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ABSTRACT

Cytarabin was nanoniosomated using non ionic surfactant through ether injection method. The percent entrapment
efficiency was found to be 98%. This was calculated based on passing niosomated cytarabine onto column of
Sephadex G-50 and the obtained fractions were pooled and ruptured in order to determine per cent of unentrapped
cytarabine. The released data were fitted in to different popular kinetic models. The released of cytarabine from the
niosome was followed by first order kinetic and Hixson Crowell model. The size of nano niosomes containing
cytarabine was determined to be 347nm with the zeta potential of 12.7 mV. ThuslCs, values for the pure drug and
nano niosomated formulations indicate the higher effectiveness of the cytarabinenoisomal formulation.
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INTRODUCTION

Nanotechnology has been applied to biomedical reBda order to study its impact on diagnosis, prégion and
treatment of various diseases. Thereby nanotecbistdoare focusing to develop appropriate, safeeffident drug
vehicles at nano scale. Researches on nano drigrgdehave been expanded during its start in 19x40ere
numerous products are available in the markets apware on their ways to the markets [1]. Niosomas be
considered as a drug carrier at nano scale in maedicine. Thus niosomes are non ionic surfactastcles
employed to carry drugs into specific targets. Nines as drug vehicles are preferred to liposomestaliheir
simplicity, cost effectiveness, behaving like lipoge (in vivo) and prepared from uncharged singlairch
surfactants [2]However niosomes are non ionic surfactants thateither be multilamellar or unilamillar vesicles.
Thus they are formed on hydration of non ionic actdnt film which gets hydrated to encapsulateagntine desired
drug [3].They are biodegradable, biocompatible and immunogenic in nature and exhibit flexibility their
structural characterization. In addition, handlargl storage of niosomes require no special comditisurthermore,
they can be used as a vehicle to deliver the dougptcific tissues, thereby reducing the requiresiedcausing
improvement in therapeutic effect of the drug amdrdasing the side effects [4]. It is an essemtiadtudy the
pattern of the drug release entrapped within treddigyradable, biocompatible and non immunogenicma$o
vesicles. Henceforth different kinetics models haeen proposed such as statistical, dependentnaiegphendent
models [5]. Therefore attempts were made to niosecytarabine or cytosine arabinoside a drug empldgereat
white blood cells cancers such as acute myeloikel@ia (AML) and non-Hodgkin lymphoma [6].It killsancer
cells by interfering with DNA synthesis [7]. It lmelgs to the family of nucleoside analogues and wognthe
nucleoside in uptake and metabolism and gets icatpd into newly synthesized DNA resulting synthes
inhibition and chain termination [8]. In this atBccytarabine was entrapped in niosomal vesicléerdafter, its
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size, zeta potential, appearance, in vitro drugasg and fitting the data into dependent model hamero order,
first order kinetics, Higuchi and Hixson-Crowell deds and finally evaluating its effect on MCF7 sell

EXPERIMENTAL SECTION

Cytarabine (Cytarabine hydrochloride Taizhou Cr8natechnology Co ), span60 (sorbitan mono laurdiggen
80, cholesterol, MTT reagent (0.5 mg/ml) (Sigma,A)Sacetonitrile (Merck), RPMI 1640 Medium (Invigen),
MCEF-7 cell line (National Cell Bank Department, feas Institute of Iran). Other reagents used wéranalytical
grade.

Preparation of niosomes

Niosomal formulation of cytarabine was preparecther injection process. The principle of the mdtisobased on
injection of ether into an aqueous solution at 60AGrief, the mixture of span 20 and cholestevas dissolved in
15 ml of ether which was then added to 10mL of phase buffer (60 °C) containing cytarabine slowije
mixture was kept on magnetite stirrer at 100 rpmh @0 °C. The temperature was kept constant at Glufidg the
evaporation process. The niosomes of unilamillarmaltilamellar containing cytarabine were formed.

Zeta potential measurement

In vivo performance of the niosomes relatively could batee 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 adjas@nilarly charged particles in dispersion systdie. prepared
formulation was suitably diluted in order to meastine zeta potential and the size of the vesicleZdia sizer
(Malvern, Instruments Ltd, Worcestershire, Zen 3660.

Scanning electron microscopy (SEM)

A drop of aqueous suspension of niosomatedcytagalvas spread on a slab and dried under vacuumsdrele
was coated with a 20 nm thick gold layer in a cdthevaporator. The diameter of particles in eaehll fivas
calculated by using JSM-5200 operation of scanelegtron microscope (Tokyo, Japan) at 15 kV.

Entrapment efficiency

The entrapment efficiency of cytarabine loaded aios was studied by column chromatography using &#phG-
50 and phosphate buffer as an eluent. The flow vas adjusted to ImLminand fractions of 1.5 ml were
collected. The fractions containing niosomalcytarabvere collected and pooled. They were ruptusedeported
by Azizi and Norouzian [9] and their cytarabine twmomt was measured 8280 nm. Thus the entrapment efficiency
was calculated as follows:

Total drug used(mg)- unentrapped drug(mg)
X 100

Total drug used

Kinetic studies
Data of the cytarabine release from niosomes weddyzed for release kinetics. Drug release kinetiasn
nanovesicles is analyzed by zero-order kineticst @irder kinetics, Higuchi and Hixson-Crowell misde

Zero order kinetics model follows the equation @g,) = kot, where, kis the zero order rate constant; Q denotes
the amount of letrozole released at time t agd&)otes 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, Q/@= k, t? Q denotes amount of letrozole released at timgdeRotes the amount of letrozole in
nanoniosome initially, kis the Higuchi matrix release kinetics.

Hixson and Crowell model:

Qo*-Q=kt, where Qis the initial amount of drug in the niosomes,ithe remaining amount of drug in the
niosomes at time, andx (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 Suvikanta et al [5] #mel graphical
representations were plotted in order to obtaimetation coefficient (.
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In vitro release study

Cytarabine release rate of release from niosomespégified by membrane diffusion technique. Thesowie
suspension equivalent to 1 mg of cytarabine andamtated cytarabine was poured into a dialysis egfsoff
12000Da, sigma) separately. The dialysis bags wweneersed inside a container containing 250 ml afgpihate
buffer, pH 7.4, and placed on the magnetic sti{Bf °C, 120 rpm) separately. At certain intervasml of
phosphate buffer was taken and replaced with aalaqiume of the buffer. The ODs of samples wergasately
measured spectrophotometricallype280nm.

Evaluation of cdlular cytotoxicity

Assessment of cytotoxicity on MCF-7cells was perfed using MTT assay. The cells were cultured attidih rate

of 1x10 cells per well in  DMEM medium containing 10% debovine serum and 1% Penicillin/ Streptomycin
antibiotics under 10% carbon dioxide at 37° CeAR4 hours of cells culturing, the supernatant pased off and
the cells with pharmaceutical formulations of paytarabine and niosomated cytarabine were treatéd g, 0.075,
0.0375, 0.0187, 0.0094, 0.0046, 0.0023 and 0.00ittormolar concentrations. After 48 hours of inclitia, the
culture media with pharmaceutical formulations wesmoved and10@QL of PBS, 0.5 mg/ml MTT solution with
pH equal to 4.7 was added to each well and incabatias carried out for 3 hours. The MTT solutionsvtiaen
removed, and 200L of isopropanol was added to each well and stitoedissolve the formed Formazan crystals. In
the next stage, absorption was read\ &70nm using ELISA reader (BioTek Instruments, VIQ).The cell
viability rate was obtained from the ratio of tdtcells absorption with different formulationstbé drug to the
absorption of control cells, and the results wet@wated using the Pharm program. The IC50 valuer® weported
for each of the samples.

RESULTSAND DISCUSSION

Non ionic surfactants are non/less toxic, impartstapility, less hemolytic, less cell surface amit, permeability
enhancer, wetting and solubilizing agents[10-12] &xglycoprotein inhibitors [13]. Due to the aforemtioned
properties drug such as doxorubicin and daunonulpiet]steroids such as hydrocortisone and dexarsettea[15] ,
HIV protease inhibitors such as ritonavir and saquir [16,17], have been niosomated. Niosomes a@bddicin
prepared from C16 monoalkyl glycerol ether with amithout cholesterol were reported by Uchegbu ef18l.
Cytarabine was niosomated through ether injectamhrique. This method was used by Deamer and Bangha
1976 as reported by Arora and Jain [19]. It is Emto ethanol injection method; but it differs rinoethanol
injection method in many ways. It involves injecti@f immiscible organic solution containing surtaut or
surfactant-cholesterol or surfactant cholesterateliyl phosphate or surfactant cholesterol- drdgtiso mixture
very slowly into an aqueous phase through a namewdle at vaporization temperature of organic sulve
Vaporization of ether leads to the formation ofgdénlayered vesicles (SLVs). Namrata et al [20]orégxd
formulation of niosomal aceclofenac through etmgedtion method employing cholesterol and Span &@sicle
constituting components. Aggarwal et al niosomateetazolamide by different techniques such as sevphase
evaporation, ether injection and film hydration][Zhe entrapment efficiency of acetazolamide wetenined to
be about 36% (ether injection method) while we fbuthe entrapment efficiency of 98% by column
chromatography using Sephadex G-50 .The nano eesicitaining cytarabine was eluted in the void rawof the
column as a sharp peak and the unentrapped ciytarappeared as a second peak. The first peak easdand
ruptured in order to determine the amount of eqteapdrug as reported earlier [9]. Furthermore #ta potential
and size of the prepared niosomal cytarabine weterghined to be 12.7 mV and 347 nm respectivety ). Zeta
potential is an important physicochemical parametdrich can influence the stability of niosomal gaeation.
Extremely positive or negative zeta potential valwause larger repulsive forces, while electrastegpulsion
between particles with the same electric chargeemts aggregation of the spheres [9]. Ideally,dpgmum value
of zeta potential should lie between +25 and - 25 @utside this range, the niosomes may not rerstaible for a
long period of time and this could adversely affeatameters such as entrapment efficiency andisedtaelease.
A higher zeta potential indicates higher kinetiemrgy and tends to move particles towards agglonos(a2].
Scanning electron micrograph of nanoniosomal pedjmar of cytarabine showed their crystallinity () The data
obtained from drug release study through dynamienbrane technique was applied to popular mathenhatica
models [23, 24] (fig 3). Table 1 depicts the regias coefficient values indicating the releaseysh@abine follows
first order kinetic where the concentration depemlsime and obeys Hixson-Crowell model. Thus didates that
the surface area and diameter of the vesicles leaged with time. Thus kg values for the pure drug and
nanoniosomated formulations indicate the highereatiffeness of the cytarabinenoisomal formulation. |
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conclusion, as compared to conventional formulatiba drugs carried by vehicles such as niosomesrad scale
can increase the effectiveness and decrease theféitts of the drug under medication.

Figure 3. In vitrorelease study of niosomated cytarabine and free cytarabine
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Table 1 Regression coefficient of niosomated cytar abine fitted into different models

Model Zeroorder | First order | Higuchi | Hixson and Crowell
Regression coefficien 0.42 0.72 0.95 0.98

Figure 1 Size distribution of niosomated cytarabine
Size Distribufion by Volume

Size {d.nm)

Figure 2 Scanning electr on micrograph of niosomatedcytarabin
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