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ABSTRACT
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Chitosan-TPP nanoparticles have been prepared using ionotropic
crosslinking method. FTIR results show characteristic peaks of functional
groups present in the nanoparticles. XRD studies revealed about 44.6 %
crystallinity of chitosan-TPP nanoparticle material. SEM and TEM studies
show the spherical shape of the particles with 20-90 nm size. Swelling ratio
of the particlesin PBS and SBF wasfound to beintherange of 0.55-3.36 and
2.66- 4.19 respectively. % degradation of the material in PBSand in presence
of enzyme papain has been cal culated 46.6 % and about 80.0 % respectively.
In-vitro blood protein adsorption for the nanoparticles was found to be in
therange of 0.052-0.351 mg/g and % haemolysiswasfound to bein between
3.31- 42.1%. Antibacterid activity of the material was checked againgt strain
of E.Coli and Bacillus Cereusand percent inhibition of bacterial growth was

Nanoparticles;
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found in the range of 11-35 %.

INTRODUCTION

Biopolymer, chitosan isthe N-acetylated deriva-
tiveof chitin. Itisof commercial interest duetoitshigh
percent of nitrogen (6.89%) compareto synthetically
substituted cellulose (1.25%). Chitosan have excellent
properties such as biocompatibility, biodegradability,
non-toxicity, adsorption propertiesetc and it hasbeen
potentially using in textiles, membranes and medical
aldg¥. Chitosan hasalso been used asmateria for en-
zymeimmobilization'?. Itsdesirablecharacteristic for
immobilizing enzymesincludehigh affinity to proteins,
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availability of reactivefunctiona groupsfor direct reac-
tionwith enzymesand for chemica modification, hy-
drophilicity, mechanicd stability andrigidity. Chitosan
providesease of preparation in different geometrical
configuration that inturnsfacilitiesthe system with per-
mesbility and surfaceareasuitablefor achosen biotrans-
formation. Much attention hasbeen paid to chitosan as
apotential polysaccharideresource. It hasbeen sug-
gested that chitosan may beused to inhibit fibroplasa
inwound healing and to promotetissuegrowth and dif-
ferentiationintissueculture® 4,

Chitosan hasthreetypes of reactive functional
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groups, an amino group aswell asboth primary and
secondary hydroxyl group at the C-2, C-3and C-6
positionsrespectively. Thisspecia structure makes
it exhibit chelation with various metal ions®. It has
chemical modification of these groups and the re-
generation reaction givesto various novel bio-func-
tional macromol ecular productshaving the original
organization or new types of organization. Chitosan
isreported to suppressvird infectionsin variousbio-
logical systems. Cationic chargesof amino groupsin
chitosan may have additional functionsto activate
theimmune and defense systemsin plants and ani-
mals®. Itisacationic polysaccharideand hasgained
increasing attention in pharmaceutical field duetoits
favorable biological propertied”®, mucoadhesive
properties® 19, Additionally, chitosan micro/
nanoparticles can be easily prepared by ionic gela-
tion method using tripolyphosphate (TPP) as pre-
Cipitating agent!*. The advantage of gel ation method
was attributed to the mild condition without applying
harmful organic solvent at room temperaturein the
procedure, and al so could efficiently detain the bio-
activity of macromolecules (protein, DNA etc) dur-
ing the encapsul ation.

Systems using crosslinking of chitosan with tri
polyphosphate (TPP) have been greatly used in con-
trolled drug delivery studies. TPPisanon toxic salt,
obtained from triple condensation of PO, groups. It
acts by increasing the pH and ionic strength of the
solution forming gel and promoting ionicinteraction
between amino groupsof chitosan and anionic groups
of TPP*3, In most of the chitosan-TPP systems
chitosaniseasly biodegradable with gel forming abil-
ity at low pH*3. Moreover chitosan hasantacid and
antiul cer activitieswhich prevent or weaken drugirri-
tation in the stomach. Also, chitosan matrix formula-

HEOCHa
Chitin
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tions appear to float and gradually swell in an acid
medium and TPP does not show any negative effect
on these properties of chitosan. All these useful fea-
turesmake chitosan anideal candidatefor controlled
drug rel easeformul ation(*4,

Severd chitosan dressing materia s have been de-
ve oped commercidly for the hedling of human and ani-
mal woundsasit stimulatesthe connectivetissuefor-
mation in-vitro™, Thegrowth of E. Coli wasinhibited
inthe presence of morethan 0.025 % chitosan. It dso
inhibited thegrowth of FusariumAlternariaand Helnin
— thosporiumf*s. 171,

Aschitosan hasawiderangeof applicationsit may
be empl oyed to solve numerous problemsin environ-
mental and biomedical engineering. Simultaneously
nanoparticlesarefinding widespread applicationsinal
fidds. Thematerid of choicedecidesthemultifunctiond
nature of the particleg*® 9, The present work amedto
synthesizeionic crosslinked nanoparticlesof chitosan
and TPPand study of their swelling kinetics, enzymatic
degradation and antibacterial nature. Thenanoparticles
thus prepared might be subjected asdrug carrier spe-
ciesinnear future.

MATERIALAND METHODS

Materials

Chitosan was obtained fromthe E. Merck India.
glacid aceticacid from E.Merck, India. sodium hydrox-
ide pallets from E-Merck, India. Sodium tri-
polyphosphate (TPP) by SigmaChemical Co. (USA).
E.Coli (gram (-) ¥¢) MTCC 118 and Bacillus Cereus
(gram (+) ¥¢) F4810 from Microbiology lab Science
College, doubly distilled water. All thechemicdswere
of analytical grade and no further purification wasre-
quired.

Chitosan

Figurel: Reaction scheme showing thedeacetylation processof chitin.
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Deacetylation of chitininto chitosan

Chitinwasrefined twiceby dissolvingitindilute
HOAc (acetic acid) solution. The solution wasfiltered
and chitosan was preci pitated with agueous sodium hy-
droxide. The precipitatewasdried invacuum at room
temperature??. Thedegree of deacetylation was about
85% as determined by pH-metric titrimetry?Y. Brief
processof deacetylation of chitinisshowninfollowing
reactionschemegiveninFigure 1.

Preparation of chitosan — tpp nanoparticles

Chitosan-TPP nanoparticles have been prepared
by thedight modificationinthemethodsdready avail-
ableand reported in literature?-24, Reaction scheme
for the preparation of chitosan- TPP particlesisshown
inFigure?2.

chitosan motety

Figure2: Figureshowingthe crossinking of chitosan with
TPP.

Characterization

Fourier tansform infrared spectroscopy (ftir) -
studies

IR spectraof the powdered specimenswererecorded
onaFTIR-8400S, Shimadzu spectrophotometer.

X-raysdiffraction (xrd) - studies
For phaseidentification, X-ray diffraction (XRD)

Wotoioly Science  mm—

analysiswas carried out using Cu Karadiation (k =
1.5406 A °) in the XRD apparatus (Philips PW 1820)
powder diffractometer.

Electron microscopy studies

Aninsight into of themorphol ogy of the prepared
nanoparticleswas achieved by using SEM instrument
(STEREO SCAN, 430, LecicaSEM, USA). Simulta
neously TEM studieswere performed onaTEM ap-
paratus (MORGAGNI 268) to ensure the nanometer
sizeof thechitosan-TPP particles.

Swelling studies

The extent of swelling was determined by acon-
ventiona gravimetric procedureasreportedin litera-
ture®!, In atypical experiment, preweighed chitosan-
TPPparticlesweredlowedto swdl in PBS (phosphate
buffer saline) for apredetermined time period (up to
equilibrium sweling), thereafter the particlesweretaken
out from the solution and then gently pressed in-be-
tween thetwo filter papersto remove excess of water
andfinally the particleswereweighed using asengitive
balance (Denver instrument APX - 203). Theswelling
ratio was cal cul ated by thefollowing Equation (1).

Swellingratio =
Weight of swollen particles _ (Sw)
Weight of dry particles - (sd)

()

Degradation studies
Degradation in PBS

In a simple experiment preweighed amount of
nanopartideswereimmersedin 10mL of PBSa 37°C
for the predetermined time period. After equilibrium
swdlingwasachieved the particlesweretaken out from
the PBS sol ution and then pressed between the two
filter papersgently to remove excessamount of water
and theweight of swollen partideswasmeasuredona
sensitive baance (Denver Instrument APX-203) &t an
appropriatetimeinterva . Themedium was changed
daily to afresh oneand the swollen particleswere put
intothevid after weight measurements. Theweight loss
of the particleswasrecorded and the percent degrada-
tionwascal culated using following formulagivenin

Equation2.

% Degradation = Wo-Wd

100

2
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WhereWoistheweight of swollen particleat equi-
librium swelling and Wd istheweight of the swollen
particlesafter degradation.

Enzymaticdegradation

In a very simple experiment instead of PBS,
prewei ghed amount of the particleswereimmersedin
10 mL of deionized water containing enzyme, papain
(from papyalatex, crude, at concentration of 10 mg/
mL.) at 37 ° Cfor apredetermined period (0-14 days).
The degradation experiment was performed as de-
scribed insection 3.7.1. It hasbeenreportedinlitera
turethat enzyme papain wasfound to beresponsible
for chitosan degradation.

I n-Vitro blood compatibility

Nanoparticles are the type of hydrogelsthat are
three-dimensional crosslinked polymeric structures,
which can swell inan agueousenvironment. Over the
past 35 years, these materiashave been extremely use-
ful in biomedica and pharmaceutica gpplicationsmainly
duetotheir biocompatibility, aswell astheir high water
content and rubbery naturewhich aresimilar to natural
tissues®l. A biomateria isasubstance used in medical
devicesfor contact with theliving body for theintended
method of application and for theintended time period.
To acquire biocompatibility, themateria sused in medi-
cal applicationsmust meet certain regulatory require-
ments. Thesurface of biomaterialsisbelievedto play
animportant rolein determining biocompatibility. For
materia sthat comeinto contact with blood, theforma:
tion of clotisthemost undesirablebut frequently oc-
curring event that restrictsthe clinical acceptance of
material to beused asbiomateria. Therefore, certain
test procedures have been devel oped and they need to
be employed to judgethe haemofriendly nature of ma-
terialsbeforether in-vivo use. Thetwo in-vitro blood
compatibility testsare[1] Protein Adsorption [2] Per-
centHaemolysis.

Anti bacterial activity

Indicator bacteriaand inoculum preparation

Strain of E.coli (gram (-) ) MTCC 118 and Bacil-
lus Cereus (gram (+) ¥¢) F4810 was obtained fromthe
culture collection maintained in Microbiology Depart-
ment of Science College. The culturesweremaintained
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at 6°C on BHI (brain- heart in fusion) agar slants
(Himedia, Mumbai, India) and subcultured at 15 day
intervals. Before use, the culture was successively
propagated twicein BHI broth at 37°C. Cell suspen-
sonof theculture, individuadly, were prepared from 20
h—hold BHI culture broth with appropriate dilution in
0.85% saline, giving individual countsof 10— 10
CFU. mL* (where CFU standsfor colony forming unit).
Bacterial growthinhibitory activity

Antibacterid activity of nativechitosan and chitosan
nanoparticles was studied against indicator bacterial
grans individudly, innutrient broth followingthemethod
of 31, Bacterial activity was cal culated using Equation
(3) given b ow.
[(C-T)/C] x 100 ©)]

Wherein Cand T are colony numbersin thecon-
trol and chitosan sampleplatesrespectivel y=.

RESULTSAND DISCUSSION

FT-IR

FTIR spectra of TPP, chitosan and chitosan
nanoparticleswere analyzed. Figure 3(a) representing
the FTIR- spectraof native TPPwhere measurements
showed distinct v3 (at around 1000-1100 cm-1) and
v4 (at around 610 cm-1) phosphate group® 34, Figure
3(b) showing the FTIR — spectra of native chitosan
which reveals the characteristic band at 3449 cm !
whichisattributed to-NH, stretching vibrationand the
band for amidel at 1655 cm™. In crosdlinked chitosan
(Figure 3c) peak at 1655 cm ! disappears and two
new peaks at 1645-1554 cm - appears. The
crosdinked chitosan aso showed pegk for P=O at 1155
cm 13538 The disappearance the peak could be at-
tributed to the linkage between phosphoric and ammo-
niumionsin chitosan-TPP particles® which also con-
firmthecrosdinking reaction schemegiveninFigure 1.
Peak at 1635 cm 1 for — CONH and 1060 cm “*for C-
O-C has been obtai ned that confirmsthe presence of
chitosan phase in nanoparticles. Also characteristic
peaks are present at 2934 cm * and 2850 cm  for
asymmetric and symmetric stretching of methylene (-
CH,-) groups, respectively for chitosan. Onthe other
hand, the bandsaround at 1544 and 1620 cm tarefor
N-H stretching can be observed for native and
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Figure3: (a) FTIR —spectra of native TPP. (b) FTIR —spectra
of native chitosan. (c) FTIR — spectra of chitosan-TPP
nanoparticles.

L e a T
4000 3500 000 1250 a0 k! Ell

crosslinked chitosan with varying intensities. In
nanoparticles peak appearsat 1217 cm-tisprobably
dueto stretching vibration of P=0,

XRD

XRD spectraof native chitosan (Figure4a) showed
two prominent crystalline peaksat 10° (2°0) and 20°

Intensity

/V)\/) | )

0
20

Figure4: (a) X-ray diffraction spectraof native chitosan. (b)

X-ray diffraction spectraof. chitosan-TPP nanoparticles

(2°0). In the case of crosdinked chitosanin Figure 4(b)
therewasasignificant decreaseinintensity of charac-
teristic pesksof chitosan, which wasin agreement with
the study reported by Wan et al®9.

Thedigtinct differencein thediffraction patternsof
chitosan and crosslinked chitosan could be attributed
to modification in thearrangement of themoleculesin
crystal lattice. In chitosan crosdinked with TPP at 10°
(200) and 20° (2°0) are suppressed might be due to
amophization. Physical and mechanica propertiesof
the polymersare profoundly dependent on the degree
of crystallinity. All the X-ray diffraction methodsre-
portedinliteraturefor ca culating thecrysalinity in poly-
mer are based onthefollowing assumptions:

(1). The scattering capability of crystalliteisequal to
that inamorphouswith thesame mass.

(2). Theintensity of the X-rays scattered from aspeci-
menisapproximatdy equa to thesumof that from
the crystd lineand amorphousin specimen.
Percent crystallinity has been calculated for the

chitosan and chitosan- TPP nanoparticlesusingtheex-

pressongiveninliteraurd®l. Thenumerica formulato
cdculate% crystalinity (%X) hasbeengiveninthefol-

lowing Equation (5),

% Crystallinity = (Ic/la+K) x 100 4
Wherelc and laare theintegrated intensities of

crystalline and amorphous peaksrespectively, K isisa

constant taken as unity“Y. Areas of the peaks were
determined by the “cut and weight method”. The rela-
tion between integrated intensitiesand areaof crystal-
line and amorphous peaks hasbeen eva uated from the
literature“2. It hasbeen found that the%o crystallinity of
the chitosan and chitosan-TPP nanoparticleswasca-
cul ated to beabout 61.18 % and 44.6 % respectively.

Thenet decreaseinthecrystdlinenature of thechitosan

nanoparticlesascompared to the nativechitosanismay

be due do the formation of more amorphousregions
withinthe polymer chainsafter crosdinking.

Determination of thecrystdlinity of thenanoparticles
isoneof theimportant featuresto decideitsapplicabil-
ity asdrug carrier device.

Electron microscopy studies

Theresult of scanning € ectron microscopy hasbeen
showninFigure5(a) that clearly revea sthe spherica
geometry of the nanoparticles. Spherical geometry of

Au Tudian Yourual



MSAIJ, 8(3) 2012

Hemlata Bundela et al.

129

nanoparticlespromotescons sent rel easeof |oaded drug
whenthey will begpplied asdrugddlivery carriers. Fig-
ure 5(b) showed the particlesizeintherange of 20-90
nm when chitosan-TPP nanoparticleswere subjected
to transmissi on el ectron microscopy measurements.

e T
b ri“ - Wv
", ..'-h L.
e LA e ¥
’ ‘ i l:hSES?nrn -

: ¥ J-EHE {"..
3*;.;& _ g__(._qu, S

"
1 -

T
Flgure5 (@ SEM imageof chitosan- TPP nanoparticles. (b)

TEM imageof chitosan-TPP nanopar ticles showing size of
particles.

Swelling studies

PBS (phosphate buffer sdine) providesidea con-
ditionsasblood for in-vitro swelling, rel ease experi-
mentsresembling with blood pH 7.4. Theswelling re-
sults of chitosan-TPP nanoparticlesin PBSare shown
Figure6. Chitosanwith pkaof 6.3 ispolycationic when
dissolvedin acid and presents—NH,* sites. Sodium tri-
polyphosphate (Na,P,0, ) dissolved in water dissoci-

Lo
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atesto give both hydroxyl and phosphoricions. The
crosslinking of the chitosan would be dependent on
availability of the cationic Stesand negatively charged
Species.

Figure 6(a) showsthe effect of chitosan concen-
tration onthe swelling ratio of nanoparticlesin PBS.
In the present study as the amount of chitosan was
varied from 0.5 gto 2.0g with definiteamount of TPP
(3.0 g) theextent of swellingincreasesfrom 0.5- 1.5
g. It may be dueto thefact that up to this concentra-
tion quite porous hydrogel network isformed within
the chitosan-TPP nanoparticlesthat permits solvent

Effect of chitosan on swelling in PES
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Figure6(a) : Graph showing theeffect of chitosan concentra-
tion on swellingratio of chitosan-TPP nanoparticlesin PBS.

Effect of Crosslinker on Swellingin PBS
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Figure6(b) : Graph showing theeffect of TPP concentration
on swellingratio of chitosan-TPP nanoparticlesin PBS.
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mol ecul es enter into the nanoparticles network easily.
Since chitosan-TPP particles have been prepared el -
ther by deprotonation or by ionicinteraction thusthe
mutud interaction between thegroupsof polymer chain
and that of solvent would affect theswellingalot. Till
1.5 g of chitosan concentration polymer chains of
nanoparticlesarequiteflexiblefor theentry of solvent
moleculesand the system showsincreaseinthe swell-
ing ratio. At 2.0 g of chitosan concentration, swelling
ratio decreases. Although the chitosan isahydrophilic
polymer but itsgreater amount (2.0 g) resultsin the
formation of more dense polymer hydrogel systemand
doesnot dlow the passage of solvent moleculeswithin
the nanoparticlesfeasibly. Animportant fact hasaso
been observed that for higher concentrations of
chitosan, formation of nanoparticlesbecomedifficult
with definiteamount of TPPand water. At higher con-
centrations of chitosan agel like deposition was ob-
tained which was strictly dueto theincreasein the
viscosity of thereaction mixture. Enhanced viscosity
of thereaction system resultsin the decreasein the
agitation speed that required forming particlesof nano
range.

In Figure6(b) showstheeffect of crosslinker con-
centration onthe swelling ratio of chitosan-TPP par-
ticlesin PBS, astheamount of crosslinker increasesin
thefeed mixturetheswd ling ratio decreases. It hasbeen
seen that for thelow concentrationsof TPP (1.0 and
2.0g) yield of nanoparticleswas very low with poor
quality of product material. For 4 g. of TPP concentra-
tiontheswelling ratio wasfound to bevery lessdueto
the grester amount of crosslinking which may resultsin
theformation of more compact polymer network and
restrictsthefeasbletrangport of solvent moleculeswithin
nanoparticles. For 3.0 g of TPP concentration in the
feed mixturefair level of swellingratio wasachieved
with good quality and yield of nanoparticles.

Besded| abovediscussonitisworthy to mention
herethat in the swelling phenomenon of chitosan-TPP
nanoparticles, many volumeand phasetranstionswere
induced independently by pH and ionic strength
changes. However the swelling resultsthat have been
reported in the present study, had helped the authorsto
decidecontrol set of nanoparticleswithfinequdity, good
yield and desirable swelling properties so that they can
be used asgood drug delivery vehiclesinfuture.

Degradation studies

Degradationisan important factor for the materia
to be biocompatible. The percent degradation results
of the control set of chitosan-TPP nanoparticles(1g
chitosan, 3 g TPP) have been shown inthe Figure 7
(withwhitehollow columns). Theresultsclearly indi-
catethat in the absence of any enzyme (only in PBS
medium) particlesshow maximum 46.6 % degradation
till 14 "day. Theresults are quite satisfactory and re-
veal the self degradation tendency of chitosan-TPP
nanoparticles. Itisobviousthat themateria whichwill
comein contact with body environment will alsobein
contact with different enzymes present insidetheani-
mal body. As, enzymesare specificfor their substrates
they sdectively affect the substratesthat comein con-
tact with them. The results of enzymatic degradation
for the control set of chitosan—TPP particles have been
showninFigure7 (with black solid columns). There-
sultsshow the maxi mum degradation of the particlesin
the presence of enzyme papain isabout 80 % that is
almost doubl e of the degradation resultsthat foundin
PBS environment onlyt3,

%Degradation Oin PBS M Enzymatic degradation

e degradatior
= B 828 8 8 3 =3

(=]

T2 3 4 6 6 T 8 8 100N 12 13 U
Mumber of days

Figure 7 : Graph showing results of % degradation of

chitosan-TPP (1.0g chitosan, 3.0g TPP) in PBSand in pres-

enceof enzymepapain.

I n-Vitro blood compatibility

Resultsfor the BSA (bovine serum albumin) ad-
sorption and percent haemolysis for chitosan-TPP
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nanoparticleshave been shownintheTABLE 1. It has
been observed that the optimum protein adsorption was
obtained for the nanoparticle system containing 1g
chitosan and 3g TPPwith optimum haemolysis. It may
be possiblethat for greater amount of chitosan (2.0 Q)
and crosdinker (4.0g TPP) the swelling capacity of the
systemislesser and so the blood compatibility. Since
theswelling properties of the system directly affect the
blood compatiblebehavior of thematerid. It hasbeen
reported that the systems having good water content
ableto achievereversible protein adsorption onto the
materid surfaceand inturnsreducethechancesof blood
coagulation® 41, The control set of chitosan- TPP
nanoparticles(chitosan 1.0 g, TPP 3.0 g) showed fair
level of blood compatibility.

TABLE 1: Resultsof in-vitro blood compatibility of differ-
ent compositionsof chitosan-TPP nanoparticles.

S.No. chitosan  TPP ads%r%t\ion % .
(9 (9 ma/g Haemolysis
1 0.5 3.0 0.241 15.2
2 1.0 3.0 0.052 175
3 15 3.0 0.171 18.7
4 2.0 3.0 0.135 28.9
5 1.0 1.0 0.092 331
6 1.0 2.0 0.172 32.7
7 1.0 4.0 0.351 42.1

Alsothe protein adsorption and percent haemolysis
for 1gchitosanand 1 g TPP containing systemis0.092
mg/g and 3.3 % respectively that may be attributed to
thelesser amount of crosdinking with greeter swelling.
It is the well known fact that greater amount of
crosslinking enhances the compactness of the system
to reduce water absorption capacity smultaneoudly it
al so reduces the smoothness of the polymer system.
Increased roughness of the polymer surface causes
destructiveinteractionsamongthemateria surfaceand
blood componentsand thusresultsreduced blood com-
patibility. It isa so evident from theresultsthat the sys-
tem having lesser amount of polymer and crosdlinker
content showingfair leve of blood compatibility though
theyield and quality of the material hasbeen reported
to befound excellent in case of control set only.

Antibacterial activity assessment
Since chitosanisonly solubleinacidic media, the
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preci pitation of chitosan solutionin acetic acid occurred
upon addition to bacterial suspension, whilechitosan
nanoparticlescould bewdll distributed in bacteria sus-
pension after adight shock for anicedispersion. Bac-
teriacan adhereto the surface of chitosan and chitosan
nanoparticlessgnificantly inshort timethuschitosanand
chitosan nanoparticlesexhibit anti-bacterid activity. Ac-
cording totheliterature“s 47, chitosan possessantimi-
crobial activity against anumber of gram-negativeand
gram-positivebacteria

In TABLE 2 anti- bacterial activity of chitosan
nanoparticles was compared with that of chitosan.
TABLE shows the MIC and MBC of chitosan and
chitosan nanoparticlesagainst strain of E.coli (gram (-)
&) MTCC 118 and BacillusCereus(gram (+) ©) F4810.
According to the data, the antibacteria activity of
chitosan nanoparticlesissgnificantly higher than that of
chitosan.

TABLE 2: Growth inhibitory effect of nativechitosan and
chitosan-T PP nanoparticles(control set = 1 g chitosan, 3g
TPP) towardsE.Coli (10*CFU. mL™Y), B. cereus(10° CFU.
mL %)

% Inhibition of

Concentration indicator
SNo. compound . bacterium
in mg.
EcCdi o
' Cereus
1 . 0.05 09 12
2 Lo 0.07 11 19
chitosan

3 0.09 16 17

4 0.05 1 17

S 0.06 19 10

6 Chitosan-TPP 0.07 25 3

7 hanoparticles 0.08 6 -

8 0.09 35 19

The study solving theinitia purpose of authorsto
check antibacterid activity of the prepared materia to-
wardsgram positive & negativebacterid strains. The
resultsof antibacterid activity found to be quite encour-
aging with maximum 32% and 35 % of zoneinhibition
for the E.Coli and B.Cereus bacterial strainsrespec-
tivdy.

CONCLUSION

Nanosi zed chitosan-TPP particleshave been pre-
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pared by theionotropic crosdinking. The FTIR- stud-
iesreved sthe presence of characteristic packsof na-
tive materials such as chitosan and TPP. The disap-
pearance of -NH- str. peak of chitosan was found in
chitosan-TPP particlesclearly showsthecrossinking
of chitosanwith TPP. XRD studies show the charac-
teristic peaks of chitosan phase at 10°0 and 20°0 for
native chitosan and chitosan-TPP nanoparticles. The
suppression of XRD peaksin nanoparticlesreved sthe
decrease in crystallinity of chitosan moiety in the
nanoparticles. The% crystdlinity of nativechitosanand
chitosan-TPP nanoparticleswas calculated as61.18
and 44.6 % respectively. SEM and TEM studies show
spherica shape of nanoparticleswith sizein between
20-90 nm.

Swelling of the nanoparticleswas checkedin PBS
and alsoin SBF. Theresultsthat have beenfound are
quite satisfactory. The nanoparticleswith composition
1g chitosan and 3 g TPP show optimum swellingwhile
greater amount of chitosan (2.0g and more) resultsin
viscousreaction mixturethat restrictstheformation of
nanoparticles. Higher amount of crosslinker (4.0g
TPP) showed poor swelling ratio that isnot desirable
for the material to be subjected as drug delivery
system.

Degradation isan obvious and essential phenom-
enon for the biomaterials. The % degradation of the
material was checked in PBS and in the presence of
enzyme papain. It wasfound that the chitosan—TPP
particles show self degradation about 46.6 % in 14
daysin PBS. Theresults of % degradation in pres-
ence of enzyme were calculated about 80 % in 14
days. The results of in-vitro blood compatibility
showed protein adsorption about 0.052 mg/g and %
haemolysiswas about 17.5 % for the control set. In-
vitro blood protein adsorption and % haemolysisfor
the chitosan-TPP nanoparticleshaving composition 1g
chitosan and 1 g TPP were found to be 0.092 mg/g
and 3.31 % respectively. Theresults of blood com-
patibility testsin-vitro are quite satisfactory. The ma-
terial was subjected to check itsresistance against the
bacterial strainsof E.Coli (gram (-) ¥¥) MTCC 118
and Bacillus Cereus (gram (+) *¢) F4810 and it was
found that the chitosan- TPP nanoparticlesare more
effective against the described bacterid strainsascom-
pareto the native chitosan.
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