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Abstract

Ondansetron HCI (OND) is a potent antiemetic drug used for control of nausea and vomiting
associated with cancer chemotherapy. It exhibits only 60 — 70 % of oral bioavailability due to first
pass metabolism and has a relative short half-life of 3-5 hours. Poor bioavailability not only leads to
the frequent dosing but also shows very poor patient adherence. Hence, in the present study an
approach has been made to develop OND nanoparticles using eudragit® RS100 and eudragit® RL100
polymer to control release of OND for transdermal delivery and to improve patient compliance.

Six formulas of OND nanoparticles were prepared using nanoprecipitation technique. The
particles sizes and zeta potential were measured using zeta-plus analyzer. The particle morphology
was also studied using scanning electron microscopy (SEM). The in-vitro release of the drug from
the nanoparticles was carried out in phosphate buffer saline pH 7.4.

The particle size of the prepared NPs were in nano size which ranged from (95.34 to 275.84
nm) with positive zeta potential. The drug entrapment efficiency was varied with the drug polymer
ratio from 41.87% to 78.45%. The SEM showed uniform shape and regularly distributed particle
sizes. The in-vitro drug release study exhibited the sustained release of OND with burst release. The
cumulative percentage released after 12 hr. were between were 77.89 and 96.01%.

Also the transdermal permeation study show that nanoparticles permeate more efficiently than
aqueous solution of the drug through the skin by approximately two fold. OND nanoparticles were
prepared successfully using nanoprecipitation method. The controlled drug release aimed for
transdermal drug delivery could be obtained by using eudragit RS100 and eudragit RL100 polymers
which can reduce dosing frequency, decrease side effects and improve patient compliance.

Keywords: Ondansetron HCI, Nanoprecipitation method, Eudragit RS100, Eudragit RL100, SEM.
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Introduction

Nanoparticles (NPs) offer a number of
advantages for dermal drug delivery, including
improved drug solubility and stability, adjustable

surface  properties, increased surface adhesion,
drug targeting, controlled drug release and
increased  drug  penetration and  permeation

through the skin and mucus membrane®,

Nanoparticle  surface charge has a
significant effect on adhesion and penetration of
nanoparticles  through the skin and  mucus
membrane. The skin is negatively charged under
normal physiological conditions and positively
charged nanoparticles may adhere to it. Cationic
amino- Eudragit nanoparticles penetrated deeper
into the skin in comparison to negatively charged

nanoparticles. This is attributed to lack of
electrostatic interaction with negatively charged
nanoparticles that impaired access to the

outermost skin layer®? 3,

The most common form of drug delivery is
the oral route; this route of administration has
notable advantages and also have significant
drawbacks like first pass metabolism, drug
degradation in  gastrointestinal tract due to
enzymes, pH etc. To overcome these difficulties a
novel drug delivery system was developed. In
recent years it has been shown that the skin is a
suitable route for drug delivery to the systemic
circulation®.

The skin has been an essential route for
drug delivery when topical, local, or systemic
effects are preferred. However, skin constitutes an
excellent barrier and presents difficulties for the
transdermal delivery of therapeutic agents, since
limited drugs possess the features necessary to
penetrate  throughout the stratum corneum in
adequate amounts to reach a therapeutic
concentration in the blood®.

In order to enhance drug
absorption, various strategies
considered, developed, and patented.
Development in physical permeation-
enhancement technologies has led to renewed
interest in transdermal drug delivery. Some of

transdermal
have been

these novel technologies include iontophoresis,
electroporation, ultrasound, microneedles to open
up the skin, and more recently the use of
transdermal nanocarriers ©.

Transdermal drug delivery system (TDDS)
includes all topically administered drug
preparations intended to deliver the active
ingredients into the circulation®”. TDDS can
improve the therapeutic efficacy and safety of
drugs by more precise spatial and temporal

employment of the drug within the body thereby
decreasing both the size and number of doses and
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also improving its effectiveness with optimal dose
concentrations. Appropriate drug choice and an
effective drug delivery system play an essential
role in achieving optimal therapeutic results®,

Ondansetron HCI a 5HT3 antagonist is a
potent antiemetic drug used for control of nausea
and vomiting associated with cancer
chemotherapy (Figure 1). It exhibits only 60 — 70
% of oral bioavailability due to first pass
metabolism and has a relative short half-life of 3-5
hr®),

HCL 2H,0

Figure 1. Chemical structure of Ondansetron HCI®9

The objective of this study is to formulate
and evaluate of OND  nanoparticles  for
transdermal drug delivery and to improve patient
compliance.

Materials and Methods
Materials

Ondansetron HCI (gift from pioneer Co.
for pharmaceutical industries) polyvinyl alcohol
(PVA), Eudragit RS 100 (Rhom  pharma,
Germany) and Eudragit RL 100 (Rhom pharma,
Germany), ethanol (Thomas Baker chemical,
Mumbai, India). All other chemicals used were of
analytical grade.
Methods
Preparation of OND nanoparticles

Six formulas of OND nanoparticles were
prepared using solvent/ antisolvent precipitation
technique (Nanoprecipitation method). A certain
amount of pure drug of OND and polymer was
completely dissolved in water miscible solvent
(ethanol). The obtained drug-polymer solution
was then injected at speed of 0.5 mL / mintd
using syringe infusion pump into the water
containing stabilizer (1% PVA) with continuous
stirring of 1000 rpm. Precipitation of solid drug
particles occurred immediately upon mixing. The
precipitated nanoparticles are sonicated for 5 min
using probe sonicator. The organic solvent was
then evaporated under room temperature and then
Iyophilized using freeze drying system (Copley,
UK) to obtain the nanoparticles powder. The
composition and variable condition of preparation
of different formulas of nanoparticles are listed in
Table (1) @2,
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Table 1. Composition of OND nanoparticles

Transdermal ondansetron nanoparticles

Code OND Eudragit RL 100(mg) | EudragitRS100 PVA % D:P Ratio

No. (mg) (mg)

F1 8 8 1 1:1
F2 8 16 1 1:2
F3 8 24 1 1:3
F4 8 8 1 1:1
F5 8 16 1 1:2
F6 8 24 1 1:3

Characterization of OND nanoparticles was carried out employing the USP type I

Particle size analysis

Particle size distribution, mean diameters,
and polydispersity index of nanoparticles were
determined by dynamic light scattering (DLS)
techniques using particle size analyzer (ZetaPlus,
Brookhaven, USA) at a scattering angle of 90° at
room temperature. For each sample,
measurements were achieved in triplicate®®,

Zeta potential

It is a physical property in suspension. It is
defined as the difference between the bulk
solution (dispersing medium) and the surface of
the hydrodynamic shear (slipping plane). It can be
used to optimize the nanoparticle formulation for
long time stability. It was measured by zeta-plus
analyzer  (ZetaPlus, Brookhaven, USA) (4,
Measurements were performed in triplicate.

Surface morphology

The morphological examination of the
nanoparticles was  performed using  scanning
electron microscopy (SEM; TESCAN, UK)5 1),
Entrapment efficiency (EE):

Weighed samples of drug-loaded
nanoparticles (10 mg) were dissolved in 10 mL of
methanol under sonication for 2 hr. The samples
were filtered through a membrane filter and
analyzed spectrophotometrically at Amax 310 nm
using a UV/Vis spectrophotometer (EMC LAB,
Germany). The  entrapment  efficiency  was
determined using the following equation®®;

mass of drug in nanoparticles
% EE = - — x 100
mass of drug used in preparation

The measurements were performed in
triplicate and values were the mean + SD.
In vitro drug release studies

Four milliliter of nanodispersion (8mg
drug) were placed in dialysis bags (8000-14000

D), which were sealed and placed in 500 mL
dissolution medium (phosphate buffer pH 7.4
containing 0.25 % brij-35). Drug release study
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dissolution apparatus (Pharma test, Germany) at
37 °C+ 0.5 and 50 rpm for 20 hr. At each time
interval of 1, 2, 3, 4, 5,6, 7, 8,9, 10, 11, 12 and 20
hr. aliqguots 5 mL of sample was collected and
replaced with fresh buffers. The collected samples
were analyzed spectrophotometrically at Amax 310
nm @9, The measurements were performed in
triplicate and values were the mean + SD.

In-vitro skin permeation study

The abdominal skin of adult male wistar
rats weighing 250 + 10 g obtained from animal
house of College of Pharmacy/ University of
Baghdad were used for in-vitro permeation study
of nanoparticles.

The rat skin was fixed between the donor
and receptor compartment with the stratum
corneum facing upper side of the inverted glass
tube in beaker (modified diffusion cell). To
maintain sink conditions 100 mL phosphate buffer
pH 7.4 containing 0.25% (w/v) brij-35 were added
in receptor chamber. The temperature was
maintained at 37 + 1°C. receptor media was
continuously stirred with magnetic stirrer at 50
rpm, in a way that the rat skin surface just flushes
the diffusion fluid. The formulation (4 mL) was
gently placed in a donor compartment. At time
interval of 1, 2, 3, 4, 5, 6, 7, 8 and 12 hr aliquots
of 2 mL sample were withdrawn from the receptor
compartment and replaced as soon as possible
with the same volume of receptor fluid. The
samples were analyzed for drug content using UV

spectrophotometer at  Amax 310 nm. Each
experiment was performed in triplicate. The
cumulative amount of drug permeated (Q) at
different time intervals and various parameters
like steady-state flux (Js), lag time (T.) and
apparent  permeation  coefficient  (Papp)  Were

calculated (®, The measurements were performed
in triplicate and values were the mean + SD.
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Compatibility study
Fourier Transform
(FTIR)

Before the development of formulation,
FTIR spectra of physical mixtures of OND with
polymers were compared with the standard FTIR
spectrum of the pure drug (OND) were performed
using FTIR spectroscopy (Alpha II, Bruker,
Germany). Spectra were recorded between 400
and 4000 cm™ range®?,
Thermal analysis:
Calorimetry (DSC)

DSC analysis was performed using thermal
analysis instrument (STD Q600 V20.9 Build 20,
USA). The samples (pure drug, physical mixture
and selected formula) were weight (4 mg) in a
sealed aluminum pans and heated at a rate of 10
°C/ min in a 30 to 350 °C temperature under
nitrogen flow of 40 mL/min@9,

Powder X-ray Diffractometric (PXRD) Study

The powder X-ray diffraction configuration
of the achieved sample of the OND was
determined to confirm the crystalline nature of the
drug. The study was confirmed using powder X-
ray diffractometery (XRD-6000, Shimadzu, Japan
220V/50Hz); the operating voltage and current
were 40 (kV) and 30 (mA) respectively. Samples
were scanned at 20 from 0-80° for qualitative
studies and the scanning rate was 4°/min®b,

Statistical Analysis

The outcomes of the experimental work are
demonstrated as a mean of triplicate models + SD
and were examined in relation to the one-way
analysis of variance (ANOVA) to determine if the
changes in the applied factors are statistically
significant at level of (P < 0.05) and non-
significant at level of (p > 0.05).

Infrared Spectroscopy

Differential Scanning

Results and Discussion

Ondansetron ~ HCI  loaded  nanoparticles
were prepared by  Nano-precipitation  method
without using toxic harmful organic solvents.
Additionally, this method has an advantage of

Transdermal ondansetron nanoparticles

single step, no need of high shear/ stirring rate or
high temperature. This technique is suitable for
compounds that are soluble in ethanol or acetone.

Two grades of eudragit polymer, (eudragit
RS 100 and eudragit RL 100) were used.
Although both show pH-independent drug release
properties, they differ in their water permeability.
eudragit RS100 has very low water permeability,
while  eudragit RL100 has high  water
permeability®,  Additionally, the  ability of
eudragit polymers to form nanodispersion with
smaller particle size, positive surface charge (due
to the quaternary ammonium groups on the
polymer surface) excellent stability, and lacking
of irritant effect are advantageous. Eudragit® RL
100 has great water permeability, due to the
higher quaternary ammonium group content than
eudragit RS100 which allowed more water
penetration and, consequently, more drug wetting
and release®.

The effect of drug: polymer ratio exhibited
a wide effect on particle size and distribution (P <
0.05). All the formulas confirmed a small mean
particle size. The mean particle size varied from
95.34 to 275.84 nm with polydispersity index
ranging from 0.271 to 0.367 (Table 2), the results
showed that increasing the concentration of the
dissolved  polymer leading to increase the
viscosity of organic phase and reduced the stirring
efficiency resulted in the formation of the bigger
emulsion droplets which lead to give larger
particle size. The same results were recorded by
Meltem C. et al®¥.

Type of polymer had no significant effect
on particle size (p> 0.05) for all formulation. Both
types of polymer gave nanoparticles  with
practically = same particle size range, these
outcomes were in agreement with Aisha, et al. ),

All formulations with Eudragit showed a
positive zeta potential due to present of quaternary
ammonium group (Figure 6) with values ranging
from +15.72 to +31.69 mV (Table 2).

Table 2. Mean Particle size, PDI, Zeta potential and Entrapment Efficiency of OND Nanoparticles

1al*
Focr:r(:];elas Particle Size* (nm) PDI* zeta m?)n tial IE?}ETSESET
F1 95.340£13.24 0.271+0.012 +15.72+ 0.67 48.93+ 0.63
F2 136.69+21.67 0.278+ 0.020 +23.98+ 1.44 73.76x0.77
F3 246.43+24.21 0.267+ 0.021 +19.19+ 1.37 78.45+ 2.13
F4 111.66+18.45 0.367+ 0.035 +18.01+ 1.81 41.87+ 1.54
F5 145.670+9.56 0.312+ 0.041 +23.93+ 1.26 65.12+ 1.64
Fé 275.84+27.13 0.253+ 0.035 +31.69+ 1.13 71.72+ 1.32

*Average + Standard Deviation (n=3)

Poly vinyl alcohol (PVA) is a water soluble,
synthetic polymer, used in this preparation assists dual
purposes; Firstly , itacts as a non-ionic surfactant and

prevents the particle growth. Secondly, it
maintains the viscosity of the preparation required
for improve stability of nanoparticles.
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The entrapment efficiency of the drug was
ranged from 41.87% to 78.45% for the prepared

formulations.  The results showed that the
entrapment efficiency of the prepared
nanoparticles was improved by increasing the

ratio of polymer (P < 0.05). It has been displayed
that increase in polymer ratio in organic phase
improves drug entrapment due to increase in
viscosity of organic phase which enables the
diffusional resistance of drug molecules from
organic phase to aqueous phase, leading to
entrapping greater quantity of drugs in the NPs®),

In vitro drug release profile of the prepared
NPs using dialysis membrane at beginning
showed a quick release characteristic of OND
unrelated to the processing conditions. The release
curve exhibited that initially fast release up to 30
min and then controlled release was achieved.
Rapid release at the beginning may due to free,
unencapsulated and adsorbed drug on the surface
of the NPs. Drug release was slow from RS 100
compared to RL 100 nanosuspension and this may
be due to the greater aqueous permeability of
eudragit RL100 polymer. The release rate was
correlated to the ratio of drug and polymer. The in
vitro drug release profile of the formulations (F2,
F3, F5 and F6) were 85.02 %, 77.89 % , 96.01%
and 82.69 %, respectively for 12 hr. Hazender and
Dortunc also detected unlike drug release profiles
when eudragit RL 100 was used in place of
eudragit RS 100%9. Generally, all the prepared
nanoparticle  formulas  exhibited a  sustained
release and burst effect that could be detected
(Figure 2). It suggests that percent drug release is
dependent on the type of polymer used.

On the basis of particles size, encapsulation
efficiency and release profile, batches F2 and F5
were chosen to complete other study to select the
optimized  batch  for  the  preparation  of
nanoparticles.

Table 3. Permeation parameters of Ondansetron HCI

Transdermal ondansetron nanoparticles
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Figure 2. Dissolution profile of the prepared OND
nanoparticles (F2,F3,F5 and F6) in PBS (pH 7.4).

The in vitro permeation study of the
formulation F2 and F5 in comparing with the
aqueous drug solution using rat skin show a
significant improvement (P < 0.05) in the
penetration of OND (Figure 3). The flux (Js)
values for OND nanoparticles (F2 and F5) were
177.93and 163.12ug/ cm?hr respectively, and for
aqueous drug solution was 80.44ug/ cm? hr.

Polymeric OND nanoparticles permeation
was found to be higher than that for aqueous drug
solution. The higher flux and permeation values of
nanoparticles suggest that it might be able to cross
the skin easily as compared with the aqueous drug
solution.

The permeation profiles of OND
nanoparticles (F2 and F5) and aqueous drug
solution are shown in Figure 3. The permeated
parameters such as steady state flux rate, lag time
and apparent permeability coefficient (Pap) are
given in (Table 3). The total flux of nanoparticles
was approximately two times higher than that of
aqueous drug solution®).

The permeation study indicating that F2
gave the highest drug penetration with lowest lag
time (p > 0.05) in comparison with F5 and
aqueous solution of the drug, so, it was chosen as
the selected formula.

. Flux* (Jss Permeability coefficient* (P Lag time* (t .
Formulation (ug/ cmg. h)r) (c¥n/ hr) ® ’ (hr) o
F2 177.93+ 5.32 8.9 * 102+ 0.003 0.47+0.021
F5 163.12+ 4.67 8.1* 102+ 0.0024 0.76+ 0.063
Aqueous solution 80.44+ 4.12 4* 102+ 0.0013 1.16+ 0.14

*Average * Standard Deviation (n=3)

2000

1500 % = F5

1000

500 -

Cumulative amount
of ondansetron permeat ( ug‘tm:)

T T T
0 2 4 6 8 10 12 14
rime (h)

Figure 3. Permeation profiles of OND through rat
skin from F2, F5 and aqueous drug solution
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SEM (Figure 4) photograph of the selected
formula (F2) exposed that OND loaded NPs have
uniform shape and regularly distributed particle
size which are correlated with the results obtained
by zeta plus analyzer.
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peaks were achieved with OND at 202.53°C for
drug melting and 111.46 °C @ which corresponds
to the dehydration process in OND, since it is a
dihydrate (Figure 5).

The relatively decreased intensity of the
endothermic peaks (Figure 6) in physical mixture
may be due to dilution effect with small shift in
melting point of 3.16 °C indicating that there is no
interaction between the drug and the polymer, the
same result was recorded by Pattnaik S. et al.??,

In DSC thermogram of OND loaded
nanoparticles  (Figure 7), endothermic  melting
peak of drug at 20253°C was completely
SEM MAG: 100.0kx | Detiimmeam | | | | ||| || ]|  wiRasTESCAN disappeared, which indicate OND entrapment,

WD: 4.91 mm BI: 7.00 500 nm

View feld: 208 ym_ Date(em/aly): 1210815 presence of OND as molecularly dispersed form,

Figure 4. SEM of selected OND nanoparticles (F2) and reduction in drug crystallinity in the

o . nanoparticles  matrix due to the  solvent

The thermal analysis is an important evaporation process, the same outcome were
method to decide any likely interaction between recorded by Kharb V. et al .

the drug and excipients used. Two endotherms
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Figure 5. DSC of OND pure drug
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Figure 6.DSC of physical mixture (OND and Eudragit RS 100)
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Figure 7. DSC of OND nanoparticles

X-ray diffractogram of OND (Figure 8-A) shows
sharp high intensity peaks at diffraction angles 26 of 6°,
11.96°, 16.42°, 18.2°, 24°, 25.52° and 30.1° indicating
that the drug is crystalline. XRD diffraction pattern of
drug- polymer physical mixture (Figure 8-B) shows
several characteristic sharp peaks of OND with reduced
intensity which can be attributed to mixing process. This

proved that OND was still present in crystalline form in
the physical mixture and no drug polymer interaction
occurred. XRD analysis of OND-loaded nanoparticles
did not show any characteristic peaks of OND at its
particular diffraction angle and the absence of peaks
suggested the absence of crystallinity i.e. amorphous
form in OND nanoparticles (Figure 8-C).
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Figure 8. XRPD of (A) ONS, (B) physical mixture of OND and Eudragit RS100 and (C) Selected formula (F2) of

OND- NPs
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Fourier Transform Infrared
(FTIR)

The IR spectra of the pure drug exhibits
spectra at 3398.67 cm?® (OH stretching), 1632.5
cm! (C=0 stretching) and at 754.54 cm? ( C-H
bending). The spectra of physical mixtures of the

drug with polymers shows simple shifting in

Spectroscopy

Transdermal ondansetron nanoparticles

position and intensity of characteristic peeks
specially for OH stretching of OND-PVA physical
mixture which is due to H-bond formation (Table
4), these outcomes indicating the compatibility of
the drug with the polymers used in the formulation
of nanoparticles (Figures 9- 11).

Table 4 . Characteristic peak of pure drug and physical mixture

Pure Drug OND—_eudra_git RS OND- PVA
NO. Type of Peak 0 Physical mixture Physical mixture
(cm™) 1 -1
(cm™) (cm™)
1 OH Stretching 3398.67 3400.64 3373.36
2 C=0 stretching 1632.5 1633.48 1632.32
3 C-N stretching 1080.77 1082.34 1081.56
4 C=N stretching 1453.36 1453.97 1452.49
5 CH bending 754.54 755.56 755.44
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Figure 9. FTIR spectra of OND pure drug
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Figure 11. FTIR spectra of (OND and Eudragit RS 100) physical mixture

Conclusion

Ondansetron HCI nanoparticles were
prepared  successfully  using  nanoprecipitation
method. Drug: Polymer ratio of the system were
important to obtain nanoparticles with desired
size. The encapsulation efficiencies were
acceptable for all nanoparticles obtained. The
release profile of the drug from nanoparticles were
dependent on the type and concentration of the
used polymers and the transdermal permeation
study show that nanoparticles permeate efficiently
than aqueous solution of the drug through the skin
by approximately two fold. The controlled drug
release of OND aimed for transdermal drug
delivery could be obtained by using eudragit
RS100 and eudragit RL100 polymers which can
reduce dosing frequency, decrease side effects and
improve patient compliance. The prepared OND
nanoparticles will be introduced in transdermal
microneedle patches in part two of this research.
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