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Abstract: Chitosan nanoparticles (CSNPs) have proven their excellent drug delivery potential through various routes of
administration and therefore, the need for large scale production of CSNPs for the commercialization is paramount. Their
particle size and surface charge, drug loading capacity, and morphology were characterized in this study. Finally, drug
release studies of both continuous and scalable modes were undertaken to ascertain suitability of CSNPs as a carrier for
HC. The particle size of the large and small scale of HC-CSNPs was 253.3+16.4 nm and 225.4 £9.6 nm, respectively.
Besides, the surface charge of the large and small scale of HC-CSNPs was +35.3£0.3 mV and +32.6£2.5 mV,
respectively. The size and surface charge of both HC-CSNPs were not proven to be statistically different. Drug loading
capacity of large and small scale production of HC-CSNPs was high with 89%, and 83% of HC was loaded into CSNPs,
respectively. Moreover, the morphology of both large and small scale production of HC-CSNPs had a similar shape and
particle size. The drug release profile of CSNPs prepared by both methods showed a significantly (p<0.05) higher
percentage release as compared to the free form. It is expected that positively charged nano-sized HC-CSNPs with high
drug loading capacity could enhance the efficiency of drug delivery system to carry and diffuse into the target cells. The
results obtained also suggested that the modified method applied could be further developed for large scale production of

HC-CSNPs.
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INTRODUCTION

The success of therapy is directly associated with the
carrier system which successfully delivers the therapeutic
moiety to its target site, producing the desired
pharmacological response. The drug delivery system
indeed plays a pivotal role in controlling the desired
pharmacological and unwanted toxic effects of the drugs.
An optimal drug delivery system ensures that the active
drug is available at the site of action for the correct time
and duration (Liu et al., 2016).

The significant efforts have been made in the field of
nanotechnology, where many nanoforms have been
cracked as drug delivery system, like liposomes, micelles,
polymeric nanoparticles, dendrimers and nanocrystals.
These NPs can successfully be administered through
invasive and noninvasive routes. Polymeric nanoparticle
have been used frequently as carrier for drug delivery due
to its excellent bioavailability, better encapsulation
effenciency, control release and less toxic properties.
Chitosan nanoparticles (CSNPs) are one of such
polymeric nanoparticles developed from a biocompatible
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and biodegradable natural polymer and are widely used in
delivering genes, proteins, anticancer drugs, and
antibiotics (Bugnicourt and Ladaviere, 2016).

CSNPs can be fabricated through ionic gelation, micro
emulsion, emulsification solvent diffusion, polyelectrolyte
complex,  emulsification  cross-linking,  complex
coacervation, solvent evaporation, reverse micellar and
self-assembling techniques, each showing their merits and
demerits (Ma et al., 2017, Li et al., 2015). However, most
of these fabrication methods of nanoparticles are costly,
time-consuming and require several steps and corrosive
solvents as an ingredient of synthesis (Yang et al., 2012).
lonic gelation is the most commonly employed technique
to produce CSNPs. Although a huge number of studies
have reported procedures of ionic gelation method, yet
none has reported the suitability of their method for the
bulk production of CSNPs at a commercial scale
(McClements, 2018). The formulation features like
physical characteristics of CSNPs and their morphology
are highly affected by the method of preparation and
related formulation variables which can directly
compromise the therapeutic outcomes (El-Feky et al.,
2017).
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Therefore, the development of a method that produces the
CSNPs with proper control over features at small and
large scale would be of great interest to facilitate the
facile synthesis of CSNPs. Herein, we report the
optimized conditions of ionic gelation method to
synthesize CSNPs for small and bulk manufacturing. The
synthesized CSNPs from both batches were subjected to
physical characterization to see the changes in features.
The study is expected to bring benefits and good impacts
to formulation development and optimization of drug
delivery systems. Data generated from this study will be
used for further improvement and optimization of the
method to produce large batches of CSNPs with the
desired physical attributes.

MATERIALS AND METHODS

Materials

Analytical grade HC (base), low molecular weight CS
(specifications: MW, 70 kDa; deacetylation degree, 85%;
viscosity 20-300 cP for 1%wi/v solution in 1% v/v acetic
acid at 25°C), was purchased from Sigma-Aldrich
Chemicals Corp., Ltd., (St. Louis, MO, USA). The
pentasodium tripolyphosphate (TPP) was obtained from
Merck KGaA Co., Ltd., (Darmstadt Germany). All other
solvents used were of analytical grade.

Methods

For large scale production of CSNPs, ionic gelation
method with some modifications was used (Hussain et al.,
2013). Briefly, 100 mg of TPP was dissolved in 100mL of
distilled water to produce 0.1% (m/v) solution. 100mL of
hydrocortisone (HC) solution (1mg/mL) was added to a
beaker containing 1000mL of CS solution (0.01 mg/mL)
at pH 5 using a dropper. The mixture was mixed by a
propeller at 1000 rpm. The TPP solution was added
dropwise, under continuous stirring, to the CS solution to
form HC-loaded nanoparticles (HC-CSNPs). Small scale
production of HC-CSNPs was achieved following the
same method. However, the volume of TPP and CS
solution was 100-fold reduced compared to that of the
large scale.

Particle size and surface charge

The resulting CSNPs from both batches, were
characterized using a Zetasizer (Malvern Instruments
Ltd., Worchester, UK) for their particle size and surface
charge (zeta potential). The samples were 10-fold diluted
before analysis.

Loading Efficiency (% LE)

To determine drug loading efficiency of HC in CSNPs,
the suspension of HC-CSNPs was centrifuged at 4°C
temperature for 30 min. The amount of free HC recovered
in the supernatant was analyzed spectrophotometrically
using UV spectrophotometer (Shimadzu UV-1601,

Shimadzu Co. Ltd., Japan) at 595 nm. The loading
efficiency was calculated according to the equation
below:

The Total amount of HC —
LC= Free amount of HC
Nanoparticles weight

x 100%

Morphology of nanoparticles

The morphology of HC-CSNPs was determined by
transmission electron microscopy (TEM). A drop of HC-
CSNPs suspension was placed on a carbon film 300 mesh
copper grid using a syringe (Nagarajan et al., 2015) and
left it to air-dry. The samples were stained with 1-
Murany! acetate solution for 5 s at temperature 7°C before
viewing under a TEM (Hitachi H-7000 TEM, Japan).

In vitro drug release studies

In vitro HC release studies from HC-CSNPs of both small
and large scale were performed to investigate the amount
of drug release by dialysis bag diffusion method reported
previously (Sotelo-Boyas et al., 2017). Briefly, 50 ug of
previously lyophilized HC-CSNPs of both formulations
were separately re-dispersed in 5mL of phosphate buffer
solution (PBS, pH=7.4) and were sealed in dialysis
membrane bag (Spectra/Por 7, 50,000 MW cut-off) and
incubated in a bottle containing 50mL of PBS. Whole
assembly was thermo regulated by shaking water bath
with a speed of 50 rpm at temperature 37+0.5°C. At pre-
defined interval, 2mL of aliquots were with-drawn, and
replaced by fresh PBS (pH=7.4) into the system to keep
the volume constant. Amount of diffused HC through the
membrane was analysed using RP-HPLC at 248 nm (Amax)
(Siddique et al., 2016). The remained un-diffused HC,
inside the dialysis tube, at the end of the study was
quantified as well.

STATISTICAL ANALYSIS

IBM SPSS Statistic 20 was used to analyze the data
obtained. Descriptive statistics were applied to estimate
the means and standard deviations. Independent sample t-
test was used to estimate the significant difference
between nanoparticles. P-value <0.05 was considered
statistically significant.

RESULTS

The particle size and Morphology of HC-CSNPs

The method is based on electrostatic interaction between
the amine group of chitosan and negatively charged group
of polyanionic TPP. Table 1 shows the particle size
analysis of both large scale and small scale HC-CSNPs.
The morphology of large and small scale production of
HC-loaded chitosan nanoparticles prepared in chitosan
solution was visualized under a transmission electron
microscope (TEM) fig. 1.
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Table 1: Comparative analysis of various features of small and large scale production of HC-CSNPs.

Mean Particle Size (nm) | Mean Surface Charge (mV) | Drug Loading Capacity (%)

Large scale HC-CSNPs 253.3£16.0 +326 T 25 89.17

Small scale HC-CSNPs 2254 +95 +35.30.3 83.00
! ; A _ 2 ' . =
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Fig. 1: Morphology of HC-loaded chitosan nanoparticles, where A is small scale and B is large scale nanoparticles.

Drug loading capacity of HC-loaded chitosan
nanopatrticles

Drug loading capacity is calculated with the help of in
determining the free amount of HC in the supernatant
(Hussein - Al - Ali et al.,, 2018). The drug loading
capacity of small scale production of HC-loaded chitosan
nanoparticles is 83.00%. The drug loading capacity of
large scale production of HC-loaded chitosan
nanoparticles is 89.14 %. Both small and large scale HC-
CSNPs shows more than 80% drug loading effenciency.
The high drug loading capacity of chitosan nanoparticles
becomes one of the advantages as a good drug carrier to
target cells. The higher amount of drugs can be loaded in
chitosan nanoparticles, and the chitosan nanoparticles are
delivered in the human circulatory system to the target
cells for treatment(He et al., 2017). Hence, this helps to
increase the effectiveness of the drug in medical treatment
and drug will be more reliable in the aspect of medical
treatment. Thus, it can be concluded chitosan
nanoparticles is an undeniable good drug carrier and
worth to be commercialized.

In-vitro drug release studies

Dialysis bag technique is one of the well-established and
most widely used methods to investigate the release
behavior of the drug molecule from NPs (Lee et al., 20186,
Dudhani and Kosaraju, 2010). Figure 2 showed that drug
release at each interval of time was non-significant
(p>0.05).

DISCUSSION

The particle size of the nanoparticles plays a significant
role in epithelial uptake and intracellular transport/

trafficking (Anandhakumar et al., 2017). It has been
reported that the arterial uptake of smaller size
nanoparticles is more than 3-fold than larger sized
nanoparticles (Rivas et al., 2017). From the current study,
it was seen that the average hydrodynamic particle size of
small and large scale production of HC-CSNPs was found
to be 225.4 £9.5 nm and 253.3+16 nm respectively.
However, the differences between these were statistically
non-significant (p-value =0.164). Thus, it is concluded
that there is no significant difference between both large
and small scale production of HC- loaded chitosan
nanoparticles. The average particle sizes of the large and
small scale of HC-CSNPs remains in the standard range
of particle size. The chitosan nanoparticles as the drug
carrier can easily enter the cells and increase the
efficiency of the effect of the drug on treatment for certain
diseases like inflammation, cancer, eczema (Rivas et al.,
2017, Auwal et al, 2017). Therefore, -chitosan
nanoparticles will have commercial value to produce
nanoparticles at a larger scale.

It has been reported that the important index for the
stability of nanoparticles suspension is potential zeta(Dai
et al., 2017). Zeta potential increases when the drug
encapsulation increases and thus it is said to be the
stability of drug also increases. Zeta potential of chitosan
nanoparticles determines the stability of the drug in the
human body. Optimal encapsulation of drug is at pH 5.0
(Hussain et al., 2013). Above and below pH 5.0, the
encapsulation of drug starts to decrease, although the zeta
potential of chitosan nanoparticles increases when the pH
value decreases. It has been stated that nanoparticles with
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higher zeta potential bound strongly to the cell membrane
and showed a higher cellular uptake(Yu et al., 2018).
Surface charge of HC-loaded chitosan nanoparticles has
been determined by Zetasizer. The average surface charge
of the large and small scale of HC-loaded chitosan
nanoparticles remain in the suitable range of surface
charge. Both large and small scale of HC-loaded chitosan
nanoparticles is positively charged. As the zeta potential
is higher, the drug is more stable (Gomathi et al., 2017).
Therefore, regarding particle size of chitosan
nanoparticles, it can be concluded that chitosan
nanoparticles are good drug carriers. The TEM revealed
that the morphology of large and small scale production
of HC-loaded chitosan nanoparticle is in a smooth
spherical shape. The mean particles size of large and
small scale production of HC-loaded chitosan
nanoparticle is almost the same. Thus, HC-loaded
chitosan nanoparticles are small enough in size and able
to diffuse into the human cell as a potential drug carrier.
There is no significant difference between the
morphology of large and small scale production of HC-
loaded chitosan nanoparticle. Therefore, it can be
concluded that the chitosan nanoparticles can be largely
commercialized as a good drug carrier in loading drug for
treatment.

60+
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Fig. 2: In vitro drug, release profiles of HC from small
scale and large scale HC-CSNPs performed for 60 h in
duration in PBS, pH=7.4.

Drug loading capacity is calculated with the help of in
determining the free amount of HC in the supernatant
(Hussein - Al - Ali et al., 2018). Both small and large
scale HC-CSNPs shows more than 80% drug loading
efficiency. The high drug loading capacity of chitosan
nanoparticles becomes one of the advantages as a good
drug carrier to target cells. The higher amount of drugs
can be loaded in chitosan nanoparticles, and the chitosan
nanoparticles are delivered in the human circulatory
system to the target cells for treatment(He et al., 2017).
Hence, this helps to increase the effectiveness of the drug
in medical treatment and drug will be more reliable in the
aspect of medical treatment. Thus, it can be concluded
chitosan nanoparticles is an undeniable good drug carrier
and worth to be commercialized.

In dialysis bag technique, the dialysis membrane
physically separate the drug-loaded nano-carrier from the
bulk media and drug release over time is generally
evaluated in outer media (Zhou et al., 2018, Wu et al.,
2017). Phosphate buffer was chosen as a release medium
to simulate with body fluids as release properties of HC
may be affected by ionic strength in the release medium
(Qian et al., 2006). During in-vitro drug release study, HC
release from small and large scale NPs was in a control
manner. It can be observed that drug release from both of
these formulations with the same drug loading had the
same drug release as compared to the free form. The drug
release is controlled by the erosion method in which
penetration of water molecule into the matrix causes
swelling therefore polymer subjected to degradation (Ko
et al., 2014). This ease of estimating drug release through
dialysis bag makes it easy and straight forward to measure
drug release from other nanocarriers such as liposome,
nano-emulsion and nanospheres (Kamaly et al., 2016,
Masood, 2016).

Successful delivery to the skin depends on drug release
through the skin in adequate quantity to attain desired
therapeutic effects(Sala et al., 2018). Moreover, drug
release depends on physicochemical properties of the
drug molecule as well as effect of the vehicle which can
alter its penetration profile (Dhakar, 2012). Positively
charged NPs were found to be more effective in terms of
its adherence to the negatively charged skin and release
the drug in an efficient interval of time, with minimizing
toxicity (Wang et al., 2016, Sukhanova et al., 2018).

CONCLUSION

The study concluded that the bulk and small scale
production of HC-loaded CSNPs, through ionic gelation
method can be achieved, with some modifications in the
protocol. From the data obtained, the particle size and
zeta potential of both large and small scale production of
HC-loaded CSNPs were non-significant, indicating the up
scaling method was successfully designed to produce the
same  characteristics of  nanoparticles as in
small/laboratory scale. Moreover, the loading efficiency
with both productions was above 80% with good release
profile Thus, the simplest production method of chitosan
nanoparticles could be of great interest as the chitosan
nanoparticles are deniably a potential drug carrier and
worth to be commercialized.
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