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ABSTRACT

Present work report the biocompatibility study ohanoassembly of the drug Curcumin conjugated Witic
Ferrite core and encapsulated by functionalizingeaig Chitosan. Zinc Ferrite nanoparticles were swsihed
separately by combustion route using urea andigdéymixture as fuel, and these nanoparticles vebigacterized
on the basis of Transmission Electron MicroscopMR=spectra and X-Ray Diffraction. The average ejige size

of the ferrite nanoparticles were found to be 42.The Chitosan capped and CTAB stabilized Curcuozided
Zinc Ferrite Core shell CCZ nanoassembly were sgited by In Situ Co precipitation. The mean pkertiize of
these bioactive material was found to be 52nmhgtgbical and spherical morphology of these nanmstire was
estimated using Transmission Electron Microscopyray Diffraction, and SEM. The formation of namasture
was confirmed by UV-VIS, FTIR and Fluorescence tspemeasurements. The drug delivery ability and
biocompatibility on stem cells with plausible canderapy applications of these nanoassembly wireogated on
the basis in vitro test performed on Chicken EmI8tem cells. The material had exhibited dose and tiependant
biocompatibility with LR, of 5 ng./ml. The internalization of Curcumin iretBtem cells elaborated on the basis of
microscopic images. These functionalized nanoadgehalnl exhibited prominent applications in clinidakls for
anticancer treatments.

Keywords: In Situ Co precipitation, Curcumin, Zinc Ferritdanocomposites, Chitosan, biocompatibility.

INTRODUCTION

Ferrite nanoparticles with tailored surface chemistave been widely used for variouapplications including
magnetic resonance imaging, tissue repair, immwagyasdetoxification, hyperthermia and drug delivefhe
applications of these capped nanoparticles in biticaé and bioengineering fields requires high maigagon and
smaller size. Most importantly, the surfaces okthaanoparticles need to be tailored by coatinjy mdntoxic and
biocompatible polymers, not only to overcome thglagperation resulting from a large surface-to-voturatio, but
also to meet the demands of some specific appiics{h-8].

Among various coating materials, chitosan a natpalmer has been widely used because of its namtox
biodegradable, biocompatible properties . Curcuisipolyphenolic pigment found in turmeric [Curcunoagal],
which is a traditional medicine found and usedanth Asia and it has wide range of potent medicadivities
including antitumor, anticancer, antioxidant, anflammatory, anti asthma and remedy for Alzheindésease.
Among the potent anticancer agents, curcumin has fmund to be very efficacious against many défifeitypes of
cancer cells. However, the major disadvantage &dsdc with the use of curcumin is its low systemic
bioavailability and aqueous solubility. So therewigle scope for the synthesis of encapsulated and kbaded
ferrite nanocomposites. Such nanostructures hasingpbrtance in effective and biocompatible drugiwely.
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Although curcumin proves to be remarkably non-toxi@ has promising anti-cancer activities, its apyibn in

anti-cancer therapies is limited due to its low emus solubility and poor bioavailability. More rety, the

approach of biodegradable polymer materials has lbeseloped for capping of ferrites. This offer®mising

therapeutic performance of anti-cancer drugs byemging their bioavailability, solubility and retem time. These
drug formulations are superior to traditional méuks with respect to control release, targetedresfion the basis
of ferrites as probes and therapeutic impact[9-Pdlymeric nanoparticles act as nanocarriers withny

advantages, such as low toxicity and high stabi8gveral drugs formulated in polymeric micelles ased in
clinical trial development for the treatment of ieass cancers. Capped nanoparticles have attradgedicant

attention in the study of drug delivery systemshey offer a means for localized or targeted dejivsystems of a
drug to specific tissue, stem cells or tumor sites.

In the present work we have developed water digger€hitosan capped and functionalized Zinc Fercitre shell
nanocomposites loaded with drug Curcumin as nagleted drug delivery system. After separate swighend
physicochemical characterization of Zinc Ferriteayarticles and its Chitosan capped Nanocompdsiéeled with
Curcumin, the drug delivery ability and biocompdtilof these Nanostructures were estimated on #sishof in
vitro test performed on Chicken Embryonic Stem €¢€llhe developed biocompatible drug delivery syss@imwn
the prominent future prospective for anticanceriappions.

METERIALSAND METHODS

2.1. Materialsand Instrument:

All the chemicals used were procured from S.D.Fi@bemicals Itd., Systronic double beam UV-VIS
spectrophotometer, Perkin Elmer series IR spectiemeith KBr palette technique, Jasco type fluoesse
spectrometer were used for structural charactésizasand Double Distilled Water was used for nanbpas
synthesis.

2.2. Preparation of bare ZnFe,O4 nanoparticles:

Zinc Ferrite nanoparticles were synthesized sgphr by combustion method. 0.1M Zn(ll) and 0.2Me(IR)
nitrates were mixed together in a beaker and Uré&alyeine (0.1: 0.1 M) is added as a fuel, the tome was
homogenized to form emulsion. The emulsion firehted in air on hot plate to remove volatile galsgs
combustion and then ignited at 630(Thermal Stability confirmed by TGA) in air inehalumina crucible with
increase in heating rate in the muffle furnace ®rhrs. So formed ferrite nanoparticles were used f
physicochemical characterization.

2.3. Synthesis Chitosan coated Curcumin loaded Zinc Ferrite core shell nanoassembly (CCZ2):

Chitosan coated curcumin loaded zinc ferrite caxaoparticles were synthesized using In situ coipitation.
Briefly, 15 ml. solution of 4.86 mg., 0.2 M Fe(N@and 2.96 mg. 0.1 M Zn(N£ dissolved in double distilled
water was heated to 8D for 10 min. and kept under constant stirring cagnetic stirrer for 3 hours. Then 15 ml.
of 14M ammonium hydroxide were added drop wiseofe#td by 100 mg. addition of Chitosan and 20 mg. BTA
surfactant to coat the chitosan on surface of teermanoparticles and stabilize in colloidal statee stirring
continued for 30 min. The Chitosan coated magneditoparticles were washed multiple times with Ethamd
acetone and then with Water to remove extra Chit@sal make them dispersible in water. These Chitespped
ferrite nanoparticles dispersed in 25 ml. doubktildkd water and dispersion was formed. This Giato capped
zinc ferrite nanoparticles dispersion further sated for 5 min. Then to load the Curcumin into ¢heanopatrticles,
5 mg. of std. Curcumin dissolved in 1 ml . ethafhabout 5 ml., i.e. about 25mg./5ml.) was addeg dvise to this
suspension and kept stirring at 1000 rpm. on magsétrer for 3 hrs. along with heating at 70°80o allow the
penetration of Curcumin into Chitosan coat. Fin#lilg suspension cooled and centrifuged at 3000 apohwashed
3 times with 25 ml. portions of Double Distilled ¥¢a and resuspended in sterile phosphate buffatiao with
pH=7.4 until further use. whenever required, the€Z designated nanocomposites were dried in ddsicca

The reactions taken place in the synthesis of resswably are explained as
[In Situ Co precipitation]

1)2 F€aq) + Z"(aq)* 8 OH — ZnFe0, + 4H,0 oXidation at basic pH and 0]
2) ZnFeO,4+ CTAB + Chitosan— Chitosan Coated Ferrite [ Phase transfer and adsorption]
2) Capped Znk®,+ Curcumin— Chitosan coated -cur. Loaded -ZpBg [ Cur. bonding and loading]

[Final CCZ Nanoassembly : Znk# core coated by Chitosan and loaded with Curcumin]

2.4 Structural and Physicochemical Characterization :
2.4.1. UV-VIS spectra : UV-VIS spectra of curcumin and CCZ nanoformulati@torded separately with 0.1
mg./ml. dispersions in ethanol.
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2.4.2. Fluorescence and FTIR spectra : Perkin Elmer Series FTIR spectrometer was usestudy formation of
nanoformulation compared with bare zinc ferrite omarticles using KBr palette method. The Jasco type
Fluorescence spectrometer used to study the guendiifluorescence due to bonding interaction oficZerrite
with curcumin and capping material for 0.1 mg./sdlutions in ethanol..

2.4.3. XRD analysis : The crystallite size of material, Packing and nmalpgy tested using XRD spectrometer
with Cu source on the basis of powder diffractiostinod.

2.4.4. SEM and TEM : The morphology of material confirmed on the bagiSEM analysis. The TEM image of
CCZ nanoformulation sample was determined sepgraigihg JEUL type microscope from SAIF, IIT, Powai,
Mumbai for the study of particle size.

2.5 In vitro Biocompatibility and drug delivery study of CCZ nanoassembly on Stem Célls:

In vitro biocompatibility of curcumin nanoformulati was tested on chicken embryonic stem cellsflgridhe eggs
were incubated to grow the stem cells a7 humid atmosphere in a sterile chamber. Aftatays variable
concentration dosing of nanoformulation in steple®sphate buffer medium[pH=7.4] was done on emlna the
stem cells which were incubated at same environnfem# days. The embryo was slowly removed in keri
phosphate buffer solution and preserved in it tmstcell internalization of nanoparticles and therpmology of
embryo and stem cells were studied under microscbipe effect of nanoformulation on stem cells weltecked on
comparison with curcumin by separate dosing. They delease and delivery effect for curcumin nanoidation
tested by using dialysis bag method and UV-VIS spetetric assay.

2.6. Invitrodrugrelease: (Dialysis bag method and UV-VIS spectrophotometric assay)

Dialysis bags of sizes of 12-14 kDa were cut off &iled with 2 mg. of CCZ nanoassembly and pubidd ml. of
sterile phosphate buffer with pH=7.4, this phase atirred and incubated at °87 in 5% CQ atmosphere. After
fixed time intervals in hours, the 2 ml. of thisceptor phase was withdrawn and filled with freslHfdu The
curcumin release was assessed at these time iistersiag UV-VIS spectrometer at 460 nm. The cuningatirug
release profile for curcumin plotted against thtse intervals in hours.

RESULTSAND DISCUSSION

3.1.Physicochemical and structural characterizations of Zinc Ferrite nanoparticles and CCZz
Nanocomposites:

3.1.1. UV-Vis Spectra : The UV-Vis spectra of Std. curcumin and CCZ naooaposites were recorded for 0.1
mg./ml. suspension in ethanol. The spectra rewbalscurcumin shows maximum absorption wavelergtd60
nm. and for CCZ nanostructure at 469 nm., due b@ndf curcumin with Zinc Ferrite and Chitosan. Véhidare
Cobalt Ferrite nanoparticles dispersed in ethandl sonicated shown thenax at 487 nm. The 9 nm. wavelength
shift (AL ) of curcumin to CCZ nanocomposite is due to faramaof core shell nanocomposite. The decreasken t
absorbance in the spectra supports the curcumidibgrand formation of Chitosan capped Curcumin Ziret
ferrite nanoconjugate (refer Fig.1).The magnetimastructure CCZ-MNC contain Van -Der Waals bonding
interaction of curcumin with oxide and Chitosantcaspolymer capping material.
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Figurel: UV-Visspectraof curcumin and CCZ nanostructure
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Figure2: Fluorescence spectra of curcumin and nanoassembly

3.1.2. Fluorescence Spectra of Curcumin and CCZ Nanocomposites:

Fluorescence spectra of curcumin recorded at 460anchfor CCZ nanocomposites it was recorded atrdB9for
0.1 mg./ml. solution in ethanol. The spectra resgdhat curcumin shows maximum fluorescence atrBf0and
CCZ nanostructure shown quenching of fluorescedue, to boding and capping of Curcumin. The fluoeese
was quenched for nanoassembly at 610 nm. due bpodicurcumin with Zinc ferrite and Chitosan (refgg.2 ). It
had proved the formation of Chitosan capped Curoutbaded Zinc Ferrite core shell nanocompositese Th
magnetic nanostructure contain electrostatic isteya of curcumin with ferrite and the polymer cagpmaterial.

3.1.3.FTIR Spectraof ZincFerriteand CCZ Nanostructure:

The FTIR spectra of Zinc Ferrite nanoparticles &ithl CCZ nanocomposites were separately recordeéenkin
Elmer series spectrometer. Zinc Ferrite shown tlsteeng peaks at 543 €m1071 cnit, and 1115cm in the
fingerprint region because of Fe-O and Zn-O, Zrsffetching vibrations respectively, and the two kvpaaks at
2824 cnt, 3028 crif were supposed due to  Fe-O stretching #OFentity present in zinc ferrite, while the broad
peak at 3441 cthwas observed due to Zn-O-Fe stretching in zindtée(refer Fig.3a ). These values in the spectra
supported tetrahedral group in the cubic spinalineabf zinc ferrite. Furthermore, In second FTIR&pa, —OH
vibration Frequency of Curcumin was shifted at 381", due to H-bonding of Curcumin in CCZ nanocomposite
with Chitosan capping agent and Van- Der Waalgaution with Zinc Ferrite. The peak at 3441 tmas due to —
OH groups of Chitosan polymer which were H-bondéth \€urcumin. The strong peak in second specti2380
cm’* was observed due to amine group interaction ofoShn with Curcumin and Cobalt Ferrite. The strpegks

at 1265crit, 1123crt, 1069cnT, 992cnt, 956cm* were shown the N-H bending, O-H bending vibratiofs
Chitosan and Curcumin diketone bending vibratiwhgch proved the weak bonding interactions of Cozuwith
strong Chitosan cap and core shell of Cobalt feerfihe remaining peaks at 616 tn818 cnt', and 854 cmin
second FTIR spectra ( See Fig.3b) were dueamatic-H and —OCEklgroups of Curcumin bonded with Chitosan
and Cobalt Ferrite core shell in final CCZ Nanostiwe. So data suggested the Curcumin can be eabilysed in
drug delivery, due to uniform distribution of Curain in the material.
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Figure3b: FTIR Spectraof Final CCZ Nanostructure

3.1.4. X ray diffraction :

X ray diffraction patterns of bare Zinc Ferrite pparticles and CCZ nanocomposites were determiapdrately
by powder diffraction method using Ca kource. The XRD spectra of Zinc Ferrite exhibpedycrystalline nature
of bare oxide material with sharp peaks. The XRbegpa shown the sharp peaks with (311) plane as peak.
The spectra was matched with standard XRD patte#&ine Ferrite with JCPDS card no.-82-1049, havitgpic
Spinal nature of material with crystalline latticenstant a = 8.440°AAll the peaks and lattice constant were in
good agreement with standard XRD pattern. Hencthegized bare Zinc Ferrite nanoparticles not shamnphase
impurity, except some carbon impurity may be preskre to combustion. Synthesized Zinc Ferrite naniges
shown Cubic Spinal structure with lattice constnt 8.434 A and the crystallite size was calculated on thsisba
of Debye Scherer’s formula. It was found to be 42 n

The XRD pattern of CCZ nanocomposites shown slifitrease in the intensity of peaks, and some bnizgief
peaks in second spectra shown the amorphous coatipglymer and Curcumin loading on Ferrite cordeT
material had been shown Cubic spherical packingiot Ferrite core with Curcumin in Chitosan. T8terp peaks
in the XRD pattern were might be due to presencgit Ferrite core in the nanocomposites. The fathalue of
(311) plane of sharp peak was decreased in sec®id $pectra of Nanocomposites showing bonding ofiteer
with Curcumin and Polymer. The final nanocomposisiterial shown the crystallite diameter of 52 amd lattice
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constant of a = 8.556%Awhich proved the presence of Zinc Ferrite corthenmaterial without any phase impurity
(refer Fig. 4). The XRD patterns proved the presefiac Ferrite core in the CCZ nano assembly.

XRD Plot of ZnFe O,

2500

2000

Intensity au

1500

1000

20 40 60
20

T \ XRD Spectra of CCZ Nanostructure

2500 —

zoo00 —

E\ 1500 —

1000 —

500 T T T
20 a0 60 80
2e

Figure4 : XRD Patterns of Zinc Ferriteand Final CCZ Nano assembly

XRD Data of bare Zinc Ferrite :
Crystallite size calculated using Debye Scherersmfila, K= 0.9/3.CO= 42 nm.
Diffraction pattern of zinc ferrite,

Crvstalite ol d Calculéateg f\
rystallite planes .
(N)I/iller Ind?ces) d=an(h+k+) | d Standard A | -2ttice Constant
(hk.1] or an
2dSirh= nh
220 2.9818 2.9840
311 2.5429 2.5447 a Standard =
222 2.4346 2.4364 8.440
400 2.1085 2.1100 ’
331 1.9349 1.9363
333 1.6231 1.6242 a Calculated =
440 1.4909 1.4920 8.434
622 | - 1.2723 )

3.1.5. SEM Images:

SEM images of CCZ nanostructure had shown the cupiberical and some elongated morphology of nadteri
suggesting the presence of zinc ferrite core. Tdr@oomposite shown chitosan coated curcumin logdaids of
zinc ferrite with non uniform size( See Fig.5a &t. The variable grain sized material had shownesamorphous
aggregation of particles showing existence of daitoencapsulation. While zinc ferrite shown sirggkein crystals
with cubic packing and porosity ( refer fig. 5&)b,
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Figure5b) : SEM Image of CCZ Nanostructure
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Figure5c) : SEM Imageof Zinc Ferrite

3.1.6. TEM Images of CCZ nanoassembly :

TEM images of CCZ nanostructure shown that thesme@mposites of curcumin consist of zinc ferriteecwith
chitosan coating and curcumin loading and exhibigethe cubical or elongated and spherical morphdl&@pe
Fig.6). The mean particle size these bioactive ritiund to be 50-60 nm , which matched with XRystallite
size of 52 nm. The SAED pattern of material hasdvshthat the CCZ nanocomposite possessed some housrp
nature due to biodegradable chitosan coat.
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Figure6: TEM Imagesand SAED pattern of CCZ Nanostructure

3.2. Biocompatibility in vitro and drug delivery on chicken embryonic stem cells;

3.2.1. Dose and Time dependent biocompatibility :

The CCZ nanoformulation of curcumin shown dose ddpat and time dependant biocompatibilities. Théenw
shown cell internalization and growth inhibition siEm cells after incubation for 7 days. The CCEamtamposite
exhibited slow and sustained drug release on theyamic stem cells. The normal growth of embryo ate cells
was inhibited at very low doses of concentratiohd@) Ng./ml. to 5 Ng./ml. So this material is asbeelivery
system of anticancer drug curcumin. In combinatigth ferrite core the curcumin had proved plausibtdanced
cell apoptosis effects. The microscopic images whbryo and stem cells demonstrates these effects wit
biocompatible drug delivery( refer the images 5o

Image 1. : Image 2. :

Cell growth inhibition for CCZ Normal growth of Embryo
[nanocomposites dose (100 Ng/ml.) in PBS

with slow cell inter nalization]

( possible Cell apoptosis)
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Image 3.: No growth for low soluble free Curcumin dose (100 Ng/ml.) in PBS With low cell inter nalization.

Image 4: Image 5:

Slow growth inhibition for Only free Fast growth inhibition for CCZ Nanocomposites
Curcumin dose (5ng./ml.) in PBS dose (5ng./ml.) in PBS[L Dsg] with high cell

With high cell internalization. inter nalization.

[a preliminary observation for cell inter nalization, biocompatibility and plausible anticancer potential]

3.2.2. Drug release profile : The in vitro drug release profile of curcumin frddCZ nanoassembly revealed that
these water soluble nanoassembly release curcuntémge percentage after 72 hours., equal to abb@b. After
three days the curcumin release increased in PBRjweous medium. After 7 days the highest drugaselavas
observed that of 74.8 % . Hence these nanoassdrakity ability to release drug curcumin on stem aallsancer
cells effectively. The slow and sustained reledseuoccumin in release profile exhibited the potabtlity of these
nanoassembly in therapy (refer drug release prafieph of Fig.7). As curcumin have different theraic
applications, these nanoassembly are novel wateblsoformulation model for targeted delivery afrcumin on
various types of cancer cells on the basis of fémdgte as probe. The sustained release of curcumais due to
coating of biocompatible and biodegradable poly@ieitosan.
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Figure7: In vitro drug release profile of curcumin from CCZ nanoformulation.

CONCLUSION

In the present work we had synthesized a drug elgligystem of anticancer drug curcumin. It wastaioing
chitosan as biocompatible, non-toxic and hydrophéncapsulation natural polymer agent and zincitéemas
magnetic core. These hydrophilic nanocompositg tlegeting delivery system was synthesized thraigiple in
situ wet chemical co precipitation route. As sysihed nanoassembly and bare zinc ferrite nanofestic
synthesized by combustion route were characterizedthe basis of UV-VIS, FITR, Fluorescence spectra
measurements and formation of material was confirmé&he nanocomposite exhibited cubic and spherica
morphology and bare zinc ferrite nanoparticles leixddl spinal structure confirmed on the basis ofDXpattern.
Further the morphology of material conformed by SEMlysis. The crystallite size of bare zinc ferstas found

42 nm. TEM analysis for spherical CCZ nanocompagiteurcumin were shown mean particle size of B2and
cubic structure which was estimated on the baskRi) pattern. The CCZ nanocomposite had shown curaiion
and time dependent drug release ability. The bigeadibility of these material tested on chicken eyobic stem
cells. The material shown Lethal Dose, ¥alue equal to 5 ng/ml. The material had shownsjpeative for
biocompatible drug delivery to anticancer treatraefurthermore there is need of cytotoxicity stddy these
biocompatible drug delivery system.
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