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ABSTRACT

The objective of the present study was to develop liposomal drug delivery system for a hydrophobic non steroidal
anti-inflammatory drug, celecoxib. The celecoxib liposomes were prepared using different long alkyl chain lipids,
DPPC and DSPC. All the formulations were characterized for their vesicle size profile and drug entrapment. The
influence of cholesterol on drug entrapment and release pattern was analyzed. The present work showed that
liposome with less amount of cholesteral (lipid/cholesterol mole ratio of 4:1) could produce good drug entrapment
aswell as retention behavior. Thirty days stability study showed that drug entrapment and size profile were stablein
both refrigerated and room temperature. SEM analysis confirmed that liposomal samples were spherical shaped
and showed concentric lamellae. Release profile showed that it follows zero order kinetics and mechanism of drug
release is of diffusion. Thus, new, reproducible liposomes of celecoxib with good stability and appreciable
controlled drug release with good retention of the drug for more than a day were prepared successfully.

Keywords: Celecoxib, DPPC, DSPC, Scanning electron microscBtability.

INTRODUCTION

Directing drugs to particular cells continues todbmost as great a challenge as it was shortly #fteturn of the
century, when Paul Ehrlich first proposed the cphoé a drug delivery system that would target atigeased cells
the “magic bullet.” Drugs that are most potentas® the most toxic because often less than 1%eoifhjected drug
reaches its target while the rest damages healtly [1]. For parenteral administration of drugsattimight be
targeted to specific cells, small particulate esiare required. Emulsions, micro emulsions, f@semicrospheres
have all been investigated, but by far the mostelyidgtudied approach makes use of liposomes. Sphlktrical
vesicles called liposomes form naturally when lpat phospholipids are dispersed in an aqueousi@iurhus,
liposomes are biocompatible and biodegradableLjppbsomes can be made commercially to precise Spatbns,
and drugs can be carried by them. With appropsatéace molecules incorporation, liposomes canabgeted to
specific cell type. So they are a possible answehé question of how to increase the deliveryhaf tirugs to
diseased cells without increasing toxic effectdealthy cells. Avoiding recognition and destructipnthe immune
system, a major problem for any drug delivery sysk&as only recently been achieved.

117
Pelagia Research Library



M.Yasmin Begumet al Der Pharmacia Sinica, 2012, 3(1):117-125

The celecoxib that is selected here as the modehyidrophobic drug [3], is the first candidate betcoxibs, a
specific cyclo oxygenase - 2 inhibitor [3], a NSAl@mily that is frequently used for treating artisricomparable to
other NSAIDs [4]. It is also used in the treatmeftfamilial adenomatous polyposis and in coloreedEno
carcinomas [5, 6]. The COX inhibitors are usuakkeb associated with adverse cardio vascular sfdetefdue to
an imbalance in the production of prostacyclin ¢diltor) and thromboxane (vaso constrictor) [7, 8ince
celecoxib has large volume of distribution (455+1i6€rs) [9, 10] and high plasma protein binding¥®) [11], oral
formulations of celecoxib are administered at higlses, increasing risks of cardiovascular sideceffiirther [12].
To get rid of all the systematic side effects agged with celecoxib and to enhance the therapediivity we
decided to incorporate the same in liposome, whi@dn passively target the inflammatory area by
extravascularization in inflammatory arthritis.thee present study, celecoxib encapsulated liposavees prepared
using longer alkyl chain lipids to avoid poor ensalption and retention of drug which is one of tismial draw
backs of liposomal drug delivery system preparadguaatural phospholipids. Further in this study egimized
the cholesterol content in liposome compositionitro, because cholesterol is the important componerthadill
give rigidity to the membrane structure by contngl permeability and enhancing plasma stability][18&/e
investigated the effect of cholesterol on percemtdgug encapsulation, vesicle size and stabilityaddition we
investigated the release profile of prepared foatiohs to attain controlled as well as prolongeliveey of drug
and there by reducing the potential dose relatbel sffects.

MATERIALS AND METHODS

Materials

Celecoxib was a generous gift from aurobindo Phaktyalerabad. Dipalmitoyl phosphatidyl choline, (BBRand
distearoyl phosphatidyl choline, (DSPC) were kingdifted by lipoid, Switzerland. High purity cholesbl, sigma
membrane (12000 MW cutoff) were obtained from Sightdrich, Hyderabad. Pottassium dihydrogen phosphat
disodium hydrogen phosphate, sodium chloride, dfiblsm, methanol, ethanol were purchased from coroialer
source.

Preparation of celecoxib liposomes [14, 15]

Celecoxib liposomes were prepared using the tHm fiydration technique. A drug-lipid solution phas@as
prepared by dissolving accurately weighed quastité drug, DPPC or DSPC with or without cholestdrola
solvent mixture of chloroform and methanol (2:)vh a 250ml round bottom flask. A layer of thipit film was
formed in the wall of flask by evaporating the origasolvent using rotary evaporator (HS 3001 NSjanrreduced
pressure. During the process, the instrumental itond such as temperature &5 and speed (150rpm) were
maintained constant. The flask was left overnigha vacuum desiccator to ensure the complete rdmévesidual
solvents. Phosphate buffer saline pH7.4 was usethashydration media to hydrate the lipid film &5+2°
temperature. The suspension thus obtained wasxearti®r about 2min followed by a stand rest for Beiirs to
allow complete swelling of the lipid film. The rdg&ant suspension was sonicated for 3min using psavecator.
Five formulations (CLB1 — CLB5) were prepared usiifjerent lipid — cholesterol ratio and characted with
respect to vesicle size and its distribution, sh&perug encapsulation and % drug release. (Tgble 1

Estimation of percentage drug encapsulation [16, 17

The percentage of drug encapsulation was deterntipedntrifugation. The prepared liposomal formolas were
subjected to centrifugation using refrigerated dkige at 10,000rpm at 4°c twice each of 30min tdorawith

10min gap to separate free drug from entrapped. driags the clear supernatant was collected andzetby UV
spectrophotometer for drug content after approprigiution. The pellet obtained after centrifugatiwas lysed in
absolute alcohol and sonicated for 10min. The comagon of celecoxib was determined in alcohol cépme
photometrically at 251.2nm using a UV visible speghotometer. Percentage drug encapsulation digbgsomes
was calculated as follows: [(T-C)/T] *100, where @asis the total amount of drug that is calculatemthbin

supernatant and sediment and C is the amount gffound only in the supernatant. Percentage dregpsulation
was calculated for 3 formulations of each formalattcode and average was tabulated (Table 1)

Fourier transform, infrared (FTIR) study

All the excipents such as DPPC, DSPC, cholestardividually, physical mixture of excipients, pureud

celecoxib, physical mixture of excipients as wealldaug were mixed separately with infrared (IR)dgr&Br in the
ratio of 1:100 and corresponding pellets were megpdy applying 15000 Ib of pressure in a hydrapless. The
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pellets were scanned in an inert atmosphere owava number range of 4000-400 tim Magna IR 750 series Il
(Nicolet, USA) FTIR instrument.

Vesicle size distribution profile [14, 18]

All the prepared liposomal batches were monitor@dtfieir morphological attributes with the help hocular
compound microscope (optics) at suitable magniboatAggregation and precipitation were detectethgishe
same. Then the selected formulations were studigd the help of scanning electron microscopy foeith
morphology. (Figure 6)

Stability analysis [19, 20]

The stability profile of the vesicles was assedsgdtoring the liposomal suspension at 4 diffetentperatures i.e.
(4-8°C (refrigerator RF), 25 +2°C (room temperatiiM), 37+2°C and 45 +2°C for a period of 30 daysriby the

study, the liposomal suspension were kept in sedkdd of 10ml capacity. The drug content of thaigkes was
determined periodically every 10 days as giversiimetion of % drug encapsulation.

In vitro drug release [21]

Modified USP XXI dissolution rate model was used the determination of drug release from liposomic
preparation. This model consists of a beaker (2b@mdl a plastic tube of diameter 17.5mm opened tioth the
ends. Sigma membrane (Sigma 12000 MW cutoff) wex dit one end of the tube & the other end left. fides
assembly was dipped in to the beaker containing @dwtissolution medium. The temperature was maiethat 37
+1°C. 10ml of liposomal suspension was added thédube and a paddle type stirrer was placeddrcémter of the
beaker. The speed of the stirrer was maintainéd@tpm. Dissolution sample of 1ml was withdrawniqdically
every one hour up to 24 hours and analyzed spdaitometrically at 251.2nm. With the help of thenstard curve
prepared earlier, drug concentration was measured.

RESULTS AND DISCUSSION

A highly hydrophobic molecule, celecoxib was encdged in multi lamellar liposomal vesicles compbse
longer alkyl chain lipids such as DPPC and DSP@auit cholesterol. (Table — 1) Lipid analysis showrat more
than 98.9% # 99%) of the lipids were pelleted after centrifugatof the hydrated films and therefore they were
incorporated in to multilamellar liposomal vesiclés our study first two formulations were prepargsing 2
different longer alkyl chain lipids, DPPC (16 allghain length), DSPC (18 alkyl chain length) withaholesterol
to find out the influence of alkyl chain length oharacterization of liposomes. 10mg of the drug imasrporated
in to each formulation which was optimized as pevpus studies (results not shown). As shown & risults
(Table -1), it was found that liposomes preparetth WSPC, (CLB2) has shown greater drug entrapment9d3.6%
+1.11% with good retention behavior of the druginigirelease studies even after 24 hours. (60.578€yefore
CLB2 formulation was selected to find the influengk cholesterol on characteristics of liposomes;abse
cholesterol is one of the components which willegiigidity to the membrane structure, in additionthe major
lipid component, DSPC. For this purpose 3 diffefieminulations were prepared using different DSPGlesterol
mole ratio (4:1, 2:1, 1:1). Along with 100mg of DSP12mg, 24mg & 50mg of the cholesterol respecfiveds
used in these three formulations (Table — 1). & feaind that presence of cholesterol reduces % @nagpsulation
in the following order CLB2>CLB3>CLB4>CLBS5 inter@sgly, although DSPC/ cholesterol composition ofB5L
routinely used as starting composition regardingiveational liposomes. Later when we came acrossesom
literature, we came to know that high content oblekterol may decrease the percentage encapsulation
hydrophobic molecules. Some of them are given belpessomal MLVs prepared with egg phosphatidyl o
could encapsulate 29.5% of ibuprofen, when ibupr@fecapsulation reduced to 23.2% with 30% of chetesand
even to 17.1% with 50% of cholesterol [22]. In adst of developing cremophor — EL free liposomatippaxel
formulation, it was seen that increasing contentloflesterol decreased the drug loading efficieth@matically
from 99.3 to 6.2% respectively [23]. However in sorases increasing amount of cholesterol showaéadsing
drug encapsulation efficiency, for example Bhatialereported 30% cholesterol addition lead tor@ased drug
entrapment efficiency from 45.2% — 57.5% [14]. Swre is variation on the encapsulation efficiendy o
hydrophobic molecules due to the increasing or eeing amount of cholesterol. These effects magume to
molecular interaction between the phospholipidlesterol and drug. But in general, cholesteroréases the
hydrophobicity of the bilayered membrane which nf@yor the inclusion of hydrophobic molecules [2@h the
other hand, considering the conflicting fact thhblesterol may prefer to accommodate it in the bgtobic
bilayered structure which is of having the limitguhce. So there might be the competition betweelesterol and
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drug in getting aligned them for this space betwibenalkyl chains of phospholipids resulted in lowacapsulation
with increasing cholesterol content.

Drug, excipients interaction was studied beforeetteping the formulation by using FTIR-spectroscopyich is
one of the most important analysis to describe fatfmu stability of formulation, presence of drugdgug release.
Fig. 3 shows minor shifting of some peaks compavél individual excipients (Fig. 1 and Fig. 2), dilaliphatic
alcoholic O-H stretch (3420.26 to 3410.59), C=tstn of ester (1740.48 to 1739.78), C-O stretcloihigydroxyl
group. (1054.90 to 1058.49) Minor shifts were oledrwhen the fig. 5 compared with spectrum of ey (Fig.
4) and excipients (Figure 1 and Figure 2) likepladitic N-H stretching (3410-3342), C-O stretch stiee These
shifts observed may be due to the formation of bgdn bonds, vanderwaal attractive forces or dipotenent
which are weak forces seen in the polar functigmaups of drugs and excipients. The frequency ebgition due
to the corbonyl group depends mainly on the foroastant which in turn depends upon inductive effect
conjugative effect, field effect, steric effectdherlshifts seen due to the above mentioned interaatiay however
support the formation of favorable vesicle shaprecture with good stability and sustained drugask.

The vesicle size of the liposome was found to bthanrange of 5.7+0.8- 6.2+0.3um with 90% populatid the
liposomes equal or below 6um. Most of the vesics found to be spherical in shape. Log-size digiioh curve
confirms the normal size distribution of the vestl Size analysis was repeated for 3 formulatiohgach
formulation code and vesicle size data was compdath was found to be highly reproducible evenyeti The
SEM photograph of CLB3 liposomal formulation showtdt vesicles are homogeneous and spherical ipesha
(Figure 6), (Table 1)

There is no evident for aggregation, fusion orugi$ion of the vesicles during the studied period #&rwas found
that the prepared formulations were able to reta@ir multiiamellar nature and shape uniformityatro appreciable
extent. The bar diagram shows the % drug leakawa the lipid vesicles over the period of 30 dayslifferent

storage temperature. It was found that samplesdtatr elevated storage temperatures, i.e. 37° aR6C415° +2°C
showed that the % drug leakage of the samplesd/énoen 6% - 18%. On the other hand liposomes statddwer

temperatures i.e. room temperature and refrigeitat@gerature showed that they could retain 95%913d of the

encapsulated drug respectively. (Fig. 7)

Among the formulations prepared, CLB1 liposomegpared with DPPC alone could release the highesuatraf

the drug than CLB2, which is prepared with DSPChalcAmong the four composition used in the prestumy
using DSPC, liposomes prepared with DSPC withootedterol could release the highest amount of évligwed

by DSPC/cholesterol groups of CLB3, CLB4 & CLB5dacreasing order. DSPC liposomes could retain 5é%teo
initial drug content where as the formulations CL&#taining 12mg of cholesterol could retain 65%hair drug
content respectively. When the % of drug retaimredLVs were normalized to lipid content of each gdas,

CLB2 liposomes (DSPC alone) was seen to retainlithg remarkably lower where as other liposomesldcaiain

the drug at higher percentage, supporting the tréisal highest extent of drug release occurredhivlesterol free
formulation.(Fig. 8) This trend of drug release nimy due to the fact that cholesterol might locédelfi to the
glycerol back bone of the membrane pushing celéctixithe inner core which may explain the decreasbzhse
rates with increasing concentrations of cholestefble drug release was not of the sudden burshynoé the
prepared formulation. Drug release from all theppred formulation followed zero order kinetics amtease
mechanism was of diffusion. This was conformeddxyression values of the respective plots. (Table -2

Table 1: Formulae for different batches and physickcharacteristics of prepared liposomes of celecdxi

S. NO| Drug (mg) (?n:) [()rZZ)C ?:IZ)C % EE % Release¢ Particle Size (um)
CLB1 10 -- 100 -- 91.47+1.02 48.24 5.940.2
CLB2 10 -- - 100 | 93.6+1.11 46.43 6.1+0.8
CLB3 10 12 -- 100 | 90.7+1.21 35.45 6.2+0.3
CLB4 10 24 -- 100 | 78.06+1.55 31.05 5.840.1
CLB5 10 50 -- 100 | 65.9+1.31 22.62 5.7+0.8

Abbreviations Used: CH-Cholesterol, DPPC-Dipal mitoyl phosphatidylcholine, DSPC-
Distear oyl phosphatidyl choline, %EE- Percentage encapsulation efficiency.

120
Pelagia Research Library



M.Yasmin Begumet al

Der Pharmacia Sinica, 2012, 3(1):117-125

Fig. 1: FTIR Spectrum of Pure DSPC
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Fig. 2: FTIR Spectrum of Pure cholesterol
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Fig. 3: FTIR Spectrum of physical mixture of excipents
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Fig. 5: FTIR Spectrum of physical mixture of celeoxib and excipients
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Table 2: Mathematical model showing order and mechaism of drug release
Formulation code Zero order plot First order plat Higuchi’'splopt
Regressionn Slope% /his Regression Regression
CLB1 0.9965 1.6678 0.7307 0.9846
CLB2 0.9965 1.6678 0.8359 0.9101
CLB3 0.993 1.5159 0.8609 0.9303
CLB4 0.9941 1.3265 0.8883 0.9497
CLB5 0.9933 0.9734 0.8466 0.9218
Fia. 6: SEM Photoaraph ofCLB3
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Fig. 7: Extent of drug leakage from CLB3 liposome at different storage temperatures.
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Fig. 8: Plots ofin vitro cumulative percentage drug released vs. time for fierent formulations of

celecoxib Liposomes
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CONCLUSION

In the present study, highly hydrophobic molecutdecoxib was successfully incorporated in to liposs
composed of different lipids DPPC & DSPC with dedimqualities. DSPC liposomes were found to havatgre
drug entrapment and to have influenced by bilapelesterol content. Increasing amount of cholestges found
to decrease drug entrapment and drug release fpmsomes. On the other hand liposomes prepared D@RAC
with zero cholesterol showed the rapid releaseepatuith lowest drug retention after 24hours. Sophesent study
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has given us knowledge that liposome with low antooin cholesterol is the better candidate for celdzo
liposomes.
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