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ABSTRACT

The main objective of this study was to prepare and evaluate paclitaxel nanoparticles by using the solvent
evaporation method. The influence of different experimental parameters on the particles size, entrapment
efficiency, percent drug released, etc. was evaluated. SEM indicated that nanoparticles have discrete spherical
structures without aggregation. The prepared nanoparticles were characterised for particle size, surface
morphology by SEM, drug excipient compatibility by FTIR, and in-vitro drug release studies. Formulation (F-4)
showed the highest encapsulation efficiency. In this research, a drug encapsulation efficiency as high as 86.90 %
has been achieved. The in-vitro drug release behavior from all drug loaded batches was found to be zero order and

provided sustained release over a period of 8 hours.
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INTRODUCTION

Nanoparticles which are solid colloidal particles ranging
in size from 10 nm to 1000 nm have a great influence for
targeted drug delivery systems. Nanoparticles are made
from biocompatible and biodegradable materials such as
polymers, either natural (e.g., gelatin, albumin) or
synthetic (e.g., polylactides, polyalkylcyanoacrylates), or
solid lipids (D. Peer 2007). Poly(lactic-co-glycolic acid)
(PLGA) is a hydrophobic copolymer that has many
advantages to be used for drug delivery systems.™
Nanoparticles have the greater surface area to volume
ratio, that helps in the diffusion process. Nanoparticles
also lead to special properties such as increased heat and
chemical resistance. A single cancerous cell, giving a
strain on the nutrient supply and removal of metabolic
waste products. If small tumor has formed, the normal
tissue will not be able to oppose the cancer cells for the
normal supply of nutrients from the blood!? Paclitaxel is
a major anticancer chemotherapeutic agent, Paclitaxel
stops cell division in the late mitotic phase by preventing
microtubule destruction and inhibits the proliferation of
the cells. Paclitaxel (PX) is a natural diterpenoid

Formulation development
Table 1: Composition of the nanopatrticles.

anticancer drug with a wide spectrum of antitumor
activity against ovarian cancer, breast cancer and head
and neck tumors.®! Paclitaxel interacts directly with
microtubules, enhances their polymerization, and
stabilizing against depolymerization to promote
microtubule assembly in cancer cells resulting in the
blocking of cell mitosis. For our goal, paclitaxel-loaded
nanoparticles were prepared in different concentrations
of PLGA by solvent evaporation method.™

MATERIALS

Paclitaxel was obtained from Micro labs, HYD,
Poloxamer 407, PLGA was procured from Synpharma
Research Labs, Hyderabad, and other chemicals and the
reagents used were of analytical grade.

METHODOLOGY

IR spectroscopy!

To ascertain the compatibility between the two, an
infrared spectrophotometric analysis of the drug and
homogenates of the drug and polymer was performed.

Ingredients Batch no

F1 F2 | F3 FA | F5 | F6 | F7 | F8
Paclitaxel 2 2 2 2 2 2 2 2
PLGA 5 10 | 15 20 | 25 | 30 | 35 | 40
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Procedure:

Paclitaxel loaded nanoparticles were prepared PLGA as a
polymer, Poloxamer 407, and sodium lauryl sulphate as
stabilizer utilizing the solvent evaporation method.
PLGA concentration was kept constant while poloxamer
407, SLS and drug were used in varying concentrations.
water-miscible solvents such as acetone or methanol are
used as the organic phase | and water immiscible
solvents such as dichloromethane or chloroform are used
as the organic phase Il. The interfacial turbulence that is
created when these two phases are mixed leads to the
formation of nanoparticles. After 5 minutes of mixing,
the organic solvents were removed by evaporation at
35°C under normal pressure. The nanoparticles were
separated by centrifugation (10000 rpm for 20 minutes, -
5 © C). Nanoparticles were washed with water and dried
at room temperature in desiccators.

Characterization:

Particle size analysis®

The particle size and polydispersity index (PDI) of
prepared nanoparticles were determined using a Malvern
Zetasizer ZS90 (Nano series Malvern Instrument). Each
sample was diluted 10 times with distilled water to avoid
multiscattering phenomena and was placed in disposable
sizing cuvette and analyzed the particle size and PDI.
The ploydispersibility index was studied to determine the
narrowness of particle size distribution.

Zeta potential measurements!”

Zeta potential is a key indicator of the stability of
colloidal dispersions. The magnitude of the zeta potential
indicates the degree of electrostatic repulsion between
adjacent, similarly charged particle in the dispersion. The
zeta potential of prepared nanoparticles was determined
using a Malvern Zetasizer ZS90 (Nano series Malvern
Instrument).

Determination of % entrapment efficiency!®
Entrapment efficiency of loaded solid lipid nanoparticles
was estimated by the centrifugation method. The cooling
centrifuge was used. In this method prepared solid lipid
nanoparticles were placed in a centrifugation tube and
centrifuged at 2000 rpm for 20 min at 6-8 °C. The
supernatant was withdrawn, and the pellets were washed
with water. This was then kept in the cooling centrifuge
at 15000 rpm for 40 min at 6-8 °C. The supernatant layer
was removed and pellets were collected and diluted with
methanol. By using a UV spectrophotometer entrapped
was determined at 230 nm. The samples from pellets
were diluted before going for absorbance measurement.
The amount of loaded in pellets gives the total amount of
entrapped drug. The concentration of the drug was
calculated from the straight-line equation obtained from
the standard calibration curve. Encapsulation efficiency
is also expressed as a percent of drug trapped and was
calculated using equation.™*"!

%EE = Total amount Paclitaxel loaded in nanoparticles/ total amount of drug used X 100

Shape and surface morphology™

Scanning Electron Microscopy (SEM) and Transmission
Electron Microscopy (TEM) are very useful in
determining the shape and morphology of lipid
nanoparticles and allow determination of particle size
and distribution.

In vitro drug release™”!

In vitro drug release was evaluated by using a dialysis
bag diffusion technique. The release of from the solid
lipid nanoparticles was measured in triplicate in
Phosphate Buffer Saline (pH 7.4). In PBS pH 7.4, 0.5%
Tween was added. 2 mg equivalent Nanoparticles was
taken in a dialysis bag and both the ends of dialysis bag
were closed and placed in a beaker containing 75 ml PBS
pH 7.4. This dialysis bag was arranged in such a way that
it just touches the surface of the buffer solution. The
whole set up was placed on a magnetic stirrer which was
rotated at 50rpm. The temperature of buffer was
maintained at 37+1 °C. 2 ml aliquots of release medium
were withdrawn at a time interval 1, 2,3,4,5,6,7 and 8h.
To maintain the sink condition, the same volume of
dissolution media was added. The aliquots were
centrifuged at 3000rpm for 5 to 10 min at room
temperature. The supernatant was diluted with methanol
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and estimated by UV visible spectrophotometer at 230
nm. The concentration of the drug was calculated.

Drug release kinetics™!

The outcomes of the in vitro release investigation were
fitted into a number of kinetic models, including the
zero-order, first-order, Higuchi's, and Korsmeyer-Peppas
models, in order to better understand the procedure and
mechanism of drug release.

Studies on stability™?

Over the course of 90 days, the stability of Paclitaxel
nanoparticle dispersion in screw-capped glass vials was
assessed. Six samples were split into two groups and
kept apart at 4 and 25 degrees Celsius. At the end of the
90-day period, the amount of medication seeping from
nanoparticles and the typical particle size of the samples
were calculated

RESULTS AND DISCUSSION

Drug - excipient compatibility studies (FT-IR)

Using the FTIR peak matching approach, the
compatibility of the medicine with the chosen lipid and
other excipients was assessed. The drug-lipid mixture
showed no peaks that appeared or vanished, indicating
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that there was no chemical interaction between the medication, lipid, and other molecules.

g B y Er 4(/
g e
. Wi e i ,|( |v|h 1 ,]
T | JUN
25 # JW m l |
glﬂ 4 |
E o
£o
|\ | ' ‘
“ f
J
| | T \LMJJ’JJJJ:JJ
1 ! 1 Ty rrrrrrerrrrerrrr(ril
aslnn 3n‘on asim znlan 1 5Irm 1o‘m
Wavonumber cm-1
Fig. 1: FTIR Spectra of paclitaxel.
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Fig. 2: FTIR Spectra of optimized formulation.

Evaluation parameters

Particle size:

The particle size increased as polymer concentration
rose. Based on particle size distribution and entrapment
efficiency.
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Fig. 3: Particle size of optimized formulation.
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Zeta potential:

Zeta potential distribution

Morphology of the surface
SEM revealed that the Polymeric nanoparticles were
uniformly shaped, smooth, and free of any aggregation.
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Fig. 4: Zeta potential of optimized formulation.

Drug entrapment efficiency:

The initial action in the work plan was to optimise the
lipid concentration to be employed in the production of

Fig. 5: SEM analysis of optimized nanoparticle.

polymeric nanoparticles. The lipid concentration was
optimised based on the solid lipid nanoparticles' particle
size and entrapment efficiency.

Table 2: Evaluation studies of particle size nanoparticles.

F no Particle size Er)t!’apment Z(_eta
' (nm) Efficiency (%) Potential(mV)
F1 95.32 71.80 -20.23
F2 90.30 70.50 -18.17
F3 96.40 82.58 -21.35
F4 86.31 86.90 -15.60
F5 100.16 80.25 -14.86
F6 120.53 76.95 -18.21
F7 98.60 83.91 -21.49
F8 105.40 72.56 -27.13
In vitro drug release studies
The in vitro diffusion studies were conducted for eight
hours using a dialysis membrane and a pH 7.4 buffer.
Table 3: In vitro drug release studies for all formulations.
Time (hrs) F1 F2 F3 F4 F5 F6 F7 F8
0 0 0 0 0 0 0 0 0
1 15.96 14.78 13.62 14.85 12.32 11.23 12.63 13.25
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2 28.91 30.57 25.76 26.27 28.63 24.93 25.95 28.92
3 32.14 40.18 39.82 40.24 41.27 32.56 34.58 35.85
4 43.86 53.64 50.16 51.21 50.21 48.28 43.21 48.20
5 56.12 60.18 62.47 60.90 59.86 52.32 50.18 52.46
6 65.32 70.12 72.14 70.14 71.52 63.85 65.85 66.25
7 75.32 81.21 80.12 82.31 80.15 75.82 74.25 73.85
8 89.86 91.54 92.38 94.85 90.15 89.32 92.13 93.42
—+—F1
—a—F2
F3
F4
—+—F5
—o—Fb6
F7
0 4 6 8 T
Time {hr}
Fig. 6: Drug release for all formulations.
Release kinetics and the Pappas model. The correlation coefficient (r2)
All formulations' drug release kinetics and mechanism and slop value for each equation were calculated using
were evaluated using zero order, the Higuchi equation, Microsoft Excel.

Zero order kinetics

Zero order kinetics

y=11.503x+ 2.9624
R?=0.9967

4= Y%CDR

— Linear (%CDR)

0 2 4 6 8 10
Time (hr)

Fig. 7: Zero order kinetics of optimized formulation.
First order kinetics

First order kinetics
y=0.214x+ 0.6823
3 RZ=(0.6985

—4+—LOGHCDR
—— Linear (LOG%CDR)

Time

Fig. 8: First order Kinetics optimized formulation.
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Fig. 9: Higuchi model optimized formulation.

Krosmeyer peppas

Kormeyer peppas
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Fig. 10: Krosmeyer peppas optimized formulation.

Stability studies:
After three months, the physical and chemical
characteristics of the nanoparticles of formulation F-4

had not significantly changed. The parameters quantified

at various times were displayed.

Table 4: Results of stability studies of optimized formulation.

Parameters Initial | 1st Month | 2nd Month | 3rd Month L|m|jcs_ as per
Specifications
250C/60% Not less than
F-4 RH% Release 94.85 94.60 92.65 91.80 85 %
300C/75% RH Not less than
F-4 % Release 94.85 94.58 92.60 91.67 85 %
400C/75% RH Not less than
F-4 % Release 94.85 93.90 92.55 91.85 85 %
CONCLUSION blurred which is due to attachment of the antibody on the
Sustained release of paclitaxel-loaded polymeric surface of nanoparticles. The drug release from

nanoparticles was developed by using PLGA, SLS, and
poloxamer 407 by using the solvent evaporation method.
The selected optimized nanoparticles were conjugated
with paclitaxel having the desired particle size, zeta
potential, and drug entrapment efficiency, SEM results
have shown that the surface of nanoparticles before
antibody conjugation was smooth and spherical while
after the conjugation of the antibody, the surface became
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nanoparticles was rapid as compared to another
nanoparticles due to the rough surface of nanoparticles.
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