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ABSTRACT

Alitretinoin is an endogenous retinoid and actsaggan-agonist at retinoid receptors, binding witighn affinity to
both retinoic acid receptors and retinoid X receptaOral alitretinoin once daily is approved foreun patients
with severe chronic hand eczema unresponsive &bntent with potent topical corticosteroids. Theaviailability

of alitretinoin after oral administration is low @nsubject to large inter-individual variation. Thoairpose of this
study was to evaluate the relationship of solupiihd dissolution profiles of alitretinoin in vitrand their impact
on the oral bioavailability of alitretinoin in ratsThe work plan involves using simple and widelgdupractices
under small scale pharmaceutical industry set-updnidia. The solubility of alitretinoin in vehicledf varying
Hydrophilic lipophilic balance(HLB) values was detened and selected components were used to fotenula
different compositions for in vitro drug releasegblutions studies. The prototypes compositiorophean oil and
stearoyl macrogol-32 glycerides provided a stabiel anaximum drug releasing product. The pharmacdikine
study in rats for the optimized formulation was fpenmed and compared against innovator compositiopid
formulation system of alitretinoin had significanihcreased the peak serum concentratign(¢,area under the
curve (AUC) of alitretinoin and reduced time fop{Tnaycompared to marketed formulation. The data althoug
reaffirms established correlations between dissotuand bioavailability, it interestingly pointswards a complex
relationship exist between HLB and thermodynamiivigg profile of drug in vehicles in affecting &btinoin’s
solubility, dissolution and bioavailability.
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INTRODUCTION

Alitretinoin (9-cisretinoic acid) is a unique panagonist retinoidpatae of binding to all six known retinoid
receptors(1).With an annual incidence rate of GeEkcgnt(%) per year, work-related hand eczema ishibbest
occupational disease with regard to incidence. Targlition takes a huge toll on psychological statd linked to
huge economy linked morbidity(2). Orally adminig@ralitretinoin at 10 and 30 mg once daily, is tdy
approved treatment for severe chronic hand eczemnasponsive to potent topical corticosteroids(3)jni€al
studies had shown that the drug shows dose depemegponse with 27.7-47.7 % patients of chronicdhan
dermatitis responded favourably to the treatment{@)pical treatment with alitretinoin is activelpdked for
expansion into other areas such as photo-agedskirtutaneous T-cell lymphoma(5).

Approximately 20% of an oral administered dose litfedinoin is absorbed with systemic exposure aaility
reducing from 70 % to 40% when taken with food.tr&kinoin is currently approved in several Europ&hmon
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countries and the first commercial pharmaceuticatipct was launched under the brand name Toctimp®asilea
pharmaceuticals as 10 mg and 30 mg as soft gelagisule.(3)

In the current work it is hypothesised that by sédm of suitable lipid, surfactant ratios, desitthérmodynamic
properties can be achieved which can be indireoiyasured using suitabile vitro drug release anith vivo drug
absorption studies. (6). The aim of this study wasdetermine the solubility and dissolution projestof
alitretinoin, and to evaluate its effects on thal mioavailability in rats.

MATERIALSAND METHODS

Materials

Alitretinoin was provided as gift sample by Swanttd Shield Pharma (India); sunflower oil, castdisoybean oil,
olive oil were supplied by SNN(India); glycerol maimoleate, lauroyl macrogol-6 glycerides, caprytiglyceride,
caprylocaproyl macrogol-8 glycerides, propylene cgly dicaprylocaprate, polyglyceryl-3 dioleate, stgh
macrogol-32 glycerides, propylene glycol monocaeyl (type 1) were from Gattefosse (France); sombita
monoleate, polysorbate 80, glycerol mono and diateaand polyoxyethylene-stearate were from Craddig);(
polyoxyl 35-hydrogenated castor oil were from Cqylehrma (India); polyglyceryl-6 octastearate, ptepg glycol
dicaprate, glyceryl monocaprylate were from AbitdtJSA);caprylic / capric triglyceride was from
Sasol(Germany);partially hydrogenated soybean ak vCargill(India);empty hard gelatin capsule werent
Capsugel (India) and gelatin bloom 200 from Sterl®elatin (India).All other chemicals and solvemtere of
reagent grade and were used without further patibo.

Solubility study

Solubility studies were conducted by placing anesscamount of alitretinoin (approximately 400 mg)10 ml

amber colour vial containing 5 gm vehicle. Semiesekcipients should be fully melted at 20°C abtwsr melting

points.Sonicate the mixture for 10 minutes and kit 24 hours(h) at 25 °C to equilibrate, followdyy

centrifugation at 3000g for 15minutes. All the agt@ns were performed under yellow light and alitadners were
wrapped with aluminium foil.(7)

The supernatant was taken and diluted with methaatdr (70:30 v/v) for quantification of alitretimoby reverse
phase-high performance liquid chromatography(RP-EPéquipped with a UV-Visible detector and a phatdd
array detector, manual injector with 20 ml loop,-E@ution software and Phenomeney €olumn (250 mm x 4.6
mm, 5 um particle size).The solvents were filtettmdugh nylon 0.45 um membrane filter and was dlaitea flow
rate of 1.5 ml/min. Effluents were monitored at 3##. The inter- and intra-day variance of this hjghformance
liquid chromatography (HPLC) method were within Hzeeptable range of less than 2% (correlationfictmit R?
= 0.9989).

Compatibility study
Drug samples (0.5 % w/w solution) with the shottlisvehicles as described in section 2.2, packedhiper type-I
glass vials, sealed with a butyl rubber cap andhalium flip-off seal closures and stored at 40 €25 + 5% RH.
The vials were withdrawn at initial, 15 day and &y time intervals, whole content is retrieved andlysed for
alitretinoin content.

Preparation of dosage forms

The innovator product Toctino® is commercially dabie strengths of 10mg and 30 mg soft gelatin al@(8). The

test formulations were prepared as 3.57% alitra@tirsuspension/solution in different oil and suréaxt blends,
shortlisted basis the work done in solubility awenpatibility section. These were then filled undgrring at 10mg

dose strength using an eppendorph micro-pipettizan0 hard gelatine capsules. In order to preleaikiage, band-
seal the filled capsules using sealing solutiomatge bloom 200 (5%) and polysorbate 80 (0.5%ater. All the

measurements were on weight basis.

Drug release studies

First phase would involve drug release studies faditnetinoin blends using United States PharmaizoeSP)

Apparatus Il with sinkers in 900ml Borate buffeH(B.0) containing 0.5% cetrimide, and 50 mg/| paatin at 37 +
0.5 °C with the paddle speed adjusted to 75rpnmABiretinoin 10mg test formulations and equivalémbovator

composition were placed in a dissolution testertg$o Switzerland).At predetermined time Intervalss,(
30,45,60,90,120 minutes), aliquot (0.5 ml) werdemtéd, filtered and analysed for alitretinoin @itin second
phase, the shortlisted formulations blends androbfarmulation were filled in liquid-in-hard gelatcapsules and
tested for release studies for optimising oil tdattant ratios.
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Differential scanning calorimetric (DSC) studies

The physical state of alitretinoin as plain druggttand control lipid formulations were charactediby the DSC
(Perkin Elmer, USA).The samples (about 4-5 mg) wedeeed in standard aluminium pans, and dry niméity

rate 20ml/minute) was used as effluent gas. Allglamwere scanned at a temperature ramp speed @midute
and at the heat flow from 50 - 300°C.(10)

In vivo study

The in vivo performance of the test and control formulatiohsldretinoin were compared in adult wister male
rats(250-300 g) at 1.04 mg/kg(11). Male Wistar (at®lve rats were divided into two groups) werstéa for 10 h
prior to the experiments but allowed free accesgater. All animals care and procedures were coediuaccording
to the guidelines issued by Committee for PurpokeCantrol and Supervision of Experiments on Animals
Government of India.

Samples were collected as peri-orbital bleedingc@dare at 0.5, 1, 2, 3, 6, 12 and 24 hour timervate after
administration from alternate rat. The blood samplere collected into heparinized tubes and G plasma was
collected by centrifuging blood samples at 3000glf» min. Plasma samples were stored with photteption at -
20 °C until further analysis.(12)

200 ul plasma was pipetted into a 2 ml polypropglémbe and acetonitrile (1.5ml) was added. The umixivas
vortex mixed briefly, and after standing for 30sa@tm temperature, the mixture was centrifuged &080or 5min
and the supernatant (20) was injected into HPLC system.The calibratiomveuwas constructed over a range of
1.0-250 ng/ml in plasmax{ = 0.9947).(13)

Pharmacokinetic parameters,&, Tmax @nd AUC were calculated using PK Solver Softwati(Student's-tests
were performed to evaluate the significant diffeesbetween the two formulations. Values are repoais mean +
standard deviation(SD) and the data were considsedigtically significant aP < 0.05.

RESULTS

Solubility study

The solubility data of alitretinoin in various oitnd surfactant provides a range of values as gedvin Figure
1.For instance, olive oil (28.44 mg/g = 1.84) shdweghest, soybean oil (5.83mg/g = 1.89) showedekivand
castor oil (21.63 mg/g * 2.21) showed intermediatdubility’s for alitretinoin.In similar way, suréants
candidates’ polyglyceryl-6 octastearate, stearoglcnogol-32 glycerides, lauroyl macrogol-6 glycesideere
shortlisted. As next step, multiple combinationdl Wwe prepared with above vehicles basis the dasitdefined for
lipid formulation classification system (oil: suctant in ratio 80:20) in the first phase of profmydevelopment
studies.(15,16).

Compaitibility study

The drug interaction data with oils and surfactasdtubility data of alitretinoin in various oils @rsurfactant
provides a range of values (Figure 2).None of tiwtlisted ingredients had shown any significamtpdin the drug
content during the study period. Therefore, thesipeents were used for further development worthweasonable
amount of confidence that the resulting formulatigii show satisfactory stability during the fultale stability
studies.

42



Saket Bhasin et al Int. J. Pharm. Res. Allied Sci., 2016, 5(1):40-49

35 -
30 -
@25 -
T3]
£ 20 A
=
5 15 -
>
3 10 -
5 .
0 .
DN e N e D N 42 K@ @ N O K@ dDTE N
e° ex O ﬁ\b O Qo ‘\,5& &,5& \be, K be SIS \e e,s .\b@
WO EEE RPN K S E
O \\Q (,’b . \A \O AS) o) é’ \AO Q,\ {O 0\ \fb \‘\0 % \*('
& I T 0,8
o P P RO N0 ¢ <>\*®6\‘:"\'\'%‘<Q A
& < LR VTS TE S
N T EF o E
© e%\*o"*\c}é\ PRI
& ¢ & &2 o
N N & & °
S g WO ¢ S
< *\Q’ 6 @Qﬁ* \\%\\
Q AN
Qﬂo < Q°

Figure 1. Solubility of alitretinoin in cily vehicles (blue columns) and surfactants (green columns)
Each value represents the mean +SD (n =3).
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Figure 2. Compatibility studies of Alitretinoin in oils and surfactants
Each value represents the mean +RSD (n =3).

Prepar ation of dosage forms

Selecting surfactants across the HLB spectrumgtinent work involves manufacturing of both Typehid type Ill
lipid formulations(Table 1) to the study the impa€these lipid systems on release rates of atitvet.(16)
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Batch
Ingredients mg/unit dose

A B C D E F G H |
AIN 10 | 10| 10| 10| 10/ 10, 10 14 10
Olive oil 216 | 216| 21§ - - - - - -
Castor Oil - - - | 216 216 216 @ - - -
Soybean Oil - - - - - - 216 216 216
Polyglyceryl-6 octastearate 5 1 54 3 - 54 - -
Stearoyl macrogol-32 glyceridgs - 54 H 3 54 - - b4 -
Lauroyl macrogol-6 glycerides - - 54 . : 54 84
Total 280| 280 280 280 28D 280 280 280 280

Table 1.Details of experiments perfor med for selection of oil and surfactant for alitretinoin lipid formulation

Dissolution studies

The drug release data of alitretinoin in varioysdiformulations provides a range of values as shawFigure
3.The lipid formulation containing soyabean oil astdaroyl macrogol-32 glycerides provided highdistetinoin
release among the tested combinations. The otlesinfactants with low HLB values failed to provithe release
superior to innovator formulation. Hence, type firmulations containing hydrophilic surfactant ienge of 20 -
40% were prepared and finished formulations (insoé®format) containing varying level of stearoyherogol-32
glycerides were evaluated for alitretinoin relegEable 2).The data (Figure 4) seems to indicateestavel of
plateau effect at 30% levels beyond which no megnlnmprovement in dissolution profile has beersetyed.

Batch
Ingredients mg/unit dose
J K L
AIN 10 10 10
Soybean oll 214 189 16p
Stearoyl macrogol-32 glycerides 54 81 108
Total 280| 280 280

Table 2. Details of experiments performed for optimisation of alitretinoin lipid for mulations
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Figure 3. Drug release studies of Alitretinoin in various lipid for mulations
Each value represents the mean +RSD (n =3).
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Figure 4. Drug release from alitretinoin lipid for mulation during optimisation studies

Each value represents the mean +RSD (n =6).

DSC studies

DSC thermograms of alitretinoin plain drug, optigdztest formulation and innovator composition weresented

in the Figure 5.The DSC curve of pure alitretinsimwed a single sharp endothermic peak at 197°@smwnding

to the melting point of alitretinoin. The DSC cusvéor test and control formulations showed slighiftsin

endotherms peaks with reduced peak intensitieB&a63 °C and 194.12 °C, indicating presence oftatijise form,

although in lower levels in test formulations asnpared to control product.
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Figure 5. Differential scanning calorimetry (DSC) ther mogram of (A) alitretinoin pain drug (B) innovator composition
(C) test lipid formulation
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I'n vivo absor ption studies

In vivo pharmacokinetic evaluation (Figure 6) of the ojted alitretinoin type Il lipid (formulation K ifTable 2)
and marketed product was performed and AUG, &nd G, were calculated (Table 3). The pharmacokinetic
values indicated a statistically significant impeovent (P < 0.05) in bioavailability for test alitrein lipid
formulation. The test alitretinoin capsules sigrafitly increased alitretinoin plasma levels anald-fump was
observed in the relative oral bioavailability comghto innovator composition. The,J; values of 180 minutes for
innovator composition was quite close to the regmbrtalues for alitretinoin in humans (180-240 masy(17).In
fact, time to G, Was reduced by 60 minutes in test formulation wtempared against the control product.
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Figure 6. Plasma profiles of alitretinoin test lipid formulations and innovator composition in rats
Each value represents the mean +SD (n = 6)

Parameter  Control Alitretinoin Capsulé&est Alitretinoin Capsule
Tmas (MIN) 180.0 £ 0.0 120.0 £ 0.0
Cma (ng/ml) 63.12 £ 27.62 136.26 +18.14

AUC (ng min/ml)  22084.714 + 9663.150 56444.400 + 9108.150

Table 3. Phar macokinetic profiles of alitretinoin lipid formulations and innovator composition in rats
Each value represents the mean +SD (n = 6).

DISCUSSION

Alitretinoin is plagued from slow and variable dikgion due to its poor aqueous solubility whichtimn increases
its susceptibility of precipitation in gastro-inteésl lumen from the lipid formulation. Therefordet general
expectation remains that the shortlisted vehiclesull provide highest solvent capacities. On thetrewoy,
excessive solubility in a vehicle may further rdtarlease of drug from the formulations owing towlo
thermodynamic activity profile. Since a fine balaris required to ensure super-saturation and ttleanodynamic
activity of drug in colloidal system to get desifgidavailability, vehicles representing extremératinoin solubility
profiles, were selected for the next stages of idgweent studies.

DSC is one of the most widely used techniques tetstand the drug interactions with the other ezais and
capsule shell components in academia. But in alesehthese facilities in-house and outsourcing ¢p@ircostly and
time-consuming affair, this practice is not hugpbpular in most of the mid-scale pharmaceuticale®esh and
Development (R&D) departments in India. These camgmare in the business of generic developmententne
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development goal is come up with a product in simiines as innovator in record time.None of thersisted
ingredients had shown any significant drop in thegdcontent during the study period. Therefores¢hexcipients
were used for further development work with reastsm@amount of confidence that the resulting forrtiata will
show satisfactory stability during the full scatalslity studies.

For an experienced R&D Industrial pharmacist, whiésigning optimisation studies, multiple consitieraranging
from optimal performance in lab conditions alonghathe possible scalability issues, had to be fackoThe
alitretinoin commercial formulation is Type | lipfdrmulations. Such formulations solely addresyesai capacity
issues but not the emulsification aspect of finatam in gut. Therefore, by selecting surfactact®ss the HLB
spectrum, the current work involves manufacturifdpath Type Il and type Il lipid formulations(Tabl1) to the
study the impact of these lipid systems on releates of alitretinoin.(16)

One important aspect generally overlooked is theach of un-intended exposure of these drugs thehen
production personnel during the manufacturing of@na. Considering the potential side effects afsth potent
retinols (like teratogenicity), it is preferable develop drug-in-solutions or suspensions systemmitomise both
drug exposure levels and stages to this un-inteheedthy population. This work would also addréss toncern
by wetting the drug in the first manufacturing stiggelf, thus eliminating the risk of respiratoryxpesure of
powdered drug during next manufacturing & packagitages.

Following oral administration, risk of drug predgtion in gut always exists. In type | lipid fornatibns, fate of
drug is determined following digestion of triglyas and subsequent emulsification with bile s&imilarly for
type Il and type 11l lipid formulations, formatioof viscous crystalline gel and migration of hydrdighcompounds
in aqueous phase respectively, could impact theigitation potential. Unfortunately, there is abserof any
practical method which can preciously predict thte fof the drug precipitation(16).The only avaiéglind most
widely practiced tool is the dissolution studiesigsa bio-relevant media involving enzymatic syssem

The drug release data of alitretinoin in varioysdiformulations provides a range of values as shawFigure
3.The lipid formulation containing soyabean oil atdaroyl macrogol-32 glycerides provided highdistesinoin
release among the tested combinations. The otlestnfactants with low HLB values failed to provithe release
superior to innovator formulation. These resulte mteresting, since in light of solubility studigbese results
points towards a complex relationship between ditsgsolubility and the thermodynamic activity dmetoverall
performance of the formulation system. The ressitggest that type Il lipid formulation is the wéyrward for
alitretinoin lipid formulations for further optimagion.

Hence, type Ill formulations containing hydrophibarfactant in range of 20 - 40% were prepared fanished
formulations (in capsule format) containing varyileyel of stearoyl macrogol-32 glycerides were aatdd for
alitretinoin release (Table 2).The data (Figurse®ms to indicate some level of plateau effec0&t Bevels beyond
which no meaningful improvement in dissolution fieofhas been observed. There seems to be an ilsiain
release for ¥ 15 minutes which can be attributed to opening tforehard gelatin capsule in dissolution media.
Interestingly inter-compositions variability doestiseem to be very different including the innovatomposition.

DSC studies

DSC thermograms of alitretinoin plain drug, optigdztest formulation and innovator composition wearesented
in the Figure 5.The DSC curve of pure alitretinsiowed a single sharp endothermic peak at 197*@smwnding
to the melting point of alitretinoin. The DSC cusvéor test and control formulations showed slighiftsin

endotherms peaks with reduced peak intensitie8&638 °C and 194.12 °C, indicating presence oftatiyise form,
although in lower levels in test formulations asnpared to control product.These finding points tasasome
drug-lipid formulation interaction and molecularstlibution of drug in lipid formulation matrix. Thimay also
provide the possible reasoning for the increasthéndissolution rate of test composition as congbdoecontrol
formulations.

I'n vivo absor ption studies

Being a Class IV BCS drug, the improvement in diggan cannot be the sole guarantor of supenwvivo
performance. Therefor@ vivo pharmacokinetic evaluation of the optimized afitrein type 11l lipid (formulation
K in Table 2) and marketed product was performetlAdC, T,..,Cnax Were calculated (Table 3).

The pharmacokinetic values indicated a statisticsiginificant improvement (P < 0.05) in bioavaililifor test
alitretinoin lipid formulation. Typically type lllipid formulation undergo shorter gastric transitdawill be in
colloidal state earlier than type | lipid formulati leading to more rapid absorption and higher peaicentration of
drug(16).The test alitretinoin capsules signifitarincreased alitretinoin plasma levels and 2-fglsnp was
observed in the relative oral bioavailability comgdhto innovator composition. The,J; values of 180 minutes for
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innovator composition was quite close to the reggbralues for alitretinoin in humans (18-240 mas)(17).In
fact, time to Gy was reduced by 30 minutes in test formulation wbempared against the control product. The
improved oral bioavailability of alitretinoin indates that the poor bioavailability of alitretinaian be increased by
improving its dissolution properties.

CONCLUSION

Alitretinoin was formulated as type 11l lipid forrfation in an attempt to increase its dissolutiod hioavailability.
An optimized formulation containing alitertinoin waeveloped by estimating its solubility, indicateompatibility
and drug release studies. Following oral admirtistnan rats, lipid formulation provided significaimcrease in the
bioavailability. Any possible reduction in dosagaaunt without compromising the efficacy aspect pilbvide a
commercial edge while marketing such product tospeative registered medical practitioners. The err
development strategy is also expected prevent expos unintended healthy production personnel nduri
manufacturing operation.

Overall, the current work has indicated that itinsleed possible to develop an effective and sasellable
formulation via a simple one-step process usingcdaboratory equipment’s and procedures. Stilhsidering the
limited sample size, the results are at best itidieaand further clinical work can be undertakendtevelop and
commercially viable suprabioavailable format ofextinoin liquid-in-hard gelatin capsules for humase.
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