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ABSTRACT

The hydrophobicity and limited bioavailability obth drug Curcumin and TiOnanoparticles is destroyed herein
this work by coating the anatase fi@anoparticles with biodegradable polymer Chitos@iO, nanocarriers for
drug Curcumin had been synthesized by simple wemidal co precipitation route and the nanoparticles
functionalized in biological fluids by capping wi@hitosan. The synthesized nanomaterials were ciarnaed by
UV-VIS, IR and XRD spectroscopic analysis. The maggy and particle sizes were determined on th&sbaf
XRD. The primary biological activities of functidizad TiQ loaded with Curcumin were tested on Shiegella
bacteria for antibacterial analysis. These functibped TiQ nanoparticles exhibited higher antibacterial adies

at MIC 1ug/ml. compared to free hydrophobic F#&hd drug Curcumin and shown particle size of 24 nand
Spherical Morphology with anatase core. This wiekulted in a simple drug delivery system of ;Ti@ future
applications in delivery of hydrophobic drugs tolbigical systems for antibacterial and anticanagals.
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INTRODUCTION

Researches have shown that titanium dioxide natiolesr (TiO, NPs) are environment friendlyand have good
biocompatibility with weak or no toxicity in vitrand in vivo, which indicates its great probabiliby the
applications in life science. However Ti@anoparticles needs functionalization with surfaoating by water
dispersible agents like cyclodextrins, polymerigbcdnydrate derivatives, and organic acids. AlonghwiiO,
functionalization if drug loading performed on saé the biological activities may enhance and thesmsystems
act as drug delivering platforms|[2,5].

Turmeric is a spice derived from the rhizomesQifrcuma longa which is a member of the ginger family
(Zingiberaceap Rhizomes are horizontal underground stems taatl ©ut shoots as well as roots. The bright
yellow color of turmeric comes mainly from fat-sble, polyphenolic pigments known as curcuminoi@)rcumin,
the principal curcuminoid found in turmeric, is geally considered its most active constituent hguvimerapeutic
impact. Other curcuminoids found in turmeric ina@udemethoxycurcumin and bisdemethoxycurcumin. Hitich

to its use as a spice and pigment, turmeric has heed in India for medicinal purposes for censjfier]. More
recently, evidence that curcumin may have antamfinatory and anticancer activities has renewednisiiie
interest in its potential to prevent and treat @é& Tumeric is the dried ground rhizomeCGafrcuma longalt is
used as a spice in Indian, Southeast Asian, andIMiBastern cuisines. Curcuminoids comprise abe@fo20f
turmeric. Curcumin is the most abundant curcuminoitlirmeric, providing about 75% of the total auminoids,
while demethoxycurcumin provides 10-20% and bisdbme/curcumin generally provides <5%. Curry powder
contains turmeric along with other spices, but dmeount of curcumin in curry powders is variable aftkn
relatively low. Curcumin extracts are also usedfasl coloring agents . The health benefits of comicuare
extremely well known, stretching back to anciemhds. It has been widely used in medicine as an anti
inflammatory, to treat digestive and liver problens&in diseases, biliary disorders, anorexia, couggpatic
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disorders, bloody urine, hemorrhage, toothacheymagism, sinusitis, bruises and wounds. To take ex@ample,

curcumin has been found to inhibit the growth & tkelicobacter pylori bacteria, which has beenduhko gastric
ulcers and gastric cancer. Studies show that cuircamay help fight infections some cancers, redafl@aimmation,

and treat digestive problems. Shiegella is suchaebia found in most of places in dirty and putsidter sources,
and its infection is a cause of disorders of digestystems.

Chitosan is natural biodegradable carbohydrate metyisolated from chitin source. It is used as @ap@nd
functionalizing agent. It can be used to delivedimphobic drugs and nano cores inside the call, Mianoparticles
have good biocompatibility inside cell in bare forrbut posses very low aqueous solubility and low
bioavailability[10,11]. Yet these nanoparticles ased in biological applications. In continuatioithathese facts
the work in this paper aimed to functionalize asatdiG nanoparticles in biological fluids by coating with
Chitosan and after coating of these nanopartitiesaading with drug Curcumin to enhance its biaabactivities.
We had synthesized water dispersible Ji@nospheres by simple wet chemical route andctifumalized them
with Chitosan by in situ precipitation using CTABrfactant. After their physicochemical characteiaa the
antibacterial activities on Shiegella bacteria weged and MIC of these drug delivery system vedsrdhined.

MATERIALS AND METHODS

2.1 Materials and Instruments :All the required TTIP ( T compound), std. curcumin, NBH, organic solvents,
Phosphate buffer solution (PBS) with pH 7.4,Chitosend CTAB surfactant were procured from S.D.Fine
Chemicals Itd. and Double distilled water was atedi with required minimum molar conductivity fromillippore
distillation system then used in the synthesisafaparticles, drug nanocomposites. All other celfuce medium
and reagents used were of analytical grade. Thsigbghemical characterization of synthesized nanerads were
performed using Systronic double beam UV-VIS spgdiotometer, Perkin Elmer series type IR spectrened
XRD spectrometer with Cu-t{source on the basis of powder diffraction method.

2.2. Synthesis of TiQnanoparticles by co precipitation route :

TiO, with rutile phase were synthesized using co pietipn method. In typical synthesis of TiCbare
nanoparticles, 5 ml. of TIIP (Titanium tertiary pgopoxide) placed in 100 ml. beaker and kept stiyon magnetic
stirrer further 10 ml. ethanol and 2 ml. MBH added successively till precipitation of hydei Then total
precipitate washed three times with 25 ml. portioh®D water and dumped in Petri plates to dry\emat 85C.
The TiQ, nanoparticles further ignited at 48Din muffle furnace to get dry core anatase phase.

2.3. Synthesis of drug loaded Chitosan capped fationalized TiO, nanoparticles:

The curcumin loaded Chitosan coated functionaliz&d, nanocomposite material was prepared using simple ¢
precipitation technique. Briefly, in typical syn#ie of the nanomaterial 1 gm of dried Fi@anoparticles powder
was suspended in 10 ml. DDW and stirred at 450 rven 0.6 gm. Chitosan was added to this mixturé an
immediately with 0.2 gm. of CTAB surfactant addedi atirring speed increased to 850 rpm. the salugtored for

3 hours and washed three times with DDW to remoweacted Chitosan. This suspension again diluteadoljtion

of 10 ml. DDW and then 2 ml. of Curcumin was add&chg./ml. in ethanol) suddenly drop wise. The dohut
turned orange red and stirred for 6 hours then pid adjusted to 7. Finally the nanomaterials wastidd DDW
and dried in oven at 9G.
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The reactions taken place in the synthesis of theeecomposites are explained as in scheme 1

Scheme 1 : [ A simple wet chemical Co-precipitatidn
1)Ti*( + NH4OHaq) + Ethanol — TiOH, [Precipitation by stirring at basic pH]
2) TIOHs —  TiO2 (anatase) [Drying and Ignition a#t5(°C for anatase phase]

CTAB
3) TiO; + Chitosan + Curcumin — Chitosan Capped TiQ loaded

[ Chitosan coatin@ur. bonding and loading]

with druguEcumin

CTAB Chitosan CurcumDrug
Chitosan coated curcumin loaded
TiQ nanocomposite

Bare TiO;nanoparticles Chitosamwated drug laoded TiQ
Image 1 : Synthesis of functionalized Ti@nanoparticles

2.4. Structural and morphological characterizations of Bare TiO, nanoparticles and functionalized
nanoparticles:

The structures and morphology of bare Ji@noparticles and drug loaded chitosan coated m@docomposites
were estimated and confirmed on the basis of UV-8fi8ctroscopic and X-ray diffraction methods. Systr type
Double beam spectrophotometer was used to mealssoeption spectra of these nanoparticles suspeinde®w
with D D Water as blank from Millipore system. Theximum absorption wavelengths were compared tystu
bonding and spectra shifting interactions in materiThe formations of capping on surface of JJa&dd bonding
interactions of curcumin were confirmed on the daxi IR analysis using Perkin Elmer series typecspeneter
with scanning from 400-1300 chrange using KBr pallet technique. The mean partiites and morphology of
these materials were confirmed using XRD spectradwyder diffraction method and particle sizes wesgmated
using famous Debye Sherrer’s formula and the spentitched with standard JCPDS card from literatugonfirm
phase of material.

2.5. Antibacterial analysis on Shiegella and determation of MIC:

The antibacterial activities of bare TiGhanoparticles and its functionalized Chitosan edatrug loaded
nanocomposites were determined on Shiegella byesdspy the nanomaterials in Sterile phosphate bsftfution
of pH of biological fluids. 1 to 5ug/ml. doses wegigen to grown cultures of bacteria using well nogt. Briefly,
the Shiegella was grown on DMEA culture medium atture plate in phosphate buffer by incubatingoit 24
hours at 37TC and 5%C@ environment in incubator. After dosing of nanomialesolutions the plates were again
incubated for 3 hours in same environment and ofrehibition were analyzed under microscope. Tinages of
culture plates were captured by camera have repegbé figure. The minimum inhibition concentratso(MIC) of
functionalized TiQ were determined from dosing of different concettres.
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RESULTS

3.1. Morphological and Physicochemical Characteriz#on :
3.1.a. UV-Vis spectra :

0.7
WAMSPLOT Chitosan Coeted TiC2 124 W-MIS spectraof pure TiO, Suspended in Weter
06+ Mexinumabsorption wavelength shift at 260 rm
Red shift 1 Maximumabsortionat 249 nm
g % 10
C ) .
£
2 o4 S oo
S
< 2
< 08
03+
07
021 064
T T T T T T =
20 220 240 200 220 30 05 T T T L | T T T T
] 10 200 20 240 260 280 30 30 340 30
o m Aborption wevdlengthnm
050
0.45- UV-VIS Spectra of Drug loaded Chitosan capped TiO,
Maximum absorption wavelength at 420 nm red shift
040
(]
e 035
I
2
2 030
Qo
<
025+
020+
015+
T T

Figure 1: UV-VIS absorption spectra of bare TiQ , Chitosan coated and drug loaded Ti@nanomaterials

UV-Vis spectra of materials exhibit different alystiton maxima at different wavelengths and shiftaigsignals of
TiO, with functionalization and drug loading. As pegtiie 1 the bare Tighanoparticles absorb and shows maxima
at 249 nm. in UV region when suspended in wateilewthis absorption maxima shifted at 260 nm. a@&itosan
being coating which proved strong bonding intemttiand capping effect of Chitosan with JiGnd
functionalization of material. When drug is loaded Chitosan coated TiCthe quenching of drug absorption
maxima take place along with shifting of signalcofted titanium dioxide nanoparticles. The sigaahifted from
260 nm. to 420 nm. with quenching of peak of druga@min. Overall red shift may occur by bondingenaictions.
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3.1. b

IR Characterizations of bare TiQ and functionalized TiO, nanopatrticles or drug loaded and chitosan
coated TiO; :
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Figure 2: IR spectra of Chitosan coated (top), barémiddle) and curcumin loaded chitosan coated Ti@nanoparticles (bottom) from top

respectively
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IR analysis of bare TiO2 nanopatrticles and Chitaszated material reveal that, The bare ;JJa@sorb between 500-
650 cn and 850-950 cihregion of IR spectra. The peak at 531 and 661 suggest the Ti-O stretch band (Broad)
in anatase phase. After coating of Chitosan ofaserthe peaks are weakened and one of the peakeére880-950
cm® decreased in its intensity which proved the foromabf coating on Ti@for weakning of Ti-O strecth. The
figure 2 indicate the IR spectra of bare Titaniuioxitie nanoparticles and Chitosan coated titaniiowide core in
anatase phase. While curcumin loaded chitosan @¢da@®, spectra revel that, -OH vibrations between 3300035
cm® are shifted and sharpened showing the bondingO# groups of chitosan with TiCand of curcumin with
chitosan and Ti@ These IR peak predictions proved loading of comiouover chitosan coated Ti@anoparticles.

3.1.c. X ray diffraction (XRD) analysis :
X ray diffraction patterns of bare Tjanoparticles, Chitosan coated nanoparticles wetermined separately by
powder diffraction method using Cu kource.

Crystallite sizes were calculated using Debye Satgeformula, K= 0.9/.CO9.
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Figure 3: XRD plots of pure bare TiO,and Chitosan coated TiQ nanoparticles.
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‘Table 1 : Diffraction pattern of crystalline TiO , and slight amorphous Chitosan coated Ti@

0 Q
Crystallite planes d Calcul_ated A d C_:alculated A ' .
(Miller Indices) for T2|022 , for Chltosanzcozat(gd TiO| d Standard OA Lattice C(c))nstam
[h.k.] d=aN(h+k +l) d=aN(h+k +l) JCPDS card no.-84-1286  a A
Anatase or or
2dSird= . 2dSird=
101 2.9828 2.9810 2.9840 a Séazggrd =
103 2.5440 2.5427 2.5447 ’
004 2.4358 2.4347 2.4364
112 2.1089 2.1072 2.1100 a Calculated =
200 1.9349 1.9338 1.9363 6.436
105 1.6234 1.6225 1.6242
211 1.4909 1.4888 1.4920

3.2. Antibacterial activities of functionalized drug loaded TiO, nanoparticles:

Activity of nanoparticles in phosphate buffer pH=74 on Shiegella .

A] Pure TiO, 5 g/I. B] hi@osan coated TiQ C] Large antibacterial activity of
Small inhibition 5 g/ml. medium zone of Chitosan coated drug loaded
inhibition on shiegella Drug loaded TiQ at 5 g/ml.

D] antibacterial activity of 3 g/ml. ; E] aribacterial activity of 5 g/ml. FLarge antibacterial activity of
Chitosan coated drug loaded TiO2  Chitosan coated drug loaded Ti@ Chitosan coated and the
nanoparticles Zone of inhibition on $kgella Drug loaded Tigat 1 g/ml. [MIC]

Image 2: Antibacterial activities and MIC determination for nanoparticles on Shiegella

As a primary biocompatibility study of bare Ti@anoparticles and its functionalized nanocomposééehad tested
the antimicrobial activity of both materials on &éélla using well culture plate method and deteechiMIC values.
As shown in image 2, very active zones of inhilitiwere observed for material dosing in phosphatiéebu
medium. The functionalized and drug loaded TiOZopanticles had shown higher antimicrobial actigtiban bare
TiO, and capped Ti© Free TiQ is insoluble hence shown lesser activity, whilectionalized TiQ is hydrophilic
and shown high activity. These nanomaterials etdtba platform for drug delivery of hydrophobic macilles like
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Curcumin. Here dual antimicrobial effect of Curcantdrug and Ti@ was observed on Shiegella. The minimum
inhibition concentration optimum value (MIC) wastained as 1ug./ml.

DISCUSSION

In this paper a very simplest in situ co-precipitatmethod has been reported for the synthesidarationalization
of TiO, in biological fluids. Herein this work enhancedibacterial activity of drug delivery system of TiGoated
with Chitosan have been reported for Curcumin. Tiis trial to functionalize Ti©@nanoparticles in biological
fluids for delivery of hydrophobic drugs. This n@omposite system proved future trial as an anteamntug
delivery system. Here this system with functionadiZiO, proved enhanced antibacterial activity on Shedgell

CONCLUSION

In the present work we had functionalized anatage, Thanoparticles in biological fluids by capping with
biodegradable polymer Chitosan. Here we reportedsiraple wet chemical co precipitation route for
functionalization and drug loading of TiO After functionalization these nanoparticles exeith higher
antimicrobial activity against Shiegella. The fuooglized TiQ nanoparticles shown a platform for delivery of
hydrophobic drugs as well as anticancer drug deflisgstem.
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