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Abstract

Nanosponges (NS) of etodolac (ETO) was prepared using the emulsion solvent diffusion method. Etodolac
took as a model drug because of its short half-life, low water solubility; NS is non-irritating, non-mutagenic, non-
allergenic and non-toxic suitable to bind to poorly- soluble drugs within the matrix and improve their
bioavailability .The effects of drug: polymer ratio, the effect of level concentration of internal phase and stirring
time and other variables that effect on the physical characteristics of NS were investigated and characterized.The
selected formula was lyophilized then incorporated into hydrogel ; which also evaluated .The results show that
the formulation that contain Drug:Polyvinyl alcohol: ethylcellulose in ratio 1:3:2 is the best with smallest particle
size 40.2+0.098nm with polydispersibility0.005 and in vitro release 97.6%+0.11, , ETO NS Carbopol hydrogel
produced a significant(p<0.05) improvement of the in vitro release than pure ETO hydrogel.
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Introduction

The most significant challenge with topical
drug delivery is the barrier nature of the skin that
restricts the entry of most drugs, to increase the
therapeutic effectiveness of the existing drug
molecules is by formulating them using novel
nanocarrier systems and incorporating them into
topical preparations . Nanosponges are a novel
class of nanoparticles, exhibiting promising
potential in controlled drug delivery, especially
topical formulations. Bezawada et al., define
Nanosponges(NS) as  biocompatible  porous
nanoparticles formulate as nano-sized colloidal
carriers having the shape of tiny sponges in nature;
with a size of about a virus and the average diameter
(250 nm -1pm) which will fill with a variety of
materials. Different methods of preparation of NS;
ultrasound assisted synthesis
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,emulsion solvent diffusion method, solvent method
and hyper cross-linked - cyclodextrins @; Pervious
work on NS ; like using Lemongrass oil a volatile oil
extracted from the leaves of Cymbopogon citratus
incorporated in an EC NS revealed that the spongy
structure with minute pores and the sustained
integrity of the NS structure when incorporated in
the hydrogel showed no skin irritation and
increasing bioavailability @,

Etodolac (ETO) is a pyranocarboxylic acid
that falls in the (NSAIDSs) category. ETO is a weakly
acidic drug that belongs to the Biopharmaceutical
Classification System (BCS) class Il type
(practically water insoluble). The chemical name is
[(®) (1, 8 -diethyl-1, 3,4, 9-tetrahydropyrano- [3, 4-
b] indole - 1-acetic acid] with a molecular formula
of C17H2INO3, and molecular weight is
287.36g/mol, Fig. (1) demonstrated chemical
structure of ETO. ©
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Figure (1) Chemical structure of etodolac®
Materials and Methods

Materials
Etodolac powder supplied by Hangzhou
Hyper Chemicals Limited, China, Ethyl

cellulose polymers powder N-type obtained
from Hangzhou Hyper Chemicals Limited,
China,, GCC Analytical reagent, UK supplied

Table (1) Composition of ETO NS.
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Dichloromethane. All other materials used in this
study were of analytical grade.
Methods
Preparation of etodolac nanosponges

ETO NS was prepared by emulsion solvent
diffusion method table (1). The internal organic
phase consisted of different amounts of ETO and
ethyl cellulose; all dissolved in dichloromethane
(DCM) or acetone (internal or disperse phase); while
PVA dissolved in 100 ml water (external or aqueous
continuous phase). The disperse phase was added
very slowly and continuously with the help of
syringe into the aqueous phase then we put the
formula under mechanical agitation for 2 hours at
room temperature 9,

Formula no. F1 F2 F3 F4 F5 F6 F7 F8
Ingredient

Etodolac (gm) 4 2 1 1 1 1 1 1
PVA (gm) 3 3 3 2 3 2 3 4

EC (gm) 2 2 2 2 2 2 3 2
Dichloromethane (ml) 20 20 20 20 _ 20 20 20
Acetone(ml) _ _ _ _ 20 _ _ _
Distilled Water(ml) 100 100 100 100 100 100 100 100
Stirring speed (rpm) 1000 1000 1000 1000 1000 2500 1000 1000
Methods Drug entrapment efficiency of nanosponges

Evaluation of the prepared nanosponges Iyophilized powder

Particle size and size distribution For the drug entrapment efficiency tests,
Particle size and polydispersity index 10mg of the NS powder was dissolved in 10ml

determination done by using the Nano Brook 90Plus
particle size analyzer; which is a dynamic light
scattering, works by measuring the intensity of light
scattered by the molecules in the sample as a
function of time ©.
The in-vitro dissolution profile of nanosponges

In-vitro drug release studies with a pretreated
dialysis bag (Schuchardt dialysis membrane MWCO
12,000 Da) cut off. An aqueous dispersion of NS
(10ml), is placed in dissolution test USP apparatus
Type Il. That fixed on 100 rpm and 37 +£0.5°C, ETO
loaded NS evaluated by immersing it in 900 ml 7.4pH
phosphate buffer 8
Zeta potential measurement (ZP)

ZP for selected formula determined by The
Nano Brook 90PIlus zeta sizer
(BrookhavenlInstruments USA) ©,
Freeze drying of the selected etodolac nanosponges

The formed NS sonicated for 10 minutes to
avoid the presence of aggregates. Then centrifuged
at 3000rpm forl5min at room temperature to
separate the uncomplexed drug as a residue below
the colloidal supernatant. After that we filtrate by
using filter paper to remove any undissolved
particles 9. The colloidal supernatants were
freeze-dried to obtain ETO loaded NS V),
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phosphate buffer solution 7.4, in a volumetric flask
then placed in bath sonicator to break the complex
the free drug remained in supernatant while
entrapped drug retained in the NS, the
measurements was carried out in triplicate and
standard deviation values was taken 2,

Saturation solubility of lyophilized powder

Performed for the selected formulation by
dissolving the excess amount of lyophilized powder
in 10 ml of phosphate buffer pH 7.4. Then the
mixture was shaken for 48 hours at 25°C then
filtered; and analyzed. (13)

The dissolution profile of lyophilized powder

In-vitro drug release studies were carried out
using USP type Il dissolution apparatus (50 rpm, 37
+0.5°C); 1 gm of ETO loaded Nanosponges
lyophilized powder put in pretreated dialysis bag
(cut off 12,000 Da). The dissolution media contain
900 ml of phosphate buffer pH7.4; At each fixed
time intervals samples were taken and suitably
diluted and analyzed; in triplicate (n = 3). (14)
Fourier transform infrared spectroscopic analysis
(FTIR)

FTIR helps to check out the compatibility
between the drug and the excipients.The FTIR
spectra of pure ETO and lyophilized powder of the
selected formula were obtained using (FTIR-8300
Shimadzu, Japan)®®,
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X-ray powder diffraction (XRPD)

Powder X-ray diffraction can be used to
emphasize the crystalline nature of the substances in
the solid state, the diffractograms of ETO pure
powders and lyophilized powders of the selected
formulations analysis using Shimadzu XRD-6000
powder X-ray diffractometer (9,

Scanning electron microscope (SEM)

SEM can be used to study morphology, and
surface topography of the prepared NS and the
difference in morphology state of the pure drug and
the product by using a Vega/TESCAN scanning
electron microscope @7,

Preparation of nanosponges loaded hydrogel

The gel-forming polymer (Carbopol 934) 1
gm was soaked in 100 ml water for 2 hrs. Then
dispersed by agitation using a magnetic stirrer to get
a uniform dispersion. The dispersion was allowed to
stand for 15 minutes so that all the entrained air
expelled. Methylparaben (preservative); dissolved
in a sufficient quantity of water pre-warmed to 40°C
and incorporated. Then add triethanolamine (2%
v/v) drop by drop with continuous mixing to
neutralize the pH of polymer aqueous solution.
Finally ethanolic solutions of lyophilized ETO NS
and second formula of pure ETO powder
incorporated in the polymer aqueous solution @8
The Composition of ETO Nanosponge Loaded in
Carbopol 934 Hydrogel in the table (2).

Table (2) Physical properties of the prepared
hydrogel

Ingredients F1 F2
(% wiw)
Etodolac NS eg. to 12 -
2 gm Etodolac
Etodolac (gm) - 2
Carbopol 934(gm) 1 1
Triethanolamine 2.0 2.0
Ethanol 20 20
(95% viv)
Deionized water 100 100
g.s
Methyl 100 100
Paraben(mg)

Determination of viscosity

Rheology of prepared NS loaded hydrogel
formulation was studied by Myr Rotational (cup and
bop) digital Viscometer with spindle no. R7, at 2-
200 rpm, at room temperature; (n=3) (19).
Determination of etodolac content in the hydrogel
formula

ETO content in the hydrogel was determined
by taking specific quantity of the prepared gel which
is equivalent to 10 mg of etodolac and transferred to
100 ml volumetric flask containing phosphate buffer
(pH 7.4). The mixture then allowed to sonicate for 5
minutes followed by filtration then the filtrate was
analyzed at A max of ETO (20).
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In-vitro dissolution test of etodolac nanosponges
loaded hydrogel

The in-vitro release of ETO from NS loaded
hydrogel and ETO hydrogel formulas performed by
using dissolution apparatus-1l  (paddle type).
Hydrogel (2 gm) was performed using dialysis bag
method with pretreated (dialysis membrane cut off
12,000 Da). The dissolution test performed ; with
900 ml dissolution media phosphate buffer pH 7.4,
at 37 £ 0.5 °C with stirring speed of 100 rpm.
Samples filtrated, diluted and analyzed; usually the
drug release experiments were conducted in
triplicate (n = 3); the statistic mean value of three
readings was taken.

Result and Discussion

This study presents a new approach for the
modification of polymeric nanoparticles as well as a
new system for enhancing dissolution and release of
poorly soluble drugs.
Particle size analysis and polydispersity index
measurement

The effect of different parameters on the
particle size and polydispersity index was studied
using eight different formulations. The mean
particle size (effective diameter) for formulations
varied in the range from 46.9+0.358 nm to
1043.35+£10.2 nm. The particle size and PDI for
different formulations of different parameters is
showing in the Table (3).
Table (3) The particle size, PDI of different
formulations

Formula Particle PDI % drug
no. size +SE* release
(% + SE)
F1 526.5+ 0.352 59%+
0.125 8.767
F2 224.3 £ 0.005 66%+
90.7 8.022
F3 46.9+ 0.005 97.6%=
6.5 12.201
F4 172.8+ 0.005 89 %=+
0.169 11.603
F5 354.68+ 0.329 75%+
0.8 10.242
F6 111.5+ 0.246 45 %+
9.2 5.998
F7 711.6+ 0.005 50% *
90.7 17.224
F8 1043.35+ 0.352 45%=+
10.2 8.870

*SE standard error, n=3
Variables affecting formulations
Effect of the drug to polymer ratio

The formula 1 and 2 as seen in the Figure 2
and Figure 3; revealed that as the amount of drug
increase; the particle size increase and in- vitro drug
release reduced significantly (p< 0.05) ; Bohrey et
al. observe the same result ; and explained it by the
fact that a more considerable amount of drug results
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in a more viscous organic phase (dispersed phase),
making complex the mutual dispersion of the
aspects and forming bigger nanoparticles 2.
While in formula 3 and 7 Figure 2 and 4 ;
amount of ethyl cellulose polymer increased from 2
gm to 3 gm ;this cause an increase in particle size
and significantly (p< 0.05) decrease in the amount
of drug released; the same result was seen with
Kiligarslan et al., they prepared verapamil HCI
loaded microspheres and discuss the effect of the
drug/polymer ratio ; as the amount of polymer in the
formulation increased, the drug release decreased,
due to rising in thickness of polymer wall of NS
particles will affect the diffusion path thus the drug

not be quickly released in to the dissolution medium
@3)
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Figure (2) The effect of the drug to polymer ratio

on the particle size of etodolac loaded
nanosponge
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Figure (3) Dissolution profile of formulas F1, F2
in PBS of pH 7.4.
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Figure (4) Dissolution profile of formulas F3, F7
in PBS of pH 7.4.
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Effect of PVA concentration

The presence of PVAmolecules stabilizes the
emulsion nano droplets and prevents them from
aggregation with one another. The PVA molecules
must cover the organic/aqueous interfacial area of
all the droplets. Hence a specific amount of PVA
molecules is required to achieve small size of
nanoparticles. We can notice from table (3) and Fig.
5 and Fig. 6 that the most uniform size distribution
was obtained from 3% PVAin F3; as the amount of
PVAincreased F8 or decreased F4 from 3 % wi/v; this
cause insignificant effect (p > 0.5) on in -vitro drug
release and particle size. As the concentration of
PVA increased as in F8 this cause the micro size
particle appearance instead of nanoparticles due to
the increased viscosity of the aqueous phase causing
reduction in the net shear stress available for droplet
break down so the PVA concentration stays in the
continuous phase. In this case PVA does not play a
role, either in the emulsification or in the
stabilization of the sponges. The same result was
noticed with Zweers et al. and Feng et al. ?429

While in formula 4 as the amount of PVA
decreased from specific level; the particle size
decreased but cause the fragility of the formed NS
during the process of dispersion. Which was noticed
by a significant decrease in in- vitro drug release for
F4. The particle size of NS seems to be dependent
on the PVA concentration in continuous phase; the
same result was reported by Kemala et al. 6,

1200

1000
800
600
400 1 5
200
0 469
F4 F8

F3
PVA concentration (w/v)

Figure (5) PVA concentration effect on ETO
loaded nanosponge
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Figure (6) Dissolution profile of formulas F3,
F4 and F8 in PBS of pH 7.4.
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Effect of Type of internal phase solvent

Organic solvents have essential role in the
preparation of NS. Beside dissolving the drug and
polymer; organic solvents ensure the initial
thermodynamic equilibrium with the aqueous phase.
Also, during development the organic solvent
diffused into the external phase and form NS; and
this diffusion and consequently elimination of
organic solvent mainly depend on its boiling point
@n.

Formula 3 and 5 from table 3 and Fig.7;
demonstrate this effect of change the type of organic
phase causing increase in mean particle size with
significantly (p< 0.05) decreasing in- vitro drug
release. Because they depend on the physical
properties of the organic solvent used; the solubility
of DCM in water is low, but vapor pressure is very
high. Therefore, DCM rapidly diffused into water
and evaporated out resulting in fast precipitation of
NS droplets (containing polymer with drug) without
giving much time for drug molecules to partition
into aqueous phase and aggregation. While acetone
have higher boiling point (b.p. 56 °C) than DCM
(b.p. 39 °C) so the evaporation is slower; therefore
the in vitro release of acetone is low (2829,

100
90
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50 F3
40 F5
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20

10

0

0 20 40 60 80
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Figure (7) Dissolution profile of formulas F3,
F5 pure drug in PBS of pH 7.4.

Effect of stirring speed

pure drug

Percentage of drug release

Formula 4 and 6 from table 3 and Fig.8; show
the impact of mixing speed on NS formulations;
increasing the stirring speed from 1000 to 2500 rpm
cause insignificant (p > 0.5) decreasing of in-vitro
drug release with decreasing of mean particle size;
this explained by Srinivas et al.; at higher stirring
rate decrease the mean particle size and the
production yield was reduced because the polymer
adhered to paddle due to high turbulence created
within the external (1).
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Percentage of drug release

Time(minutes)

Figure (8) Dissolution profile of formulas F4,
F6 in PBS of pH 7.4.

Zeta potential measurement (ZP)

High ZP value improve stability of the
dispersion and will resist aggregation while colloids
dispersion with low zeta potentials tends to
coagulate or flocculate for the selected formulation
of ETO loaded NS was-30.8 mV, the charge was
negative due to the surface negative charge of PVA
hydroxyl group that anchored on the surface of the
NS ; the same result noticed with Salah et al., % the
NS adequately stabilized by PVAnonionic surfactant
that appeared to be the most suitable surfactant in
reducing aggregation between nanoparticles the
same result was reported by Lakshmi et al. ©9,

Saturation solubility of freeze-drying nanosponges

The best formula for lyophilization; the batch
F3 gave use the small particle size and lowest
polydispersity index with best dissolution profile;
table 1,3 and figure 3,4. The quantity F3 gives rise
to fluffy mass powder showing highly porous
structure; with a white cotton-like, these spongy
materials was the same result that reported by
Singireddy et al. 2, The saturation solubility of the
lyophilized powder was increased significantly (p <
0.5) from the pure drug solubility; It expands to 12+
0.7folds in pH 7.4; the same result reported by Rao
etal. ©9,

The dissolution profile of lyophilized powder

The lyophilized powder of NS Selected
formula (F3) shown in Fig. 9. The release of ETO
from the NS was higher than the release profile of
pure drug within 90 min.

The percent of cumulative drug release of
lyophilized F3 was more than 90% in less than 30
min as compared to less than 20% and 25% of the
pure drug in the same in phosphate buffer pH 7.4
media.

Factors that are contributing to a fast release
attributed to the reduction in particle size causing
increase in the surface area and consequently
enhanced the contact between particles and
dissolution medium the same result seen with Torne
etal. G9,

Also, the plastic designs of the prepared NS
structure and hydrophobic nature of EC, drug
particles near the surface of the NS matrix could be
initially diffused into the surrounding medium,
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resulting in the increase in the pores and thus
facilitating further drug release @V,

100
® 90 f\‘___‘-—f“
@ ]
L 80
[
:.0 70
3 60 / —&—pure drug
- [
% 50
g a0 | —A—F3NS
£ 20
g F3- NS (lyophilized
21w powder)

0

0 20 40 60 80
Time (minutes)

Figure (9) in -vitro drug release profile of ETO
loaded NS lyophilized powder in PBS pH 7.4
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Drug entrapment efficiency

The results show that eachl0 mg of lyophilized
powder of NS of formulas F3 contain 97.45 % of
ETO.

Fourier transform infrared spectroscopic analysis
(FTIR)

The FTIR spectrum of pure etodolac and
Iyophilized powder given in figure (10) A, B. The
results showed that the characteristic peak of ETO
was C=0 stretching vibration of COOH group
in1743.33cm™ is present in all the spectrums
indicating that there is no chemical interaction
between the drug other excipients 5
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Figure (10) B . FTIR spectrum of ETO loaded NS lyophilized powder

Scanning electron microscope (SEM)

It can be seen that the raw drug particles
have a rough surface with large particle size fig (11);
while the SEM of F3 lyophilized powder fig (12)
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showed finely spherical, smooth, and porous due to
diffusion of DCM from the surface PENJURI et. al.
reported the same result 9,
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Figure (11) SEM of raw drug magnification 500X; size of particles (100um)

SEM MAG: 498 x SEM HV: 5.00 kV
MName: 0-2 WD 7.720 mm
Date(medy)y: 0411618 Dot: SE

SEM MAG: 500 x SEM HV: 5.00 KV
Mame: 3-1 WD B8.710 mm
Date(m/dyy: 04M16M8  Dat: SE

MARMRCA0T n

SEM MAG: 1,00 i SEM HV: 5.00 kY SEM MAG: 2.00 kn SEM HV: 5,00 kY
Name: 3-2 WD 8.630 mm 50 pm Hame: 3-3 WD B.ETO mm
Drateimfdlyy: 0411618 Del: SE NJIMRCN.IOTH Dabe(midly)y: D4/16M1E  Del: SE N-lMRCMoTn

Figure (12) SEM of F3; at 498X,500X,1.00Kx and 2.00 Kx magnification
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Powder X-ray diffraction analysis (PXRD)

PXRD patterns of ETO as a pure powder
showed sharp diffraction peaks in the Fig. (13)
indicates the crystalline nature of the pure etodolac-
However, these characteristic peaks disappeared in
the pattern

Etodolac topical nanosponges hydrogel

of lyophilized powder as seen in Fig. (14) Producing
a diffused pattern of very low- intensity peaks and
shifting to a lower degree with complete absence of
and diffraction peak, this mean ETO in the
Iyophilized powder is in an amorphous state; the
same was reported by Rao et al ¢" .

1(Ck8)

Treia-#Theca cacal

Figure (13) PXRD of pure drug.

)

=5
Traza-aTRaza (degl

Figure (14) PXRD of selected formula F3

Physical properties of the prepared hydrogel

The physical appearance showed that
systems gelled and pale to white non-transparent,
with smooth, homogeneous constancy. This result
agrees with that of research on miconazole nitrate
loaded nanosponge gel 8. The result of pH for ETO
loaded NS hydrogel is 5.9+0.01; while the pH of
ETO hydrogel was 6.7+0.01; which lies in the
normal pH range of the surface; indicating the
suitability of the formulations for application on the
skin 8
The viscosity of nanosponges hydrogel

Carbopol 934 hydrogel showed approximate
viscosity between (32,000 -134,150) CP for ETO
loaded NS hydrogel while ETO hydrogel showed
viscosity between (45,000 - 140,546) CP; Figure 9,
The viscosity value of ETO loaded NS hydrogel is
excellent because it provides easy removal of
preparation from the container and smooth
application of formulations on the infected surface;
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There is a significant difference (P<0.05) between
formulations %

50000

sity CP
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50 60 70 80 90 100110120130 140 150 160 170 180 190 200
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Figure (15) The rheogram of nanosponges
hydrogel and pure etodolac hydrogel
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Determination of etodolac loaded nanosponges
content in the hydrogel formulas

The ETO NS contents in hydrogel are 97.5%
+ 0. While in ETO hydrogel contents are 90.1% *
0.44 from this we can conclude that ETO uniformly
distributed in Both hydrogel formulations.
In -vitro drug release study

From the release profile Fig. (16); ETO NS
loaded hydrogel has produced a significant
improvement in the dissolution rate which is
significantly higher (p<0.05) than that of pure ETO
hydrogel. In -vitro release of ETO nanosponge from
hydrogel showed fast and complete statement in
comparison to pure ETO hydrogel, the same result
seen with; Aldawsari et al.; they prepared a topical
hydrogel of lemongrass-loaded NS; the higher
porosity of the larger particles would allow for the
leakage of the ETO to the hydrogel during
preparation, resulting in faster release rates V)

=B ETO hydroge!

£T0 NS. Hydrogle

percent of drug release

time (minute)

Figure (16) Dissolution profile of ETO from
nanosponges hydrogel formula and pure ETO
hydrogel in PBS (pH 7.4)

The ETO loaded NS lyophilized powder and
in the liquid state showed the same cumulative % of
drug release profile more than 97.67% release of
ETO, within the same time; 90 minutes whereas the
ETO NS loaded hydrogel released more than 86% of
ETO in the same period Fig. (12).This delayed in the
release of ETO NS loaded in hydrogel because of
embedding of ETO NS into the hydrogel base which
effectively controlled the release of ETO, so the
release was a combination of the version of the drug
from NS matrix carriers and subsequent diffusion
through the microchannel structures of the Carbopol

hydrogel base Song et al. reported the same result
(40)

Conclusion
Emulsion solvent diffusion method was used
because of its simplicity and reproducibility. Also,
this method is seem to be promising for the
preparation of ETO NS; it can achieve that NS
carbopol hydrogel was greatly enhanced dissolution
and release of etodolac when compared to pure
etodolac hydrogel.
References
1. Sriniwas P,Sreeja K. Formulation and evaluation
of voriconazole loaded nanosponges for oral and

72

10.

11.

12.

Etodolac topical nanosponges hydrogel

topical delivery. International Journal of Drug
Delivery Research 2013; 5(1): 55-69.

Bezawada S, Charanjitha , Reddy V.M, Naveena
, Gupta V R M . Nanosponge —a concise review
for emerging trends International journal of
Pharmaceutical research and  biomedical
analysis , 2014; 3(1) :1-6

Palande J.A., Jadhav S. B. , Tapkir A. S. ,
Chaudhari P.D., Survase B. H. , Rachamale P.M.
development and validation of stability
indicating assay method of etodolac by using uv-
visible spectrometer . International journal of
pharmaceutical and chemical sciences ,2013
12(2) :678-685

Kasinathan N, Amirthalingam M, Reddy N D,
Jagani HV, Volety S M, Rao J V. Research
Article: In-situ implant containing PCL-
curcumin nanoparticles developed using design
of experiments. Drug Delivery journal , 2016;
23(3) :1-9

Jilsha G , Viswanad V. Nanosponge loaded
hydrogel of cephalexin for topical delivery
.international journal of pharmaceutical science
and research , 2015; 6(7): 2781_2789.
Shekunov B Y, Chattopadhyay P, Tong

HHY, Chow A H L .Expert review
particle size analysisin
pharmaceutics:principles. Methods and

Applications Pharmaceutical Research journal,
2007; 24 (2) : 203-227

Singh D, Soni G C, Prajapati S K. Recent
advaces in nanosponge as drug delivery system:a
review article  European  journal  of
pharmaceutical and medical research, 2016 ;
3(10) : 364-371

Lia W,Yangb Y, Tianc Y, Xua X, Chena Y, Mua
L, Zhanga Y, Fang L.Preparation and in vitro/in
vivo evaluation of revaprazan hydrochloride
nanosuspension .International  Journal  of
Pharmaceutics ,2011; 408 : 157-162

Honary S,  Zahir F .Effect of Zeta Potential
on the Properties of Nano- Drug Delivery
Systems — a review (Part 2) .Tropical Journal of
Pharmaceutical Research ,2013; 12 (2): 265-273

LAKSHMINARAYANA TS,
MADHUSUDHAN Development and
evaluation of inulin-loaded ethyl cellulose

nanoparticles as oral prebiotic supplement for
selective eubiosis .Int J Pharm Bio Sci ,2017 ; 8(
1): 85-92

Torne S J, Ansari K A, VaviaP R, Trotta F ,
Cavalli R Enhanced oral paclitaxel
bioavailability afteradministration of paclitaxel-
loaded nanosponges . Drug delivery journal,
2010;17(6) : 419-425

Kaur G., Aggarwal G. , Harikumar S.L. ,
Nanosponge: New Colloidal Drug Delivery
System for Topical Delivery . Indo Global
Journal of Pharmaceutical Sciences 2015 ;5(1):
53-57.



Iragi J Pharm Sci, Vol.28(1) 2019

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Raval AJ, Patel MM. Preparation and
Characterization of Nanoparticles for Solubility
and Dissolution Rate Enhancement of
Meloxicam. International Research Journal of
Pharmaceuticals ,2011; 1(2):83-9.
Shringirishi M, Mahor A, Gupta R, Prajapati S
K, Bansal K, Kesharwani P. Fabrication and
characterization of nifedipine loaded b-
cyclodextrin nanosponges: An in vitro and in
vivo evaluation. Journal of Drug Delivery
Science and Technology, 2017 ; 41: 344_350
Keerthi Priya Dharshini M., Jyothshna Devi K.,
Shilpaja C. , Umasankar K. Atrovastatin loaded
nanosponge _ a novel strategic approach for enhance
bicavailability . World journal of pharmacy and
pharmaceutical sciences, 2017; 6 ( 8) : 1223-
1236
Ige PP, Baria RK , Gattani SG. Fabrication of
fenofibrate nanocrystals by probe sonication
method for enhancement of dissolution rate and
oral bioavailability. colloids and surfaces b
biointerfaces journal, 2013;10 (8) :366— 373.
Moon C, Kwon Y, Lee W, Park Y , Chang L ,
YangV . A novel polyrotaxanebased intracellular
delivery system for camptothecin: in vitro
feasibility. Journal of Biomedical Mat. Res. Part
A, 2008 ; 84:238-246
Kumar P S, Hematheerthani N , Ratna J V ,
Saikishore V ,Design and characterization of
miconazole nitrate  loaded  nanosponges
containing vaginal gels .Int. J. of Pharmacy and
Analytical Research , 2016 ; 5(3): 410-417
DAVIDENKO N, PENICHE CDIAZ J M
, ROMAN J S , SASTRE R.
Photopolymerization of acrylic acid and chitosan
gels (). influence of preparation method on the
formation  and kinetic ~ behavior  of
interpenetrating complexes Latin American
applied research journal, 2007 ; 37(4):247-253
Nazim S , Shaikh S , khan T , Sabnam S .
Formulation and Evaluation of Clotrimazole
Hydrotropic Starch Gel. Indo American Journal
of Pharmaceutical Research, 2014 ; 4(02):1181-
1186
Aldawsari H M , Badr-Eldin S M, Labib G S,
El-Kamel AH Design and formulation of a
topical hydrogel integrating lemongrass-loaded
nanosponges with an enhanced antifungal effect:
in vitro/in vivo evaluation. International Journal
of Nanomedicines, 2015; 10 : 893 902
Bohrey S, Chourasiya V , Pandey A . Polymeric
nanoparticles containing diazepam: preparation,
optimization, characterization, in-vitro drug
release and release kinetic study. Nano
Convergence a springer Open journal, 2016;
3(3); 1-7
Kiligarslan M, Baykara T. The effect of the
drug/polymer ratio on the properties of the
verapamil HCI loaded microspheres.

73

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Etodolac topical nanosponges hydrogel

International Journal of Pharmaceutics, 2003 ;
252:99-109

Zweers M L T, Grijpma DW, EngbersGH M
, Feijen J. The Preparation of Monodisperse
Biodegradable Polyester Nanoparticles with a
Controlled Size. Journal of biomedical materials
research .part B ; applied biomaterials . 2003
;66(2):559-66

Fenga S S, Huang G. Effects of emulsifiers on
the controlled releaseof paclitaxel (TaxolO)
from nanospheres of biodegradable polymers.
Journal of Controlled Release, 2001 ;71(1):53-
69.

Kemala T , Budianto E , Soegiyono B .
Preparation and characterization of
microspheres based on blend of poly(lactic acid)
and poly(e-caprolactone) with  poly(vinyl
alcohol) as emulsifier .Arabian journal of
chemistry , 2012; 5: 103-108

NAGAVARMAB V N, YADAVH K S, AYAZ
A , VASUDHA L.S, SHIVAKUMAR H.G .
Review Article: Different techniques for
preparation of polymeric nanoparticles- A
review.Asian Journal of Pharmaceutical and
Clinical Research , 2012; 5 (3) : 16-23.
Vaculikova E, Grunwaldova V , Kral V
Dohnal J , Jampilek J Primary Investigation of
the Preparation of Nanoparticles byPrecipitation.
Molecules journal, 2012 ; 17: 11067-11078
VINEETH P , VADAPARTHIP R R , KUMAR
K, BABU B D J, RAO AV, SURESH BABU
K. Influence of organic solvents on nanoparticle
formation and surfactants on release behavior in-
vitro using costunolide as model anticancer
agent. International Journal of Pharmacy and
Pharmaceutical Sciences Int J Pharm Pharm Sci,
2014 ;6 (4) : 638-645.

Salah S, Mahmoud A A, Kamel A O.
Research Atrtcle: Etodolac transdermal
cubosomes for the treatment of rheumatoid
arthritis: ex vivo permeation and in vivo
pharmacokinetic studies Drug Delivery journal ,
2017; 24(1): 846-856

LEKSHM U M D, POOVI G, REDDY P N. In -
vitro observation of repaglinide engineered
polymeric nanoparticles. Digest Journal of
Nanomaterials and Biostructures, 2012; 7 (1), 1
-18.

Singireddya A, Subramaniana S. Cyclodextrin
nanosponges to enhance the dissolution profile
of quercetin by inclusion complex formation
Journal Particulate Science and Technology An
International Journal, 2014; 34 (3) : 341-346.
Rao M R P, Chaudhari J, Trotta F , Caldera F.
Research Article Investigation of Cyclodextrin-
Based Nanosponges for Solubility and
Bioavailability Enhancement of Rilpivirine .
American  Association of Pharmaceutical
Scientists Pharm Sci Tech, 2018 ;19(5):2358-
2369



Iragi J Pharm Sci, Vol.28(1) 2019

34.

35.

36.

37.

Torne S, Darandale S, VaviaP , Trotta F, Cavalli
R . RESEARCH ARTICLE: Cyclodextrin-based
nanosponges:  effective  nanocarrier  for
Tamoxifen delivery. Pharmaceutical
Development and Technology, 2013; 18(3):
619-625

Ruhidas B, Naskar D, Banerjee S, Karan S ,
Chatterjee T K .Evaluation of Gum Katira as a
Model Sustained Release Adjuvant in the
Preparation of Etodolac Loaded Microsphere .
Indian J. of Pharmaceutical Education and
Research, 2016; 50 ( 1) : 146-158

PENJUR S C B, RAVOURU N, DAMINENI S,
Sailakshmi BN S, POREDDY S R. Formulation
and Evaluation of Lansoprazole Loaded
Nanosponges. Turk J Pharm Sci, 2016; 13(3) :
304-310.

Rao M , Bajaj A, Khole I, Munjapara G,
Trotta F . Original article: In vitro and in vivo

74

38.

39.

40.

Etodolac topical nanosponges hydrogel

evaluation of b-cyclodextrin-based nanosponges
of telmisartan. Journal of Inclusion Phenomena
and Macrocyclic Chemistry , 2013; 77 (1-4 )
:135-145

El-Kased R F,Amer R I, Attia D ,
Elmazar M M . Honey-based hydrogel: In vitro
and comparative In vivo evaluation for burn
wound healing. scientific reports j. .2017;(7):2-
11

Drais H K. Design and evaluation of nystatin
gel-based emulsion for oromucosal fungal
infection. world j.of pharmacy and pharmac.
Scien., 2016; 5 (6 ): 297-307.

SongSH, LeeKM,KangJB, LeeS G,
Kang N J, Choi Y W. Improved Skin Delivery
of Voriconazole with a Nanostructured Lipid
Carrier-Based Hydrogel Formulation. Chem.
Pharm. Bull., 2014; 62(8) : 793-798.



