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ARTICLE INFO ABSTRACT

We report here in about the formulation and evaluation of Magnetic Prednisolone Microcapsules (MPC)
developed in order to improve the therapeutic efficacy relatively at a low dose than the conventional dosage
formulations by means of magnetic drug targeting and thus enhancing bioavailability at the arthritic joints.
Prednisolone was loaded to poly (sodium 4-styrenesulfonate) (PSS) doped calcium carbonate microspheres
confirmed by the decrease in surface area from 97.48 m?/g to 12.05 of m?/g by BET analysis. Adsorption with
oppositely charged polyelectrolytes incorporated with iron oxide nanoparticles was confirmed through zeta
analysis. Removal of calcium carbonate core yielded MPC with particle size of ~3.48 um, zeta potential of
+29.7 mV was evaluated for its magnetic properties. Functional integrity of MPC was confirmed through FT-IR
spectrum. Stability studies were performed at 25 °C + 65% relative humidity for 60 days showed no considerable
changes. Further the encapsulation efficiency of 63%, loading capacity of 18.2% and drug release of 88.3% for
36 h and its kinetics were also reported. The observed results justify the suitability of MPC for possible
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applications in the magnetic drug targeting for efficient therapy of rheumatoid arthritis.

1. Introduction

Novel drug delivery systems such as microspheres, nanoparticles,
liposomes, micelles, emulsions have promising controlled drug release
and cell or tissue specific targeting ability [1-4]. Recently, there has
been increasing interest in developing multilayer coated microparticles
with Layer-by-layer (LBL) methodology in order to achieve controlled
drug release at the target site [5-8]. LBL method enables uniform and
controlled multilayer film growth over diverse micro particles [9].
Calcium carbonate has widely been studied and used for biological
applications due to its biocompatibility, biodegradability which pre-
vents any unexpected adverse effects [10—12]. It has been reported that
biomimetic mineralization method of preparation of CaCO3 results in
the formation of porous spherical microparticles with large surface area
[13]. The porous texture of CaCOj affords to hold an increased pay load
of small drug molecules and also aids controlled drug release [14,15].
Accordingly, CaCO3 microparticles coated either with polysaccharides
such as chitosan and alginate or polyelectrolytes such as poly (sodium
4-styrenesulfonate) (PSS), poly (allylamine hydrochloride) (PAH) have
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already been investigated and reported for the possible applications in
the controlled drug delivery [16—20]. Incorporating suitable magnetic
materials to these microspheres were considered by many researchers,
in order to assemble these drug carriers at a close proximity to the
target site through application of an external magnetic field in order to
improve the regional bioavailability [21]. Drug loaded hollow capsules
have great potential due to their attributes such as superior drug
encapsulation as well as release characteristics which can be fine-tuned
as desired by varying and manipulating the capsule volume, capsule
wall dimensions, the number of layers coated over the microspheres
and also by varying the layer compositions [22].

Rheumatoid arthritis (RA) is an autoimmune disease characterized
by chronic inflammation of synovial joints which leads to the destruc-
tion of articular tissue and the underlying bone on progression. As per
an estimate, RA affects approximately 1% of the population worldwide
[23-25]. RA therapy is customarily symptomatic and the medication
includes steroids, nonsteroidal anti-inflammatory drugs, disease-mod-
ifying anti-rheumatic agents and immunosuppressant drugs [26].
Prednisolone is a synthetic glucocorticoid, a kind of cortisol which is
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used to treat a variety of inflammatory conditions and rheumatoid
arthritis [27]. Prednisolone is generally considered safe for human use
at recommended doses, however, overdoses of prednisolone will result
in sodium and water retention as well as adverse hypersensitivity
including anaphylaxis, proximal myopathy, thromboembolism, hirsut-
ism, dyspepsia and cardiovascular risks [28].

In the present study, the prepared porous PSS-doped calcium
carbonate microspheres were used as templates for the encapsulation
of prednisolone. Subsequently, alternatively coated with oppositely
charged polyelectrolytes i.e., poly(allylamine hydrochloride) or
Poly(sodium 4-styrenesulfonate) were coated over the microspheres.
Heretofore, iron oxide magnetic nanoparticles as ferrofluid was in-
corporated in between the polyelectrolyte layers coated over the
microspheres. Further, calcium carbonate template etching was rea-
lized by complexation with ethylenediaminetetraacetic acid (EDTA)
solution yielding magnetic prednisolone microcapsule (MPC). The
developed MPC can be employed for the controlled and targeted drug
release in order to enhance the regional bioavailability and to minimize
the adverse effects that arise due to use of high prednisolone doses.

2. Experimental section
2.1. Materials and methods

Prednisolone and all the chemicals and reagents used in this study
were of analytical grade obtained from Sigma Aldrich India Pvt Ltd.

2.2. Preparation of magnetic prednisolone microcapsules

2.2.1. Preparation of PSS-doped CaCO3 microspheres

Freshly prepared 0.2 M aqueous solution Na,CO3 (100 mL) was
mixed with 400 mg of poly(sodium 4-styrenesulfonate). To the above,
an aqueous solution of 0.2 M CaCl, (100 mL) was added and kept
under constant stirring for 30 min at 4000 rpm. The obtained PSS-
doped CaCO3 microspheres were separated and dried in a vacuum oven
at 50 °C for 1 h [29].

2.2.2. Drug loading into PSS-doped CaCO3 microspheres

Prednisolone was loaded to PSS-doped CaCO; microspheres by
solvent evaporation technique. Prednisolone (200 mg) was vortex
dissolved in absolute ethanol (10 mL). Drug solution was transferred
drop by drop to 400 mg of CaCO3 microspheres dispersed in water and
allowed to stand under constant stirring for 24 h. The drug loaded
microspheres were recovered by centrifugation [15].

2.2.3. Preparation of ferrofluid

Ferrofluid was prepared using co-precipitation technique. Briefly,
2 M FeCl3-6H,0 solution and 1 M FeCl,-4H>O solution were mixed
under constant stirring in a magnetic stirrer at 750 rpm maintained at
80 °C in nitrogen atmosphere [30]. To the above, ammonia solution
was added drop by drop till the formation of a black coloured
precipitate which indicated the formation of magnetite nanoparticles
as ferrofluid. The reaction mixture was kept under constant stirring for
further 1h and the pH of the solution was neutralized by repeated
washing with deionised water.

2.2.4. Preparation of magnetic microcapsules

Magnetic prednisolone microcapsules were prepared in three steps,
(Fig. 1).

In a first step, adsorption of oppositely charged polyelectrolytes
(PAH/PSS) over the prednisolone loaded PSS-doped CaCO3; micro-
spheres using LBL technique. In a second step, incorporation of iron
oxide magnetic nanoparticles in between the polyelectrolyte layers
coated over PSS-doped CaCO3; microspheres and finally removal of the
CaCOj core from the PSS-doped CaCO3 microspheres by etching with
EDTA.
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PAH (Mw~58,000)/PSS (Mw~70,000) polyelectrolyte solutions
(2 mg/mL) were prepared with 0.5 M aqueous solution of sodium
chloride and the pH was adjusted to 6.5 using sodium hydroxide
solution. Previously dried prednisolone loaded PSS-doped CaCOj;
microspheres (0.2 g) were soaked in 0.5 M sodium chloride solution
(10 mL) for 15 min. The drenched microspheres were then separated
by centrifugation at 4000 rpm for 5 min. The microspheres separated
as sediment were then mixed with 5mL of PAH polyelectrolyte
solution and incubated for 15 min with mild agitation in a vortex
mixer. Unloaded polyelectrolytes were then removed by washing with
sodium chloride (0.001 M) solution. After each loading cycle, the
microspheres were washed thrice. After five cycles of polyelectrolyte
coating layered alternatively, prednisolone loaded polyelectrolyte
coated PSS-doped calcium carbonate microspheres were obtained.
Previously, iron oxide magnetic nanoparticles were loaded in between
the polyelectrolyte layers by adding and incubating the prepared
ferrofluid for 15 min after the completion of the third cycle of
polyelectrolyte coating. The remaining two cycles of polyelectrolyte
loading was performed as detailed above. The PSS-doped CaCOj3 core
was then removed selectively by adding 0.2 M EDTA solution of pH 6.5
and incubating the dispersion for 30 min and repeated twice yielded
magnetic prednisolone microcapsules [31].

2.3. Evaluation studies

2.3.1. Physicochemical characterization

2.3.1.1. Surface morphology. The surface morphology of PSS-doped
CaCO3; microspheres and polyelectrolyte coated prednisolone loaded
PSS-doped CaCO3 magnetic microspheres were examined in a scanning
electron microscope (JEOL-JSM 6701-F, Japan) after sputter coating
using a thin layer of palladium-gold alloy [32].

The microstructural examination and morphology of the prepared
iron oxide nanoparticles were observed in a Field Emission
Transmission Electron Microscope (FE-TEM) (JEOL, JEM-2100F
Transmission Electron Microscope, Japan) operated at 200 kV.

2.3.1.2. Particle size and zeta potential. Particle size and the zeta
potential of iron oxide magnetic nanoparticles, PSS-doped CaCOj;
microspheres and MPC's were determined using Zetasizer Nano ZS,
Malvern Instruments, Malvern, UK, Ver. 7.02. MPC was dispersed in
deionized water (5 mL) and was loaded in a dip cell in order to
minimize the impact of viscosity induced by the ingredients. The
measurements were performed using 4 mW He—Ne laser (633 nm) as
the light source at a fixed angle of 1759, and other operating conditions
viz., medium refractive index 1.300, medium viscosity 0.8872 cP and
temperature 250C. (-Potential was calculated with a mix of laser
doppler velocimetry and phase analysis light scattering (PALS). A
Smoluchowsky constant F (Ka) of 1.5 had been used to determine
potential values from the electrophoretic mobility. Results achieved
were the average of three measurements [33].

2.3.1.3. Nanoparticle tracking analysis. Nanoparticle tracking
analysis measurements were performed using NanoSight NS300
(Malvern Instruments, United Kingdom) system equipped with a
high sensitivity CMOS camera and 532 nm laser. All measurements
were performed at room temperature. The software used for capturing
and analysing the data was the NTA 3.1 [34].

2.3.1.4. Surface area. The Brunauer, Emmett and Teller (BET)
method was adapted for the determination of surface area and
porosity of PSS-doped CaCO3; microspheres and prednisolone loaded
PSS-doped CaCO; microspheres with a BET analyzer (Nova-1000,
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Fig. 1. Scheme for the preparation of magnetic prednisolone microcapsules.
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Fig. 2. (a) SEM image of PSS-doped CaCO3 microspheres (b) Magnified SEM image of PSS-doped CaCO3 microspheres with porous surface texture (¢c) SEM image of polyelectrolyte
encapsulated PSS-doped CaCO3; microspheres with smooth surface texture (d) TEM image of magnetic nanoparticles in the ferrofluid.

260



C. Prabu et al. Journal of Magnetism and Magnetic Materials 427 (2017) 258—-267

Zeta Potential Distribution

IEI Size Disrbution by Intensity

(=]

1600001
" 140000
2 120000 |
8 2
5 £ 100000
: § w0
810 3 .
$ 9 &
! 4000
200
0 0
04 1 10 100 100 0 100 m
Size (d.m) AoparentZeta Potentil (V)
Record 1101:551 1
Ste Distribution by Intensity E Zeta Potential Distribution
Rissssiosssesiasssnd s Sssipessasssissine T O — — .
200000 i
3
§ £ 1300
g S
Lo 3
50000
0

Apparent Zeta Potential (V)

Record 1104:5521
Zeta Potential Distribution

[o]

 psssiii

Apparent Zeta Potential (mV) Apparent Zeta Potential (mV)

Record 1113:555 1 Record 1111:55342

Zeta Potential Distribution

80000
H B ol
: s
¥
2om--
0
100 0 100 20
Apparent Zeta Potential (mV) Apparent Zeta Potental mV)
Record 1102:5512 Record 111055341

E il

30 5] ] PAH m
~ 201
=
E 104
E -~
s 01 i
2 2
£ -101 :

-204 H

- Pss =
-30
L}
-40 T T T v

0 1 2 3 4 5
Absorption Step

Record 19:F-1

Fig. 3. (a-b) Particle size distribution and zeta potential of PSS doped CaCO3; microspheres. (c) Size distribution of magnetic prednisolone microcapsules. (d-h) Zeta potential after

addition of polyelectrolytes over PSS-doped CaCO5; microspheres (Layers 1-5). (i) Graphical representation of switching of zeta potential over PSS-doped CaCO3; microspheres. (j)
Particle size distribution of Magnetic nanoparticles in ferrofluid.
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Fig. 4. (a) 3D image of size distribution of magnetic nanoparticles. (b) Size of magnetic nanoparticles.
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Fig. 5. N, absorption-desorption of PSS-doped CaCO3 microspheres (a) before and (b) after prednisolone loading.
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loading. 1004= (®)
- ()
PSS-doped CaCO3 BET surface  Adsorption Total volume
microspheres area (m2/g) average (nm) of pores at P/ 80+
Po (cc/g) S
£ 60-
Before drug loading 97.48 3.19 0.0778 -
After drug loading 12.05 6.65 0.0200 -§n
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=
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= Fig. 7. Thermograms of (a) PSS-doped CaCOsz microspheres (b) Prednisolone (c)
: . _ . .
g 1000 - N Prednisolone loaded PSS-doped CaCO3 microcapsules.
— v
500 4 c VvV v USA). The nitrogen sorption experiments were conducted prior to the
v analysis and the samples were outgassed at 200°C for at least 4 h [14].
0 T T T T T
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Position [2Theta]| 2.3.1.5. Crystallinity. In order to confirm the crystalline state of the

synthesised calcium carbonate, X-ray diffraction patterns of PSS-doped
CaCO3; microspheres were recorded on a powder X-Ray diffractometer
(PW3040/60 X’pert PRO, PANalytical, Netherlands) in the 20 range of
20-80° [14].

Fig. 6. XRD pattern of PSS-doped CaCO; microspheres.
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Fig. 8. FT-IR spectrums of (a) PSS-doped CaCO3z; microspheres (b) Prednisolone (c)
PAH (d) PSS (e) Ferrofluid (f) Magnetic prednisolone microcapsules.

2.3.1.6. Thermal stability. The thermal stability of PSS-doped CaCO3
microspheres, prednisolone loaded PSS-doped CaCOs; magnetic
microspheres and pure sample of prednisolone were examined using
thermo-gravimetric analyzer (TGA) (TGA 4000 Perkin Elmer, USA).
The thermograms were recorded at a temperature range from 35 to
800°C at a heating speed of 10°C/min under a constant flow of nitrogen
atmosphere (20 mL/min) [15].

2.3.1.7. Chemical interactions. The FT-IR spectrum has been
recorded on a FT-IR Spectrophotometer (Jasco 6300, Japan) for
PSS-doped CaCO3; microspheres, prednisolone, PAH, PSS, ferrofluid
and MPC's in order to elucidate the possible chemical interactions
between the drugs and excipients. The samples (5 mg) were mixed with
potassium bromide (100 mg) in a mortar and compressed into pellets
in a press was further loaded to the crystal sample holder and observed
in the wavelength region of 4000-400 cm™ at a resolution of 4 cm™
[15].
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2.3.2. Magnetic characterization

2.3.2.1. Magnetometry. Magnetization vs Field property for iron
oxide nanoparticles and MPC's were observed in a VSM system
(Lakeshore Model 7404, USA) at 300 K [35].

2.3.2.2. AC susceptibility. The dynamic magnetic susceptibility
measurements (i.e., AC magnetic susceptibility vs Frequency) for
MPC's were done using the DynoMag system (Acreo Swedish ICT AB,
Sweden) in a frequency range of 5-100 kHz. The AC susceptibility
measurements are presented as the volume susceptibility (SI units)
[33].

2.3.3. Pharmaceutical characterization

2.3.3.1. Encapsulation efficiency and loading capacity. Prednisolone
(200 mg) was added to the PSS-doped CaCO3; microspheres (200 mg)
in 10 mL of the absolute ethanol and allowed to stand under stirring for
24h for drug loading. This dispersion was then centrifuged at
2000 rpm results in the separation of the supernatant. The quantity
of unloaded drug remained in the supernatant had been determined
through UV-vis spectrophotometer (Shimadzu UV1800, Singapore) at
243 nm. The percent encapsulation efficiency was calculated as
described below [36].

Encapsulation efficiency (%) =[1-(Drug in supernatant (mg)/Total
drug added (mg)]x100

MPC (200 mg) were digested with 20 mL of phosphate buffer pH
7.4 in a sonication bath (Model: 3.5 L 100 H, PCI analytics, India) and
the solution was centrifuged at 2000 rpm for 30 min. The amount of
prednisolone in MPC was determined as the difference between the
total amount of drug used to prepare the MPC and the amount of drug
present in the aqueous medium. The percent drug loading capacity was
calculated as mentioned below [36].

Drug loading (%) =[Amount of drug in microcapsules (mg)/Amount
of microcapsules recovered (mg)]x100.

2.3.3.2. Drug release pattern and release kinetics. The in-vitro drug
release pattern of MPC's was studied in an open end tube sealed fitted
with dialysis membrane (Himedia Laboratories Pvt. Ltd., India; core
diameter 2.4 nm). The dialysis tube was attached to an USP dissolution
apparatus (LABINDIA, India) filled with 1000 mL of buffer solution at
pH 7.4 as dissolution medium, stirred at 60 rpm at 37°C. MPC's
(200 mg) were placed inside the dialysis tube and aliquots of buffer
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Fig. 9. Magnetization (in emu/g) as a function of magnetic field of (a) dried ferrofluid (b) dried MPC spheres at room temperature.
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Fig. 11. Cumulative drug release pattern of MPC in different kinetic models (a) Zero order (b) First order (c) Higuchi (d) Hixson-Crowell.

(1 mL) were removed at fixed time durations from the dissolution
medium outside the dialysis tube for a period of 36 h and an equivalent
quantity of fresh buffer have been replaced. Absorbance of withdrawn
aliquots was measured using double beam UV-vis spectroscopy at
243 nm. The amount of drug present in each aliquot was determined
from the standard calibration graph. Data collected via in-vitro drug
release studies had been integrated to the different kinetic equations,
i.e., zero order, first order, Hixson Crowell and Higuchi equation. The
release mechanism was evaluated with Peppas equation [37].
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2.3.3.3. Stability studies. The formulated MPC had been presented to
stability studies in amber and transparent airtight glass containers to
estimate the stability of the formulation with respect to drug content
and drug release characteristics after storing the multiple-units of the
formulation in drug stability testing chamber (Model: WIL-195,
Wadegati Lab Equip Pvt. Ltd., India) temperature was maintained at
25° C and 65% relative humidity for 60 days [37].
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Table 2
Storage stability studies of magnetic prednisolone microcapsules.

S.No Time Size Drug content Cumulative drug
(Days) (um) (%) release (%)

1 0 3.48 97.19 89.27%

2 15 3.45 96.61 89.12%

3 30 3.44 96.24 89.03%

4 45 3.36 96.06 88.87%

5 60 3.31 95.69 88.48%

2.4. Results and discussion

2.4.1. Preparation of PSS-doped CaCO3 microspheres

Porous PSS-doped CaCO3; microspheres were prepared by biomi-
neralisation method. Development of the porous spherical non-ag-
glomerating stable microspheres with uniform size has been a major
task in this study. Mixing of Ca?* and CO52~ forms an amorphous
precipitate and on storage it turns into calcite aggregated particles with
irregular shape [38—40]. Growth of the CaCOj3 spheres were controlled
and influenced by strong binding interactions of polyanion PSS with
Ca®* jon. PSS precipitates together with the Ca®" ions then the
repulsive electrostatic force occur in between CaCOz and PSS ions
which influences the development of pores in the PSS-doped CaCO3
microspheres. Thus PSS plays the key role in the formation of the
rough textured, porous, relatively monodisperse and spherical PSS-
doped CaCO3; microspheres without aggregation perhaps due to the co-
crystallization of calcium with polyelectrolyte [14].

2.4.2. Preparation of magnetic prednisolone microcapsules

MPC's were successfully prepared after loading prednisolone and
ferrofluid into the porous PSS-doped CaCO3; microspheres, which were
over coated alternatively using PAH or PSS by LBL technique.
Subsequently, PSS-doped CaCO3; core was successfully etch removed
using EDTA yielding magnetic prednisolone microspheres.

2.5. Evaluation studies

2.5.1. Physicochemical characterization

2.5.1.1. Surface morphology. SEM images obtained for the PSS-
doped CaCO3 microspheres confirm that the particles obtained were
spherical with porous surface texture (Fig. 2a and b). SEM image of the
Prednisolone-loaded PSS-doped CaCO; microspheres encapsulated
with five bilayers of PAH/PSS is presented in (Fig. 2c¢). The surface
texture of the polyelectrolyte over coated microspheres seems
significantly smooth pattern with slight agglomeration among them.
This could be due to the linking of oppositely charged PAH and PSS
chains adsorbed on the surrounding particles [41-47]. The
transformation of porous texture to smooth texture confirms the
surface coating with alternate polyelectrolytes.

The TEM images of the prepared iron oxide (magnetite) nanopar-
ticles showed a ferrofluid consisting of nanoparticles in the size range
of ~10 nm (Fig. 2d).

2.5.1.2. Particle size and Zeta potential. The mean hydrodynamic
diameter of the PSS-doped CaCOs; microspheres were ~4.06 um
(Fig. 3a) with a poly dispersity index of 0.233 and exhibited a zeta
potential of -22.7mV (Fig. 3b) which implies the prepared
microspheres were relatively monodisperse and stable.

The particle size of the developed MPC's were ~3.48 um with a
polydispersity index of 0.233 (Fig. 3c) implies that the prepared
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microcapsules were relatively monodisperse and stable. The revealed
polydispersity index is an effective sign of long-term colloidal stability
of the encapsulated MPC. The noticeable shifting of C-potential
confirms alternative deposition of the polycation PAH and polyanion
PSS in the prednisolone-loaded PSS-doped CaCO3; microspheres and in
addition microspheres had been encapsulated (Fig. 3d-h). The pre-
pared MPC's exhibited a positive zeta potential of +29.7 (Fig. 3h). The
pattern of zeta potential change after inclusion of polyelectrolyte layer
for five cycles with alternative charge over PSS-doped CaCO3; micro-
spheres was indicated (Fig. 3i). The observed reduction in the mean
size of MPC's probably occurs as a result of hydrolyzation of the CaCO3
[14]. Mean particle diameter of the prepared iron oxide magnetic
naoparticles were ~91.8 nm (Fig. 3j).

2.5.1.3. Nanoparticle tracking analysis (NTA). The results obtained
with NTA were shown in (Fig. 4a and b) the size and size distribution of
iron oxide magnetic nanoparticles [34].

2.5.1.4. Surface area. The adsorption—desorption isotherms obtained
for the PSS-doped CaCO3 microspheres and prednisolone loaded PSS-
doped CaCO3; microspheres through BET analysis confirmed the
prednisolone loading into the nanopores of the PSS-doped CaCO;
microspheres (Fig. 5a and b).

Further, specific surface area, pore size and pore volume distribu-
tion values for the microspheres before and after drug loading are given
in Table 1. The BET surface area (Sggr) of PSS-doped CaCO3 micro-
spheres was 97.48 m?/g. As a result of prednisolone loading, the BET
surface area of the PSS-doped CaCO3; microspheres was reduced to
12.05 m?/g and the pore volume was dropped from 0.0778 to
0.0200 cc/g, proposing the penetration of the prednisolone molecules
inside the nanopores [48—50].

It could be that, prednisolone along with PSS-doped CaCO3 micro-
spheres are hugely enlarged and effectively charged. Hence, the gaps in
between the CaCO3; nanocrystals are preferentially filled by predniso-
lone and turned smaller, clarifies the reason for the increase in
adsorption average diameter from 3.19 to 6.65 nm after loading [15].

2.5.1.5. Crystallinity. The XRD pattern shows (Fig. 6) that the PSS-
doped CaCO3 microspheres had a phase that is dominant of vaterite,
although a trace quantity of calcite also existed. The diffraction that is
with broadening peaks suggests that the produced veterite
microspheres consisted of miniature nanoparticles. Recrystallization
of the PSS-doped CaCO3; microspheres that is porous composed of
carbonate nanoparticles was blocked by the PSS adsorbed on the
surface of the carbonate nanoparticles. Thus, PSS-doped CaCOs
microspheres were much more stable than those without additives
[49,50].

2.5.1.6. Thermal stability. Thermograms of the PSS-doped CaCOj3;
microspheres, prednisolone and prednisolone loaded PSS-doped
CaCO3 microspheres were presented (Fig. 7). The percent weight loss
for PSS-doped CaCO3 microspheres, prednisolone and prednisolone
loaded PSS-doped CaCOs; microspheres were 7.47%, 96.71% and
28.96% respectively when observed at 600°C. The reason seems to
be that most adsorbed prednisolone stays in the pores and not at the
external surface enhancing the resistance to the thermo-decomposition
and that the decomposed prednisolone residues remain in the pore
inner of the porous CaCOsz; microspheres and cannot undergo a
complete phase transition to vapour state [15].

2.5.1.7. Chemical interactions. FT-IR spectroscopy explains that no
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chemical interactions exist in between the prednisolone and employed
excipients. FT-IR spectrum of PSS-doped CaCOs; microspheres
(Fig. 8a) shows characteristic CaCO5 bands located at 1401 cm™,
872 ecm™! and 749 cm ™! which were characterized to be the usual bands
of the carbonate ions in calcium carbonate, along with the related
bands at 2925 cm™!, 2830 cm™! probably results from the asymmetric
and symmetric CH stretching indicates the occurrence of PSS [51]. The
characteristic peaks of prednisolone (Fig. 8b) showed the principal
peaks at 1608 cm™ (carbonyl group), 3356 cm™! (OH stretching),
2862 cm™! (CH stretching) and 1039 em™' (OH bending) confirming
the purity of the drug as per established standards [52]. FT-IR spectral
analysis of PAH (Fig. 8c) was observed at 3441 cm™ (aliphatic amine
NH stretching), 1519 cm™ (aliphatic amine NH bending) and
2924 cm™ (CH, stretching). FT-IR spectra of PSS (Fig. 8d) showed
peaks at 1186 ecm™, 1039 cm™ could be assigned to the SOz group
(antisymmetric and symmetric vibrational absorption) and 1128 cm™
from the inplane skeleton vibration of the benzene ring respectively
[53]. An infrared spectrum of the ferrofluid (Fig. 8e) was characterized
with the bands at 567 cm ™!, due to the Fe-O bond in tetrahedral and
octahedral positions [54]. The spectral group frequencies of MPC's
(Fig. 8f) were characterized at 3453 cm™! (aliphatic amine NH
stretching), 1610 ecm™! (aliphatic amine NH bending) and 2981 cm™!
(CH, stretching). Peaks for the PSS-doped CaCO3 core material, does
not exist it conforms the removal of core.

2.5.2. Magnetic characterization

2.5.2.1. Magnetometry. DC magnetization studies were carried out
using vibrating sample magnetometer (VSM) to examine the static
magnetic characteristics of the magnetic particles (both the ferrofluid
and the MPC) at room temperature. (Fig. 9a and b), reveals the
hysteresis curves of dried ferrofluid and dried MPC's. From the results
the saturation magnetization of the ferrofluid were 51.11 emu/g
(Fig. 9a) and saturation magnetization of the MPC's were 15.02 emu/
g (Fig. 9b). This unique superparamagnetic activity of MPC's is suitable
for the magnetic drug targeting applications [55,56].

2.5.2.2. AC susceptibility. The result of AC susceptibility versus
frequency analysis of samples MPC's and magnetic nanoparticles are
presented in the section. All measurements were carried out at 25 °C.
The in-phase (real part) and out-of-phase (imaginary part) components
of samples MPCs and magnetic nanoparticles are shown in (Fig. 10a
and b). Both of these samples show a tendency of particle
agglomeration and a major part of the particles were seen to
sediment to the bottom of the sample tube after the measurement.
The particles that sediment cannot rotate and thus can only show
internal Néel relaxation within each magnetic core (nanocrystal). Due
to the exponential dependence between the core volume and the Néel
relaxation time, even a narrow core size distribution can give a large
distribution in relaxation times. A large distribution in relaxation times
will give a large width in relaxation frequencies in the AC susceptibility
spectra. This can be seen both for sample MPCs and magnetic
nanoparticles with almost non-zero and constant values of the out-
of-phase component and a decline in the in-phase component in the
whole measured frequency range. However, there is a build-up of a
relaxation at low frequencies (starting in the range of 30 Hz) for MPCs
(Fig. 10a) and this can be attributed to that some of the particles are
still in dispersion and can rotate and show Brownian relaxation. The
full Brownian relaxation peak in the out-of-phase component will be
below 30 Hz. A Brownian relaxation frequency of 30 Hz corresponds to
a particle size of 240 nm, but since the full relaxation peak is below
30 Hz the particle size is larger. If we assume that Brownian relaxation
peak is in the range of 1 Hz this corresponds to a particle size of
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750 nm [33].

2.5.3. Pharmaceutical characterization

2.5.3.1. Encapsulation efficiency and loading capacity. Prednisolone
permeate and gets entrapped into core of PSS-doped CaCO;
microparticles along with solvent facilitated a comprehensive pore
filling with an encapsulation efficiency of 63% and drug loading
capacity of 18.2%.

2.5.3.2. Drug release pattern and release kinetics. In-vitro drug
release profile of MPC was observed using dialysis bag by adapting
dialysis method. Maximum release of 88.3% of prednisolone was
observed in 200 mg of the microcapsules after 36 h. Drug release
kinetics were obtained by substituting the in-vitro release data in
equations of zero order, first order, Higuchi and Hixson-Crowell
models (Fig. 11a—d). The correlation coefficient values for zero order,
first order, Higuchi and Hixson-Crowell models were 0.90, 0.97, 0.97
& 0.96 respectively. Both first order and Higuchi model shows the
finest fit to drug release kinetics based upon the correlation coefficient.
Their linearity had been found in the square root of time versus
cumulative percentage of drug released (Fig. 11c) showed that the drug
release may possibly be happened from the inner core of the
microcapsules through diffusion, on the another hand the graphical
representation of the time versus cube Log % cum drug remaining
shows the relationship explains the release from the porous matrices
(Fig. 11d) [57,58]. Therefore, to understand upon the drug release rate
from the microcapsules is not just restricted by the drug particles
dissolution rate but further by the diffusion.

2.5.3.3. Stability studies. Storage stability studies on different
physicochemical and pharmaceutical parameters were performed at
25°C+ 65% relative humidity for 60 days are given in Table 2. No
considerable changes were observed throughout the duration of studies
[33].

3. Conclusion

Thus in the current study utilizing the adsorption capacity of PSS
doped CaCO3; microspheres and its further development as multi-
layered polyelectrolyte microcapsules encapsulated with prednisolone
and magnetite was described. Moreover, it has been proven that the
multilayer coating has the ability to prolong the release of the loaded
prednisolone within the incubation time. Hence, we would like to
conclude that this system holds great application potential for the use
in in-vivo drug delivery for rheumatoid arthritis magnetic targeted
therapy.
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