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Abstract

The aim of this study was to prepare ibuprofen-loaded glycerin nanoparticle (IBU-GNP) based hydrogel for
improved antiinflammatory effect. Iouprofen (IBU) has low oral bioavailability and topical permeability because
of poor solubility and transdermal permeability barriers. Glycerin nanoparticles (GNPs) are emerging
nanotechnology for solubility improvement with the help of glycerin. Precipitation technique was opted to prepare
IBU-GNPs, and the prepared nanoparticles (NPs) were subjected to appropriate in-vitro characterization
techniques. IBU-GNPs revealed a uniform average diameter of 492.9 + 44.2 nm. IBU-GNPs were formulated in
hydrogel dosage form for topical application using carbopol 934 (2% w/v). Physical characterization, in-vitro
release, and in-vivo antiinflammatory study in comparison to marketed IBU gel was performed for IBU-GNP
hydrogel. The in-vitro drug release data revealed quick and sustained release behavior, which best fit the Higuchi
model and followed Fickian diffusion as the release mechanism. IBU-GNP hydrogel rapidly lowered inflammation
induced by carrageenan, followed by a sustained antiinflammatory activity, confirming an in vitro release pattern.

Keywords: Ibuprofen, nanoparticles, antiinflammatory, topical permeability, glycerinl.

1. Introduction

Ibuprofen (IBU) is one of the most
common non-steroidal anti-inflammatory
drugs (NSAIDs). It is prescribed as an
analgesic, antipyretic,
inflammatory drug. The chemical name of
IBU is 2-(4-isobutylphenyl) propionic
acid.(Potthast et al. 2005, Rainsford 2009,
Kiran et al. 2015) IBU belongs to
biopharmaceutical classification system
class II, which means it has high
permeability and low solubility that is 21
mg/L at 25°C (Sut6, Berkd, Kozma,
Kukovecz, Budai, et al. 2016).
Consequently, when administered orally,
poor  solubility results in low

and anti-

bioavailability, increased dosage, large
inter-subject and intra-subject variation,
and large variations in blood drug
concentrations under fed and fasted
conditions.(Potthast et al. 2005, Pintu et al.
2012, Faruki, Razzaque, and Bhuiyan
2013). Accordingly, IBU is used in high
dose (2400 mg/day) for the management
of arthritis. Unfortunately, high dose of

IBU leads to cardiovascular and
gastrointestinal adverse reactions.
Therefore, cardiovascular and

gastrointestinal safety can be ensured by
topical application of IBU (Harirforoosh,
Asghar, and Jamali 2014).
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Moreover, poor permeability of IBU
through human skin makes it difficult to
attain optimum bioavailability. The
stratum corneum and the external lipid
rich layer of the epidermis are major
permeability barriers for transdermal
absorption of IBU. In previous studies,
various methodologies were used to
solubility of IBU,
prodrugs, inclusion complexes, and solid
dispersion method, and microcapsules

increase such as

formulation. The  dissolution and
bioavailability of IBU from these
formulations differed widely.

Additionally, these strategies were time
consuming, costly, exhibited poor flow
characteristics, and were found wanting
in handling difficulties.(Lakshmi et al.
2011) Therefore, an attempt was made to
prepare nanoparticles (NPs) for the
enhancement of IBU solubility with the
aid of simple and economical method.

Previously, NPs were prepared for
solubility = enhancement by
methods involving solvent evaporation
(Niwa et al. 1993), complex coacervation
(Ducel et al. 2004), salting out method
(Allémann et 1993),
microencapsulation by supercritical fluid
technique (Yousif, AlMarzouqi,
Mohsin 2016) and monomer emulsion
evaporation method.(Niewolik et al. 2021)
The major drawbacks of earlier methods
were complexity of procedure and low
loading efficiency.(Jiang et al. 2005b)
Thus, the simplest and cost effective way
to improve the solubility of IBU is to
prepare  ibuprofen-loaded glycerin
nanoparticles (IBU-GNPs). IBU-GNPs for
skin prepared by
precipitation method because of ease,
effectiveness, simplicity, spontaneity and
ability to reproducible NPs with high
loading capacity. This method is used to
incorporate hydrophobic drugs easily into
NPs” core. In precipitation method, the
solution of drug and polymer in a suitable

various

al.

and

application were

solvent is mixed into an anti-solvent with
continuous stirring to form precipitated
NPs. Glycerin being a polyol compound
increases solubility of IBU in IBU-GNPs
(AbouTaleb, Hamd, and Abdellatif 2017,
Govender et al. 1999). The small size of the
IBU-GNPs will ensure close contact
between the NPs and the lipid bilayer of
the corneum, resulting in
increased penetration of the drug into the
skin (Stit6, Berko, Kozma, Kukovecz,
Budai-Szcs, et al. 2016).

The hydrogel can be obtained by using
various agents such as Carbopol, Pluronic
F127, Natrasol 250 and Satiaxane CK 91.
Carbopol is a polymer of polyalkenyl
ethers or divinyl glycol, cross-linked with
acrylic acid. Carbopol is an ideal
candidate for topical hydrogels because of
its hydrophilic nature that helps in
formulation and their non-irritant and
non-toxic behavior with no
hypersensitivity when applied to human
skin (AbouTaleb, Hamd, and Abdellatif
2017, Guterres, Alves, and Pohlmann
2007, Sahoo, Pani, and Sahoo 2014).

The aim of present study was to prepare
IBU-GNP based hydrogel in two steps;
firstly, the IBU was incorporated into
glycerin to make IBU-GNPs and then the
hydrogel = loaded  IBU-NDPs
formulated by using Carbopol 934. The
prepared IBU-GNPs and the hydrogel
formulations were subject to appropriate
physical characterization techniques.
Finally, the in- vitro release, and in-vivo
anti-inflammatory responses were
determined for IBU-GNP hydrogel and
compared to the marketed IBU gel.

stratum

were

2. Material and Methods
2.1.Materials
IBU was purchased from AstraZeneca
Pharma (India Ltd.). Glycerin was
acquired from AnalaR Chemicals Ltd.
(Poole, England). Carbopol 934 and
carrageenan were procured from Sigma
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Aldrich (St. Louis, MO, USA). All other
chemicals used were of analytical grade
and were used without any further
purification.
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Figure 1. Particle size
distribution of IBU-GNPs (A) and
blank GNPs (B).

2.2.Preparation of IBU-GNPs
Precipitation method was wutilized to
prepare IBU-GNPs with  glycerin,
methanol, and distilled water. We have
developed IBU-GNPs by dissolving 400
mg IBU and 100 mL glycerin in a solvent
that is miscible in water. For this purpose,
100 mL methanol was used. The mixture
was sonicated (Elma E60H Elmasonic,
Germany) for 20 minutes to achieve
homogenous solution and poured into a
beaker, containing 400 mL distilled water,
with continuous stirring on magnetic
stirrer at 500 rpm. The precipitates of IBU-
GNPs were formed, which were kept on
stirring overnight until methanol phase
evaporated. The obtained IBU-GNDPs were
purified from large aggregates by
filtration through syringe filters with pore
size of 0.45 um. This process was repeated

for blank GNPs without addition of IBU.
The obtained formulations were subjected
to high speed homogenization (Heidolph
Instruments, Germany) to prevent
crystallization (Li et al. 2017, AbouTaleb,
Hamd, and Abdellatif 2017).

2.3.Characterization of IBU-GNPs

2.3.1. Particle Size, Zeta Potential and

Polydispersity Index (PDI)

Particle size, PDI and zeta potential of
blank  GNPs IBU-GNPs
measured by zetasizer (ZS 90 Malvern,
UK). The samples were appropriately
diluted and subjected to homogenization
before transferring them into standard
zeta cuvette, and analyzed in zetasizer at
25°C temperature (AbouTaleb, Hamd, and
Abdellatif 2017, Gul et al. 2022).

2.3.2. Scanning Electron Microscopy

(SEM)

Surface morphology of blank GNPs and
IBU-GNPs was observed by SEM (VEGA3
TESCAN LMU). The blank GNPs and
IBU-GNPs were dried before analysis. The
samples were coated with gold to avoid

and was

charge-up of samples.(Yousif,
AlMarzouqi, and Mohsin 2016) The
sample stub prepared was positioned in
SEM, and photomicrographs were

achieved at different scanning voltages.
2.3.3. Fourier Transform Infrared
Spectroscopy (FTIR)

FTIR analysis was performed for raw IBU,
glycerin and IBU-GNPs by using FTIR
spectrometer (L160000A, PerkinElmer,
USA). The wavelength range of 4000 —
600cm! were utilized to achieve IR spectra
of all samples. The sample of raw IBU was
in dried powder form, while the glycerin
and IBU-GNP were in liquid forms (Siit6,
Berko, Kozma, Kukovecz, Budai-Sztcs, et
al. 2016, Pintu et al. 2012).

2.34. Entrapment Efficiency
Entrapment efficiency of IBU-GNDPs
suspension was determined by sonicating
NPs suspension for 5 minutes. 0.2 mL of
IBU-GNPs was collected using syringe
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Figure 2. SEM images of blank GNPs (A) and IBU-GNPs (B). Scale bar represents 200, 100, 50 and 10
pm and 200, 100, 20, 2 pm for blank GNPs and IBU-GNPs, respectively.

filter of 0.45um membrane and appropriately
diluted with methanol. The prepared sample
was transferred to cuvette and analyzed to
determine  the absorbance by UV
spectrophotometer (Jasco V530) at a
maximum wavelength of 221 nm(Vidal and
Alegre 2013, Jiang et al. 2005a). Finally, the
entrapment efficiency was calculated by the
following formula:

Entrapment efficiency (%) =
Actual amount of IBU in IBU-GNPs

Theoretical amount of IBU in IBU-GNPs *

100

2.4.Preparation of IBU-GNPs Loaded
Hydrogel

IBU-GNP hydrogel was prepared by
adding appropriate volume of Carbopol
934 (2%, w/v) into the pre-filtered aqueous
solution of IBU-GNPs. This step was
performed in a water-bath (HH S-§,
China) to provide 50°C temperature, with
continuous manual stirring, until the gel
became homogenous. The Carbopol in
hydrogel produces free acids, so, sodium
hydroxide solution (0.4%, w/v) was
poured into the gel to achieve the desired
pH. Later, the IBU-GNP hydrogel was
sonicated for 10 minutes to achieve bubble
free hydrogel. Blank-GNP loaded

hydrogel was prepared, following the
same procedure, by using blank-GNPs in
place of IBU-GNPs (Abdellatif and
Tawfeek 2016a, AbouTaleb, Hamd, and
Abdellatif 2017).

2.5.Characterization of IBU-GNPs

Loaded Hydrogel

2.5.1. pH
Digital pH meter (PHS-25CW) was used
for evaluation of pH of blank GNPs
hydrogel and IBU-GNTP hydrogel. For this
measurement, 1 g of hydrogel was
dissolved in 100 mL methanol and
sonicated for 5 minutes. Then pH meter
electrodes were dipped directly into the
sample at 25°C and pH was noted. The pH
measurement was done in triplicate
samples (Rasool et al. 2010, Kaur 2013).

2.5.2. Viscosity
Viscosity of IBU-GNP hydrogel and blank
GNPs hydrogel was determined by
spindle No. 4 equipped to Brookfield
digital viscometer. The analysis was
performed for triplicate samples at 25°C
temperature, and at different rotation
speeds (1 and 10 rpm) to determine the
effect of shear stress on formulations (Jug
et al. 2005).
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Figure 3. FTIR spectra of IBU-GNPs (A), ibuprofen (B) and glycerin (C).

2.5.3. Homogeneity
The blank GNP hydrogel and IBU-GNP
hydrogel were visually analyzed for
homogeneity in triplicate samples after
placing each sample in separate container.
Homogeneity of sample
analyzed by pressing a small amount of
hydrogel between the index finger and the
thumb (AbouTaleb, Hamd, and Abdellatif
2017).

2.5.4. Spreadability
Spreadability of blank GNPs hydrogel
and IBU-GNP hydrogel was measured for
triplicate samples of each hydrogel by
simply placing 1 g of each sample on a
horizontal plate and measuring their
diameter after 1 minute. 125 g was the
standard weight fixed on upper plate
(AbouTaleb, Hamd, and Abdellatif 2017).

2.5.5. Entrapment Efficiency
IBU-GNP hydrogel was evaluated for
entrapment efficiency by ultraviolet (UV)
spectrophotometer. entrapment
efficiency 100 mg of each hydrogel was
extracted using 100 mL
methanol as solvent.(Abdellatif
Tawfeek 2016a) The above mixture was
sonicated for 5 minutes. The supernatant
was filtered via membrane syringe filter of
0.45um pore size. Then, serial dilutions
were made to achieve the desired
hypothetical concentration. The
absorbance of sample was measured at
221 nm wavelength in UV-visible
spectrophotometer (Vidal and Alegre
2013). The entrapment efficiency was
calculated by using the following formula:

each was

For

in beaker
and

Entrapment efficiency (%) =
Actual amount of IBU in IBU-GNP
hydrogel
Theoretical amount of IBU in IBU-GNP
hydrogel
2.5.6. Stability Studies
The stability study was performed on
IBU-GNP hydrogel formulation by
storing it at 4°C and 25°C for 30 days. The
stability study included determination of
chemical and physical stability
parameters. The chemical stability was
assessed by determining the free IBU
released from IBU-GNP hydrogel through
UV spectrophotometer as discussed. The
physical stability was evaluated by
optically observing IBU-GNP hydrogel for
homogeneity and appearance
(AbouTaleb, Hamd, and Abdellatif 2017).

x100

2.6.In-vitro Drug Release

In-vitro drug release of IBU from IBU-
GNP hydrogel and marketed IBU gel was
assessed by ‘dialysis bag diffusion
technique” and samples were collected for
24 hours. Dialysis method was utilized
because it reveals the release kinetics of
hydrophobic drugs more effectively in
nano-carrier systems.(Hua 2014) To
conduct in-vitro release study, we placed
IBU-GNP hydrogel equivalent to 800 ug
IBU in dialysis bag (Spectrum
Laboratories, Inc., Rancho Dominguez,
USA) having molecular weight cut off 10
kDa with the addition of 995 mL of
phosphate buffered saline (PBS) (pH 7.4)
in it. The bag was tied from both ends and
suspended in a vessel of USP dissolution
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Table 1 Appearance, homogeneity, spreadability, pH and viscosity.

Parameter Blank GNPs IBU-GNPs IBU-GNP hydrogel Blank hydrogel
Appearance Colorless and clear Colorless and clear ~ Colorless and clear ~ Colorless and clear
Homogeneity Good Good Good Good
Spreadability (g.cm/second) 6.10 £ 0.10 5.63 + 0.06

pH 7.6+0.1 7402 6.7+0.2 6.4+0.1

Viscosity (cP) 4688.0 + 85.1 4184.0£22.8
apparatus I  (BETA-8L, Galvano of health policies, and rules of
Scientific), containing release medium 500 Institutional = Research and  Ethics
mL PBS (pH 7.4). To mimic in-vivo Committee of Riphah Institute of
conditions, the dialysis system was held at Pharmaceutical  Sciences, Islamabad

37°C temperature and rotated at 100 rpm.
At scheduled intervals, 10 mL sample was
withdrawn from each vessel followed by
the replacement with equal volume of
fresh PBS to preserve sink conditions.
Then UV spectrophotometer, at a
wavelength of 221 nm, was used to
analyze these samples for IBU contents.
Similarly, the above procedure was
repeated for marketed IBU gel for
comparative study (Jiang et al. 2005a,
Aldawsari et al. 2015, Goniillii et al. 2015,
Suts, Berkd, Kozma, Kukovecz, Budai-
Szcs, et al. 2016).

2.7.In-vivo Anti-inflammatory Study

2.7.1. Experimental Animals
Male Wistar rats (weighing 200-250 g)

were received for anti-inflammatory
study from Riphah Institute of
Pharmaceutical Sciences, Islamabad,

Pakistan. The animals were brought 1
week prior to experimentation date for
acclimatization to  the laboratory
environment. The animals were kept in
cages with sawdust on the floor
throughout the study. They were retained
in well maintained environment of 25 *
1°C temperature, alternative light-dark
cycles and relative humidity of 40-60%.
The animals were fed with standard
quantity of rat pellet diet with free access
This study was
performed according to National institute

to water. animal

(Approval # REC/RIPS/2017/00).

Table 2. Release kinetics of IBU from IBU-GNP

hydrogel.
Kinetic model R? Slope
Zero order kinetics 0.7928 KO0 =5.921
First order kinetics 0.8836 K1=0.058
Hixon-Crowell kinetics 0.8617 KHC =0.178
Higuchi model 0.9116 KH =5.160
Korsmeyer-Peppas kinetics 0.8999 n = 0.368

2.7.2. Study Design
Carrageenan-induced rat paw edema
model was utilized to investigate the anti-
inflammatory response of IBU-GNP
hydrogel (Bhaskar et al. 2009, Rasool et al.
2010, Abdullah et al. 2011, Lakshmi et al.
2011, Abdellatif, E]l Hamd, and Saleh
2016). The animals were randomly
divided into four groups (n=5) as below;
Group I: only saline injected, normal group
(neither  carrageenan injected nor
formulation applied).

Group 1I:
inflamed control group.

Group III: inflamed by carrageenan
injection and treated with IBU-GNPs
hydrogel formulation

Group IV: inflamed by carrageenan
injection and treated with marketed IBU
gel formulation.

On the experimentation day, either 1 g of
IBU-GNP hydrogel or marketed IBU gel

only carrageenan injected,
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Figure 4. In vitro release pattern of IBU
from IBU-GNP hydrogel. The study was
performed by using dialysis bag diffusion
technique for 24 h in comparison to marketed
IBU.

was applied on the left hind paw of each
rat in respective groups with 50 times
gentle rubbing by index finger. After 30
minutes, 0.1 mL of carrageenan (1 % w/v,
made in saline) was
subcutaneously injected into sub plantar
tissues to induce edema on left hind paw.
Similarly, 0.5 mL of normal saline and
carrageenan 1 % was injected to the un-
inflamed and inflamed control group,
respectively.

2.7.3. Measurement of Edema Volume

and Percent Inhibition of Paw
Edema

Plethysmometer (UGO Basile 7140, Italy)
was used to measure edema volume of all
groups for 8 hours with interval of 1 hour
0,1,2,3,4,5, 6,7 and 8 hours). Percent
inhibition of paw edema indicates anti-
inflammatory activity of experimental
groups, as compared to the control
group.(Biswal et al. 2014) This percent
inhibition was calculated by the following
equation:

normal

Vc-Vt

Percent inhibition (%) = x100
Where,
Vc = paw volume of control group

Vt = paw volume of experimental group

2.8.Statistical Analysis

All the studies were performed in
triplicate and the results were expressed
as mean =* standard deviation. Regression
analysis and ANOVA were also applied to
the data to analyze statistical significance
of data obtained in the calibration curve
formation and drug release study.

3. Results and Discussion
The precipitation method was employed
in the present study to prepare the IBU-
GNPs. This method had been successfully
used in past for the preparation of GNPs

of loratadine, where the solubility,
permeability and transdermal
bioavailability increased (AbouTaleb,

Hamd, and Abdellatif 2017). IBU has low
solubility and high permeability, which
puts a limitation to its bioavailability
(Yasuhiro et al. 2012, Vidal and Alegre
2013). IBU-GNPs prepared by
precipitation method not only enhanced
bioavailability of IBU but also displayed
sustained behavior
formulated in hydrogel. Moreover, it
minimizes the vascular events that are
associated with repeated dosing of IBU, as
it has shorter biological half-life i.e. 2
hours (Siit6, Berko, Kozma, Kukovecz,
Budai-Sztcs, et al. 2016). The IBU-GNPs
were incorporated into hydrogel dosage
form using Carbopol 934 2% w/v
(Abdellatif and Tawfeek 2016a). The IBU-
GNPs hydrogel prepared in the current
study had a significantly improved in -

release when

vitro release  profile, and  anti-
inflammatory activity when compared
with marketed IBU gel.

3.1. Preparartion of IBU-GNPs
The IBU-GNPs during the preparation
process were initially clear and colorless,
and with continuous stirring, it became
cloudy which indicated the formation of
IBU-GNPs in the solution. The solution
was kept overnight on stirring to
evaporate methanol and then filtered
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through syringe filters of 0.45 pum. The
prepared IBU-GNDPs were later subject to
further characterization.
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percentage inhibition of edema (B) for IBU-GNP
hydrogel and marketed IBU gel.

3.2. Particle Size, Zeta Potential and
PDI
The particle size, zeta potential and PDI of
IBU-GNP and blank GNP were
determined by zetasizer. Figure 1la
indicates that the IBU-GNDPs had one peak
with uniform Z-average diameter of 492.9
+ 44.2 nm at 100% intensity. The size of
GNPs before the incorporation of IBU was
larger and non-uniform than IBU-GNPs.
The Z-average diameter of blank GNDPs
was 903.1 = 59.8 nm, where two peaks
were recorded; first peak at 405.3 nm with
88.4% intensity, and second peak at 46.0
nm with 11.6% intensity (Figure 1b). The
zeta potential is the surface charge that
depicts the stability of formed NPDPs.
Generally, zeta potential value around -25

mV  shows sufficient electrostatic
repulsion between the NPs that prevents
agglomeration and ensure long-term
stability regarding  the  physical
parameters. IBU-GNPs and blank GNPs
revealed zeta potential of -12.9 + 6.4 and -
8.2+ 3.7, respectively. A negligible change
in zeta potential values after loading of
IBU in GNPs depicts that no significant
change in surface charge occurred during
the preparation process; moreover, no
drug was accumulated on the surface of
NPs leading to the hypothesis that all IBU
was loaded inside the GNPs. It represents
the distribution of drug in polymer
indicating the stability of IBU-GNPs. PDI
depicts the overall particle
distribution in the solution. Ideally, the
PDI value < 0.7 indicates the homogenous
distribution with narrow range of
particles in solution while the PDI value >
0.7 shows heterogeneity of
particles.(Pereira et al. 2006, Rosenfeld et
al. 2008, Lewis and Li 2010, Viéville,
Tanty, and Delsuc 2011) In this research
study, the PDI of IBU-GNPs and blank
GNPs measured by zetasizer were 0.392
and 1, respectively, indicating the
homogeneity and uniform distribution of
particles in IBU-GNPs and homogeneity
in blank GNPs. These results confirmed
the coating of IBU with glycerin with high
water solubility of IBU-glycerin complex
in IBU-GNPs.
3.3. SEM

Morphology of IBU-GNPs and blank
GNPs were determined by SEM analysis.
Both the formulations were evaporated,
on hot plate, until dried. The powder
samples were coated with gold to enhance
imaging. According to the Figure 2a
(blank GNPs), and Figure 2b (IBU-GNPs),
the surface texture IBU-GNPs was
smoother and uniform in comparison to
blank GNDPs because after loading of drug,
the IBU has occupied the pore volume.

size
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3.4. FTIR
FTIR analysis was performed on raw IBU
powder, liquid glycerin, and IBU-GNPs.
The FTIR spectrum of IBU (Figure 3b)
indicated broad band with different
transmittance at 2626cm-1-2739cm-!, which
was due to the O-H stretching of
carboxylic acid. The functional group of
IBU i.e. carbonyl group of propionic acid
showed stretching band at 1699cm-. The
aromatic C=C bending bond was reflected
by a small band at 1417cm. On the other
hand, the glycerin FTIR spectrum (Figure
3c) exhibited broad peak at 3282cm- due
to stretching motion of alcoholic O-H
group. The C-O bonding in glycerin
showed a bending at 1030cm. Coming
towards the FTIR spectrum of IBU-GNPs
(Figure 3a), the combined bands from IBU
and glycerin are visualize as expected. The
IBU-GNPs FTIR spectrum showed a
broader band for O-H stretching motion at
3400-2800cm™ resembling to that of the
glycerin FTIR spectrum, which indicates
the coating of IBU by glycerin. Secondly,
in comparison to IBU FTIR spectrum,
stretching band of carboxyl group, C=0O of
glycerin coated IBU, exposed at 1646cm™,
was smaller than that of IBU. This
indicates the loss of IBU-IBU hydrogen
bonding which is the key feature of IBU at
solid state that leads to encapsulation of
IBU by glycerin (Yousif, AIMarzougqi, and
Mohsin 2016). The spectrum of IBU-GNPs
resembles mostly to the FTIR spectrum of
glycerin, which supports the hypothesis of
encapsulation of IBU by glycerin.
3.5. Entrapment Efficiency

The standard calibration curve was
developed for the
entrapment efficiency, and in-vitro study,
by analyzing the serial dilutions of raw
IBU at a wavelength of 221 nm in UV-
visible spectrophotometer because IBU
shows highest calibration sensitivity at
221 nm.(Vidal and Alegre 2013) The IBU-
GNPs were analyzed in triplicate samples

measurement of

and the mean entrapment efficiency was
found to be 96.36 + 1.37%. The standard
deviation is < 2% which depicts the
reproducible concentration of IBU in
GNPs (AbouTaleb, Hamd, and Abdellatif
2017). Thus, the IBU-GNPs hydrogel was
formed.

3.6. Preparation of Hydrogel Loaded

IBU-GNPs

The hydrogel dosage form is easy to apply
with good aesthetic properties than
simple gels, creams, and ointments
(Raphael et al. 2015). Therefore, the IBU-
GNPs and blank GNPs were incorporated
into hydrogel with the help of Carbopol
934 (2% w/v).

3.7. Physical Characterization of

IBU-GNP Hydrogel

The prepared hydrogel was colorless and
clear. The hydrogel when pressed
between the index finger and thumb was
from aggregates, with good
homogeneity. The spreadability is an
important parameter for hydrogel, as it
reflects to the area which the gel will cover
when applied to the affected skin. The
higher spreadability of hydrogel indicates
that small amount of sheer is required to
spread it on the affected area (Abdellatif
and Tawfeek 2016a). Table 1 shows higher
spreadability value of IBU-GNP hydrogel
than blank GNP hydrogel. The pH
mentioned in Table 1 was determined in
triplicate samples for IBU-GNDPs, blank
GNPs, and their hydrogel formulations.
The mean pH of hydrogel formulation
was similar to that of rat’s skin pH, which
reveals the compatibility of hydrogel with
the rat skin (Abdellatif and Tawfeek
2016b, Abdellatif and AbouTaleb 2015).
Higher viscosity of IBU-GNP hydrogel
compared to blank GNP hydrogel
supports that IBU-GNP hydrogel is
appropriate for transdermal delivery of
IBU.

free
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3.8. Entrapment Efficiency of IBU-
GNP Hydrogel
The entrapment efficiency of IBU-GNP
hydrogel determined by UV
spectrophotometric analysis at
wavelength of 221 nm. The mean
entrapment efficiency of IBU-GNP
hydrogel formulation was found to be
93.98 + 0.76%, the standard deviation <2%
indicates the reproducibility. This result
revealed that the incorporation of IBU-
GNP in hydrogel dosage form does not
affect  its  entrapment  efficiency
(AbouTaleb, Hamd, and Abdellatif 2017).
3.9. In-vitro Release Study

The in-vitro release study of IBU from
IBU-GNP hydrogel and marketed IBU gel
was conducted by ‘dialysis bag diffusion
technique’, in which the specified amount
of formulation and marketed gel was
placed in the dialysis
immersed in vessel containing PBS (pH =
7.4) as release medium. The cumulative
percent drug release was calculated by
analyzing the acquired samples via UV
spectrophotometric analysis (Figure 4).
Marked differences were observed in the
release pattern of IBU-GNP hydrogel, and
marketed IBU gel. The IBU released in
first 6 h from IBU-GNP hydrogel and
marketed gel was 76.67% and 38.18%
respectively. This pattern formed due to
glycerin, as glycerin has greater solubility
in PBS (AbouTaleb, Hamd, and Abdellatif
2017). The sustained release behavior for
short half-life drug, like IBU, has great
impact on the dosing frequency and
patient compliance.(Yousif, AlMarzouqi,
and Mohsin 2016) The IBU-GNP hydrogel
exhibited sustained release behavior after
6 h that is much earlier than marketed IBU
gel, which exhibited this behavior at 15 h.
These results confirm that the initial burst
due to higher solubility and sustained
release behavior of IBU-GNP hydrogel
will improve the patient compliance.

was

membrane

The drug release data of IBU-GNP
hydrogel was fitted into different kinetic
models. The best-fitted model
selected based on highest R2? wvalue.
According to Table 2, the in-vitro release
data of IBU-GNP hydrogel best fitted
Higuchi model with a predominant R2
value than other kinetic models. Thus, it
has been proposed that IBU-GNP
hydrogel follow diffusion mechanism to
release IBU, this supports the
sustained release behavior pattern of IBU-
GNP hydrogel. The “n” value was
measured by fitting the data to
Korsmeyer-Peppas model to find out
which diffusion mechanism is followed

was

also

for drug release. The value of n=0.368 and
less than 0.45, indicates that Fickian
diffusion mechanism was followed by the
hydrogel formulation (Gouda, Baishya,
and Qing 2017).

3.10. In-vivo

Study

In-vivo anti-inflammatory activity was
assessed by carrageenan-induced rat paw
edema model. Carrageenan was injected
to all groups except normal group to
induce leading to
significant increase in paw volume in
comparison to normal group. Paw volume
after 8 h was higher in control group than
in the normal group. The reduction in paw
IBU-GNP hydrogel
marketed IBU gel treated groups begin at
1 h after the carrageenan injection, but
these results were not significant enough
to predict the anti-inflammatory activity
of both formulations. IBU-GNP hydrogel
was substantially more effective than
marketed IBU gel in terms of reduction in
edema volume after 8 h treatment. The
edema volume of IBU-GNP hydrogel and
marketed IBU gel groups after 8 h of
carrageenan injection were reduced to
greater extent than control group, which
were 0.88 mL, 1.25 mL, and 2.88 mlL,
respectively. Percent inhibition of edema

Anti-inflammatory

inflammation

volume in and
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was calculated for IBU-GNP hydrogel and
marketed IBU gel in comparison to control
group, which indicated the higher anti-
activity of IBU-GNP
hydrogel than marketed IBU gel (Figure
5b). The increasing order of anti-
inflammatory activity of IBU-GNP
hydrogel from 1 h followed by maintained
level of anti-inflammatory activity after 5
h is demonstrated in Figure 5a. This
pattern of anti-inflammatory activity of
IBU-GNP hydrogel resembles to its
release pattern revealed in the in-vitro
experiment.
3.11. Stability Determination

The stability study was performed on
IBU-GNP hydrogel formulation after
storing at 4°C, and 25°C for 30 days. The
entrapment efficiency was measured in
triplicate at 221 nm wvia UV-visible
spectrophotometer. The results exposed
that IBU-GNP hydrogel stored at 4°C had
better entrapment efficacy than that stored
at 25°C. While on optical observation both
samples were clear and free from any kind
of aggregates.

inflammatory

4. Conclusions
The IBU-GNP hydrogel was successfully
developed by utilizing precipitation
technique, for the transdermal delivery of
IBU, with better performance in terms of
enhanced drug solubility, augmented
anti-inflammatory activity, and improved
patient compliance with minimal cost.
After promising results from zetasizer,
SEM, and FTIR analysis of IBU-GNPs, it
was incorporated into hydrogel dosage
form using Carbopol 934 (2% w/v). The
hydrogel subjected to physical
characterization, in-vitro release study,
and in-vivo anti-inflammatory study. The
in-vitro data revealed quick release
followed by controlled release for
prolonged period of time. The in-vitro
data was best fitted to Higuchi model and
followed Fickian diffusion as a release

was

mechanism. The release pattern obtained
by in-vitro experiment was confirmed by
in-vivo study, as the IBU-GNP hydrogel
rapidly lowered the inflammation
induced by carrageenan injection
followed by sustained level of anti-
inflammatory activity. This sustained
release pattern will help to reduce the
dose and frequency of application of IBU-
GNP hydrogel, which provides benefit to
the patients with arthritic
disorders  i.e.  osteoarthritis  and
rheumatoid arthritis by reducing GIT side
effects. From the current research, it can be
concluded that IBU-GNP hydrogel is a
competent NP based drug delivery system
to effectively deliver IBU topically.
Additional studies on safety, solid-state
stability,
preparation of different dosage forms
from IBU-GNPs are highly encouraged.
The in-vivo bioavailability studies are
required to validate the enhancement of
solubility of IBU.

chronic
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Conflict of interest
There are no conflicts to declare.

Funding
NA.

Study Approval
This study was approved by the Riphah
Institute of Pharmaceutical sciences, Riphah
International University, Islamabad,

Pakistan.

Consent Forms
NA.

Data Availability
All the data related to this study is available
with the authors.

Authors Contribution
GRE and SK conceptualized the study and
wrote the final manuscript, MG, IR, FA & HA

Pha. Com. 02 (01) 2023, 00-00



helped in experimentation and writing the
first draft, MG, and IR did the literature
search and analysis, and SK supervised the
whole project.

Acknowledgements

The current research work was accomplished
with the help of Riphah Institute of
Pharmaceutical sciences, Islamabad,
Pakistan. We are thankful to Quaid-i-Azam
University, Islamabad, Pakistan and National
University of Science and Technology,
Islamabad, Pakistan for providing testing
facilities on research formulations.

References

Abdellatif, A, and H Tawfeek. 2016a.
"Metformin loaded carbopol gel for
lowering the intra-abdominal visceral
fat." Journal of Bioequivalence and
Bioavailability no. 8 (4):149-152.

Abdellatif, AA, and Heba A AbouTaleb. 2015.
"Optimization  of
formulations for certain emollient
effect." World Journal of Pharmacy and
Pharmaceutical Sciences no. 4 (12):1314-
1328.

Abdellatif, AAH, MA El Hamd, and KI Saleh.
2016. "A formulation, optimization
and evaluation of controlled released
alginate beads loaded-flurbiprofen.”
Journal ~ of  Nanomedicine  and
Nanotechnology no. 7 (1):357-365.

Abdellatif, Ahmed AH, and Hesham M
Tawfeek. 2016b. '"Transfersomal
nanoparticles for enhanced
transdermal delivery of clindamycin."
American Association of Pharmaceutical
Scientists PharmSciTech no. 17 (5):1067-

nano-emulsion

1074.
Abdullah, Ghassan 27, Muthanna F
Abdulkarim, Ibrahim M Salman,

Omar Z Ameer, Mun F Yam, Ahmed
F Mutee, Mallikarjun Chitneni,
Elrashid S Mahdi, Mahiran Basri, and
Munavvar A Sattar. 2011. "In vitro
permeation anti-

and in  vivo

and
properties of nanoscaled emulsions
ibuprofen for topical
delivery." International Journal of
Nanomedicine no. 6 (1):387-396.
AbouTaleb, HA, MA Hamd, and AAH
Abdellatif. 2017.

novel

inflammatory analgesic

containing

"Formulation of

glycerin nanoparticles for

the solubility of
loratadine; application to transdermal
hydrogel delivery system." Journal of
Nanomedicine and Nanotechnology no. 8
(2):426-432.

Aldawsari, Hibah M, Eldin Shaimaa M Badr,
Gihan S Labib, and Amal H ElKamel.
2015. "Design and formulation of a
topical hydrogel integrating
lemongrass-loaded nanosponges with
an enhanced antifungal effect: in
vitro/in vivo evaluation." International
Journal of Nanomedicine no. 10 (1):893-
902.

Allémann, Eric, Jean-Christophe Leroux,
Robert Gurny, and Eric Doelker. 1993.
"In vitro extended-release properties
of drug-loaded poly (DL-lactic acid)
nanoparticles produced by a salting-
out  procedure."  Pharmaceutical
Research no. 10 (12):1732-1737.

Bhaskar, Kesavan,
Velayutham Ravichandiran,
Vobalaboina Venkateswarlu, and

Madhusudan Rao. 2009.

"Lipid nanoparticles for transdermal

delivery of flurbiprofen: formulation,

enhancement

Jayaraman  Anbu,

Yamsani

in vitro, ex vivo and in vivo studies."
Lipids in Health and Disease no. 8 (1):6-
21.

Biswal, Biswajit, Nabin Karna, Jyotiranjan
Nayak, and Vivek Joshi. 2014.
"Formulation and evaluation of
microemulsion based topical
hydrogel containing lornoxicam."
Journal —of Applied Pharmaceutical
Science no. 4 (12):77-84.

Ducel, V, J Richard, P Saulnier, Y Popineau,
and F Boury. 2004. "Evidence and

Pha. Com. 02 (01) 2023, 00-00



characterization of complex
coacervates containing plant proteins:
application to the microencapsulation
of oil droplets." Colloids and Surfaces A:
Physicochemical ~ and  Engineering
Aspects no. 232 (2):239-247.

Faruki, Md Zakaria, Elizabeth Razzaque, and
Mohiuddin Ahmed Bhuiyan. 2013.
"Improvement of solubility of badly
water soluble drug (ibuprofen) by
using surfactants and carriers."
International Journal of Pharmaceutical
Sciences and Research no. 4 (4):1569-
1574.

Gontillii, Umit, Melike Uner, Giilgilin Yener,
Karaman Ecem Fatima, and Zeynep
Aydogmus. 2015. "Formulation and
characterization ~of solid lipid
nanoparticles, nanostructured lipid
carriers and nanoemulsion  of
lornoxicam for transdermal delivery."
Acta Pharmaceutica no. 65 (1):1-13.

Gouda, Radhakant, Himankar Baishya, and
Zhao Qing. 2017. "Application of
mathematical models in drug release
kinetics of carbidopa and levodopa
ER tablets." Journal of Developing Drugs
no. 6 (2):171-179.

Govender, Thirumala, Snjezana Stolnik,
Martin C Garnett, Lisbeth Illum, and
Stanley S Davis. 1999. '"PLGA
nanoparticles prepared by
nanoprecipitation: drug loading and
release studies of a water soluble
drug." Journal of Controlled Release no.
57 (2):171-185.

Gul, M., E. A. Shah, N. U. Sahar, I. Malik, F.
U. Din, S. A. Khan, W. Aman, H. L
Choi, C. W. Lim, H. Y. Noh, J. S. Noh,
A. Zeb, and J. K. Kim. 2022.
"Formulation optimization, in vitro

and in vivo evaluation of
agomelatine-loaded nanostructured
lipid carriers for augmented

antidepressant effects." Colloids Surf B
Biointerfaces mno. 216:112537. doi:
10.1016/j.colsurfb.2022.112537.

Guterres, Silvia S, Marta P Alves, and
Adriana R Pohlmann. 2007.
"Polymeric nanoparticles,

nanospheres and nanocapsules, for
cutaneous applications." Drug Target
Insights no. 2 (1):147-157.

Harirforoosh, Sam, Waheed Asghar, and
Fakhreddin Jamali. 2014. "Adverse
effects of
antiinflammatory drugs: an update of
gastrointestinal, cardiovascular and
renal Journal — of
Pharmacy and Pharmaceutical Sciences
no. 16 (5):821-847.

Hua, Susan. 2014. "Comparison of in vitro

nonsteroidal

complications."

dialysis  release = methods  of
loperamide-encapsulated liposomal
gel for topical drug delivery."

International Journal of Nanomedicine
no. 9 (1):735-744.

Jiang, Bingbing, Ling Hu, Changyou Gao,
and Jiacong Shen. 2005a. "Ibuprofen-
loaded nanoparticles prepared by a
co-precipitation method and their

release  properties."  International
Journal of Pharmaceutics no. 304 (1):220-
230.

Jiang, Bingbing, Ling Hu, Changyou Gao,
and Jiacong Shen. 2005b. "Ibuprofen-
loaded nanoparticles prepared by a
co-precipitation method and their

release  properties."  International
Journal of Pharmaceutics no. 304 (2):220-
230.

Jug, Mario, Lacan Mira Bedirevi¢, Ana
Kwokal, and Cizmek Biserka Cetina.
2005. '"Influence of cyclodextrin
complexation on piroxicam gel
formulations." Acta pharmaceutica no.
55 (3):223-236.

Kaur, Loveleen Preet. 2013. "Topical gel: a
recent approach for drug
delivery." Asian Journal of Biomedical
and Pharmaceutical Sciences no. 3 (17):1-
5.

Kiran, Shumaila, Shagufta Kamal, Nosheen
Aslam, Abdullah Ijaz Hussain, Abdul

novel

Pha. Com. 02 (01) 2023, 00-00



Ghaffar, Ismat Bibi, Amna Kamal,
Bushra Munir, and Neelam Sultan.
2015. "Synthesis of ibuprofen
derivatives with improved
antibacterial activity." Asian Journal of
Chemistry no. 27 (9):3259-3262.

Lakshmi, PK, MARKA KRANTHI Kumar,

AISHWARYA

SHYAMALA

"Formulation and

ibuprofen topical gel: a

approach for penetration

enhancement." International Journal of

Applied Pharmaceutics no. 3 (3):25-30.

Gladius, and Yuan Li. 2010.

"Dependence of in vitro fatigue

properties of PMMA bone cement on

the polydispersity index of its
powder." Journal of the Mechanical

Behavior of Biomedical Materials no. 3

(1):94-101.

Li, Qianwen, Tiange Cai, Yinghong Huang, Xi
Xia, Susan Cole, and Yu Cai. 2017. "A
review of the structure, preparation,
and application of NLCs, PNPs, and
PLNSs." Nanomaterials no. 7 (6):122-147.

Niewolik, D., B. Bednarczyk-Cwynar, P.
Ruszkowski, T. R. Sosnowski, and K.
Jaszcz. 2021. "Bioactive Betulin and
PEG Based Polyanhydrides for Use in
Drug Delivery Systems." Int | Mol Sci
no. 22 (3). doi: 10.3390/ijms22031090.

Niwa, T, H Takeuchi, T Hino, N Kunou, and
Y Kawashima. 1993. "Preparations of
biodegradable nanospheres of water-
soluble and insoluble drugs with D, L-
lactide/glycolide copolymer by a
novel spontaneous emulsification
solvent diffusion method, and the
drug release behavior." Journal of
Controlled Release no. 25 (1):89-98.

Pereira, Lachataignerais, J, R Pons, P Panizza,
L Courbin, ] Rouch, and O Lopez.
2006. "Study and formation of vesicle
systems with low polydispersity
index by ultrasound method."

Sridharan, and
Bhaskaran. 2011.
evaluation of
novel

Lewis,

Chemistry and Physics of Lipids no. 140
(2):88-97.

Pintu, De Kumar, Subas C Dinda, Subrata
Chakraborty, and Soumen Rakshit.
2012. "Formulation and evaluation of
solid lipid nanoparticles of a poorly
water soluble model drug, ibuprofen.”
International ~ Research  Journal — of
Pharmacy no. 3 (12):132-137.

Potthast, H, JB Dressman, HE Junginger, KK

Midha, H Oeser, VP Shah, H
Vogelpoel, and DM Barends. 2005.
"Biowaiver monographs for

immediate release solid oral dosage

forms:  ibuprofen."  Journal  of
Pharmaceutical ~ Sciences  no. 94
(10):2121-2131.

Rainsford, KD. 2009. "Ibuprofen:

pharmacology, efficacy and safety."
Inflammopharmacology no. 17 (6):275-
342.

Raphael, Anthony P, Gabriela Garrastazu,
Fabio Sonvico, and Tarl W Prow. 2015.
"Formulation design for topical drug
and nanoparticle treatment of skin
disease." Therapeutic Delivery no. 6
(2):197-216.

Rasool, Bazigha K Abdul, E Abu-Gharbieh, S
Fahmy, H Saad, and S Khan. 2010.
"Development and evaluation of
ibuprofen transdermal gel
formulations."  Tropical Journal of
Pharmaceutical Research no. 9 (4):355-
363.

Rosenfeld, Carine, Christophe Serra, Cyril
Brochon, and Georges Hadziioannou.
2008. "Influence of
characteristics  on
index of  block

synthesized in

micromixer
polydispersity

copolymers
flow
microreactors." Lab on a Chip no. 8
(10):1682-1687.
Susijit, Nihar Ranjan Pani, and Sunit
Kumar Sahoo. 2014. "Microemulsion

continuous

Sahoo,

based topical hydrogel of
sertaconazole: formulation,
characterization and evaluation."

Pha. Com. 02 (01) 2023, 00-00



Colloids and Surfaces B: Biointerfaces no.
120 (1):193-199.

Sttd, Blanka, Szilvia Berkd, Gabor Kozma,

Akos Kukovecz, Maria Budai-Szfics,
Géabor Erds, Lajos Kemény, Anita
Sztojkov-Ivanov, Rébert Gaspar, and
Erzsébet Csanyi. 2016. "Development
of ibuprofen-loaded nanostructured
lipid carrier-based gels:
characterization and investigation of
in vitro and in vivo penetration
through the skin." International Journal
of Nanomedicine no. 11 (1):1201-1212.

Stits, Blanka, Szilvia Berkd, Gabor Kozma,

Akos Kukovecz, Sz{ics Méaria Budai,
Gabor Er6s, Lajos Kemény, Ivanov
Anita Sztojkov, Robert Gaspar, and
Erzsébet Csanyi. 2016. "Development
of ibuprofen-loaded nanostructured
lipid carrier-based gels:
characterization and investigation of
in vitro and in vivo penetration
through the skin." International Journal
of Nanomedicine no. 11 (1):1201-1212.

Vidal, Noelia L Gonzalez, and M Esther Gil

Alegre. 2013. "UV analytical method
suitability for investigation of BCS
class 2 biowaivers: ibuprofen case."
Dissolution Technologies no. 20 (1):44-
48.

Viéville, Justine, Matthieu Tanty, and Marc-

André Delsuc. 2011. "Polydispersity
index of polymers revealed by DOSY
NMR." Journal of Magnetic Resonance
no. 212 (1):169-173.

Yasuhiro, Tsume, Langguth Peter, Garcia

Arieta Alfredo, and L. Amidon
Gordon. 2012. "In silico prediction of
drug dissolution and absorption with
variation in intestinal pH for bcs class
IT weak acid drugs: Ibuprofen and
ketoprofen."  Biopharmaceutics — and
Drug Disposition no. 33 (7):366-394.

Yousif, SM, AH AlMarzouqi, and MA

Mohsin. 2016. "Microencapsulation of
ibuprofen into polyvinylpyrrolidone
using supercritical fluid technology."
Journal of Chemical Engineering and
Process Technology no. 7 (4):306-312.

Pha. Com. 02 (01) 2023, 00-00



	Abstract

