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have been combined with hydrogel to
form  nanoparticle-hydrogel  hybrid
system as a substitute to conventional
dosage forms.
The goal of this study is to prepare an effective hydrogel form containing prednisolone
nanoparticles as a hybrid biomaterial system for transdermal application. Six hydrogel
formulations containing prednisolone nanoparticles were prepared and characterized for
particle size, entrapment efficiency, physical appearance, pH, drug content, spreadability test,
viscosity, in-vitro drug release and ex-vivo diffusion. The results showed that the all
preparations in the nanometer size and the drug content of prednisolone in hydrogel was
ranged from 96.24% to 99.15% and there was a significant enhancement (p<0.05) in drug
release and permeation from the prepared nanoparticles -hydrogel formulas when compared
with plain hydrogel of prednisolone. From this study, it can be concluded that nanoparticle-
hydrogel system could be a possible drug delivery technology for transdermal application of
prednisolone drug.

Key words: nanoparticle, prednisolone, nanosuspension, particle size, hydrogel.

8t s g il Qi jad) o g giag Jaa g ) anllly sudaad
Tk aBlS jha Fags dggma 2e oY

Gl st &y palical) dralall Upuall LIS Cluiyiwall £ 4%

Gl ccdadl) o JudSl deala- Asuall LS cclii¥suall £ a4

Aadal)

D805 30 5 g elally s Y il A a1 A0 Jime Gyl addi o 12 A8 5 a0 A i) Cilagual 48 (Ul
S Jeasom 450 Clapuns a3 (0 oS3 i g jed) e 4 8l Claguad) ran o S IS (a5l sl
Jead 4 50 Cllagen e (5 giny Jiad i s 2 JSG dlae) sa Jaall 138 (e Ciagd) Al e jal) JSEY
Glara o (g gint dangous GluS Fdiu puast &5 sl jie Gubail 4 soal) o gall cpaa (USG5 iy il
Ssine ¢ Lagaallda o ¢ Jb il jedaall cJraadll 30US clapuad) aaa ani &5 ()5l s i ) e (e 4y 5
e u\ qu.’d\ Q_)@.L\ .@j\ (u.u_aj\ G‘)\A datll g ¢ el gall oyt e dAa g ¢ LA ALEl sl ¢ ¢ gal)
@L)}laum;ﬂém BLY 744,Ve ‘;\ ;\.}‘)\AAR.ILL\A}JJ:\A @wnﬂaﬂ\@yu\ QLA:\M;J\A:’J\AJJ ;\JJ]\ o
i souel) o A5l ol oUai G Uil (Say sl 5l o380ty i ) e (s3ladl Jin s el g
sV somin )l alall ye JleatinDU ALE o) 53 Jaa 58 4080 (558 o)) (S

> ¢ Slapall aaa ¢ (55l Blaa ¢ G5l hin sl Clapnll gl cilaldl)

AJPS (2023) 463


https://doi.org/10.32947/ajps.v23i4.1101
mailto:hayder.ismael@alkafeel.edu.iq
https://orcid.org/0000-0001-2345-6789

Al Mustansiriyah Journal of Pharmaceutical Sciences, 2023, Vol. 23, No.4

Introduction

Nanocarriers can be used to produce a high
drug concentration at the sites of
absorption and action, making a long
connection between the active ingredient
and Dbiological tissue/ membrane and
improving effectiveness with low side
effects 2. Drug nanoparticles provide
many properties such as increased
saturation solubility, enhance dissolution
rate and increase the adhesion to site of
action or absorption ©. Prednisolone is an
adrenocortical steroid used for several
illnesses for example, endocrine disorders,
rheumatic disorders, collagen diseases,
skin  diseases and  allergies .
Commercially, oral dosage forms
prednisolone of are available in the market,
yet topical formulations are not created
conventional. Prednisolone is class I
according to Biopharmaceutics
Classification System ®.

The topical administration has been used
for systemic medication effects as well as
for local effects for treating skin disorders.
Nowadays, gel forms are more popular
among the other types of semisolid
preparations in both cosmetic and
medicinal applications ®. In comparison to
creams and ointments, gels in general
provide a quicker release of the drug
component, irrespective of the water
solubility of drug. Hydrogel is hydrophilic
with a three-dimensional network of
physically or chemically cross-linked
materials. These materials are absorbent
and maintain  well-defined structures
(capable of holding big quantities of water
up to thousands of times their dry
weight)”. Nanoparticles can be loaded
inside the hydrogel matrix by way of
blending of theses nanometer particles with
polymer dispersion ©. Otherwise, the
nanometer particles can be prepared by
fusion with gel network after gelation of
polymer9,
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Nanoparticle-hydrogel hybrid  systems
generally mix two different constituents in
one preparation, which give good
biological and physicochemical properties
for this combination that no one of the two
components be able to attain separately 9.
Nanoparticle-hydrogel =~ composite  can
improve drug bioavailability and patient
compliance, since it enhances drug release
and diffusion across biological membranes
(2 So that, the purpose of the current
research is to prepare prednisolone
nanoparticles, then load these nanoparticles
into a hydrogel matrix to form
nanoparticle-hydrogel hybrid system for
transdermal application.

Materials

Prednisolone IS from Pioneer
manufacturing co., Carpobol 934 is from
HiMedia Laboratories Pvt.Ltd, India,
Poloxamer 188 and PVVPk30 are from Xi'an
sonwu Biotech co.,Ltd.china, HPMC E15
is from Baoji Guokang Bio-technology
co.,Ltd. China, Disodium Hydrogen
Phosphate (Na2HPO4), Sodium
Dihydrogen Phosphate (NaH2PO4) and
Sodium Hydroxide are from Thomas
Barker ( chemicals)Pvt. Ltd, India. Ethanol
is from Sasma ,Netherlands and the
Cellulose membrane is from Special lap.
Products, USA.

Methods

Preparation of prednisolone
nanosuspensions

Different formulas of nanosuspensions
were  formulated using  antisolvent
precipitation method. Prednisolone was
dissolved in ethanol at room temperature to
prepare an organic phase of drug in
ethanol. The organic solution of drug in
ethanol was poured into an aqueous
solution of water containing different types
of stabilizers. The mixture of two solutions
(organic solution of drug and aqueous
solution of stabilizers) was agitated using
magnetic stirrer for 60 min at 500 rpm in
which, the temperature was kept at 50°C in
order to get rid of organic solvent by
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evaporation . Addition of organic solution
by means of a syringe drop wise positioned
with the needle directly into aqueous phase
containing stabilizer®). Prednisolone is
insoluble in water; therefore, it precipitates

(Research article)

with stabilizer as fine particles. The
procedure was repeated using different
types of stabilizers. Various ratios of drug
to stabilizer were investigated in these
preparations as presented in table (1).

Table (1): Prednisolone Nanosuspensions Formulas

Code of | Prednisolone | Poloxamer | PVPk30 | HPMC
formula ratio 188 ratio E15
ratio ratio

F1 1 1

F2 1 3

F3 1 1

F4 1 3

F5 1 1

F6 1 3

(Lofprednisolone refer to 40 mg prednisolone, 1 of stabilizer refer to 40 mg of stabilizer and 3 of
stabilizer refer to 120 mg of stabilizer )

Particle size determination

Brookhaven zetaplus laser particle size
analyzer was used in determination of the
size of particles. It is a dynamic light
scattering, that determining the light
intensity which scattered by the particles as
a function of time. The average diameters
and polydispersity index of samples
(without dilution of samples) were
measured for each formula at scattering
angle 90° and constant temperature of
250C(14).

Freeze drying of nanosuspension

Freeze drying method was used for drying
of the best formulas of prednisolone
nanosuspesions, which is the most
prevalent method for drying of drug
nanoparticles from nanosuspension. At a
condenser temperature of -40 °C and
pressure of 0.9 mbar.The resultant powders
were placed in suitable containers, which
firmly closed and covered with parafilm at
room temperature ~ for  additional
investigation.

Preparation of Hydrogel

The selected formulations of prednisolone
nanosuspension were incorporated
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separately within hydrogel formulation
using 0.4% and 0.8% concentration of
carbomer 934 ,as seen in Table (2) The
calculated amount of carbomer 934 was
dispersed in 40 ml distilled water and
stirring at 1000 rpm for 30-90 minutes, by
using magnetic stirrer until get a uniform
dispersion. The pH of mixture was adjusted
to 7 by adding approximately 4 ml of 10%
(w/v) sodium hydroxide ), after that the
mixture was left for swelling for 24 hr. to
obtain a high viscous dispersion. The
freshly prepared formulas of prednisolone
nanosuspension (50ml) were slowly added
to viscous dispersion of carbomer 934 with

stirring using magnetic stirrer. Then
spatulation for 1 hr. to confirm the
formation of uniform dispersion of

hydrogel mixture. Furthermore, a solution
of methyl paraben 0.1% (w/v) and propyl
paraben 0.01% (w/v) in water was added to
this mixture of hydrogel to act as
preservatives 9. The finishing weight of
hydrogel was completed to 100 gm using
water. The prepared hydrogels formulas
were sealed and kept at room temperature
in dark place for 24 hr. for further testing.
Moreover, hydrogel containing one of the
best-lyophilized formula was prepared
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(hydrogel contain lyophilized powder of
optimum formula rather than
nanosuspension) as well as the gel of pure
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drug also was prepared as plain gel by
dispersing the prednisolone in gel base for
comparative studies.

Table (2): Compositions of Hydrogels (0.5 % prednisolone )

Ingredients Plain | F5 F5 F4 F4 F2 F2 F2
Hydr | 0.4% 0.8% 0.4% 0.8% 0.4% 0.8% lyophilized
ogel

Prednisolone 500 500 500 500 500 500 500 500

(mg)

Carbopol 934 0.4% | 0.4% 0.8% 0.4% 0.8% 0.4% 0.8% 0.4%

PVP K30 (mg) | - - - 1500 1500 - - -

HPMC E15 - 500 500 - - - - -

(mg)

Poloxamer - - - - - 1500 1500 1500

188(mg)

Methyl paraben | 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

(Yo)wiv

Propyl paraben | 0.01 | 0.01 0.01 0.01 0.01 0.01 0.01 0.01

(Y)wiv

NaOH 20% 4ml 4ml 4ml 4ml aml 4ml 4 ml 4ml

DW gs ad 100m | 100ml | 100ml | 100ml 100 ml 100 ml 100 ml | 100ml
I

Hydrogel assessment

Physical inspection of hydrogel
formulations

Hydrogel formulas were observed visually
for homogeneity, color and clarity.

pH measurement

Hydrogel formulas were tested at room
temperature with a digital pH meter by
immersing the electrode in hydrogel
formulation in order to assess the pH of gel
form (7:42),

Spreadability Test

After 48 hours of preparation, the
hydrogels' spreadability was assessed by
measuring their diameter between two
glass slides. A glass plate with a circle of 1
cm diameter was marked with 0.5 g of gel,
and a second glass plate was placed on top.
Five minutes were given for a weight of
0.2 kg to rest on the upper glass plate.
Where no more spreading was expected the
increase in the diameter due to spreading of
the gels was noted (8,
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Determination of Drug Content
Determination of the content of drug in gel
form was done by dispersing 0.4 g from the
hydrogel formulation in 50 ml of
phosphate buffer pH 7.4, stirring for 15
minutes on a magnetic stirrer, then
sonicating for 60 mins, and finally filtering
through a 0.45 pm cellulose membrane.
The quantity of prednisolone in the
hydrogel formulations was estimated by
UV-spectrophotometry at the determined
wavelength @9),

Viscosity measurement

The rheology of semisolid products gives
critical information about the stability of
semisolid dosage forms. The rheological
studies were carried out using rotational
viscometer by a technique called cup and
bob. The rheological study was performed
by using Myr viscometer with increase the
spindle rotation speed from (6) to (100)
rom @9 All measurements were done at
room temperature and the average of
triplicate was taken.
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In vitro drug release

Drug release from hydrogel was assessed
using dialysis approach (Molecular cut off
8000-12000 Dalton "Da") (commonly used
for drug release studies in dermal dosage
forms and suitability of pore size for
removal of small drug particles). Phosphate
buffer with pH 7.4 was used as a
dissolution solvent and it was used to soak
the dialysis bag. Each dialysis bag
contained (400mg hydrogel) hydrogel
formulation of prednisolone @Y, then the
bag was sealed at both ends, and it placed
in phosphate buffer pH (200ml) (7.4)@2,
The experiment was tested in a dissolution
apparatus (paddle method) with a 100 rpm
rotation speed at 37+ 0.5 °C. Five
millilitres were removed and substituted by
the same volume at the specified times.
The sample media was measured using
UV-VIS spectrophotometry 324, The in-
vitro release of prednisolone was also done

(Research article)

for the prepared plain hydrogel and
hydrogel of the best-lyophilized formula
(contain lyophilized powder and the other
formula contain nanosuspension). The drug
(rel)ease studies were conducted in triplicate
41

Ex-vivo permeation

Preparation of skin

Adult male rat was obtained from Iraqi
Center for Cancer Research and Medical
Genetics, Al-Mustansiriyah University for
the permeation studies. Skin was excised
from the abdominal region of rat after
removing hair carefully with a razor taking
care to prevent any damage to the surface
of the skin, and then the subcutaneous fat
and connective tissue were trimmed,
Figure (1). The excised skin was washed
and examined for integrity and then kept in
a refrigerator at 4 °C overnight for future
usage

Figure (1): Rat skin preparation for Ex-vivo permeation study after removal of hair and
connective tissues.

Ex-vivo permeation studies:
Franz diffusion cells with water bath
system (Franz diffusion cell apparatus

Copley scientific ,UK in Bagdad
university/college of pharmacy) was used
for ex-vivo skin permeation test

containing from six cells and each one
composed from two parts a lower receptor
and upper donor compartment Rat skin
membrane that, removed previously was
mounted and fixed firmly with an O-ring
(to fix the skin on the cell) onto receptor
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compartment of Franz cells in which, the
medium of receptor (each cell has 12 ml
volume capacity) part consisting from
phosphate buffer solution (pH 7.4) ©9,
Then, prednisolone hydrogel sample was
placed on skin surface in the donor
champer part at 600 rpm and at
temperature 37 = 0.5°C to mimic in-vivo
circumstances ¢72?®, Periodically Samples
(0.1 ml) were withdrawn at scheduled time
intervals for 8 hr. The removed samples
were replaced and the withdrawn samples
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were then inspected spectrophotometrically
at Amax of prednisolone.

Stability study

The stability study was done for the
optimum hydrogel formulas. These best
formulas filled in collapse tubes and stored
at room temperature for 3 months. Samples
were withdrawn from formulas at the end
of each month and examined for various
physical tests such as appearance, colour
change, drug content and pH®71®),

Statistical Examination

The outcomes of testing were presented as
an average of samples +standard deviation
(SD) where n=3.The experiments data
were evaluated using a one-way analysis of
variance (ANOVA) in Excel; the outcomes
are significant if p < 0.05 and insignificant
if p>0.05.

Results and Discussion

Size range

All preparations were found to be in the
nanometer size as listed in table (3). The
smallest particle size of nanoparticles was
found to be 50.8 nm for formula F5 as
shown in figure (2) and table (3), on the
other hand, the entrapment efficiency was
assessed, it was ranged from 71.5% + 0.54
to 91.2% + 0.25. According to the PDI
values obtained from this study, it can
concluded that all formulations are
monodisperse systems?9),

The Effect of Polymer type on the size of
prednisolone nanoparticles

As shown in figure (2). The results
indicated that a substantial increase in
particle size obtained with
PVPk30>Poloxamer188>HPMCE15.
These results may possibly due to the
different attraction of these stabilizers
towards the particles of drug and to the
viscosity differences that produced by
these polymers. HPMC polymer commonly
used as a stabilizer due to the presence of
alkyl substituent. HPMC has been shown
to produce the lowest particle sizes since
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its hydrophobic component has a higher
affinity for drug particles and can thus well
performance as a steric barrier to avoid
growth of large particles. Additionally,
HPMC produced the smallest particle size
when utilized as a stabilizer due to it had a
significant adsorption on the surface of
drug particle and satisfactory rate of
t:ih;fusion to the surface of drug particles
30

The effect of polymer concentration on
the size of prednisolone nanoparticles
The size distribution of particles was
increased in the order of F2 (71nm) < F1
(260nm) that conform to 1:3 and 1:1 of
drug: polymer (poloxamer188
formulations) ratio, respectively, this is
seen in table (3) .These results showed that
the average size of particles was decreased
when the quantity of Poloxamer188 was
increased. Similar results were noticed
with PVPK30. The range of particle size
was also increased in the order of F4
(105nm)<F3 (286nm) that correspondent to
1:3 and 1:1 of drug: stabilizer (PVPk30
formulations) ratio, respectively. These
results may be due to that the new formed
particle surfaces were rapidly covered, as
result of the increased stabilizer
concentration in the dispersion may be the
cause of these consequences. The
hydrophilic property of polymers chains
provide steric hindrance counter to
aggregation of particles or it may cause the
large number of polymer chains and an
increase in polymer-polymer contact ©0),
On the contrary, the size of a particle is
determined by the ratios of HPMC present.
As the amount of HPMC increases, the size
of particles increases as detected for
HPMCE15 F6 (126 nm) > F5 (50.8 nm)
.Generally, the increasing in particle size
can be attributed to the supersaturating of
mixture and faster nucleation rate since the
addition of polymer leading to an increase
in the concentration of polymer molecules
and may result in the construction of
polymer coating around the drug particles
up to a certain point when the polymer
molecules covered all particles of drug. At
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that time, an increasing in the
concentration of polymer would increase
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drug particles. Moreover, this may be due
to the formation of an aggregation of

the width of the stabilizer coating around suspended particles (31,32),
12 {Conned P
] LERNIS o o - )
Effective Diameter: 43462.6 nm 3" Effective Diameter: 71.6 nm z {
Polydispersity: ~ 0.005 | | Polydispersity:  0.005 £
Baseline Index: 0.0/ 98.04% ] | | Baseline Index: 8.6/ 95.41%
500 50000 0 . e

Elapsed Time: 00:01:30 — Elapsed Time: 00:01:00 S

Logwarmal Distibicn Roguoanl Dskilicion

A B

Effective Diameter: 105.7 nm g™ Effective Diameter: 50.8 nm 2 i
Polydispersity: ~ 0.005 . . Polydispersity: ~ 0.005 i, ;
Baseline Index:  9.6/100.00% | - L | Baseline Index: 8.8 T
Elapsed Time: 00:01:00 - Cuamate 2 ' Elapsed Time: 00:01:00 Bara

Legnanal Destabution Lognoemal Distnbution

C D

Figure (2): Graphs from dynamic light scattering showing particle size and PDI A: Raw
material of prednisolone; B: F2 Nanoparticle; C: F4 Nanoparticles; D: F5 Nanoparticles

Table (3): Particle Size, PDI and Entrapment Efficiency.

Formula Particle size Polydispersity index Percentage of
average PDI Entrapment
(nm) Efficiency £ SD
raw drug 43462.6 0.005 -
F1 260 0.005 78.4+0.21
F2 71.6 0.005 89.7+0.2
F3 286 0.387 71.5+0.54
F4 105.1 0.005 87.6£0.3
F5 50.8 0.005 91.2+0.25
F6 126 0.447 82.6 +0.52

Drug content in lyophilized formulas

Drug content for optimized formulas
(lyophilized powder) was evaluated in F2,
F4 and F5; the percentages of drug in
formulas were 99.34% + 0.155, 99.07+0.
236 and 98.1% + 0.214, respectively. The
results of this study demonstrate that the
method used to prepare the hydrogel
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formulations was successful in providing
formulations with a consistent drug content
and minimal variability, since prednisolone
drug particles were dispersed uniformly
throughout the hydrogel.

Physical inspection of hydrogel
formulations
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All hydrogel formulations showed a white
colour with a homogenous texture and no
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signs of separation or precipitation, as
shown in Figure (3).

plain gel

lyophilized F2

Figure (3): Physical appearance of different hydrogel formulation

pH measurement

The pH value of the hydrogels was shown
in table (4). The pH of the formulations
decreased when the active ingredients
added to the base of gel. The pH of the skin
normally ranges from 4 to 6 ®3. According
to the results values, the gels” pH values
were similar to the skin’s normal pH value
as listed in table (3), which indicates the
suitability of the formulations for
application on the skin.

Spreadability test

Spreadability parameter is an important
factor in enhancing the patient compliance.
Uniform application of gel on the skin is
dependent on the spreadability of gel,
where a good gel takes less period to
spread®?.  Spreadability —of different
hydrogels was shown in table (4). The

AJPS (2023)

470

inverse
polymer

results showed that there is
relationship between

concentration and spreadability, since
prednisolone  hydrogels  spreadability
decreased by increasing the polymer ratio
@) as illustrated by the spreaded circle
diameter. These results agree with the
results obtained from measuring the
spreadability of hydrogel containing
carbopol 934 as a polymer in Honey-based
hydrogel by Reham F. El-Kased ©9

Drug Content in hydrogel

Drug content of prednisolone in hydrogel
was determined, and it was ranged from
96.24% to 99.15%, as shown in table (4).
The drug content of the formulations
showed that the drug particles were
uniformly distributed within the gels
forms.


https://www.nature.com/articles/s41598-017-08771-8#auth-Reham_F_-El_Kased
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Table (4) Spreadibility, pH and drug content for the prepared prednisolone hydrogels.

Formula pH Drug content % Spreadability
(cm)
F2 (0.4%) 5.91+0.20 98.82 £ 0.05 6.7 £0.1
F2 (0.8%) 5.95+0.21 97.54 £ 0.04 4.3+0.2
F4 (0.4%) 5.78 £0.18 99.15 £ 0.05 6.0 £0.2
F4 (0.8%) 5.85+0.21 96.89 £ 0.05 3.940.1
F5 (0.4%) 6.08 +0.17 98.55 + 0.06 6.6 £0.1
F5 (0.8%) 6.15+0.15 97.23£0.03 4.2 £0.2
F2 lyophilized 5.56 +0.09 97.68 £ 0.05 7.0+0.2
0.4%)(
Plain hydrogel 5.22 £ 0.15 96.24 £ 0.04 6.7 £0.2
(0.4%)
Viscosity measurement the prepared nanoparticles -hydrogel
Viscosity plays a significant role in formulas and the plain prednisolone
determining the drug  permeation. hydrogel, the enhancement of drug release

Generally, the viscosity of preparations
reveals to the consistency and usually gel
form show non-Newtonian pseudoplastic
rheology because the slope of the line
decrease with increasing the magnitude of
velocity or in essence the viscosity
decreases, as seen in Figure (4) ©". Upon
increasing the polymer ratio, the viscosity
of the hydrogel formulas was increased.
The highest viscosity was detected in F4
hydrogel 0.8% formula and the lowest with
0.4% hydrogel containing lyophilized
powder (F2).

In vitro drug release

The release profile of prednisolone from
hydrogel formulas was described in figure
(5). According to outcomes, the release of
the drug could be categorized in the
resulting order: F2 (0.4%) > F2 lyophilized
(0.4%) > F4 0.4% > F5 (0.4%) > F2 (0.8%)
> F4 (0.8%) > F5 (0.8%) > plain hydrogel,
where the percentages of the drug released
after 4 hours were 90.46 %, 86%, 85.33%,
84.64 %, 77.33%, 74.77%, 71.71 % and
48.92% respectively. The results showed a
significant difference (p<0.05) between all
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can be due to the incorporation of
nanoparticles into hydrogel It was
observed with increasing carbopol 934
ratio there is consequent delay in drug
release. Universally, an increase in the
medium viscosity as result of increasing
polymer concentration would lead to
further firm construction and a subsequent
decreasing in the rate of release ©9.
Moreover, the drug release was influenced
by the nature of polymer as well as the
network structure of polymer used. There
is no significant difference (p> 0.05) was
observed between the drug release of F2
formula containing nanosuspension and F2
formula containing lyophilized
nanoparticles of the same ratio of drug to
polymer (due to the effect drug particles
size). Similar pattern of release was
observed by Ondansetron HCI
Nanoparticles for Transdermal Delivery by
Amjed H. Noor however prednisolone
showed faster rate of release which can be
due to the different type and nature of the
drug and polymers used ©9,
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Figure (4): Viscosity versus velocity for different formulations of prednisolone hydrogels
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Figure (5): The cumulative percentage release of drug from different formulations of

prednisolone hydrogels compared with plain prednisolone hydrogel.

Ex-vivo permeation

The permeation study was done in
phosphate buffer (pH 7.4). Figure (6)
illustrated the permeation of drug through
rat skin. The amount of cumulative
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permeation of prednisolone from hydrogel
formulations of F2 (0.4%), F4 (0.4%), F2
(0.4%) lyophilized, F5 (0.4%) , and plain
hydrogel at 8 hr. were found to be 2 mg, 2
mg, 1.95 mg, 1.93 mg , and 0.80 mg per
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1.77 cm? surface area respectively. The
results showed that, there is a significant
difference (p<0.05) between plain hydrogel
and other  nanoparticles-  hydrogel
formulations. F2 (0.4%) hydrogel showed
the highest permeation percentages than
others. At the same period, the plain gel of
prednisolone exhibited the lowest release.

(Research article)

The small size of the drug particles in the
hydrogels may lead to lager surface area
and higher contact between the drug
particles and the skin's surface, resulting in
improved permeation as well as to the
concentration gradient across the skin
membrane that acts as a driving force for
drug permeation (40)

2.5

plain prednisolone
hydrogel

F2 hydrogel 0.4%

F4 hydrogel 0.4%

F2 lyophilized Powder

0.5

hydrogel
—¥—F5 hydrogel 0.4%

comulative amount of drug permeative in mg

0 2 4 6
Time (hr)

8 10

Figure (6) Ex-vivo permeation of prednisolone from different hydrogel formulations
compared to plain prednisolone hydrogel at pH 7.4 through 1.77 cm? rat skin at 37°C.

Stability study

The prepared prednisolone hydrogel
formulas were found to be stable upon
storage at room temperature for 12 weeks,

where no significant changes were
observed in the evaluated parameters such
as color, homogeneity, pH and drug
content, as listed in table (5).

Table (5): Stability Study Data of Prednisolone Nanoparticles- Hydrogel Formulations

after Three Months .

F2 0.4% hydrogel at | F4 0.4% hydrogel at | F5 0.4% hydrogel
parameter Room temperature Room temperature at
Room temperature
appearance homogenous homogenous homogenous
pH 5.77 5.71 6.05
colour white white white
Drug content 98.65 99.02 98.19
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Conclusion
According to
prednisolone nanoparticles was
successfully  prepared by  solvent
evaporation technique and it was an
efficient method. All the prepared
formulations of  nanoparticle-hydrogel
showed a good spreadability, viscosity,
drug release and permeation across rat
skin.

the results obtained,
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