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Abstract
Background and Objective: Nano-particles gained a new attention in the last decades for control of fungal infections, resistance and
mutations. This work aimed to formulate fluconazole (FLU) in form of nano-particles (NPs) using ethylcellulose and eudragit RS 100
polymers in different ratios to reach to smallest particle size. Materials and Methods: Six formulae were prepared using solvent
evaporation technique. The prepared formulae were characterized for size analysis, the ability to encapsulate drug, NPs photographs, drug
release, from the smallest particulate size and antifungal activity against  Candida  albicans  in comparison with raw FLU. Results: Revealed
that FLU-eudragit RS 100 NPs had smaller sizes than ethylcellulose NPs. Formula of FLU:eudragit RS 100 ratio (1:1.5, F6) achieved size
212±21 nm with highest encapsulation of 69.3% ±2.1. Transmission electron microscope image confirmed the spherical nature of the
prepared NPs. Drug release study from NPs showed prolonged FLU release (90% after 8 h) in comparing with raw FLU release of 90% after
1 h. Data of anti-fungal activity revealed that improvement of anti-fungal activity by about 1.45 fold of formula 6 in comparing with raw
FLU. Conclusion: Finally, FLU-eudragit RS 100 NPs achieved smaller NPs sizes in comparing with FLU-ethylcellulose NPs. In addition to
FLU release was extended which decreasing dosing frequency moreover, anti-fungal activity was improved significantly, that could
enhance patient’s convenience and acceptance.
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INTRODUCTION

The FLU, used for the treatment of oral, esophageal and
vaginal candidiasis has been selected as a model drug in this
investigation1. Nano-particles (Nps) formulations have
received the attention of drug delivery laboratories for their
ability to overcome barriers that hinder delivered drug’s
bioavailability and release drug more uniformly2. Moreover,
Nps represent a multiarticulate (unit) system that spreads over
a large mucosalarea that offers improved absorption and
reduce the concentration of drug exposed to mucosa in
specific regions of the gastrointestinal tract, offering
advantage over the conventional single unitchronic dosing
dosage form. Among the techniques used for NPs preparation
is the solvent evaporation methods. In these methods, the
drug is either solubilized, emulsified or dispersed into an
organic polymer solution3. The micro/nano-structures are
formed after solvent diffusion/evaporation and the drug is
precipitated within the polymer. Solvent evaporation showed
a versatile, easy and practical method. Moreover, this
technique makes possible the entrapment of a wide range of
drugs having different physical properties and solubility
characteristics. On the other hand, final product characteristics
prepared by solvent evaporation technique depends mainly
on the formulation and the process variables. To formulate
NPs with reproducible sizes, drugs distribution (surface/core)
and drug release profiles4, several factors as emulsifier
concentration, stirring rate and organic phase volume should
be controlled. The NPs containing water soluble drugs have
been prepared using various polymers such as poly (lactide-
co-glycolide) (PLGA), eudragit and polymethyl methacrylate.
In addition, modified procedures have been proposed for the
solvent evaporation methods to achieve target properties5 of
NPs. The modifications include the use of enteric wall material
in oil phase, addition of non-solvent into external aqueous
phase, incorporation of solid lyophilized powder during
primary emulsification and the addition of electrolytes into
external aqueous phase6. Also, the research efforts have been
made to incorporate slightly water-soluble drugs into
polymeric micro/nano-spheres by the conventional w/o/w
emulsion solvent evaporation technique. Recently, it has been
stated that the poly (ε-caprolactone) microparticles resulted in
poor encapsulation efficiency (2.89±0.20 µg mgG1)  for
melarsoprol. An encapsulation efficiency of only 5-17% has
also been reported for zidovudine into PLGA nano-particles7.
Ethyl cellulose and eudragit RS100 are biocompatible
polymers that extensively studied encapsulating material for
the controlled release of pharmaceuticals. However, both
polymers  have  been  little  investigated  by  modified  solvent

evaporation  technology8.  Thus,  the  objective  of  this  work
was  to  improve  FLU  efficacy  via loading  on  NPs  buccal  gel
to extend FLU release which enhance the anti-fungal activity.
This will enhance patient’s convenience.

MATERIALS AND METHODS

Formulation of FLU-nano-particles: Six formulae were
prepared using modified solvent evaporation technique to
prepare FLU-NPs. Ethanol with each polymer were mixed
together to form the organic phase, then FLU (50 mg) was
added to 20 mL of the organic solvent (Table 1). Aqueous
phase  was  composed  of  30  mL  of  0.5,  1  and 1.5% w/v
Tween 80  solutions,  the  organic  phase was dropped  slowly
for  a  long  30  min  in  to  aqueous  phase under stirring. The
organic phase  was  allowed  to  evaporate for 24 h under
stirring.  Once  the  organic  solvent  got  evaporated,  the
nano-particles were collected  by  centrifuging  at  50000  rpm
for  40  min  and  then  washed  with  deionized  water  and
freeze-dried9. All experiments were carried out at
pharmaceutical technology lab, Faculty of Pharmacy, King
Abdulaziz University, from February-May, 2018.

Particle size measurement: All formulated nano-particles
were   subjected   to   size   measurement   using   Zetatrac
(Nano-trac  Wave,  Microtrac,  USA),  each  sample  was  diluted
to 10% of its original concentration by deionized water then
measured directly.

Entrapment efficiency (EE %): Indirect method was used to
determine  free  FLU  which  did  not  entrapped  inside  the
nano-particles. After centrifugation of nano-particles for
collection, 1 mL of the supernatant was injected directly to the
HPLC at 260 nm using Abdel-Moerty et al.10 method. The
following equation was used to estimate:

(1)TFLU FFLU
EE (%) = 100

TFLU




where, FFLU is the free FLU and TFLU is total amount of FLU in
the formula.

Table 1: Formulae components
Formula Ethylcellulose (mg) Eudragit RS 100 (mg) Tween 80 (%)
F1 450 0.5
F2 450 1.0
F3 450 1.5
F4 450 0.5
F5 450 1.0
F6 450 1.5
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Nano-particles morphology by Transmission Electron
Microscope (TEM): Surface morphology of the smallest
particle sized was imaged by TEM.

Hydrogel formation: Forming polymer hydroxypropyl
methylcellulose was dispersed in water by agitation at with
the  aid  of  magnetic  stirrer  (1%  w/v).  Specified  amounts  of
nano-particles (F6) was incorporated into the dispersion. The
dispersion was allowed to stand for 15 min in water bath
sonicator to expel entrained air.

Diffusion study: A Franz diffusion cell apparatus (Microette
Plus; Hanson Research, Chatsworth, CA, USA) was used to
assess the diffusion of prepared hydrogels (100 µL) of each gel
was added to the donor part and allowed to diffuse throw the
silica membrane to pass to receptor chamber. The receptor
medium was distilled water kept at 37±0.5EC and 400 rpm
stirring rate. The aliquots collected by autosampler at 0.5, 1, 2,
4, 8 and 12 h.

Anti-fungal activity: Agar diffusion method was used to
evaluate the efficacy of anti-fungal activity of formula 6
against   raw   FLU.   Agar   dilution   method   was   used   with
C.  albicans  (ATCC  10231)  to  determine  the  minimum
inhibitory  zone.  About  10  mm  gaps  were  made  in  Petri
dishes (200 mm) containing 30 mL Muller-Hinton agar, 1 mL
C.  albicans  of  number (1×106 CFU mLG1). About 100 µL of
the raw FLU and FLU-Eudragit RS 100 NPs solutions with
concentration 0.5 mg mLG1 FLU of each sample. Dishes were
then incubated for 24 h at 37EC, inhibitory zone was
characterized as the non-attendance of bacterial development
in the territory encompassing the gaps. All tests were
triplicates and expressed with mean±SD.

RESULTS

Data of Table 2 revealed NPs size and EE (%). In general
NPs of eudragit RS 100 achieved lower particle size which
allocated in range (212±21-432±11) while ethylcellulose
range size was from 343±23-652±32. In concern to EE (%), it
was observed that increase FLU entrapped in NPs with
increasing Eudragit RS 100 ratio, generally Eudragit RS 100 NPs
gave higher EE (%) in comparing with ethylcellulose Nps.

For the reasons mentioned before, formula No. 6 was
chosen for imaging as this formula is the smallest particle size
with highest EE (%) by TEM, (Fig. 1), spherical nano-particles
were produced with homogenous sizes which control drug
release.

Fig. 1: TEM image of formula No. 6

Fig. 2: Comparative Flu release of FLU-raw and FLU-NPs
(formula No. 6)

Table 2: Size and EE % of FLU-NPs
Formula No. Size (nm) EE (%)
F1 652±32 50.4±3.1
F2 432±12 54.2±1.1
F3 343±23 48.2±2.1
F4 432±11 59.2±0.2
F5 321±37 61.4±1.1
F6 212±21 69.3±2.1

Table 3: Average of inhibition zone of FLU-raw and FLU-NPs ±SD
FLU-raw FLU-NPs

Inhibition zone (mm) 122.2±3.4 176.9±6.1

The results in Fig. 2 showed significant delay in FLU
release in case of FLU-NPs from the hydrogel, about 100% of
FLU was diffused after 2 h in FLU-raw, while in case of FLU-NPs
it took about 10 h to reach to 100% FLU release.

Anti-fungal activity was carried out to evaluate the
enhancement  of  FLU  activity  after  incorporation  with
eudragit RS 100, data revealed that FLU-NPs had wider
inhibition  zone  (176.9±6.1  mm)  against  C.  albicans  than
raw-FLU  (122.2±3.4  mm)  as  represented  in  Table  3,  data
was represented in millimeter of the inhibition zone.
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DISCUSSION

Data of this work achieved extended FLU release with
efficient anti-fungal activity against C.  albicans  in comparing
with FLU-raw that could decrease dosing frequency.
Eradicates the C. albicans’s resistance and decreases the
treatment period which reach to several weeks. Further clinical
studies are required. Nano-encapsulation by the solvent
diffusion and evaporation method is a simple method.
However, to manufacture nano-particles with reproducible
desired properties i.e., high encapsulation efficiency, suitable
release profile and proper particle size and distribution, could
represent a challenge especially as the method rely one
several factors that affect the produced nano-particles6. These
factors include solvent system type and composition, total
volume and phase volume ratio, polymer concentration,
stirring speed and time. The effect of each of these parameters
has to be determined empirically. Ethylcellulose polymer has
higher viscosity grade compared with eudragit11 RS 100. These
are two copolymers synthesized from acrylic and methacrylic
acid esters, containing a low level of quaternary ammonium
groups. The improved permeability of eudragit RS 100
compared with ethylcellulose is attributed to the increased
number of quaternary ammonium substitutions in eudragit RS
100 which affects the release behavior of the investigated
drug12. Due to decrease in solubility of FLU in organic phase,
the drug loss was reduced and enhanced the encapsulation
efficiency. In this study, ethylcellulose as drug carrying
polymer was used. Ethyl cellulose showed a hydrophobic
nature that encapsulated larger amount of the slightly soluble
drug. When organic phase diffused in the aqueous solution
containing surfactant, ethylcellulose matrix immediately
started to precipitate because of fast diffusion of organic
solvent (ethanol). Due to polymer saturated solvent polymeric
matrix was immediately precipitated out as solvent starts to
evaporate and gives maximum encapsulation efficiency12-15.
Tween 80 is a better surfactant in terms of encapsulation
efficiency, drug content and particle size as a result of the
surfactant (Tween 80) ability to migrate towards the surface of
ethylcellulose formed particles. Accordingly, the saturated
polymeric solution and faster diffusion rate of solvent enhance
the encapsulation efficiency of the prepared formula. The
increase in polymer concentration led to increase in both
particle size and encapsulation efficiency of the prepared NPs.
This was attributed to the increase viscosity that helps to
enlarge the size and maximize encapsulation efficiency.
Viscosity also influenced percentage yield of recovered
nanoparticles16,17. The increased polymer concentration also
improved the binding capacity of polymer with FLU.
Accordingly, more drug was entrapped in  the  polymeric  core

that improved both encapsulation efficiency and percentage
yield  of  the  produced  NPs.  Ethylcellulose  also  acted  as  a
self-emulsifier that helped FLU got entrapped into solid NPs
due to ethylcellulose hydrophobic nature. The obtained
results concluded that particle size of the prepared NPs was
directly proportional to polymer concentration as a result of
increase in viscosity of the internal phase12,18.

Formulation prepared using eudragit RS 100 showed
higher encapsulation efficiency than those prepared using
ethylcellulose. It was also found that release of drug was
slower than formulation prepared from eudragit RS 100
compared with raw FLU. This porous nature of eudragit RS 100
was responsible for the enhancement of the holding capacity
for FLU and extended the drug release8,19,20.

CONCLUSION

Nanoparticles showed improvement of several
medications efficacy.  C.  albicans  is  causing  resistant  in  oral
and vaginal infections. FLU-eudragit RS 100 NPs achieved
smaller NPs sizes in comparing with FLU-ethylcellulose NPs.
FLU-Eudragit RS 100 NPs of (1:1.5) drug to polymer ration
sustained FLU release and enabled better reactivity with fungi
cell components, anti-fungal activity was improved by about
1.45 folds compared with raw-FLU. The study proved that
eudragit RS 100 NPs loaded with FLU is an effective way to
improve FLU efficacy against  C.  albicans .

SIGNIFICANCE STATEMENT

This research found a new strategy for improvement of
FLU anti-fungal activity via sustaining FLU release.
Furthermore, achieve deep penetration of nano-particles
through infected tissue that will eradicate the candida
resistance. This research also  helps  researchers  to  uncover
the  potential  use  of  FLU  as   nano-particulate   loaded   gel
in  clinical  models  to  support  its  antifungal  use in  case  of
C.  albicance  resistance.
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