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RESEARCH ARTICLE

Factors influencing the erosion rate and

the drug release kinetics from

organogels designed as matrices for oral controlled release of a

hydrophobie drug

Sarah Regina Pereira Camelo?, Sophie Franceschi2, Emile Perez2 Sophie Girod Fullana3 and Maria Inés Rél

1Mines Albi, CNRS, Centre RAPSODEE, Campus Jarlard, Université De Toulouse, Albi CT Cedex, France, 2Laboratoire Des |.M.R.C.P., Université Paul
Sabatier, Toulouse, France, and 3Faculty of Sciences Pharmaceutiques, CIRIMAT INPT-CNRS-UPS, Université Toulouse, Toulouse, France

Abstract

Thisarticleproposes solid-likeystemdrom sunfloweroil structured witha fibrillar network
built bythe assemblgf 12-hydraxystearic acid (12HSA), agelator molecule faanoil phase

Keywords

Efavirenz lipid formulation,multiparticulate
dosage fornoraldrug delivery, organag),

The resulting organogels were studied as oral controlled release formulations for a lipophiligoorlysolubledrugs, prilling process
drug, Efavirenz (EFV), dissolved in the oil. The effects of the gelator concentration on theelease profile models
thermal propertiesfthe organogels westudiedby Differential Scanning Calorimet({pSC)

and showed that drug incorporation did not change the sol-gel-sol transitions. The erosion

and drug release kinetics from organogels under conventfiiafy gelatin capsulesor

multiparticulate (beads obtained by prilljeipsage forms were measured in simulated gastric

and intestinal fluids. EFV releaprofiles were analyzed using model-dependent éditting)

and independent approach@issolution Efficiency DE) KorsmeyerPeppas wathe best

fitting rel easekinetic modal based onthegoodness dit, reveding areleasemechanism from

organogels loadedith EFV different from the simple drug diffusion releasechanism

obtained from oily formulations. From organog€&BV probably diffuses through an outer gel

layer that erodes releasing oil droplets containing dissolved EFV into the aqueous medium

Introduction

Interest in lipid-based drug delivery hasvdoped over the past
15 years, largely dvien by the growing need for novel dm
delivery systems tadeal with thevast majority of the nev
chemical entitie§NCE) thathavepoor soubility, or permeability
or to improve the delivery adxistingdrugst.

The diversity of commercializedipid excipients (. fatty
acids, glycerides, polyoxyethyleneglycols derivatives ethoxy-
lated glycerides angolyalcohol fatty acid estershas created a
large platformfor lipid-based formulation design. Depending
the choice of lipid excipients andormulation techniquesit is
possibleto obtain avariety of systems in the forms of emulsgn
microemulsiors, micdles, liquid crystalline particles, solidipid
particles andrarious self-emulsifyirg systems.

Successfully marketedrd lipid-based drg products, cur-
rently conceming$4% of the globd pharmaceutical marketare
mostly formulated as bulkliquid sdutions or liquid-fill ed gdatin
capsules Clinical transétion of novel lipid-basal formulatiors is
clearly related to the rate discovery of pipeline drugsexhibiting
poor aqueous solubility, whicls predictedto increase from30%
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Centre RAPSODEE, Campugatard, Université De Toulouse 81013
Albi CT Cedex 09, France Tel: +335 6349 3299Fax: +335 6349 3025
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to 703 Major barriers forattaning full commeréal potential for

lipid-basedformulations are associated with challengregheir

physical stability, non-ideal drug encaplation andunpredictable
delivery performance.

The primay mechanism ofdion by which a lipid formulation
leadsto improved bioawailability is usually avoidanceof the dow
dissolution procsgs that limits the bioavailability of hydrophobie
drugs from sdid dosage forms. A formulation keepithe drug in
a dissolvedstate throubout its transit in thegagrointestinal tract
(Gl tract) appearspreferable.In this catext, a gel vehicle and
especially an organogel coulte wsefd to improve the biowail-
ahblity of ahydrophobie drug. Ingenerd, a gd may be defined as
a semi-solid formulation having an exterrasolvent phaseapdar
(organogel) or polar (hydrogel) immokiid by a 3D-network
scaffdd. Organogds may be egaded as bi-contiruous systens
corsisting of a gdator and an apar sdvent. The gdators may
undego physicd or chenicd interactios so as to form sdf-
assembled entangldibrous structuresleading to tle formation of
a three-dimensionascaffdd. The 3D-networked structurehence
formed entrapsand immobilizes the apdar phase.

In the last 20 yeass, there has been an exjosive growh in
research morganogés, and on publications relatedn them4-1as
another categgr of lipid system Most of these pubticions
report the discovey and/or tke syntheds of new organgdators,
the promrties of organmeds including the gd microstructures
andthe mannein which the gdator moleculescould be arranged



in 3-D network structuresthe large diversityin terms of the

12-Hydroxystearc acid (12-H#& 853, GCgHads MW

possible microscopie structures available for organogels ori@00.48 g/mol) was purchased from Alfa AesaralfEe) and

natedthe interesfor applicationsof these softmaterials in the
petrochemical industry for gelling flammable solventsstorage
and transpo#g.in the food industryor structuringedibleoilst3,
inthe cosmetic fielth and moreecenty aspart of pharmaceut-
ical drug deliverysystemsAs far asdrug delivery issoncerned,
organogelsappear assuitable carries for lipophilic drugs.
Consequently, inrecepears, the possibility otisingorganogels
asdrug delivery vehiclebas beemxplored for parentergand
transdermal delivery®: Neverthelesssofar, only few studies
have been carried out on oral drug deljpér?.

Starting from these considerations, this study proptises of EFV in molten organogelsvere arried out

application oforganogels to integratattractiveand nove! lipid-
based deliverysystems for controlled release ofhgdrophobie
drug, Efavirenz (EFV) via oral administration. EFMs a non-
nucleoside eversetranscriptas inhibitor, usd for the teatment
of the human immunodeficiencyirus (HIV). EFV is amolecule
of classllof the biopharmaceutical clasystems8 that presents
low aqueous solubility (4 pg/ml}® and high permeability

Efavirenz (EFV) isa first-line anti-HIV drug largely used aa

non-nucleoside reverse transcriptase inhibétepart of antiretro-
viral therapies. EFV as active phaareuticalingredient(APT) is

commercially available as microrded powder. Sornegpers?022

havebeen published focusiron EFV innovativesolid forns, but

there is no clear evidence ablubility or dissolution improve-
ment. Other studiés2’ have led toan amorphoussystemthat

wasinherently unstable, could recrystallize and had phwsical

stability. Organogels for oraladministration of EFV could

representan innovative drug deliverysystem, particularly uner

multiparticulate forms.

Among the diferent physia methods available to obtain
multiparticulate forms such & spray drying, fluid bed caeting or
extrusion, prilling is able to produce micropartgler beads
(prills) with very narrow dimensional rangend high encapsula
tion efficiency. These beads are produdedbreaking apart a
laminar jetof moltenorganogeinto a row ofmonosized dropby
meansof avibrating nozzle deviceTheaim of this study vas ako
to show that prilling technique could besedasa simple method
to pre@re oiganogel beaslwith narrow paticle size distribution
loaded with Efavirerz, as multipartculate dosage forms
Multiparticulate dosagdorms are known toovercomethe poor
and variable GI tractabsorptionof drugsand have shown the
ability to reduce or eliminate the influence of food on
bioavailability28.

In view of the above, the control release of EFV from
sunflower oil-basd organogel stratured with 12-hydroxystaric
acid (12-HSA) as glator has leen studed. The 12-HSA was
chosen bcauseit isone of the most studied moécular gdatorsfor
cosmeticd® and more recently for food and drug delivery
applicationg® in part due to its inexpeng cost,versatility in
gelling numeroussolvents0 and safety2. The effect of different
parmmeters(gelator concentration, tempature of the gel forma
tion, EFV loading composition of tk release media) on ¢h
thermal properties of the gds and drg release kinets was
investigated. The erosiomate was also investyated for the el
capsués.

Materials and methods
Materials

A food grade sunflower oil (density of 82 gmL) provided by a
local supplier vas chosenas the veetable oil fo organayel
preparation. Sunflower oil $ mainly composedof linoleic acid
(60--7®Bw/w), but it also conéins okic acid (14353w/w),
palmitic acid (3-1Bw/w) and stearic acid (1-3@/w)3L

used as gellingagent. Efavirenz (EFV was obtained from
Cristalia SA. (tapira, Brazil). Acetonitrile used in solubility,
pepsin and pancreatin used in thesion/drug release studies
were supplied bySigma-Aldrich (Fraoe). Sodiumdodecyl sulfate
(SDS) was suppliedby VWR (Prolabo France)

Methods
Drug solubility hgel and oilphases

EFV soluhility in moltenorganogls. The enthalpies o$olution
isothermait
(90.0£0.5°C) using a heat flux ira Calvet calorimeter model-
C80 (Setaram, Fraef equipped with two mixture @ls, one for
reference. Each e€ll has an upper and lower compartnent
separaed by a displaceable lid that allows the conredion of
compartmentsluring the analyss. The sample cell w&filled with
accurately weighed amouat drug (30, 6Q 70, 75and80mgEFv/
Oorganogen)in the lower compartmenand 1g of organogel in the
upper compartment. After thermatabilization, the vesse! was
rotated by 180severatimes, which displaces the lid between the
drug and solution leading to their mixing. The signal was
autongtically recorded on thestrip chart recorder. Experiments
were conductedh duplicate.

EFV soluhility in sunjlower oil. The solubility of Efavirenz in
sunflower oil wa determinedat 37 + 1 °C by adding excess drug
(5 g) to theoil (50 g). The suspedons were equilibrated i
constant temgature shaking wadr bath during 24, 48 and2h.
An aliquot of tke filtered sample (1 mL) was transferred to a
volumetric flak for approprite dilution with actonitrile (ACN);
subgquently, ImL of the lsultant solution was dilutd with the
mobile phaseacetonitrile: acetatebuffer (60:40) and anatgd by
High Performance Liquid Chromagaphy (HPLC) (LaChrom
Elite, Hitach) to determine theamount ofdissolved EFV. The
HPLC was equipped with versed-phase column @81
250 x 4.6 mm,5 um (Kinetex™ - Phenomenex, Franaa)dthe
HPLC column operating conditions wee optimized [mobile
phase AN: acetate buffer §0:40), 1.0mL/min flov rate, volume
injection of 40 p., UV-detector 252nm]. Experiments were
conductedin triplicate.

Thermal anajsis

12-HSAwas added to sunflower oile a range of comgsiti ons
(2-303w/w). Samples were prepat by dissolving the weighed
solid organgdator in a weighed amourt of liquid oil at 85°C
under stirring (300rpm) The heaed solutions were subseguently
cooledtoroomtemperaturg¢25°C)and stored at this temperature
for furtheranaysis. For the formulations includingFV in the
organogel (30 or 60 mBFV/grganogel, both EFV and 12-HSA
were weighed anddded to sunflowr oil. The mixturewasthen
heated at85°C with gentle stirringduring 30min to melt the
organogd and dislve EFV. The heated solutions were subse-
quently cooled to room emperature andtored under the same
conditions for furtler anelysis.AU concentrations arexpresselas
a weightpercentagéwt3).

Thermal properties of organogels, unloaded or loaged
EFV, were dtermined by Differential Scanning Calorimetry
(DSC) using a FRS5 calorimer (Mettler Toledg Frane).
Samples (5-10rg) were hermetcally seded in  auminum
standard pns. Temperatue was heded and cooled at a rate of
3 °C/min from15 to 85°C for two cycles.Before the second
cycle, the ystem was keptal 15°C for 20 min. A nitrogen gas
purge was usedat 20 mL/min. Melting (Tm) and crystallization



(Tc) points were determinedfrom DSC data (onset, peandend
temperaturesis wellas theassociated specifienthalpies).

Erosion and releasé&ineticsfrom organogelin a conventional
dosage form dylindrical shape)

factor. The calculationswere performed using the software
Statisticaversion 12.0 (Data Analysis Softwaresystem, StatSoft,
Inc., Tulsa, OK). Throughout the stugy;:;0.05 was used as the
criterion to assesstatistical significance.

Organogelbeads fordrug delivery purpose

The erosion mode of the delivery system is one of the factors

controlling drug releaseln order to understandhe release
kinetics in Elation to theirweight changesyoth erosion rate and
release rate were determinaddcorrelated.

Molten organogels loaded with EFWere solidified in hard
shell gelatin capsulegsize#00: i.e 0.95mL of capacityvolume;
length of 23.3mmand diameterof 8.2nm) at 25 or5°C. The
dissolution of gelatin capsules aftdive minutesof contact with
the dissolutiormedia did notaffed erosion noreleaserate. Two
gelator concentrations were used (5 and 20 wt¥d2HSA).
Erosionanddrugreleasewere measured fronthe organogksin a
SOTAX AT7 (Switzerland) dissolution bath at 83D.5°C. The
organogelscapsulesvere weighedplaced ina USPdissolution
basket and immersed in 500 mL dissolution mediaOspr. The
simulated gastric solution comprisguepsin(800 U/L of enz/me
activity) dissolved in 0.1 N hydrochlariacid (pH 1.2) and the
simulated intestinal solution includedpancreatin (1750 U/L of
proteaseacivity and 140 U/L of lipase activity)32 dissolved in
phosphate-bufferedsdine (pH 6.8). Both solutions contained
1.0mt% SDS according to dissolutiomonographof Efavirenz.
The organogels wereemoved from the test solutiofd, 2, 3, 4, 6
and 8 h afterstarting) anddried underambientconditions during
24h. Determinatios were performed induplicate.

Organogel erosion was determined dhifference in weight,
taking theamourt of thedrug releasénto account. Percentage
organogeleroson (E) attime t was calclated from Equation (1).

E(%) = (mo—m,—mEFVerleasel) x I00
mo

M

Whereny is the initialweight of the organogel,m, the weight of
the organogekubjectedto erosionfor time t and mervreleaedthe
weight of EFV releasedattime t.

Preparation method. Before beads production, the organogel
formulation was preliminary selected The concentration ofl12-
HSA wasfixed at 20wt% and the drug loadingat 60mg/g, an
interesting composition for controlled drugelease. Blank
organogels(without drug) were also prepared undére same
conditions forcomparison. Organogéleads were generateding
prilling equipment(SpherisatoM, BRACE - GmbH, Germany).
After melting 12-HSA in sunflower oil at 90°CEFV was added
to the melt understirring up toits complete dissolution inthe
molten matrix. By applyingair presure (50mbar) the mixture
was extrudedtowards athermcstatednozzle (inner diameter:
0.4 mm). Theextrudedliquid jet wasbroken up into dropletsf
equal size by thepplication of a vibrationarequercy (250Hz).
The dropletswere allowed to form and fallinto a thermetated
vesselcontainingwater at25 °C.The distance between the nozzle
and the collector bath was adjusted to 90 mm. gurfactant
(0.2 wto Tween-20) was added into thedllecta bath to prevent
the formation of bead aggmgstes The beads weredlected
immedatdy, rinsed thoroughly withdistlled water and then
stored in dy atmosphereat ambienttemperature until further
experiments.

Characterzation metbds

Bead size and shape Beadswere observed by optical micros-
copy (OM) andsaanning electron micsmopy (SEM).The OM was
performed by numrical microsope (Keyence VHX-5000, France)

equipped with objective-glass 220 and ZIOO. Concerning SEM, a

XL30 ESEM FEG equipment (Philips, USA) wadtilized. At least
100 beadsvere analyzedrom each bah. An average value for ail
beads has beeralcUatedasthe meanparticle size.

When the organogel was removed from the test solution, 5 Rmanmicroscopiemappng. To further characterize tHeeads

of the medium was also withdrawn from the incubati@ssé.

complementarfRamananalyzes wer@ndertaken focusmon the

The amounts of EFV dissolved were determined by HPLCvduation of the spatid distribution ofthe components withithe

(LaChromElite, Hitachi), utilizing arevesedphasecolumn CI8,
250 x 4.6 mm, 5 pum (Kinetex™ - Phenomenex, FranceljV-
detector 252im; 1.0mL/min flow rate; 40 pLvolume injection
and mobile phase ACN: acetate buffer (60:40).

Methodsusedta compare EFV rkeaseprofiles from the
cylindrical organogés

Efavirenz (EFV) release profiles were analyzeding model-
dependent  (curve-fitting) and independentpproachs

(Dissolution Efficiency- DE). The free open sourcgoftware
KinetDS®33 wasusedto fit the releasecurvesto theKorsmeyer-
Peppas, Weibull and Hixson-Crowell mathematical mod
[Equations (2-4) respectively, Tablel). The accuracy and

predictionability of these modelsvere compared bycalaulation

of coefficient of determiation (R?, AIC (Akaikes's information
criterion) andRMSE (rootmeansquare error).

gel beads Ramanmicroscopiemappingwasperformedusingthe
Alpha 300AR Confocal Raman-AFM microscopgWitec,

Germany)equipped with a@ouble hse Nd:Y AG at awavdength

of 532 nm. Cressections of beadsvere scannegby a 50 xlong

working distamme objectivelens which allowed 432 nmof laterd

resolution and 1320 nm of axial resdution. Ail spectrawere
acquiredusingan exposure time 0f0s and astepsize of0.2um.

The area mapped was approximatéyum x 30um. The result-
ing images provide informatiomaboutthe distributionof EFV

within theorganogel beads.

eli)srug releasestudiesirom organogel bads

Dissolution profik of the orgnogel beads generated by prilling,
composedvith 20wt% of 12-HSAandloaded with 60mg/g of
Efavirenzwasperformed usig an USP4apparatus (Sotax CH-
4008 Switzerland) equipped with threflow-through cells

The dissolution (or release) efficiency (DE), calculated byfwenty bead were placednto each celloperating at a flow

KinetDS®R according to Equation (8) (Tade 1), is a model-
independent parameter that was also used to evaluatEFN¥ie
release performancender different formulationsand test condi
tions. The differences for DE were statisticalxamned by ore-
way andysis of variance (ANOVA) followed by Tukey test, in
orderto find the source of difference (p<0.05). In this method,
DE (n=2) was the dependent variableand Formulation was the

rate set ofL6mL/min in aclosedcircuit. Inorder to simulate the
Gl tract two disolution mediaweresuccessvely usedaccording
to Pharmacopeieecommendaons (2h atpH 1.2and tken 8 hat
pH 6.8). Aboutlwt% SDS wasaddedn the media as pwously
descriled. According to theliteraturetheequlibrium concentra-
tion of the drug in simulatl gadrointestinal fluid containing
Iwt% is close to 2.5mg/geiution at 37°C%. The drug



Table 1.Dependentand independerkinetic modelsapplied to analyzéhe

drugrelease

#8fRoach

Method

Model-dependent Korsmeyer-Peppas
Weibull
Hixson-Crowell

Higuchi

Bestmode/criteria

Model-Independent Dissolutionefficiency (DE)

Equations
Mt = KKP.t" (2)
Mt = l-exp({-Ti)b) (3)
(1 -Mt/Mo) 8= KHc.t  (4)

Mt =KHi.tos NE(5)
1
RMSE- | L. 20iobsyipredi @)
n

Alc =2k+N .[Zn( (yiobs-yipred)?);  (7)

DE = (f1 Mtdt) x 100 (8)
trnax.t

Mt: amount of drug released in time

Mo: initial amountof drug in the dosage form

KHi is the release constant in Higuchi model.

KHc is the releaseonstantin Hixson-Crowell mode!.

KKP is the releaseonstanincorporatingstructuraland geometric characteristics of thegidosage fornis the diffusional exponent indicatjithe

drug-re easenechanism.
Mtmax =maximum amountf drug release=100%).
N=numberof time points.

Ti=lagtime beforetheonset of theeleasgrocess (in most cases will be zero).

a=time scale of the process.
b=shapgarameter.

concentration used in the dissolutitgstswas 0.04 mg/gtution-
Samples weravithdrawn at predefined timentervak up to 10h
and directly andyzed The amountof drug releasedat each time
point was determined by the previously described HRMAC
method. Ali experimentsvere performedin triplicate

The freeopen source softwan€inetDSR25> wasused tdfit the
releasecurves to tk Korsmeyer-Peppa¥Veibull, Hixson-Crowell
and Higuchi mathematicalmodek [Equations (2-5), Tablel].
Theaccuracyand prediction abilityf thesemodelswere compared i"
by calcdation of coefficient of determination(R3, AIC and
RMSE.

Results and discussion
Drug solubilty inmolten organogels

Organogels were prepared for prilling at’@ Thedetermination
of the drug solubility in the molten organogel (for thighest
organogelatorconcentrationtested)was necessary t@nsurethe
complete dissolution ofhe drug in the molten organogeind
preventnozzleclogging duringprilling.

Solution calorimetrymeasured the heahangegeneratedrom
the dissolution of the solid EFV by the molten organogel
constituted of sunflower oidnd 20 wt% of 12-HSA. The creation
of a saturatedsdution at 90°C involved dissolving the sdute
(EFV) up to the maximunand constant concentratidhat aso
corresponds t@ constant value oheat ofsdution. As shownin
Figure 1, incremental amounts of EFV addedto the molten
organogelresulted ina straightline increase in the magnitude of
the heat of solution until a plateauvas reached whenthe
concentration of thesolute equaledthe s&uration point. From
Figure 1, the EFV mass wherdghe two straigh lines cross
corresponds to the amount of solute that saturatessdivent
contents in thevessé& The sdubility value corresponds to 75 gfg
for EFV in the molten orgargd at 90°C. From theseresults, we
choose towvork with a concentratiorbelow the saturation(30 and
60 mg of EFV per gram of organogel).

25
2 A=
a
"
15 f
2
Aol

_ 05

[¢]

0 20 40 60 80 100

Efavirenzadded massng/g

Figure 1. Enthalp of dissolutionof EFV in molten organogetomprisng
12-HSA (20 wt%) and sinflower oi at 90°C. Meanswith errorbarsfor
two experiments (n=2) are shown.

Itis alsoimportant at this stage tdeepin rnind the organogel
concept,in which oil is entrappedin a networkself-assembly of
the gelatormolecules creating a gelln this study, sunflower oiis
entrapped in thesdf-assambled fibrillar networks of 12-HSA.The
aimis to entrap EFV amounts smalldran its solubility lirnits &
37°C in the oil phase in order to keep the drlgays dissolved
when exposedo the release mediuriihis condition is achieved
for the EFV concentrations el or lower than 60 mg pegram of
organogelcortaining 20% 12-HSA (corresponding to 75 mg per
gram of sunflower oil), since the equilibrium concentration
determined experimentally after A2is equalto 79.8+ 0.6 mg of
EFV per gram of sunflower oil asshown in Table 2.

Thermal analysis

The effects of the gelator concentration andhe druy incorp-
oration on the thermal properties of the organogels
were studiedby DSC. DSC thermograms for the second



Table 2. EFV equilibrium concentration in sunflower 0il3&t 1°C as a fonction of time.

Equilibrium lime (h) 24

48 72 Median value

EFV concentration (rmg oil) 82.47+2.18

79.14+3.49 79.78+0.65 80.02

*The median of ail measured values from 24 #h because we cannetedifferences amongoncentrationsl differentlimes,the differences being

smaller than standard deviations.
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Figure 2. DSC second-heating for gelledhfloweroil over the rangef

12-HSA compositions from 2% to 30wt%. Melting (A) and
Crystallization (B).

The thermal poinof technical-gradel2-HSA isroughly 76°C
with a melting enthalpyof 182J/&. 12-HSA/sunflower organo-
gels display the following melting characteristics: @lator
concentration is increased, so does the melting enthalpy and the
onset of melting, i.e. the gel melas a higher temperature. For
example, a 2wi% HSA sunflower oil gel hasTan of approxi-
mately 57 °C, against 75 °C for a @®6 HSA. It is perhaps
appropriate to remember that the main goal of this study is the
optimization of astructuredorganogel matrix in which EFZould
be solubilized to control its delivery in the Gl traafter oral
administration. Thus, the best formulation for EFV-loaded
organogels should take into account the melting temperature of
these systems. In fact, organogels being thermoreversible, they
should guarantee both the thermal stability and solid-like behavior
at a temperature higher than or equal to the human body
temperatureand even higher thad0 °C to combine environ-
mentaland storagaspects. All fractions of 12-HSA usédthis
study to producesunfloweroil gels are able to lead tos&ructured
network of 12-HSA since the onset for melting is approximately
48 °C for the lower gelator concentration (2wt%).

Besides the gelator and its concentration, the effect of the drug
on the gel structures should be an important parameter to be taken
into account whendeveloping organogels fordrug delivery
purposeslin previous studiegeported inthe literature, the drug
was mostly suspendedn the gel mediumandhad a little or no
impact on thestructuresf the drug-loaded gelshich possessed
nearly identical physical propertiegith blank gel5-17. In other
cases, although no impact was observed on the gelation tempera-
ture, the presencef somedissolveddrug in the gel apparently
shortened the time of phase inversion while raising drug
contenge.

The effect of the drug incorporation irthe thermaltransition
temperatures ofhe organoged was also studieddy DSC EFV
was incorporated (3Mg/grganogelor 60MQg/gorganogedin 12-HSA/
sunflower oilgels containinglifferentgelatorconcentration$5%,

10%, 20% and 30wt%). The DSC thermograms for theecond
heating-cooling cycle of EFV-loaded organogels formed with
20%wt HSA are shownin Figure 3(a)and (b).The same trendvas
systematically seerfor the whole gelator concentrations studied.

heatingcooling cycleof the organogels without EFV (Samplesthe temperaturesind heatsof melting (i.e Tm and AHm) and

01-09) are shown in Figure 2(a) and (b), respectivelyThe
position of the melting and therystallization peaksshifts to

crystallization (Tc and AHc ) are reported in Table. 3
The organogelmelting enthalpytAHm) combines ateast two

higher temperaturesas the concentration of 12-HSA isdistinct energetic contributiongt) the melting enthalpy of the

increased and they become broadeand shallower atlow
concentrationof 12-HSA as shown in the bottom curvesin
Figure 2(a) (melting) and irthe top curves in Figure 2(b
(crystallization). As expected,the oganogels werethermo-
reversible as identical thermal parameters were &dai over
the two melting/crystallizationcycles (data notshown).

Table 3 shows the thermal parameters that describe
crystallizationand melting behavior oforganogelsover therange
of compositionsirom 2% to 30% (w/w) HSA. Tmenst)> Tm and
Tm(enctset)are the temperatureat the beginning, pealand end of
the meltingendotherm,respectively.tconst) - Tc and Tc(ends¢) are
the temperatures athe beginning, peak and end dhe crystal-
lization exotherm, respectivelyAHm and AHc are the melting and
crystallization enthalpiesyespectively, detmined by integrating

fibers (which shouldbe more or Jessonstant anéhdependent of
the solvent used if the fibersomprise puregelator molecules
organizedin a similar and regular structure) ar{@) theenthalpy
of dissolution of the gelator ithe solvent phase, whicfs related
to the moleular affinity betweenthe two species and should
depend on the solventised’38. A decrease ofthe melting
tpathalpy coulde takenas a sigrof some re-arrangemenits the
microstructureandor packing of the 12-HSA moleculesccur-
ring in the presencef the dissolved drug in the oil. Howevére
data shownin Table3 suggesthat theintroduction of EFVin the
gelling system dighotresultin evident changes ohHm or AHc of
the formulations, but apparentlyreduced the thermal transition
temperature§Tm, Tc) by a fewdegreesvhile raisirg drug content.
This is quite vbeualized for low gelator concentrations,the

the area of each peak, melting and crystallization respectively.differencesdecreasedvhenthe HSA fraction increased, boTm



Table 3. Thermal parameters obtained from the melting and crystallization thermograms of organogel with different concentrations of 12-HSA in

sunflower oil, neat and loaded with EFV.

Organogel composition
and conditions of preparation

Thermal properties measured by DSC

Melting (Tm)*

Crystallization (Tc)*

HSA
Sample fractior Sunflowe EFV Onse Peal Endse OHmM Onse Peal Endse OHc
ID (wiw)  oil (W/w) (mg/gorancel)  (0C) (0C) (©C) (J79) (°C) (6C) (°C) (J/9)
o1 0.02 0.98 48.3 (0.9) 56.6 (07) 61.4 (0.8) 0.75(01) 54.0 (0.4) 51.0 (0.4) 43.6 (0.6) -054 (0.1
02 0.04 Q0.9¢ 53.€(0.1) 61.E(0.1) 67.7(0.4) 0.9C(01) 57.7(0.2) 55.C(05) 49.€(0.6) -0.8C (0.1
03 0.05 0.95 55.£(0.4) 66.€(0.1) 70.7(0.1) 4.5(0.1) 63.7(0.1) 62.2(0.1) 59.2(0.2) -E2 (0.5)
04 0.06 0.94 55.01(0.4) 67.2(0.3) 72.2(0.4) 7.5(0.1) 65.£(0.2) 63.€(0.) 57.5(1.5) -8 (0.3)
05 0.08 0.92 59.9(0.9) 69.1(0.4) 72.£(0.2) 8.4(1.1) 66.((0.1) 64.£(0.1) 61.2(0.5) -9.2(0.))
06 0.1C 0.9C 64.5(0.1) 71.€(0.5) 74.4(0.4) 12.1(0.9) 68.€(0.1) 65.4(0.E) 62.7(2.2) -12E(0.1)
07 0.1 0.8¢ 66.2(0.8) 72.2(0.2) 75.2(0.7) 16.2(0.7) 68.£(0.2) 67.€(0.1) 66.1(0.1) -159(0.1)
(o]:] 0.2C 0.80 72.2(25) 75.2(0.2) 77.0t(0.8) 29.€ (1.7) 70.z(0.1) 68.€(0.1) 67.5(0.1) -2€3(0.1)
09 0.30 0.70 74.2(2.1) 77.4(1.1) 786(0.8) 41.z(21) 71.C(0.16 70.E(0.1) 68.7(0.1) -41.z(03)
OEFVI 0.0t 0.95 30 55.2(6.5) 62.£(0.4) 70.€(3.0) 5.1(0.1) 61.C(0.4) 58.£(0.1) 55.5(1.2) -4.8(0.2)
OEFVZ 0.1C 0.90 30 60.2(0.4) 69.7(06) 73.2(0.3) 11.(0.20 66.€(0.1) 64.2(0.4) 60.2(0.7) -1C.1(0.9)
OEFVZ 0.2C 0.80 30 68.2(1.0) 74.2(1.1) 76.2(0.6) 28.E(1.1) 68.£(0.3) 67.2(0.1) 64.€(0.2) -27.7 (0.1)
OEFV4  0.3C 0.7¢C 30 72.6(25) 75.€(0.3) 77.1(0.2) 41.<(1E 70.2(0.1) 69.6(0.1) 68.C(0.1) -3€.0(0.5)
OEFVE  0.05 0.95 60 50.9(5.9) 58.0(2.6) 61.6(5.1) 5.7(0.4) 56.0(0.8) 52.C(L.E) 47.£(0.2) -50(0.3)
OEFYE 0.1C 0.9C 60 59.2(0.2) 69.£(1.1) 72.(0.3) 137(1.0) 62.€(0.1) 61.1(0.6) 59.1(0.6) -13.9(0.1)
OEFY7 020 0.8C 60 70.C(4.4) 73.€(1.0) 75.01(03) 276(12) 67.1(0.1) 652(0.1) 64.€(0.6) -28.3(0.1)
OEFV8  0.30 0.70 60 72.0(2.8) 74.€(0.1) 76.6(0.1) 40.<(1.4) 69.7(0.4) 68.2(0.1) 66.7(0.2) -3€.8(0.3)
*Standard errors in brackets.
(A) 01 and Tc are almet constantand only fonction of the gelator
amount. A similar effectin onset temperatures was reported for
00 soy organogel withdifferent gelators: myristic, palmitic, stearic
and arachidic acid$
-0.1 — ((_ """" The onset ofTc is the last pointassociatedwith the solution
'8 | stateandthe orse of Tmis the lastpoint of the gel state. Anyway,
02 "\ | the peak meltingTm and onset ofcrystallizationtemperatures of
i — 20wt% (08) ‘ the gels increased as 12-HSA concentrations increagealever
,O 03 20wt% (OEFV3) the gel studied, in the presence and absence of drug. Both thermal
'@; ______ 20wt% (OEFV7) parametersscaledin a logarithmic fashion in relation tothe 12-
3. -0.4 HSA concentration(Figure 4). The sd-gel transition issome-
times interpeted as dissolutionor melting of the "crygal™
-0.5 gelling molecules In this sense, thedubility of "crystds
Q gelling" corresponds tthe concentration of gelling agent in an
06 | ™ ideal solution at giventemperature by the following Equation
4 44 D B © 6 0V B D (9), called Schroeder-van Laar equatiehl.
Temperature (°C) e -6HmM e
nC =—-—— constan
(B) 12 ” R.Tm ©)
W WhereR isthe universabjas constantral /'<;.Hm correspondso the
10 melting enthalpy apparent (seje) of the pure gelling and C its
- I molar concentration ithe gel. According tothis equation, gplot
clos of LinC versusl Tm should be a straightline. This linear
06 —20wt% (08) ) dependency isconfirmedin Figure 5. The melting andcrystal-
A 2ORISREN | RERS B R EHER RSl e S il
1 (] |
o 04 1t ‘l behaviors were arealy reported in thditerature usig the 12-
J: ‘ HSA dissolved in various organjgthase%2
0.2 - =
1- ... , . =—=—==- o Organogel erosion and drug release kinetics (cylindrical
shape)
0.0
0 H D H H & NV B D To clarify the mechanism of drugleasefrom organoged, the

Temperature (°C)

Figure3. DSC second-heating for gelledl2-HSA (20wt%) - sunflower
oil loaded with EFV (30 mg/gganogelor 60 mg/goganogeU-Melting (A)
and Crystallization (B)

weightlossandthe amount ofdrug releagd were measuredsa
fonction of time. Experimental data plottein Figure 7 highlights
an initial slow releasduring the firsthour, durirg which probebly
the drug diffusessowly, followed bya secad stepcharactezed
by a fasterrelease This faster release could be attrigzito the
onset ofan erosiorphenomenon, which makes thetrappedirug
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concentrations made without active pharmaceutical ingredient, wWi®m DSCpeak area for 12-HSA series (organogels without active

30mg/g and 60mg/gof Efavirenz. Blanksymbols correspondto
crystallizationand black symbols correspond to melting. Meaitb
error bars for two experimengs=2) areshown.

-1 .
4 ® without EFV
" 60 mgEFV
-1.8
2.85 2.90 295 3.00 3.05
1000/Tm, K't

Figure 5. Representation of Schroeder-van kgaationfor the analsis
of the influence of géngagent concentration on teelgd trandtion
temperatureMeans with error bars for twexperiments(n-2) are
shown.

more available. Combineddrug diffusion and erosion may
contributeto a faster releasthan erosion alont.

The datashown in Figure 7 include the influence of four
different parameters: gelat@oncentratia (5 or 20 wt% HSA),
temperature ofd formation (5°C or25°C), and composition of
thereleasemedia (pH1.2containing pepsin or pi8.8 containing
pancreatin) tsimulatethe Gl tract.

At the endof 8h of release, the mass logrgsion) andhe

pharmaceuticahgredientand with 30 or 60mg/g of EfavirenBlank
symbols corresportd crystallizatiorand black symbolsorrespondo
melting. Meansvith errorbars for twoexperimentgn=2) areshown.

fluid. The corresponding organogelrosion percentsvere 4 and
12%, respectivelylt was also observed thahe same organogels
whenformedat 5 °C erodedmore easily (7 and 22%masslosses
in gastric and intestinal conditions, regectively), although
minor differences wereobserved on the amounts of drug
released (24 and4%), compared tdhoseat 25 °C.

In summarythe data presented here evidenced that leotision
and drug diffusion from the 12-HSAunflower organogelare
dependent on thematrix network (directly correlated to HSA
concentrationard temperature ofgel formation) and dighty
affected by the EFV presence, esgdly at low concentration of
HSA. Thekfore, the more structured thsygem the lower sould
be the matrixerosion, yieldingo a lower drugrelease as final
result. Morestructured gels were obtained wite highergelator
concentration (20 wt%HSA) and the higher temperaturef gel
formation (25°C). Both erosion and drudiffusion from more
structuredgds were less affectedy the pH of the medium. These
findings arealso in agreement withthe few works found in the
literature related to drug delivery from organogeils simulated
gastric and intestinal test solution&s-17.

Release profiles from the cylindrical organogels
Dependentmodels(curvefitting )

In a general mannerthe drug releasefrom organogels may
involve processes of diffusiongrogon or drug dissolution®.17.
Diffusion and ero®n are expected to b#ne processesontrdling
drug release fronthe organogelssince EFVat the concentrations
tested is completely dissolved within the organogels, as expected
from the measuredsolubility dataand confirmedby DSC studies.

amount of drug released were more pronounced for organogEie drug $ then immediately available fdaiffusion.

less concentrated in 12-HgBwt%) formed alower temperature
(5 °C). In fact, organogels containing 5 wtSA (OEFVI)

formed at5°C released34% of EFV under simulated gastric
conditions against 51% in simulat@atestinalfluid. The corres-
ponding organogel erosion percents were 25 4%, respect-
ively. Thetemperature ofel formationinfluencedthe amount of

A large numler of models (both emgrical and mechanstic
mathematical modeldave been proposed to describe drug release
mainly for polymer matrices charactered by a 3D network Even
though organ@els have different structues, the models already
proposedfor more investigated polymericcariiers canbe useful to
fit experimentalvalues to compare therelease profilesobtained

drug released and the organogel mass Joss. Increasingfrive different formulation (gelator concentrationEFV loading
temperatureof organogelformation t025°C led to an increased and conditions(gd formaion temperature)studied here

drug releas€36% of EFVreleased imastric andt5% in intestinal
conditions; 27 and 39% of organogeas Jossrespectively).
In tum, organogels formed at 2&, loadedwith 20 wt% 12-

The in vitro drug release datiiom the different organogels
contaimng EFV were evauated Kkinetically using the
KorshmeyePeppas, Weibull and HixsonCrowell models

HSA (OEFV7) provided the smaller amounts of drug releasgehuetions (2-4), Table1]. KorsmeyerPeppasmodeis expected

andmass lossed.hey released approximately @4of EFV urder
simulated gastriconditionsagainst 3% in simulatedintestinal

to bevalid only up to60% cumuative drug releaseso thedata
for analysis weregedricted to this range. The coefficient of
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Figure7. Weight Josandreleasestudiesof organogelscontaining EFV at 37C. (a,c) Simulatedgadric solutionatpH 1.2 inclucling pepsi800 U/L
enzyme activity; (bd) Simulatedintestinal solution atpH 6.8 including pancreatit750U/L protease activity. Meanwith error bais for two
experimentgn=2) areshown.

determinatin (R?), root-mean-squarerror (RMSE) and Akaike's  The values of diffusional exponent (n) determined from
information criterion (AIC) values of these modelgrere Korsmeyer-Peppas model rangedm 0.81 to 1.39(Table 4)
determined for evaluation of accuracy and prediction ability 6br all organogels loaded with EFYFI-FI6, refer Table 5 for
these models using KinetDS 3.0 rex010 software(Krakow, formulation code description), indicatindpat the drug release
Poland). The result of the curve fitting into varions mathematicitbm thesesystems followedhe supercasell transport mechan-
models isgiven in Table 4. The best fittingf modelswas based ism. However the n value determined from this mode! for
on goodness ofit, i.e. the highestoefficient of determination ReferencgwhenEFV-60mg/g..is dissolvedn nongdled oil) is
(R) (doser to unity) and lowest RMSE and AIC values 0.30 (FI7, Table 4) denoting a Fkian diffusion mecharsm.
(definition in Table 1). In conclusion,the release mechanism from organogis loadd
From the obtained results, it is observed thatdibrformula- with EFV is different from the diffusion mechanism obtained with
tions the drug release mechanism is best described by Korsmesienple oil formulations. From organogels-V probably diffuses
Peppas model. This model is a semi-empirical mode!, relatilgough anouter gel layer thaterodes releasing oil droplets
exponentiallythe drug release to thelapsedtime. Tt is used to containing dilved EFV into the aqueousmedium. This
analyze the release of pharmaceutical polymeric dos&gens, conclusionis supported by thevisual observation of the cylin-
when the releasemechanism is notvell known or when moethan drical organogelsefore and after releasen the testsdutions.
onetype of releaseohenomenacould be involveds. The photographs showim Figure 8 weretakenat the end ofthe
Therelease exponeifh) is used in order toharacterizalifferent erosion/releas studies.It is clearly visible that the ogarogels
release mechanisnfthenvalueis 0.5 or Jesshe release mechanismundergo changes in thickne¢decreasdan diameter) mainly for
follows Fickian diffusion. Higher values of (8.5<n<1) correspond organogels containing 5 wt% HSAwhile the capsule length
to a non-Fickian model denominated anomalous transport Tagainedessentiallyjunchanged. Treefindings evidence erosion
drug releaséollows Zero-ordedrug releaser Case-ll transpoit the occurring atthe organogel surface (Fige8) dependingon the
nvalue is1. For thevalues ofn higher than themechanism ofirug  gelator concentration.
releasdsregarded as super Caserlnsport, describimthe influence The results from thesvaluation of drug releasmectanism
of polymeric hydratiorand swelling onlrug releasédor polymeric and using varions kineticmodelsconfirmed theexperimentalobser-
swellable systemsndwhich carberelatedto matrix erosion fonon  vationsthat both erosion and druy diffusion mecharims tale
swellable systems. place, depending on the matrix network



Table 4 Results of curvditting of the in vitro release data frordifferent cylindrical organogels containirg EFV.

Formulaion code (Tabk 5)

Model-dependentnethod Kinetic parnneters Fl F2 F3 F4 F9 FIO Fil FI2
Test solution: gastrisolution(H 1.2)al 37°C comprisingpepsin
R 0.999: 0.999¢ 0.999: 0.999¢ 0.999! (0.99¢7 09534 0.999¢
RMSE 1.2990 0.870t 1.8705 02703 12988 1.2349 2.625¢ 1.3810
Korshmeyer-Peppas AIC 21.28 15.68 26.38 -0.69 21.28 20.57 31.14 22.1¢
K 4.3¢ 3.€7 4.2t 2.9C 4.3: 584 4.82 4.64
n 1.02 0.98 0.93 1.05 1.02 0.82 0.96 0.81
DR (%)4t 17.81 14.2¢ 15.51 12.4¢ 17.81 18.18 18.28 14.21
R2 0.9990 09998 0.9992 09999 0.9990 09997 0.9520 0.9998
Weibull RMSE 2.563¢ 1.058( 2.0647 0.635¢ 2.563¢ 1.519¢ 11.01¢ 1.313¢
AIC 30.80 18.41 27.71 1127 30.69 23.48 5122 21.43
R2 08024 07844 0.7692 0784 0.8024 0.736G 0.7625 0.7186
Hixsor-Crowell RMSE 7.535! 5.885¢ 6.872t  4.506( 7.535¢ 7.842¢ 10248 6.101
AlIC 45.8¢ 42.44 4.4¢ 3€.70 45.8¢ 46.4¢€ 5C.2C 4294
Model-independen methoc  DE 17.68 14.36 1557 12.€5 17.€8 1754 17.€3 13.€2
Numbe of time points 7 7 7 7 7 7 7 7
Test solution: intestinal solution (pH 6&) 37°C comprisingpancreatin
Formulaion code (Table 5
R2 0.9989 0.9999 0.9993 0.9W2 0.9997 0.9998 0.9998 09997 099H
Korshmeye-Peppa RMSE 1.050¢ 1.2482 1.5€21 0.7897 1.217¢ 1.5781 1.649: 1533 3.4737
AlC 183 2.07 24.04 14.32 20.3¢ 2408 24.63 23.65 24.45
K 5.48 4.5z 7.82 3.37 9.01 4.10 421 1.83 2¢€.20
n 1.02 0.89 0.65 1.07 0.85 099 1.05 1.39 0.30
DR (%)4t 22.5t 15.4€ 19.22 1494 29.24 16.1¢ 18.03 12.6: 4400
R2 0.9999 09998 0.9994 09987 0.9999 0998 09997 0.9995 0.9980
Weibull RMSE 1.118¢ 1.233¢ 1.521¢ 1.3811  0.991( 1.636¢ 2.057 3.471( 3.251
AlC 19.1¢ 20.5¢ 2.3t 22.14 17.4¢ 24.£2 271.72 35.04 23.€4
Rz 0.7726 0.7573 0.6457 0.7931 0.7228 0.76€5 07890 0.8352 0.4353
Hsardepmabntmethod  RWBFneters F§.19¢ G698 (0967 (pd56¢ I438(  @lp2 FRYTIT pk86LE RO
AIC 4708 44.2¢ 4€.9C 41.3¢ 53.67 43.15 4481 36.5¢ 42.51
Model-independer methoc DE 22.86 15.33 18.04 15.2( 28.64 16.18 1844 13.95 40.74
Numbe of time points 7 7 7 7 7 7 7 7 5

Table5. Comparisorof EFV-loaded organogel release profiles using
independent modelalues of dissolutiorfficiency DE(doneusingone-
way [ANOVA] followed by Tukey'stest).

Dissolutior
Formuation Formration EFV efficiency, DE
code temperatur mg HSA% pH mear (n=2)*
FI7 (oil formulation 25 60 0 6.8 40.38'
Fla 5 60 5 6.8 30_97-.1
F1z 5 30 5 6.8 29_0Orb
FS 25 30 5 6.8 22.86eb
F9 5 30 5 1.2 21.46-b
FIS 5 30 20 6.8 19.29b
F7 25 30 20 6.8 1€.04k
Fl 25 30 5 1.2 17.68
FIl 5 30 20 1.2 17.43t
FIO 5 60 5 1.2 17.43t
F3 25 30 20 1.2 15.57t
F8 25 60 20 6.8 15.830
F6 25 60 5 6.8 15.3%h
F16 5 60 20 6.8 14.4¢b
F2 25 60 5 12 14.36b
FI2 5 60 20 12 “.17b
F4 25 60 20 12 12.6th

! A
5.8 mm

(D =20.5mm)

19.2 mm (initial L= 20.5 mm)

Figure 8. 12-HSA sunflower oil gd formed in gelatin cgpsules ($ze#00)
remcved after 8h of incubatior into simulated intestinal solution at 37°C,

pH 6.8 including parcreatin 1750J/L protea® activity. (A) 20wt% HSA

*Valuesrepresent thenean of twdndependent determinations. Same lettersind (B) 5 web HSA. Both organaels weae loaded with EFV(60mg/g). A

at the same colurnn indie that there is ro gatigical differerce (p <005).

Independent moctl

Dissdution efficiency (DE) reaults ae sown in Table 5. The
analyss of vaiance (ANOVA) revealed a statistid differerce
(p<0.05) between theformulations Differences in the DE

calibrated vernier cd iper was wed for diameer and thickness evhiation
of the gel capsules

datamay be rdated to the releaseprofil es since factors sich as
12-HSA concentration, drg loading, gel formation temperdure
and pH ofthe release medium may influence the release d the
drug moleculefrom the organoge.
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Figure 10. Ramanspectraandmappng for EFV-loadedorganogébeads.

To evaluatethe differenceamongthe 17formulations, gost However, the different parametessidied such as the gdator
hocTukey test was performed on tfesulsof ANOVA. With the concentration,the drugloading, the temperaturef organogel
applicationof the Tukey test it was possible to observe tth a formation and eventhe pH of the releasenediashowed no
level of significanceof 5%, DE of formulations FI, F2, F3, F4,significant difference obE.

F6, F7, F8, FIOFIl, F12 and F16 werequal and significantly

smaller than th®E found for the formulatioriF17.Moreover,FI7  Organogel beads for drug delivery purposes

is notsignificantly different fromF5, F9, FI3, F14 and F15
(p>0.05), which arenot significantly differentfrom one other.

Fromthese resultsgt could beconcudedthat the drug release Size aml shape Figure 9 revels that the organogel beadsnsist
was delayedy the gelled oilasalready discussed, i.e. an oil-of largemicron-scde beadsspherichin shapeand very uniform
structuredsystem is expected to present lower drug release in diameter £1& 5 um).

Beadscharacterizaion



Table 6. Results of curvditting of thein vitro releasedata from organogebeads containingEFV.

Test conditions: media at 3C containing t% SDSwith changing pHvalues (h at pH 12 ard then8h at pH 6.8), without erzyme

Model-dependent method

Best modelcriteria Higuchi Hixson-Cravell Korsmeye-Peppas Weibull

R2 0.975( 0.8672 0.9¢83 0.9¢85

RMSE 3.175¢ 7.990¢ 1527z 19161

AJC 61.55 83.70 31.3¢ 54.52

Paraneters ofthe KosmeerPeppasnodel[Equation (2] k (h")=26.72+4.34
n=0.62+0.02

Model-independentethod

Dissolution efficieng (DE, %)

56.3 (number of time poirgt=13)

100 :
%0 pH1.2 pPH6.8 +
o P -
ﬁ
70 fi’
e 60
o
&) SO
0:
WR 40
30 = experimentaldata
20 -Korshmeyer-Peppasfit
----Higuchifit
10 --Weibull fit
0
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Incubation timeh

Figure 11. Release amowftEFV from theorganogebeads containim
20%wt 12-HSA agiellingagent during the release test at@{2h in pH
1.2, 8h in pH6.8). Meanswith error bas for threeexperimentgn=23)
areshown.

Ramanmapping. The Raman spm#ra of the indvidual compo-
nens(HSA, sunflower oil and organogel beads)@epaed in
Figurel0. TheRamanspectrunof 12-HSA disphys sstrongpeak
at around 2850-2900crh{C-H), peaks at 1440crh{CH,, and
two peaks around 1068-1135 €mcharacteristics of C-0
stretching bands. lturn, the characteristipeaks are identified
in the Ramarspedrum of the sunflower oil: at 1660cm (C=C
stretchingbands) andthe peaksat 1306and 1272cm-1 (=C-H
deformatior), dready reportedin theliteraturé4 Forthe Raman
spectrum of pureEFV, the CF3 strething modes have been
assignedat 1146cm-, with atypical C— O strething bandsat
1791cm-!, one distinguishing intensive bandt 2250cm-1
assignedo C Cstretchingbandswhich wasnot evident in the
othergel comporents.

Thepure componenRaman spectum of 12-HSAcould not ke
separged from that ofsunflower oil using duster andysis due to
the homogeneous(molecular) dispersion of EFV within the
organogd. Comparison ofthe Raman spectra of thesamples
revealedthat, except for theEFV vibrationd bands at 220cm-i,
therewere no distinguishable vibratienbands.EFV was found
uniformly distribued within the organog.

Release studies from organogel beads

Figure 11 shows the cumulativeamownt of EFV rdease profiles
from omanogd beads comprisirg 20wt% of 12-HSA and lcaded
with 60mg/g of EFV. The organogé beads ekibited a fow
dissolution profilewith 80% of the dry being released aftedh,

40% during the first2h unar simulated gastricconditions (pH
1.2). Despitean increag in the EFY sdubility at pH 6.8, drug
dissolution exhibited aslow release reachin@0% after 4 h of
immersion into thesmulated intestinal flid.

The data obtained during the releatest were examined
according to Kameyer-Peppas, WeibulHixson-Crowelland
Higuchi equations[Equations (2-5), regedively, Tablel]. The
coefficient of determination @root-mean-square error (RMSE)
and Akaike'sinformation criterion (AIC) values ofthesemodels
were determinedfor evaluationof accuracyandpredction aklity
of these modelssing KinetDS 3.0 rev.2010 software. Thesault
of the curve fitting intovarious mathematcal models iggivenin
Table 6. Figure 10 also confirms theorrelationof the EFV
release profilewith the theoreticalprofile predicted bythese
models (see fitting curves) The best fitting was baed on
goodnessof fit, i.e. the highet coefficient of determination{R2
closerto unity) and lowestRMSE andAIC values(Table1). From
the obtined reallts, it is observedthat the drg release
mechanism is also best described by dyerPeppas model.
The release exponentcalculated from Korsmeyer-Pepraode!
for predicting drg release mechanismas0.62, corregponding to
anon-Fickian mode! denominatexthomalougransport, revealing
that theEFV releaeis drongly influencedby the size of the
organogd system For the organogel beads an anomalous
transport isthe main releasemechansm, whereas for cylindricd
organogels (largesize) erosionand diffusion arethe medanisms
controlling trereleaseThe 3D-fibrillar network with 12-HSA as
gelatoris well documented in the literature antteadyobserved
in some of our previous worké49 The driving force of
controlled release is the entanglementof the networkwhich
representsa physica barrier to thediffusion of the entrapped oil
containingthe dissolveddrug. Sorre interadion between EFV and
12-HSA coud delay thefree EFY diffuson throwh the 12-HSA
network. However,it wasnot detectad in this studyby the Raman
mappingof the oganogel beads.

Conclusions

Thisstudy underlinetheinterestof gdling sunflower oil with 12-
HSA for the cantrolled rdeaseof a hydrophobie drg like EFV.
With organgds of different shapesnd dzes exposed to different
releaseconditions, it could be demonstratedthat the drug release
was controlled mainly by diffgion with a minor participatiorof
erosionin absence of enzymesor controlled by morethan one
processa copling of diffusionanderoson mechanisms, thelater
accederakd by enzymaic aciivities.

Based on the drug release kinetimsd mechanism mods|
EFV release from omganogds coud be descrited by the
KorsmeyetPeppa mocde!with the highest coefficient of deter-
minationand lowestRMSE and AIC values Therelease=xponent
(n) allows highlighting the different EFV release mechanisms



with sunflower oil-based delivery systems: drug diffusionl4.
controlled (sunflower oiln=0.30), anomalous transportofga-

nogel beads,n =0.62) and superCase-II transport (cylindrical
organogels 0.81<n <1.39).Even though further datawill be
necessary to investigaEFV release kinetics inthe 12-HSA 4
sunflower oil gel more deeplythe obtained resultshave &bown

that is possible to modify the drug release from the oil plyse
gelling the system.

Furthermore, prilling is auseful and simple techniqudo
prepare organogdbeadswith spherical shapand narrow size
distribution. The beads coulde applied fur the manufactureof
multiparticulate dosagéurms where a suitable controlled release
rate couldoedesignedto takc advantage of beads propertidhe
multiparticulate nature of beadsas adosage form (filled into 19.
capsules) can offer important pharmacologieatld technological
advantages over conventional single-unit solid dosage forms.
Further optimization of formulatiorwill be required before 20
moving onto anyin Vivo studies. '
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