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The aim of the present study was to prepare and evaluate elementary osmotic pump tablets (OPT) of ketorolac tromethamine (KT). Because
of its high potency, short half-life and excellent water solubility it would appear to be the drug of choice for these formulations. Twenty OPT
Sformulae were prepared and subjected to release-rate study and the release data were analyzed to determine the drug release order. Compat-
ibility study between KT and the used excipients was carried out also scanning electron microscopy in order to elucidate the microporous nature
of the tablet surfaces. The effects of an increase in weight, agitation intensity, pH and type of coating polymer on drug release from the optimal
Sformulation (OPT-19) were studied. It was found that the optimal OPT formula was able to deliver KT at a zero-order for up to 12 h independent
of both release media and agitation rates, the effect of type of coating polymer was not significant.
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Controlled drug delivery is an important factor in pharmaceutical
development, due to increased patient compliance and tolerability
with prescribed dosing regimens [1-2]. Oral controlled drug delivery
systems can provide continuous delivery of drugs at predictable and
reproducible rates throughout Gl transit [3-5]. Also, due to a simplified
dosing schedule, reduced side effects and greater patient convenience
it provides greater effectiveness in the treatment of chronic conditions
[6].

Osmotic systems that utilize the principle of osmotic pressure for
controlled delivery of drug are the most promising systems used for
controlled drug delivery [7-9]. Osmotic pump systems offer many
advantages; for instance, they (i) are easily formulated and simple
in operation, (ii) improve patient compliance by reducing dosing
frequency, (iii) provide good in vitro/in vivo correlation, (iv) and their
industrial adaptability and production scale-up is easy [10] .

Various types of osmotic pumps and formulation aspects have
been reviewed and defined such as elementary osmotic pump systems,
push-pull osmotic pump systems, controlled porosity osmotic pump
systems, floating elementary osmotic pumps systems, and osmotic
bursting osmotic pump systems [11-16].

Of the different types of oral osmotic systems reported in the
literature, elementary osmotic pump (EOP) systems are the most
commercially important osmotic devices, and more than 240 patents
have been devoted due to simple structure and high efficiency [17-18].

Elementary osmotic pump systems are basically consisted of an
osmotically active core surrounded by a semipermeable membrane
and a small orifice drilled through the coating [19]. When these
systems are exposed to an aqueous environment, the difference in
osmotic pressure between the inside of the device and environment
draws water through the semipermeable membrane. The saturated
drug solution flows through the small orifice as a result of increased
inner hydrostatic pressure. The process of drug release continues at a
constant rate until the entire solid drug has been dissolved [19].

Both poorly soluble and water soluble drugs can be delivered at
a controlled rate using osmotically controlled drug delivery systems
[20]. Normally, the osmotic pump systems deliver 60-80 % of its
content at a constant rate and there is a short lag time of 30-60 min as
the system hydrates before zero order drug release from the systems
is obtained [21]. Drug release from these systems is independent of
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pH and hydrodynamic conditions of the GI tract to a large extent,
and release characteristics can be easily adjusted by optimizing the
parameters of the delivery system [22].

Procardia XL and Adalat CR (nifedipine), Acutrium (phenylpro-
panolamine), Minipress XL (prazocine) and Volmax (salbutamol)
are examples of elementary osmotic pump systems available on the
market [22, 23].

Ketorolac tromethamine is a potent non-steroidal anti-inflammatory
drug acting by inhibiting the synthesis of prostaglandins and is used in
the management of moderate to severe pain [24]. Oral bioavailability of
the drug is reported to be 90 %, with a very low first pass metabolism.
Due to its short biological half life (4-6 h), frequent dosing is required
to alleviate pain in postoperative patients [25].

No attempts have yet been made to formulate ketorolac trometh-
amine into osmotic pump tablets, the aim of the present study, Because
of its high potency, excellent water solubility and lack of irritation to
mucosal tissue [26], KT would appear to be of choice for formulation
in elementary osmotic pump systems. Hence, the present work was
aimed at preparing and evaluating an oral osmotic delivery system
of KT and characterizing in vitro parameters, and directed towards
achieving a better therapeutic effect and bioavailability of this drug.

Il. MATERIALS

Ketorolac tromethamine was kindly supplied by El-Amerya
pharmaceutical company (Egypt), Cellulose acetate (39.8 wt. %
acetyl content. average MN ~ 30,000), cellulose acetate propionate
(average MN ~ 25,000) and cellulose acetate butyrate (average MN ~
65,000) were purchased from Sigma-Aldrich Company (United States),
Compressol SM and sodium stearyl fumarate (Lubripharm SSF) were
obtained as gift samples from SPI Pharma (United States), dibutyl
phthalate and polyethylene glycol (PEG-400) were purchased from
Fluka (Germany). All other chemicals and solvents were of analytical
grades.

Il. METHODOLOGY
1. Compatibility of KT with the used excipients
1.1. Differential scanning calorimetry
Samples of 5 mg of pure KT and its binary mixtures with the used
excipients were placed into pierced aluminum containers and analyzed
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by a DS Calorimeter (Setaram Labsys TG-DSC16). The studies were
performed in the temperature range of 25 to 250 °C with a heating rate
of 10 °C/min under nitrogen gas atmosphere. The peak temperatures
were determined after calibration with purified indium 99.9 %.

1.2. Fourier-transform infrared spectroscopy

The IR spectra of pure KT and the binary mixtures were recorded
on an IR spectro-photometer (Shimadzu IR-435, Kyoto, Japan).
Samples weighing about 2-3 mg were mixed with about 400 mg of
dry KBr and compressed into discs. The IR spectra were recorded at
a scanning range of 400-4000 cm™ and a resolution of 4 cm™.

2. Preparation of KT osmotic pump tablets
2.1. Preparation of KT core tablets

Four formulae (CO-1 to CO-4) containing 30 mg KT were
prepared according to Table I as follow: firstly all ingredients were
passed through sieve No. 60, and the calculated amounts of the drug,
sodium chloride (as osmotic agent) and Compressol (as a filler) were
mixed well then converted into wet mass using 5 % w/v PVP solution
in isopropyl alcohol. The mass was forced through sieve No. 18 and
the obtained granules were dried at 40 °C for 1 h. The dried granules
were ground and the fraction that passed through sieve No. 40 and
retained on sieve No. 60 was used; 1 % Lubripharm (as a lubricant)
was added and mixed well.

By means of a single punch machine fitted with a concave 10 mm
punch and die set, tablets of 300 mg were obtained. The target tablet
hardness was adjusted to be in the range of 50 to 60 Newton using a
tablet hardness tester (DR-Schlenger, Pharmaton, United States).

2.2. Characterization of the prepared core tablets

Tentablets from each formula were individually weighed accurately
and their average weight was calculated and presented as mean + SD
(Table II).

The diameter and thickness of ten randomly selected tablets from
each formula were measured using an electronic digital vernier caliper
(Shanghai, China). Results were reported as the mean + SD (Table II).

Table I - Composition of different ketorolac tromethamine core tablets.

Ingredients (mg) Core code
CO-1 CO-2 CO-3 CO-4
Ketorolac tromethamine 30 30 30 30
Sodium chloride 0 60 120 180
Sodium stearyl fumarate 3 3 3 3
Compressol SM up to 300 mg | 300 mg | 300 mg | 300 mg

Table Il - Data of average weight, thickness, diameter and friability of
different ketorolac tromethamine core tablets.

For- Average Thickness Diameter Friability
mula weight (mm = SD) (mm + SD) (% fine)
code (mg = SD)

CO-1 | 301 £0.025 | 3.69 +0.026 | 10.10 £0.018 0.147
CO-2 | 300 +0.085 | 3.49 +0.047 | 10.09 £0.014 0.160
CO-3 | 301 +£0.048 | 3.25+0.057 | 10.11 +£0.019 0.245
CO-4 | 298 £0.089 | 3.13 +0.032 | 10.08 +0.004 0.213

Table Il - Composition of different coating solutions used in preparation
of ketorolac tromethamine OPTs (% w/v).

Ingredients Coat code
CT-1 CT-2 CT-3 CT-4 CT-5
Cellulose acetate 5 5 5 5 5
Dibutyl phthalate 1 2 2 2 2
PEG-400 0 0 0.5 1.5 25
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Friability of the tablets from each formula was calculated as fol-
lows: ten tablets were accurately weighed (W ) and placed in the drum
of the friabilator (Pharma Test, Germany) and rotated at 25 rpm for a
period of 4 min and then reweighed (W,). The percent loss in weight
was calculated from the following equation and taken as a measure
of friability [27]:

% weight loss = [(W - W,)/W ] x 100

2.3. Coating of KT core tablets

According to Table 111, five coating solutions assigned CT-1 to
CT-5 were prepared. A film former (cellulose acetate, 5 % w/v) and a
plasticizer (dibutyl phthalate, 1 or 2 % w/v) and pore former (PEG-
400,0.5, 1.5 and 2.5 % w/v) were dissolved in acetone and stored in
a refrigerator until use. Coating solution CT-1 was composed from
cellulose acetate (5 % w/v), 1 % w/v of plasticizer dibutyl phthalate
and no pore former.

In coating solution CT-2, the percent of the plasticizer dibutyl
phthalate was increased to 2 % w/v and no pore former. Coating
solutions CT-3 to CT-5 were composed of 5 % w/v cellulose acetate
and 2 % w/v of plasticizer dibutyl phthalate and 0.5, 1.5 and 2.5 %
w/v pore former PEG-400, respectively.

Each core tablet formula was coated with each coating solutions
as follows: the coating process was carried out on a batch of 50 tablets
in a conventional laboratory coating pan (Scientific Instrument, India)
having an outer diameter of 10 cm. Rotation speed was maintained at
20 rpm and hot air inlet temperature was kept at 38-40 °C.

The manual coating procedure based on intermittent spraying and
coating procedure was used with spray rate of 3 mL/min. The coating
process of the core tablets was continued until an increase of about
8 % in the tablet weight was obtained. In all cases, coated tablets were
dried at 50 °C for 6 h before further evaluation.

A small orifice ranging from 250 to 350 ym was drilled through
one side of each coated tablet by a standard mechanical microdrill.

3. Release rate studies of KT from the prepared
osmotic pump tablets

The release of KT from the prepared tablets was performed using
a dissolution tester apparatus 1 (Hanson Research, SR 8 plus model,
Chatsworth, United States). Studies were carried out at 37 + 0.5 °C
in 900 mL of 0.1 N HCI for a period of 2 h followed by release in
phosphate buffer pH 6.8 (0.2 M) for 10 h at rotation speed of 50 rpm.
Five-milliliter samples were taken after 0.25,0.5,1,2,3,4,5,6,8,10
and 12 h. The withdrawn samples were filtered through millipore filter
(0.45 ym) and UV-analyzed for percent KT at 317 and 332 nm for 0.1
N HCI and phosphate buffer (pH 6.8), respectively. All experiments
were carried out in triplicate (n = 3).

4. Kinetic analysis of the release data
To determine the mechanism of release of KT from its different

OPTs, the release data was analyzed using linear regression according
to:

zero-order, C = C_- Kt
first-order, Log C = Log C_- Kt/2.303
simplified Higuchi diffusion model, Q = K, t**

The correlation coefficient (R?) was determined in each case and
is used as a measure of release kinetics.

5. Effect of weight gain
To show the effect of weight gain after coating on the release of
KT from the prepared osmotic pump tablets, coating process of OPT19
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core tablets was continued until an increase in weight of about 6, 8
and 10 % was obtained. The release studies were performed on the
new formulae in 900 mL of phosphate buffer pH 6.8 at a rotational
speed of 50 rpm and 37 + 0.5 °C. The experiments were carried out
in triplicate (n = 3) and similarity factor (f2) was calculated for the
release data to test similarity between the results.

6. Effect of agitation intensity

To show the effect of agitation intensity on the release of KT
from the prepared osmotic pump tablets [28, 29], release studies on
the optimized formulation were carried out in dissolution apparatus
at various rotational speeds (50, 100 and 150 rpm). The results were
the mean of triplicate (n = 3) and the significance of the difference
between the results was evaluated by similarity factor (f2).

7. Effect of pH

To show the effect of pH on the release of KT from the prepared
osmotic pump tablets, the optimized formula OPT19 was subjected
to release studies in various media with different pH values. The
media used were 0.1 N HCI (pH 1.2), phosphate buffer (pH 5.5) and
phosphate buffer (pH 6.8) for 12 h and the % drug released was deter-
mined in each case. The difference between the results was evaluated
by calculating the similarity factor (f2).

8. Effect of the type of coating polymer

To show the effect of the type of coating polymer on the release of
KT from the prepared osmotic pump tablets, cellulose acetate propionate
(average MN ~ 25,000) and cellulose acetate butyrate (average MN
~ 65,000) were used instead of cellulose acetate in coating solution
(CT-4) and the new coating solutions were used in the preparation of
OPT19.

The release studies on the new OPT19 formulae were carried out
in dissolution apparatus under the same conditions mentioned previ-
ously in release rate studies. The similarity factor (f2) was used to
show the difference between the results.

9. Scanning electron microscopy studies

In order to elucidate the mechanism of drug release from the de-
veloped formulae, coating membranes of formulation obtained before
and after dissolution were examined for the porous morphology of
their surfaces using a scanning electron microscope. After dissolution
of 6 and 12 h, tablets were removed and dried at 40 °C for 12 h and
then stored in desiccators until examination.

For the selected formula OPT19, both samples (before and after
dissolution) were placed on a spherical brass stub with adouble backed
adhesive tape. The mounted samples were sputter coated with gold for
2 min using fine coat ion sputter (SPI sputter, United States) and then
examined under a SEM (Joel JSM-6510LA, Japan) at a magnification
power of 1000X and 2000X and an accelerating voltage of 20 kV.

lll. RESULTS AND DISCUSSION
1. Drug excipient compatibility study

The compatibility of KT with the excipients used for formulation
development was tested using differential scanning calorimetry (DSC)
and IR spectroscopy.

DSC thermogram of plain KT shows a characteristic sharp endo-
thermic melting peak at 169.62 °C. Thermograms for all KT excipient
physical mixtures indicate that there was no appreciable shift in the
melting peak of KT indicating no possible interaction between the
drug and the tested excipients (Figure I).

Concerning the IR spectrum of fresh KT, it is characterized by
major bands in the functional group region at 3349.75 cm™', which is
characteristic for (-OH) stretching vibration; the broadness of this band
isindicative of hydrogen bonding. The strong band observed at 1557.24
cm’! is attributable to the carbonyl (-C=0) stretching vibration.
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Figure 1 - DSC thermograms of (A) pure KT, (B) KT:NaCl, (C)
KT:Compressol, (D) KT:cellulose acetate, (E) KT:Lubripharm SSF.
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Figure 2 - IR spectra of (A) pure KT, (B) KT:NaCl, (C) KT:Compressol,
(D) KT:cellulose acetate, (E) KT:Lubripharm SSF.

Itis clear from the IR spectra of KT and its physical mixtures with
excipients that the existence of the same characteristic bands of the
drug and excipients in the same regions and at the same ranges may
be with decreasing intensity in some cases due to dilution, and there
are no new bands observed. This might be indicative of absence of
any signs of chemical interaction between KT and the used excipients
(Figure 2).

2. Characterization of the prepared core tablets

For the prepared core tablets CO1 to CO4, the following deter-
minations were carried out: average weight, thickness, diameter and
friability.

The average weight was in the range of 298 to 301 mg with S.D
less than 0.089. The values of thickness and diameter fall in the range
of 3.13 to 3.69 mm and 10.08 to 10.11 mm, respectively. All tablets
showed percent of fines less than 0.24 indicating that they will be suit-
able for coating process and no roughness will appear in the formed
coats.

3. Influence of formulation variables on KT release
from osmotic pump tablets.

To study the influence of tablet formulation variables on drug
release, four batches of core tablets with various formulation compo-
sitions were prepared; the percent of osmogent sodium chloride was
increased from 0, 20, 40 to 60 % of the total tablet weight.
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Table IV - Composition, increase in weight (%), thickness and diameter of different Ketorolac tromethamine osmotic pump tablets.

Formula Composi- | % increase | Thickness Diameter Formula Composi- | % increase | Thickness Diameter
tion in weight (mm = SD) (mm + SD) tion in weight (mm + SD) (mm + SD)
OPT1 CO-1/CT-1 7.95 3.93 +£0.08 10.22 £ 0.02 OPT11 CO-3/CT-1 7.99 4.38 +0.07 | 10.23 £0.08
OPT2 CO-1/CT-2 7.89 3.88 +0.03 10.28 +0.02 OPT12 CO-3/CT-2 7.87 4.85+0.18 | 10.25 +0.01
OPT3 CO-1/CT-3 8.12 4.15 +0.04 10.23 £ 0.01 OPT13 CO-3/CT-3 7.91 3.90 +0.04 | 10.21 £0.06
OPT4 CO-1/CT-4 8.29 4.20 +£0.08 10.28 +0.03 OPT14 CO-3/CT-4 8.18 3.65+0.04 | 10.28 £0.10
OPT5 CO-1/CT-5 7.92 3.80 +£0.23 10.28 +0.01 OPT15 CO-3/CT-5 8.20 4.40+0.04 | 10.27 +£0.07
OPT6 CO-2/CT-1 7.91 3.95+0.02 10.25 £ 0.01 OPT16 CO-4/CT-1 8.17 4.63+0.03 | 10.27 +0.06
OPT7 CO-2/CT-2 8.45 4.11 £0.07 10.29 £ 0.01 OPT17 CO-4/CT-2 8.05 3.69 +£0.02 | 10.20 +0.01
OPT8 CO-2/CT-3 8.08 4.21 +0.06 10.26 + 0.03 OPT18 CO-4/CT-3 7.99 4.38 +£0.07 | 10.23 +0.08
OPT9 CO-2/CT-4 8.34 3.95+0.02 10.26 + 0.06 OPT19 CO-4/CT-4 8.47 4.85+0.18 | 10.25 +0.01
OPT10 CO-2/CT-5 8.05 3.69 £0.02 10.20 £ 0.01 OPT20 CO-4/CT-5 8.03 3.69 +£0.02 | 10.29 +0.01
Plasticizer was used to modify not only the mechanical properties 100 100

but also the thermal property, water absorption behavior and adhesive 9 | =0T N

property of polymeric films. All of these properties affect the strength wl T A %0 o B

of coating films and the integrity of the final products, which further 370 :2:: 370

affect drug release performance [30, 31]. To study the effect of the 60 2 oms ;5 60

plasticizer dibutyl phthalate, coating solutions CT-1 and CT-2 contain- ; 50 % 5

ing 1 and 2 % were prepared. ) 8 ©

Water soluble polymers such as PVP, PEG and HPMC have been " ¥ "

reported to leach out of the coating, forming a porous film with increased 2 : 2

permeability, or produce hydrated water-filled HPMC regions within 10 0

the membrane that allow drug transport across the film. It has been 0 .

reported that PEG-400 is a better pore former than PVP and HPMC
since it is a more hydrophilic plasticizer and can be leached out easily
and increase the flux rate of fluid [32].

To study the effect of the level of pore former PEG-400, coating
solutions (CT3-CT5) containing 0.5, 1.5 and 2.5 % w/v of PEG-400
were prepared. Twenty osmotic pump tablet formulae were obtained
by coating each core tablet formula (CO1-CO4) with coating solutions
of different compositions (CT1-CT5).

Table 1V shows the % increase in weight, thickness and diameter of
the prepared osmotic pump tablet formulae. Tablets show an increase
in weight by 7.87 to 8.47 %.

The membrane is permeable to aqueous fluids but substantially
impermeable to the components of the core. In operation, the core
compartment imbibes aqueous fluids from the surrounding environ-
ment across the membrane and dissolves the drug. The dissolved drugs
are released through the pores created after leaching of water-soluble
additive(s) in the membrane.

Release profiles of KT from different osmotic pump tablet formulae
OPT1-OPTS5 are presented in Figure 3A.The percents of drug released
after 1 h were 0.94,0.29, 1.42,2.36 and 4.78 %, respectively, while
the percents of drug released after 6 h were 10.26,6.91, 15.32,29.84
and 49.42 %. After 12 h, the percents of drug released were 32.41,
20.03,44.05,67.14 and 75.75 %, respectively.

It is clear that drug release increased with the increase in the level
of pore former. As the level of pore former increases, the membrane
becomes more porous after coming in contact with the aqueous envi-
ronment, resulting in faster drug release. Similar results are observed
in a previous work [33, 34].

Concerning release profiles of KT from different osmotic pump
tablet formulae OPT6-OPT10, the percents of drug released after 1 h
were 0.38,0.25,1.37,3.46 and 5.16 %,respectively while the percents
of drug released after 6 h were 17.29,7.23,23.26,35.50 and 48.31 %.
After 12 h, the percents of drug released were 39.12, 25.06, 53.05,
69.30 and 75.80 %, respectively. All of these formulae contain 20 %
sodium chloride in their cores, but no significantincrease was attributed
to the presence of this percent of sodium chloride (Figure 3B).

Formulae OPT11-OPT15 containing 40 % sodium chloride in their
cores had different release profiles since the percents of drug released
after 12 h were 47.00, 32.36, 62.76, 86.97 and 79.69 %, respectively
(Figure 3C).
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Figure 3 - Release profiles of KT from osmotic pump tablet formu-
lae: (A) OPT1-OPT5, (B) OPT6-OPT10, (C) OPT11-OPT15 and (D)
OPT16-OPT20.

As shown in Figure 3D, addition of 60 % of sodium chloride in
the cores of osmotic pump tablets OPT16-OPT20 resulted in more of
an increase in the drug released after 6 and 12 h. The drug release rate
was fast and the lag time was short; this is due to this high percent of
sodium chloride exerting a high osmotic pressure difference leading
to an increase in the rate of medium permeation into the matrix of the
core tablet. As a result, an increased internal pressure leads to a fast
release rate.

Formula OPT19 showed the highest release rate: 5.22,49.74 and
95.56 % of the labeled drug were released after 1,6 and 12 h, respec-
tively. This formulation was selected as the optimized formulation and
used for further evaluation studies.

It was found that drug release from formulac OPTS, OPT10,
OPT15 and OPT20 was higher and of anon-linear drug release profile.
These formulae contain 50 % w/w of PEG-400 in their coatings. They
develop a porous membrane on the surface of the core tablet and this
in turn allows free diffusion of drug molecules along the concentration
gradient, irrespective of the composition of the core tablets.

On the other hand, the presence of 2 % plasticizer dibutyl phthalate
in the coating films plays role to countercurrent drug release. All OPT
formulae containing 2 % plasticizer in their coats showed significant
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decrease in drug release rate compared to those containing 1 % at the
same composition of core tablets, since OPT1>OPT2,0PT6>OPT7,
OPT11 > OPT12 and OPT16 > OPT17 in the percent drug release
after 1,6 and 12 h.

This observation could be explained by the presence of dibutyl
phthalate at a higher concentration (2 % w/v) in the coating films
resulting in more elasticity of the film so that the increase in the
internal pressure is compensated by increase in the tablet dimensions
due to the effect of elastic film, which slow down the release to some
extent. In contrast, 1 % w/v dibutyl phthalate in the film does not offer
the elasticity required to compensate the pressure, so an increase in
increased internal pressure leads to faster drug release.

Concerning the lag time seen with tablets coated with CT-1, CT-2
and CT-3, it was reduced by using a hydrophilic substance, PEG-400,
in combination with dibutylphthalate in concentrations larger than
10 % w/w (CT-4 and CT-5).As PEG-400 was a hydrophilic substance,
it could be leached easily and left behind a porous structure, which
enhanced the membrane permeability and drug release rate.

4. Kinetics and mechanism of drug release

Drug release data from the different formulations were fitted to
various kinetic models to elucidate the mechanism and kinetics of
drug release (kinetic data are shown in Table V).

According to regression constant (R?) for the release data of
most formulae, the most appropriate model was zero-order kinetics.
The compatible fit of zero-order kinetics indicated that drug release
is controlled by a concentration-independent release mechanism.
Coating membranes in these formulae behaved like true semiperme-
able membranes, resulting in zero-order delivery of drug through the
orifice only under the control of osmotic pressure gradient across the
membrane.

Drug release from formulae OPTS, OPT10, OPT15 and OPT20
showed higher and non-linear drug release profiles (first-order release
kinetics).

This observation could be explained on the basis that their coats
contain the highest percent (50 %) of pore former PEG-400 and when
they came in contact with the aqueous environment during the release
study, the water soluble PEG-400 leached out leaving behind a highly
porous membrane on the surface of the core tablet, which allowed free
diffusion of drug molecules along the concentration gradient.

Table V - Kinetics data and release mechanism of ketorolac trometh-
amine from different OPTs.

Formula Correlation coefficient (R?) for Release
Zero order | First order Diffusion model
model
OPT1 0.9592 0.9368 0.8431 Zero
OPT2 0.9656 0.9554 0.8502 Zero
OPT3 0.9739 0.9474 0.8678 Zero
OPT4 0.9881 0.9526 0.9022 Zero
OPT5 0.9700 0.9982 0.9866 First
OPT6 0.9855 0.9715 0.8982 Zero
OPT7 0.9386 0.9236 0.8025 Zero
OPT8 0.9920 0.9700 0.9114 Zero
OPT9 0.9982 0.9758 0.9462 Zero
OPT10 0.9780 0.9944 0.9744 First
OPT11 0.9744 0.9469 0.8666 Zero
OPT12 0.9364 0.9171 0.7972 Zero
OPT13 0.9884 0.9501 0.9005 Zero
OPT14 0.9969 0.9315 0.9391 Zero
OPT15 0.9628 0.9981 0.9882 First
OPT16 0.9849 0.9503 0.8904 Zero
OPT17 0.9627 0.9364 0.8452 Zero
OPT18 0.9935 0.9357 0.9154 Zero
OPT19 0.9989 0.8591 0.9607 Zero
OPT20 0.9587 0.9988 0.9950 First

279

J. DRUG DEL. SCI. TECH., 23 (3) 275-281 2013

These results were in accordance with Rani et al. whose work had
focused on the preparation and evaluation of osmotic pump tablets
for the controlled delivery of diclofenac sodium [35].

5. Effect of weight gain

The effect of increase in weight on the release of KT from the
prepared osmotic pump tablets was studied on OPT19 core tablets
after an increase in weight of 6, 8 and 10 %.

As shown in Figure 4A, KT release shows a difference in release
profiles. Therelease from formulae with6 and 10 % difters fromrelease
of formula with an 8 % increase in weight. The values of similarity
factor (f2) were 49.61and 46.88 for formulae with an 8 and 10 %
increase in weight, respectively, indicating no similarity between the
two dissolution profiles, since the FDA has set a public standard of {2
value greater than 50 to indicate similarity between two dissolution
profiles.

6. Effect of agitation intensity

The effect of agitation intensity of the release media on the re-
lease of KT from the selected formula OPT19 was carried out in USP
dissolution apparatus type II at varying rotational speeds (50, 100
and150 rpm).

From Figure 4B, it is clear that the release of KT from the opti-
mized formulation OPT19 is independent of the agitation intensity
since the differences between the release data at 50, 100 and150 rpm
is non-significant and values of similarity factor (f2) were 83.21 and
77.27 for release profiles at 100 and 150 rpm, respectively, indicat-
ing the high similarity between the two dissolution profiles and the
dissolution profile at 50 rpm.

Hence,itcan be expected that the release of KT from the developed
formulation will be independent of the hydrodynamic conditions of the
absorption site. Drug release from osmotic pumps to a large extent is
independent of agitation intensity of the release media. These results
comply with the results of the previously published work of Liu ez al.
[36].
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Figure 4 - Release profiles of KT from the selected formula OPT19
showing: (A) effect of increase in tablet weight after coating, (B) effect
of agitation intensities, (C) effect of pH of release medium and (D) effect
of coating polymer type.
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7. Effect of pH of release medium

The effect of pH of release medium on drug release was conducted
in media of different pH. There was similarity between the results of
the release data in pH 1.2 and 5.5 since the values of similarity factor
(f2) were 80.60 and 80.12, respectively.

As can be seen from Figure 4C, the release profiles being similar
in all the media demonstrate that the developed formula OPT19 shows
pH-independent release. These results were in accordance with the
previously published work of Makhija et al. [8].

8. Effect of the type of coating polymer

The effect of the coating polymer type on the release of KT from
the prepared osmotic pump tablet studied. From Figure 4D, itis obvious
that the release of KT from the optimized formulation OPT19 is not
affected by the type of polymer in the coating solution. The observed
difference was non-significant where the f2 values were higher than 50.

Coating membranes made from cellulose acetate, cellulose acetate
propionate and cellulose acetate butyrate had the same effect in con-
trolling the release of KT from the prepared osmotic pump tablets.

9. Scanning electron microscopy studies

In order to investigate the changes in the membrane structure,
the surface of coated tablets was studied using a scanning electron
microscope. It was expected that with an increase in the level of pore
former, the porosity of the membrane would increase because of
leaching of pore former from the membrane.

Figure 5 shows the SEM micrograph of the membrane surfaces
of the selected formula OPT19 before and after dissolution studies.
Before dissolution, the coating membrane was intact without any
cracks and some pores in the membrane were observed which may
be the result of bubbles on the surface that dried during the coating
process.

After dissolution studies, coating membranes were also intact
without any cracks. However, there was formation of many pores in
the membranes, which possibly acted as exit ports for the drug. The
number of pores observed after 12 h was much more than that observed
after 6 h and this could be explained on the basis of leaching of pore
former from the membrane.

Controlled elementary osmotic pump tablets of KT with a zero-
orderrelease were successfully developed. The formulation parameters
such as presence of plasticizer, concentrations of the osmotic agent,
concentrations of the pore former and the type of coating polymer on
the permeability and the release profile were studied. Drug release
from the developed formulations was found to be dependent on the
percent increase in weight after coating, but independent of pH and
the agitation intensity of the release media, suggesting that the release
will be fairly independent of pH and hydrodynamic conditions of the
body.

Also, therelease appeared to be independent of the type of cellulose
acetate derivatives used as coating polymers. Membranes were found
to develop porous surfaces after coming in contact with the aqueous
environment; the number of pores depends on the initial concentration
of pore former in the coating membrane.
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sublingual formulations remains relatively low. This is surprising in view of the advantages associated
with OTDD, compared with conventional oral drug delivery. This review examines a number of aspects
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harsh acidic environment of the stomach and the enzymatic milieu
of the small intestine. First pass hepatic metabolism is also
circumvented if a molecule can penetrate the oral mucosa and
attain therapeutic levels in the blood. The route should be
distinguished from oral mucosal delivery (OMD) which aims to
deliver drugs locally to the oral mucosal and which will be the
subject of a forthcoming review.

The earliest record of OTDD appears to have been made by
William Murrell, a licentiate of the Society of Apothecaries, who
received his medical training at University College London. Murrell
was one of the first scientists to report the clinical benefits from the
administration of nitroglycerin drops in the management of
patients afflicted with angina pectoris. An awareness of the
importance of the actual route of administration is evident from
the following:

“Mr. Martindale kindly made me some pills composed of nitro-
glycerine dissolved in cocoa butter. They are perfectly active,
but if swallowed in the ordinary way do not act so quickly as the
spirituous solution.”

(Murrell, 1882)

Despite this elementary demonstration of the efficacy of OTDD
there was little development of buccal or sublingual dosage forms
over the next 70-80 years. The seminal paper published in 1967, by
Beckett and Triggs conclusively demonstrated that the loss of drug
from a solution in the mouth could be attributed to oral mucosal
absorption (Beckett and Triggs, 1967).

By the 1980s, the drugs registered in the US for administration
via the buccal or sublingual routes included isosorbide dinitrate,
ergot alkaloids, nicotine, testosterone and derivatives as well as
nitroglycerine. Although the number of molecules administered
via OTDD currently has expanded to include asenapine, bupre-
norphine, cannabis extracts, fentanyl, midazolam, naltrexone,
prochlorperazine, selegiline and zolpidem this is still a relatively
small category when compared with the transdermal route. The
limited number of medicines on the market is surprising given the
ever increasing interest in OTDD for paediatric and geriatric

patients. The aims of this review are (i) to consider the
physiological factors which limit OTDD (ii) to assess the models
which have been used to study OTDD and (iii) to examine the
different dosage forms currently available and (iv) to evaluate new
technologies and strategies for OTDD.

2. Physiology of the oral mucosa
2.1. Buccal mucosa

The buccal mucosa delineates the inside lining of the cheek as
well as the area between the gums and upper and lower lips and it
has an average surface area of 100 cm?. Its primary function is to
protect underlying tissues from mechanical and chemical damage
and the entry of foreign substances (Squier and Brogden, 2011).
Structurally, it is a multilamellar lining consisting of the outer
epithelium and basal laminar or basement membrane, supported
by connective tissue consisting of the lamina propria and
submucosa (Fig. 1). The undulating basement membrane is a
continuous layer of extracellular material, approximately 1-2 wm
in thickness. Mucus coats the surface of the epithelium and is
discussed in more detail in Section 2.5.

The buccal epithelium is a non-keratinised stratified squamous
tissue consisting of 40-50 layers of cells resulting in an overall
thickness of 500-600 wm (Gandhi and Robinson, 1994). In the
lower layers, cells are mitotically active and differentiate into
larger and flatter cells as they approach the outer epithelium. The
stages of this process are represented in four morphological layers,
namely the basal layer, the prickle cell layer, the intermediate layer
and the superficial layer. Membrane coating granules (MCGs) are
first evident in the prickle cell layer. These granules fuse with the
plasma membrane and extrude the lipid contents into the
intercellular space in the outer third of the buccal epithelium.
This outer area contains large amounts of phospholipids and
relatively small amounts of ceramide. This is in contrast to stratum
corneum where ceramides are one of the major lipid classes and
which contains no phospholipids.

< Mucus/saliva
pI———— - o — T —=
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Basement membrane

Lamina propria
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Fig. 1. Structure of buccal mucosa (adapted from Harris and Robinson, 1992).
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The turnover time of buccal epithelial cells is 5-7 days.
Secretory organelles extrude their lipid contents into the
intercellular spaces about two thirds of the way from the basal
layer to the surface which provides the major the barrier function
of the epithelium (Dawson et al, 2013). The basal layer is
approximately 1-2 um thick and has also been suggested to
contribute to the barrier properties of the mucosa (Harris and
Robinson, 1992). The lamina propria is a loose, hydrated connective
tissue composed of fibres of collagen with smooth muscles and
capillaries and shows no significant effect on drug permeation
(Veuillez et al., 2001). The submucosa consists of comparatively
denser connective tissue with some accessory salivary glands
surrounded by myoepithelial cells (Young et al., 2006). The blood
flow to the buccal mucosa is of the order of 2.4mlmin—!cm™2.

2.2. Sublingual mucosa

Structurally the sublingual mucosa is comparable to the buccal
mucosa but the thickness of this epithelium is 100-200 pwm. This
membrane is also non-keratinised and being relatively thinner has
been demonstrated to be more permeable than buccal mucosa
with respect to isosorbide dinitrate (Pimlott and Addy, 1985) as
well as other molecules (Squier, 1991). Blood flow to the sublingual
mucosal is slower compared with the buccal mucosa and is of the
order of 1.0mlmin~'cm™2,

2.3. Gingival and palatal tissues

The gingival and palatal epithelia are keratinised with the
former having a thickness of approximately 250 pum and the latter
having a thickness of about 200 wm (Squier et al., 1976). These
membranes are less permeable than the buccal and sublingual
areas (Squier, 1991) but there are comparatively fewer published
studies available for gingiva and hard palate compared with the
other regions of the oral mucosa. As for the buccal mucosa, the
keratinised regions also contain MCGs and the lipids present are
acylceramides or ceramides (Squier, 1991).

2.4. Saliva

Saliva is a moderately viscous aqueous fluid secreted by parotid,
submandibular, sublingual glands and minor salivary glands in the
submucosa (Herrera et al., 1988). It functions as a lubricant,
protective material, assists food mastication, prevents teeth
demineralization, participates in carbohydrate metabolism and
modulates the growth of oral flora (Slomiany et al., 1996). The
major components of saliva are mucus (see Section 2.5), proteins,
mineral salts, and enzymes. It is considered to be a weak buffer
system with a pH of about 5.5-7. The pH range depends on ionic
composition and flow rates. The ionic composition and flow rates
of saliva are affected by type and degree of stimulation (smell,
taste, and type of food) and time of the day. The normal salivary
flow rate is approximately 0.5 ml/min resulting in total daily
secretion between 0.5 and 21 but due to continuous swallowing,
the constant volume of saliva in the mouth is ~1.1 ml (Gilles and
Ghazali, 1996).

2.5. Mucus

Mucus is an intercellular ground material secreted as a
constituent of saliva from major and minor salivary glands. It is
composed mainly of glycoproteins called mucins (Tabak et al.,
1982) which are large molecules with a molecular weight from 0.5
to 20 MDa. Slomiany et al. (1996) have reviewed the molecular
aspects of salivary mucins and the nature of the oral mucosa-
mucin interactions. The negative charge of mucins at physiological

pH values arises from the presence of sulphate and sialic acid
residues. This negative charge allows mucin to bind to the surface
of epithelial cells forming a gelatinous layer but a receptor for
salivary mucins was also identified and characterized in buccal
mucosa (Slomiany et al., 1993). Drug diffusion may be limited by
the physical barrier of the mucus layer and also the specific or
nonspecific binding of drugs to the mucus layer.

3. Permeation pathways and predictive models for OTDD

In general, the permeability of the oral mucosal epithelium is
intermediate between that of the skin and the gut (Squier, 1991).
Studies with tracer molecules, including horseradish peroxidase
and lanthanum nitrate, have been conducted in rabbit and porcine
models (Squier and Rooney, 1976; Squier and Hall, 1985) and
indicate that the functional permeability barrier of the oral
mucosa, like that of skin, is located in the epithelium and occupies
the superficial layers. Other mechanistic studies to investigate
drug transport in the buccal epithelium have been reported by
Lesch et al. (1989); Hoogstraate et al. (1994); Nicolazzo et al. (2003,
2005). Although active transport processes have been investigated
(Kurosaki et al., 1992, 1998) they do not appear to play a major role
in OTDD. Structurally, the buccal and sublingual epithaliae
essentially consist of cells embedded in an intercellular substance
largely composed of carbohydrate-protein complexes. Two routes
of drug transport are generally proposed: paracellular (between
the cells) and transcellular (across the cells). Some researchers
have suggested that hydrophilic molecules will permeate via the
paracellular route while lipophilic molecules will be absorbed
preferentially via the transcellular route (Zhang and Robinson,
1996; Deneer et al., 2002).

Kokate et al. (2008a) investigated the contribution of thermo-
dynamic activities of ionized and unionized species on buccal drug
permeation using nimesulide and bupivacaine as model drugs. In
vitro studies were conducted with porcine tissue and horizontal
side-by-side cells. For nimesulide saturated or subsaturated
buffered drug solutions were applied to the donor chamber at
different pH values ranging from 5.0 to 8.0. Saturated and
subsaturated buffered solutions of bupivacaine were investigated
in the pH range 6.0-8.5. The receptor chamber contained buffer at
the same pH as the respective donor solutions. The thermody-
namic activities of ionized and unionized drug species were
expressed as degree of saturation (DS) and were also calculated
using a modified Debye-Hiickel equation. For both drugs, the
permeability of the ionized species was approximately fourfold
lower than the unionized species. Assuming that both the ionized
and unionized species contribute independently to the total
steady-state flux theoretical estimations were made for total drug
flux values and percent contribution of the ionized species to the
total flux. The contribution of the ionized species to total flux was
estimated to be equal to that of the unionized species when 90% of
the drug was in the ionized state.

Goswami et al. (2009) used polyethylene glycols as model
hydrophilic permeants to establish theoretical pore sizes for
permeation of hydrophilic molecules across the different regions
of the oral mucosa. Permeation studies were carried out in vitro
with porcine buccal tissue for a period of 8 h to a maximum of 12 h
to obtain the steady-state flux values for PEG oligomers with
different molecular weights. PEG solutions with mean molecular
weights of 300, 400, 600, 1000 (5%, w/v) were prepared by
dissolving appropriate amount of PEG in isotonic phosphate buffer
solution (pH 7.4). Experimentally determined permeability and
theoretical diffusion parameters for PEG molecules were used to
calculate the radius of the pore (r,,) for the aqueous pathways in
buccal and sublingual tissues as 18-22 and 30-53 A, respectively.
The authors further noted that the presence of this aqueous route
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might explain the significant contribution of the ionized species of
a drug to the total flux across the oral mucosa observed by Kokate
et al. (2008a).

Kokate et al. (2008b) also reported the in vitro flux values of a
larger group of drugs, namely three acidic (naproxen, warfarin,
nimesulide), seven basic (lidocaine, propranolol, verapamil,
diltiazem, amitriptyline, metoprolol, pindolol), and two neutral
(caffeine, antipyrine) molecules across porcine buccal mucosa.
Values for log P and log of distribution coefficient (log D) at pH
6.8, which corresponds to salivary pH values were obtained either
from the literature or were estimated using National Institutes for
Health ChemlIDplus software. For drugs with poor solubility
(diltiazem, amitriptyline, nimesulide, naproxen, warfarin), satu-
rated donor drug solutions were used. The initial drug concentra-
tion for the remaining drugs was 1.0 mg/ml (verapamil), 5.0 mg/ml
(lidocaine, propranolol, caffeine, antipyrine), 7.5 mg/ml (metopro-
lol) and 10 mg/ml (pindolol). When permeability coefficients were
plotted against log P a poor correlation was obtained (*=0.53);
however, the correlation improved significantly when log Dg g was
plotted instead of log P (1*=0.73).

In a later study (Kokate et al., 2009), the apparent permeability
coefficients of 15 different drugs across porcine buccal mucosa
were used to develop an in silico model predictive of buccal
permeation. Multiple linear regression (MLR) and maximum
likelihood estimations (MLE) were used to develop the model
based on permeability as the response variable and various
descriptors as the predictor variables. The various descriptors used
were molecular weight (MW), molecular volume (MV), octanol-
water partition coefficient (log P), log Dg g (logarithm of distribu-
tion coefficient at pH 6.8, which corresponds to salivary pH), polar
surface area (TPSA), number of hydrogen bond acceptors (HBA) and
donors (HBD), number of rotatable bonds (nRotB), solubility (at pH
6.8), and melting point (mp). Four descriptors, MV, log Dg g, HBD,
and nRotB, were found to influence permeability significantly. The
final model was validated with an external data set consisting of
permeability values obtained for 12 drugs from the literature.
Using a similar approach with 14 model drugs, an in silico model
was developed to predict sublingual permeability (Goswami et al.,
2013). MLR analysis indicated that HBD and log Dgg were the
significant descriptors. When compared with the buccal in silico
model the authors proposed that the absence of nRotB and MV in
the sublingual model reflected differences in the physiological and
biochemical properties of the two mucosae.

Amores et al. (2014) determined the apparent permeability
coefficient, (k,) flux (J) and lag time, T; of a series of (3-blockers
(acebutolol, atenolol, labetalol, metoprolol, oxprenolol and pro-
pranolol) through porcine buccal mucosa. MLR using least square
estimation was performed on the data set with log k;, as the
dependent variable and solubility, MW, MV, TPSA, HBA, HBDm and
nRotB as the predictor variables. Stepwise regression and MLR
analysis resulted in the following model:

logkp(cm/h) = —3.885(3.770) + 1.626(+0.625) x 10gDppes
—0.521(+0.297) x nRotB + 2.236(+1.023) x HBA

Regression analysis showed that 85.7% of variability in
permeability data could be explained by the model.

4. Models to study OTDD
4.1. Studies in man and human tissue models

The oral absorption test, also known as the ‘swirl and spit’ test,
was developed by Beckett and Triggs (1967). It involves swirling a
known volume of a specific drug concentration for a fixed period of
time by human volunteers followed by expulsion of the solution.
The volunteers then rinse their mouth with a known volume of

buffer solution and the expelled drug solution and the rinse are
combined and analysed for drug content. The absorbed amount of
drug is assumed to be the difference between the initial and final
drug concentration in the solution. A series of papers from
Beckett’s laboratory in the 1960s and 1970s used this model to
demonstrate the buccal absorption of different drugs and the
influence of pH on the absorption of a range of drugs (Beckett and
Moffat, 1968, 1969a,b, 1970, 1971; Beckett and Pickup, 1975). The
limitations of this method include (i) the possible dilution of the
drug solution by continuous salivary production, which is
stimulated by swirling and (ii) unintentional swallowing. Non-
absorbable markers have been used to account for salivary
secretion and swallowing (Tucker, 1988). A further problem is
that absorption takes place from all regions of the oral cavity, with
no control over the area across which absorption can take place.
Finally, disappearance from the oral cavity is not necessarily an
indication of complete transfer to the systemic circulation because
of potential metabolism and/or tissue binding.

The use of perfusion cells in the oral cavity was developed to
overcome some of the limitations of the original oral absorption
method. Drug transfer takes place over an isolated area and
interference from salivary secretions is prevented; volume, pH and
temperature of the perfusant are also maintained constant
(Rathbone, 1991). This model has been used to study human
buccal absorption of nicotine by Adrian et al. (2006). These
workers also examined parotid saliva for nicotine levels but a
correlation between saliva and plasma levels for oral transmucosal
delivery has yet to be established.

Recently, Pudney et al. (2012) have reported a new in vivo
Raman probe that allows depth profiling of the buccal epithelium.
A small external optical window is set at the end of a long pen-
shaped device, which can be maneuvered against the buccal
epithelium, with minimal discomfort to the subject. Within this
pen-shaped probe is a small objective, 12 mm in diameter which is
moved backwards and forwards by a motor to change the location
of the laser focus in the tissue. This probe is attached to an in vivo
Raman spectrometer with three exit ports one of which directs the
laser beam into the probe. As with the main spectrometer, the
fingerprint region is measured using 785 nm excitation and the
high wavenumber region is measured using 671 nm excitation.
Measurements of the oral mucosa were carried out in 2 subjects by
placing the probe inside the mouth on the cheek and depth scans
were taken. The mouth was then rinsed with solutions (0.0183%,
0.183%, or 1.83% by weight) of epigallocatechin gallate (ECG). The
ECG signal was observed clearly in the buccal epithelium and was
still present after 15 min exposure for the 0.183% solution. The
ability to probe the buccal epithelium at the molecular level with
confocal Raman spectroscopy should facilitate a better under-
standing of the barrier properties of this tissue. Monitoring of
actives may be possible where the molecule has a suitable Raman
spectrum.

In vitro studies with human biopsy or cadaver tissue are sparse
in the literature but these models have been used by Nielsen and
Rassing (2000) to study buccal permeation of [(3-blockers and
testosterone and by van der Bijl et al. (2000) to study sumatriptan.

4.2. Porcine models

Porcine oral mucosal tissue has similar histological character-
istics to human oral mucosal tissue (Heaney and Jones, 1978;
Collins et al., 1981). Lesch et al. (1989) reported that the water
permeability of porcine buccal mucosa was not significantly
different from human buccal mucosa but the floor of the mouth
was more permeable in human tissue than in pig tissue.
Comparisons between fresh porcine tissue specimens and those
stored at —80 °C also revealed no significant effect on permeability
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as aresult of freezing. Porcine buccal mucosal absorption has been
studied for a wide range of drug molecules both in vitro and in vivo
(Table 1). Typically, in vitro studies involve mounting excised
porcine buccal tissue in Ussing chambers, Franz cells or similar
diffusion apparatus. The in vivo studies described in the literature
involve the application of the drug as a solution, gel or device to the
buccal mucosa of pigs followed by plasma sampling.

Nicolazzo et al. (2003) investigated the effects of various in vitro
conditions on the permeability of porcine buccal tissue using
caffeine and oestradiol as model hydrophilic and lipophilic marker
molecules. Drug permeation in the buccal mucosa was studied
using modified Ussing chambers. Comparative permeation studies
were performed through full thickness and epithelial tissues, fresh
and frozen tissues. Tissue integrity was monitored by the

Table 1
Drugs studied with porcine models for oral transmucosal drug delivery.

Drug Type of study Authors
(p-ala2, p-leu5)-enkephalin In vitro Lee and Kellaway (2000)
(p-Pen2, p-Pen5)-enkephalin In vitro Yuan et al. (2011)
5-aza-2-deoxycytidine In vitro Mahalingam et al. (2007)
Acyclovir In vitro Shojaei et al., (1998)
Antipyrine In vitro Kulkarni et al. (2011)
Atenolol HCI In vitro Jacobsen (2001)
Bupivacaine In vitro Kulkarni et al. (2011)
Buserelin In vivo Hoogstraate et al. (1996)
Buspirone In vitro Birudaraj et al. (2005)
Caffeine In vitro Nicolazzo et al. (2004)
Calcitonin (salmon) In vitro Oh et al. (2011)
Carbamazepine In vitro Giannola et al. (2005)
Carvedilol In vitro Cappello et al. (2006)
Celecoxib In vitro Cid et al. (2012)
Chlorpheniramine maleate In vitro Sekhar et al. (2008)
Diazepam In vitro Meng-Lund et al. (2014)
Diclofenac sodium In vitro Miro et al. (2009)
Didanosine In vitro Ojewole et al. (2012)
Dideoxycytidine In vitro Shojaei et al., (1999)
Diltiazem hydrochloride In vitro Hu et al. (2011)
Domperidone In vitro Palem et al. (2011b)
Donazepil hydrochloride In vitro Caon et al. (2014)
Endomorphin-1 In vitro Bird et al. (2001)
Felodipine In vitro Palem et al. (2011a)
Fentanyl In vitro Diaz Del Consuelo et al. (2005)
Flecainide In vitro Deneer et al. (2002)
Galantamine hydrobromide In vitro De Caro et al. (2008)

In vivo Giannola et al. (2010)
Insulin In vitro Das et al. (2012)
Lamotrigine In vitro Mashru et al. (2005b)
Lercanidipine hydrochloride In vitro Charde et al. (2008)
Methimazole In vitro De Caro et al. (2012)
Metoprolol In vitro Nielsen and Rassing (2000)

In vivo Holm et al. (2013)
Morphine hydrochloride In vitro Senel et al. (1998)
Naltrexone hydrochloride In vitro Giannola et al. (2007)

In vivo Campisi et al. (2010)
Nicotine In vitro Nair et al. (1997)
Nicotine hydrogen tartrate In vitro Hu et al. (2011)
Nimesulide sodium In vitro Maffei et al. (2004)
Nortestosterone In vivo Claus et al. (2007)
Oestradiol In vitro Nicolazzo et al. (2004)

In vivo Claus et al. (2007)
Omeprazole In vitro Figueiras et al. (2009)
Ondansetron hydrochloride In vitro Mashru et al. (2005a)
Phenylephrine In vitro Rao et al. (2011)
Phenytoin sodium In vitro Adeleke et al. (2010)
Pioglitazone In vitro Palem et al. (2011a)
Pituitary adenylate cyclase-activating polypeptide In vitro Langoth et al. (2005)
Pravastatin sodium In vitro Shidhaye et al. (2010)
Progesterone In vitro Jain et al. (2008)
Propranol HCl In vitro Lee and Choi (2003)
Risperidone In vitro Heemstra et al. (2010)
Rizatriptan benzoate In vitro Avachat et al. (2013)
Ropinirole In vitro De Caro et al. (2012)
Salbutamol sulphate In vitro Puratchikody et al. (2011)
Saquinavir In vitro Rambharose et al. (2014a)
Sotalol In vitro Deneer et al. (2002)
Sumatriptan succinate In vitro Prasanna et al. (2011)
Tacrine In vitro Gore et al. (1998)
Tenofovir In vitro Rambharose et al. (2014b)
Testosterone In vitro Nielsen and Rassing (2000)

In vivo Claus et al. (2007)
Thiocolchicoside In vitro Artusi et al. (2003)
Transforming growth factor-beta In vitro Senel et al. (2000)
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absorption of the fluorescein isothiocyanate (FITC)-labeled dextran
20kDa (FD20) and tissue viability was assessed using an MTT
(3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide)
biochemical assay and histological evaluation. Permeability
through the buccal epithelium was 1.8-fold greater for caffeine
and 16.7-fold greater for oestradiol compared with full thickness
buccal tissue. Flux values for both compounds were comparable for
fresh and frozen buccal epithelium although histological evalua-
tion demonstrated signs of cellular death in frozen tissue. The
tissue appeared to remain viable for up to 12 h postmortem using
the MTT viability assay which was also confirmed by histological
evaluation.

Kulkarni et al. (2009) investigated the relative contributions of
the epithelium and connective tissue to the barrier properties of
porcine buccal tissue. In vitro permeation studies were conducted
with antipyrine, buspirone, bupivacaine and caffeine as model
permeants. The permeability of the model diffusants across buccal
mucosa with thickness of 250, 400, 500, 600, and 700 p.m was
determined. A bilayer membrane model was developed to
delineate the relative contribution to the barrier function of the
epithelium and the connective tissue. The relative contribution of
the connective tissue region as a permeability barrier significantly
increased with increasing mucosal tissue thickness. A mucosal
tissue thickness of ~500 um was recommended by the authors for
in vitro transbuccal permeation studies as the epithelium
represented the major permeability barrier for all diffusants at
this thickness. The authors also investigated the effects of a
number of biological and experimental variables on the perme-
ability of the same group of model permeants in porcine buccal
mucosa (Kulkarni et al., 2010). Significantly, higher permeability of
the permeants was observed for the thinner region behind the lip
(170-220 pm) compared with the thicker cheek (250-280 pm)
region. Porcine buccal mucosa retained its integrity in Kreb’s
bicarbonate ringer solution at 4°C for 24h. Heat treatment to
separate the epithelium from underlying connective tissue did not
adversely affect its permeability and integrity characteristics
compared with surgical separation.

4.3. Dog, monkey and rabbit models

In vivo studies have been conducted with both dogs and
monkeys as the buccal epithelium is non-keratinised in these
species. However, higher permeability has been reported in these
models for tritiated water compared with human tissue, presum-
ably because of the relatively thinner buccal epithelia in these
animals (Squier and Wertz, 1996). The rabbit buccal mucosa is
partially non-keratinised and has proved a popular model to study
buccal drug delivery over the years, in both in vitro and in vivo
studies. However, difficulties in isolating non-keratinised tissue
from keratinised tissue in rabbits have been highlighted by Squier
and Wertz (1996).

4.4. Chicken, hamster and rat models

Although chicken pouch membranes have been used to
evaluate buccal drug delivery in vitro by a number of researchers,
there is no evidence to suggest that this is a suitable model
membrane for predicting buccal delivery in humans (ElI-Samaligy
et al., 2004; Kamel et al., 2012). Rat oral cavity and hamster cheek
pouch are Kkeratinised so are not appropriate models when
developing or screening formulations for administration to
humans. Notwithstanding this limitation there are many studies
in the literature which have used such tissues.

4.5. Cell culture models

The TR 146 cell line originated from a squamous cell carcinoma
of the buccal mucosa (Rupniak et al., 1985) and was originally
developed as an in vitro model of the buccal mucosa by Rassing and
co-workers (Jacobsen et al., 1999; Nielsen et al., 1999). However,
the barrier function of this model was reported to be lower than
porcine or human buccal tissue (Nielsen and Rassing, 2000).
Correlations for in vitro studies conducted with porcine buccal
tissue and the TR 146 model have been proposed for nicotine
(Nielsen and Rassing, 2002). Recently the permeability of
metoprolol was demonstrated to be similar in both TR 146 studies
and porcine buccal tissue; an in vitro-in vivo correlation was also
proposed based on studies conducted in minipigs (Holm et al,,
2013). A human tumour cell line established from human
sublingual squamous cell carcinoma was investigated by Wang
and colleagues (Wang et al., 2007, 2009) as an in vitro model of the
sublingual mucosa. Based on studies with a number of beta
blockers, the permeability characteristics of this cell line do not
appear to mimic those of porcine sublingual tissue. EpiOral™ is a
three-dimensional tissue culture model derived from healthy
human buccal keratinocytes. Rao et al. (2011) reported similar
permeability parameters for naltrexone hydrochloride using this
model and porcine buccal tissue. However, unpublished data from
our laboratory for domperidone permeation from simple solvents
(Table 2) indicate that this model is more permeable than porcine
buccal tissue. Saturated solutions of domperidone were applied
either to porcine tissue or to EpiOral tissue mounted in vertical
Franz cells. Studies were conducted for 8 h at 37 °C.

5. OTDD dosage forms
5.1. Commercially available dosage forms

Examples of commercially available OTDD products are
provided in Table 3. Buccal and sublingual tablets are formulated
using conventional tableting excipients such as buffering agents,
diluents, disintegrants and sweeteners. Effentora® is an efferves-
cent tablet. Some formulations also contain mucoadhesive
polymers such as hypromellose and polycarbophil (e.g. Striant™).
Fast acting disintegrants such as croscarmellose sodium and
sodium starch glycolate are also used in Abstral® and Effentora®.

Buccolam® is a simple buffered aqueous solution of midazolam
hydrochloride. Spray formulations such as Nitrolingual® contain
ethanol as well as buffers, flavouring agents and solvents such as
propylene glycol; a propellant is also included in Glytrin® (1,1,1,2-
tetrafluoroethane). Chewing gum formulations of nicotine have
been available for many years and the Nicorette® formulation
contains a nicotine poloacrilin complex, as well as flavouring
agents, sweeteners and other excipients.

Onsolis® (marketed as Breakyl™ in Europe) is a soluble bilayer
adhesive thin film formulation of fentanyl citrate which is applied
to the buccal mucosa. The polymers used to prepare the active
layer are carmellose sodium, hydroxyethyl cellulose, hydroxyl

Table 2
Comparison of domperidone permeability in porcine buccal mucosa and EpiOral™.
Solvent Flux ky Flux ky
(ngem2min~!) (cmmin~!)  (wgem?min~') (cmmin~')
x 102 porcine x 108 porcine x 10? EpiOral™  x 108
buccal mucosa  buccal EpiOral™
mucosa
PEG 200 14 £ 0.1 191 + 0.18 6.2+0.5 8.38 +£0.68
PEG 400 1.2 +£0.2 1.58 + 0.34 23+0.1 2.90+0.10
Transcutol 7.4 + 0.1 3.23 £ 0.52 20.7+0.9 9.04+0.37
PTM
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Table 3
Examples of commercial oral transmucosal dosage forms.

Drug

Brand name and
manufacturer

Dosage form and strength

Asenapine maleate
Buprenorphine hydrochloride

Buprenorphine hydrochloride
Naloxone hydrochloride dihydrate
Delta-9-tetrahydrocannabinol cannabidiol (as extracts of

Cannabis sativa L., Folium cum flore)
Fentanyl citrate

Glyceryl trinitrate

Midazolam hydrochloride
Nicotine

Prochlorperazine maleate

Testosterone

Sycrest™ (Lundbeck)
Subutex®™ (Reckitt
Benckiser)

Suboxone™ (Reckitt
Benckiser)

Sativex®™ (GW Pharma)

Abstral™ (ProStrakan)
Actiq™ (Cephalon)
Effentora®™ (Cephalon)
Onsolis™

Glytrin™ (Sanofi)
Nitrolingual® (Merck
Serono)

Buccolam™ (ViroPharma)
Nicorette™

Buccastem M™ (Alliance
Pharmaceuticals)
Striant™ (Columbia

Sublingual tablets; 5, 10 mg
Sublingual tablets; 400 g, 2, 8 mg

Sublingual tablet; 2 mg/500 mcg and 8 mg/2 mg

Sublingual film; 2 mg/0.5 mg, 4 mg/1 mg, 8 mg/2 mg, 12 mg/3 mg
Oramucosal spray; Each 100 .l spray contains: 2.7 mg delta-9-
tetrahydrocannabinol and 2.5 mg cannabidiol

Sublingual tablet; 100, 300, 600 mcg

Lozenge; 0.4, 0.6, 0.8, 1.2 mg

Tablets; 0.1, 0.2, 0.4, 0.6 and 0.8 mg

Soluble film; 200, 400, 800 mcg

Aerosol spray; 400 mcg/metered dose

Aerosol spray; 400 mcg/metered dose

Oramucosal solution; 2.5, 5, 7.5, 10 mg

Gum (nicotine resinate); 2, 4mg

Lozenge (nicotine resinate or nicotine bihydrogen tartrate); 2, 4 mg
Oramucosal spray; 1 mg nicotine per spray dose

Sublingual tablet (nicotinebitartrate); 2 mg

Tablets; 3 mg

Tablets; 30 mg

Laboratories)

propyl cellulose and polycarbophil. The drug free backing layer
limits the exposure of the drug to saliva. Suboxone® contains
buprenorphine HCl and naloxone HCl dihydrate in a hydroxypropyl
methycellulose based film. Thin film formulation technology (TFT)
is discussed further below.

5.2. Novel and emerging OTDD dosage forms

Although TFT appears to be an ideal delivery platform for buccal
or sublingual delivery, only a limited number of APIs is available as
OTDD dosage forms at present. A nanoparticle based formulation
of insulin incorporated in film technology has been evaluated in
Phase 1 trials by Midatech (www.midatech.com). From positive
Phase I clinical trial results, it was reported that the transbuccal
insulin formulation is safe and did not elicit any adverse events or
discomfort to the healthy volunteers. A Phase I, trial is planned to
start in 2014. Clearly more opportunities exist to expand the
technology to other actives. Typically, films are produced either by
film casting or heat extrusion. The polymers used to form the films
are selected depending on the film thickness required as well as
compatibility with the drug. A detailed review by Dixit and Puthli
(2009) addresses materials used in TFT, critical manufacturing
aspects and applications.

Iontophoresis has been investigated by a number of researchers
with promising results reported recently for galantamine in pigs
(Giannolaetal.,2010)and for naltrexone inman (Padernietal.,2013).
These short-term studies describe an “Intellidrug™” device which
consists of intraoral and extraoral sections. The intraoral part
consists of an outlet system embedded in a silicone-made mouth
prop, whereas the extra-oral part contains a drug reservoir, a syringe
pump, a flow sensor and a power source for the flow sensor. No
irritation or histological damage was reported for the studies in man
(conducted over 9 days) with further studies currently planned to
test long-term use and wearability of the device.

Generex announced the completion of Phase IIl trials on a spray
formulation of recombinant human insulin (Oral-Lyn®) for buccal
administration in 2013. A metered dose type device is used to
deliver the equivalent of one unit of insulin per spray to the oral
cavity. The actual formulation is based on patented technology

(RapidMist™) where the active is in solution with a combination of
absorption enhancers and other excipients classified generally
recognized as safe. Oral-Lyn™ significantly lowered the HbAlc at 6
weeks and 12 weeks compared to baseline (p<0.05) while
injected human regular insulin did not significantly lower the
HbAlc until 12 weeks. The formulation also resulted in a
significantly lower HbAlc at 6 weeks than did injected regular
insulin (p <0.05). At 12 weeks the HbA1lc for both groups were
statistically comparable (www.generex.com).

6. Conclusions

OTDD continues to attract the attention of academic and
industrial scientists even though few new formulations have been
brought to market in recent years. One of the problems appears to
be the more limited characterisation of the permeation pathways
in the oral cavity compared with skin and nasal routes of delivery.
Recent advances in our understanding of the extent to which
ionized molecules permeate through buccal epithelium are
encouraging as are the emergence of new analytical techniques
to study the oral cavity. Development of in silico models predictive
of buccal and sublingual permeation has also been progressed.

The features of the oral cavity are an inherent challenge to
effective OTDD, specifically the limited surface area of this region
as well as its salivary content. The number of actives which has
been studied for delivery via this route using in vitro models is
impressive but the doses employed in a number of these studies
are not representative of typical clinical doses. Tissue integrity in in
vitro models is limited and drug metabolism has not been explored
in any detail to date. Moreover, the environment of the oral cavity
cannot be simulated effectively using such in vitro models.

Regulatory requirements for OTDD are also likely to be a
significant burden for pharmaceutical companies. In contrast to
transdermal delivery, effective correlations between in vitro
permeation testing and in vivo performance have yet to be
demonstrated for OTDD. Currently the US FDA is working towards
a method to validate the safety and effectives of medicated
chewing gums but specific guidelines for OTDD have not yet been
developed. There does not appear to be instances in which
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specific drugs have been designed for buccal delivery. Given the
advantages of this route perhaps this could be a prospect for the
future. However, more predictive algorithms would be required to
fulfil this proposition. These can only be developed when a
mechanistic knowledge of the routes of penetration has been
established.
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inclusion complexes with natural and synthetic cyclodextrins
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Abstract

The aim of this work was to investigate the inclusion complexes between mosapride citrate and SBE 8-CD in
comparison with the natural 3-CD to enhance its bioavailability by improving the solubility and dissolution rate. The
complexation efficiency value of SBE B-CD was higher than that for 3-CD. Solid binary systems of mosapride citrate
with CDs were prepared by physical mixing, kneading and freeze-drying techniques at molar ratio of 1:1(drug:CD).
Physicochemical characterization of the prepared systems was studied using X-ray diffractometry, differential
scanning calorimetry, Fourier-transform infrared spectroscopy and scanning electron microscopy (SEM). Amorphous
drug was detectable to large extent in inclusion complexes prepared using the freeze-drying technique. From the
dissolution study of different inclusion complexes in simulated saliva solution (pH 6.8), we could concluded that
irrespective of the preparation technique, the systems prepared using SBE B-CD showed better performance than
the corresponding ones prepared using 8-CD. In addition, the freeze-drying technique showed superior dissolution
enhancement than other methods especially when combined with the SBE 3-CD

Keywords: Mosapride citrate, cyclodextrins, inclusion complexes, physicochemical characterization, in vitro

dissolution

Introduction

Mosapride citrate is a novel gastrointestinal prokinetic
agent which is used in different gastrointestinal com-
plaints as poor appetite, vomiting associated with chronic
gastritis and reflux esophagitis.!

It facilitates acetylcholine release from the enteric
cholinergic neurons, and in contrast to cisapride, it does
not block K* channels or D, dopaminergic receptors and
selectively acts on serotonin (5-HT,) receptors.*

Mosapride citrate is a benzamide agent (Figure 1)
whose structure contains a morpholine ring®®® The poor
solubility and wettability of this drug give rise to difficul-
ties in pharmaceutical formulation meant for oral use,
which may lead to variation in its bioavailability.

Inclusion of drugs into cyclodextrins (CDs) have been
introduced many advantages reported in scientific lit-
eratures such as increased solubility, enhanced bioavail-
ability, improved stability, masking of bad test or odor,
reduced volatility, transformation of liquid or gas into

solid form, reduced side effect, and the possibility of a
drug release system, and so on.'%

Only the natural CDs were used, but due to the
poor aqueous solubility, derivatives of these CDs, with
increased aqueous solubility properties, have been
developed.!"”!

Sulfobutyl Ether, 3-cyclodextrin (Captisol®) is a poly-
anionic CD derivative, with greater solubility in water
than the parent CD.!'" The inclusion ability of SBE. 5-CD
is generally higher than that of 3-CD due to the hydro-
phobic butyl side arms that extend the hydrophobic cav-
ity of the CD.!"”

The work in this study is an attempt to improve the solu-
bility and dissolution rate of mosapride citrate via inclu-
sion complexes with 8-CD and SBE. 3-CD to be formulated
into buccal drug delivery systems (gels or films), thereby
increasing its bioavailability and therapeutics efficiency.

Different techniques were as physical mixing, knead-
ing and freeze drying are used to prepare the drug CD
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Figure 1. Chemical structure of mosapride citrate.

inclusion complexes were at 1:1(drug to CD) molar
ratio.

The physicochemical characterization of drug CD
inclusion complexes were performed using X-ray dif-
fractometry (XRD), differential scanning calorimetry
(DSC), Fourier-transform infrared (FTIR), scanning
electron microscopy (SEM) and in vitro dissolution
study.

Materials and methods

Materials

Mosapride citrate was obtained as a gift sample from
Marcyrl pharma (Egypt), f-cyclodextrin (Kleptose®)
was obtained as a gift sample from Roquette (France),
Sulfobutyl Ether, p-cyclodextrin (Captisol®) was
obtained as a gift sample from Cydex pharmaceuticals
(USA), all other ingredients and solvents used were of
analytical grade.

Phase solubility studies

According to the phase solubility technique established
by Higuchi and Connors!'®, the effects of CDs on the
solubility of mosapride citrate were investigated.

Mosapride citrate in an excess amounts were added
to 50 mL simulated saliva solutions (pH 6.8) contain-
ing increasing concentrations of the CDs (0.002-0.01
mole/L based on the maximum solubility of $-CD in
water at 37°C).

The obtained suspensions were shaken at 37°C for
72h in a thermostatically controlled shaking water bath
(Memmert, France). After equilibrium, aliquots were
withdrawn, filtered through a membrane filter 0.45 um
(Sartorious, AG Germany), and the drug concentration
was determined by reverse phase HPLC at the following
conditions:

The HPLC system (HP Agilent 1100 HPLC System,
USA) consisted of a binary pump (HP G1312A Binary
Pump, USA), and a UV-vis detector (HP G1314A Variable
Wavelength Detector, USA) and Column (Supelco col-
umn LC-18, 5 pm, 150 mm x 4.6 mm).

The mobile phase was methanol: 20mM KH,PO,
(70:30% v/v) containing 10mM triethylamine and pH
adjusted at 7, with a flow rate of ImL/min. The detec-
tion wavelength was set at 274nm and the retention
time was 5.4min. All the data were the average of three
determinations.

Phase solubility diagrams were obtained by plotting
the solubility of mosapride citrate (mole/L), versus the
concentrations of the CDs used (mole/L).

The complexation efficiency (CE), as a parameter
indicating the solubilizing power of the CDs towards the
drug, was calculated from the straight line of the phase
solubility diagrams according to the equation:

CE=S,.K,, =slope/ (1 — slope)

Where S_ represents the drug solubility in the absence
of CDs, K, is the apparent stability constant, where
K, =slope/S_(1-slope)."

Preparation of drug-CDs inclusion complexes

Based on 1:1 molar ratio, different inclusion complexes
of mosapride citrate and CDs were prepared by the fol-
lowing methods:

Physical mixing method

In a porcelain mortar, the calculated amounts of mosap-
ride citrate and CDs that had previously been sieved
through sieve no 60, were mixed for 30 min.

Kneading method
The calculated a mounts of each CD were dissolved in a
small amount of water to form a paste.

The drug component dissolved in a small amount of
methanol has been added to the paste portionwise with
trituration for several hours.

After complete evaporation of the solvents, the remain-
ing mass was dried in a desiccator at room temperature
for 72, then pulverized and passed through sieve no 60.

Freeze-drying method

Appropriate quantities of mosapride citrate and CDs
were dissolved in a mixture of distilled water and metha-
nol (50:50 % v/v). The clear solutions were frozen, and
subsequently freeze dried for 48 h at —-50°C using a freeze
dryer (Snijders Scientific BV, Netherlands). The obtained
mass was pulverized and passed through sieve no 60.

Physicochemical characterization of mosapride
citrate-CDs inclusion complexes

X-ray diffractograms, DSC thermograms and FTIR spec-
tra were recorded for pure mosapride citrate, pure CDs,
and their inclusion complexes prepared by different
techniques.

X-ray diffractometry

The X-ray diffraction patterns were recorded at room
temperature using a Scintag diffractometer (XGEN-4000,
Scintag Corp, USA). The samples were irradiated with
Ni-filtered Cu K radiation and the work conditions were
45kV voltage, 40mA current and scanning rate of 1.2°/
min over a diffraction angle of 20 and range of 4°-50°.

Differential scanning calorimetry

Five milligrams samples were placed into pierced alumi-
num container and analyzed by DS Calorimeter (DSC-50
Schimadzu, Japan). The studies were performed under
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nitrogen gas atmosphere in the temperature range of
20°C to 250°C at a heating rate of 5°C/min. The peak tem-
peratures were determined after calibration with stan-
dard (purified indium 99.9%).

Fourier-transform infrared spectroscopy

Fourier-transform infrared spectra were recorded on IR
spectrophotometer (Shimadzu IR-435, Kyoto, Japan).
Samples weighing about 2 to 3 mg were mixed with about
400 mg of dry KBr and compressed into discs. The IR spec-
tra were recorded at scanning range from 400-4000 cm™
and resolution of 4cm™.

Scanning electron microscopy

The powdered samples were sprinkled onto double-sided
carbon tape fixed on aluminum stubs and coated with a
thin gold layer by sputter coater unit (SPI, sputter, USA).
The aluminum stubs were placed in the vacuum chamber
of a scanning electron microscope (Joel, JSM-6510LA,
Japan). Surface morphology identification of the powder
of different samples was done at magnifications of 250,
1000x or 1500x and an accelerating voltage of 30 kV.

Determination of solubility of mosapride citrate-CDs
inclusion complexes

To determine the solubility of the prepared inclusion
complexes in phosphate buffer (pH 6.8), an excess
amount of each inclusion complex was added to 5mL of
the phosphate buffer solution in test tubes sealed with
stoppers.

The test tubes were vortex mixed for 2min and then
kept in a constant temperature shaking bath maintained
at37+0.5°C for 72h. A portion of solution was withdrawn
and then filtered through 0.45 um membrane filter
(Sartorious, AG Germany) and adequately diluted with
phosphate buffer solution.

As a control experiment, the solubility of pure mosap-
ride citrate was determined in a similar manner.

The drug concentration was determined by reverse
phase HPLC as mentioned in phase solubility studies
section.

In vitro dissolution studies

The dissolution of pure mosapride citrate and the pre-
pared inclusion complexes were tested in 900mL of
simulated saliva solutions (pH 6.8) using a USP disso-
lution tester, apparatus II (Hanson Research, SR 8 plus
model, Chatsworth, USA). A sample equivalent to 5mg
mosapride citrate of the prepared systems (from the
powder fraction passed through sieve No.60 and retained
on sieve No.80) was sprinkled on the surface of the dis-
solution medium. The stirring speed was 100 rpm and the
temperature was maintained at 37+ 0.5°C.

Aliquots each of 5mL was withdrawn from the dis-
solution medium through a 0.45 um membrane filter
(Sartorious, AG Germany) after 1, 3, 5, 10, 15, 30, 45, 60,
90min and replaced with an equivalent amount of the
fresh dissolution medium. Concentrations of mosapride

© 2011 Informa Healthcare USA, Inc.

citrate were determined by reverse phase HPLC. All
experiments were done in triplicate.

Dissolution profiles were evaluated by calculating
the dissolution efficiency parameter at 60 min (DE ),
from the area under the dissolution curve, according to
the method of Khan.? Additionally, the initial dissolu-
tion rate (IDR, % dissolved/min) was computed over the
first 5min of dissolution.

Two-way analysis of variance (ANOVA) was performed
to determine the significance of difference between the
DE .. data of the binary systems to test the significance
of the effects of the preparation method and CD type. The
level of significance was set at p value of <0.05 using SPSS
version 12.0 software computer program.

Results and discussion

Phase solubility study
The phase solubility profiles for the drug-CDs inclusion
complexes are presented in Figure 2.

They displayed A type! equilibrium phase solu-
bility diagrams for both mosapride citrate-3-CD and
mosapride citrate-SBE -CD binary systems, showing
that mosapride citrate solubility increases linearly as
a function of CD concentrations and that soluble com-
plexes were formed without occurrence of precipitation
in the range of CD concentrations used. The linear host
guest correlation with slope of less than 1 suggested the
formation of a 1:1 complex with respect to both 5-CD and
SBE_$-CD concentrations.

The values of CE and K, of mosapride citrate-3-CD
and mosapride citrate-SBE_-CD inclusion complexes
are presented in Table 1.

The CE of SBE 3-CD (1.486) was higher than that of
B-CD (0.069) because the charged groups of SBE -CD

0.007 -

Y1=10.5978 X1 + 0.0006

o
£ R2=0.9955
3 0.006 -
S
=
= 0.005
(&)
c
o]
© 0.004 A
[
=
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[+
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2 0.002 - Y2=0.0643 X2 + 0.0006
é R2=0.9834
0.001 ‘__—__,___--4——-—"""'"'—‘

0 0.0015 0.003 0.0045 0.006 0.0075 0.009
Cyclodextrin Conc. (Mole/Litre)

# In B-CD solution ¢ |n SBE7 B8-CD solution
Figure 2. Phase solubility profiles for the inclusion complexes
mosapride citrate-3-CD and mosapride citrate-SBE.-CD. (See
colour version of this figure online at www.informahealthcare.
com/phd)
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Table 1. Values of CE and K, of inclusion complexes of mosapride citrate-3-CD and mosapride citrate-SBE_3-CD.

Mosapride citrate conc. (mole/L)

Mosapride citrate conc.

B-CD conc. (mole/L) (Average + S.D) SBE, 8-CD conc. (mole/L) (mole/L) (Average + S.D)

0.002 0.00069 +8.39E-07 0.002 0.00171 +2.36E-05

0.004 0.00082 +4.25E-07 0.004 0.00315+4.82E-05

0.006 0.00099 +2.89E-07 0.006 0.00429+2.71E-05

0.008 0.00105+5.62E-07 0.008 0.00525+2.14E-05

0.01 0.00122+1.61E-07 0.01 0.00664 +3.78E-05

Slope=0.0643 Slope=0.5978

Intercept=0.0006 Intercept=0.0006

2CE=0.069 2CE=1.486

R*=0.9955 R*>=0.9834

°K,,=114.53 mole™ PK,,=2477.21 mole™

3CE: Complexation efficiency.

PK,,: Stability constant.

R?: Correlation coefficient

S.D: Standard deviation.

are appropriately spaced from the cavity and the hydro-

phobicity around the cavity increases due to the presence

of alkyl chains®', Freeze Diying
Therefore, K, , values of SBE -CD inclusion complex

(2477.21 mole™) was greater than that obtained with

B-CD (114.53 mole™) since the complexation with the koonding

SBE_-CD involves the CD cavity, as well as the hydro-
phobic butyl side arms that extend the hydrophobic cav-
ity of the CD.

Superior CD complexation efficiencymay prove advan-
tageous during dosage form design, and would therefore
appear to be a potential advantage for SBE f-CD.

Preparation of drug-CDs inclusion complexes

Solid binary systems of mosapride citrate with 3-CD and
SBE f-CD were prepared using physical mixing, knead-
ing and freeze drying techniques. The conventional 1:1
molar ratio/®?! was chosen for the preparation of solid
binary systems.

Physicochemical characterization of the prepared
inclusion complexes

X-ray diffractometry

The XRD patterns for pure drug and its binary systems
prepared by different techniques at molar ratio of 1:1 are
represented in Figures 3 and 4, respectively.

The diffraction pattern of mosapride citrate powder
revealed several sharp high-intensity peaks at diffraction
angles of 8.47°, 4.88°. 4.24°, 3.89°, 3.75°, 3.72° and 2.95°
suggesting that the drug existed as crystalline material.

X-ray diffraction patterns of mosapride citrate with
both 3-CD and SBE $-CD physical mixtures were practi-
cally constituted by the superposition of the spectra of the
single components, indicating no formation of new struc-
ture. However, lower intensities of the diffraction peaks
were observed due to particle size reduction during mix-
ing and dilution of the pure crystalline components/?/,

The diffraction pattern of mosapride citrate with 5-CD
kneaded system presented a quite similar to that of freeze

Physical Mixing

Mosapride Citrate

f 10 Y 30 20 i 50
2-Theta Scale

Figure 3. X-ray diffraction patterns of mosapride citrate-3-CD
binary mixtures prepared by different methods.

Freeze Drying

Vst

Kneading

Physical Mixing

Mosaptide Citiate

4 10 20 30 40 50
2-Theta Scale

Figure 4. X-raydiffraction patterns of mosapride citrate-SBE f-CD
binary mixtures prepared by different methods.
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drying showed few, broad and less intense peaks revealed
drug amorphousness.

The presence of the drug peaks in the diffractogram
obtained from f3-CD freeze dried system could suggest
the presence of the free crystalline drug, although reduc-
tion in number and intensities were observed.

Onthe other hand, the diffractograms of both kneaded
and freeze dried systems prepared using SBE -CD
showed a typical diffuse pattern indicating the entirely
amorphous nature of mosapride citrate in both systems.

According to Williams et al.® lack of crystallinity is an
added evidence for the formation of inclusion complex.
However, since the amorphousness of the drug can be a
sequence of the lyophilization process, it is possible that
the X-ray data cannot discriminate whether the drug-
CDs lyophilized systems obtained are true inclusion
complexes or homogenous dispersed mixtures of the
amorphous components.?”

Differential scanning calorimetry

Thermal analysis may give some evidence of inclusion
complexation. When the guest molecules are embed-
ded in CD cavities or in the crystal lattice, their melting,
boiling or sublimation points generally shift to a different
temperature or disappear within the temperature range
where CD is decomposed.?®

The DSC thermograms of pure components and differ-
ent binary systems are presented in Figures 5 and 6. The
mosapride citrate thermogram was typical of a crystalline
substance with a fusion endothermic peak at 214.11°C,
corresponding to the melting point of the drug.

The drug endothermic peak in the DSC thermograms
of physical mixing systems; is clearly distinguishable
indicating that in such systems the drug has basically
maintained its original crystallinity.?*

In the DSC thermograms of the freeze dried systems
prepared using $-CD and SBE_-CD the drug endother-
mic melting peak completely disappeared. This could
indicate amorphous solid dispersion or molecular encap-
sulation of the drug into the CD cavity.?"

Fourier-transform infrared (FTIR) spectroscopy

More evidence of complex formation was obtained from
FTIR study, which investigated the functional groups of
mosapride citrate involved in the complexation.

The FTIR spectra of pure components and their binary
systems prepared by different techniques at molar ratio
of 1:1 (drug to CD) are shown in Figures 7 and 8.

The FTIR spectrum of mosapride citrate showed one
characteristic forked absorption band at 3443.28 and
3379.64cm™ corresponding to —-NH, stretching vibration
and another one characteristic forked absorption band
at 3334.32, 3226.33 cm™ corresponding to tertiary amine
(-CONH) stretching vibration.

There is also a characteristic absorption band at
1723.09cm™ corresponding to the carbonyl amido
(-CONH) stretching vibration. Other sharp bands
appeared at 1249.65cm™" (C-Cl stretching), 1214.23cm™

© 2011 Informa Healthcare USA, Inc.
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Figure 5. DSC thermograms of mosapride citrate-3-CD binary
mixtures prepared by different methods.
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Figure 6. DSC thermograms of mosapride citrate-SBE. -CD
Fleaze Dlyilu

binary mixtures prepared by different methods.
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Figure 7. IR patterns of mosapride citrate-3-CD binary mixtures
prepared by different methods.

(C-Fstretching), 1628.59 (C-Nstretching) and 1546.63 cm™
(C-H stretching).

In this study the characteristic (-NH,) and (-CONH)
stretching band of mosapride citrate were masked in
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Figure 8. IR patterns of mosapride citrate-SBE -CD binary
mixtures prepared by different methods.

all the prepared systems by the broad intense band
corresponding to the free-OH vibration of CD (3500-
3200cm™). Also, there was an overlap between the
carbonyl stretching of the drug at 1723.09cm™ and the
band corresponding to the hydrated bonds within CD
molecules at (1750-1650cm™).

Therefore, the characteristic stretching bands
of (-CONH) and the carbonyl stretching (-CONH)
of mosapride citrate at 1723.09cm™ were the main
characteristic bands used to assess the drug-CD
interactions.

The FTIR spectra of all the physical mixing and the
kneading products did not show any significant changes
with respect to the FTIR spectra of the pure components,
and in particular the characteristic carbonyl stretching
band of mosapride citrate.

On the other hand, the FTIR spectra of the freeze dry-
ing products exhibited a broadening and decrease in
intensity of the characteristic mosapride citrate carbo-
nyl stretching band. A significant decrease in intensity
occurred in the binary mixtures with SBE_-CD prepared
by freeze drying technique. The broadening and decrease
in the intensity of the drug carbonyl stretching band
observable in these systems might be due to its restric-
tion within the CD cavity.®!

Scanning electron microscopy

SEM microphotographs of pure mosapride citrate, pure
SBE_-CD and mixtures prepared by physical mixing,
kneading and freeze drying method using SBE_-CD are
presented in Figure 9.

Microphotograph (A) of pure drug showed a drug in
different polymorphic crystalline structures (spheri-
cal and elongate crystals), while microphotograph (B)
showed the spherical particles of SBE_-CD with numer-
ous cavities.

Concerning the drug-SBE -CD mixtures prepared
by different techniques, in microphotograph (C) we can

distinguish between the drug and polymer particles where
the drug is deposited in the cavities and between the poly-
mer particles in the crystalline state, while solid disper-
sion prepared by kneading (microphotograph D) there
are some small fine recrystallized particles attributed to
mosapride citrate are present in the pores of larger crystal-
line mass.

On the other hand, the sample prepared by freeze
drying (microphotograph E) presented a clearly different
appearance since both drug and polymer was recrystal-
lized together with high reduction in the visible drug
observed in the solid dispersion.

This could be attributed to the inclusion of the drug in
the polymer matrix as confirmed in the XRD studies.

Determination of solubility of mosapride

citrate-CDs inclusion complexes

For pure mosapride citrate, the drug solubility was found
to be 0.095mg/mL. The solubility results of mosapride
citrate-CDs inclusion complexes demonstrated that the
mean amount of drug dissolved in phosphate buffer solu-
tion (pH 6.8) was found to be 0.546, 1.035 and 1.433 mg/
mL for 5-CD inclusion complexes prepared by physical
mixing, kneading and freeze drying method respectively
(Table 2).

Concerning SBE.3-CD inclusion complexes prepared
by physical mixing, kneading and freeze drying method
the drug solubility was higher and found to be 1.407,
5.906 and 7.859 mg/mL, respectively (Figure 10).

There is a marked increase in the solubility of inclu-
sion complexes prepared by different methods using
both $-CD and SBE 3-CD compared to pure drug. Also,
there is a marked increase in the solubility of inclusion
complexes prepared with kneading and freeze drying
methods compared to those prepared with physical mix-
ing method. This effect is attributed to inclusion into the
cavity of CDs with reduction in the crystallinity of the
drug caused by kneading and freeze-drying methods.

In vitro dissolution studies

Mosapride citrate dissolution profiles from its pure pow-
der and binary systems with CDs in simulated saliva
solution (pH 6.8) are demonstrated in Figures 11 and 12.
The percent dissolved was calculated according to prede-
termined drug content for each product.

The dissolution efficiency data calculated based on
60min (DE ) and the initial dissolution rate during
the first 5min (IDR) of all the systems are compiled in
Table 3.

The dissolution profile of mosapride citrate from its
pure powder showed DE . value of 53.48 % and IDR
of 5.47 % indicating that incomplete dissolution which
could be due to less wettability of the powder.

It was evident that the mosapride citrate dissolution
was enhanced when physically mixed with CDs due to
local solubilization action of the carrier operating in the
microenvironment of the drug, or the hydrodynamic
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Figure 9. SEM microphotographs of (a) pure mosapride citrate, (b) pure SBE $-CD, (c) mosapride citrate-SBE_-CD mixture (prepared by
physical mixing), (d) mosapride citrate-SBE -CD mixture (prepared by kneading method) and (d) mosapride citrate-SBE 3-CD mixture

(prepared by freeze-drying method.

layer surrounding drug particles in the early stages of the
dissolution process, since CDs dissolve in a short time.
This action resulted in an in-situ inclusion process caus-
ing arapid increase in the amount of dissolved.

The DE . values of 8-CD and SBE_$-CD inclusion
complexes prepared by physical mixing were 64.46 and
72.24 % respectively. The increase in the drug dissolution
rate from physical mixtures could be, to a lesser extent,
due to the surfactantlike properties of CDs, which reduce
the interfacial tension between the water insoluble drug
particles and the dissolution medium, thus improving
the wettability and dissolution of the drug.’?

It was obvious that the freeze dried systems showed
marked increase in mosapride citrate dissolution com-
pared with the other methods, showing a burst effect
of more than 80 % during the first 5min that could be
attributed mainly to the formation of soluble inclusion
complexes of the drug with CDs and the high energetic
amorphous state or reduction of the crystallinity follow-
ing complexation as reported previously.?!

© 2011 Informa Healthcare USA, Inc.

Table 2. Solubility values of pure mosapride citrate and its CDs
inclusion complexes prepared by different methods.

CD type Method Solubility (mg/mL) + S.D
p-CD Physical mixing 0.546+0.07
Kneading 1.035+0.16
Freeze drying 1.443+0.21
SBE_f3-CD Physical mixing 1.407+0.08
Kneading 5.906+0.19
Freeze drying 7.859%0.10
Mosapride citrate 0.095+0.14

Additionally, Betageri and Makarla® stated that the
marked increase in the dissolution rate might be due to
the formation of solid solution of the drug in the freeze
dried products as a result of the complete inclusion
of the drug into the CD cavities. The particle size was
reduced to the molecular size when the carrier brought
the drug into the dissolution medium, leading to fast
dissolution.
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Figure 10. Solubilities of pure mosapride citrate and its binary
mixtures prepared by different methods using (-CD and
SBE_3-CD. (See colour version of this figure online at www.
informahealthcare.com/phd)
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Figure11. Dissolution profiles of mosapride citrate binarymixtures
prepared by different methods using 3-CD. (See colour version of
this figure online at www.informahealthcare.com/phd)

In addition to the preparation method, the effect of the CD
type was also evident on the dissolution of mosapride citrate,
where the solid binary systems prepared using SBE.-CD
exhibited superior enhancement in drug dissolution com-
pared with that prepared using the parent 3-CD, especially
on using the freeze dried technique (IDR of 19.43%).

This could be explained on the basis of greater water sol-
ubility, better wetting ability and higher complexing power
of 5-CD derivative towards the drug in the solid state.

The previous findings are in perfect agreement with
the values of CE obtained for mosapride citrate with the
used CDs.

The results of the two-way ANOVA performed on
the DE , = data revealed the presence of significant

T

Q

>

©

173

v

2

p=2}

2

-

S 30 A ——Pure drug
20 4 —=—Physical Mixing

—+—Kneading

10

—o—Freeze Drying

0 10 20 30 40 50 60 70 80 90
Time (minutes)

Figure 12. Dissolution profiles of mosapride citrate binary mixtures
prepared by different methods using SBE_3-CD. (See colour version
of this figure online at www.informahealthcare.com/phd)

Table 3. Values of IDR and DE . of the release profiles of
binary mixtures with CDs prepared by different methods.

IDR (% dissolved/ DE

60 min

CD type Method min) + S.D (%) +S.D
B-CD Freeze drying 16.99+0.74 93.59+0.90
Kneading 11.27+0.94 82.13+0.66
Physical mixing 6.83+0.28 64.46+1.08
SBE,3-CD  Freeze drying 19.43+0.20 98.10+£0.54
Kneading 17.76+0.23 94.22+0.53
Physical mixing 10.56+0.50 72.24+1.93
Pure drug 5.47+0.28 53.48+0.84

aDR: Initial dissolution rate.
"DE : Dissolution efficiency.

60 min

differences among the different preparation methods at
the same CD at p<0.05 (p, =2.84E-06 and 3.71E-05 for
B-CD methods and SBE, 8-CD methods, respectively).

Also there is a significant differences between [5-CD
and SBE_-CD in physical mixing, kneading and freeze-
drying methods at p<0.05 (p,, =0.013, 0.002 and 0.005
for physical mixing, kneading and freeze-drying meth-
ods, respectively).

Conclusion

Solid binary systems of mosapride citrate with 3-CD and
SBE._-CD were prepared using physical mixing, kneading
and freeze-dryingtechniquesin 1:1 (drug:CD) molarratios.
From the above results, it is possible to conclude that both
[-CD and SBE. 3-CD were able to form true inclusion com-
plexes with mosapride citrate at a molar ratio of 1:1 using
the freeze-drying technique. The dissolution of mosapride
citrate was markedly enhanced in both systems, showing
an initial burst effect of more than 80 % in the first 5min. A
significant difference was found between the two systems
at p<0.05. Therefore, the freeze dried system of mosapride
citrate with SBE_$-CD prepared at a molar ratio of 1:1

Pharmaceutical Development and Technology
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could be chosen for the formulation of mosapride citrate
mucoadhesive buccal tablets.
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