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ABSTRACT

Prednisolone is a corticosteroid medicine used to treat a variety of
conditions, including allergies, inflammation, autoimmune disorders,
and certain types of cancer. This drug has poor solubility and high
permeability. The purpose of this study was to improve the solubility and
rate of dissolution of prednisolone by fabricating nanoparticles using
various stabilizers through the solvent-antisolvent precipitation technique.
A total of eighteen different formulas were developed and tested for the
size of particle, polydispersity index (PDI), entrapment efficiency (EE),
and in-vitro dissolution .The best formulas were further evaluated after
lyophilization and converted to nanoparticle powder by assessing their
solubility. Furthermore the best formulation also were characterized by
Powder X-Ray Diffraction (PXR), Differential Scanning Calorimetry (DSC),
Scanning Electron Microscope (SEM) and Fourier Transforms Infrared
Spectroscopy (FTIR). The results of the study revealed that the particle size
of the drug particles in all the formulations was nanosized, ranging from 50
.8 nm to 364.7 nm. The dissolution rate of the chosen lyophilized formulas
was superior to that of the free drug in phosphate buffer at pH 7.4. The
FT-IR spectroscopy results indicated that the combination of prednisolone
with different stabilizers did not have an effect on the peak positions or
trends. This research determined that prednisolone nanoparticles could be
successfully created by the application of precipitation technique, with the
use of various stabilizers.
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INTRODUCTION

The ability of a drug to dissolve is essential for
achieving the desired level of concentration in the
bloodstream for optimal therapeutic effect.

The Biopharmaceutical Classification System
categorizes compounds with low solubility and
high permeability as Class Il [1]. These substances
dissolve slowly and in an unpredictable manner.
The delivery of drugs can be difficult due to
incomplete release from the dosage form, leading
to issues such as low bioavailability and high
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variability between individuals. One of the most
common ways to improve solubility and speed up
the dissolution rate is to reduce the particle size
of the substance. Various techniques have been
developed to achieve this goal. Nanotechnology
has been employed to reduce the size of drug
particles in order to improve solubility [2].
This has been achieved through a variety of
techniques, such as particle size reduction and
nanostructuring. These approaches have been
shown to be effective in increasing the solubility
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of drugs, thus improving their bioavailability. A
Nanoparticle suspensions can be produced using
a variety of methods, with precipitation being a
popular choice for drugs with low solubility. This
technique is used to create particles that are
smaller than one micron in size.

Mixing of drug solution with anti-solvent can
lead to a rapid increase in the concentration of
the drug present. resulting in the formation of
ultrafine crystalline or amorphous drug solids. [3].

The addition of pharmaceutical stabilizers
when preparing medication nanoparticles by
the precipitation method is essential in order to
counteract the extra non-bound energy of newly
exposed surfaces.

They are used in nanosuspensions to act as
wetting agents for drug particles, preventing
Ostwald ripening and the aggregation of the
particulate. [4] Stabilization strategies often involve
the use of steric and/or electrostatic stabilization.
Electrostatic stabilization can be achieved through
the use of ionic surfactants and charged polymers,
while steric stabilization can be achieved through
the use of non-ionic surfactants. [5].

Prednisolone is a synthetic corticosteroid that
is similar to its natural counterpart prednisone in
structure, with the exception of two less hydrogens
near C, [6].

Prednisolone is a medication used to treat a
variety of conditions, including certain types of
cancer, autoimmune disorders, inflammatory
diseases, and allergies.

Itisatype of steroid drug.[7],itisaglucocorticoid
and due to its lipophilic composition, it may

easily pass through cell membranes to reach the
glucocorticoid receptor (GCR) in the cytoplasm
and play an essential role in synthesis of anti-
inflammatory proteins [8]. The purpose of this
study was to create prednisolone nanoparticles
using the solvent-antisolvent technique in order
to increase the solubility and dissolution rate of
prednisolone (Fig. 1).

MATERIALS AND METHODS
Materials

Prednisolone was supplied from pioneer drug
manufacturing company, lrag. HPMC of E5, E15
and E50 grades were obtained from Baoji Guokang
Biotechnology co.,Ltd. Poloxamer 188 and PVPk30
were supplied by Xian sonwu Biotech co.,Ltd.
China. PEG4000 was supplied from HiMedia
Laboratories Pvt.Ltd, India. Disodium Hydrogen
Phosphate  (Na,HPO,), Sodium  Dihydrogen
Phosphate (NaH,PO,),HCL and Sodium Hydroxide
were supplied from Thomas Barker( chemicals)
Pvt. Ltd, India and Ethanol was from Sasma,
Netherlands.

Methods
Characterization of prednisolone
Solubility of drug

Drug solubility was assessed by mixing an
excess amount of the pure drug with 25 mL of
phosphate buffer (pH 7.4) and, then a magnetic
stirrer at temperature of 37°C was used for stirring
for 24 hours.

The sample was filtered through filter
membrane of 0.45 um as well as analyzed using
a UV-spectrophotometer at the wavelength of

Fig. 1. Prednisolone structure [6].
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maximum absorbance for prednisolone. [10,11].

Prednisolone nanosuspension

Table 1 shows the eighteen Prednisolone
nanoparticles formulas that were prepared using
the solvent-anti-solvent precipitation method.
Prednisolone was dissolved in ethanol, which is
an organic solvent to prepare an organic phase of
drug in ethanol (32mg/ml). A syringe was used to
slowly inject 50 ml of an aqueous solution of water
containing various stabilizers in ratios of 1:1, 1:2,
and 1:3 with an organic solution of drug in ethanol.

The two solutions were mixed and kept under
mechanical agitation at a speed of 500 rpm with
the help of a magnetic stirrer at 50°C for 1 hour in
order to evaporate the organic solvent and obtain
the desired nanosuspension. [12,13].

14000rpm for 40 minutes) in which centrifugation
was done on varying ratios of nanosuspension.

The amount of free drug present in the
supernatant solution was determined by
measuringthe absorbance of sample solution of the
supernatant layer using a UV spectrophotometer
[15].

The centrifugation was recurrent three times
for each formula and the mean was taken.

Dissolution study of prednisolone nanosuspension

An in vitro dissolution study of the successful
prednisolone nanosuspension was conducted
using USP dissolution test apparatus-ll. The
dissolution media was 900 ml of phosphate buffer
(pH) at 37 £ 0.52C, and the stirring speed was set
at 50 rpm.

Five-milliliter ~ samples were taken at
Characterization of nanoparticles size and predetermined intervals, and then filtered
polydispersity index and determined the content of drug by UV

Brookhaven ZetaPlus particle size analyzer was
used to determine the size and PDI of nanoparticles
by measuring the intensity of light scattered by the
particles in the nanosuspension at a scattering
angle of 902 and at a temperature of 25 2C as a
function of time. Small volume of nanosuspension
was used in these measurements [14].

Entrapment efficiency
The efficiency of entrapment was performed
by using a cooling ultracentrifuge (at 4°C and

spectrophotometric analysis [16,17].

Freeze drying of nanosuspension

Freeze drying is the most commonly used
method to obtain dried nanoparticles of drug
from nanosuspension. This technique works
by removing water from the sample through
sublimation and desorption under vacuum.

The selected formulas were transferred to a cell
of a lyophilizer and frozen using liquid nitrogen.
The frozen samples were then placed in an ALPHA

Table 1. Composition of Prednisolone nanosuspension using different stabilizers.

No. of Drug Poloxmer PVP ES of E15 of E50 of PEG
Formula (me) 188 K30 HPMC HPMC HPMC 4000
(mg) (mg) (mg) (mg) (mg) (mg)
1 40 40
2 40 80
3 40 120
4 40 40
5 40 80
6 40 120
7 40 40
8 40 80
9 40 120
10 40 40
11 40 80
12 40 120
13 40 40
14 40 80
15 40 120
16 40 40
17 40 80
18 40 120
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1-2 LD plus lyophilizer for 24 hours at a specified
condenser temperature (-40) and pressure (0.9
mbr ).

The powders obtained were placed in a cup and
sealed tightly with a parafilm, then stored at room
temperature for further investigation [18].

Characterization studies of lyophilized formulas
Determination of drug solubility

An excessive amount of the Iyophilized
formula was placed in phosphate buffer pH 7.4.
The aqueous dispersion of lyophilized formula in
phosphate buffer was then stirred in a magnetic
stirrer at 25°C for 24 hours to determine the
saturated solubility of the powder. The sample
was then filtered through 0.45 pm filter and
analyzed by UV-spectrophotometer at A max for
prednisolone[10,11].

Determination of drug content of Iyophilized
powder

An accurately weighed amount of 10 mg of
prednisolone was dissolved separately in 10 ml
of ethanol using a volumetric flask to estimate
the drug content. Samples were sonicated for 30
minutes using a sonicator, then filtered through
a 0.45um filter and diluted with the appropriate

spectrophotometric analysis at a specific A max,
based on a standard curve [19].

Visualization by scanning electron microscopy
(SEM)

The morphology and surface topography
of particles for both pure drug and lyophilized
powder of selected formulas were studied using a
Tescan Vega2 Scanning Electron Microscope. The
procedure was confirmed by direct deposition of
powder on double-sided carbon tape and coated
with gold [20].

Differential Scanning Calorimetry (DSC)

Shimadzu DSC was used to assess the physical
compatibility between prednisolone drug and the
polymers used in the preparations by determining
the thermal behavior of pure prednisolone powder
and the formulated samples.

A Differential Scanning Calorimetry experiment
was conducted on 5mg samples placed in
aluminum pans. The temperature was increased
from 30 to 250°C at a rate of 102C/min while the
samples were exposed to a nitrogen gas stream
[21].

Fourier transforms infrared spectroscopy (FTIR)

volume of diluent.
The amount of drug in a lyophilized powder
sample was determined using UV/visible

Several FTIR spectra were obtained using
Shimadzu8400s FTIR spectrophotometer for
determining of chemical compatibility. Samples

Table 2. Nanoparticle size, PDI, Entrapment efficiency (EE) and Similarity factor (f2).

Percentage of

Formulas number Particle size PDI Entrapment Efficiency £ Similarity factor
(nm) D (f2)
F1 260 0.005 78.4+0.21 28.18
F2 196.7 0.494 80.9 +0.20 20.91
F3 71 0.005 89.7+0.20 17.49
F4 286 0.387 71.5+0.54 25.60
F5 202 0.005 75.8+0.21 25.28
F6 105.1 0.005 87.6+0.30 19.18
F7 87 0.499 76.5+0.50 20.25
F8 95 0.303 79.7+0.51 21.39
F9 177 0.220 86.9 +0.51 23.91
F10 50.8 0.005 91.2+0.25 17.07
F11 61 0.448 85.6 +0.51 17.79
F12 126 0.447 82.6 +0.52 18.32
F13 111 0.466 83.6+0.50 19.03
F14 120 0.197 85.8+0.32 23.20
F15 124 0.411 86.5+0.20 23.38
F16 364.7 0.540 79.2+0.21 21.66
F17 144.9 0.639 83.5+0.32 18.27
F18 67.8 0.552 86.3+0.51 22.77
1330 J Nanostruct 14(4): 1327-1339, Autumn 2024
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of pure drug, polymer and selected formulas,
samples were separately mixed with infrared
grade KBr and then pellets were obtained by use a
hydraulic press. The pellets were scanned at wave
number range of 4000- 400 cm™[22].

Powder x-ray diffraction (XRD)

Powder X-ray diffraction was employed to
analyze the molecular structure of prednisolone
nanoparticles. The XRD-6000 Shimadzu powder
X-ray diffractometer was used in this test, with an
operating voltage of 40 kV and current of 30 mA,
and a continuous scan range of 2e from 5 to 502

N
w
o

RESULTS AND DISCUSSION
Determination of prednisolone saturation solubility
The saturation solubility of prednisolone was
found to be 0.235 + 0.006. The solubility of ionic
compounds containing anions with negelchable
basicity (such as the conjugate bases of strong
acids) is not affected by changes in pH. The
chemical structure of prednisolone, as seen in Fig.
2, does not possess any acidic or basic properties
[25].

Nanoparticle size and PDI
Table 2 shows that the estimated average
particle size was between 50.8 nm and 364.7
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average particles size in nm

[23].
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Fig. 2. Nanometre size of prednisolone nanoparticles.
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Fig. 3. Dissolution profiles of Poloxamer 188 formulas.
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nm and the PDI was varied from 0.005 to 0.639
depending on the formulation variables. The
particle size distribution of nanoparticles was
found to be good and uniform, since the PDI values
ranging from 0 to 0.08, indicating a monodisperse
system, while the values between 0.08 and 0.7
indicate a mid-range polydispersity [26].

Effect of drug/stabilizer ratio and type of polymer

As seen in Table 2 the entrapment efficiency
increases with an increase in the amount of
polymer until a 1:3 drug: polymer ratio is reached,
except formulas containing HPMC E15 as polymer.
This could be attributed to the increased polymer
coating around the drug[27].

The size of particles decreases in the following:
F1 > F2 > F3, which corresponds to a 1:1, 1:2
and 1:3 ratios of prednisolone to poloxamerl188,

respectively. These outcomes explained that the
size of particles decreased in a consistent pattern
as the ratio of Poloxamerl88 increased. The
similar consequence was detected with PVPK30
and PEG4000. The primary coverage of the new
surfaces that were produced competing with the
agglomeration of uncovered particles may be the
cause of these consequences. As a result, a rise in
the stabilizer concentration in the main dispersion
may cause the newly formed particle surfaces
to be quickly covered, or it may cause the high
number of polymer chains associated with the
diffusion process to cause an increase in polymer-
polymer contact [28].

Conversely, as the ratio of hydroxyl propyl
methylcellulose increases, the particle size
increases in all ratios used. The size of particles
was increased in the order of F7 < F8 < F9,

o 120
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2 60 P '
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Fig. 7. Dissolution profiles of HPMC E50 formulas
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Fig. 8. Dissolution profiles of PEG 4000 formulas
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corresponding to a drug: stabilizer ( E5 of HPMC) particle sizes of grades E15 and E50.

ratio of 1:1, 1:2 and 1:3, respectively. Since the increasing in the concentration of
Similar results were seen when comparing the polymer would result in a thicker polymer coating
40 a
204
04
prednisoione| | |
-204 Fe PVPK30 ‘I |
prednisolone 04 i
poloxamer188 |/
I
-40 4
T T T T T -10 T T T T T
40 80 120 160 200 240 40 80 120 160 200 240

Temprature C Temprature C

Fig Vo

HFMCE1S I

T T T T
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Fig. 9. DSC thermogram of lyophilized prednisolone formulas. A: F3, Poloxamer188 F6, B: PVPK30 C: F10, HPMCE15.
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Fig. 10. SEM micrographs for pure prednisolone powder at
500 x magnification.
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around each particle, or may lead to the formation
of an aggregate of multiple particles [29].

HPMC has been demonstrated to produce
the smallest particle sizes due to its hydrophobic
component, which has a strong attraction to drug
particles and can thus efficiently performance as
a steric barrier to avoid growth of large particles.

HPMC was found to be the most effective
stabilizer, producing the smallest particle size,
due to its strong adsorption on the drug particle
surface and high rate of diffusion [30].

Figs. 3-8 illustrate the results of dissolution
studies.

Results specify that there is a statistically
significant improvement (p<0.05) in the release of
drug from prepared formulas when compared to
the release of the pure drug.

The dissolution parameters of all formulations
were calculated using the DDSolver tool,
including similarity (f2) factors. The Food and
Drug Administration recommends that f2 values
greater than 50 (50-100) indicate similar dissolving
characteristics [31]. When compared to the pure
drug as a reference, the dissolution profiles of
prednisolone nanosuspensions were found to be
significantly different, as indicated by f2values
below50.

Selection of the best formulas
Depending on the results of the particle size
PID, EE and drug release, it can be

analysis,

~A
VEGAW TESCANSEM MAG: 497 x
£ Name: 2-1
NAMRCMJoT u Date(mdy): 051022

SEM MAG: 500 x SEM HV: 30.00 kV
Name: 2-0 ‘WD: 10.77 mm 100 pm
Date(m/dty): 052922

concluded that F3, F6 and F10 nanosuspension
formulas were the best, and will be further
characterized after lyophilization by assessing their
solubility, drug content, powder x-ray properties,
DSC, SEM and FTIR.

Drug loading

The loading of drug in the optimized formulas
F3, F6 and F10 was detected, with the percentages
of drug content in each formula being 99.34%
+ 0.155, 99.07% + 0.236 and 98.1% + 0.214,
respectively. It appears that the precipitation
method is an effective way to reduce the average
particle size.

Saturation solubility of lyophilized powder

The results showed that the saturation
solubility of prednisolone was 1.592mg/ml £0.089
for F3, 1.671mg/ml + 0.055 for F6, and 1.646mg/
ml £0.102 for F10. The average particle size of the
drug has been reduced, resulting in a dramatic
increase in its saturation solubility in certain
formulations up to seven times greater than its
solubility in phosphate buffer pH 7.4 (0.235 mg/
ml) [32].

Differential scanning calorimetry (DSC)

The DSC spectrum of pure prednisolone
showed an intense, sharp endothermic peak at
240 °C, which is consistent with its melting point,
indicating the purity and crystallinity of the drug

VEGAW TESCAN SEM MAG: 500 x SEM HV: 30.00 kv VEGAW TESCAN

100pm WD: 11.02mm 100 ym

NAMRCAJoT n

Name:
NAMRCAJOT n Date(m/dly): 05729722

Fig. 11. SEM micrographs for Prednisolone formulas: A) F3, B) F6, C) F10 at 500 x magnification.
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particles [24].

The DSC of F3, F6 and F10 showed shifting of
the peaks and loss of the melting endotherm as
seen in Fig. 9. The lack of a distinct melting peak
in the DSC thermogram of prednisolone after its
preparation as nanoparticles could be attributed
to a change in the lattice property of the drug from
crystalline to semi-crystalline or amorphous form.
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Scanning Electron Microscopy

Fig. 10displays SEMimages of pure prednisolone
particles at 500X magnification. The particles are
seen to be aggregated into large crystals. On the
other hand, the morphology of precipitated drug
nanoparticles in lyophilized powder of F3, F6 and
F10 formulas was also examined and illustrated in
Fig. 11.
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Fig. 12. FTIR spectra for Poloxamer188, PVPK30, HPMCE15, formulas (F3, F6, F10) and pure prednisolone powder.

1336

J Nanostruct 14(4): 1327-1339, Autumn 2024
[ |



N. Name / Running title

Scanning electron microscopy (SEM) images
of the formulas indicated that the particles were
discrete with a uniform distribution, with no
indication of agglomeration. Furthermore, the
drug crystals were not present [33].

Fourier Transform Infrared Spectroscopy (FTIR)

The spectroscopy of FT-IR was employed
to analyze the potential interaction between
prednisolone and polymer in the prepared
formulas.

It is possible that interactions will happen
between the carbonyl groups and/or hydroxyl of
prednisolone and the OH groups of poloxamer
188, PVPK30, and HPMCE15.

Any indication of interaction between molecules
would be evidenced by a shift in the location of
the C=0 vibration and a decrease in the intensity
of the O-H stretching, based on the strength of the
reaction.

The FT-IR spectroscopy outcomes indicated
that the addition of prednisolone to poloxamer
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600 Ip‘ '
LN
"

400

300+

800 4
700 Wi,

188, PVPK30 and HPMCE15 did not alter the
peak positions or patterns of the spectra. A
characteristic bands of the OH groups in the
spectrum of prednisolone at 3500-3200 cm™
as well as there are two strong bands at 1709
cm™ and 1651 cm™ for carbonyl stretching, the
spectrums of poloxamer, PVPK30 and HPMC E15,
respectively. The spectrum of poloxamer exhibited
main bands at 2879 cm™ (C—H stretching) and 1198
cm™ (C-0O stretching). Major vibrations detected
in the spectrum of PVPK30, which were found
at 2950-2890 cm™ (C—H stretching) and at 1648
cm™ (C=0 stretching). The spectrum of HPMC E15
exhibited essential bands at 3300-3500 cm™* (O-H
stretching), at 2970-2830 cm™ (C-H stretching)
and at 1052 cm™(C-O stretching).

When comparing the spectra of each
polymer individually and the solid dispersions
of prednisolone with poloxamer 188, PVPK30
and HPMCE15, no major changes were observed
in the location of the absorption bands. The
results of the study showed that there is no
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Fig. 13. XRD for A) pure prednisolone powder B) Polymers poloxamer188, PVPK30, HPMCE15 and C) formulas
(F3, F6, and F10).
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Table 3. Important FTIR Bands of Prednisolone in F3, F6 and F10 formulas.

Formula O-H stretching of prednisolone cm™ C=0 stretching of prednisolone cm
F3 3500-3200 1710 1650
F6 3500-3200 1706 1654
F10 3500-3200 1705 1652

interaction between the drug molecules and the
stabilizers used in all formulations. The spectra
can be seen as the combination of the spectra of
prednisolone and the polymers, as shown in Fig.
12. Table 3 illustrated the important FTIR bands of
prednisolone in F3, F6 and F10.

Powder x-ray diffraction (PXRD)

X-ray diffraction was used to analyze the
crystalline forms of pure drug and particles of
drug in the selected formulations (F3, F6 and F10)
in order to verify the effectiveness of antisolvent
precipitation as an appropriate method for
reduction the crystallinity of drug particles.
Furthermore to describe the physical nature of
prednisolone nanoparticles. The X-ray patterns of
pure prednisolone drug particles showed specific,
sharp, narrow and high intensity diffraction peaks,
asillustrated in Fig. 13.The X-ray outline of Analysis
of the crystalline structure of prednisolone drug
revealed a number of distinct peaks [34].

The diffractogram of PVP K-30 and HPME15
show low intense peaks, indicating that they are
mainly amorphousin nature. Moreover, Poloxamer
188 has two characteristic peaks, indicating that it
is crystalline in nature, as seen in Fig. 13 [35,36].

On the other hand, the XRD results of the
prepared formulas (F3, F6 and F10) indicated
a change in the X-ray diffraction pattern of the
prednisolone particles in these formulations.
Several peaks were disappeared, additionally
to that the position and intensity of peaks were
also changed as explained in Fig. 13. The X-ray
diffraction graph can be used to detect changes in
diffraction peaks that may indicate the formation
of a blend of two forms, such as crystalline and
amorphous forms.

CONCLUSION

The anti-solvent precipitation method has been
demonstrated to be a promising technique for
the production of prednisolone nanoparticles.
Different stabilizers were used in the preparation
of these nanoparticles at drug-to-stabilizer ratios
of 1:1, 1:2, and 1:3. .These ratios were effective to

1338

stabilize prednisolone nanoparticles.

The nanosuspension of the drug had a smaller
particle size, which resulted in higher dissolution
rate than the raw drug in phosphate buffer 7.4.
The results of FTIR analysis indicate that there is no
interaction between the drug and the polymers.
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