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Short half life of propranolol hydrochloride (PPN), an antihypertensive drug is a prime requirement to develop a formulation which could
sustain the release of PPN in the human body and also eliminate daily multiple dosage of propranolol. In this study organoclay Pluronic
F68 modified montmorillonite (Mt) has been explored as a sustained release carrier for oral delivery of PPN. The developed organoclay
PF68-Mt was compared for adsorption capacity of PPN with pristine Mt. A detailed and systematic study to evaluate the effect of pH, time
and initial PPN concentration on drug loading capacity of organoclay PF68-Mt and pristine Mt has been evaluated. The synthesized PF68-
Mt-PPN composites were characterized by XRD, FTIR, TGA techniques. XRD studies suggested the intercalation of PPN within the
pristine Mt and organoclay PF68 - Mt. In vitro drug release profile of PPN from organoclay PF68-Mt composites is compared with that of
pristine Mt and the pure PPN, in simulated gastric and intestinal fluids. The release profile of loaded PPN in organoclay PF68-Mt shows pH
dependent release in simulated gastrointestinal fluid. The release behaviour of PPN from PF68-Mt-PPN composites was appeared to be in
more sustained manner than prisine Mt and pure PPN over a period of 24 hours. This study suggests that the modification of Mt with a non
ionic tri block co polymer Pluronic F68 provides better controlled on the release of PPN as compared to pristine Mt and pure drug. The
obtained PF68-Mt-PPN composites with high drug loading capacity and sustained drug release characteristics supposed to be a better oral
drug delivery system, for a highly hydrophilic low molecular weight antihypertensive drug PPN. The PF68-Mt-PPN composites developed
have the potential to minimize the drug dosing frequency and hence improving the patient compliance. Thus, proposing a new promising
formulation for oral sustained release drug delivery.
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mechanisms of the reactions that the clay minerals can have
with the organic compounds.’ Depending on the layer
charge of the clay mineral and the chain length of the
organic ion, different arrangements of organic molecules
between the layers can be formed.

Being non toxic, biocompatible and FDA approved,
montmorillonite (Mt) a smectite clay mineral is extensively
explored for oral drug delivery applications in recent years.
The advantageous characterstic physiochemical properties
of Mt provides it all the properties of an ideal drug delivery
vehicle, 114

INTRODUCTION

Recently there is a growing use of clays in delivery
technology in order to confer slow release properties of the
active ingredient, which is of particular interest in
pharmaceutical industry."?

Tetrahedral layer

Organoclays are extensively used in a wide range of
applications as a basis for the synthesis of clay polymer
nanocomposites, for photophysical applications, paints,
cosmetics, refractory varnish, thixotropic fluids, or
geochemical barriers in waste landfills.>” Surface
modifications of clay minerals in the form of organoclays
allows the creation of new materials and new applications.
However these materials are not widely explored in the area
of drug delivery.

Organoclays combine the properties of natural clays such
as a high surface area and a hydrophobic surface which
allow the adsorption of organic compounds or the dispersion
of clays into polymers.*®® Another feature is the strong
increase of the interlayer height, comparatively small for the
clay before modification,which makes easier the insertion of
guest molecules whose orientations follow those of the
previously adsorbed molecules used for the manufacture of
organoclays”'® The synthesis of organoclays is based on the
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Figure 1. Structure of montmorillonite

Organo-montmorillonites, are mainly obtained by
intercalating cationic surfactants such as quaternary
ammonium compounds into the interlayer space through ion
exchange.>'>'® The interlayer spacing of these organoclays
generally increases as the surfactant loading increases and
reaches a saturation limit which corresponds to or is larger
than the clay cation exchange capacity (CEC).'""'¢
However, the intercalation of a long alkyl tail surfactant
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within the interlayer space is irreversible and prevents any
further cationic exchanges which limit, as a result, the
potential applications of the nanocomposites and/or the
innovation of new hybrid materials.""'® Therefore, the
synthesis of organoclays by using other surfactants is a new
area of interest.

Pluronic F-68 a triblock copolymer has been approved for
biomedical applications by US food and drug
administration.” The properties of amphiphilic poly
(ethylene oxide)-B-poly-(propylene oxide)-p-poly(ethylene
oxide) (PEO-PPO-PEO) block copolymers in aqueous
media have attracted a great deal of interest because of
several important aspects.” > PEO-PPO-PEO copolymers
are commercially available surfactants (pluronics,
synperonics, poloxamers), whose molecular weight and
PEO/PPO composition ratio vary within a wide range. In
water amobe their critical micelle concentration (CMC)
value they usually spontaneously form nanosized core-shell
micelles having a  hydrophobic core composed
predominantly of PPO segments and a shell dominated by
hydrated PEO segments.”'** The PEO blocks have available
functionality to which receptor-specific ligands could be
attached. That is why the PEO-PPO-PEO copolymers meet
the specific requirements for various applications, such as
dispersion stabilization, emulsification, detergency, foaming,
lubrication  etc.'”*  presently the PEO-PPO-PEO
copolymers are being intensively evaluated as potential drug
and gene delivery systems for multiple pharmaceutical
applications as well as for diagnostic imaging as carriers for
various contrasting agents. The hydrophobic PPO core may
serve as a container for water insoluble drugs while the
hydrophilic PEO shell provides steric stability.'

Propranolol  hydrochloride, [(2RS)-1-(1-methylethyl)-
amino-3-(naphthalen-1-yloxy)propan-2-ol hydrochloride] is
widely used for the treatment of hypertension. The dose of
propranolol hydrochloride (PPN) ranges from 40 to 80 mg
day™. Due to shorter half life (3.9 hours) the conventional
PPN tablets has to be administrated 2 or 3 times daily so as
to maintain adequate plasma levels of drug.** Multiple drug
administration results either in manifestation of side effects
or reduction in drug concentration at the receptor site. Thus,
the development of sustained-release dosage forms would
clearly be advantageous.* Some researchers have formulated
oral sustained-release products of PPN by various
techniques.'*

In the present study FDA approved 2:1 smectite clay
mineral Mt and a non ionic surfactant Pluronic F68 has been
selected because of their structural, biological and industrial
importance for the synthesis of organoclay PF68-Mt. To the
best of our knowledge this system is reported for the first
time and being further explored as a sustained release drug
delivery vehicle for Propranolol hydrochloride (PPN) as a
model drug.

The synthesized organoclay PF68-Mt was characterized
by several complementary techniques including X-Ray
diffraction (XRD), Fourier transform infrared spectroscopy
(FTIR), TGA, DSC, and SEM.
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A systematic study was carried out to obtain PPN loaded
organoclay PF68-Mt composites by optimizing various
experimental conditions for maximum adsorption capacity
as a sustained release drug delivery vehicle. The obtained
PF68-Mt-PPN  composites were compared for their
physiochemical properties and in vitro drug release profile
with pristine Mt-PPN composites developed under similar
conditions.

The obtained preliminary results suggest the potential of
the synthesized orgnaoclay PF68-Mt-PPN composites for
oral and sustained release drug delivery of PPN for the
treatment of hypertension around the clock.

EXPERIMENTAL
Materials

Montmorillonite KSF, PPN (purity >99 %) and Pluronic
F-68 with a molecular weight equal to 8500 Dalton were
obtained from Sigma Aldrich St. Louise USA. Analytical
grade HCI, KCIl, NaOH, Potassium dihydrogen phosphate
was ordered by MERCK (Germany). All other reagents
whether specified or not were of analytical grade. Water
used in the experiments was deionized and filtered (Milli-Q
Academic, Millipore, France).
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Figure 2. Structure of Pluronic F68, n = 75 oxyethylene units, m =
30 oxypropylene units
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Synthesis of organoclay Pluronic F68-montmorillonite

A nonionic triblock copolymer PF68 was selected as
surfactant for the synthesis of organoclay PF68-Mt. In brief an
aqueous Mt dispersion (1% w/v) was allowed to swell overnight
at constant magnetic stirring of 500 rpm to form a stable Mt
dispersion. A 2 % (w/v) PF68 solution was prepared separately
and added gradually to the Mt dispersion to form a reaction
media (above CMC of PF68) within a period of 2 hours
followed by 6 hours stirring at normal room temperature. The
resulted hydrophobic reaction media was centrifuged at 20,000
rpm followed by several washings to remove the unreacted
PF68.
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The obtained residue was lyophilized at —45 °C and pressure
of 30 mTorr. Thus obtained organoclay PF68-Mt was
characterized with suitable analytical techniques as
discussed under characterization section and further used as
an adsorbent for the PPN.

pH Stability study of the aqueous PPN Solution

To start with the experiment, stability of PPN molecule as
a function of pH was evaluated in the pH range of 1-12. The
pH of the 10 ppm drug solutions was maintained using 0.1N
HCl and NaOH solutions using pH meter (Eutech
instruments). The solutions thus prepared were analysed
spectrometrically at A, of 289 nm.

Synthesis of organoclay Mt-PF68-PPN composites and pristine
Mt-PPN composites

In order to investigate the interaction of PPN with
organoclay PF68-Mt, PF68-Mt-PPN composites were
synthesized as per the reported method with certain
modification as function of time, pH, Mt content and PPN
content.'*

Effect of pH on the adsorption efficiency of PPN on
PF68-Mt, was investigated by treating 50 ml of 200 ppm
aqueous PPN solution with organoclay PF68-Mt (0.1 g) in
the pH range of 1 to 11 and allowed to stir on a magnetic
stirrer for a period of 2 hours at 1000 rpm. In the next step,
effect of contact time on the adsorption efficiency of PPN
onto PF68-Mt surface was evaluated. The 50 ml aqueous
PPN solution of 200 ppm concentration at pH 9.6 was
treated with organoclay PF68-Mt (0.1 g) over a period of
0.25, 0.5, 0.75, 1, 2 and 3 h on a magnetic stirrer at 1000
rpm. Further, the effect of initial drug concentration on the
adsorption capacity of PPN on PF68-Mt was evaluated. The
0.1 g of PF68-Mt was treated with 50 ml of PPN solution in
the concentration range of 2 mg-20 mg/50 ml (40-400 mg
L") at the original aqueous drug solution pH (9.6) and
allowed to stir on a magnetic stirrer for a period of 2 h at
1000 rpm.

After desired reaction time, PF68-Mt-PPN dispersion
were centrifuged with 20,000 rpm for 30 minutes at 10 °C
(Sigma, Sartorius, 3K30).The free PPN concentration in the
supernatant ~ were  determined  using  UV-visible
spectrophotometer (Analytic Jena) at 289 nm from the
Lambert-Beer’s plot and the percentage of the drug
adsorbed, being calculated using equation 1.

C.-Ce
Drug adsorbed (%) =—1

x100 (1)

1
where
C; is the initial drug concentration (mg L) and
C. is the concentration of the drug (mg L) in the

supernatant at the equilibrium stage.

The amount of drug adsorbed . (mg g"); was calculated via
the mass-balance relationship as per the equation 2.
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where

V is the volume of the reaction media in litre and
m is the mass of organo-Mt used for the studies in grams.

In order to compare and evaluate the effect of pristine Mt,
experiments were also performed to synthesized pristine Mt-
PPN composites and evaluated for drug adsorption capacity
in a same manner as a function of time, pH, and PPN
content as discussed above.

Characterizations of organoclay PF68-Mt, pristine PPN-Mt
composites and PF68-Mt-PPN composites

Powder X-ray diffraction (PXRD) measurements of
pristine Mt, organoclay PF68-Mt, PF68-Mt-PPN and
pristine Mt-PPN composites were performed on a powder
X-ray diffractometer (XPERT PRO Pananlytical, model
PW3040160, Netherland) the measurement conditions were
Cu K a radiation generated at 40 kV and 30 mA as X-ray
source 2-40° (20) and step angle 0.01° s™. FTIR spectra of
the same samples were recorded with an FTIR
spectrophotometer (Perkin Elmer, Spectrum BXFTIR
Spectrometer) using the KBr (Merck, Germany) disc
method. Thermogravimetric analysis was carried out within
30 — 700 °C at 10 °C min™ in nitrogen flow (TGA 2050
Thermal gravimetric Analyzer. Differential scanning
calorimetric studies were conducted on DSC instrument
(DSC Q200 V23.10 Build 79). The samples were purged
with dry nitrogen at a flow rate of 10 ml min" and the
temperature was raised at 5 °C min'. For surface
morphology analysis, one drop of the samples was mounted
on a stubs; sputter coated with gold in a vacuum evaporator
and photographed using a scanning electron microscope
model (ZEISS EVO 40) with an accelerating voltage of 20
KV. For particle shape and size, samples were examined by
mounting a sample drop on the carbon coated copper grids,
dried overnight and photographed using a transmission
electron microscope (TECNAI G2 T30, U-TWIN) with an
accelerating voltage of 300 kV. Zeta potential of the 0.01 %
aqueous suspension of the samples were determined using
Malvern zeta sizer Nano ZS.

In vitro drug release studies

In vitro drug release studies of pristine Mt-PPN
composites and organoclay PF68-Mt-PPN composites, were
evaluated in two dissolution media consisting of simulated
intestinal fluid (PBS, pH 7.4) and simulated gastric fluid
(HCI, pH 1.2) using the dialysis bag technique.”® Both the
dissolution media were prepared as per the reported
method.”

Dialysis membranes (Sigma-Aldrich, Mw. 8405) were
equilibrated overnight with the dissolution medium prior to
experiments.
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Weighed amount of pristine Mt-PPN composites and
organoclay PF68-Mt-PPN composite with known drug
content were taken in 5ml of dissolution media in the
dialysis bag. Enclosed dialysis bag was dipped into the
receptor compartment containing 100 ml dissolution
medium, which was closed and maintained with 100 rpm at
37+0.5 °C. 5 ml of aliquote was withdrawn at regular time
intervals and the same volume was replaced with a fresh
dissolution medium maintained at 37°C. The withdrawn
aliquotes were analyzed for PPN content by UV-Visible
spectrophotometer (Analytic Jena) at 289 nm. Cumulative
percentage of drug release was calculated by Lambert-
Beer’s plot of PPN obtained in the same dissolution media.

RESULTS AND DISCUSSION
Characterization of Organoclay PF68-Mt

XRD studies

Pristine Mt showed a characteristic diffraction peak at 26
of 6.4° (001 plane) representing d spacing of 13.4 A In
case of synthesized organoclay PF68-Mt a shifting in 26
value from 6.4° to 4.6° and stronger intensity was observed
(Figure 4). According to Bragg’s law, shifting in 20 value
from higher diffraction angle to lower diffraction angle is
because of increase in d spacing and intercalation of an
organic moiety.”>"' An increase of 9.2 A was observed on
intercalation of PF68 in Mt layers corresponding to the
increase in d spacing from 13.6A to 18.8 A.

Intensity Counts

2 Theta (°)

Figure 4. XRD pattern of Pristine Mt, organoclay PF68-Mt

Pluronic F68 a non ionic triblock copolymer of poly oxy
ethylene, poly oxy propylene as already discussed earlier is
known to form micelles in aqueous media above its critical
micelle concentration (CMC)."”*? During the synthesis
process of organolay PF68-Mt, these PF68 micelles
supposed to interact with the interlayer water molecules and
polar groups of Mt, resulting in intercalation of PF68 with
increase in d spacing from 13.6 to 18.8 A.
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A schematic representation for synthesis of organoclay
PF68-Mt with PF68S is represented in Figure 5.
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Figure 5. Schematic representation for the synthesis of organoclay
PF68-Mt

FTIR studies

In order to confirm the presence of surfactant PF68 within
the interlayer region of the Mt, FT-IR spectra were recorded
in the region 400-4000 cm™. In the IR spectrum of Mt, the
band at 1049 cm™ has been assigned to Si-O stretchin% and
is the characteristic band of Mt. The band at 3428 cm™ and
3629 cm™ has been assigned to H-O-H stretching vibrations
from interlayer water and O-H stretching vibrations of the
structural OH group. The absorption band at 1639 cm
corresponds to H-O-H bending. The absorption bands at 538
em”’ and 474 cm’ are strong bending vibrations
corresponding to Al-O-Si and Si-O-Si respectively.”*
(Figure 6).

29212882

1044

Tranmittance (%)

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Figure 6. FTIR spectra of pristine Mt, Pluronic F68, organoclay
PF68 - Mt

The major peaks observed around 3446 cm™ in PF68 is
assigned to the vibrations of hydroxyl (-OH) groups.”> A
strong absorption band at 2889 cm™ was observed. The
characteristic peaks at 957 cm™ and 1111 cm™ in PF68 were
due to C—O symmetrical structure and C—O asymmetrical
stretching vibrations of ether groups.
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The peak at 1282 cm™ is assigned to —CH, group vibration
of PF68.%° The presence of functional groups of PF68 on the
surface of Mt is verified by peaks at about 2921cm™ and
2882 cm’' characteristic of the aliphatic C—H antisymmetric
and symmetric vibrations respectively from the methylene
group of PF68. Beside two new bands at 1351 cm™ and
1456 cm™ were also appeared. The presence of these bands
in organoclay PF68-Mt indicates that PF-68, the neutral
surfactant could interact with the Mt layers through an ion-
dipole type interaction or hydrogen bonding between the
hydrophilic or polar part of the PF68 and the water
molecules around the exchange cations of the Mt.***’

TG-DTA studies

The pristine Mt shows high thermal stability with weight
loss of 10 % from 30-140 °C and is attributed to the loss of
adsorbed and interlayer water followed by dehydroxylation
in the temperature range from 600-750 °C respectively.'> In
case of organoclay PF68 a weight loss of 3.5 % was
observed because of the loss of surface sorbed water in the
temperature range of 25-35 °C (Figure 7).
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Figure 7. TG pattern: pristine Mt, organoclay PF68 - Mt

A second step weight loss of 8 % was observed from
105 °C to 180 °C due to the replacement of interlayer water
by organic PF68 which thermally unstable in this region. In
third step from 180 °C to 700 °C, a final weight loss of 10 %
was observed and combindly attributed to the thermal
decomposition of the PF68 and structural hydroxyl groups.
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Figure 8. DTA pattern pristine Mt, organoclay PF68-Mt
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The DTA thermo gram of pristine Mt resulted in a strong
endothermic peak at 80 °C and broad endothermic peak at
600 °C corresponding to evaporation of the adsorbed water
and loss of structural water respectively.**** However, in
case of organoclay PF-68 DTA pattern (Figure 8), an
endothermic event at 149 °C corresponding to
decomposition of intercalated surfactant moiety was
observed.*®’ This event is followed by an exothermic
pattern which might be attributed to the thermal degradation
of intercalated PF68 moiety.

DSC studies

In pristine Mt, the broad endotherm cantered at 110 °C is
attributed to the dehydration of adsorbed water (Figure 9). In
case of organoclay PF68-Mt a sharp endotherm at 63.9 °C
corresponds to melting of intercalated PF68 within Mt
layers was observed. Second endotherm at 153 °C is
attributed to the decomposition of organic copolymer
species’”*® followed by broad endothermic region in the
range of 285-355 °C attributed to the thermal degradation of
PF68 within Mt layers.
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Figure 9. DSC curves: pristine Mt, Pluronic F68, organoclay PF68 - Mt
Surface morphology studies

Scanning electron microscopic (SEM) studies indicates
that surface morphology of organoclay PF68-Mt was
relatively porous compared to the pristine Mt. The particle
size of PF68 modified Mt was found in the range of 1 to 2
pm (Figure 10) by SEM analysis.
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Figure 10. SEM of Mt (a) and PF68 modified Mt (b)
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pH Stability study of the aqueous PPN solution

The pH stability of the aqueous PPN solution in the pH
range 1 to 11 was investigated spectrophotometrically. The
UV absorption spectra of PPN show two absorption peaks at
214 nm and 289 nm corresponding to different electronic
transitions of the molecule. It has been found that PPN
maintains its stability (Figure 11) within the experimental
pH range as there is no change in the absorption spectra of
PPN molecule was observed.
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Figure 11. Absorption spectra of PPN as a function of pH of the
PPN aqueous solution

Effect of pH on adsorption efficiency

The pH of the drug solution has always played a crucial
role in adsorption process. pH effect of PPN aqueous
solution on pristine Mt and organoclay PF68-Mt surface is
shown in Figure 12. The results suggest that in the pH range
of 5-10 adsorption of PPN on pristine Mt surface remain
almost constant. But there was sharp decrease in adsorption
when the pH was above 10 and below 5 up to 3. Whereas in
case of organoclay PF68-Mt, the adsorption of PPN on
PF68-Mt was found increase from (50 % to 85 % of 200
ppm drug solution) in the pH range of 2-10 followed by
decrease up to 61 % at pH 11. This can be explained on the
basis of pK, value of PPN (pK,= 9.5).

It has been reported that PPN undergo ionization under
different pH conditions and about 75.8 % of it is in
protonated form at pH 9 which increases to 99.7% and
99.9 % at pH 7 and pH 5 respectively. Hence, the high
adsorption of PPN on pristine Mt surface (96-98 %) was
observed at 200 ppm attributed to the strong affinity of
negatively charge Mt surface for protonated form of PPN.
However, decrease in adsorption (%) below pH 5 could be
because of the competition between high concentrations of
H' ions present at low pH which get adsorbed on the Mt
surface. Besides at high pH values, the species of negetive
PPN increases and slightly reduce the adsorption of drug at
pH 11 due to repulsion between Mt and drug. With increase
in pH, PPN exsist in the protonated form and positive charge
on the surface of the PF68-Mt decreases resulting in high
adsorption of PPN with PF68-Mt layers. At pH above pK,,
PPN is negatively charged, which restricts the adsorption of
PPN as a result of the repulsive force between PPN and the
negatively charged surface of the PF68-Mt leading to
decreased adsorption % at pH 11.
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Figure 12. Effect of pH of PPN solution on adsorption efficiency
at Mt, PF68-Mt with conc. 200 ppm and time 2 h

Effect of time on adsorption efficiency

Time dependent adsorption of PPN on pristine Mt shows
82 % adsorption of PPN (200 ppm) within a period of 30
minutes (Figure 13). The adsorption (%) increased up to
85 % in 2 hours and tends to decrease up to 84 % in 3 h.
Negative surface charge as well as the rapid ion exchange
process between Mt interlayer Na' ions and cationic PPN
molecule is mainly attributed for the higher uptake of PPN.
Time dependent adsorption of PPN on PF68-Mt shows
76.8 % adsorption of PPN (200 ppm) within a period of 30
minutes which increased up to 78.3 % over a period of 3 h.
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Figure 13. Effect of time on adsorption efficiency at pristine Mt,
Organoclay PF68-Mt with conc. 200 ppm and pH 9.6

Effect of PPN concentration on adsorption efficiency

At the natural pH of PPN (pH 9.6), the adsorption of PPN
on pristine Mt and organoclay PF68-Mt is affected by its
initial amount present in the solution (Figure 14). As the
PPN amount in the solution increases from 2 to 4 mg (40 to
80 ppm), the adsorption % increases from 92 % to 95 %.
With further increase in the initial drug amount up to 20 mg
(400 mg L") the adsorption % decreases upto 49.5 % and
67.6 % whereas the total amount of drug adsorbed increases
from 1.8 mg to 9.9 mg and 1.86 mg to 12.8 mg for pristine
Mt and organoclay PF68-Mt respectively. Therefore, it
could be concluded that due to the higher availability of the
adsorption sites, nearly 100 % adsorption was obtained at
lower concentration of initial drug.
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Modification of Mt with PF68 might have increased the
surface area of the Mt, which has provided the larger
adsorption site for interaction with PPN resulting in high
adsorption % of PPN on organoclay PF68-Mt as compared
to pristine Mt. The adsorption capacity 127 mg g~ and
171mg g was observed for pristine Mt and organoclay
PF68-Mt respectively.
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Figure 14. Effect of initial amount of PPN solution on adsorption
efficiency of pristine Mt with equlibrium time 2 h and pH 9.6
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Figure 15. Effect of initial concentration of PPN solution on
adsorption efficiency of organoclay PF68-Mt with time equlibrium
time 2 h and pH 9.6

Characterization of pristine Mt-PPN composites and
organoclay PF68-Mt-PPN composites

XRD Studies

The XRD pattern of pristine Mt, pure PPN and pristine
Mt-PPN composites are shown in Figure 16. Mt showed a
distinct diffraction pattern (001 plane) at 20 = 6.4°
representing a 13.4 A thickness of the Mt layer.** The Mt-
PPN composites prepared at optimized conditions did not
present the PXRD pattern of drug alone, suggesting that
drug was in an amorphous form. In case of Mt-PPN
composites a shifting in 20 value from 6.4° to 5.6° and
stronger intensity was observed. A previous study,” suggest
stronger intensity of the basal spacing peak occurs when the
drug molecule was intercalated within the Mt layers.
According to Bragg’s law, shifting in 20 value from higher
diffraction angle to lower diffraction angle is because of
increase in d spacing. This indicates increase in the
interlayer spacing upon intercalation of PPN in the Mt layers
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from 13.6 A to 15.6 A with the replacement of interlayer
cation by PPN. Subtracting the Mt layer thickness (9.6 A)
from the d spacing (15.6 A) of the Mt-PPN complex, the Mt
layer thickness was estimated to be 6A.3*!

20=5.6°
d=15.6A

Intensity Counts

0 5 10 15 20 25 30 35 40
2 Theta ()

Figure 16. XRD pattern of pristine Mt, Mt-PPN composites, pure PPN

The result suggested that intercalated PPN form a monolayer
with lying flat on the Mt surface as shown in Figure 17.

ML-PPN composites

d ”“I‘-""O\"w?\.!

Pristine Mt Hydrated cations

Figure 17. Diagrammatic representation of PPN intercalation
within Mt layers

When organoclay PF68-Mt with d spacing of 18.8 A was
used as adsorbent for PPN the 2 0 value of optimized
sample shift from lower to higher diffraction angle of 4.6° to
4.9° with decrease in d spacing from 18.8 A to 18.05 A (Figure 18).

Intensity Counts

’ . ——— - 3
2 4 6 8 10 12 14 16 18
2 Theta (%)

Figure 18. XRD pattern of pristine Mt, PF68-Mt, PF68-Mt-
PPNcomplex
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The decrease in d spacing might be attributed to the
replacement of certain intercalated PF68 (surfactant) moiety
with PPN molecule. In order to accommodate the PPN
molecule within the Mt layers, space is created by
replacement of certain PF-68 (surfactant) molecule and the
interaction of hydrophilic PEO with hydrophilic PPN moiety
might be suggested.

./i
Amangementof 3 PF-68 micelles
in organoclay PRGE-MI

d=15BA

Ojog
|
\dm%\

PF-68 micelles

Jo

Replacement of PPN with PF-62 micelles in
PF65-WI-PPH composies

= o PF-68 micellos.

3"
= ']
8"‘3\ Q@ Frimlcai
L O HCl

Figure 19. Diagrammatic representation for intercalation of PPN
within PF68-Mt

It has been well established, that above CMC, PF-68
molecule arranges itself into the spherical micellar form.'**
So, it can be suggested that because of hydrophilic-
hydrophillic interaction the PPN molecule might get placed
within hydrophilic corona of the PF68 micelles, (Figure 19)
and hence being smaller in size, no significant change in the
d spacing of PF68-Mt was observed.

On the basis of obtained XRD results it could be concluded that
pristine Mt, organoclay PF68-Mt, pristine Mt-PPN composites
and organoclay PF68 PF68- Mt-PPN composites followed the
order of d spacing as:

Mt<Mt-PPN < PF68-Mt-PPN < PF68-Mt

FT-IR studies

The FT-IR spectrum of pristine Mt, pure PPN and Mt-PPN
composites prepared by adsorption/ion exchange process is
shown in Figure 20. The FT-IR spectra of PPN revealed the
presence of peaks at 3323 and 3283 cm™ corresponding to
N-H and O-H stretching peaks. The aryl alkyl ether
displayed a stretching band at 1268 cm ' and the peak at 798
cm ' was due to substituted naphthalene.***'*?

100
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Figure 20. FTIR spectrum of pristine Mt, Mt-PPN composites,
pure PPN
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The principal peaks depicted in the IR spectra of PPN
occur at wavenumbers 1103, 1270, 772, 1580,795 and 1240
cm™. These peaks represent the stretching vibrations of the
different functional groups that are present in the PPN
structure. The wavenumbers 772 and 795 can be associated
with the aromatic functional groups, 1240 and 1270 with the
amine functional group, 1103 with the OH group and 1580
with the ketone group respectively. **

The FT-IR spectrum of Mt has already been discussed under
the section characterization of organclay PF68-Mt.

In case of pristine Mt-PPN composites, peaks at 2934 and
2862 appear because of the C—H stretching of the CH; group
of PPN in the Mt-PPN composites. Not all characteristic
bands belonging to Mt and PPN appear in the spectrum of
PPN-Mt composites; several new bands in the region of
1250 cm' to 1500 cm' are also recognized. This also
indicated that PPN interacts with the Mt layers.

However in the FT-IR spectra of organoclay PF68-Mt and
PF68-Mt-PPN composites there is no significant difference
was observed (Figure 21). The characteristic peaks related
to PPN were not observed strengthening the fact of
intercalation of PPN molecule with the organoclay PF68-Mt
interlayer region.

Transmittance (%)
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Figure 21. FTIR spectra: organoclay PF68-Mt, PF68-Mt-
PPNcomposites

Zeta potential analysis

The zeta potential values of pristine Mt, organoclay PF68-
Mt, pristine Mt-PPN composites and organoclay PF68-Mt-
PPN composites at their natural pH in aqueous media were
found to be negatively charged (Table 1). The negative
charge of pristine Mt decreased after
adsorption/intercalation of cationic drug PPN. Whereas, the
same was increased after intercalation/surface adsorption of
nonionic surfactant PF68, attributed to negatively charge
terminal hydroxyl groups of poly oxy ethylene groups in
PF68. When, organoclay PF68-Mt was used as an adsorbent
for the PPN, it maintains the negative surface charge
strengthening the fact of PPN intercalation within
organoclay PF68-Mt layers as confirmed by XRD and FT-
IR analysis.
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Table 1. Zeta potential analysis

Code Zeta potential (mV)
Pristine Mt -33.9
Mt-PPN composites -31.7
Organoclay PF68-Mt -35.5
PF68-Mt-PPN composites -35.3

TG Studies

The TG thermogram of pristine Mt shows high thermal
stability in the temperature region of 30-700 °C with weight
loss of 10% from 30-150°C corresponds to the evaporation
of free water and water bound to the cations present within
the interlayer (Figure 22). Weight loss in the temperature
range from 600-750 °C is due to the loss of hydroxyl groups
in the aluminosilicate structure and at this point the structure

12,38,39
of the Mt layers collapses.
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Figure 22. TG pattern: pristine Mt, PPN- Mt composites,
PF68-PPN- Mt composites, Pure PF68

The thermogravimetric profile of pristine drug PPN
(Figure 22) show a sharp weight loss at around 230-320°C
corresponding to decomposition of the PPN molecule.*
Pristine PF68 shows 100 % weight loss in the temperature
range of 200 to 425°C.*

The pristine Mt-PPN composites (Figure 22) shows weight
loss in three steps in the temperature region of 80-120 °C, 200-
350 °C and 600-750 °C. The first weight loss of 6 % was
observed from 80-150 °C suggesting replacement of interlayer
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water with PPN molecule. The weight loss observed was
smaller than the pristine Mt (~10 %) because of the
replacement of interlayer water with intercalated PPN which
supposed to be stable and does not show any weight loss
upto 200 °C. Weight loss from 600-750 °C might be attributed
to the loss of structural OH group in Mt-PPN composites.
Decomposition of intercalated PPN within Mt layers took place
in the temperature region of 250400 °C evident by weight loss of 6 %.

In case of organoclay PF68-Mt, higher weight loss than PPN-
Mt composites and degradation of PF68 at lower temperature
than pure PF68 (Figure 21) was observed. Presence of less
content of Mt is clearly evident from the thermo gram of
organoclay PF68-Mt. When organoclay PF68-Mt was used for
the adsorption of PPN, it shows the higher weight loss than
PPN-Mt composites but less than PF68-Mt organoclay
suggesting the fact of less surfactant content present within the
PF68-PPN-Mt composites as has been concluded by XRD
studies. Beside this, PF68-Mt-PPN composites follow the
degradation pattern for both PF68 and PPN in the
temperature range of 200-400 °C.

In case of pure Mt, pristine Mt-PPN composites, organoclay
PF68 -Mt and PF68-Mt-PPN composites 82 %, 82 %, 80 %
and 78 % residue was obtained in the temperature range of 20-
700 °C, respectively, or otherwise it could be said that 18 %,
18 %, 20 % and 22 % weight loss was observed respectively. In
case of PPN-Mt composites, replacement with PPN reduces the
intercalated water content within Mt layers. Improved thermal
stability of intercalated drug was also observed than the pure
drug, followed by the same thermal behaviour as of pristine Mt.

Scanning Electron Micrographic studies

The surface morphology of pristine Mt particles (Figure
23a) was in platelet form and displayed many flakes on the
surface. The pristine Mt-PPN composites had irregular
shapes as shown in Figure 23b.

Figure 22. SEM images of Mt (a) organoclay PF68-Mt (b) Mt-
PPN composites (c) and PF68-Mt-PPN composites (d)
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It has been found that the Mt-PPN composites had a
different surface morphology when compared with that of
pristine Mt alone as found to be more porous on surface
leading to more open structure (encircled by red). Surface
morphology of PF68-Mt-PPN composites were found to be
irregular shaped particles with particle size in the range of 1-
2 microns (Figure 22c). However no significant change in
the surface morphology as compared to organoclay PF68-Mt
(Figure 22d) was observed.

Transmission electron micrographic studies

TEM images of pristine Mt clearly reveal the layered
platelet structure of Mt with particle size in the range of 1.5
to 2um (Figure 24a and b). TEM images of Mt-PPN
composites are shown by (Figure 24 ¢ and d). As a result of
sonication required for sample preparation for TEM analysis,
secretion of intercalated spherical drug particles of size 50-
100 nm from Mt layers can be seen clearly (Figure 24c)
further confirmed by the presence of PPN peakin UV
spectra of sonicated sample of pristine Mt-PPN composites
(Figure 24e).
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Figure 24. TEM images of pristine Mt (a and b) and Mt-PPN
composites (¢ and d), UV spectra of aqueous PPN solution and
sonicated Mt-PPN composites e.
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In vitro drug release studies

In vitro release of pure PPN in simulated gastric (HCI, pH
1.2) and intestinal fluid (PBS, pH 7.4) at 37 °C was
observed to be 84 % and 87 % (Figure 24) over a period of 4
h, respectively, approaches to 87 % and 90 % by the end of
8 h. In both the cases release pattern was not in a controlled
manner (~ 36 % release per minute).'

When the pristine Mt-PPN composites exposed to the
dissolution medium, the simultaneous penetration of the
surrounding medium and cation exchange process occurred
leading to a burst drug release of 40 % in simulated gastric
fluid (SGF), and 23 % in simulated intestinal fluid (SIF) in
initial first hour corresponds to adsorbed drug on the surface
of the particles. Then the cation diffuses deep into the
particles to exchange the drug, which leads to slow release
of 57 % and 39 % by the end of 4 hours approaches to 75 %
and 46 % by the end of 8 hours in SGF and SIF respectively
(Figure 25). This study showed that release of PPN from the
composites is controlled by a particle matrix that acts as
diffusion barrier for drug release.”> The difference in pH,
presence of cations and higher solubility of PPN may be
responsible for higher release of drug in acidic media. The
percentage released of PPN was not up to 100 % probably
due to the characteristic of ion-exchange reaction, i.e. this is
an equilibrium process, and the interlayer cations cannot be
exchanged completely.***’

100 4

Cumulative Release (%)

T T T T T T
0 1 2 3 4 5 6

~ -
0 =4

Time (Hours)

Figure 25. In vitro drug release profile in SGF (pH 1.2): pure PPN,
Mt-PPN complex, PF68-Mt-PPN composites. In SIF (pH 7.4): pure
PPN, Mt-PPN complex, PF68Mt-PPN composites

In case of PF68-Mt-PPN composites, initial burst release was
substantially controlled by the presence of PF68 in both the
dissolution media as only 7 % drug release was observed within
first hour which approaches to 13 % and 11 % by the end of 4 h.
The cumulative drug release of 16.4 % and 24.5 % over a
period of 8 hours in SGF and SIF was obtained respectively
which approaches to 20.9 % and 38.96 % by the end of 24 h
(data not shown). In the present case it has been proposed that,
triblock copolymer PF68 was intercalated within Mt layers in
the form of micelles. So, the diffusion process is suggested to
be responsible for the drug release from organoclay PF68-Mt.
As a result of the interaction of PPN with hydrophilic parts of
PF68 (PF 68 corona) the hydrophilic-hydrophilic interaction
may prevents the release of drug in the dissolution media.
However less release in SGF (HCl pH 1.2) is might be
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corresponds to the stability of Mt layers within the acidic media.

Whereas, in case of pristine Mt, simply ion exchange process
was the main driving force for release of drug in the dissolution
media resulting in comparatively faster drug release process.

In vitro drug release data suggest that organoclay PF68-
Mt-PPN composites are able to retain the high amount of
PPN in simulated gastric fluid (the desired site of
absorption), as compared to pristine Mt-PPN composites,
with the advantage of gradual drug release over a longer
period of time, thus able to increase the absorption, improve
drug efficacy, and decrease dose requirements.

CONCLUSION

In the present work Pluronic F68 a non-ionic triblock
copolymer has been reported for the first time for synthesis
of organoclay PF68-Mt organoclay. The intercalation of
PF68 moiety was confirmed by XRD, FT-IR, zeta potential
and thermal studies.

The feasibility study of developed PF68-Mt organoclay is
further being explored as a drug delivery vehicle for
propranolol HCI, an antihypertension drug.

The developed PF68-Mt-PPN composites were compared
for their physiochemical proerties and in vitro drug release
behaviour with pristine Mt-PPN composites.

In case of pristine Mt-PPN composites developed by ion
exchange/adsorption method, 127 mg g” of PPN was found
to adsorb on the Mt surface. Intercalation of PPN was

confirmed by XRD, FTIR, zeta potential and thermal studies.

In vitro drug release profile of pristine Mt-PPN composites
shows PPN release in simulated intestinal fluid was more
sustained as compared to simulated gastric fluid over a
period of 8 h governs by ion exchange process.

Organoclay PF68-Mt reveals enhanced negative surface
charge with high adsorption capacity as compared to pristine
Mt as adsorption capacity increase upto 171 mg g'. XRD
studies suggested that organoclay PF68-Mt possesses
highest d spacing followed by PF68-Mt-PPN composites,
Mt-PPN composites and pristine Mt and confirms the
intercalation of PPN within organoclay PF68 layers.

In vitro drug release profile of PF68-Mt-PPN composites
suggest that, presence of intercalated PF68 in the composites
significantly retarded the release of PPN in simulated gastric
and intestinal fluid as compared to pristine Mt. The
sustained release pattern of PPN might be attributed to the
interaction of PPN with hydrophilic parts of PF68 intercalated
within Mt layers.

Thus the developed PF68-Mt-PPN composites have
promising potential to sustain the release of PPN than
pristine Mt, able to reduce the dosing frequency and
associated side effects. The obtained preliminary results
suggest that synergism of FDA approved biocompatible Mt
and Pluronic F68 can be further explored as a successful
formulation of PPN as oral and sustained release drug
delivery vehicle.
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