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Abstract O The objective of this study was to evaluate the gum from
Hakea gibbosa (hakea) as a sustained-release and mucoadhesive
component in buccal tablets for a model peptide, namely, salmon
calcitonin. Flat-faced core tablets containing either 12 or 32 mg of
hakea and 40 ug (200 IU) of salmon calcitonin (SCT) per tablet were
formulated using a direct compression technique and were coated
with Cutina on all but one face. The in vitro release profiles were
sigmoidal in nature and according to a mathematical model indicated
super Case Il transport as the primary mechanism of release. The
resulting plasma sCT and calcium concentrations were determined
following both intravenous administration and buccal application of
mucoadhesive tablets in rabbits. Following intravenous administration,
the mean values determined for ty, (o), ti2 (8), Vg, and CL for sCT
were 0.76 + 0.06 min, 67 + 18 min, 1484 + 454 mL/kg, and 19 £ 2
mL/min-kg, respectively. Following the application of the mucoadhesive
buccal tablets which contained 40 «g of sCT and either 12 or 32 mg
of hakea, the calculated apparent bioavailability (F) and clearance
(CL) were 37 + 6% and 19 + 3.3 mL/min-kg and 16 + 8% and 18 +
0.4 mL/min-kg, respectively. Serum calcium concentrations indicated
that biologically active sCT was delivered across the rabbit buccal
mucosa. The strength of mucoadhesion of the tablets was also
quantitated in terms of the force of detachment as a function of time.
The force of detachment for the mucoadhesive buccal tablets
containing either 12 or 32 mg of hakea and 40 ug of sCT increased
from 4.47 £ 0.68t08.41 + 1.0 N and 8.23 + 1.62 to 14.98 + 1.63 N,
respectively, from 5 to 90 min following application to excised rabbit
intestinal mucosa. These results demonstrate that the novel, natural
gum from Hakea gibbosa may be used to sustain the release of sCT
from a unidirectional-release buccal tablet. The mechanism of in vitro
release is likely to involve peptide diffusion/polymer dissolution. The
mucoadhesive strength, as measured by the force of detachment,
can be modulated by altering the amount of hakea in the tablet. The
mucoadhesive buccal tablets described in this paper represent an
improved transbuccal delivery system for therapeutic polypeptides.

Introduction

Proteins and peptides are currently emerging as a major
class of future therapeutic drugs. With the advent of and
improvement in techniques like solid-phase synthesis,
combinatorial chemistry, and protein biotechnology, more
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and more proteins and peptides are being made available
in large quantities. Pharmaceutical scientists are facing
increasing challenges with respect to the formulation of
new and novel delivery systems and exploring new routes
to successfully deliver these bioactive agents. Noninvasive
delivery of proteins and peptides has been met with limited
success for a variety of reasons? including (a) low perme-
ability due to hydrophilicity, globular structure, and size,
(b) inactivation by enzymes at the site of delivery or
absorption prior to reaching the systemic circulation, and
(c) short residence time of the drug as well as the delivery
system at the site of absorption, all leading to subthera-
peutic levels in the systemic circulation.

Calcitonin (CT) is a single-chain 32 amino acid polypep-
tide with a disulfide bridge between cysteine residues at
positions 1 and 7 and has a molecular weight of 3432 Da.
The hormone is secreted by the parafollicular cells of the
thyroid glands in mammals and by the ultimobronchial
glands in birds and fishes. CT functions as a hypocalcemic
agent by inhibiting bone resorption and reducing the renal
tubular reabsorption of calcium, and it is used in the
treatment of Paget's disease, hypercalcemia, and osteoporo-
sis.34 Treatment calls for daily or alternate day subcutane-
ous or intramuscular injections for an extended period. This
is bothersome and inconvenient for patients. Salmon cal-
citonin (sCT) is one of the calcitonins and is currently
available in a sterile solution for injection and nasal spray
form. Lee et al.® reported to have developed biodegradable
porous PGA microspheres of sCT which provide sustained
levels of sCT for over 5 days following a single subcutane-
ous (sc) injection. The buccal mucosa has been investigated
recently for the delivery of this bioactive peptide.6 Buccal
mucosa is an easily accessible tissue, which is less sensitive
to irritation or irreversible damage.” It also provides drug
delivery by avoiding the harsh environment of the gas-
trointestinal tract and first-pass metabolism.”

The risk of accidental swallowing and salivary washout
limits the use of solutions or conventional buccal tablets,
and it has led to the development of self-adhesive buccal
tablets as the preferred dosage form.8 Mucoadhesive dosage
forms retain the dosage form in intimate contact with the
mucosa (absorbing membrane) thereby increasing the total
amount of drug which penetrates the mucosa.’®

Previous studies!®! have shown the efficacy of a novel,
natural gum from Hakea gibbosa as a sustained-release
and mucoadhesive component in mucoadhesive buccal
tablets for the delivery of a low molecular weight organic
compound. Thus, the present study was undertaken to
investigate the possibility of using this novel excipient as
a sustained-release and mucoadhesive component of buccal
tablets for peptide and protein delivery. Hakea gum is a
polysaccharide exudate from the tree Hakea gibbosa (Fam-
ily: Proteaceae). The trees are indigenous to New South
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Wales, Australia. The gum has a molecular weight of
greater than 2 x 108 and is totally water soluble at a
concentration of 2% w/v. The gum is composed of sugars
such as galactose, mannose, xylose, arabinose, and glucu-
ronic acid. The chemical structure of the gum has been
previously reported.10:12

Materials and Methods

Materials—Salmon calcitonin sCT (5001 1U/mg) was a gener-
ous gift from Rhone-Poulenc-Rorer (Vitry Sur Seine Cedex,
France). All solutions were prepared in deionized distilled water.
The hakea gum was a gift from Dr. Peter Eagles of the University
of the Western Cape, Cape Town, South Africa. The gum was
obtained from the Kirstenbosch Botanical Gardens. All other
materials, except for the gum, were used as received. The gum
was purified by first dissolving it in water and then filtering the
2% solution through muslin cloth. The filtered solution was freeze-
dried using a model 10-MR SAVirtis tabletop freeze drier (Gar-
diner, NY).

Cutina (castor oil, hydrogenated) was obtained from Henkel
Corporation, NJ. Xylazine (100 mg/mL), ketamine (100 mg/mL),
and pentobarbital sodium (50 mg/mL) solutions were provided by
the Laboratory Animal Center at the University of Missouri—
Kansas City (Kansas City, MO). Heparin sodium injection (10000
units/mL) was purchased from Elkins-Sinn, Inc. (Cherry Hill, NJ).
I-Cath intravenous placement units with stylet attachment (cath-
eter, 22G x 12 in.; needle 19G x 21 in.) was purchased from
Charter Med, Inc. (Lakewood, NJ), and tuberculin syringes (1 cc)
were obtained from Becton and Dickinson (Sandy, UT).

Blood samples were collected into 1.5 mL Eppendorf tubes
containing heparin sodium (100 units/mL) and centrifuged using
a Beckman GS-15R centrifuge (Palo Alto, CA).

Male New Zealand albino rabbits, weighing between 2.0 and
2.5 kg, were purchased from Myrtle’s rabbitry (Thompson, TN).
The animals were housed individually for at least 1 week prior to
experimentation and allowed food and water ad libitum. The
average weight of the rabbits at the time of the study was 2.8 +
0.3kg(n=29).

The bioadhesion experiments were carried out on a model LTC
universal tension-compression stand (John Chatillon and Sons,
Inc., Greensboro, NC) equipped with a model DFM-10 digital force
gauge (John Chatillon and Sons, Inc., Greensboro, NC).

Methods—Tablet Preparation—Flat-faced core tablets were
prepared by direct compression, and the tablets were coated with
Cutina on all but one face using a compression coating technique.
Release of sCT was unidirectional, occurring from only the
uncoated tablet face.

(a) Direct Compression—The tablets were prepared by initially
mixing the sCT and hakea for 10 min. Subsequently, spray-dried
lactose (hydrous N.F. grade, Fast-Flow 316) and Cab-o-sil (M-5
grade, amorphous fumed silica) were incorporated and the powder
was mixed for an additional 10 min. Finally, magnesium stearate
was added and the mixing continued for an additional 5 min.
Mixing was performed by mechanical rotation at 225 rpm.

(b) Tablet Compression—Both core and coated tablets were
prepared on a model B, No. 0-24R carver press (Summit, NJ). The
core tablets (weight: 101.5 mg) had a diameter of 1 cm and a
thickness of 0.1 cm and were compressed at a force of 5000 psi.
The coated tablets (final weight: 202.5 mg) were compressed at
2000 psi force to generate a final diameter of 1.2 cm and a
thickness of 0.2 cm.

(c) Release Study—The in vitro release studies were performed
using jacketed glass vessels (250 mL) obtained from Fisher
Scientific (Pittsburgh, PA). The dissolution medium consisted of
200 mL of deionized water (pH 7.0) at 37 °C. The dissolution
medium was stirred with a magnetic stir bar at a speed of 50 rpm.
Sink conditions were maintained throughout the duration of
release study. The in vitro release samples (1 mL) were analyzed
for sCT using an enzyme immunoassay kit (EIAH-6003) obtained
from Peninsula Laboratories (Belmont, CA) after appropriate
dilutions were made with deionized water. The release studies
were carried out for 90, 420, and 600 min for buccal tablets
containing 40 ug of sCT and 0, 12, and 32 mg of hakea,
respectively.
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Animal Preparation—The animals were prepared for both
intravenous and buccal sCT studies by anesthetizing with an im
injection of a 1:5 mixture of xylazine (1.9 mg/kg) and ketamine
(9.3 mg/kg). Following induction of anesthesia, a catheter was
placed in the marginal ear vein for blood sample collection. After
the collection of each sample, the cannula was flushed with 0.2
mL of a 10% (v/v) heparin/normal saline solution to keep the
cannula patent. A light plane of anesthesia was maintained by
an im injection of one-third of the initial dose of xylazine and
ketamine mixture as needed. All the blood samples were centri-
fuged at 3000 rpm for 10 min to separate the plasma and the
retrieved plasma, was stored at —20° C until the time of analysis.
At the end of the experiments the rabbits were euthanized by
injecting an overdose of pentobarbital solution (3—5 mL) into the
catheter.

The research adhered to the principles of Laboratory Care (NIH
publication no. 85-23, revised 1985), and the animal protocol was
approved by the animal care and use committee of the University
of Missouri—Kansas City.

Intravenous sCT Study—Following the induction of anesthesia,
sCT (40 ug) was administered as a bolus through the cannulated
ear vein of the rabbit. A blood sample (2 mL) was obtained 5 min
before and then at 5, 10, 20, 45, 60, 90, and 120 min following the
injection.

Buccal sCT Study—Upon the induction of anesthesia, a tablet
was applied to the buccal mucosa of the rabbit by pressing it firmly
against the mucosa for 1.5 min. A drop of water was placed on
the releasing face of the tablet before it was applied to the buccal
mucosa. A blood sample (2 mL) was obtained 5 min before and
then at 5, 10, 20, 45, 60, 90, 120, and 180 min following the
application of the mucoadhesive buccal tablets containing 40 ug
of sCT and 12 mg of hakea. The tablet was removed at 180 min,
and additional blood samples were obtained at 210, 240, 270, and
300 min following the removal of the buccal tablet. For tablets
containing 40 ug of sCT and 32 mg of hakea, a similar blood
sampling protocol was followed until 180 min as with 12 mg hakea.

Quantitation of Plasma sCT—Plasma samples were analyzed
for sCT using an enzyme immunoassay kit (EIAH-6003) obtained
from Peninsula Laboratories (Belmont, CA). The sensitivity of the
assay ranged from 0 to 25 ng/mL. The assay was linear over the
range 0.04—2.0 ng/mL. The sCT contained in the samples was
extracted using C18 Sep columns (Peninsula Laboratories Bel-
mont, CA) before being analyzed by enzyme immunoassay. The
reason for the inclusion of an extraction step was to avoid a
precipitation reaction between rabbit 1gG present in the samples
and goat anti-rabbit 1gG coated on the EIAH plates. The extraction
procedure was obtained from Peninsula Laboratories (Belmont,
CA) and was followed without any modification. The samples were
appropriately diluted with the EIA buffer prior to analysis.

Quantitation Of Plasma Calcium—Plasma calcium was quan-
titated by the o-cresolphthalein complexone method using a Sigma
diagnostics kit for calcium (Sigma, St. Louis, MO). The method
involves colorimetric determination of calcium at 575 nm (Proce-
dure No. 587, Sigma Diagnostics).

Bioadhesion Study—Rabbit small intestine was selected as a
model membrane since the intestine provided a flat and uniform
surface and the surface area of the buccal mucosa in a rabbit is
only slightly larger than the buccal tablets evaluated in these
studies. A 2 cm long piece of intestinal mucosa was mounted on
the platform of the tension-compression stand. The tablet was
applied using super glue to the bottom face of a stainless steel
disk attached to the force gauge. The mucosal surface was
hydrated by placing 20 u«L of distilled water on the tissue surface.
The tablet and the mucosal surfaces were brought into contact,
and a constant force of 20 N was applied. The tablet was pulled
off the tissue surface at 5, 10, 20, 30, 45, 60, and 90 min following
application of force. The value for the force of detachment was
measured in newtons by lowering the platform of the tension-
compression stand at a constant rate of 1 mm min—1.

Data And Statistical Analysis—The in vitro release from the
unidirectional buccal tablets was modeled using the basic equation
F = kt",'3 and from the values of n, the mechanism of in vitro
release was determined.

The plasma sCT concentrations obtained after both intravenous
and buccal administration were not corrected for baseline levels
of sCT (~0.41 £+ 0.21 ng/mL, n = 6) for the ease of comparison
with previous published findings. The plasma sCT concentration
versus time data obtained following intravenous administration



were fit to a polyexponential equation using the R STRIP program.
The data were fit to a two-compartment model with elimination
from the central compartment. The model-dependent phamaco-
kinetic parameters AUC, A, B, ti2 (o), and ti2 (5) were obtained
from the fit, whereas the volume of the central compartment (V)
and the volume of distribution in the -phase (V4 (8)) were obtained
using standard equations.*

The area under the plasma sCT concentration versus time curve
was calculated using the trapezoidal rule within the time periods
of 0—2 h following buccal administration although the experiments
were carried out beyond 2 h. In an attempt to estimate the
apparent bioavailability, the data was truncated at 2 h following
buccal administration because the total duration of the intrave-
nous experiments was 2 h. Equations 1 and 2 were used to
estimate the apparent bioavailability and clearance of sCT fol-
lowing buccal administration.'>6 The Cmax, Cmin, and tmax were
estimated directly from the plasma sCT versus time profiles
following buccal administration. In eqs 1 and 2, F denotes the

(dose,,) (AUC )

0~ tpyccal

F= @)
(dosebuccal) (AUCO,tIV)
FD
CL=——— )
AUCO_tbuccal

apparent bioavailability, D is the dose of sCT contained in the
buccal tablets, and AUCq-y,,, represents the area under the
plasma sCT concentration vs time curve following buccal admin-
istration from O to 2 h. A dose of 40 ug of sCT was used to calculate
the apparent bioavailability as the amount of sCT remaining in
the tablet after buccal administration was not estimated.

The area above the calcium reduction curve from 0 to 2 h (AAC)
was obtained as described previously.”18 The plasma calcium
concentration at each time point after the administration of sCT
was subtracted from the baseline calcium concentration, which
was obtained prior to administration of sCT. Next, the AAC was
calculated using the trapezoidal method. The data was again
truncated at 2 h following buccal administration for ease of
comparison with the intravenous data.

All experiments were conducted in triplicate, and the results
were expressed as the mean value + the standard deviation. Mean
values were compared for statistical significance at the 5% level
using Student’s one-tail t-test.

Results

In Vitro Release Study—In vitro release profiles from
buccal tablets containing 0, 12, and 32 mg of hakea with
40 ug of sCT are shown in Figure 1. The release profiles
are sigmoidal in nature for buccal tablets with 40 ug of sCT
and either 12 or 32 mg of hakea. The mechanism of in vitro
release was determined from the values of n obtained by
modeling the first 60% of the release to the equation F =
kt.13 The values of k (kinetic constant) and n (diffusional
exponent) are listed in Table 1. The values of n are greater
than 1, indicating super Case Il transport as the mecha-
nism of sCT release.

Intravenous sCT Study—The plasma sCT concentra-
tion versus time profile following intravenous administra-
tion was best explained using a biexponential equation and
is shown in Figure 2. The values of the model-dependent
phamacokinetic parameters are listed in Table 2. The
change in the plasma calcium concentration is also depicted
in Figure 2, and the relative AACy_2 is listed in Table 2.
It can be noted from the pharmacokinetic parameters that
the extravascular distribution of sCT was very rapid.

Buccal sCT Study—The plasma sCT concentration vs
time profiles following administration of the 40 ug sCT
buccal tablets with either 12 or 32 mg of hakea are shown
in Figures 3 and 4, respectively. The relevant pharmaco-
kinetic parameters are listed in Table 3. From Figures 3
and 4, it is apparent that hakea effectively sustained the
release of sCT from the buccal tablets and also maintained
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Figure 1—In vitro release profiles of sCT from directly compressed tablets
which contained 40 ug of sCT and 0 mg of hakea (a), 12 mg of hakea (M),
or 32 mg of hakea (@®). All data points represent the mean value + standard
deviation of three experiments. Lines through mean values are included to
illustrate the trend and do not represent a mathematical fit of the data.

Table 1—Diffusional Exponent (n) and Kinetic Constant (k) Values?

40 ug of sCT and 40 ug of sCT and
parameters 12 mg of hakea 32 mg of hakea
n 1.24 +£0.07 1.37 £ 0.05*
kx1077 20+18 34+£13

@Mean = SD, n = 3. The * symbol indicates a statistically significant
increase in the mean value of the diffusional exponent when a 40 ug sCT
tablet containing 12 mg of hakea was compared with a tablet containing 32
mg of hakea at p < 0.05 using Student's one-tail t-test.

an elevated plasma sCT concentration during the entire
application period. The apparent bioavailability (F) of sCT
from the tablets with 12 mg of hakea was significantly (p
< 0.05) greater than that from the tablets with 32 mg of
hakea. The Cnhax and Cin decreased while the tqay increased
with an increase in the amount of hakea contained in the
tablet (Table 3). The change in the plasma calcium con-
centration has also been illustrated in Figures 3 and 4, and
the mean values of AACy_»p, are listed in Table 3. AACy_an
for sCT tablets with 12 mg of hakea was not significantly
different (p > 0.05) from AACy—,n, for tablets with 32 mg of
hakea.

Bioadhesion Study—A profile showing the mean val-
ues of the force of detachment of the sCT buccal tablets
following their application to excised rabbit intestinal
mucosa is shown in Figure 5. It can be noted that the mean
values of the force of detachment increased with time and
reached a plateau at later time points. The mean values
of the force of detachment were significantly (p < 0.05)
greater at each time point for tablets containing 32 mg of
hakea when compared to the tablets which contained 12
mg of hakea and were significantly greater for tablets
containing 12 mg of hakea when compared to the tablets
which contained no hakea.

Discussion

In the present study, controlled release of sCT both in
vitro and in vivo was successfully demonstrated using the
natural gum, hakea as an excipient. The in vitro release
profiles were sigmoidal in nature and consisted of an initial
slow-releasing phase followed by a linear phase, where the
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Figure 2—Plasma profiles of sCT (a) and calcium (¥) in rabbits following
intravenous administration of 40 xg (200 1U) of sCT. All data points represent
the mean value + standard deviation of three experiments. The line (—)
represents the mathematical fit of the intravenous data. Therapeutic window
of sCT = 0.1-0.4 ng/mL (from ref 6).

Table 2—Pharmacokinetic Parameters? of sCT after Intravenous Bolus
Administration of 40 mg of sCT in New Zealand Albino Rabbits for a
Two-Compartment Open Model

pharmacokinetic parameters

AUCq—2n (ng-min/mL) 807 £ 119
AUCy—o (ng-min/mL) 1002 +£ 171
CL (mL/min-kg) 19+2

A (ng/mL) 290 + 89

B (ng/mL) 76+25
ty (o) (min) 0.76 £ 0.06
i (ﬂ) (min) 67 +£18

Ve (mL) 143+ 43
Vy(B) (mLikg) 1484 + 454
AACo-zn (mg-min/dL)P 208 £ 27

aMean + SD, n = 3. P Area above the calcium reduction curve.

release appeared to follow zero-order kinetics (Figure 1).
The values for the diffusional exponent (n) were greater
than 1 (Table 1), indicating that the mechanism of sCT
release was super Case Il transport.’® That is, the release
of sCT from the buccal tablets is likely due to the combina-
tion of polypeptide diffusion and polymer relaxation/
dissolution. This mechanism also explains the initial slow-
releasing phase, where the polymer was not completely
hydrated, resulting in an incomplete relaxation of the side
chains. Insufficient hydration would lead to the creation
of an aqueous pore through which the free diffusion of sCT
would be hindered. Upon complete hydration, the polymer
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Figure 3—Plasma profiles of sCT (M) and calcium (O) in rabbits following
the application of buccal tablets containing 40 g (200 IU) of sCT and 12 mg
of hakea. Buccal tablets were removed at 180 min. All data points represent
the mean value + standard deviation of three experiments. Lines through
mean values are included to illustrate the trend and do not represent a
mathematical fit of the data. Therapeutic window of sCT = 0.1-0.4 ng/mL
(from ref 6).

presumably began to dissolve with subsequent relaxation
of the side chains. Relaxation of hakea's numerous side
chains would then allow free diffusion of sCT from the
tablet matrix. This mechanism would tend to support zero-
order release kinetics during the linear portion of Figure
1. Banga et al.?® reported that the diffusion of three
polypeptides, vasopressin, calcitonin, and insulin, from
hydrogel formulations was dependent on their molecular
size.

The intravenous profile in this study was best described
by a two-compartment model which is consistent with the
work of Heiber et al. using dogs® and Sinko et al. using
rats.’® Sinko et al.’® using a noncompartmental pharma-
cokinetic analysis reported the values (mean value of three
different doses) for CL, ty/;, ke, and Vg of 2.58 + 0.34 mL/
min, 40 + 7.8 min, 0.02 £+ 0.002 min~1, and 0.14 + 0.001
L, respectively, in rats. Beveridge et al.2! reported terminal
elimination half-lives ranging between 60 and 90 min
following iv, im, and sc administration of 35 ug of sCT to
humans.

The tablets which contained 32 mg of hakea demon-
strated a significantly (p < 0.05) lower mean value of the
apparent bioavailability (F) compared to tablets which
contained 12 mg of hakea. The Cnax and Cnin decreased
while the tnay increased when the amount of hakea in the
tablet was increased from 12 to 32 mg (Figures 2 and 3;
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Figure 4—Plasma profiles of sCT (@) and calcium (O) in rabbits following
the application of buccal tablets containing 40 g (200 IU) of sCT and 32 mg
of hakea. All data points represent the mean value * standard deviation of
three experiments. Lines through mean values are included to illustrate the
trend and do not represent a mathematical fit of the data. Therapeutic window
of sCT = 0.1-0.4 ng/mL (from ref 6).

Table 3—Pharmacokinetic Parameters? of sCT after Buccal
Administration in New Zealand Albino Rabbits for a
Two-Compartment Open Model

pharmacokinetic 40 ug of sCT and 40 ug of sCT and
parameters 12 mg of hakea 32 mg of hakea

AUCo_;n (ng+min/mL) 273 + 49* 125+ 63
CL (mL/min-kg) 19+33 18+0.4
F (%) 376" 16+8
Cmax (ng/mL) 250+05 1.33+0.65
Cmin (ng/mL) 200+0.2 0.68 +£0.41
tmax (MiN) 7017 140 +17
AACy—2n (mg-min/dL)® 74+35 71+59

@Mean = SD, n = 3. The * symbol indicates a statistically significant
increase in the mean value of the area under the curve from 0 to 120 min
when a 40 ug sCT tablet containing 12 mg of hakea was compared with a
tablet containing 32 mg of hakea at p < 0.05 using Student’s one-tail t-test.
The T symbol indicates a statistically significant increase in the mean value
of the apparent bioavailability (F) when a 40 ug sCT tablet containing 12 mg
of hakea was compared with a tablet containing 32 mg of hakea at p < 0.05
using Student's one-tail t-test. ° Area above the calcium reduction curve.

Table 3). The results tend to suggest that hakea effectively
retarded the rate of release of sSCT from the dosage form.
The values of F (%) calculated in the present study were
37 £ 6 and 16 + 8 for buccal tablets with 12 and 32 mg of
hakea, respectively. Dua et al.?? reported percent bioavail-
ability values of 0.16, 0.80, and 0.71 for low viscosity (1

Force of Detachment (N)

10 20 30 40 50 60

Time (min)

Figure 5—The force of detachment from excised rabbit intestinal mucosa for
directly compressed buccal tablets which contained 40 ug of sCT and 0 mg
of hakea (O), 12 mg of hakea (<), or 32 mg of Hakea (O). All data points
represent the mean value * standard deviation of five experiments. Lines
through mean values are included to illustrate the trend and do not represent
a mathematical fit of the data. The * symbol indicates a statistically significant
increase in the mean value of the force of detachment of a tablet containing
12 mg of hakea from that of a tablet containing 0 mg of hakea at p < 0.05
using Student's one-tail t-test. The # symbol indicates a statistically significant
increase in the mean value of the force of detachment of a tablet containing
32 mg of hakea from that of a tablet containing 12 mg of hakea at p < 0.05
using Student’s one-tail t-test.

cps) isotonic, hypertonic, and hypotonic formulations,
respectively, after intranasal administration of salmon
calcitonin at a dose of 2000 IU in rabbits. The percent
bioavailability values were 0.14, 0.62, and 0.81 following
intranasal administration of high-viscosity (76 cps) formu-
lations prepared with 1% methylcellulose containing 2000
IU of salmon calcitonin in rabbits.?2 Heiber et al.b reported
the delivery of 550 1U of sCT across canine buccal mucosa
but did not report a value for bioavailability. Sinko et al.18
reported a bioavailability of 16.2 + 5.1% following subcu-
taneous (mean value of four different doses) and 0.022 +
0.018% following intraduodenal administration (mean
value of two different doses) in rats. An absolute bioavail-
ability of 1.6% was reported without any permeation
enhancer at a dose of 200 1U (40 xg) and 10.3% with 0.5%
sodium tauro-24, 25-dihydrofusidate as a permeation en-
hancer at a dose of 405 IU (90 ug) following intranasal
administration of sCT in humans.2® Estimates of the
absolute bioavailability of several other therapeutic polypep-
tides following buccal administration are 1—-5%, 0.1%, and
1% for thyrotropin releasing hormone (TRH) in humans,?*
oxytocin in rabbits,® and buserelin in pigs,” respectively.

The plasma sCT levels obtained in this investigation
using sCT buccal tablets which contained hakea were
greater than therapeutic plasma levels (0.1-0.4 ng/mL).
These levels were achieved without the use of a permeation
enhancer. Heiber et al. also reported sCT plasma levels in
excess of the therapeutic range when buccal tablets were
evaluated in dogs.® The present study demonstrated that
the buccal route provided a greater systemic bioavailability
than the other routes of sCT administration discussed
previously and that the buccal tablets which contained
hakea not only achieved therapeutic plasma levels but also
sustained the plasma concentration of sCT for 2—3 h.
However, in the present study, the authors did observe a
departure of plasma sCT concentrations following buccal
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administration which would have been anticipated on the
basis of our in vitro release studies. More recent findings
in our laboratory (unpublished observations) suggest that
the increased bioavailability of sCT in the present study
may potentially result from hakea inhibiting proteolytic
enzymes located in the oral cavity which are responsible
for chemical degradation of sCT and/or inhibition of the
polypeptide’s biological activity. The mechanism of en-
hanced bioavailability will be the subject of future experi-
mentation.

In the present study, the drug-releasing, uncoated
surface adhered to the buccal mucosa during the entire
application period. This mucosal binding possibly mini-
mized the loss of drug into the surrounding oral cavity and
the gastrointestinal tract in the event that sCT dissolved
in saliva were potentially swallowed. Upon the removal of
buccal tablets with 40 ug of sCT and 12 mg of hakea, the
plasma sCT concentration did not decrease as observed
following an intravenous dose suggesting that the sCT may
accumulate in the buccal mucosa resulting in a reservoir
effect. This has also been observed by Heiber et al.®

The pharmacodynamic response to biologically active
sCT represents a reduction in plasma calcium concentra-
tions. Figures 3 and 4 illustrate the absorption of biologi-
cally active sCT across the buccal mucosa of rabbits. The
results demonstrated that the dual compaction process
during the manufacturing of the tablet did not affect its
biological activity adversely. The values of AAC,_,, for the
40 ug sCT buccal tablets with 12 and 32 mg of hakea were
not significantly different (p > 0.05), which may be due to
the potency of sCT, i.e., the dose required to elicit the
maximum pharmacological response is very small. As such,
this pharmacological response reaches a maximum beyond
which further lowering of plasma calcium concentrations
does not occur as the dose is increased (negative feedback
control of plasma calcium).?> Sinko et al.16 estimated that
the maximal lowering of plasma calcium occurs at a plasma
sCT concentration of 10 pg/mL in rats. Dua et al.?2 obtained
a similar maximal percent decrease in plasma calcium
concentrations (% maxg) following intranasal administra-
tion of different formulations in rabbits, although the (%)
values reported for the bioavailability were quite different.
This may have resulted from homeostasis and negative
feedback control. Many investigators rely on the pharma-
codynamic response to assess the absolute bioavailability?6-2°
which may result in an overestimation for the reasons cited
above.

Sustained-release, mucoadhesive dosage forms have the
advantage of not only adhering to the mucus membrane
for the required length of time but also sustaining the
release of drug substances. In the present study, the
amount of hakea incorporated into the buccal tablet was
observed to be a critical factor in defining the resulting
bioadhesive strength. A potential reason for an increase
in the mucoadhesive bond strength with increasing hakea
content (Figure 5) may be due to enhanced water uptake
by the gum resulting in tablet swelling and mobilization
of flexible polysaccharide chains for interpenetration and
physical entanglement with the mucus.

Hakea possesses both hydroxyl and carboxyl terminal
groups which can contribute to bioadhesion. Both these
functional groups have to be in the un-ionized form in order
for it to optimally interact with the negatively charged
mucin molecule (under neutral or slightly acidic condi-
tions). The bioadhesive strength increased with time and
reached a plateau (Figure 5), suggesting that the process
of bioadhesion is saturable and that the mechanism of
bioadhesion is likely due to chain interpenetration and
physical entanglement®° of hakea with mucus rather than
secondary bond formation (e.g., hydrogen bonding). The fact
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that the bioadhesive strength reaches a plateau at later
time points could be due to the limited surface area of the
tablet and exhaustion of the sialic acid residues of the
mucin molecule with which the gum can interact in the
circular surface area covered by the tablet.

In conclusion, the ability of the novel gum to sustain the
release of sCT has been demonstrated both in vitro and in
vivo. Moreover, in vitro bioadhesive strength versus time
measurements demonstrated that the gum possessed ex-
cellent mucoadhesive properties. The tablets were conve-
nient to apply and remove from the buccal mucosa and did
not appear to damage the underlying tissue. The mecha-
nism of bioadhesion may potentially result from chain
interpenetration and physical entanglement of hakea with
the mucus layer. The rate of release of the drug substance
as well as the bioadhesive bond strength of the formulation
can be modulated by varying the amount of hakea included
in the tablet. Thus, the polysaccharide bioadhesive gum
hakea may be utilized for not only the sustained delivery
of a variety of water-soluble, low molecular weight drug
substances but also therapeutic polypeptides.
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