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Abstract
Background: Target specific delivery of RNA interference (RNAi)-based molecules against Vascular Endothelium Growth Factor (VEGF)
has been regarded as a promising approach in skin cancer therapy like melanoma. Chitosan (CS) nanoparticles have been extensively
studied for efficient delivery of RNAi-based molecules  such  as  small  interfering  RNA (siRNA) and  Dicer-substrate  RNA (DsiRNA). 
Materials and Methods: The CS nanoparticles were prepared via ionic gelation method  prior  to  DsiRNA adsorption. The  DsiRNA-loaded
CS  nanoparticles  were  later  incorporated  into  PF-127 (25  and  30% w/v) to  form  temperature-sensitive  gels  to  facilitate  their
delivery through the skin barrier. The gels were later subject to rheology, FTIR, scanning electron microscopy analysis and gelation
temperature as well as drug release determination. Results: Particle size of the resultant DsiRNA-loaded CS nanoparticles ranged from
146.0±19.3 to 217.7±20.5 nm with variable encapsulation efficiency (81.8±1.8 to 90.1±1.8%),  depending  on  CS  concentration. The
gel (PF-127 25% w/v) containing DsiRNA-loaded CS nanoparticles had the desired viscosity (0.751±0.005 to 0.839±0.04 Pa sec) as well
as gelation temperature (24.3±0.6 to 25.3±0.6) and  exhibited  a   sustained  drug  release  for  almost  7 days.  Conclusion: A
temperature-sensitive gel containing DsiRNA-loaded CS nanoparticles was successfully developed and it has a potential to be further
developed as a gene delivery system for skin cancer therapy.
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INTRODUCTION

Angiogenesis is an essential step for cancer development
and has been recognised as a hallmark of cancers1. Vascular
Endothelium Growth Factor (VEGF) is the most described
secreted molecules implicated in angiogenesis of human
cancers2. Numerous inhibitors have been developed to slow
down   angiogenesis.   These   include   RNA   interference
(RNAi)-based therapy for example, small interfering RNA
(siRNA) and a more potent molecule, Dicer-substrate RNA
(DsiRNA). The DsiRNA demonstrated better gene silencing by
the guide strand (target complementary strand) and better
RNA-induced silencing complex (RISC) assembly3. This therapy
provides an alternative strategy to treat cancer by silencing
the VEGF gene. Angiogenesis is also required for progression
and metastasis of melanoma4, a type of skin cancer that has
markedly increased worldwide and caused 80% of skin cancer
deaths5. Despite a number of strategies have been developed
to transfer siRNA/DsiRNA to the target cells, however, the
successfulness of its delivery still remains a major difficulty due
to rapid degradation by nuclease and macrophages.
Therefore, a suitable delivery system is a necessity to protect
and deliver it to the target site6.

Besides protecting the payload, polymeric nanoparticles
have other advantages such as ease of synthesis, controllable
size and high loading capacity7. Chitosan (CS) has attracted
much interests as a safe polymeric drug delivery due to
biocompatibility and less immunogenic properties which
allow it to interact with and protect the carried siRNA/DsiRNA
from enzymatic degradation in the cells8,9. In dermal and
transdermal delivery, pluronic (PF-127) has attracted particular
interests because it promotes and improves drug permeation
through the skin10. The PF-127 is a thermo-reversible gel11 that
exhibits reverse thermal gelation and has low toxicity. At a low
concentration (20-30% w/w), it will exist in micellar form while
at a high concentration, above the critical gel concentration,
it will arrange into lattice form. Thermal gelation properties of
PF-127 therefore are able to form depot, lengthen the contact
time and prolong the pharmacological action at the desired
site12. Although, the use of PF-127 as vehicles for various drugs
has been previously reported, none has reported on topical
application for DsiRNA-loaded CS nanoparticles.

In this study, formulations based on PF-127 were
prepared  and  characterised  to  serve  as  a  vehicle  for
DsiRNA-loaded CS nanoparticles into the skin. Nanoparticles
loaded with DsiRNA were prepared from water soluble CS for
ease of preparation and to reduce risk of cytotoxicity
associated with acetic acid residues. The ability of  the  system

to release DsiRNA was later determined using Franz diffusion
cell. The safety of this formulation was also assessed in normal
cell line in  vitro.

MATERIALS AND METHODS

Materials: Medium molecular weight CS (Molecular Weight
(MW)) of 110-150 kDa with a 75-85% degree of deacetylation
(DD) was obtained from Sigma-Aldrich (Ireland), hemicellulase
from  Aspergillus  niger  was  obtained   from  Sigma-Aldrich
(St., Louis, USA), pentasodium tripolyphosphate (TPP) was
obtained from Merck (Darmstadt, Germany), DsiRNA targeting
the VEGF gene [5'-rGrGrA  rGrUrA  rCrCrC  rUrGrA  rUrGrA
rGrArU  rCrGrA  rGrUA  C-3'  (sense strand)  and  5'-rGrUrA
rCrUrC  rGrArU  rCrUrC  rArUrC  rArGrG  rGrUrA rCrUrC rCrCrA-3'
(anti-sense strand)]  was  purchased  from  Integrated DNA
Technologies (IDT), USA.  Phosphate  Buffered  Saline (PBS)
was  obtained  from  Sigma-Aldrich (St.,  Louis,  USA),  Pluronic,
PF-127 powder was purchased from Sigma-Aldrich (St., Louis,
MO, USA),  while  glacial  acetic  acid  with  molar  mass  of
60.05 g molG1  was  purchased  from  R  and  M Chemicals
(United Kingdom). Potassium bromide powder was obtained
from Sigma-Aldrich (St., Louis, USA). Cellular acetate
membrane with pore size of 0.45 µm was purchased from
Sartorius Stedim Biotech (Germany). Chinese hamster lung
fibroblasts (V79) cell line was purchased from the American
Type Culture Collection (ATCC; Rockville, MD), Dulbecco’s
Modified Eagle Medium (DMEM) and Fetal Bovine Serum (FBS)
were purchased from Sigma-Aldrich (St., Louis, USA). The
alamarBlue® was purchased from Invitrogen (Carlsbad, CA,
USA) for cell viability assay.

Preparation of water soluble CS: Medium molecular weight
CS 1 g was dissolved in 2% v/v glacial acetic acid solution and
magnetically stirred (MS MP8 Wise Stir, Wertheim, Germany)
at 700 resolution minG1 (rpm). The pH of CS solution was
adjusted to 4.5 by adding few drops of 1 M NaOH and left
overnight. After that, 20% w/v of hemicellulase enzyme
solution was added into CS solution and placed in a water
bath for 6 h. The pH of CS solution was then adjusted to 5.5
and left overnight. The CS  solution  was  boiled  at 100EC for
10 min and superficial layer of the solution containing enzyme
was carefully removed. The solution was concentrated to 1/6
of its volume using a rotatory evaporator (Buchi  Rotavapour
R-200 with Buchi water bath B-480, Chadderton, UK) under a
reduced pressure at 60EC and  left  overnight. Concentrated
CS solution was frozen at -80EC and lyophilized (Scanvac
Coolsafe Freeze Dryer, Lynge, Denmark) at -110EC for 48 h to
form water soluble chitosan.
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Structure identification test: A structure identification test
was conducted by using a fourier-transform infrared
spectrophotometer (FTIR) (Pelkin-Elmer FT-IR 100, Waltham,
USA). Three milligrams of sample was mixed with 300 mg of
KBr. The sample and KBr powders were ground together in the
mortar to produce thoroughly mixed sample. A pressure
(Specac Hydraulic Pellet Press, Orpington, USA) of 1 t was
applied initially for 1 min and was increased to 10 t for 4 min
to form pellets. The FTIR spectra of water soluble and medium
weight CS were recorded against the background. For each
sample, 16 scans were obtained at a resolution of 4 cmG1 in
the range of 4000-600 cmG1.

Water solubility test: Water soluble CS obtained was subject
to water solubility test. About 0.1 g of sample was dissolved in
10 mL of distilled water at 25EC for 2 h under magnetic stirring
(MS MP8 Wise Stir, Wertheim, Germany) at 700 rpm. The CS
precipitates  were  collected  by  ultracentrifugation (Optima
L-100 XP ultracentrifuge, Beckman-Coulter, California, USA) at
10000 rpm for 15 min. The precipitates were placed in an
evaporating dish. The precipitates were dried in an oven
(Memmert 100 Universal Bench Top Lab Oven, Lund Sweden)
until a constant weight was obtained. The evaporating dish
was weighed before and after drying. The solubility of water
soluble CS was calculated using the following equation:

Weight of dried CS (g)Solubility (%) = 100%
Initial weight of CS (g)



Preparation of CS nanoparticles: The CS nanoparticles were
prepared   using   ionic   gelation   method   according   to
Calvo  et  al.13  with  some  modification.  The  CS  solutions
(0.1, 0.2 and 0.3% w/v) were prepared by dissolving CS powder
in 10 mL distilled water. The TPP solution (0.1% w/v) was
prepared by dissolving it in 10 mL distilled water. The CS
nanoparticles were produced by adding 1.2 mL of TPP solution
drop-wise into 3 mL of CS solutions under a constant
magnetic stirring (MS MP8 Wise Stir, Wertheim, Germany) at
700 rpm for 30 min at room temperature. The nanoparticles
were later incubated for another 30 min at room temperature
before further analysis. The CS nanoparticles were collected by
ultracentrifugation twice (Optima L-100 XP ultracentrifuge,
Beckman-Coulter, California, USA) at 35,000 rpm and at 10EC
for  30  min.  The  supernatants  were  discarded  and  the
pellets  of  nanoparticles  were  re-suspended  in  distilled
water.

DsiRNA adsorption: The CS nanoparticles were prepared
using  ionic  gelation  method  prior  to  DsiRNA  adsorption
onto  the  nanoparticles.  A  volume  of  1  mL  DsiRNA  solution
(15 µg mLG1) was added drop-wise to 1 mL of CS nanoparticles
suspension  made  from  0.1,  0.2  and  0.3% w/v CS. The
interaction tube was quickly inverted up and down for 10 sec.
The particles were then left to incubate for two h at room
temperature before further analysis.

Physical  characterisation  of  DsiRNA-loaded  CS
nanoparticles: Mean particle diameter (Z-average),
polydispersity (PdI) and zeta potential (surface charge) of
DsiRNA-loaded CS nanoparticles were determined by using a
ZS-90  Zetasizer  (Malvern  Instruments,  Worcestershire, UK).
No dilution was carried out during the analysis. Each sample
was measured in triplicate and the measurements were made
at 25EC. The data was reported as Mean±Standard Deviation.

Encapsulation efficiency: The encapsulation efficiency of
DsiRNA (%) adsorbed onto the CS nanoparticles was
determined from the UV absorption of free DsiRNA in the
supernatant recovered from particle centrifugation at
13000×g at 10EC for 15 min using the Allegra 64R centrifuge
(Beckman-Coulter, California, USA). The UV absorption of free
DsiRNA was determined at the absorbance of 260 nm (λmax).
Supernatant recovered from the unloaded CS nanoparticles
(without DsiRNA) was used as blank. The concentration of
DsiRNA was determined using the Beer’s law (A260 = gCL) and
calculations were done using the Eq. 1:

(1)AC = 
L

where, C is the concentration of DsiRNA, A260 is the
absorbance at 260 nm, g  is the extinction coefficient and L is
the path length of the cuvette. The extinction coefficient of
DsiRNA is 518500 L molG1 cmG1. After determination of DsiRNA
concentration from Eq. 1, the encapsulation efficiency was
calculated using the following equation:

sample supernatant

sample

C C
100 

C




where, Csample is the concentration of DsiRNA added and
Csupernatant  is the concentration of DsiRNA in the supernatant.
All the measurements were done in triplicate and the data was
reported as Mean±Standard Deviation.
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Preparation     of     pluronic-based     gel     containing
DsiRNA-loaded CS nanoparticles: The PF-127 gels (prepared
at concentration of 25 and 30% w/v) were prepared by
dissolving PF-127 powder in 3 mL of distilled water at 4EC. The
solution was shaken vigorously and allowed to cool at 4EC for
6-8 h. After liquefaction completed, it was stored at 4EC. The
CS-DsiRNA nanoparticles was frozen at -20EC and then
lyophilised (Scanvac Coolsafe Freeze Dryer, Lynge, Denmark)
at -110EC for 48 h. The DsiRNA loaded-CS nanoparticles were
incorporated into pluronic by directly mixing them at 4EC for
6 h. The formulations were then stored at 4EC before further
analysis.

Characterization  of   pluronic-based   gel   containing
DsiRNA-loaded CS nanoparticles
Rheological analysis: Rheological analysis was performed
using a cone-and-plate rheometer (Bohlin Gemini Rheometer,
Worcestershire, UK) with 20 mm diameter and 2E  angle
system.  The  shear  rate  was  set to increase  from  0-500 secG1

in 3 min followed by a descending shear rate which was back
to zero in the same time interval. Three independent
measurements were taken for each sample. Average apparent
viscosities of each sample were obtained at 500 secG1.

Scanning  electron  microscopy:  Pluronic  gel  was  frozen  at
-20EC and then lyophilised (Scanvac Coolsafe Freeze Dryer,
Lynge, Denmark) at -110EC for 48 h. Samples were fractured
in liquid nitrogen and sputter-coated with gold. The resulting
samples were examined using SEM (S-2400, Hitachi, Tokyo,
Japan).

Gelation temperature (Tgel ) measurement: Three millilitres
of cold sample solutions were put into a beaker (25 mL) and
placed in a low temperature water bath at room temperature.
A thermometer was immersed into the sample solution. The
solution was heated under continuous magnetic stirring at a
constant rate of 200 rpm. The temperature at which the
magnetic bar stopped moving was recorded as the gelation
temperature.

FTIR spectroscopic analysis: The CS nanoparticles, DsiRNA-CS
nanoparticles, blank pluronic gel, DsiRNA-loaded pluronic gel
were frozen at -20EC and then lyophilised (Scanvac Coolsafe
Freeze Dryer, Lynge, Denmark) at -110EC for 48 h. The KBr
pellet method was used in FTIR analysis.

In  vitro  drug release test:  Drug  release  from the
formulations was studied using vertical glass Franz diffusion
cells  (PermeGear  Inc.,  Hellertown,  USA)  with  a  volume  of

5.5 mL in a receptor compartment. The diameter of orifice
between the donor and receptor was 9 mm with diffusion area 
of 0.636 cm2. A Schott bottle containing PBS was maintained
at 37EC by placing it in water bath. The whole system was
maintained at 37EC. Five millilitres of receptor chamber was
filled with PBS until it reached the calibration mark. The
uniformity of receptor medium was maintained at a constant
rate by stirring using a magnetic bar. Cellulose acetate
membrane with a pore size of 0.45 µm (Sterlitech Corporation,
Washingtown, USA) was mounted on top of the chamber and
equilibrated for 30 min. One gram of the gel was applied onto
the membrane. The donor chamber and sampling arm were
occluded with parafilm.

Samples (0.5 mL) were withdrawn from the sampling at
predetermined time intervals, (30 min, 1, 2, 4, 7, 12, 36, 60, 84,
108, 132 and 156 h). The receptor was replaced with an equal
volume of receptor medium in order to maintain sink
condition. The amount of released DsiRNA was analysed using
a UV-visible spectrophotometer (Shimadzu 1800, Kyoto,
Japan) at a wavelength of 260 nm. Capillary cuvette which
allows measurement for sample of micro-volume was used.
PBS was used as blank solution. The absorbance value of each
sample was determined and recorded. The concentration of
DsiRNA was determined using Beer’s law (A260 = gCL). The
cumulative amount of DsiRNA permeated through per surface
area (cm2) of membrane was calculated and plotted against
time (h). The rate of drug release from the formulation was
determined from the gradient of the plot. In this drug release
test, each formulation was run in triplicate.

Cytotoxicity study: The cytotoxicity of gel was evaluated by
extraction method recommended by International
Organization for Standardization (ISO/EN 10993-5). Lung
fibroblast (V79) cell line from the Chinese hamster, procured
from ATCC was cultured in DMEM containing FBS (10%) and
penicillin-streptomycin (1%). A temperature of 37EC with a
humidified 5% CO2/95% air atmosphere was maintained for
the cultures. Cells were seeded in 24 well culture plates
(50×104 cells wellG1) and incubated for 24 h. The gel was first
incubated in DMEM for 48 h. Subsequently, seeded cells were
treated with gel extract for another 24 and 48 h. After
incubation  at  37EC  with  gel  extract,  20  µL   of   alamarBlue®
reagent was added to the treated cells followed by 4 h
incubation prior to analysis. The absorbance of each sample at
570 nm (A570) was measured on a microplate reader. The
experiment was performed in triplicates. Cell viability was
determined using the following equation:

A570 of treated cellsCell viability (%) = ×100
A570 of control cells
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Statistical analysis: Data obtained were presented as
Mean±Standard Deviation (SD). The data obtained were
analysed with analysis of variance (One-way ANOVA, Tukey
post hoc analysis) by using SPSS 22.0. The p<0.05 indicated
statistical significance between the groups tested.

RESULTS AND DISCUSSION

Water soluble CS: Acid-free water soluble CS could be
prepared by enzymatic and chemical degradation of CS
polymer14. The synthesis process through enzymatic reaction
is  preferable  because  enzymes  can  also  operate  under
non-ideal conditions and they are highly specific. Furthermore,
the enzymatic degradation minimises alteration in the
chemical nature of the product. The broad adsorption band at
3297 cmG1 is attributed by the stretching mode of O-H in CS.
The adsorption peaks at 2875, 1644 and 1319 cmG1 are
ascribed to C-H stretching, amide I and -C-O-C- of CS,
respectively. Water soluble CS was obtained as indicated by
the disappearance of a peak at 1319 cmG1 due to the
deformation of C-O-C bond as a result of enzymatic action of
hemicellulose (Fig. 1). The IR spectrum in previous study
showed that there was no significant change in the residues
of CS before and after the enzymatic hydrolysis14. Assumption
of water soluble CS had been successfully synthesised could
not be made based on the disappearance of peak of C-O-C
bond only. Therefore, solubility test was carried out in this
experiment to confirm the successfully synthesis of water
soluble CS. In this experiment, the mean solubility of prepared
CS was 99.38%. The value was almost 100%, suggesting that
the synthesised samples were completely dissolved in water
and thereby water soluble CS was successfully synthesised.

Physical characteristics of DsiRNA-loaded CS nanoparticles:
A number of studies had reported the physicochemical
properties of CS complexes/nanoparticles, including particle
size and zeta potential. In general, particle size distribution of
CS nanoparticles is in the range of 20-700 nm, depending on
the molecular weight of CS  used15,16.  In  present  study,  ionic

gelation was used to prepare DsiRNA-CS nanoparticles. In this
method, nanoparticles are produced by electrostatic
interaction and ionotropic gelation between CS and TPP
polyanion17,18 and it requires a mild preparation condition e.g.,
temperature and pH19.

Particle size influences the amount of drug loading, drug
release and stability of nanoparticles20. In this study,
concentration of TPP had been optimised and fixed, whereby
different concentrations of CS were used to determine its
effect on the particle size. According to Katas et al.21, the
particle size of CS nanoparticles increases as the concentration
of CS is increased. Similar to that, the mean particle size of CS
nanoparticles  (Table  1)  increased  significantly  from
170±13.3 to 283±6.2 nm with increasing of CS concentration
from 0.1-0.3% w/v (p<0.05, ANOVA, Turkey post hoc  analysis).
At lower concentrations, CS has a better ability to contact with
polyanions and form inter and intra-molecular linkages due to
higher solubility. Nanoparticles are formed immediately upon
mixing of TPP and CS solutions as molecular linkages are
formed between TPP phosphates and CS amino groups, thus
resulting in smaller particle size21.

The DsiRNA was loaded to CS nanoparticles by adsorption
method according to a previous study22. The mean particle
size   of   unloaded   CS   nanoparticles   was   larger   than
DsiRNA-loaded CS nanoparticles. This could be explained by
the fact that negative charge of DsiRNA neutralised the
positive charge of CS, resulting in a smaller particle size as the
conformation of CS molecule became less extended or more
compact21. In addition to that, the mean particle size of CS-
DsiRNA nanoparticles was also significantly increased with the
increase in CS concentration (p<0.05, ANOVA, Turkey post  hoc 
analysis). At higher concentrations of CS, it is expected that
higher electrostatic repulsion exhibited by CS molecules
would subsequently make the CS molecules became less able
to contact with polyanion (TPP), thus resulting in larger size of
individual particle. Moreover, CS-DsiRNA nanoparticles
prepared  from  various  CS  concentrations  had  PdI  values
lower than 0.5, indicating the particles were narrowly
distributed.

Table 1: Physical characteristic CS-DsiRNA nanoparticles, n = 3
Mean particle size (nm)±SD PdI±SD Zeta potential (mV)±SD EE (%)±SD
--------------------------------------------- ------------------------------------------ ------------------------------------------ ----------------

CS (% w/v) Blank Loaded Blank Loaded Blank Loaded Loaded
0.1 170.8±13.3 146.0±19.3 0.32±0.06 0.41±0.06 -1.6±1.0 -2.3±0.8 90.1±1.8
0.2 238.4±17.5 217.7±20.5 0.32±0.02 0.41±0.02 +33.6±2.3 +31.7±0.7 81.8±1.8
0.3 283.3±6.2 266.3±14.1 0.39±0.04 0.42±0.03 +44.3±0.9 +40.6±1.6 69.9±1.4
EE: Encapsulation efficiency
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Fig. 1(a-b): FTIR spectrum of medium (a) Molecular weight CS and (b) Water soluble CS
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Surface charge is characterised by zeta potential23. A net
positive charge is important for successful transfection in gene
delivery studies8. The zeta potential of unloaded CS
nanoparticles (Table 1) increased significantly when the
concentration of CS was increased (p<0.05, ANOVA, Turkey
post hoc analysis). The increased zeta potential was attributed
by increased excess CS positive charges which were not
counteracted with the negatively charged TPP ions. Loading
of DsiRNA onto the CS nanoparticles had significantly reduced
their zeta potential. The presence of phosphate groups of
DsiRNA would compensate for the positive charges of CS and
thus, reducing its zeta potential. All formulations had positive
surface charges except for CS-DsiRNA nanoparticles prepared
from the lowest CS concentration (0.1% w/v), attributed by an
excessive negative charge from DsiRNA. At higher CS
concentrations (0.2, 0.3% w/v), CS-DsiRNA nanoparticles had
a net positive charge as the density of positive charges was
higher that the negative charges which resulted in an
excessive of CS positive charges24. This also explained the
finding that zeta potential of CS-DsiRNA nanoparticles
increased significantly as the concentration of CS was
increased from 0.2-0.3% w/v (p<0.05, independent t-test).
Nanoparticles with a net positive charge were advantageous
for stability of the system as formation of aggregation could
be minimised25.

High encapsulation efficiency is vital for an effective drug
delivery system20 and it is related to the polymer composition,
molecular weight and drug-polymer interaction26. From this
experiment, the encapsulation efficiency decreased
significantly  (p<0.05,  ANOVA,  Tukey  post  hoc  analysis)
when the CS concentration was increased (Table 1). The
encapsulation  efficiency  decreased  from  90.1±1.8  to
69.9±1.4% when the CS concentration was increased from
0.1-0.3% w/v which expected to be due to the increased of CS
viscosity. The higher viscosity restrains the encapsulation of
DsiRNA by hindering the movement of DsiRNA around the CS
chain as proposed by Vandenberg et al.27. Apart from viscosity,
CS  concentration  is  expected  to  indirectly  affect  the
encapsulation efficiency of such system by influencing particle
size. The larger particle size of CS nanoparticles (as the CS
concentration increased) would have smaller surface area
available for DsiRNA adsorption process. Thus, adsorption
ability of CS nanoparticles would be reduced with higher
concentration of CS28.

Rheology and morphology of gel: Rheology of the
formulation was analysed to obtain information on the
stability and performance of products29. The viscosity of
formulation is important as it is the property that enables
adhesive to flow into adherent and attach firmly. Many studies

have been done to focus on the effects of additives on the
rheological behaviour and thermo-sensitivity of PF-127.
According  to  Varshosaz  et  al.30,  a  combination  of
CS/poloxamer    gel    exhibited    pseudoplastic    flow    in
non-physiological condition. In present study, it was observed
that pluronic had different apparent viscosities even at the
same concentration when different CS nanoparticles were
added (prepared from different concentrations of CS) (Fig. 2).
In case of 25% w/v PF-127, the mean apparent viscosity of CS
nanoparticles  prepared  from  0.2%  w/v  CS  concentration
was  increased  to  0.839±0.04  Pa  sec  as  compared  to
0.751±0.005  Pa  sec  for  0.1%  w/v.  Meanwhile  for  30%  w/v
PF-127, the mean apparent viscosity increased from
1.181±0.577 to 1.212±0.189 Pa sec. This could be explained
by the fact that when CS was added into a solvent, the solvent
gradually diffused into CS polymer and resulted in swelling of
the polymer. Swelled CS molecules would impede the flow of
any molecule in the pluronic gel and thus, impart on the
viscosity31. A shift to the right of the graph was observed when
30% w/v of PF-127 was used. This was expected as more
entanglement would occur at high PF-127 concentration to
produce micelles. As a result, PF-127 molecules could not be
separated easily from one another, which accounted for the
rigidity and high viscosity of gel containing high concentration
of pluronic32.

Morphology is important for colloidal and chemical
stability besides bioactivity of nanoparticles32. In this study, the
morphology of DsiRNA-loaded CS nanoparticles and pluronic
gels were investigated using SEM. The SEM was used to
visualise    the    surface    of    pluronic    gels    containing
DsiRNA-loaded CS nanoparticles. In this study, under the
magnification between 2000 and 2500x, some pores among
the fibrous structures of pluronic gels could be observed. The
SEM images of pluronic gels showed an irregular texture with
different pore size33. Besides, the presence of DsiRNA-loaded
CS nanoparticles on the surface of pluronic gel could be seen.
The morphology of DsiRNA-loaded CS nanoparticles could be
clearly examined when higher magnifications were applied
(between 10000-150000x). Figure 3 shows DsiRNA-loaded CS
nanoparticles  present  in  the  pluronic  gels.  According  to
Katas et al.22 DsiRNA-loaded CS nanoparticles showed
spherical morphology.  Figure  3  showed  that  DsiRNA-loaded
CS nanoparticle mostly had spherical shape, with some
irregular  nanoparticles.  As  the  CS  concentration  increased,
the  nanoparticles  became  more  irregular  in  shape  and
poly-dispersed. Some degree of aggregation could also be
seen from the images which coincided with the finding of
particle polydispersity. Aggregation of small nanoparticles
could occur as they tend to fuse together and forming bigger
particles in order to reduce their surface energy34.
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Fig. 2: Rheological behaviour of pluronic gels containing CS-DsiRNA nanoparticles, n = 3

Table 2: Gelation temperature (Tgel) of CS-DsiRNA nanoparticles, n = 3
Formulation Tgel±SD
0.1% CS+25% PF-127 24.3±0.6
0.2% CS+25% PF-127 25.3±0.6
0.1% CS+30% PF-127 20.7±0.6
0.2% CS+30% PF-127 21.3±0.6

Tgel  and  FTIR  spectroscopic  analysis:  The  Tgel  is  the
temperature which the liquid phase makes a transition into
gel. At low temperature, PF-127 molecules are surrounded by
hydration layer. But, when the temperature was increasing,
breakage of the hydrogen bond occurred between the water
molecule  and  the  hydrophilic  chain   of  PF-127  tended  to
more  favour  towards  hydrophobic  interaction  between
polyoxypropylene domain and led to gel formation12. The Tgel
for topical thermo-reversible gel is suitable if it is within the
range of 25-37EC. If Tgel<25EC, a gel might be formed at room
temperature, leading to difficulty in manufacturing, handling35

and cannot apply onto the skin to form a solid artificial barrier
and sustained release depot12. In this study, Tgel of pluronic was
remained unchanged regardless of CS concentration used to
prepare nanoparticles (Table 2). This could be due to the high
proportion of pluronic to CS ratio in the gel and therefore, Tgel
mostly depends on the hydrophobic interaction between
polyoxpropylene. In contrast to that, a significant difference in
Tgel was observed when pluronic concentration was increased
(p<0.05, independent t-test). At high concentration of
pluronic, the solution consisted more micelles and the
micelles were likely  to  bind  less  water  molecules  and  easily

aggregate to form gel. Thus, the Tgel became lower compared
to a low pluronic concentration36.

Absorption band could be seen in the IR spectra and
resulted from the bond vibration. Polymer and drug have their
own spectra. Loading of drug into polymer will produce a
different spectrum which can be used to determine whether
the drug has been successfully incorporated into the system37.
In this study, spectrum of unloaded CS nanoparticles
(prepared from 0.2% w/v CS concentration), CS-DsiRNA
nanoparticles, blank pluronic gel and DsiRNA-loaded pluronic
gel were obtained to determine successful incorporation of
CS-DsiRNA nanoparticles within the pluronic gel. The FTIR
spectra are presented in Fig. 4. The spectrum of unloaded CS
nanoparticles shows characteristic peaks of CS at 3413  cmG1

(-OH stretching), 2927 cmG1 (-CH stretching) and 1092.62 cmG1

(C-O-C stretching) while TPP at 895 cmG1. In the spectrum of
CS-DsiRNA nanoparticles, characteristic of DsiRNA (P-CH3) and
(P-CH2) bending peaks are seen at 1555 and 1648.18 cmG1,
respectively. Moreover, P=O stretching could be observed in
the region of 1270 cmG1. The bands of pluronic
(unloaded/empty gel) could be seen in the spectral region of
3445, 2888 and 1112 cmG1 which correspond to the stretching
vibrations of OH, CH and C-O groups, respectively. The
spectrum of DsiRNA-loaded pluronic gel shows the light shift
of characteristic peaks of pluronic. However, the absence of
characteristic peaks of CS, TPP, DsiRNA in pluronic gel
indicates the successful incorporation of the nanoparticulate
system into the gel or the nanoparticles are located within the
gel as similar finding was reported elsewhere38.
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Fig. 3(a-h): SEM images of DsiRNA-loaded CS nanoparticles incorporated into pluronic gel, (a and b) 0.1% CS+25% PF-127, (c and
d) 0.2% CS+25% PF-127, (e and f) 0.1% CS+30% PF-127 and (g and h) 0.2% CS+30% PF-127, images on the left are of
higher magnification (10000-15000x), whereas the images on the right are of lower magnification (2000-2500x)
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Fig. 4(a-d): FTIR spectra of 0.2% w/v CS: (a) Unloaded CS nanoparticles, (b) CS-DsiRNA nanoparticles, (c) Blank pluronic gel and
(d) CS-DsiRNA nanoparticles-loaded pluronic gel

Fig. 5(a-b): In vitro drug release  profile  of  CS-DsiRNA  nanoparticles   at  (a)  First  stage  (first 12 h) and (b) Phase  2  (after 12 h),
n = 3

In  vitro  drug  release  test:  The  drug  release  profile  of
DsiRNA  from  the  CS  nanoparticles  in  pluronic  gel  was
determined by using Franz diffusion cells (Fig. 5). The study
was carried out for 7 days and the  system  was  maintained  at

pH 7.4. Cumulative release in percentage was calculated based
on the amount of DsiRNA released into the releasing medium.
CS nanoparticles prepared from 0.1 and 0.2% w/v CS
concentrations were  selected  due  to  their  high  entrapment
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nanoparticles, n = 3

efficiencies. The nanoparticles were later incorporated into a
gel  formulation   containing   25%   w/v   pluronic   due   to   its
gelation temperature within the range of 25-37EC. Figure 5
illustrates the release of DsiRNA from the particles in the gel.
The DsiRNA-loaded CS nanoparticles prepared from 0.1 and
0.2% w/v CS concentrations initially showed a rapid release of
39.86±2.647 and 43.36±2.347% of the loaded amount,
respectively. The rapid release lasted for 12 h. The release of
DsiRNA from CS nanoparticles is observed to be dependent on
the encapsulation efficiency. The CS nanoparticles with low
encapsulation efficiency released more DsiRNA into the
releasing medium because intermolecular linkages between
DsiRNA and CS were expected to be weaker. In the second
stage, DsiRNA was released at a constant rate (sustained
release) from CS nanoparticles up to 6 days. The total amounts
of cumulative DsiRNA released after 6 days were 81.49 and
80.39% of the loaded amount for CS nanoparticles prepared
from 0.1 and 0.2% w/v, respectively.

The obtained flux rates in this study could be categorised
into   two   stages.   At   the    first    stage,    the    mean    flux
rate   for   DsiRNA-loaded    CS    nanoparticles    prepared  from 
0.1   and  0.2%  w/v  were   0.5086±0.0103   and
0.6547±0.0444 µg cmG2 hG1, respectively. Statistical analysis
proved that the flux rate for these two formulations were
significant different from one another (p<0.05, independent
t-test). The CS nanoparticles with low entrapment efficiency
released DsiRNA faster to the releasing  medium  because  the
interaction  between  DsiRNA and CS might be weaker as
mentioned  above39.  Meanwhile,  at  the   second   stage,   the

mean  flux  rate  for  DsiRNA-loaded  CS  nanoparticles
prepared from 0.1 and 0.2% w/v were 0.0534±0.002 and
0.0543±0.007 µg cmG2, respectively. Unlike the first stage, the
mean flux rate between these two formulations was not
significantly different. This phenomenon could be attributed
by the presence of remaining DsiRNA which was tightly bound
to CS nanoparticles that had been slowly released at a
constant rate to the releasing medium.

Cytotoxicity: In this experiment, cytotoxicity study was carried
out with the aim to assess the safety of this formulation in
normal cells. Figure 6 shows that cell viability was 88-93%
when treated with the gels containing CS-DsiRNA
nanoparticles at 24 h. Lower cell viability was measured for
formulation   containing   CS-DsiRNA   nanoparticles   prepared
from 0.2% w/v CS. On the other hand, an average of 12-23%
loss  in   cell   viability   was   observed   for   gels   containing
CS-DsiRNA nanoparticles at 48 h. Similar to the cell viability at
24 h, CS nanoparticles prepared from higher CS concentration
caused a greater cell loss. No significant difference was
observed in the cytotoxicity between the gels and non-treated
cell  (control)  except  for  the  gel  containing  CS-DsiRNA
nanoparticles prepared from 0.2% w/v CS at 48 h. The loss of
cell viability might be due to leaching of more un-reacted CS
from the gel and the effect was more prominent when
exposed for a longer period of time. Further investigation in
different cell lines is therefore needed to address this effect.

CONCLUSION

High     encapsulation      efficiency     of    DsiRNA-loaded
CS nanoparticles were successfully prepared using ionic
gelation method and they were successfully incorporated into
thermo-sensitive gel formulation by using 25% w/v pluronic.
The formulated pluronic gel had the desirable viscosity and
Tgel. These formulations were relatively safe to the cells and
exhibited sustained DsiRNA release which showed promising
application in topical delivery. Further investigation on the
stability, in vitro and in vivo efficacy of the system are
necessary to optimise the delivery of DsiRNA to the target cells
and ultimately, to produce gene silencing effect of VEGF.
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