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ABSTRACT PURPOSE: The present work is
intended to develop a sustained bioadhesive drug deliv-
ery system for delivery of Ciprofloxacin Hydrochlo-
ride in Cul-de-Sac for sustained and effective
antimicrobial chemotherapy. For this, ultrathin multi-
composite capsular systems were selected. METH-
ODS: Multicomposite ultrathin capsules are molecular
assemblies of tailored architecture having layer-by-
layer adsorption of oppositely charged macromole-
cules onto colloidal particles. In the present study col-
loidal calcium phosphate core and gluateraldehyde
fixed RBCs were used as core on which alginate (-vely
charged) and polyallylamine hydrochloride (+vely
charged) polyelectrolyte coating was deposited alterna-
tively upto 10 layer. The coating in each subsequent
layer was determined by changes in zeta potential.
Ciprofloxacin hydrochloride was loaded in the cap-
sules by incubation with the capsules suspended in
phosphate buffer saline pH 7.4. The cores of the cap-
sules were then removed by treatment with 0.1N HCl
for calcium phosphate core and by sodium hypochlo-
rite for RBC cored capsules. The hollow ciprofloxacin
HCI loaded capsules were the evaluated in-vitro for
pattern of layer-by-layer drug loading, drug release, sta-
bility at various temperatures and ionic concentrations
and corneal retention. RESULTS: The core removal
process was found to have minimal effects on drug
loading in capsules. The drug loading was found to be
higher for RBC cored hollow capsules and hence
release rate was lower as compared to calcium cored
hollow capsules. Draize test for corneal irritancy
proved that the capsules were not irritating. The cap-
sules were found to deliver the ciprofloxacin in cul-de-
sac of rabbit’s eyes for prolonged period. CONCLU-
SION: Based on corneal retention studies and tear
drug concentration, the capsules can be considered for
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suitable and safe use for sustained ocular delivery of
drugs.

INTRODUCTION

Undulating developments in the field of medical sci-
ence have revolutionized the research in the field of
advanced drug delivery. Since the development of new
molecules and to establish their safety and efficacy is a
time consuming process, drug delivery system is of par-
ticular concern. Continual research is unfolding many
potential within these overlapping branches. During
last few years, supramolecular chemistry has resulted
into the development of many dynamic supramolecu-
lar systems (1). While understanding structural and
chemical interaction between host-guest systems, self-
assembling system is essential for designing molecules
that can mimic natural substrate. Recently in various
fields of applied physical chemistry, there is an
increased interest in supramolecular self-assembling
nanostructures such as ultrathin polymer films, surface
modified liposome and organic-inorganic composite
nanosized materials etc. At present, a variety of materi-
als, such as wide range of synthetic polyelectrolytes,
biopolymers, lipids and inorganic particles have suc-
cesstully been employed to fabricate multilayered films
on the flat substrate by taking advantage of electro-
static interaction between oppositely charged species in
their stepwise adsorption from an aqueous solution (2-
4). The most important discovery in the field of
supramolecular science is the development of “self-
assembling ultrathin multilayered capsule”.

Self-assembling ultrathin multilayered capsule (bio-
mimic capsule) are multilayer films of organic com-
pounds on solid surface and these have been studied for
more than 60 years because they allow fabrication of
multicomposite molecular assemblies on tailored archi-
tecture. However, both the Langmuir-Blodgelt tech-
nique and chemiosorption from solution can be used
only with certain classes of molecules. An alternative
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approach for fabrication of multilayers by consecutive
adsorption of polyanions and polycations is far more
general and has been extended to other materials such
as proteins or colloids (2, 5). It is a novel approach to
encapsulate various materials and is based on layer-by-
layer adsorption of oppositely charged macromole-
cules onto colloidal particles (6). Different templates
with size ranging from 50 nm to few microns, such as
organic and inorganic colloidal particles; protein aggre-
gates, biological cells and drug nanocrystals can be
coated with multilayered film. Various materials viz.
synthetic polyelectrolytes, chitosan and its derivatives,
proteins, DNA, lipids, multivalent dyes and magnetic
nanoparticles, have been used as layer constituents to
fabricate and design shell to adjust required stability,
biocompatibility and affinity properties of the capsules
(7, 8). Some colloidal templates can be decomposed at
conditions where the polymer shell is stable, which
leads to the formulation of hollow capsule with
defined size, shape and shell thickness (Figure 1).

Figure 1: Schematic illustration of the polyelectrolyte
deposition process and of subsequent core
decomposition, as a) core attacked by polyelectrolytes;
b) coating of charged polyelectrolytes on core; c) coating
of alternative charged polyelectrolyte; d) core with well-
deposited polyelectrolyte coated layers; e) process of
core decomposition and removal from coated
polyelectrolytes shells and f) Core removed hollow
capsules.

After dissolution of the templating core at low pH, the
assembled polyelectrolyte films remain intact (9). The
capsule size and wall thickness are determined by the
size of the original colloids and the number of
adsorbed polyelectrolyte layers, respectively. The per-
meability through the capsule wall and release of the

encapsulated materials depends on the shell wall thick-
ness and composition can be regulated afterwards by
pH and ionic strength (10).

The compartmentalization of materials in the small
capsule volumes with controlled thickness, composi-
tion, and permeability of the encapsulating wall opens
perspectives for use of these structures as microre-
acters, microcarriers, and sustained drug release formu-
lation (11, 12). The fabrication of micro- and nano-
sized capsules (or shells) enables the encapsulation of
various materials, which are of both scientific and tech-
nological interest. Particles embedded in a solid shell
(core-shell particles) have been extensively used as
microcapsules for the controlled release as studied in
the present work and targeting of drugs as well as for
the protection of sensitive agents such as cells, enzymes
and proteins (13, 14).

MATERIALS AND METHODS

Materials. Diammonium hydrogen orthophosphate
and Poly (allylamine) hydrochloride were purchased
from Sigma-Aldrich Co (St. Louis, MO); Sodium
hypochlorite, Sodium alginate were purchased from
HiMedia Lab, India; and Ca(NOs),, gluteraldehyde,
HPLC water and all other reagents of suitable grades
were purchased from CDH, India. Ciprofloxacin
hydrochloride was obtained as a generous gift sample
from M/S Bro-Shell Remedies Ltd., Sagar (MP), India.

Formulation of capsules using calcium phosphate (dibasic)
core. A method for synthesizing core was optimized
based on co-precipitation. Water used in the present
work is double distilled deionized and membrane fil-
tered HPLC grade water. The process of core forma-
tion consists of drop wise addition of 0.19M dm?
diammonium hydrogen orthophosphate solution to a
beaker containing continuously stirred 0.32 M
Ca(NOs), solutions at 25° C and controlled pH. Dur-
ing the addition, the pH of Ca(NO,), solutions was
maintained at 8-10 using concentrated aqueous ammo-
nia solution. Mixture was then stirred for 1-2 days at
the same temperature and pH. The precipitate was fil-
tered, washed thoroughly with distilled water and
finally dried at 100°C overnight and used as core.

Ten ml of an aqueous polymer solution of sodium algi-
nate (0.1% w/v) was then added to core particles con-
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sisting of 10 ml of aqueous calcium phosphate
dispersion (0.2% w/w). Adsorption of polyelectrolyte
was allowed for 15 min., with occasional stirring of dis-
persion. The dispersion was then centrifuged at 2000
rpm for 5 min., the supernatant removed, water added,
and the particles re-dispersed by gentle shaking. The
centrifugation/wash/re-dispersion cycle was repeated
thrice to ensure removal of the polyelectrolyte in solu-
tion, generating odd numbered layered capsules. This
was followed by deposition of another oppositely
charged polyelectrolyte, (poly-allylamine hydrochlo-
ride, as 10 ml 0.1% w/v solution) (PAH) generating
even numbered layered capsules. This process of coat-
ing by sodium alginate/PAH was repeated alterna-
tively up to 10 layer coating.

After adsorption of desired number of layers of poly-
electrolytes and loading of drug, the capsules were
exposed to the dil. HCI solution (pH 1.4) for removal
of calcium core of capsules. The dil. HCI solution
decomposed core calcium phosphate and hence poly-
electrolyte hollow capsules containing drug were left
behind. The resulted core degradation products and
excess HCl were washed off with water and PBS7.4
until a neutral pH of solution was attained on centrifu-
gation/filtration. However, the outermost layer in this
study always bears some charge based on the final coat.
These capsules are labeled as LBL1.

Formulation of capsules using red blood cell core. Separa-
tion of erythrocytes from the whole blood was carried
out from the pooled whole blood collected from
healthy rabbits in Hi-Anticlot bottle (5 ml) (Himedia
Labs., India). To it, normal saline solution was added.
The blood was centrifuged at 2500 rpm for 5 minutes.
The plasma was pipetted out and buffy coat was care-
fully removed. The separated RBCs were washed
thrice with phosphate buffered saline (PBS), pH 7.4.
The washed RBCs were again incubated in 0.06 % of
gluteraldehyde (v/v in PBS) for 10 minutes to cause
rigidization of the RBCs membrane. The number of
RBC:s in suspension was determined and adjusted to
100 per ml by 0.9% NaCl and stored at 4° C until used.

Preparation of capsules using RBC core is same as
described above for calcium phosphate core except
core removal. RBC core was removed by 1.2% v/v
sodium hypochlorite at room temperature (25°C). In
the case of RBCs, great care has to be taken to prevent

aggregation or adhesion by intermittent stirring during
the formation of the first four or five layers. These cap-
sules were labeled as LBL2.

Characterization of formulations. Core particles and
ultrathin capsules were visualized in an optical micro-
scope (Leica, Germany). A thin film of ultrathin cap-
sules was spread on a slide; a cover slip was placed and
observed under the microscope. Photomicrographs
were taken at suitable magnifications. The shape and
surface topography of ultrathin capsules were also
visualized by scanning electron microscopy (SEM),
using Leo VP 435 electron microscope. The samples
for SEM were prepared by lightly sprinkling the
ultrathin capsules on a double adhesive tape, which
was struck to an aluminum stub. The stubs were then
coated with gold. The samples were then randomly
scanned and photomicrographs were taken at different
magnifications. The average capsule size and size distri-
bution of formulations were determined in a Laser Dif-
fraction Particle Size Analyzer (CILAS 1064, France),
using computerized inspection system. Data of size
and size distribution of formulations were also used for
optimization of formulations prepared by varying the
conditions of the formulations.

Percentage yield was determined using hemocytome-
try (15). The formulations were diluted twice with dis-
tilled water and numbers of capsules per cubic mm
were counted by optical microscopy using standard
haemocytometer chamber. The capsules in 80 small
squares were counted and calculated using the follow-
ing formula.

Total number of capsules per Cu. Mm = (Total no. of Capsules
X Dilutions X 4000)/ Total no. of Squares counted (1)

% Yield= (Total no. of hollow capsules per cu. mm/rotal no of
core particles per cu. mm) X 100 2

Data of percent yield of different formulations were
used in optimization studies. Finally, optimized for-
mulations of calcium phosphate and RBC core were
also studied for the layer-by-layer percent yield. Elec-
trophoretic mobilities of the core and coated capsules
were measured using a Zetasizer 3000 HS (Malvern,
U.K.) to ascertain coating of subsequent oppositely
charged layer on capsules. The mobility or velocity of
particles v under E as electric field (16) was converted
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into zeta potential (&) values using the relevant rela-
tion § = 150v/E. All & -potential measurements were
performed without added electrolyte in double dis-
tilled deionized water of HPLC grade.

Drug entrapment and release studies. For entrapment of
drug the prepared capsules formulations were incu-
bated for different time in 10% ciprofloxacin HCl solu-
tion in Phosphate Buffer Saline pH 7.4 (PBS7.4).
Percent entrapment of drug was determined for vari-
ous incubation times. Percentage drug entrapment in
capsules and effect of core removal on drug entrap-
ment was determined by centrifugation method. The
drug loaded capsules having various layer thickness in
suspension were centrifuged at 3000 rpm for 5 minutes
and supernatant was analyzed for free drug (unen-
trapped) content spectrophotometrically at 275 nm
after suitable dilution with distilled water. Then the
drug-loaded capsules were suspended and washed thor-
oughly three times with distilled water and subjected
to core removal using 0.1N HCI, pH 1.4 (for calcium
phosphate core) and 1.2% v/v sodium hypochlorite
(for RBC core) and again centrifuged at 3000 rpm for 5
minutes. The supernatant of hollow capsules were
again analyzed for leached drug. The effect of core
removal on drug entrapment efficiency of hollow cap-
sules having various layer thickness was thus deter-
mined and compared. These capsules were washed off
by PBS pH 7.4, until a neutral pH was established by
centrifugation and stored for further studies.

The in vitro drug release profile of entrapped drug
from different ultrathin capsule formulations were
studied using dialysis tube and artificial cellophane
membrane. Two ml of pure and washed capsular sus-
pension free from any unentrapped drug were taken
into a dialysis tube and placed in 50 ml of S.T.F. (pH
7.4) and stirred using a magnetic stirrer and the temper-
ature of the assembly was maintained at 37° C through-
out the study. Samples were withdrawn at specified
time intervals and replaced with the same volume of
S.T.F. (pH 7.4). The withdrawn samples were diluted
suitably and measured at 275 nm against similarly dia-
lyzed, simple, hollow unloaded capsules, for the drug
content. Finally, optimized formulations were studied
for layer-by-layer in vitro drug release.

Effect of osmotic pressure on the stability of ultrathin hol-
low capsules. The ultrathin hollow capsules upon over-

night incubation with the solution of electrolytes and
non-electrolytes at different concentrations showed
drastic changes in the mechanical properties of the sys-
tem. For that purpose, different concentrations
(osmotic pressure) of NaCl and mannitol solutions
were used. The initial and final numbers of hollow cap-
sules per cubic mm were counted by optical micros-
copy using haemocytometer chamber. Initial numbers
of intact capsules were taken as 100% for each formula-
tion.

Corneal membrane retention time study (ex vivo). Reten-
tion time of the optimized formulations was assessed
using the method reported by Mumtaz & Ching, (17),
for mucoadhesion with little modification. The eye of
she goat was obtained from local slaughterhouse. The
corneal membrane of eye was removed and cut in to
piece of 16 mm? and placed in well-aerated Ringer’s
solution. A strip of corneal membrane was mounted
on a glass slide with fixative adhesive. Counted num-
bers of ultrathin capsules (in 0.1 ml) dispersion was
placed on the membrane. This glass slide was incubated
for 15 minutes in a desiccator at 90% RH to allow the
polymer to interact with the membrane and finally
placed in the cell, which was attached to the outer
assembly at an angle of 45°. Simulated tear fluid (pH
7.4) was circulated on the cell over the capsules and
membrane at the rate of 4 drops per minute from
burette. Washings were collected at different time
intervals and number of capsules drained off were
counted using haemocytometer chamber under optical
microscope. Therefore, percent of capsules retained
was determined with respect to initial number of cap-
sules incubated.

% Capsules retained = (Initial number of capsules incubated -
number of capsules drained off)/Initial number of capsules incu-
bated X 100 (3)

Stability testing. The promising formulations were
selected for in wvitro stability studies. For that formula-
tions were stored in glass vials at 4£1° C, room temper-
ature (25° C) and at 50° C for 30 days. After 10, 20 and
30 days, they were evaluated for the percent intact cap-
sules left and residual drug content. Percent intact cap-
sules after 10, 20 and 30 days were determined by
optical microscopy. Initial percent intact capsules were
taken as 100% for each of the formulations.
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Entrapment efficiency of stored LBL capsular formula-
tions was determined after 10, 20, 30 days and percent
residual drug content was calculated. Entrapment effi-
ciency was determined by the method described ear-
lier. Unentrapped drug was first separated by use of
the centrifugation method at 2500 rpm. Then superna-
tant was measured for drug and remaining amount
entrapped in the capsular formulation was determined
in Shimadzu UV-1601 spectrophotometer. Initial
drug content were taken as 100% for each of the for-
mulations.

Draize test. The animal studies were carried out with
the prior permission of CPCSEA. A systemic toxicity
study was undertaken taking New Zealand White rab-
bit as animal of choice as its eyes closely resemble
human external eye. Three rabbits were taken at a time
for the study of each formulation. They were housed
in neat and clean air-conditioned chambers with
proper feeding and freedom to relax. Fifty pl of each
formulation (capsules without calcium phosphate core
and capsules without RBC core with and without
Ciprofloxacin in STF) were instilled into the conjunc-
tival sac of right eye of each rabbit (fixed on rabbit
holders for the present study) using micropipette. The
lower lid was gently pulled away from cup and formu-
lations were instilled and lids were closed for few sec-
onds. The contra lateral eye served as control with STF
instilled in it. The eye was examined after one hour of
instillation for any irritation, swelling, redness and lac-
rimation caused by the formulation under investiga-
tion.

Tear drug level studies. Three New Zealand white
healthy male rabbits weighing 1.5-2 Kg housed on stan-
dard laboratory diet at ambient temperature and
humidity in air-conditioned chambers were used for
the present studies under strict conditions satisfying
experimentation conditions of Institutional Ethical
Committee. For studies, rabbits were restrained in nor-
mal upright postures in properly designed and com-
fortable rabbit holders. A single 50 ul dose of
formulations containing freeze-dried capsular suspen-
sion containing 50 g of ciprofloxacin suspended in
STF pH 7.4 was instilled in right eye using a micropi-
pette inside the center of lower cul-de-sac without actu-
ally touching the eyes and irritating the corneal
surface.

The same procedure was used to instill simple ciprof-
loxacin hydrochloride solution in STF and simple STF
in contra lateral eye, serving as control.

After a definite period, the tear flowing out of the eyes
was collected by closing the eyelids together and suck-
ing out 50 Wl of tear using micropipette. The collected
tear samples were filtered through a 0.2 © membrane
filter and directly used to determine the drug concen-
tration using HPLC method as suggested by (18) using
methanol-0.01M phosphate buffer (18:82) adjusted to
pH 2.6 with concentrated orthophosphoric acid as
mobile phase, Luna C;g 5u column of Phenomenex
USA and photo diode array detector SPD-M10A at 275
nm.

RESULTS AND DISCUSSION

In recent years, a novel microencapsulation technology
based on layer-by-layer assembly of oppositely charged
polyelectrolytes has been established (9, 10). In the
present study ultrathin capsules were prepared by coat-
ing of sodium alginate/PAH multi-layer on a solid
core (calcium phosphate or gluteraldehyde fixed RBC)
using this technique and subsequently removing the
core by decomposition upon exposure to solvent (19).
According to the basic concept of the driving force of
macro ion multi-layer assembly, the zeta potential of
the colloidal particles alternates between positive and
negative charges at each step of polyelectrolyte adsorp-
tion. The film thickness grows linearly with the num-
ber of layers. The increase in thickness was found to be
approximately 2 nm/layer of adsorbed polyelectrolyte
(10). This technique utilizes the electrostatic attraction
and complex formation between polyanions and poly-
cations to form supramolecular multilayer assemblies
of polyelectrolytes. Strong electrostatic attraction
occurs between a charged surface and an oppositely
charged molecule in solution; this phenomenon has
long been known to be a factor in the adsorption of
small organics and polyelectrolytes (5, 20).

Closer examination of the interactions within these
systems has brought out the diversity of structures,
film morphology and surface properties achieved by
altering shielding and adsorption conditions. As shown
schematically in Figure 1, electrostatic interactions
between the polyion in the surface are the key to the
final structure of the polyion layered thin film. How-
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ever, secondary, shorter range forces also play a role in
determining the film thickness, the final morphology
of the film, the surface properties, and can determine
whether or not stable multilayer form at all (21). In the
present investigation, an attempt was made to embed
the broad-spectrum antibacterial, ciprofloxacin HCI in
the multilayered polyelectrolyte system to achieve a
prolonged action of the drug. Prepared LBL capsules
were optimized, characterized and studied for their
efficacy for sustained delivery of ciprofloxacin hydro-
chloride in cul-de-sac of rabbit’s eye.

Formulation and characterization of capsules. A drastic
increase in average capsule size was observed by
increasing the concentration of core from 0.1% w/v to
0.4% w/v of calcium phosphate core and 0.5 ml to 2.0
ml of RBC suspension (100 RBC/ml) in 0.9% w/v
NaCl as core. However, the percent yield decreased
after 0.2% w/v of calcium phosphate core and 0.5 ml
of RBC suspension due to the aggregation of the core
particles. So at optimized level, average size of capsules
was 7.6 £0.5 um and yield 77.89 £0.87 % for LBL1 and
4.540.23 pm and 78.9 £1.12 % of yield was obtained for
RBC cored capsules. The RBC cored capsules were
uniform and smaller in shape and size as compared to
calcium phosphate and hence more suitable for ocular
delivery.

The optimum adsorption time was found to be 15 min-
utes for both formulations resulting into optimum par-
ticle size of 7.6 £0.52 um and 4.5 £0.23 um for LBL1
and LBL2, respectively. On increasing the adsorption
time thickness of the polyelectrolyte membrane was
drastically increased and surplus polymer-polymer
interaction occurred, which resulted in aggregation of
capsules. This leads to the lower percent yield of the
uniform capsules. Hence, the washing step is necessary
just after the optimum adsorption step to remove the
surplus amount of polyelectrolyte giving 79.21 +0.87
% and 80.12+0.43 % yield of LBL1 and LBL2 capsules,
respectively after the 10 layer of coating, Centrifuga-
tion speed is an important parameter in the prepara-
tion of ultrathin capsules. In the case of calcium
phosphate core and RBC core formulation, optimized
speed was found to be 2000 and 2500 rpm, respectively
producing average capsule size of 7.6 um and 4.5 um
for calcium cored and RBC cored capsules, respec-
tively. At lower speed the proper separation of cap-
sules did not occur, some of the capsules present in

supernatant were decanted out but at higher speed
aggregation occurred which would ultimately affect
the percent yield of capsule. In RBC core containing
formulations the centrifugation speed was higher
because the average size of RBC core is lower in com-
parison to calcium phosphate core. As well as density
of LBL2 are less as compared to calcium phosphate
cored which needed increased centrifugation speed
producing average yield of 78.02% and 80% for the cal-
cium cored and RBC cored alginate/PAH capsules,
respectively.

Dissolution of the core resulted in capsules swelling
and breaking due to difference in osmotic pressure.
That is why core decomposition is the crucial step in
the preparation of these hollow ultrathin hollow cap-
sules. During the core decomposition process, the core
was solubilized by lowering the pH to 1.4. The con-
centration of the ions in degradation products inside
capsules becomes quite large. The generated osmotic
pressure difference between the bulk and the capsule
interior is equilibrated by a hydrostatic pressure differ-
ence, the later being responsible for the capsule expan-
sion. The extent and duration of the osmotically
induced tension on the capsule wall depends on the
interplay between the speed of core dissolution and the
permeation rate of the core decomposition products
through the capsule walls. Naturally, a larger perme-
ability would be favourable for releasing the tension.
In the case of RBC core the percent intact capsule yield
(80.18%) obtained was more than calcium phosphate
core (62.5%) that is attributed to smaller capsule size
(7.5 um and 4.2 um for LBL1 and LBL2, respectively)
having a higher stability against rupture.

Indeed, at a given pressure difference AP the tension in
the wall, A, becomes A= APr/2, where r is the capsule
radius. On the other hand, the halftime of the concen-
tration decay is V/AP = r/3P, where P is the wall per-
meability and V and A are capsule volume and surface
area, respectively. Hence, it can be expected that cap-
sules with smaller radii and otherwise the same wall
properties should be more stable during the core disso-
lution process because of Laplace’s law, where, when
the tension is smaller, and the core degradation prod-
uct concentration in the interior should decrease faster
as a result of the more advantageous ratio between cap-
sule volumes and surface (5). This can also be attrib-
uted to the greater free ionic concentration in case of
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calcium as compared to RBC, which also generated a
definite osmotic gradient, moving the solvent flow
inside and causing the capsules to burst.

Drug carrier molecule is larger as compared to ions of
core (calcium) that was removed by solubilization. The
drug molecules also get complexed with the polymer
membrane. The complexation is the major hindrance
for not losing the drug molecules from the capsule.
However, the core in case of the capsules having RBC
core (LBL-2) get degraded to smaller simple units,
which may remain within the capsules. That may also
lead to addition to the steric hindrance preventing drug
loss from the capsules. However, the fragments of
RBC:s so left may not anyhow be immunogenic due to
loss of primary structure of larger units of proteins.

The shape and surface topography of ultrathin hollow
capsules were visualized by SEM. The capsules
appeared as multilayered structure. Ultrathin capsules
were also visualized using optical microscope at every
step for determination of aggregation and shape of cap-
sules. The LBL1 capsules are slightly irregular as com-
pared to LBL2 having uniform RBC surface for
coating by electrolytes. On removal of core hollow
capsules were formed by the adsorption of layers of
polyelectrolytes. This is in agreement with the
reported polyelectrolyte/dendrimer
ultrathin multilayer nanoreservoirs (22). The homoge-

studies  of

neous curvature of the capsule proves that, provided
the interior aqueous solution has not been removed,
the fabricated capsules preserve both the diameter and
the spherical shape of the template core (9). The SEM
image of the 10 layer (sodium alginate/PAH)s capsules
shows numerous folds and creases attributed to drying
of the capsules (Figure 2 & 3).

The capsules also exhibit a somewhat rough surface
texture. This may be characteristic of the polyelectro-
lyte film, although some residual core is present in the
capsules. Within the limit of resolution of the SEM
technique, no holes or traces of rupture are identified
in the capsules. This type of observation was in confor-
mity with the study of Donath et al., (9) for Melamine
Formaldehyde core coated capsules of Polystyrene sul-
phonate/PAH.

Ultrathin capsules were prepared by coating on core
(calcium phosphate or RBC) sodium alginate/PAH

multilayers by adsorption of charged species, mediated
by layer-by-layer assembling protocol (23, 24, 25, 26).

Figure 2: SEM of 10 layered hollow multilayered capsules
having Calcium phosphate core.

Figure 3: SEM of 10 layered hollow multilayered capsules
having RBC core.

For calcium phosphate core capsules (LBL-1) stepwise
growth was confirmed by the successful recharging of
the particle surface with each deposition cycle; the zeta
potential of the capsules alternated between -19.1 mV
(sodium alginate) and +28.6 mV (PAH) with each
coating step, suggesting multilayer growth of the parti-
cles. No quantitative conclusion can be made from the
zeta potential values obtained because the magnitude
of the zeta potential is not proportional to the charge
density. Since the surface is composed of charges
arranged in a layer of finite thickness. Similarly, in the
same way for LBL-2, the zeta potential of the capsule
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alternated between -21.7mV (on sodium alginate coat-
ing) and +32.6 mV (on PAH coating) with each coat-
ing steps.

Drug entrapment and release rate studies. The optimized
incubation time with maximum drug entrapment is 2
hrs for both formulations. However, a further increase
in the incubation time resulted in no change in drug
entrapment. The maximum drug loading was found to
be 25.7% w/v in hollow capsular suspension (where 1
ml of capsular suspension contains 5000 capsules) in
case of calcium phosphate core (concentration of core
2 mg/ml) and 32.2% w/v in case of RBC core (concen-
tration of core 0.5 ml suspension of 100 RBCs in 0.9%
NaCl). In case of RBC formulation the drug loading is
higher due to the smaller and compact capsule type
and higher stability against rupture. Core removal
steps affect the drug loading in hollow ultrathin cap-
sules due to rupturing of membrane leading to decrease
in entrapment. Layer vs. drug loading study showed
that entrapment efficiency has increased as the number
of layers increases (Figure 4).

35 A

Percentage drug entrapment

L 8L 9L 10L

10 4
(U T T T
3L 4L 5L 6L

No. of layers in ultrathin capsules

Figure 4: Layer vs. drug entrapment and effect of core
removal on drug entrapment of optimized formulations
(n=3). Formulations prepared by calcium phosphate core
with (O) and without core (O) and Formulations prepared
by gluteraldehyde fixed RBC (M) core and without core
(B)-

The in vitro release of entrapped drug molecules from
hollow capsules was found to be concentration-depen-
dent diffusion, in simulated tear fluid (pH 7.4). This
illustrates the potential of the sodium alginate/
poly(allylamine hydrochloride) based coated systems
for the uptake and release of drugs. The in vitro drug
release pattern obtained from different ultrathin cap-
sule formulations displayed controlled release profile.

Percent cumulative in vitro drug release was found to
be 62.43% and 59.63% for hollow LBL1 and LBL2 for-
mulations, respectively (Table 1).

Table 1: Layer-by-layer percent cumulative in vitro drug
release from formulation in STF (pH 7.4) (n=3).

Ti % Cumulative in-vitro drug release
ime

(hr) 7 Layered 8 Layered 9 Layered 10 Layered

LBL-1 LBL-2  LBL-1 LBL-2  LBL-1 LBL-2  LBL-1 LBL-2

0.5 4.1403  3.6403 53102 43404 3.8£0.6 3.440.2 43108 42402

1 8.440.1 54402 10.840.2 9.6£0.3 6.00.8 5.3%0.4 10.610.1 9.3+0.3

2 114403 82403 19.0%0.5 178104 8.2%0.5 73402 18.0£0.8 16.410.1
3 18.140.8 143402 27.140.5 24.640.5 14.5303 13.440.5 24.4+0.7 22.8+0.6
4 24.340.1 20.3%0.6 34.510.2 289403 21.8+0.5 19.840.9 30.610.9 26.110.2
5 29.540.5 254401 434409 324402 28.1+0.6 24.4+0.1 34.8+1.1 30.6+0.4
6 36.440.3 327403 50.140.3 45.940.1 34.6+0.2 30.630.6 459+0.1 42.5403

24 511403 48.1%0.3 66.240.4 62.240.5 46.010.1 45.740.4 62.440.3 359.610.4

The lesser release rate of drug from hollow LBL2 for-
mulation as compared to hollow LBL1 may be due to
the higher affinity of the drug between the uniformly
deposited layers of electrolytes on the RBC capsules.
The results indicated that hollow LBL2 is a promising
controlled release drug delivery system. Layer vs. in
vitro release study carried out on the optimized formu-
lations above 7 layer of polyelectrolytes because in
the lower layer there is negligible entrapment of drug.
On increasing the number of layers the release rate was
slowed down due to the more interaction/entrapment
of drug between the polyelectrolyte layers. In both for-
mulations release rate observed for even and odd num-
ber of layers, the release rate of ciprofloxacin from odd
number of layer (7% and 9") was slower because of
enhanced charge-charge interaction between the drug
and polymer (sodium alginate, -ve charge) as compared
to even layered (8 and 10 layered) capsules having
polyallylamine of positive charges on outermost lay-
ers.

Effect of osmotic strength on capsules " The sodium algi-
nate/PAH capsules are very sensitive to the environ-
mental condition, e.g., temperature, salts (electrolytes
and non-electrolytes) and even protein. For the opti-
mal stability of the ultrathin capsules, 0.154 M NaCl
and 5.29 M mannitol solution is necessary because
these are isotonic to physiologic body fluid. As the
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osmotic pressure is lowered greater swelling is induced
by the osmotic pressure of the sodium counter ions in
the capsule interior, which causes burst effect and
increase in ionic concentration causes complete shrink-
ing of the hollow capsules, thus ultimately effecting
the percent intact capsules (Table 2) suggesting its
behaviour as flexible, permeable biological membrane
like structure (like biological membrane).

Table 2: ffect of ionic strength on stability of ultrathin
hollow capsules (n=3)

Formulation % Intact capsule left

code

NaCl (M) Mannitol (M)
0.01 0.154 1.0 1.0 5.29 6.0

LBL-1 48.12+0.63 98.42+0.43 68962039 50.4320.68 98.1240.53 82.73+0.06

LBL-2 52431038 99.89+022 7248121 S56.811.12 99.83+0.43 94.43+0.15

Corneal membrane retention time studies. Retention
time study was carried out for measurement of reten-
tion of the ten layer coated hollow capsules on the cor-
neal membrane. In both cases results showed that the
percent capsule retention was found to be very larger
up to 3 hr about 87.06% and 84.06% for LBL-1 and
LBL-2 formulations, respectively, after that there is
decrease in retention of capsules on membrane but
retained up to 6 hr (Figure 5).

120
100 A
80 1

60

% Capsule retained

40

20 A

05h 1h 2h 3h 4h 5h 6h
Time

Figure 5: Corneal capsular retention time studies of
capsules.

This retention is due to charge-charge affinity of posi-
tively charged PAH on to negatively charged corneal
membrane.

Stabiliry testing studies. The storage stability testing
indicated that ultrathin capsular formulation (LBL)

stored at 441° C was more stable than those stored at
room temperature were. Percent intact capsules were
found to decrease on storage, which can be attributed
to the breaking of the membrane at different storage
conditions. This effect was least in the case of formula-
tion stored at 441° C, indicating the breaking of the
membrane to be a temperature dependent phenome-
non and ideal storage condition being 441° C (Table 3).

Table 3: Stability testing of multilayered capsules (n=3)

Formulation code No. of days of storage
LBL-1 LBL-2

10days ~ 20days  30days  10days 20days 30 days

%Intact capsules  4£1°C  97.1£0.8  94.6£0.7  921£0.6  983%0.5  97.5+0.6 92.47+0.8

left on storage at
25+1°C  94.8410.9 89.3+0.5 85.46+0.7 92.4+0.5 86.410.4 83.4240.6
50£1°C  87.6£0.8 81.8+0.6 75£0.3 80.8+0.6 75.7£0.7 6240.5
% Residual drug 4+1°C  95.8+0.4 93.1+0.6 91.740.8  94.940.6 91.740.9 89.840.5
content left on
storage at 25t1°C  97.2£1.2 96.310.6 94.8t1.2 92.840.8 86.410.5 82.5£0.4

50+1°C  80.542.5 75.6£1.8 62£1.5 75£0.3 68+0.8 5510.5

The hollow capsular formulations were stored at
441°C, 2541°C (room temperature) and 5045°C and
the residual drug content measured after 10, 20 and 30
days. The residual drug content of formulation stored
at 5015° C were found to be lowest due to least stability
of capsules by polymer solvation at higher temperature
than at 25+1° C (room temperature) and highest resid-
ual drug content was found in formulations stored at
441° C, which indicated that the formulations tend to
degrade faster at higher temperature (Table 3).

Draize test .The possible irritancy of the system was
ruled out through the Draize test. No sign of swelling
and redness was observed in the eye of rabbits during
the entire period of study, proving least irritation.
However slight to moderate lacrimation was found
with hollow types of calcium phosphate and RBC cap-
sular formulations, respectively. This may be attrib-
uted to the particulate nature of the formulations not
due to irritation. The corneal adhesion can prevent
them from being drained out of the sac, hence can pos-
sibly deliver drugs in sac for prolonged periods.

Tear drug level studies. The in vivo studies were carried
out on male albino rats to determine the corneal drug
release profile. Tear from the contra lateral eye was
taken as blank to nullify the effects of biological con-
stituents or physiological variations. The results depict
that ten-layered hollow LBL2 formulation releases the
drug at a slower rate than the LBL1 of similar type.
While the conventional formulation of the pure drug
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showed a maximum drug release within an hour of
administration, the system under investigation contin-
ued to release the drug at more or less constant rate up
to 8 h. Percent cumulative corneal drug concentration
was found to have changed during the period of 1 to 8
h for hollow LBL1 (capsules having calcium phosphate
core) and hollow LBL2 (capsules having RBC core),
which is longer as compared to simple drug solution
on instillation (Table 4).

Table 4: Tear level
formulations (n=3)

of ciprofloxacin from various

% cumulative drug level of instilled drug

Time

(h) LBL1 LBL2 Ciprofloxacin Solution
0.5 6.240.5 4.840.3 30.540.8
1 12.340.5 9.240.4 45.240.9
2 16.810.7 14.7+0.3 -nd-

3 23.440.6 18.240.4 -nd-

4 27.640.8 22.540.6 -nd-

S 31.740.9 25.740.5 -nd-

6 34.540.8 28.840.8 -nd-

7 352405 31.740.9 -nd-

8 39.540.8 35.610.7 -nd-

Thus, the results of iz vivo data indicated that can be
suitable for controlled delivery of the drug to the eye.
The results are in conformity with studies of Antipov
et al. (2001) for sustained release of Fluorescein from 8-
10 layered PSS/PAH Fluorescein cored capsules. How-
ever, further investigation would be desirable in order
to draw the conclusion for its efficacy.

CONCLUSION

From all the above studies it can be concluded that
these capsular preparations represent interesting, prob-
lem free standing systems for loading and controlled
release delivery. They can exhibit elastic properties
similar to the biological cells, so can be called as “Bio-
mimic Capsules”. The prolonged and controlled deliv-
ery of drug can be achieved using this system for ocular
delivery with reduced drug drainage with the tears as
proved by tear drug level studies. The studies showed
that the drug release is better sustained by the ten-lay-
ered uniformly coated LBL2 capsules (RBC cored) as
compared to LBL1 capsules (calcium phosphate cored).
However, further animal studies and clinical trials are
required to prove efficacy in human volunteers. Simi-
lar works on these systems at higher level can defi-
nitely be introduced as ocular insert for drug delivery

to prolong drug action by minimizing drug loss by
overflow from the cul-de-sac.
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