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ABSTRACT

In this study, chitosan-based and cisplatin-laden nanoparticles formed from cowry shells and acacia gum were
synthesized with an investigation of the morphology and dimension of the nanoparticles. Chitosan and gum arabic
were extracted from cowry shells and Acacia trees respectively to prepare nanoparticles using standard chemical
methods. Observation with a Jeol JSM 7600F Field Emission Gun Ultra-High Resolution Scanning Electron
Microscope confirmed the formation of particles composed of distinct spheres, ovals, and short cylinders. The
study further investigated the morphology of the nanoparticles before and after loading with cisplatin, a
multipurpose anti-cancer drug. Quantitative morphological description of nanoparticles was done using shape
factors such as aspect ratio, roundness, irregularity and equivalent circle diameter (ECD), which were obtained
from Media cybernetics software analysis while qualitative description was done on the basis of visual observation
of acquired SEM photomicrographs. Results showed that the respective values of aspect ratio (0.67 and 0.68),
roundness (0.91 and 0.95), irregularity (2.69 and 2.80) and ECD (0.67 and 0.80) obtained for cisplatin-unloaded
and cisplatin-loaded nanoparticles are strikingly comparable providing evidence that drug encapsulation did not
impair the morphological attributes of the nanoparticles significantly. The developed nanomaterials are thus
considered suitable as nanocarriers for targeted drug delivery applications.

KEYWORDS: Cowry shells, cisplatin, Acacia gum, nanoparticles, shape factors, Media cybernetics

1. INTRODUCTION

Drug delivery systems are engineered technologies for
the targeted delivery and/ or controlled release of
therapeutic agents.! Drug delivery systems control the
rate at which a drug is released and the location in the
body where it is released. However, some systems can
control both.™™ Particular attention has been on the use of
microelectro-mechanical-systems,  cyclodextrins  (the
most representative of molecular drug delivery systems),
microemulsion  and  organogel  (supramolecular
aggregates), and colloidal carriers (liposomes, niosomes,
ethosomes, ultra-deformable vesicles, nanoparticles) for
delivery of drugs.??

Recent developments in nanotechnology have shown that
nanoparticles have a great potential as drug carriers [3-
5]. Due to their sizes, they exhibit unique
physicochemical and biological properties such as
enhanced reactive area and the ability to cross cell and

tissue barriers.®  These attributes make them a

favorable material for pharmaceutical applications.!®!

A wide range of materials, such as natural and synthetic
polymers, lipids, and surfactants, have been employed to
prepare  drug nano carriers.’!  Biodegradable
nanoparticles have been prepared from a variety of
materials such as proteins, polysaccharides and synthetic
biodegradable polymers.®

Polymeric nanoparticles have received more attention
than others because of their therapeutic potential and
greater stability in biological fluids as well as during
storage.®® In addition, they show high encapsulation
efficiency and protection of unstable drugs against
degradation by the external environment in comparison
to others.[” & The utilization of Chitosan as drug delivery
system has been reported.®**! Over the last few decades,
investigations had been focused on applications of
chitosan and its derivatives in drug delivery.*#
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Chitosan is a nontoxic, biodegradable and biocompatible
linear polysaccharide of randomly distributed N-acetyl
glucosamine and glucosamine units.'*? Chitosan is
usually derived from chitin, which is present in the exo-
skeleton of arthropods, crustaceans, yeast and fungi.*>®
Chitosan nanoparticles derivative is usually obtained by
the ionic gelation with polyphosphates, nucleic acids,
sodium tripolyphosphate, xanthan gum, and acacia gum
Arabic.[5

Past research has shown cowry shell based materials to
be suitable for biomedical applications.®?”! In addition,
the biopolymer extract of cowry shell, chitosan, has been
found to be suitable for  pharmaceutical
applications.®02%

The present study therefore attempted to take the work
further by synthesizing cowry shell based chitosan
nanoparticles for pharmaceutical application. The
suitability of the synthesized nanoparticles as a nano
carrier was also studied by analyzing the morphological
parameters such as aspect ratio, roundness, irregularity
and equivalent circle diameter, of chitosan-acacia gum
nanoparticles using Media cybernetics software.

2. MATERIALS AND METHOD

2.1 Materials

Materials used for this study include cowry shells (llesa,
Nigeria), gum Arabic exudate (Kano, Nigeria), cisplatin
and phosphate buffered saline (PBS) (Sigma-Aldrich
Laborchemickalien GMBH,Seelze, Germany),
hydrochloric acid, sodium hydroxide, acetic acid,
acetone (BDHChemicals Ltd Poole, England) and
distilled water.

2.2 Synthesis of cisplatin-loaded nanoparticles
Chitosan-acacia gum nanoparticles were prepared from
cowry shells and acacia gum using the standard ionic
gelation technique [9]. Cisplatin, a multipurpose anti-
cancer drug, was loaded onto chitosan-acacia gum
nanoparticles by encapsulation mechanism using the
standard ionic gelation method.*?! This entails the
preparation of chitosan, acacia gum and drug solution.
The chitosan solution was prepared by adding 2 g of
chitosan to 50 ml of 1% acetic acid acid solution under
magnetic stirring for 12 hours. Similarly, the gum arabic
solution was prepared by the addition of 4 g of gum
arabic to 50 ml of distilled water under magnetic stirring
for 6 hours. Powdered cisplatin from a 25 mg drug stock
of the active pharmaceutical ingredient (API), was
dissolved in distilled water to form a solution having a
mass concentration of 0.5 mg/ml. The drug solution so
formed was added directly to the chitosan solution under
a gentle magnetic stirring to form chitosan-drug solution.
Drug-laden nanoparticles were synthesized by drop-wise
addition of acacia gum solution to chitosan-drug solution
under vigorous magnetic stirring. The resulting drug-
loaded nanoparticles were recovered by centrifuging the
solution at 7000 rpm forl5 minutes.

2.3 Scanning Electron Microscopy

The morphology of the synthesized nanoparticle samples
were studied using the Jeol JSM 7600F Field Emission
Gun Ultra-High  Resolution ~ Scanning  Electron
Microscope. The nanoparticle samples were imaged with
a beam of electrons, scanned across, creating an image of
the surface of the sample. The image was achieved via
the detection of secondary electrons that were released
from the specimen as a result of it being scanned by very
high energy primary electrons emitted from the electron
gun in the SEM. The mean dimension of the synthesized
nanoparticles has been determined to be 150 nm.[!

2.4 Photomicrograph Analysis

The SEM images of chitosan-acacia gum nanoparticles
and drug-loaded nanoparticles were further analyzed on a
personal computer using Image Pro Premier software
(Media Cybernetics, Bethesda, MD, USA) to determine
the particle descriptors of major and minor axis length,
perimeter and projected area from which shape factors of
aspect ratio, roundness, irregularity and equivalent
diameter were determined. !>

3. RESULTS AND DISCUSSION

Results obtained from SEM characterization and
morphological analysis conducted for the nanoparticles
are discussed in this section. Figures 1 and 2 show the
SEM micrographs of synthesized chitosan-acacia gum
nanoparticles and cisplatin-loaded chitosan-acacia gum
nanoparticles respectively. Morphological parameters of
chitosan-acacia gum nanoparticles and drug-loaded
nanoparticles as analysed by Media cybermetrics
software are presented in Table 1.

e
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Figure 1: SEM micrograph of chitosan-acacia gum
arabic nanoparticles
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Figure 2: SEM photomicrograph of cisplatin-loaded
nanoparticles.

16:02:49

Table 1: Morphological parameters of chitosan-
acacia gum nanoparticles and drug-loaded
nanoparticles

Shape factors Cisplatin-free Cisplatin- Iqaded
nanoparticle nanoparticle
Aspect ratio 0.67 0.68
Roundness 0.91 0.95
Irregularity 2.69 2.8
Equivalent Circle 0.67 0.8

Diameter

3.1 Morphological Characterization

Morphological shapes of synthesized nanoparticles
obtained by SEM photomicrographs in Figures 1 and 2
are described both quantitatively and qualitatively.
Quantitative description of synthesized nanoparticles is
done using morphological descriptors such as aspect
ratio, roundness, irregularity and equivalent circle
diameter (ECD), which were obtained from Media
cybernetics software analysis as presented in Table 1.
The morphological descriptors have been proposed and
used by different image analysis software.?’*% On the
other hand, qualitative description is on the basis of
visual observation of the SEM photomicrographs.F*!

From Table 1, the synthesized chitosan-acacia gum
nanoparticles and drug-loaded nanoparticles have aspect
ratios of 0.67 and 0.68 respectively. The aspect ratio,
with a range of 0-1, is a measure of how elongated a
particle is with a perfect circle having a roundness value
of one.”*3 Thus, both nanoparticles are more spherical
than elongated. In addition, both are comparatively
spherical. The aspect ratio values obtained are high
enough to impact better powder packing and good flow
rate to the synthesized nanoparticles because the closer
the aspect ratio is to 1 the spherical is the particle.

Roundness, is a measure of how closely the projected
area of a particle resembles a perfect circle; with a
perfect circle having a roundness value of 1.2 % The
drug-loaded nanoparticles have the higher roundness
value of 0.95, while chitosan-acacia gum nanoparticles
have the lower roundness value of 0.91.

Roundness, or smoothness, is different from aspect ratio
in that it takes into consideration the projected area of the
particle while aspect ratio uses the maximum and
minimum Feret’s diameter in its calculation of length
and breadth of the particle which is then used to calculate
the aspect ratio.”’?* Roundness particularly describes
the surface smoothness in terms of surface asperity.

Irregularity indicates whether the particle is elongated or
irregular.®@ It therefore measures the surface area
compared to the size of the particle with a perfect circle
having irregularity of .2%% Irregularity values higher
than 7w suggests that the particles are irregular—a
situation in which so many different shapes are present
that a particular shape cannot be said to be predominant.
The drug-loaded nanoparticle has the higher irregularity
value of 2.8 while chitosan-acacia gum nanoparticles has
the lower, 2.69, both lower than n. These results further
support the claim that the nanoparticles have distinct and
identifiable shapes viz ovals, spheres and short cylinders.

It is worthy of notice that the values of aspect ratio (0.67
and 0.68), roundness (0.91 and 0.95), irregularity (2.69
and 2.80) and ECD (0.67 and 0.80) for chitosan-acacia
gum nanoparticles and drug-loaded nanoparticles
respectively are strikingly comparable. This provides
evidence that drug encapsulation did not impair the
morphological parameters of the nanoparticles
significantly. In addition, it may be observed that, the
ability of chitosan and acacia gum to form smooth
nanoparticles by the ionic gelation technique was not
retarded by the encapsulation of cisplatin.

On a qualitative sense, a general absence of sharp edges
can be seen to characterize the nanoparticles whose SEM
photomicrograph was presented in Figure 1. This
indicates a convenient property required for smooth
transport within blood vessels.?*2"%21 smooth surface
implies low attrition and friction in transport. This again
goes to imply a reduced incidence of wear and
degradation when the nanoparticles are loaded with drug.
Since the nanoparticles will essentially serve as a
carrier—more like a vehicle—delivering active
pharmaceutical ingredient to ailing sites, wear and
degradation may occur over time.?%%

The drug-loaded nanoparticles in Figure 2 are similar to
the drug-free nanoparticles in Figure 1 in terms of shape
and surface smoothness.

The general absence of sharp edges indicate a convenient
property required for smooth transport within blood
vessels.[??7 3032 Another advantage derivable from the
smoothness of the nanoparticles surface is reduced
systemic circulation time.’® %2 Nanoparticles tend to
arrive their tumor-destination with little stress and at a
shorter time under active tumor-targeting scheme. An
added benefit of the smooth morphology is that cases of
premature drug release will be largely forestalled.
Sunderland et al.*? noted that passive targeting of
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tumors is typically slow, so extended systemic
circulation is required to achieve sufficient nanoparticle
concentration at tumor site.

The particles in Figure 1 are mainly spheres, ovals and
short cylinders but the short cylinders seem to
predominate. The formation of smooth short cylinders
appeared to be more favourable at the synthesis
condition - gentle vibration of the magnetic stirrer and
centrifuging speed of 7000 rpm.

4. CONCLUSION

The following conclusions are drawn from the results of

this study.

(1) Nanoparticles were formed after acacia gum solution
was added to chitosan-cisplatin solution under gentle
magnetic stirring by the ionic gelation method. The
particles showed distinct spheres, ovals and short
cylinders.

(2) The morphology obtained from scanning electron
microscope showed distinct shapes which could be
readily analyzed for shape factors like aspect ratio,
roundness, irregularity and equivalent circle
diameter using Premier version of Media
cybernetics.

(3) The respective values of aspect ratio (0.67 and 0.68),
roundness (0.91 and 0.95), irregularity (2.69 and
2.80) and ECD (0.67 and 0.80) obtained for
cisplatin-free and cisplatin-loaded nanoparticles are
strikingly comparable providing evidence that drug
encapsulation did not impair the morphological
properties of the nanoparticles significantly.

(4) The values obtained for the shape factors present the
nanoparticles as suitable particles for application as
drug nanocarriers in targeted drug delivery systems.
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