a hard surface from a height of &bat 2 second intervals. The tapping was continugil no
further change in volume was noted. Bulk density spped density were calculated using the follgwéquations
[32]:

BD = Weight of powder / Bulk Volume
TD = Weight of powder / Tapped Volume

Compressibility | ndex
The compressibility of the S-SNEDDS granules wasmieined by Carr's Compressibility Index as foll{38]:

Carr's Compressibility Index (%) = [(TD-BD) / TD] X00

Hausner ratio
It is the ratio of tapped density to bulk densitygives an idea about the flow characters of povgdeticles and can
be calculated as follow [32]:

Hausner ratio=TD / BD

2.2.5.2. Recongtitution properties of SSNEDDS
Reconstituted S-SNEDDS were characterized for rinless to dilution and self-emulsification time ascribed for
liquid SNEDDS.

2.2.5.3. Scanning electron microscopy (SEM)

Scanning electron micrographs for IRB, Aerosil 200 prepared S-SNEDDS formulae were taken usingrifoz
electron microscope (JEOL, JSM 50A, Japan) opeayatirR0 kV to study surface topography and glolside of S-
SNEDDS. The samples were fixed on SEM stub and ¢bated with thin layer of platinum [33].

2.2.5.4. Differential Scanning Calorimetry (DSC)

Physical state of IRB in S-SNEDDS was characteriasithg differential scanning calorimeter. Thermaoggaof
IRB, Aerosil 200, physical mixture of both and paegd optimized S-SNEDDS formulae were obtained gusin
differential scanning calorimeter (Shimadzu, DSC-Hpan). The thermal behavior was studied by ingaiearly 2
mg of samples in sealed aluminum pans under nitrgges flow (30 mL/min) over a temperature ranged @b
250°C and a heating rate of 10°C/min [34].

2.25.5. Fourier Transformed Infrared Spectroscopy (FTIR)

FTIR Spectra of pure IRB, Aerosil 200, physical taire of both and prepared optimized S-SNEDDS foamwlere
obtained using Fourier transformed infrared sp@ttodometer (Shimadzu 8400, Japan). Solid samples meed

with small quantity of IR grade potassium bromiael @ompressed into discs by applying pressure.cohgressed
disc was placed in light path and the spectrumatsained. Each KBr disc was scanned at 4 mm/segdaution of
2 cm over a wave number region of 4000-400 [36].

2.2.5.6. Drug loading efficiency

IRB content in S-SNEDDS formulae was estimated gishre method previously mentioned for liquid SNEDDS
[28].
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2.2.5.7. In-vitro drug release studies
The in-vitro drug release of IRB from the optimized S-SNEDDSnfolae was performed using the above
mentioned method for conventional liquid SNEDDS][29

RESULTS AND DISCUSSION

3.1. Preformulation Study (Selection of SNEDDS Components)

3.1.1. Study of IRB solubility in various oils, surfactants and cosurfactants

To design a SNEDDS with acceptable physicochentibatacteristics, the components of the system direduoil
phase, surfactant and cosurfactant must be carefhlbsen. Solubility studies aimed at identifyingitable
SNEDDS components that possess good solubilizipgaity for IRB. Identifying the suitable oil, suctant and
cosurfactant having maximal solubilizing potentfal drug under investigation is very important tohieve
optimum drug loading [36]. Oils can solubilize thpophilic drug in a specific amount so they are timain
excipients because they can increase the fracfidipaphilic drug transported via the intestinahiphatic system,
thereby increasing absorption from the Gl tract. tAk investigated oils were fatty acids commontiliaed in
SNEDDS formulation that differ in nature and chiingth [37]. Capryol 90 was selected as an oilysphar IRB
due to its highest solubilization (176.47+5.48 migfroompared to other screened oils as shown indidR). This
may be attributed to the medium chain length (eitgrbons) and the amphiphilic nature of Capryolv@tich
provide it with surfactant properties and therefaehance drug solubilization, as explained by B#&hnan et al
[38]. Besides its high drug solubilization powegptyol 90 being a saturated medium chain fatty adtd HLB
value = 6 is known for its efficient self-emulsHitton properties which aids the formation of th#-smulsifying
system containing the drug [39]. All the investaghtsurfactants in this study were non-ionic hydiéplones.
Being non-ionic, the investigated surfactants amslered safe and biocompatible [40] and beingdpflic (with
HLB values > 10), they are superior in forming finmiform emulsion droplets which can empty rapifiym the
stomach and provide large surface area that faE$trapid drug release and absorption. In additio chosen
surfactants were reported for their bioactive progs that increase the intracellular concentratbthe co-applied
drug resulting in absorption enhancement [41]. &iants also form a layer around the emulsion éisgand hence
reduce the interfacial energy, as well as provigeeahanical barrier to coalescence. This can ptguetipitation
of the drug within the Gl lumen and enhance proémhgxistence of drug molecules. Among the variaufstants
screened, Cremophor RH40 showed the best soluigjligotential for IRB (261.74+6.18 mg/mL) as illegtd in
figure (3). Transient negative interfacial tensemd a fluid interfacial film are rarely achievedtlwihe use of a
single surfactant, usually necessitating the aolditf a cosurfactant. The presence of cosurfacdedseases the
bending stress of the interface and allows anfedt&l film with sufficient flexibility to assumeifferent curvatures
required to form a nanoemulsion over a wide ranfgeompositions. Hence the use of cosurfactant litabithe
formed nanoemulsion. Among the different cosurfatstaused in this study, Transcutol HP exhibited imam
solubility for IRB (287.56+6.67 mg/mL) as presentadrigures (4). Similar results were obtained byashi et al.,
who found that the optimized components for lovst8NEDDS are Capryol 90 as oil, Cremophor RH40 as
surfactant and Transcutol HP as cosurfactant [42].
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Fig. 2. Solubility of IRB in various oils
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Fig. 4. Solubility of IRB in various cosurfactants

3.1.2. Preliminary screening of surfactantsfor emulsification efficiency

Although being a major parameter in choosing thgradients of the SNEDDS, drug solubility is not thely
parameter governing the choice of the surfactanthin prepared systems. The emulsifying efficien€ythe
surfactant is rather a much more important faci@i.[ Therefore, the emulsifying efficiency of diféat surfactants
was screened regarding the selected oil. The wldfitthe surfactant to form an emulsion was assessethe
number of flask inversions needed for emulsion fiam, while the stability of the formed emulsioaswexpressed
by its percent UV transmition, two hours after megtion. Optical clarity corresponds to high traittance, as
opalescent dispersions will scatter incident raoiiato larger extent as compared to transparemtedssons. The
intensity of light passing through such dispersmattributed to the scattering of light which occdue to absence
of optical homogeneities in the medium [44]. Henpercentage transmittance could directly be usefréalict
relative droplet size of the emulsion. Based os fhinciple, aqueous dispersions with high trartsmite (lower
absorbance) were considered optically clear androiplets were thought to be in a state of nanedspn [45].
The percentage transmittance values and numbdasf ihversions of various dispersions are listethble (2). For
all screened surfactants, the largest number ek flaversions (17 inversions) was reported for Gnehor S9,
indicating the most difficulty in emulsion formatioln addition, emulsions formed by Cremophor S8 tree least
stability as indicated by the least percent UV draission reported (14.90+0.66 %). On the other hagldtively
few numbers of flask inversions (4 inversions) weaeeded for emulsion formation using Cremophor Rld40
emulsifying agents, moreover, the percent UV trassion of the formed emulsions (two hours afterppration)
approached 100% indicating an accepted stabilithefformed emulsions. Thus, Cremophor RH40 wasehas
surfactant for further investigation due to itstbehanoemulsification efficiency. These observéfeignces in the
emulsification efficiency of the investigated swtints were attributed to the difference in thdiaio length and
structure as explained by Lawrence in his studyn@moemulsions as drug delivery vehicles [46].
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Tab. 2. Emulsification efficiency of various surfatants

Surfactants % Transmittance* No. of inversions
Cremophor RH40 99.47+ 0.1 4
Cremophor S9 14.90 £ 0.66 17
Tween 20 98.17 £ 0.40 5
Tween 40 80.97 +1.01 11
Tween 60 74.93 £0.35 9
Tween 80 97.60 £ 0.26 15
Span 20 52.67 £ 0.75 17
Span 80 56.57 £ 0.50 13
Labrasol 44.87 £ 0.95 7

*Values are expressed as mean +S.D, n=3

3.1.3. Preliminary screening of cosurfactants for emulsification efficiency

All the cosurfactants employed in this study appdato improve the emulsification ability of Caprydd and
Cremophor RH40. It was documented that negativafatial tension and fluid interfacial film is réyechieved by
the use of a single surfactant, usually necessifatie addition of a cosurfactant. The presenceosfirfactants
decreases the bending stress of interface and sallber interfacial film sufficient flexibility to aguire different
curvatures required to form nanoemulsion over eewahge of compositions [17]. Addition of a cosatéat to the
surfactant-containing formulation was reportedrpriove the dispersibility and drug absorption friormulation
[37]. As depicted in table (3), Transcutol HP exteid good emulsification efficiency with Capryol %nd
Cremophor RH 40 mixture, showing maximum transmiéa (99.83+0.06%) and 3 inversions only compared to
other employed cosurfactants. It was cleared thiatthe employed cosurfactants appeared to imprdwe t
emulsification ability of Cremophor RH40 and Cagdr960. Finally, based on the results of preliminacyeening of
IRB, a distinct system was selected consisting apr¢ol 90 as oily phase ,Cremophor RH40 as suriaciad
Transcutol HP as cosurfactant and detailed studliyeo$ystem was performed using pseudoternary phageam.

Tab. 3. Emulsification efficiency of various cosurdctants

Cosurfactants % Transmittance* No. of inversions

PEG 200 99.33+0.38 5
PEG 400 99.53 +0.12 4
PEG 600 94.43 £0.15 4
Transcutol HP 99.83+ 0.0¢ 3

Propylene glycol 98.80 + 0.26 7
Glycerol 99.20 +0.10 15

*Values are expressed as mean £S.D, n=3

3.1.4. Construction of pseudoternary phase diagram

One of the most important characteristics of SNED®®e change that occurs when the system isedil(gince it
will be diluted by body fluids after administratigrwhich may cause drug precipitation due to thss lof solvent
capacity [47].Therefore, Pseudoternary phase diagraere constructed to identify self-nanoemulsdynegions
and to select suitable concentrations of oil, suiaiat and cosurfactant for the formulation of SNEDZomponents
used for construction of pseudoternary phase diagree Capryol 90 (oil phase), Cremophor RH40 (stafat),
Transcutol HP (cosurfactant) and distilled wategu@ous phase). The phase diagrams were mapped at
surfactant/cosurfactant ratios (1:0, 1:1, 1:2, 2:3,and 3:1). The size of the nanoemulsion regiathe diagrams
was compared, the larger the size the greaterdlfimanoemulsification efficiency. The nanoemulsjgimase was
identified as the area where clear and transpdoemulae were obtained on dilutions based on vigugection of
samples. Pseudoternary phase diagrams showethéhabne of nanoemulsion (the grayish area) wages$rin
formulae prepared with Cremophor RH 40-TranscutBl tixture (Smix) at 1:1 ratio as shown in figuréslQ).
Thus, fixing the surfactant/cosurfactant ratio dt is a better choice from the stability point aéw [48]. At Smix
1:1, and when cosurfactant was added with surfadgtarequal amounts, a higher nanoemulsion regios wa
observed, perhaps because of the further reducfitire interfacial tension and increased fluidifytlee interface at
Smix 1:1.

167



Ali M. Nasr et al J. Chem. Pharm. Res,, 2016, 8(2):159-183

Pseudoternary Phase Diagram [1:0] Ratio Pseudoternary Phase Diagram [1:1] Ratio

Smix [1:0] Smix [1:1]

Water

Water

10 20 30 40 50 60 70 80 90 1w 20 30 @ 0 50 o 80 50

Capryol 90 Capryol 90
Fig. 5. Pseudo-ternary phase diagram of Smix [1:0] Fig. 6. Pseudo-ternary phase diagn of Smix [1:1]
Pseudoternary Phase Diagram [1:2] Ratio Pseudoternary Phase Diagram [1:3] Ratio
Smix [1:2] Smix [1:3]

Water Water
10 20 30 40 50 60 70 80 S0 10 20 30 40 50 60 70 80 S0
Capryol 90 Capryol 90
Fig. 7. Pseudo-ternary phase diagram of Smix [1:2] Fig. 8. Pseudo-ternary phase diam of Smix [1:3]
Pseudoternary Phase Diagram [2:1] Ratio Pseudoternary Phase Diagram [3:1] Ratio

Smix [2:1] Smix [3:1]

Water

- = - Water
10 20 30 40 50 60 70 80 50 10 20 30 40 50 60 70 80 90

Capryol 90 Capryol 90

Fig. 9. Pseudo-ternary phase diagram of Smix [2:1] Fig. 10. Pseudo-ternary phase diagn of Smix [3:1]

3.2. Characterization and Evaluation of |RB loaded SNEDDS

3.2.1. Thermodynamic stability studies

All IRB loaded SNEDDS formulae showed no signs fgpitation, cloudiness or separation after hgatiooling

cycles, centrifugation and freeze-thaw cycles wteokured the stability of all reconstituted nandesion. Visual

observation indicated that there was no phase agparor any flocculation or precipitation in afirinulae and the
physical appearance of all formulae was similarusfithe overall stability of all SNEDDS formulaedan these
stress conditions was found to be acceptable. Hsergations found during thermodynamic stabilitydgs are
given in table (4). These results concur with thosAshok et al., who prepared albendazole selfisifiying drug
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delivery system (SEDDS) and found that a suddengshén temperature had no effect in the entropthefsystem
[20].

Tab. 4. Thermodynamic stability studies of varioudRB loaded SNEDDS formulae

Formula Heating cooling cycles Centrifugation test Freeze thaw cycles

F1 v v v
F2 v v v
F3 v v v
F4 v v v
F5 v v v
F6 v v v
F7 v v v
F8 v v v

Where() indicates the formula passed the test.

3.2.2. Robustness to dilution

The ability of SNEDDS to be diluted without any phaseparation and drug precipitation is essemtiats use as a
drug delivery vehicle since, after administratidanyill almost certainly be diluted by body fluidéfter dilution of
all SNEDDS formulae, the resulting nanoemulsionsewfeund to remain clear, transparent and showeghase
separation even after 24 hours as shown in tableT{tis gave a good indication about the suitabitif such
systems for oral application where they have atgreance to pass along the gastrointestinal tmetnaulsified oil
globules without phase separation. This implied #HSNEDDS formulae loaded with IRB were stabierdinite
aqueous dilution. In addition, the composition gidl of the aqueous phase was found to have no dffedhe
properties of nanoemulsions [49]. Similar resulesevreported by Anuradha et al., who formulatedpeepint oil
based drug delivery system of aceclofenac and fobatafter dilution, the resulting microemulsiomere found to
remain clear, transparent and appeared like honoagesingle-phase liquids [44].

Tab. 5. Robustness to dilution results of variousRB loaded SNEDDS formulae

F | Distilled Water 0.1 N HCL Phosphate Buffer pH 6.8
ormula =51 100] 1000 1d 10§ 1000 14 10 1000
TV [T T
2l RN R R R IR
IR R
SR BN AN B BN R
2N RN N IR IR I I
e Vv v Vvl vov v
S0 BN N B N I
e V]V v vyl v v

Where (\/) means stable formula which showed no phase sgparar precipitation

3.2.3. Assessment of efficiency of self-emulsification (Dispersibility test)

The in-vitro performances of the formulae were visually assess@ty the grading system previously mentioned
and the results were shown in table Bsual observations showed that all SNEDDS formuwieee found to be
grade A. The rapid self-emulsification of the inigated systems can be attributed to their lowceihtent (5-
11.5%w/w). This ability is very important for eff@t SNEDDS as emulsification process is considéhedrate
limiting process for drug absorption. Similar oh&gions were reported by Naseem et al., who prepasdf-
nanoemulsifying lipid carrier system of Etoposidedafound that six formulations were robust to exist
nanoemulsion form upon dispersion in the simulagdeous environments of the Gl tract and categbtizem as
grade (A) [25].

Tab. 6. Visual observations of dispersibility testor various IRB loaded SNEDDS formulae

Formula Observations Grade
F1 Rapidly forming clear emulsion A
F2 Rapidly forming clear emulsion A
F3 Rapidly forming clear emulsion A
F4 Rapidly forming clear emulsion A
F5 Rapidly forming clear emulsion A
F6 Rapidly forming clear emulsion A
F7 Rapidly forming clear emulsion A
F8 Rapidly forming clear emulsion A

3.2.4. Self-emulsification time
The rate of emulsification is an important index tbe assessment of the emulsification efficienEy\SNEDDS.
Since the free energy required to form a nanoeowlss very low, the formation is thermodynamically
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spontaneous. The SNEDDS should disperse complatelyquickly when subjected to aqueous dilution umadiéd
agitation.The recorded self- emulsification times for theheitested IRB loaded formulae are representedhie ta
(7). From the results obtained, it was evident @iathe tested formulae were self-emulsified withil.23+1.70 to
19.05+1.21 seconds. The short self-emulsificatiow treported for all the investigated systems iatdicheir ability
for easy and rapid emulsification. The results ade@ that self-emulsification time depends mainpom the
individual composition and its proportion of oilurfactant and cosurfactant. From the self-emubsificn time
results, it was remarked that as the concentraifesurfactant increases, the spontaneity of encdgibn process
increased and self-emulsification time decreashi fhay be due to capacity of Cremophor RH40 incedy the
interfacial tension and thus excess diffusion ofieays phase into the oil occur causing signifidaterfacial
disruption and discharge of droplet into the budkeous phase [50].

3.2.5. Viscosity determination

Viscosity studies are necessary for SNEDDS to charize the system physically and to control itbity. The
viscosity of SNEDDS is critical during their disgam in the aqueous phase. Higher viscosities terglow down
the emulsification rate which may affe@-vivo drug release and bioavailability profiles. Fromsodsity
determination results, it was observed that astimeentration of oil and Smix increased the vidgosi SNEDDS
formulae also get increased as shown in figure. (It IRB SNEDDS formulae had the average viscasibhge
between 19.26 + 1.91 cps and 51.62 + 0.47 cps. Mewater dilution with 100 times distilled watéhe viscosity
range decrease and became between 7.90 £ 0.42@@#/®O3 £ 0.96 cps. All formulae were found to damther
low viscosities which indicated the resulted nanolsion to be O/W type. The viscosity values recdrddy the

SNEDDS formulae in the present study were low ehotagpreclude the possibility of rapid self-emutsition
[51].

60.00—

50.00—

40.00—

Viscosity (CP)

W Before Dilution
DO After Dilution

F1 F2 F3 Fa F5 F6 F7 F8
Formulae

Fig. 11. Plot of viscosity before and after dilutia for various IRB loaded SNEDDS formulae

3.2.6. Spectroscopic characterization of optical clarity

The percentage transmittance is an important pdearte determine the isotropic nature of the systdmalue of
percent transmittanadoser to 100% signified that all selected formulae clear, transparent and globules size in
the nanometric range, which in turn indicates thatformula has a large surface area for drug seldaigh capacity

to undergo enhanced absorption in biological matria thus have ability for increased oral bioavlity. Higher
transmittance should be obtained with opticallyacleolutions, since cloudier solutions will scatteore of the
incident radiation, resulting in lower transmittan®©n 100 fold dilution, the percentage transmitaaf SNEDDS
formulae was found to be in the range of 98.40 99983 % as presented in table (7) which confirrmedy
transparent nature of all IRB loaded SNEDDS forraulBhese results are in agreement with the rempisrted by

Naseem et al., who found that the percentage tittasice of the prepared SNEDDS formulae were ctosE00%
[25].

3.2.7. Transmission electron microscopy (TEM)

TEM photographs of IRB loaded SNEDDS formulae sghsat to post dilution with distilled water are shmin
figures (12-19) and interpreted for surface morpbgland globule size. From the presented figutegas apparent
that globules of all formulae were well dispersed ao globule aggregation took place. TEM analysigaled the
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formation of spherical and homogeneous dropleth waitsize smaller than 50 nm, which satisfies thieréa of
nanometric size range required for nanoemulsifyargiulae [52].

Fig. 16. TEM photograph of F5 gFiL7. TEM photograph of F6
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Fig. 18. TEM photograph of F7 Fig. 19. TEphotograph of F8

3.2.8. Droplet size analysis and polydispersibility Index (PDI) determination

The droplet size is the crucial factor in the SNEDRerformance because it determines the rate aedteof drug
release as well as drug absorption. Moreover, stlieen reported that the smaller the particle $ime)arger the
interfacial surface area which may lead to morddrabsorption and improve the bioavailabiligystems with
mean droplet size below 200 nm fulfill the critedaSNEDDS. All the investigated systems had mdabude size
less than 40 nm indicating their efficiency as SNIED The small globule size of the diluted systeran be
attributed to the use of the proper surfactantidastant mixture. This provided adequate reduciiornhe free
energy of the system which in turn resisted thentieglynamic instabilities on changing the environteid and

volume. Also, the surfactant/cosurfactant mixtur@vided a strong mechanical barrier to protect finened

globules from being aggregated as explained by Netpal [53] and Singh et al [54]. From dropletesinalysis it
was observed that IRB loaded SNEDDS formulae hadntkan particle size in the range of 15.77 to 32u22
indicating their efficiency as SNEDDS as shown igufes (20-27). It was also noticed that as thdastant

percentage increased, the mean droplet size decdrg&8]. Furthermore, the droplet size increase@nwvthe

concentration of lipid added increased from 5% 1% due to the simultaneous decrease irBthie proportions
[56]. The decrease in droplet size may be due tersorfactant being available for adsorption amdftiimation of
a more closely packed surfactant film at the oiltewanterface, thereby providing stable and condédnterfacial

film, as well as the low interfacial tension in thgstem. The mean droplet size is not the onlyrpater to be
considered in the formulation of SNEDDS. The drogiee distribution is another parameter of eqogldartance.
The droplet size distribution is expressed by aetisionless value called the polydispersibility i@@DI) which is

the measure of particle homogeneity and it variem1f0.0 to 1.0. The closer to zero the PDI valbe, more
homogenous are the particles. The small valuesDif dhown by all SNEDDS formulae (0.057-0.315) irade&
homogenous droplet population and narrow globue distribution as reported in table (7). Thisumtindicates
more uniform emulsions with higher physical stapili
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Fig. 20. Droplet size analysis of F1 Fig. Troplet size analysis of F2
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Fig. 26. Droplet size analysis of F7

3.2.9. Zeta potential determination
The zeta potential values of IRB loaded SNEDDS fdam are listed in table (7). The results wereharange of -
3.19 to -11.30 mV. Negative values of zeta potémifaall formulae give indication of stable systef&].Our
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results were in complete accordance with Maulikletvho prepared stable SMEDDS lovastatin oral fdations,
and found that Zeta potential of all SNEDDS forneul@as found between -0.228 to -10.7 mV, that mayueto
that formulation consist of non-ionic componentsiochshow relatively neutral charge and not affedbgdbody
membrane charge during absorption [58].

3.2.10. Drug loading efficiency

The drug loading efficiency of all SNEDDS formublaas found in the range of 94.08+1.66 for F1 to 9995 %
for F8, indicating uniform drug dispersion in forlae as shown in table (7). Statistically it wagHar justified that
there was no significant difference in drug contantong the various formulae. It was also observed the
formulae F5 and F8 have the highest drug contdmns may be attributed due to higher concentratibsucfactant
and cosurfactant in these two formulae that podsigéssolubilization capacity to solubilize the iy dose of IRB.
These observations are in line with studies repooye Ashish et al. who found that the drug contgrEurosemide
SNEDDS in between 90.08+0.124 and 102.45 + 0.3%22 [5

Tab. 7. Self-emulsification time, % Transmittance PDI, zeta potential and drug loading efficiency ofRB

Formula Self-emulsification Time* (Sec. % Transmittance*  PDI  Zeta Potential (mV) Drug Loading Efficiency* (%)

F1 19.05+1.21 99.47 +0.06 0.119 -11.3 94.0861
F2 16.63 +1.31 99.73 +0.12 0.123 -3.57 97.24041.
F3 12.27 +1.16 99.40+0.10 0.315 -5.02 98.4204 0
F4 11.23+1.70 99.83 +0.12 0.164 -3.37 96.821% 1
F5 17.06 +0.68 98.63 +0.15 0.111 -4.09 99.0480.
F6 14.09 +1.69 99.07+0.21 0.057 -3.19 98.06590.
F7 17.78 +0.60 98.40 +0.26 0.315 -4.46 98.708% 0.
F8 16.85 + 1.38 98.90 + 0.20 0.246 -4.93 99.84950.

*Values are expressed as mean +S.D, n=3

3.2.11. In-vitro drug release studies

The dissolution profiles of different IRB SNEDDSrfiaulae together with the dissolution profile of @URB filled
in hard gelatin capsules, and that of IRB marketguets (Irbedrin®) are presented in Figure (28)s0A no
dissolution-accelerating components or surfactaush as sodium lauryl sulfate, were added to tbdian because
these components result in failure to discriminagéveen different dissolution profiles as the sttdat is the key
element in improving dissolution of SNEDDS dosagefs [60]. Figure (28) signifies that dissolutiorofies of
IRB from SNEDDS formulae produced constantly sugredrug dissolution rate as compared to that oépirug
and that of marketed tablets (Irbedrin®). Withie tihitial one hour of the dissolution study, only 20.54% and
43.34+1.49% of IRB was dissolved from pure powdesd aarketed tablets, respectively; Whereas, the (EMNE
formulae showed improved release within the same fperiod where more than 90% of IRB was releaseuh f
formulae F3, F4, F5 and F7. IRB dissolved and ssddafrom SNEDDS reached 97.03+2.82% for formula F3,
93.14+2.27% for formula F4, 100.52+2.88% for forem5 and 96.28+0.78 for formula F7 within one hothis
enhancement in IRB dissolution rate and extentcchel attributed to the spontaneous formation obeamnlsion
during dissolution process with droplet size inaraetric range induced the presentation of IRB séalved state in
the form of nanoemulsion which lead to an increasadbilization and enhanced drug dissolution eatd extent.
Thus, this greater availability of dissolved IRBfr the SNEDDS formulae could lead to higher absampand
higher oral bioavailability. In contrast to thiketrelease of IRB from formulae F6 and F8 wereifsagmtly lower
than from other formulae, which may be attributedhe higher percentage of surfactants employettiése two
formulae resulting in higher probability of surfant migration into surrounding aqueous media upispedsion.
This process leads to formation of micelles thapdrthe free drug creating hindrances in drug sel¢é1]. This
indicates that the release of IRB from SNEDDS whigth respect to the concentration and O/Smioraiiso, the
comparatively slow IRB dissolution from pure powded the marketed tablets can mainly be explairyetthdy poor
water solubility of the drug [13,23]. This findiradso supported the hypothesis that nano-sized ekopf emulsion
can enhance the release of poorly soluble druds [6®as also observed that there was a good lediva between
the droplet size of generated nanoemulsions afteonstitution of SNEDDS and the dissolution rateRB. In
another words, the amount of drug dissolved inattpgeous phase at time t, is inversely proportitmahe droplet
size of the generated nanoemulsions after SNEDB&satitution [18]. Thus, this rapid drug releases\waomoted
by the larger interfacial areas present in emutsiaith smaller drops [9]. Finally, the vitro dissolution studies
indicate that formulation of IRB in the form of SBBS formulation enhances the dissolution properties
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Fig. 28.1n-vitro release profiles of IRB SNEDDS formulae compared wh pure IRB and marketed product

3.3. Preparation of IRB loaded S-SNEDDS

Based on the rank order performed for all converti®®NEDDS formulae depending on their charactéoraand
evaluation tests, two optimized SNEDDS formulaeenszlected to be converted into S-SNEDDS. Fronintwiro

drug release data, drug loading efficiency andiglarsize analysis formulae F3 and F5 were seleasedptimized
formulae to be solidified into S-SNEDDS as illustichin table (8).

Tab. 8. Rank order of conventional SNEDDS formula@ccording toin-vitro drug release data, drug loading efficiency and paicle size

analysis
Formula In-wtro(clirﬁ?) release Drug loading efficiency  Particle Size  Total rank oder  Conclusive rank order

F1 8 8 5 21 8
F2 5 6 4 15 7
F3 2 4 3 9 1

F4 4 7 1 12 3
F5 1 2 7 10 2

F6 7 5 2 14 5
F7 3 3 8 14 5
F8 6 1 6 13 4

3.4. Characterization of IRB loaded S-SNEDDS

3.4.1. Micromeritic properties of SSSNEDDS

The values obtained for the angle of repose oftifee S-SNEDDS formulae F3 and F5 were 28.28°+0.18 an
26.01°£0.55 respectively, as shown in table (9)eskhvalues indicate that all formulae have gooddlity. The
bulk density of the two formulae F3 and F5 was fbuo be 0.51+0.01 g/mL and 0.53+0.01 g/mL respedbtiv
However, tapped density was 0.61+0.01 g/mL for fdenF3 and 0.58+0.01 g/mL for formula F5. Carr'dem of
formulae F3 and F5 was found to be 15.39+0.39 and+d.61 respectively which give an indication atthve good
flowability of the two S-SNEDDS formulae. This wasther supported by the values of Hausner’s rathe results
of Hausner ratio of formulae F3 and F5 were 1.18x&nd 1.11+0.02 respectively. The improved flowigbof S-
SNEDDS formulae may be due to good sphericity ofigdas.

Tab. 9. Micromeritic properties of IRB loaded S-SNIDDS

Formula F3 F5
Angle of Repose 28.28°+0.18 26.01°+0.55
Bulk Density (g/mL) 0.51+0.01 0.53+0.01
Tapped Density (g/mL) 0.61+0.01 0.58+0.01
Carr’s index (%) 15.39+0.39 9.74+1.61
Hausner’s ratio 1.18+0.01 1.11+0.02
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3.4.2. Reconsgtitution properties of SSSNEDDS

Dilution study was done to observe the effect dditatin on S-SNEDDS, because dilution may better imithe
condition of stomach after oral administration.wlias observed that the two S-SNEDDS formulae F3 Ehd
disperse quickly and completely when subjectedgieaus environment under mild agitation. The twonidae
showed spontaneous nanoemulsification and there meassign of phase separation or phase inversion of
nanoemulsion after storage of 24h. The efficientgaif-emulsification can also be estimated by rogag the
emulsification time. The emulsification time was.@®1.53 s for formula F3 and 36.68+2.66 s for folanF5. It
was also noticed that the emulsification timeslignid SNEDDS and S-SNEDDS were very close to eattiers,
indicating that the spray-drying process did noteha remarkable influence on the emulsficationqrenince of S-
SNEDDS. These results were in complete accordarniteGhun Chao et al. who prepared solid lipid-baset-
emulsifying drug delivery system of agaricoglycesdand found that the spray-drying had no effectttan
emulsfication performance [63].

3.4.3. Scanning electron microscopy (SEM)

The surface morphology of pure IRB powder, Aer@8i0 and S-SNEDDS formulae of IRB was determinedgisi
scanning electron microscope as shown in figur8s3@). The IRB powder appeared with an irregulastalline
shape as needle shaped crystals having rough ssfiés particle size varied in a wide range fresslthan 1um to
larger than dozens of micrometers. Aerosil 200 appt be spherical porous particles of size of@pmately 10
um. The image of the solid SNEDDS containing IRBwhwer, illustrate that the particles had the samiero
macroscopic morphology consisting of well separatptlerical particles with relatively deep dents amilar
diameters. Following spray drying, the crystallifitB turned out to be highly amorphous in natureys@lline
structures characteristic of IRB are not seen BNEEDDS micrographs suggesting that the drug iseptem a
completely dissolved state in the Solid SMEDDS.

SEI  30kV WD11mm SS34 7 'x5,000 5um

Fig. 30. SEM photagh of Aerosil

x1,000 50nm  —

SEl  30kV WD1, % x1,000 ~ 50nm  ‘—

Fig. 31. SEM photograph of S-SNEDDS (F3) Fig. 32. SEM photograph of S-8DDS (F5)
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3.4.4. Differential Scanning Calorimetry (DSC)
Thermograms of pure IRB, Aerosil 200, physical migtof both and prepared optimized S-SNEDDS form(k3

and F5) were obtained using differential scannialgrimeter as shown in figures (33-34). The thermmaogof pure
IRB exhibited a sharp endothermic peak at aboutQIB%C, corresponding to its melting point. Aer@il0 showed
no specific peaks from 0 to 250 °C as presentedigure (33). However, a melting endotherm having th
characteristic peak of IRB was observed in the jghysnixture of IRB and Aerosil 200. In the caselBB S-
SNEDDS formulae (F3 and F5), the endothermic pdath® drug was absent as shown in figures (33-B4g
change in melting behavior of IRB can be attributedhe inhibition of its crystallization and sollibation of IRB

in S-SNEDDS. Therefore, it could be concluded 1R in the solid SNEDDS was in the amorphous fohmis
known that transforming the physical state of agdiuthe amorphous or partially amorphous statdsléa a high-
energy state and high disorder, resulting in enbarsolubility [30]. As a result, it was expectedittithe solid

particles would also have enhanced solubility.
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Fig. 33. DSC thermograms of (A) pure IRB (B) Aeros$i200 (C) physical mixture of IRB and Aerosil 200D) S-SNEDDS formula (F3)
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3.4.5. Fourier Transformed I nfrared Spectroscopy (FTIR)
FTIR spectra are mainly used to determine intevactietween the drug and any of the excipients u$éd.

presence of interaction is detected by the disappea of important functional group of the drugeTR spectrum

of IRB showed broad band at 3435 tfor N-H group, a strong sharp peak at 1731*éwn C=0 group, two peaks
for aromatic C=C stretching at 1562 ¢rand 1440 ci, a peak fosp? C-H stretching at 3060 ¢hrand two peaks
for sp® C-H at 2958 cn and 2871 ci. Similar peaks were observed in the spectra ofiphy mixture and

prepared S-SNEDDS formulae (F3 and F5), along alithence of interfering peaks indicating there isinwanted

interaction between IRB and other used excipienthé study as shown in figures (35-36).
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3.4.6. Drug loading efficiency

The amount of drug present in the two optimized\E=BDS formulae was found to be within USP limit.eTtrug
loading efficiency was found to be 9648937 for formula F3 and 98.60.45 for formula F5. The drug content in
S-SNEDDS of IRB was almost identical with the résuwbtained in liquid SNEDDS so there is no chanfie
percentage drug content after conversion of ligoidolid SNEDDS using spray drying technique. Thessailts
were in a good agreement with high drug contentdooy Bhagwat et al. who prepared solid self mamalsifying
drug delivery system of telmisartan [21].

3.4.7. In-vitro drug release studies

The percentage drug release from S-SNEDDS was fauibeé higher than that of pure drug and marketedyct
as shown in figure (37). Cumulative % drug releabéRB from S-SNEDDS was found to be 89.64+0.90% an
92.08+0.93 for formulae F3 and F5 respectively inithe initial one hour. However, within the sanmd period of
the dissolution study, only 9.73+0.54% and 43.342% of IRB was dissolved from pure powder and miadke
tablets respectively. The drug dissolution studgoaindicates that the self-nanoemulsifying propestythe
formulation remains unaffected by the conversiorthef liquid SNEDDS to the solid form as illustratiedfigure
(38). It was also noticed that the release of IRBnf S-SNEDDS was slightly lower than liquid SNEDDShis
might be attributed to the presence of adsorbenénad which may delay the dissolution rate fornaa#i extent.
These findings were also compatible with Bhagwadletvho found that the drug dissolution profildsttte liquid
SNEDDS showed no significant differences when caexgbdo those of the solid SNEDDS, suggesting that t
SNEDDS preserves a similar performance in emuédificn regardless of the forme. liquid or solid) [21].
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Fig. 37.1n-vitro release profiles of IRB S-SNEDDS formulae comparedith pure IRB and marketed product
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CONCLUSION

In this study, a novel liquid SNEDDS consisting @&pryol 90, Cremophor RH40 and Transcutol HP a®iln
phase, surfactant and co-surfactant, respectiwag, formulated and further developed into a SONEBDS by a
spray-drying technique using Aerosil 200 as thédscérrier. From this study it was concluded ttiet prepared
liquid SNEDDS was thermodynamically stable with dazelf emulsification efficiency and having globdize in
nanometric range which may be physiologically gtaBitudy also concluded that S-SNEDDS of IRB pregdry a
spray-drying technique using Aerosil 200 as théstarrier have good flow properties and drug cont&his solid
SNEDDS preserved the self-emulsification perforneaotthe liquid SNEDDS and gave a fadtewitro dissolution
rate than the crude powder and marketed produciul®eof SEM demonstrate that spherical particlesSo
SNEDDS can be obtained without agglomeration. Glmsig the limitations associated with liquid SNE®Da
solid powder formulation should be a more acceptdttm. Furthermore, our results suggest that H8NEDDS
could be considered and further evaluated for tlaé aelivery of lipophilic poorly soluble drugs fevhich an oral
route of administration is desirable. In conclusi@elf emulsifying drug delivery systems were anpising
approach for the formulation of IRB. S-SNEDDS appédato be an interesting approach to improve proble
associated with oral delivery of IRB. Thus S-SNEDD& be considered as novel and commercially feasib
alternative to current marketed IRB. Finally, thealadelivery of hydrophobic drugs can be made [sddy S-
SNEDDS, which have been shown to substantially anptthe oral bioavailability.
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