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ABSTRACT

The aim of this study was to investigate the effectiveness of a strategy based on the development of solid lipid
Nanoparticles as an innovative formulation of Cisplatin with improved therapeutic efficacy. Cisplatin SLNs were
prepared by Solvent evaporation method. The solubility of drug in different solid lipids was measured. FTIR
studies indicated no interaction between drug and lipid. SLN were characterized for particle size, zeta potential,
entrapment efficiency and surface morphology. In vitro drug release studies were performed in phosphate buffer of
pH 7.4 using dialysis bag diffusion technique. The F5 formulation had shown maximum entrapment up to 88.90 %
and sustained drug release for 8 h. The scanning electron microscopy and zeta potential study showed formation of
good SLN dispersion. In vitro release profiles were biphasic in nature and followed Higuchi model of release
kinetics. The stability study showed successful formation of stable SLNs.

KEY WORDS: Cisplatin, solid lipid Nano Particles, Solvent evaporation technique, FTIR, in-vitro drug release.

INTRODUCTION

Nanoparticles made from solid lipids are attracting major
attention as novel colloidal drug carrier for Intravenous
applications as they have been proposed as an alternative
particulate carrier system. SLN are sub-micron colloidal
carriers ranging from 50 to 1000 nm, which are
composed of physiological lipid, dispersed in water or in
aqueous surfactant solution.! SLN offer unique
properties such as small size, large surface area, high
drug loading and the interaction of phases at the interface
and are attractive for their potential to improve
performance of pharmaceuticals.”! Lipids used in these
nanoparticles are biocompatible and completely tolerated
by the body like triglycerides, fatty acids, steroids, and
waxes.®! In addition, using combination of emulsifiers
could stabilize the formulations more efficiently. Lipid
nanoparticles have many advantages in comparison to
other particulate systems such as the ease of large-scale
production (3), biocompatible and biodegradable nature
of the materials (4), low toxicity potential(5), possibility
of controlled and modified drug release(6), drug
solubility enhancement and the possibility of both
hydrophilic and lipophilic drug incorporation.” SLNs
consist of main ingredients, namely solid lipids,
surfactants/femulsifiers, and water or other solvents. The
lipid used as the dispersed phase is a solid lipid that

serves as a matrix material for the introduction of
encapsulated compounds.® Cisplatin plays a vital role in
cancer treatment and has been widely used to treat
various types of cancers, including ovarian, cervical,
head and neck, and non-small-cell lung cancer for
years.’!  The present study aimed develop and
characterize of cisplatin solid lipid nanoparticles. It is
used in the treatment of cancer. These Solid lipid

nanoparticles prepared by using solvent
emulsification/evaporation method.

MATERIALS

Cisplatin ~ was obtained from Hetero Labs,

Phosphatidylcholine and Poloxamer 407 procured from
Synpharma Research Labs, HYD. Other chemicals and
the reagents used were of analytical grade.

METHODOLOGY

Compatibility study (IR spectroscopy)!”

The drug-excipients compatibility was ascertained by
subjecting the drug and homogenates of drug and
polymer to Infrared spectrophotometric study.

Method of preparation of Cisplatin loaded
nanoparticles®!
Cisplatin loaded SLN were prepared by solvent

emulsification/evaporation method. The composition of
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all the formulations 400 mg of drug was dissolved in
10 ml methanol, and Phosphatidylcholine was dissolved
in 20 ml chloroform separately; drug and lipid solutions
were mixed together. The organic solvent mixture was
completely evaporated at 70°C using rotary evaporator to
remove of the organic solvent. Drug embedded lipid
layer was then poured into 100 ml of aqueous solution
containing poloxamer 407 surfactant and the mixture was

Sonicated for 15 minutes by using Sonicator followed by
homogenized for 15 minutes at different homogenization
speed using high speed homogenizer. The suspension
was then allowed to cool at room temperature. The
suspension was filtered through membrane filter. The
filtrate was centrifuged (1000 rpm for 10 minutes) and
nanoparticles was collected.

Table -1: Composition of Cisplatin for preparation of solid lipid nanoparticles.

Ingredients F1 F2 F3 F4 F5 F6 F7 F8
Cisplatin 20 20 20 20 20 20 20 20
Phosphatidylcholine 50 100 150 200 250 300 350 400
Poloxamer 407 50 50 50 50 50 50 50 50
Solvent(Methanol) 10 10 10 10 10 10 10 10
Chloroform 20 20 20 20 20 20 20 20

Evaluation of Cisplatin loaded nanoparticles

Particle size

All the prepared batches of nanoparticles were viewed
under microscope to study their size. Size of Nano
particles from each batch was measured at different
location on slide by taking a small drop of nanoparticle
dispersion on it and average size of nanoparticles were
determined.®)

SEM analysis

The morphology of NPs was studied by a scanning
electron microscope. For this purpose, the sample was
lyophilized and placed on aluminum stubs and the
surface was coated with a layer of gold particles using a
sputter coater. The shape of the NPs was determined by
scanning electron microscopy (SEM) (XL30, Philips, the
Netherlands) at 15 kV and 750 mA.

Drug encapsulation efficiency

Lyophilized nanoparticles 50mg were dissolved in 200ml
of phosphate buffer and the drug amount was determined
by UV analysis. The encapsulation efficiency was
determined as the mass ratio of entrapped Cisplatin in
nanoparticles to the theoretical amount of the drug used
in the preparation .The entrapment of the Cisplatin
nanoparticles was expressed as loading capacity.!*

Amount entrapped
x 100

Entrapment Efficiency (%) =
Total drug loaded

In-vitro drug release studies

The release studies were carried out by franz diffusion
cell. It containing 10 ml Phosphate buffer. Phosphate
buffer pH 7.4 (100 ml) was placed in a 10 ml of beaker.
The beaker was assembled on a magnetic stirrer and the
medium was equilibrated at 37+5°C. Dialysis membrane
was taken and one end of the membrane was sealed.
After separation of non-entrapped Cisplatin dispersion
was filled in the dialysis membrane and other end was
closed. The dialysis membrane containing the sample
was suspended in the medium. 1ml of aliquots were
withdrawn at specific intervals, filtered after withdrawal

and the apparatus was immediately replenished with
same quantity of fresh buffer medium.*?

Percentage of drug release was determined using the
following formula.

Where, Dt = Total amount of the drug
Da = The amount of drug released

Drug release kinetics™!

The models used were zero order (equation 1) First order
(equation 2) and Higuchi model (equation 3) and
KoresmeyerPeppas model (equation 4).

i) zero order Kinetics:

R= Kot - (1)
R=cumulative percent drug

Ko=zero order rate constant

ii) First order Kkinetics

log C =log Co-K {t/2.303 -(2)

where C = cumulative percent drug

K = first order rate constant

iii) Higuchi model

R=Kpy t%® --(3)

Where R = cumulative percent drug

Ky =higuchi model rate constant

iv) korsermeyer peppas model

Mt/Ma =Kt"

logMt/Ma=log K .nlogt -4

where K -korsermeyerpeppas rate constant

‘Mt/ Mo is the fractional drug, n = diffusional
exponent, which characterizes the mechanism of drug.

Stability studies™

Selected Formulation was subjected to stability studies as
per ICH guidelines.

Following conditions were used for Stability Testing.

1. 25°C/60% RH analyzed every month for period of
three months.

2. 30°C/75% RH analyzed every month for period of
three months.

3. 40°C/75% RH analyzed every month for period of
three months.

www.wijpls.org | Vol 10, Issue 11, 2024. |

ISO 9001:2015 Certified Journal 328




Habeeb et al. World Journal of Pharmaceutical and Life Science

RESULTS AND DISCUSSION

Drug excipient compatibility studies

FTIR spectra of drug in KBr pellets at moderate scanning
speed be 4000-400 cm-1 was made.
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Fig-1: FTIR spectra of Cisplatin.
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Fig-2: FTIR Spectra of physical mixture of drug and excipients.

Compatibility studies were performed using IR Powder samples was mounted onto aluminum stub using
spectrophotometer. The IR spectrum of Pure drug and double sided adhesive tape and sputter coated with a thin
physical mixture of drug and excipients were studied. layer of gold at 10 Torr vacuum before examination. The
The characteristic absorption of peaks were obtained as specimens were scanned with an electron beam of
above and as they were in official limits (100 cm™) the acceleration potential of 20 kV and the images were
drug is compatible with excipients. collected as secondary electron mode.

Scanning Electron Microscopy
The surface characteristic of prepared crystal was studied
by SEM (ZEISS Electron Microscope, EVO MA 15).
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Fig-3: SEM Analysis of nanoparticles.

Determination of Zeta potential electrophoretic mobility of charged particles present in
Zeta potential is a measure of charge present on the the nanocarriersystem. Charged particles were attracted
vesicle surface. It was determined by using phase to the electrode with the opposite charge when an electric
analysis light scattering with Malvern zetasizer at field field is applied.

strength of 20V/cm in distilled water and based on
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Fig-4: Zeta potential of optimized formulation.
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Zeta potential

The addition of membrane additives affects zeta potential
value depending on the type of membrane additives. Zeta
potential of optimized Cisplatin  nanoparticles
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formulation was measured and found to -42 mv. The
obtained result of the zeta potential of the prepared
formulation indicates particles in the formulation
remains suspended and so were found to be stable.
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Fig-5: Particle size of optimized formulations.
In general, particle size was with a diameter of < 135 nm. The surfaces of the nanoparticles were smooth.

Characterization of Nanoparticles of Cisplatin

Table-3: Evaluation Studies of particle size nanoparticles.

F.no Particle size (nm) Entrapment Zeta
Efficiency (%) Potential(mV)
F1 121.26 81.36 -23.90
F2 129.25 83.51 -31.24
F3 135.46 85.91 -32.58
F4 137.25 83.69 -43.93
F5 135.50 88.90 -40.20
F6 132.15 87.93 -38.93
F7 128.96 85.29 -39.65
F8 130.20 86.91 -42.82

Entrapment efficiency

The drug entrapment efficiency of all 8 formulations was
evaluated. From the F5 formulation showed maximum
drug entrapment efficiency 88.90 % compared to other
formulations. The zeta potential or the change on the
surface of colloidal particles in Cisplatin solid lipid

In vitro drug release studies

nanoparticles was measured by electrophoretic light
scattering mode using zetasizer nano ZS. The particle
charge of Cisplatin SLNs were quantified at 25° C. The
samples were diluted approximately with the deionized
water for the measurements of particle size.

Table-4: In vitro drug release studies of all formulations

Time | -y F2 F3 F4 F5 F6 F7 F8
(hrs)
0 |o 0 0 0 0 0 0 0
1 | 2391 | 2273 | 2012 | 19.63 | 2537 | 24.93 | 21.29 | 23.47
2 3590 | 3457 | 3410 | 3025 |31.24 | 3279 | 30.15 | 31.59
3 | 4316 | 4218 | 4321 | 4021 | 43.15 | 4581 | 44.38 | 45.79
4 | 5892 | 5746 |5568 |5393 |57.93 | 5589 | 53.60 | 55.82
5 | 6384 | 6281 |6419 | 6582 |66.90 | 65.82 | 64.92 | 63.87
6 | 7028 |71.25 | 7364 | 7468 | 76.98 | 74.18 | 73.54 | 72.68
7 | 8012 | 8216 |8392 | 8249 | 8561 |84.14 | 82.34 | 80.19
8 | 9125 | 9356 | 9215 | 9453 | 96.87 | 95.86 | 93.22 | 91.25
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Fig-6: In vitro drug release studies of (F1-F4) formulations.
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Fig-7: In vitro drug release studies of (F5-F8) formulations

The drug release studies of all formulations of Cisplatin as depicted in Figure, the results showed that 8
SLNs were conducted by means of diffusion apparatus formulation showed maximum drug release rate of 95.25
for a time period of 8 hrs. From the drug release studies % within 8 hrs.

Drug release Kinetics
Zero order kinetics
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Fig-8: Zero order kinetics of optimized formulation.
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First order kinetics

First order kinetics
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Fig-9: Zero order kinetics of optimized formulation.

Higuchi model
Higuchi model
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Fig-10: Higuchi model of optimized formulation.
Korsmeyerpeppas
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Fig-11: Korsmeyerpeppas of optimized formulation.
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The release kinetics for all the prepared R-SLNs was
evaluated to determine the release behaviour of Cisplatin
from the prepared SLNs. The release data were analysed
with  zero-order Kkinetic, first-order Kkinetic, and
Korsmeyer—Peppas kinetic models, as well as the
Higuchi kinetic model. It was revealed that the release
data from SLNs fit to Higuchi kinetic model with the

Table-5: Stability studies of all formulations.

highest (r) value, while for free Cisplatin nanoparticles ,
the release data fit the zero order kinetic model.

Stability studies

There was no significant change in physical and
chemical properties of the nanoparticles of formulation
F-5 after 90 days. Parameters quantified at various time
intervals were shown.

Parameters Initial 1% Month 2" Month 3" Month Limits as per
Specifications
Fs | 25CI60%RH Not less than
% Release 96.87 95.52 94.59 93.67 85 %
Fs | 30°C/75%RH Not less than
% Release 96.87 95.50 94.62 93.50 85 %
Fs | 40°C/75% RH Not less than
% Release 96.87 95.48 94.85 93.43 85 %
CONCLUSION 5. Mihlen A, Schwarz C, Mehnert W. Solid lipid

The current study suggested a unique Cisplatin solid
lipid nanoparticle formulation for regulated release. A
drug encapsulation effectiveness of up to 88.90 % has
been attained in this study. Cisplatin solid lipid
nanoparticles containing soy lecithin were created using
the Solvent evaporation method, then the particle size
was decreased by sonication formulation using solid lipid
nanoparticles performed well in terms of medication
content and encapsulation effectiveness. This shows that
the formulation procedure was suitable and reproducible
in nature, and it provided a good yield. The formulation
with the best encapsulation efficiency was (F-5). It was
discovered that the percentage of encapsulation
efficiency along with the soy lecithin concentration.
According to the method described, permeation studies
with dialysis membrane were conducted. The in vitro
drug release profiles of all the formulations indicated an
initial burst effect, followed by a gradual drug release.
The formulations demonstrated good drug release from
the lipid. These solid lipid nanoparticles contained more
Cisplatin and released it more quickly.
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