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ABSTRACT

The main objective of the study is to formulatelGdFouracil loaded sustained release nanopartwigsthe
size of around 250 nm and to increase the encdmsulefficiency of the drug. The nanoparticles were
prepared by simple ionic gelation method usingowgiconcentrations of chitosan and TPP. The prdpare
nanoparticles were evaluated for particle sizepsheharge, encapsulation efficienoyyitro drug release and
in vitro cytotoxicity. The optimized 5FU loaded nanopartiskrowed size of 232+4 nm with PDI of 0.30
1+0.07, Zeta potential of +5 £1mv, encapsulationceghcy of 69.2% and the drug release is 97.49dMr2.
These results demonstrate that the possibility elivering 5 Fluorouracil to colorectum with enhadce
encapsulation efficiency.
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This necessitates the development of a novel
nanoparticle delivery system to overcome thesesatirr

obstacles in convention drug therapy. Nanoparticles

due to their small size and target specific |@zdion

property offer numerous advantages compared to

conventional dosage forms which includes reduced
dose improved efficiency, reduced toxicity, patient
compliance and convenience.

5-Fluorouracil a cell-cycle-phase-specific  anti-
neoplastic agent, is indicated in colon, rectakabt,
ovarian, cervical, gastric, oesophageal, bladdeey,|
and pancreatic cancer. Fluorouracil exerts itstoyio
activity by acting as an anti-metabolite, competiog
the enzyme that is important in the synthesis of
thymidine, an essential substrate for DNA syntHesis
Chitosan is a natural hydrophilic polysaccharide
copolymer of glucosamine and N-acetyl glycosamine.
It is considered as a safe excipient due to its
biocompatibility, biodegradability and lack of toxly,
moreover it is cationic in nature and posses
mucoadhesive property it will enhance the cellular
uptake by ionic interactid.

The present study was aimed at the formulation and

characterization of 5 Fluorouracil loaded chitosan
nanoparticles additionally the nanoparticles hagenb
evaluated for cytotoxicity in Cagocell lines, to
overcome the above said obstacles for better therfip
colorectal cancer.

MATERIALS AND METHOD

5-Fluorouracil was a gift sample from Sun

Pharmaceuticals, Pune, India. Chitosan was purdhase

from sigma Aldrich USA, Glacial acetic acid was
obtained from Fischer scientific, Dialysis membrane
with molecular weight cut off 12000-14000 Daltons
was purchased from HIMEDIA laboratories, Mumbai.

Preparation of 5fu loaded chitosan nanoaprticlet®

5FU loaded chitosan nanoparticles were prepared

using ionic gelation method, determinate weight of
chitosan were dissolved in glacial acetic acid 1#%][
5mg of 5 Fluorouracil was added to the above smhuti
and under constant magnetic stirring followed by
addition of aqueous TPP solution in a drop wise

manner, then the solution was kept on constant

magnetic stirring for 30 mins and sonicator
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[vibrasonics]. The nanoparticle suspension we
centrifuged at 13,000 rpm andGi for 30 minutes
using Eppendr of Ultracentrifuge to remove excessi\
amounts of TPP and unencapsulated 5 Fluorourac
The pellets were dispersed in deionised water.lllFina
nanoparticles were lyophilized for 24 hrs usingehe
dryer [lyodel] for storage in powdered form.
Physicochemical characterization of nanoparticles
Particle size and Zeta potential using photon
correlation spectroscopy

The average hydrodynamic  diameter an
polydispersity index (PDI) of the formulated
nanoparticles were determined by dynamic ligt
scattering (DLS) analysis using Zetasizer Nano ZS¢
(Malvern Instruments limited, UK) 1ml of sample of
nanoparticles dispersion was placed in disposat
cuvettes for particle size measurements. Ea
experiment was conducted in triplicate. The
electrophoretic mobility (zeta potential) measuraetae
were made using the Malvern Zetasizer (Nano ZS9
Malvern Instruments) at 25°C. Samples were dilute
with double distilled water.

Transmission electron microscopy (HRTEM)

The surface morphology of the prepared NPs w:
determined for by wusing transmission electro
microscopy (HRTEM). A drop of Nanosuspension wa
placed on a carbon film coated copper grid for TEM
Studies were performed at 80 kv using JOEL JEI
2100.The copper grip was fixed in to sample holde
and placed in a vacuum chamber of the transmissi
electron microscope and observed under low vacut
and TEM images were recorded.

Atomic Force Microscopy (AFM)

Formulation and characterization of ant colorect:
cancer drug loaded chitosan nanopatrticles. Thacerf
properties of drug loaded nanoparticles wer
visualized by an atomic force microscope (Nov
NTEGRA prima, Russia) under normal atmospher
conditions. Explorer atomic force microscope was i
tapping mode, using high-resonant-frequency (FO =
150 kHz) pyramidal cantilevers with silicon probe:
having force constants of 0.35-6.06 N/m. Scan spee
were set at 2 Hz. The samples were diluted 10 tim
with distilled water and then dropped onto glagses,
followed by vacuum drying during 24 hours at 25°C
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Height measurements were obtained using AFM image measured in an ELISA plate reader at 540 n

analysis software (Multimode) Scanning probe
microscope (NTMDT, NTEGRA prima, Russia)
Encapsulation efficiency

Percentage toxicity was measured against control.

RESULTS AND DISCUSSION

Nanoparticles were separated from aqueous phase by In the present study we developed a nanoparticul

ultracentrifugation (Eppendr of) at 13000 rpm anfi@ 4

for 45 minutes. The supernatants were collected and

evaluated for 5 Fluorouracil residues by UV. The
encapsulation efficiency (EE) was determined
indirectly by measurementf the amount of free 5
Fluorouracil in the supernatant aftdtracentrifugation
and was calculated according to tHellowing

equation:
EE =Amount of total drug - Amount of free drug impgrnant X 100
Amount of total drug

In vitro releasé®

A modified dialysis method was used to evaluatdaithe
vitro release of 5 Fluorouracil-loaded chitosan NPs.
Two  millilitres of nanoparticles suspension
(corresponding to 2 mg of 5 Fluorouracil) was pthce
in a dialysis bag (cellophane membrameglecular
weight cut off 10,000-12,000, Hi-Media, Indiajich
was tied and placed into 20 ml of phosphate biffielr

M, pH 7.4) maintained at 37°C with continuous
magnetic stirring. At selected time intervals, abtp
werewithdrawn from the release medium and replaced

with thesame amount of phosphate buffer. The sample

was assayedpectrophotometrically for 5 Fluorouracil
at 266 nm.

In vitro cytotoxicity of nanoparticles™

CaCa cells were obtained from National Center for
Cell Science (NCCS) Pune. 5000 Catells were
seeded per plate in a 96 well TC grade plate. Efis ¢
were incubated for 24 hr at 37°C, 5% LCtThe culture
Medium used is DMEM+ 5% FCS. The medium was
removed next day and 1@0of medium were added at
the required concentrations in triplicateBhe cells
were incubated with pure 5 Fluorouracil drug solufi

5 Fluorouracil loaded chitosan nanoparticles and 5
Fluorouracil loaded chitosan nanoparticles conjedat
with hyaluronic acid at the concentration of 10,25
100 pg/ml and incubated for 24 hrs, @ of MTT
solution was added and incubated for 5 hrs at 3&eC.
the end of incubation period the dye was removet an
100 pul of DMSO was added. Optical density was
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system which is composed of hydrophilic polyme
chitosan possessing the following advantages lil
obtaining NP by mild agitations absence of organi
solvents and high temperature and obtaining NP wi
positive charge which could enhance the cellul:
uptake chitosan produces low to high positive chart
which could enhance the cellular uptake and h:
mucoadhesive property.

Conditions for formation 5 fluorouracil loaded
chitosan nanoparticles

Chitosan NPs were prepared by simple scale |
ionotropic gelation method similar to the metho
developed. Chitosan is a cationic polyelectrolyte t
nanoparticles were formed by inducing the gelabign
controlling its interaction with polyanion TPP whic
leads to reduce the aqueous solubility of CS th
system based on inter and intramolecular linkag
created between TPP and positive charge of charc
amino groups of CS which are responsible for tf
successful formation of the nanoparticles. The ®8/T
ratio is rate limiting step and controls the sinel aize
distribution of nanoparticles.

In order to obtain nanoparticles under 250 nm w
studied the effect of the CS/TPP ratio on the fdioma
of nanoparticles. The maximum concentration of C
and TPP used was up to 6 mg/ml. The particle siz
PDI, drug encapsulation and zeta potential we
analyzed and the results are presented in Tabte No.
Our results indicated that particle size dependbaih
CS and TPP concentration that the specifi
concentration of CS/TPP can only form the
nanoparticles with smaller size.

Effect of chitosan concentration

The role of chitosan concentration (0.2, 0.4 arg¥4).
on formation of nanoparticles and its influence o
particle size was evaluated. When the amount of TI
was kept constant as 0.2% and an increase in |
concentration from 0.2% to 0.6% showed a decrease
the particle size with favourable PDI value. Whia t
amount of chitosan exceeded 0.6% of CS a high
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opalescent suspension is formed and it also leads t

particles prepared at this concentration have dlesma

aggregation. Recent studies reported that when the size.

concentration of CS is low (0.6%) it forms a low
viscosity gelation medium resulting in a decrease i
liquid phase dispersion, thus promoting formatidn o
smaller particles.

Effect of tpp concentration

The role of TPP (0.2, 0.4 and 0.6%) concentration o
particle size formation was studied. The increase i
TPP concentration showed an increase in partigke si
The TPP concentration with 0.2 and 0.6 chitosam$or
particle 250 nm at the same time TPP concentration
0.4 and 0.6% with 0.4 and 0.6% of CS concentration
showed a huge increase in particle size resultsi¢éno
particles. When TPP concentration above 0.4% it
results in highly opalescent suspension on storage
starts settling of particles.

Effect of sonication on particle size

The sonication time in the formation of CS-NP plhye
a crucial role in the formation of smaller size
nanoparticles. The smallest nanopatrticles (2324 n
were obtained with the sonication time of two mesut
While employing ultra-sonication formation of
acoustic cavitations is the main cause for deangasi
particle size. Acoustic cavitations by creatingasgé

shear force on the chitosan molecules breaks the

particles in to smaller ones. The increase in the

sonication time from 30, 60 and 120 seconds showed

the decreased particle size presented in (Figuré)No
The sonication time beyond two minutes showed no
further decrease in particle size.

PARTICLE SIZE AND ZETA POTENTIAL

The nine formulations were prepared with various
concentrations of chitosan and TPP. The partide si
distribution of prepared CS nanoparticles was rdnge
from 232 + 4 to 285716 nm. With increasing the
concentration of CS we observed decrease in particl
size and increase in zeta value. At 0.2% conceéoitrat
of TPP the cross linking with chitosan is high ¢@)6
this result in more compact particle structure &mel
neutralization degree of charged amino acid is
improved leading the good net charge of the padicl

Due to the compact structure and net charge the
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The zeta potential of the prepared CS nanoparticl
was ranged from +3 to +6 mV. When increase in tt
concentration of CS the zeta value increases dtleeto
higher degree of protonation of amino group in @&
molecule with the strong positive charge which feac
to the higher zeta potential.

The optimum concentration of CS/TPP was identifie
as 0.6% of CS with 0.2% TPP (F3) with size of (232
4) nm and the zeta potential showed in (Figure No
and 3) 5 Fluorouracil loaded CS-NP (F3) was 5 £
mV which indicates the good colloidal stability thie
prepared CS NP. The TEM images of the prepared
Fluorouracil loaded CS-NP (F3) indicate tha
nanoparticles were roughly spherical in shape wsith

of 200 nm shown in (Figure No.4). Further the
morphology of the nanoparticles was also analys
using AFM and the 3D image in (Figure No.5
indicates that the particles are in sub spheribaps
dense nano particles.

The encapsulation efficiency of 5 Fluorouracil ledd
CS-NP were ranged from 55.7 to 69.2%. The increa
in chitosan concentration from 0.2 to 0.6% increase
encapsulation was observed at constant TF
concentration of 0.2%. Out of these formulations F
was selected as the best formulation based orclearti
size, zeta potential and encapsulation efficieftye
optimized formulation was selected for further stsd

In Vitro Release Study

The cumulative percentage release of optimized
Fluorouracil loaded CS-NP (F3) was studied i
phosphate buffer pH 7.4 and showed in Table No
and (Figure No.6)The percentage release was foun
to be 98.2 at 24 hrs. The release profile of
Fluorouracil loaded CS—NP exhibits a initial rekeas
burst release of 25% in one hour followed by th
sustained release of 98% at 24 hrs. The observest bi
effect was due to the dissociation of drug molexule
that were loosely bound to the surface of the shio
nanoparticles. The second part of the release lwas s
and sustained release of encapsulated 5 Fluorbataci
an approximately constant rate from the nanopasdicl
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In Vitro Cytotoxicity Study

Cytotoxicity of unloaded and 5 Fluorouracil loaded
chitosan nanoparticles was evaluated by MTT aseay o
CaCa cell lines, it is used extensively to screen novel
compounds for cytotoxicity properties. The reswts
cytotoxicity were presented in (Figure No.7) Theye
no significant difference in cytotoxicity betweenrp
drug 5 FU and 5FU nanoparticles at the conceatrat
of 10 and 1* i.e. P less than 0.05 exits betweeme
drug 5FU and 5 FU Nanoparticles conjugated with
hyaluronic acid at the concentration of A@/ml, the
value of P is less than 0.001 i.e. 3* exits bewed
FU drug and 5 FU nanoparticle formulation and the
value of P IS less than 0.001 i.e. 3* exists betwe
5FU drug and 5 FU nanopatrticle hyaluronic acichat t
concentration of 5Qg/ml.

There is no significant difference in cytotoxicity
between pure drug 5 FU AND 5FU nanoparticles
the concentration of 100g/ml and 3* i.e. P value less
than 0.001 exits between pure drug 5 FU and 5F
nanoparticles conjugated with hyaluronic acidhegt t
concentration of 10Qg/ml.

The data suggested that the cytotoxicity of
Fluorouracil loaded chitosan nanopatrticles conjgdat
with hyaluronic acid was better than 5 Fluorourac
loaded chitosan nanoparticles and the cytotoxmity
Fluorouracil loaded chitosan nanoparticles wasebett
than the pure 5 Fluorouracil drug solution at 1@akd
100 ug/ml concentration. This indicates the safety c
the 5 Fluorouracil loaded chitosan nanoparticle
conjugated with hyaluronic acid for further useim
ViVo.

Table No.1: Optimization of Nanoparticles of (CS-NIon the basis of CS/ TPP ratio

Formulation
code

CS
%

TPP

S.No (%)

SIZE(nm)

Zeta
Potential
(mV)

Physical
appearance
And opacity

PDI EE (%)

1 F1 02| 0.2 494+4

Opalescent

0.49+0.08 .
suspension

+3 £3 65.3

2 F2 04| 0.2 38716

Opalescent

+4 +2 .
suspension

0.35+0.0p 67.1

3 F3 06| 0.2 23244

Opalescent

0.300.07 suspension

+5+1 69.2

4 F4 02| 04 127443

Highly
Opalescent
suspension

0.38+0.08 +2 +2 64.3

5 F5 04| 04 1597+2

Highly
Opalescent
suspension

0.47+0.07 +4 +7 62.1

6 F6 06| 04 1782+3

Highly
Opalescent
suspension

0.58+0.05 +6+ 2 60.4

7 F7 02| 0.6 194142

Highly
Opalescent
suspension

0.64+0.03 +3 +4 57.8

8 F8 04| 0.6 26744

Highly
Opalescent
suspension

0.71+0.08 +4+3 56.9

285716

9 F9 06| 0.6

0.84+0.04

Highly
Opalescent
suspension

+615 55.7
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Table No.2: Cumulative % Drug Release of 5fu Loadetllanoparticles

Sze (dnm)

S.No| Time (hr) F1 F2 F3 F4 F5 F6 F7 F8 F9
1 0 0 0 0 0 0 0 0 0
2 1 18.4 28.4 24.7 22.% 29.3 27.6 238 2718 21.4
3 2 27.8 34.2 34.8 31.7 37.4 35.9 30.6 372 3R.5
4 4 34.7 48.3 39.8 39.6 48.2 43.7 38.2 43/4 39.7
5 6 47.9 58.5 43.2 44.2 53.9 55.p 43.5 49,3 43.6
6 8 56.2 62.7 51.9 52.% 62.3 62.0 50./7 55[2 59.2
7 10 68.3 68.8 63.1 61.7 68.4 68.5 58,3 61|1 64.4
8 12 74.1 73.4 72.8 69.1 74.4 72.8 69.7 74|2 71.8
9 16 79.3 78 77.2 4.7 79.3 78.4 78.6 797 77.2
10 20 84.2 85.9 83.7 84.8 83.4 84,1 83)2 84(3 83.4
11 24 88.4 89.2 98.2 87.2 86.5 90.5 86/4 89(1 90.1
700
600
SO0
400
300 MW size[nm)
200
o
60 120
time[secs]
Figure No.1: Effect of sonication time on particlesize
Results
Size (d.nm): % Intensity: St Dev (d.n...
Z-Average (d.nm): 23206 Poeak 1: 3590.5 100.0 234.2
Pdl: 0.304 Poak 2: 0.000 0.0 0.000
Intercept: 0.9034% Poak 3: 0.000 0.0 0.000
Result quality : G 1
Size Distribution by Intensity
%
‘g o
g -
: ->

Figure No.2: Particle size of F3
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Results
Mean (mV) Area (9:) St Dev (mV)
Zota Potential (mV): 5. 43 Peoak 1: 5. a3 100.0 7.60
Zeota Deviation (mV): 7.60 Peak 2: 0.00 0.0 0.00
Conductivity (mS/em): 1.01 Peak 3: 0.00 0.0 0.00

Result quallty : Cood

Zeota Potential Distribution

1

-100 (4] 100 200
Apparent Zeta Potential (mV)

Figure No.3: Zeta potential of F3

Figure No.4: TEM images of 5FU

um

Figure No.5: 3D AFM image of 5FU
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Figure No.6: Cumulative % release graph
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Figure No.7:1n Vitro Cyto Toxicity Study
CONCLUSION In vivo will confirm the targeting efficiency

This study demonstrates the ionic gelation metreod ¢ = Fluorouracil loaded chitosan nanoparticles conjeq
be used to load hydrophilic drugs and produceittee s with hyaluronic acid to treat colorectal cancer.
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