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ABSTRACT

The objective of the present study was to formudaid evaluate magnetic microspheres of anastromsiag
polycaprolactone as the encapsulating material thiave targeted drug delivery. Anastrozole loadeafymetic
PCL microspheres were prepared by O/W emulsionesblevaporation technique and characterized in teoh
morphology, particle size, entrapment efficiencyygdloading, FTIR, DSC studies, magnetite contemgnetic
properties, in vitro drug release and in vitro rake mechanism. Microspheres were smooth and sphéarishape
with an average size of 10.2-11.24um. Encapsulaitiniency and drug loading were found to be gaod the
formulations exhibited superparamagnetic behaviaith saturation magnetization of 7.66 emu/g. FTtRdges
showed the absence of chemical interaction betywedmer and drug. DSC studies revealed amorphaate stf
drug in the magnetic microspheres. The average etitgncontent was 18.22%w/w which could be sufficte
direct the microspheres to their target site. Thevitro release studies showed initial burst effesitowed by
sustained effect over a period of 21 days. Amohghel batches formulated, formulation F3 containitigig to
magnetite ratio 1:3 shows more controlled releasshdviour. Results suggest that the prepared magneti
microspheres might be potentially used as careertérgeted delivery.

Keywords: Anastrozole, magnetic microspheres, targeted deligery, PCL.

INTRODUCTION

Controlled release drug delivery systems are desigiv deliver the drug at specific release ratethimia
predetermined time period. A major problem assediatith these systems is that they do not exclisigdeliver
the drug to the target organ. This may be achiéyetrgeted drug delivery systems. The objectivérafj targeting

is to achieve desired pharmacological responsesatezted site and minimize the toxic side effecthealthy cells
and tissue§l]. Magnetic targeted drug delivery system by paldigucarriers has emerged as a promising approach
that can deliver the pharmaceutical drugs to tasgetusing an external magnetic fi¢R]. Magnetic microspheres
usually consist of a magnetic core and polymerIsidagnetic core consists of magnetic materialshsas
magnetite (Fg,), nickel, cobalt, neodymium, iron, iron-boron cansarium-cobalt which are responsible for
magnetic propertief3]. Magnetite is a common iron oxide which exhibitpemyparamagnetic properties and is
biodegradable, biocompatible, nontoxic and weletaled by the body4,5]. The polymer shell around the
magnetite core is made of biocompatible and bicattmjsle polymers. It might have the function of s@orting and
releasing the drug during its degradation process.

A wide variety of synthetic biodegradable polymessch as poly(alkylcyanoacrylates), polyanhydrides,
polyorthoesters and polyesters such as poly(laaticl), poly(glycolic acid), polytcaprolactone) and their
copolymers have been usgg]. In this study, polycaprolactone is selected asetheapsulating material as it is
biodegradable, nontoxic, biocompatible polymer vatbw degradation and is most suitable for longteelivery
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for a period of more than one yd@r8]. It has high permeability to many therapeutic drags hence it is well
suited for controlled drug delivef9].

Anastrozole is a potent selective nonsteroidal atase inhibitor used for the treatment of breasicer in
postmenopausal women. Anastrozole inhibits the mezgromatase which is responsible for convertirdy@yens

to estrogens. For adjuvant treatment of early bre@scer in postmenopausal women, anastrozoleésngis an oral
dose of 1mg daily and therapy may be continued Gpts[10]. Inorder to get prolonged therapeutic effect and to
target the drug at its site of action, in the préstudy, magnetic microspheres of anastrozoldarsulated using
polycaprolactone as an encapsulating material aadarmulated microspheres were characterized bycfeasize
analysis, Scanning electron microscopy (SEM), Emirent efficiency, Drug loading, Fourier transfornfrared
spectroscopy (FT-IR), Differential scanning calcgtny (DSC) and evaluated for their magnetic prapsrt
magnetite content and in-vitro drug release chargstics.

MATERIALS AND METHODS

2.1. Materials

Anastrozole was obtained as a gift sample from Bl@rmaceutical Industries Ltd, Mumbai. Pelgaprolactone
(M.wt.45,000) and iron(ll/lll)oxide nanopowder (maaite) (size < 50nm) were purchased from Sigmaiéid
Switzerland. Polyvinyl alcohol (PVA) was obtainetbrh Burgoyne burbidges Co. India, Mumbai. All other
chemicals used were of analytical grade.

2.2. Preparation of magnetic microspheres of Anastrozole

The magnetic microspheres containing anastrozele wrepared by O/W emulsion- solvent evaporagghriique.
The microspheres were prepared by conception af dnd polymer at a ratio of 1:10 and varying theoant of
magnetite in the formulations. Four such batchesewpeepared with drug and magnetite ratio of 1:2, 1:3 and
1:4. Required quantity of PCL, magnetite and drugrendissolved in a mixture of 10 ml of dichloronaaib:
methanol and the mixture was sonicated for 10 mimgke the organic phase. 1% w/v PVA aqueous soluti
(20ml) was prepared and the organic phase was \sladded to the aqueous phase. The mixture was eals
with the help of a high speed homogenizer [IKA Tdi§gital Ultra-Turrax] at 5000 rpm for 20 min argeh probe
sonicated for 10 min. The formed emulsion was &rristirred for 3 hrs under a mechanical stirretGQ0 rpm to
evaporate the organic phase. The resulting magmatiospheres were washed 3 times with water atidoted by
centrifugation at 9000 rpm for 10 min and driedaim oven at 50C. The microspheres were then stored in a
desiccator for further use. Different formulatiom®re prepared by varying the concentration of magneas
specified in table 1.

Table 1. Composition of anastrozole loaded polycaplactone magnetic microspheres

Formulation Code Drug Polymer PVA Magnetite
(mg) (mg) (%) (mg)

F1 100 1000 1.0 100
F2 100 1000 1.0 200
F3 100 1000 1.0 300
F4 100 1000 1.0 400

2.3. Morphology by SEM

The morphological characteristics of the samplesevetudied using scanning electron microscopy (SEOEL-
JFC 5300) (S-4800, Hitachi Co. Ltd. Japan). Magneticrospheres were dispersed in distilled watapped in
aluminium foil and evaporated. The dried magneticraspheres were mounted on a copper,stabted with gold
palladium under vacuum using an ion sputter co@eOL JFC 1100E) and then observed under scaniectyan
microscope.

2.4. Particle size determination by optical microscopy method

Particle size and size distribution of the formethimagnetic microspheres was determined by optigaloscopy.
The eye piece micrometer was calibrated with tHp bka stage micrometer. The microspheres wengedi®d on a
glass slide and the size of 300 particles was medsly using a micrometer attached with a microscdphe
average particle size was determined using Edmurslsguation Dy..,= € N d& n. Where n= No. of microspheres
counted, d = mean size range.

2.5. Determination of drug loading and encapsulation efficiency

50 mg of magnetic microspheres were accurately lvegigand dissolved in 20 ml of dichloromethane: ruath
mixture in a conical flask. The flasks were plagecn orbital shaking incubator and were shakehOg@trpm for
24hrs. The resulting solution was filtered by ustngrhatmann filter paper, diluted with respectieévent system
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and concentration was determined using the UV/sgisctrophotometer (Perkin EImer- LAMBDA 25) at 2.
Drug loading and encapsulation efficiency wereneated by using the equations 1 and 2 respectively.

Drug loading = mc/mk 100%  ------me- 1
Encapsulation efficiency = mc/ mo x 100% ---—2

Where mc is mass of anastrozole in magnetic mitrass, mo is the total mass of the drug and nhteitdtal mass
of magnetic microspheres.

2.6. Fourier Transform Infra Red Spectroscopy (FTIR) analysis

FTIR spectra of anastrozole, PCL, magnetite, angn@igc microsphere formulations were obtained usiril-IR
spectrophotometer (Perkin ElImer-Spectrum RX) u&iBg pellet method. The samples were mixed with psitam
bromide and pressed into pellets and were scamniie iR range of 400- 5000¢%t 25 C.

2.7. Thermal analysis

DSC of pure drug, polycaprolactone, magnetite argmatic microsphere formulations was performed sinpgu
Perkin Elmer DSC-7 to determine the state of anaste in the microspheres. Samples were heatethimirium
pans using dry nitrogen gas. The analysis was peed over a heating range of 30- 500°C at a raf®®€ min-1.

2.8. Determination of magnetic property

A vibrating sample magnetometer (DMS 1600) was ugedneasure the magnetic properties 0§Cz8°CL
microparticles. The samples were placed in Teflom®e holder and the magnetic properties were ated by
increasing magnetic field over the sample. The nmemsents were carried out at room temperature enfigid
rangeof + 1 T.

2.9. Determination of magnetic content

The content of magnetite present in the formulatiomas estimated quantitatively by atomic absorption
spectroscopy (AAS) [ Elico SL 173]. 100 mg of magmenicrospheres were accurately weighed and digesith
5ml of HCI. The digested solution was made uptorBlO@ith de-ionized water and was thoroughly filienesing
whatmann filter paper. The weight percentage of irothe solution was assayed by AAS at 248 nm.

ppm(mg/L) X Volume in mL X dilution factor X 10 -4

Wt% =
Weight of Sample in grams

Where, Ppm (mg/L) - result obtained from the instemt, Volume in ml- volume required for digestioveight of
sample in gm- 0.100gm for all the samples.

2.10. In vitro drug release studies

The in vitro release studies for formulated magneticrospheres were performed in phosphate buffer 7.4)
using dialysis bag at 37.5 + 0-6. Drug loaded magnetic microspheres equivalefiftmg of anastrozole were put
into a dialysis bag immersed in 100 ml of phosphwater (pH 7.4) in a conical flask. The flask walaced in an
orbital incubator shaker [Remi CIS 24] and rotaa¢d0 rpm. At predetermined time intervals, 5 mtied sample
was withdrawn and the same volume of fresh media®s neplaced. After suitable dilution, amount ofglraleased
in media was determined by measuring the absorhaging UV-Visible spectrophotometer at 214nm.

2.11. In vitro drug release kinetic studies

To study the drug release kinetics and mechanisengtmulative release data obtained from in vidlease studies
were fitted to various models: zero order (Q v/sit$t order (Log(@-Q) V/s t), Higuchi (Q v/s't) and Korsemeyer
Peppas model (log Q v/s log t). Where Q is the dative percentage of drug released in time t and@Qis the
cumulative percentage of drug remaining after ttméNature of release of the drug from the fornedamagnetic
microspheres was inferred based on the correlatiefficients obtained from the plots of the kinatiodels. The
model with highest correlation coefficient closeututy was taken as the appropriate model.

RESULTS AND DISCUSSION
3.1. Morphology by SEM Analysis

The morphology of PCL magnetic microspheres wasestigated using scanning electron microscopy. The
microspheres obtained from various batches were flmving. Scanning electron micrographs showed tha
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microspheres were spherical in shape and hadvellsmooth surface without any pores as showrignre. 1 and
Figure 2. The smooth surface reveals complete ramofvthe organic phase from the microspheres dutire
fabrication process. The microspheres were indaliguhomogeneously distributed without the eviderafe
collapsed spheres.

Figure 2. SEM image of anastrozole loaded polycapi@ctone magnetic microspheres

3.2. Particle size determination by optical microscopy method

The PCL magnetic microspheres were prepared byesblevaporation method using 1% polyvinyl alcohsl a
surfactant. The concentration of surfactant utllise the formulation provides an optimum particiees The
average particle size of the drug loaded magnétic Ricrosphere formulations was found to be ingize range of
10.2um to 11.2um. The size of the particle wasuérited with the addition of increasing concentratad
magnetite. As there is an increase in the amoumaijnetite incorporated a simultaneous increashdmarticle
size was observed. The size and size distributfoanastrazole loaded PCL magnetic microspherestaen in
figure 3.
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Figure 3. Average particle size of anastrofe loaded polycaprolactone Magnetic microspheresfmulations F1-F4

3.3. Determination of drug loading and encapsulation efficiency

As shown in table 2, the entrapment efficiency 8&drug loading of the magnetic PCL microsphere fdations
(F1-F4) was found to be in the range of 81.32% 4008% and 7.65% to 13.10% respectively. Entrapment
efficiency and drug loading decreased with incregshe concentration of magnetite due to the emeay of the
magnetite within the microsphere formulation. Epiment efficiency was found to be good in all thenfalations
and a maximum of 84.3% was obtained in the fornaafl. This increased encapsulation efficiencgus to the
greater proportion of polymer with respect to anmiafrdrug.[11]

Table 2. Percentage drug loading and percentage esulation efficiency of formulation batches F1 — &

Formulation Drug/polymer Drug/magnetite Average particle size Encapsulation efficiency Drug loading
code ratio ratio (um) (%) (%)
F1 1:10 1:1 10.2 84.03 13.10
F2 1:10 1:2 10.9 83.62 11.33
F3 1:10 1:3 11.02 82.26 9.08
F4 1:10 1:4 11.24 81.32 7.65

3.4. Fourier Transform Infra Red Spectroscopy (FTIR) analysis

The FT-IR spectra of anastrozole, PCLz®gnanoparticlesmagnetic microspheres were analyzed. The FTIR
spectra of anastrozole (Figure 4) exhibit a charistic band at 3045.9¢hwhich is characteristic of aromatic C-H
stretch of benzene. Characteristic absorption tear&P34.7 cil was observed which is assigned to aliphateNC
stretch of nitrile. The C=N hetero aromatic stréighwas observed at 1605.3 ¢rand 1273.6 cih Characteristic
broad band at 3433.8 ¢halue to stretching of aromatic nitrile was obsenfHR spectrum of PCL shows a strong
carbonyl stretching band at 1724 tmevealed the ester carbonyl bond (Figure 5). Thectspm of Fe304
nanoparticles (Figure 6) exhibited a characteriséind at 588.3 cthdue to the iron oxide structure. The spectra of
magnetic microsphere formulations (Figure 7) welentical to that of polymer and did not display theense
bands characteristic of drugs because they wel@nointensity, less pronounced bands and were hiddenasked

by the bands produced by the polymer. Hence thiates the absence of chemical interaction betvypedymer
and drug in magnetic microspheres and the presgfriig as a molecular dispersion in the polymetrima
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Figure 4. Infrared spectrum of Anastrozole
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Figure 5. Infrared spectrum of polycaprolactone
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Figure 6. Infrared spectrum of FeO4 nanoparticles
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Figure 7. Infrared spectrum of anastrozole loaded plycaprolactone magnetic microspheres

3.5. Thermal analysis

The state of anastrozole in the magnetic microgshevas investigated by DSC. (Figures 8-11) show€& DS
thermograms for pure drug, PCL, magnetite and doagled PCL magnetic microspheres. The glass transit
temperature of pure drug was present at 88.4nd 178.8C and for polymer it was present at 6&Jnd 365.2C.
The thermogram of drug loaded magnetic microspbehgbits similar shape and position to that of Rgtllymer
and the peak corresponding to the melting poirfted drug was disappeared. Absence of detectablignm peak
of drug in the formulation indicates amorphous asleoular dispersed state of entrapped drug. Thesreélult
suggests that the drugs were at molecular leveblgimer melting temperature, and that the polymamiained its
characteristics in the microsphere formulationse @morphous form of anastrozole in magnetic midiesp
contributes to the strong intermolecular forcesMeen anastrozole and polycaprolactone during thadtation of
microspheres. This amorphous nature of the drughmag pronounced pharmaceutical significance esuitd lead
to increased solubility and finally to an improvadlogical activity.

DSC /(mW/mg)

1 exo

Peak 178.8 °C

50 100 150 200 250 300 350
Temperature /°C

Figure 8. DSC thermogram of pure drug
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Figure 9. DSC thermogram of polycaprolactone
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Figure 10. DSC thermogram of Magnetite
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Figure 11. DSC thermogram of anastrozole loaded magtic PCL microspheres

3.6. Determination of magnetic property

Magnetic properties of encapsulated magnetite @nREL microspheres were investigated using VibgaBample
Magnetometer (VSM). The superparamagnetic behavidupolymer magnetic microsphere prevents magnetic
microspheres from aggregation and enables themdisperse rapidly when the magnetic field is rerdd2é. The
magnetization curve of the drug loaded magnetiaasjgheres and E®, nanoparticles at room temperature were
shown in the (Figure 12). The saturated magnetinatis) of magnetite and magnetic microspheres weredfdon
be 22.19emu/g and 7.66emu/g respectively. It waemed that the saturation magnetization of magrieGL
microspheres was smaller than that of bulk magnethtich is 84emul/g a typical value reported inlitezature for
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this material[12]. The prepared magnetic microspheres exhibited pap@magnetic behaviour with no coercivity
and remanence. This indicates single domain magne&O, nanoparticles remained in these magnetic
microspheres.

s (a)

0.1

(b)

Q00 10000 5000 SO0 10000 1Sp00

I\.Iumlﬁlt (emu)

Field (G)

——Fe304 nanoparticles

Figure 12.Magnetization curves obtained by vibrating sample ragnetometer (VSM) at room temperature. (a) F#, nanoparticles (b)
Fe;0, / PCL magnetic microspheres

3.7. Determination of magnetic content

The amount of magnetite loaded in the magnetic Riiirospheres was determined by AABd the results were
shown in the table 3The amount of magnetite among the formulations &#WwBRs found to be 22.17- 25.46%w/w.
This concentration of magnetite within the magneticrospheres could be sufficient to direct therogpheres to
reach their target site. It was previously repottgdGupta and Hung that 15 — 20% w/w magnetitaufficient to
achieve 100% retention of the magnetic carriergiS@00G magnet in an arterio-capillary flow of GG00.1 cm/s
[13]. It was also observed that a higher amount of mégn@ipto 30%) was considered sufficient to withsta
arterial pressure under a magnetic figld]. Based on the above research findings, 25.46%w/vnadnetite
included in PCL microspheres could be sufficienitbieve the expected degree of localization ohtfeospheres.

Table 3.Magnetite content of the magnetic PCL micrspheres

Formulation code % Magnetite content

F1 22.17
F2 24.52
F3 25.01
F4 25.46

3.8. In vitro drug release studies

Figure 13 shows the invitro release profile of ama®le from the prepared magnetic microspheresmbtations

F1, F2, F3 and F4 having drug to polymer ratio Jafh@l drug to magnetite in the ratios 1:1, 1:2,&n8 1:4 shows a
biphasic pattern with initial burst release of 8@, 24.25%, 27.69%, and 25.38% respectively aetiteof 24hrs
and the remaining drug was slowly released ovesreg of 21 days due to higher concentration ofptblymer. At

the end of 21 days, formulations F1, F2, F3 andeRdibits 89.05%, 88.65%, 86.15% and 87.43% respalyti

Initial burst release of the drug at the end ofr24k due to the presence of poorly encapsulated bound to the
surface of the microspherg45,16]. The slow and controlled release of anastrazole fittwn microsphere
formulation may be due to diffusion of drugs fromlymer as well as due to erosion of polymer. Thergmenon
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seems to be more accentuated by the high hydrogihobf polycaprolacton§l?]. It was observed that there were
no significant changes in the drug release of then@ilations F1-F4 with the increase in the conadiun of the
magnetite. Among all the batches formulated, foatioh F3 containing drug to magnetite ratio 1:3vehanore
controlled release behaviour with 86.15% of reledigbe end of 21 days.

100 -
90
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@ 70 ——F1
[}
@ 60
1 ——F2
3 50
©
J
2 40 —A—F3
3 30
20 —©—F4
10
0 T T T T 1
0 5 10 15 20 25
Time in days

Figure 13. Comparative release profile of formulatbns F1 to F4

3.9. In vitro drug release kinetic studies

The release data obtained was fitted to varioustkirmodels such as zero order, first order, Higuahd Peppas
models in order to conclude the mechanism of reledsanastrozole from the magnetic PCL microspheras
drug release pattern of the formulations F1 to Rdws best fit with the highest correlation coef#fitis for by
Higuchi. This indicates that the release of anasiemfrom PCL magnetic microspheres is controllgdiiffusion.
Formulation F3 shows FRvalue 0.962 which is highest correlation factothwiliguchi. The results were shown in
the table 4.

Table 4.Kinetic data of anastrozole loaded PCL maggtic microspheres

Zero  First Higuchi Peppas
R? R? R? R?
F1 0.839 0.980 0.976 0.716
F2 0.828 0.976 0.970 0.711
F3 0.807 0.955 0.962 0.710
F4 0.818 0.963 0.968 0.677

CONCLUSION

Based on our previous studiesagnetic microspheres of anastrozole were sucdispfepared by O/W emulsion
solvent evaporation technique and the microsphesa® spherical in shape with smooth surface. Trerame
particle size was found to be in the range of M. 24um. High percentage of encapsulation effigiesned drug
loading was achieved and the microspheres extsbijgerparamagnetic behaviour with saturation mazgputin of
7.66 emu/g. FTIR and DSC studies confirmed the rades@f chemical interaction between drug and potyamel
amorphous state of anastrozole in the magneticosptreres. The in vitro release studies showedlittitirst effect
followed by sustained effect over a period of 2¥sdaAmong all the formulations, F3 showed more ausd
release behaviour. Hence it can be concluded higatmagnetic PCL microspheres of anastrozole coeliged the
drug for a prolonged period of time at the targget and might be potentially used as carrier fogesed delivery.
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