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ABSTRACT

Letrozole is one of the hormonal anticancer drudsctv can be employed to treat aromatase dependerasb
cancer. Aromatase is an enzyme that catalyses fitiossis of estrogen from testestrone (androgenpkele was
loaded onto pegylated niosomes through reverseglkaaporation technique. Letrozole pegylated niesomas
characterized by dynamic light scattering spectopsc (195.2 nm pegylated niosome and 234.1 nm W&oz
pegylated niosomes), scanning electron microscoplyits entrapment efficiency was calculated to 66% . The
drug released pattern (in vitro) from the pegylat@dsomes was studied through zero order, firsegrédiguchi
and Hixson — Crowell kinetics models. It was fouhdt the release pattern followed first order aniks$on-
Crowell models. Finally, the IC50 values for puegrdzole and letrozole pegylated niosomes weredidaitbe 0.051
#M and 0.0287%M, this indicated that the toxicity of drug peggldtniosomes is more than the pure drug.
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INTRODUCTION

Deaths and mortality caused by cancerous diseam@inge with a growing trend so that the carcinorases
considered as major causes of death in the woddome of the cancers causing death is breast camasity in
women. There are several ways to treat breast camgkeone of them is hormone therapy. One of thenboal
anticancer drugs is known to be letrozole which banemployed to treat aromatase dependent breaserca
Aromatase is an enzyme that catalyses biosyntbésistrogen from testestrone (androgen). Furthezmetrozole
is an aromatase inhibitor of third generationslhighly potent and selective inhibitor of aromat§g]. It inhibits
the production of estrogen in postmenopausal wortemorks by blocking cytochrome P-450 (CYP) whithins
the hormone androgen to small amount of estrogethénbody. This means that less estrogen is availeb
stimulate the growth of hormone receptor positivealst cancer cells. It does not stop the ovaries fmaking
estrogen, therefore, aromatase inhibitors affecly on postmenopausal females [2]. Now investigatare
looking for vehicles through which drugs can be\dekd to the specific target .One of the vehicldéch can be
employed to deliver the drug to specific site issnme [3]. Niosomes can be used to vesiculize bgtirophilic
and lipophilic drugs. Niosomal vesicles are composeé non-ionic surfactant with/without cholestemm other
lipids. Niosomes have lower toxicity due to nonionature of the surfactant and act to improvettterapeutic
index of the drug [4]. Srinivas et al. (2010) stdlithe preparation and evaluation of niosomatediafemac . In
such study, the effects of various compounds suchan ionic surfactants and cholesterol on encapsal
efficiency, particles size and drug release wereluated. They concluded that in the presence ofionin
surfactants, the rate of drug release and alsoingtieasing surfactant concentration, the drugpirapefficiency in
all formulations will increase [5]. Evaluation ofudy delivery based on kinetic model describes tissodution
profile. Modeling by using the following parametevgl provide the closest fit between experimerdbkervations
and the non-linear function. The model best showinagfit between release data and correlation woefit will be
chosen as the main model. Sanjoy K D et al. (26@28)ducted a research on development and experimenta

423



Azizi S. and Norouzian D. J. Chem. Pharm. Res,, 2015, 7(2):423-427

evaluation of biodegradable nanoparticles of lett®in the treatment of breast cancer . The purpbsbis study
was to prepare and evaluate the biodegradable adiudes system of letrozole at different conceidres of

letrozole, encapsulation efficiency, particles sapel drug release. The results included increasealpsulation and
particles size with increasing concentrations dfolle. The drug release also followed the zedepikinetic

model [6]. In this article attempts were made talgtand characterize letrozole pegylated niosomes .

EXPERIMENTAL SECTION

Materials

Letrozole (purchased from Fanavaran Parsian phautiael company), span60 (sorbitan mono laurateen 80,
cholesterol, polyethylene glycol 3350 (PEG 3350)TMreagent (0.5 mg/ml) (Sigma, USA), acetonitrile
(Merck), RPMI 1640 Medium (Invitrogen), MCF-7 cdithe (National Cell Bank Department, Pasteur Ingtitof
Iran). Other reagents used were of analytical grade

Preparation of Niosomes

Niosomeswere prepared by reverse phase evaporation whereinomposition of the formulation is as per table
no.1.The formulation constituents were accordimipared and dissolved in alcohol .They were altbteereact at
room temperature on magnetic stirrer(120 rpm) fomdnutes. The solvent was evaporated on rotarpareor.
The resultant gel was dissolved in phosphate bugdine at pH7.2 and 40°C. The obtained suspensis
subjected to sonication. This was further passexuth filter 0.221m in order to obtain uniform niosomes.

Zeta Potential M easurement

In vivo performance of the niosomes relatively could bateel to charges present on the surface of thelessiThe
stability of niosomal formulation is also relatenl the stability of niosomal formulation. Thus theta potential
indicates the degree of repulsion between adjasantlarly charged particles in dispersion systdine. prepared
formulation was suitably diluted in order to measthe zeta potential and the size of the vesiclesZbta sizer
(Malvern, Instruments Ltd, Worcestershire, Zen 3660.

Scanning Electron Microscopy (SEM)

A drop of aqueous suspension of letrozole PEGylatesomes was spread on a slab and dried undeuwacthe
sample was coated with a 20 nm thick gold layex aathode evaporator. The diameter of particlesah field was
calculated by using JISM-5200 operation of scanelegtron microscope (Tokyo, Japan) at 15 kV.

Entrapment efficiency

The entrapment efficiency of letrozole loaded patpd niosome was studied by rupturing the vesidlegozole
pegylated niosomal formulation was passed througdm syringefilter. A volume of 1 ml SDS solution prepared
in phosphate buffer was added to 0.1 ml of letrepaEgylated niosome and again passed through syfiltey. The
solution was incubatedt 37 ° C for 1.5 h. Then, the solution was pasbhealugh a 0.22um filter. The OD of the
transparent solution was read’»aP40 nm against PBS containing SDS [7].The standarge of letrozole was
constructed employing different concentration ofepletrozole at the range of 2 tqu@/mL.

Kinetic Studies
Data of the letrozole release from pegylated niesowmere analyzed for release kinetics. Drug relkaetics from
nanovesicles is analyzed by zero-order kineticst, @irder kinetics, Higuchi and Hixson-Crowell mtsde

Zero order kinetics model follows the equatiof{@#Q,) = kot, where, kis the zero order rate constant; Q denotes
the amount of letrozole released at time t agdi€hotes the initial amount of letrozole.

First order kinetics model follows the equationas (Q/Q o) = -kit / 2.303, where #s the first order rate constant.

Higuchi model, Qt/@= ky Y2 Q denotes amount of letrozole released at timgde@otes the amount of letrozole in
nanoniosome initially, kis the Higuchi matrix release kinetics.

Hixson-Crowell model:
Qo *-Q*=kt, where Qis the initial amount of drug in the niosomes,iQthe remaining amount of drug in the
niosomes at time,andk (kappa) is a constant incorporating the surfaderae relation.The data were fitted into

the models (zero and first orders, Higuchi and biix€rowell) as reported by Chime A et al[8] and ¢jnephical
representations were plotted in order to obtaimetation coefficient (R.
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In vitro release study

Letrozole release rate of release from niosomespexified by membrane diffusion technique. The omis
suspension equivalent to 1 mg of letrozole anaietie pegylated noisome was poured into a dialyags (cut off
12000Da, sigma) separately. The dialysis bags weneersed inside a container containing 250 ml ajgpihate
buffer, pH 7.4, and placed on the magnetic sti(@t °C, 120 rpm) separately. At certain intervélsml of
phosphate buffer was taken and replaced with amalegiume of the buffer. The ODs samples were sapbr
measured spectrophotometrically at a wavelengg246nim.

Evaluation of cellular cytotoxicity

Assessment of cytotoxicity on MCF-7cells was perfed using MTT assay. The cells were cultured attidih of
1x10* cells per well in DMEM medium containing 10% debovine serum and 1% Penicillin/ Streptomycin
antibiotics

under 10% carbon dioxide at 37° C. After 24 hafrsells culturing, the supernatant was pouredaoff the cells
with pharmaceutical formulations of pure letrozaled letrozole PEGylated noisome were treated &, @D75,
0.0375, 0.0187, 0.0094, 0.0046, 0.0023 and 0.00ittormolar concentrations. After 48 hours of inclita, the
culture media with pharmaceutical formulations wesmoved and10QL of PBS, 0.5 mg/ml MTT solution with
pH equal to 4.7 was added to each well and incobatias carried out for 3 hours. The MTT solutionsviiaen
removed, and 200L of isopropanol was added to each well and stitoedissolve the formed Formazan crystals. In
the next stage, absorption was read. @t 570nm using ELISA reader (BioTek Instrument3WSA).The cell
viability rate was obtained from the ratio of tregitcells absorption with different formulationsthé drug to the
absorption of control cells, and the results weseated using the Pharm program. The IC50 valwse weported
for each of the samples.

RESULTSAND DISCUSSION

Letrozole was loaded into nanovesicle which waared according to table 1 by reverse phase eviapora
technique. Bhaskaran and Lakshdissolved surfactant in a mixture of ether and iflrm to which an aqueous
phase containing the drug was added. The resuliingphase system was then homogenized and theiongaase
evaporated under reduced pressure to form stableiiform niosomes containing lansoprazole [9].r@&di et al.
also used this method to develop niosomes contpiatetazolamide and reported that spherical vesiciere
produced with less drug entrapment than in multdlan vesicles [10]Furthermore the zeta potential and size
distribution of the prepared pegylated niosomablatle and pegylated niosomes were studieda potential is an
important physicochemical parameter, which caruarice factors like stability of pegylated niosommaparation.
Table 2 depicts the size and zeta potential of Manmulated letrozole. Extremely positive or negatzeta
potential values cause larger repulsive forces|endlectrostatic repulsion between particles whth $ame electric
charge prevents aggregation of the sphel&f The size of pegylated niosomal letrozole wasaased which could
be due to location of letrozole between water Iayafthe niosomes. Morphologically, it was obserteat the
pegylated niosomal form of letrozole is crystallifeig. 1a and 1b)The values of released letrozole from two
formulations of pure letrozole and letrozole petgdanoisome in phosphate buffer were obtainedtatvals of 1,
2,4,6, 8, 23, 26, 29 and 46 hours using the zeteostandard curve (Fig 2).Data obtained fromifrovelease (both
letrozole and letrozole pegylated nanoniosomesgwenployed to study the kinetics of the drug reddafsom the
pegylated nanovesicles (Fig. 2). The data weredfithto the models (as they are explained in methimdorder to
find out Ky,ky, ky andK.(Kappa), zero and first orders, Higuchi and Hixs@rowell coefficients respectively. Thus
through their correlation coefficients {YiRTable 3). it was found that the drug release eHgt order kinetics and
Hixson —Crowell kinetic model. Dissolution occutssanooth and plane surfaces parallel to the drugl,leevealing
that the drug dimensions decrease proportionatéhg initial geometry remains constant at all times
[8].ThusIGyvalues for the pure drug and pegylated noisomedtations (Fig.3) indicate the higher effectivenets
the letrozole pegylated noisome formulation. Inaosion, as compared to conventional formulatidw tlirugs
carried by vehicles such as niosomes at nano saal@ncrease the effectiveness and decrease theféatts of the
drug under medication.

Table 1 Composition used to prepare pegylated niosomal letrozole

Span 60| Tween | Cholesterol| PEG 3350| Letrozole
(mM) | (mM) (mM) (mMm) (mM)
6 0.2 1 0.9 1
6 0.2 1 (oK N P ———
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Table2 Sizeand zeta potential of pegylated niosomal letrozole as compar ed to pegylated niosome devoid of |etrozole

Formulation Encapsulation efficiency (%) Mean diameter] Zeta Potential
(nm) (mV)
Pegylated niosomal letrozole 66.6 231.4 -8.71
Pegylated niosome | - 195.2 -8.04

Table 3 Correlation coefficients obtained for each model by in vitro release studies

Model R?Pegylated niosomal letrozolle
Zero order kinetics 0.84
First order kinetics 0.92
Higuchi model 0.94
Hixson and Crowell mode 0.95

Figure 1a: SEM image of control PEGylated noisome. Figure 1b: SEM image of drug PEGylated noisome

Figure 2: Drug release from two formulations, pureletrozole and PEGylated noisomal letrozole
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Figure 3: Evaluating cellular cytotoxicity of PEGylated noisomal letr ozole for mulation as compared to letrozole
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