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The present investigation focussed on the development of a novel strategy to enhance the bioavailability
of risedronate sodium, which has poor and erratic absorption. Nanosponges were statistically developed
by full 3 factorial design using Design of Experiment software considering concentration of polymer and
stabilizer as independent variables and particle size and entrapment efficiency as experimental responses
by utilizing the modified quasi-emulsion solvent diffusion technique. Optimized formulation showed 67.27+
1.05 % entrapment efficiency, 155.8+2.17 nm particle size and —35.4 mV of zeta potential. The data from in
vitro release study showed burst release for initial 2 h followed by slow and sustained release up to 24 h, which
followed a diffusion-controlled release mechanism by the Higuchi model. Scanning electron microscopy
study showed uniformly discrete spherical particles with porous surface without any agglomeration. Stability
study demonstrated no significant changes in particle size, entrapment efficiency and in vitro release, which
indicated that the nanosponge formulation was stable. In conclusion, it appeared that the nanosponges were
a suitable nanocarrier system that could play a significant role in improving osteoporotic condition.
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Osteoporosis, derived from the Greek words osteon
(bone) and poros (pore), is a progressive bone disease
sometime called as “silent disease” because it leads
without any sign until a bone fracture occurs due to
decrease in bone mass density, bone micro architecture
deteriorates and alteration in varieties of bone proteins.
Various treatments are available for the management
of osteoporosis such as antiresorptive agents such
as bisphosphonates, selective oestrogen receptor

modulators, hormone replacement therapy, bone
forming agents, vitamin D and analogs!'-7.
Bisphosphonates, characterized under

Biopharmaceutics Classification System class 111
category (freely soluble and poor permeability)®,
have been used for the treatment of osteoporosis due
to powerful binding affinity to bones. Nano scale
formulation has significant low particle size that may
lead to dramatic changes in the pharmacokinetics of
drugs with poor solubility or permeability issues.
As a consequence, nano formulation allows more
passive diffusion and penetration of drug about 15-250
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times greater than that of micro particles through the
biological membranes™. Clinically, it was reported that
primary amino-bisphosphonates have adverse effects
such as esophagitis or reflux of partially dissolved
formulations. The presence of nitrogen in the pyridinyl
ring makes risedronate chemically distinct from other
amino-bisphosphonates as it contains the nitrogen in
primary amine. Risedronate is rapidly absorbed from
upper gastro intestinal tract!'” with a short biological
half-life of 1.5 h. Therefore, floating delivery system
has been developed to sustain the release of drug for a
longer period of timel'!).

Nanosponges (NSs) are minute particles with a size
range of about a virus (100-300 nm), which have
cavities that can be filled with a hydrophilic or a
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lipophilic drug. The sponges behave as a 3D network
or scaffold that permits better entrapment of drug. As
compared to other nanoparticles, NSs are porous, non-
toxic and stable at high temperature up to 300°!217),
The aim of the present research work was to develop
risedronate sodium (RS)-loaded NSs, using design
of the experiment, for the better management of
osteoporosis.

MATERIALS AND METHODS

RS was procured from Manus Aktteva Biopharma
LLP, Ahmedabad, India. Eudragit RS 100, Eudragit E
12.5, ethyl cellulose (18-22 cps), potassium hydroxide
(KOH), methanol, dichloromethane (DCM), polyvinyl
alcohol (PVA) were purchased from Loba Chemie,
Mumbai, India. All other chemicals used in research
work were of analytical grade.

Selection of solvent:

Solvent was selected based on the maximum solubility
of RS. An accurate quantity (5 ml) of different solvents
was taken in stoppered vials and excess amount of RS
was added in to each solvent followed by vortexing
for 10 min. Vials were kept at 25+2° under isothermal
orbital shaker (MSW-132, Macro Scientific Work Pvt.
Ltd., Delhi, India) for 24 h to attain an equilibrium
concentration. The samples were centrifuged at
5000 rpm for 15 min using a cooling centrifuge
(C-24 BL, Remi Instrument Pvt Ltd, Mumbai, India).
Supernatant was separated, diluted and analysed at
262 nm using UV/Vis spectrophotometer (UV-1800,
Shimadzu, Kyoto, Japan).

Formulation of drug-loaded NSs:

NSs of RS were prepared by modified quasi emulsion
solvent diffusion method. Accurately weighed quantity
(20 mg) of RS was dissolved in methanolic KOH
with the aid of sonication using bath sonicator (SW-4,
Toshniwal Instruments Pvt., Ltd., Ajmer, India). Ethyl
cellulose was dissolved in 10 ml of methanol:DCM
(1:1) solvent system. The drug solution was added
to the polymer solution under sonication to make an
internal organic phase. The organic phase was added to
external aqueous phase consisting of known strength of
PVA solution with continuous stirring on a mechanical
stirrer (RQ-121/D, Remi Instrument Pvt., Ltd.,
Mumbai, India) at 1600 rpm for 1.5 h. The prepared
NS were separated by centrifugation at 14 500 rpm at
—10° for 90 min('-1%1,

310 Indian Journal of Pharmaceutical Sciences

Design of the experiment:

Design Expert® (10.0.0.1) program was used for
statistical design of present NS formulation. The
statistical software was utilized to acquire information
not only about critical values required to achieve
the desired response but also to study the possible
interactions of the selected independent variables on
the dependent variables. A design with 4 centre points
and 4 points for lack of fit was used to obtain a robust
model. Independent variables such as the amount of
ethyl cellulose (X) and % PVA (X,) were used at low,
medium and high levels as shown in Table 1. This design
has provided 13 runs to study the effect of independent
variables on two dependent variables namely particle
size (Y,) and % entrapment efficiency (EE, Y,). The
amount of RS, volume of organic phase (10 ml),
stirring speed (1600 rpm) and stirring time (90 min)
were kept constant throughout the optimization
process. For this design, statistical significance was
set at 0.05 for the determination of probability values.
The interaction between independent and dependent
variables were graphically shown in contour plots and
3D surface response plots. The reliability of model was
confirmed by check point analysis.

EE determination:

The prepared NS dispersion was centrifuged by
aforementioned experimental parameters. Supernatant
was separated, diluted and analysed spectroscopically
at 262 nm to determine drug entrapment. Percent EE of
the formulation was calculated as follows??”: % EE =
[RS]total-[RS]supernatant/[RS]totalx100, where [RS]
total is the amount of total incorporated drug and [RS]
supernatantis the amount of free drug in the supernatant
layer.

Measurement of particle size:

The particle size of NS formulation was measured
on a zeta sizer (Nano ZS, Malvern Instruments,
Worcestershire, UK) after suitable dilution with
distilled water.

Determination of zeta potential and Fourier-
transform infrared (FTIR) spectroscopy:

Zeta potential is studied to characterize the surface
charge properties of NS. It was measured on the
Zetasizer after suitable dilution with distilled
water. FTIR spectra were recorded on a FTIR
spectrophotometer (IRAffinity-1, Shimadzu, Japan) to
study any interaction between RS and the excipients.
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TABLE 1: VARIABLES AND LEVELS FOR
STATISTICAL DESIGN

Independent Variables levels

variables Low (-1) Medium (0) High (1)

X, 60 100 140

X 0.5 1.0 1.5

2

X,= amount of ethyl cellulose (mg), X, = % of PVA

Samples were mixed with KBr in a ratio of 1:300 and
spectra were recorded in the range of 4000-400 cm’'.

In vitro buoyancy studies:

Accurately weighed amount of NS was placed in 0.1 N
hydrochloric acid (HCI). The mixture was stirred
at 100 rpm using a magnetic stirrer. At the end of
24 h, the floated and settled NS were recovered and
collected by centrifugation. Both the fractions of
NS were dried by lyophilization (MSW-137, Macro
Scientific Work Pvt Ltd, Delhi, India), weighed and
buoyancy was determined as follows, buoyancy (%) =
W /(W AW )x100, where W is the weight of floating
NS and W is the weight of settled NS.

In vitro drug release study:

In vitro release study was carried out using dialysis sac
method (HiMedia-Dialysis membrane 135, Mol. cut off
12 000-14 000 Da, Mumbai, India)*2?!, An accurately
weighed amount of NS formulation equivalent to 10 mg
of RS was dispersed in 5 ml of 0.1 N HCl and introduced
into the dialysis sac. The sac was hung in a glass
beaker containing 100 ml of 0.1 N HCI. The receptor
compartment was stirred continuously at 37+0.5° on a
magnetic stirrer. Aliquots from receptor medium was
withdrawn at predefined time intervals up to 24 h and
replenishing each time with same volume of buffer.
The samples were measured spectroscopically at
262 nm!?,

Surface morphology study:

The surface morphology and shape of NS formulation
were determined on a scanning electron microscope
(SEM; Jeol JSM-5610LV, England). Prior to
examination, the sample was mounted on to the metal
stubs using a double-sided adhesive tape under vacuum.
The equipment was operated with an acceleration
voltage of 15 kV and working distance of 20 um.
Images of NS were taken at various magnifications?*!.

Differential scanning calorimetry (DSC) analysis:

The thermograms of RS, physical mixture and
optimized formulation were recorded on a DSC (TA-
60, Shimadzu, Japan). Samples were weighed in an
March-April 2019

aluminium pan and scanned in the temperature range of
50-300° under dry nitrogen atmosphere at a heating rate
of 10°/min. The recorded thermograms were analysed
for interaction between drug and excipients?*4,

Stability study:

A stability study was carried out for the optimized
formulation as per International Conference on
Harmonisation guidelines. The NS were placed in glass
vials and stored at 25+2°/60+5 % RH and 40+2°/75+
5 % RH atmospheric conditions in a stability chamber
(Macro Scientific Work Pvt. Ltd., Delhi, India) for a
period of 1 mo. Samples were analysed for particle
size, % EE and in vitro drug release after the stability
period.

RESULTS AND DISCUSSION

The solubility of RS was studied in various solvents
such as methanol, ethanol and DCM. RS has satisfactory
solubility in a single organic solvent. However in the
preliminary studies, a problem was encountered after
the addition of internal organic phase (a mixture of
RS and polymer in a single solvent) into the external
aqueous phase. RS was precipitated in the aqueous
medium, which resulted in low entrapment of RS in NS.
Thereafter, a solvent system such as methanol:DCM
(1:1) and KOH in methanol was tried for dissolving
the polymer and RS, respectively. The internal organic
phase comprising of methanol:DCM and KOH in
methanol increased RS stability in the external phase,
which improved drug entrapment in formulation.
Therefore, this mixture of solvents for internal organic
phase was selected for the further optimization of NS.

Drug-loaded NS in different combinations were
designed and prepared by modified quasi emulsion
solvent diffusion technique. Various preliminary
trials were carried out before the implementation of a
statistical tool for the development of NS. Screening
of stirring speed was performed between the range
1300-1900 rpm. At the minimum speed of 1300 rpm,
lump formation of particles was observed. This might
be due to insufficient rotation speed at which the NS
were unable to get separated out. Ruptured particles
with irregular surface morphology were found at high
stirring speed of 1900 rpm. NS with discrete spherical
particles and even surface were formed at a speed of
1600 rpm. Therefore, this speed was selected for further
optimization of NS. Second important parameter
studied during the preliminary trials was stirring
time. Irregular particle formation was observed due to
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improper solvent evaporation after 1 h stirring, while
particles were ruptured after 2 h of stirring due to
increased stress on spongy particles. Uniform spherical
particles were obtained after 1.5 h stirring; therefore it
was selected for further optimization. Polymers such as
Eudragit RS 100, Eudragit E 12.5 and ethyl cellulose
were utilised in polymer screening process. Poor drug
entrapment and irregular shape particles were observed
when NS were prepared with Eudragit RS 100 and
Eudragit E 12.5. NS prepared with ethyl cellulose
showed uniform and discrete morphology with good
drug entrapment, therefore this polymer was selected
for further process.

Statistical correlation was evaluated among the factors
and responses by means of statistical Design Expert®
software. The statistical design has suggested 13 runs
for optimization of NS formulation and all experiments
were performed by considering 2 independent variables
with 2 experimental responses as shown in Table 2.
The primary stage in data analysis was to fit the
investigational data for suitable model. An appropriate
model was preferred by the statistical tool on the basis
of various statistical parameters. Therefore, various
models such as linear, quadratic, 2 FI and cubic were
studied for experimental responses using predicted
residual sum of square (PRESS) statistic for the
identification of appropriateness of model fitting. The
quadratic model was selected for both variables as it
showed lowest value of PRESS measurement compared
to other models. The p value was also found less than
0.05 that showed significance in the model fitting as
per the ANOVA analysis. The following polynomial
Eqns. were obtained to study the relationship
between independent and dependent variables. Y, =
139.4793+33.7X -10.43X,+11.77X *+24.77X *~
0.77X,X; Y, = 66.00+10.25 X +0.425 X -11.89 X *~
9.60 X >-4.35 X X..

The influence of independent variables on experimental
responses is depicted graphically in the contour and
3D surface response plots as shown in fig. 1. The plots
showed that particles size increases gradually with
increase in drug to polymer ratio from 1:3, 1:5 to 1:7.
The graph also depicted that, particles size increases
with 0.5 % w/v of PVA and decreases with 1 % w/v of
PVA. On the other end, it was found that the increment
in drug to polymer ratio leads to more % entrapment
due to the more exposure of polymer environment to
the drug. Overlay plot revealed in fig. 2 highlighted the
area showing upper and lower limits of responses as a
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TABLE2:FACTORIALLAYOUTANDEXPERIMENTAL
RESPONSES FOR NANOSPONGES

h Variable level

Experimental responses

Batc

code X, X, Y, Y,

K1 -1 -1 152.2+5.70 31.5+2.50
K2 -1 0 117.4+6.19 42.31+3.75
K3 -1 1 132.6+3.25 38.54+0.42
K4 0 -1 174.5+4.79 54.52+1.70
K5 0 0 139.5+1.29 65.48+3.51
Ké 0 1 154.2+5.18 60.42+1.07
K7 1 -1 220.9+4.29 58.11£2.33
K8 1 0 185.3+4.73 68.05:0.94
K9 1 1 198.2+3.97 47.72+1.06
K10 0 0 138.2+2.56 64.32+2.67
K11 0 0 140.6+3.09 65.14+3.45
K12 0 0 137.8+4.61 64.90+1.35
K13 0 0 139.1+4.21 65.39+2.75

Values are expressed as mean+SD, n=3

function of formulation components.

To set the objective for the selection of optimized
formulation, composition of NS with maximum drug
entrapment (%) and minimum particle size (nm) was
predicted by the software for check point analysis.
The predicted formula with 112.64 mg of ethyl
cellulose and 1.13 % w/w surfactant concentration
was experimentally prepared in triplicate and studied
for experimental responses. The practically obtained
% entrapment and particle size were significantly
identical with predicted values as shown in Table 3. The
NS showed considerably smaller mean particle size with
less polydispersity index of <0.20 that represent narrow
particles distribution within dispersion. The percent
error for both responses was very less. Therefore,
from this check point analysis it can be confirmed that
applied statistical design is a reliable model for the
optimization of drug-loaded NS.

Zeta potential greater than 30 imparted good
stability to nanoparticles dispersion. The optimized
formulation showed zeta potential value of —35.4 mV.
At this high potential, nanoparticles would exhibit a
great repulsion with each other, which significantly
prevented agglomeration of particles. Drug-polymer
compatibility studies were carried out using FTIR
spectroscopy to establish any possible interaction
of drug with the polymer used in the formulation.
Fig. 3 showed the presence of characteristic peaks of
RS in the formulated NS without any significant change
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Fig. 1: Contour plots and 3D response surface plots
Graphical presentation showing the effect of independent variables on experimental responses of (A) particle size and (B) entrapment
efficiency
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between RS and the excipients. The buoyancy study A Risedronate sodium (RS) B. physical mixture of ethyl cellulose
showed that 85.10+0.71 % of NS was remained buoyant  and risedronate and C. optimized nanosponge (NS) formulation
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after 24 h. This showed good stability of NS in acidic
media and provide an environment for the maximum
absorption of drug from the acidic medium. Hence, it
has been concluded that optimized NS was remained
in acidic media for the longer period of time (>24 h)
which is essential prerequisite for the absorption of
drug from acidic environment for the better therapeutic
performance of drug.

In vitro release profile of RS from optimized
formulation portrayed in fig. 4 showed burst release
of RS for initial 2 h followed by slow and sustained
release up to 24 h. Initial burst release might be due
to the adsorbed RS on the surface, which might get
released at a faster rate compared to RS entrapped
inside the core of NS. The matrix of NSs held RS and
controlled the release over the longer period of time.
Different kinetic models were applied to find out the
release behaviour of the optimized formulation. The
release kinetics of the optimized formulation has high
linearity for Higuchi model with regression coefficient

0 T : T T T
0 5 10 15 20 25
Time (h)
Fig. 4: In vitro release profile of optimized formulation, n=3

Fig. 5: SEM analysis of risedronate-loaded hanosponges
20000X

(R?) value of 0.939. Thus, from all this discussion it
could be concluded that optimized NS formulation
followed diffusion-controlled release mechanism as
per the Higuchi model.

SEM image of diluted sample of NS in fig. 5 showed
discrete spherical particles with porous surface.
The figure showed that the particles were uniformly
distributed without any agglomeration. SEM analysis
confirmed the nano scale range of the optimized
formulation, which was supported by the data obtained
from particle size analysis.

The thermogram in fig. 6A of pure RS showed sharp
endothermic peak at 263.78° corresponding to its
melting point indicating crystalline nature of pure
drug. Fig. 6B represents thermogram of physical
mixture of RS and ethyl cellulose with endothermic
peaks at 262.12° and 176.13° showing their melting
points, respectively. The thermogram in fig. 6C for
the optimized formulation depicted peaks of polymer
and RS at expected places without any variation. The
endothermic peak of RS is considerably broadened
indicating a decline in crystallinity of RS in NS
formulation.

The stability study of optimized formulation was
carried out for the period of 1 mo with the specified
storage conditions. The EE (%), particle size and
in vitro drug release study were evaluated at the end
of study as shown in Table 4. It was found that there
were no significant changes in the formulation with
respect to performed evaluation parameters and thus,
it could be concluded that formulation was stable after
1 mo stability study. The result of optimized formulation

283.78°

50.00 100.00 150.0C 300.00

Fig. 6: DSC thermograms
A. Risedronate sodium (RS), B. physical mixture and C.
optimized nanosponge (NS) formulation

200.00 250.00

TABLE 3: CHECK POINT ANALYSIS FOR SELECTED MODEL

Independent variables = Experimental variables Predicted value  Observed valuetSD  Residual % Error
X, - 112.64 mg Y, (nm) 150.24 155.8+2.17 5.56 3.56

X, -1.13 % w/w Y, (%) 68.67 67.27+1.05 -1.4 -3.52
Values are expressed as mean+SD, n=3
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TABLE 4: STABILITY STUDY DATA OF OPTIMIZED FORMULATION

After stability study
40+2°/75+5 % RH 25+2°/60+5 %RH

Parameters Before stability study
Particle size +SD (nm) 139.5+1.29
Entrapment efficiency +SD (%) 65.48+3.51
In vitro drug 95.8345.32

release study +SD

137.95+2.10 138.52+2.83
63.96+2.57 64.05£1.95
93.96+2.21 94.35+3.07

Values are expressed as mean+SD, n=3

found at accelerated conditions (40+£2°/75+5 % RH)
may produce long term reliability of formulation
besides the studied period.

The declarations made in present research work are
based on the various in vitro studies of the formulation.
The present research work concludes that the
permeability and bioavailability of BCS class III drugs
may be improved if delivered in the form of NS but
this statement can be supported only after performing
in vivo study. In this research work, an effort was
made to formulate NS using modified quasi-emulsion
solvent diffusion technique for the improvement in
permeability by the GI retention of drug. The work
further concludes that the concentration of polymer
ethyl cellulose (100 mg) and stabilizer PVA (1 % w/v)
play a key role in the optimization of the formulation.
The particle size and % EE of drug were vary with
the different concentrations of the polymer and the
stabilizing agent. The full 3? factorial design represents
that the optimized NS showed 155.8+2.17 nm particle
size and 67.27+1.05 % EE with sustained drug release
up to 24 h. The formulation was remained buoyant up
to 24 h that provides the GI absorption of drug. The
stability study also showed satisfactory findings with
all evaluated parameters. This work concludes that the
NSs of the RS could be an exceptional drug delivery
system for better management of osteoporosis.
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