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Abstract

Antisense oligonucleotides (AONs) that can modulate malfunctioning genes have a great potential to become future
therapeutic agents. In this study, we investigated the feasibility of buccal delivery of AONs using ISIS 3082 as a model
compound. An isocratic HPLC method was developed to quantify ISIS 3082. The permeability coefficient of this
AON at 37°C, determined by using side-by-side diffusion cells, was 1.05×10−9 (cm/s). The flux of ISIS 3082 across
buccal mucosa was dependent upon its concentration in the donor chamber. The permeation of ISIS 3082 was
increased when 100 mM of sodium glycocholate was used as a permeation enhancer. The potential of delivering
AONs via buccal route with the aid of permeation enhancers is explored in this study. © 2000 Elsevier Science B.V.
All rights reserved.
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1. Introduction

Specific genes that result in disease conditions
are being identified as molecular biology ad-
vances. In recent years, drug design and discovery
have been moving towards the gene regulation.
Since the antisense oligonucleotides may be tailor-
made, they can be designed to disrupt gene ex-

pression related to a disease. Currently, there are
several antisense molecules in different stages of
clinical studies. The results from clinical trials of
several phosphorothioate AONs reveal a promis-
ing future for this new class of therapeutic agents
(Agrawal, 1996; Crooke, 1997; Bennett, 1998).

The potential for applying natural AONs to a
clinical situation has been limited due to the
degradation of these molecules when administered
through traditional routes of administration.
Chemically modified AONs show acceptable ther-
apeutic effect when administered systemically.
Administration of AONs via intravenous, subcu-
taneous, intraperitoneal, intracerebroventricular,
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oral, and transdermal routes have been explored
(Vlassov et al., 1993; Iversen et al., 1994; Sakai et
al., 1994; Agrawal et al., 1995; Wang et al., 1996).
AONs are mostly intended for therapeutic treat-
ment of chronic diseases, such as cancer, AIDS,
genetic disorders, and cardiovascular diseases,
where repeated administration may be required.
Development of alternate routes of administration
and /or controlled release drug delivery systems
would significantly improve patient compliance
and provide convenience. Vlassov et al. reported
that detectable amounts of AON penetrated the
skin and mucosa when administered by transder-
mal and nasal routes, respectively (Vlassov et al.,
1993). The feasibility of iontophoretic delivery of
antisense oligonucleotides was investigated by
Brand et al. (Brand and Iversen, 1996; Brand et
al., 1998). Wang et al. showed that therapeutic
levels of AON could be achieved in a study using
stripped skin. Also, they found that chemical en-
hancers improved the permeation of AON
through skin (Wang et al., 1996).

Transbuccal delivery of AONs using a con-
trolled release delivery system has great potential
because the buccal epithelium has higher perme-
ability than skin and oral cavity is well suited for
retentive systems. Delivery of macromolecules via
this route has been reported (Ebert et al., 1994).
Surfactants, particularly bile salts, were shown to
increase the permeation of drugs through buccal
mucosa into circulation (Ebert et al., 1994;
Hoogstraate et al., 1996a,c). It is essential to
characterize buccal transport of AONs in design-
ing transbuccal delivery systems. In this study, we
investigated buccal permeation of a model AON,
ISIS 3082 (a 20-mer with a sequence of 5%-TGC
ATC CCC CAG GCC ACC AT-3%). In addition,
the effect of sodium glycocholate on the buccal
permeation of ISIS 3082 was determined.

2. Materials and methods

2.1. Materials

Model AON, ISIS 3082 (molecular weight
6405), was obtained from ISIS Pharmaceuticals,
Inc, Carlsbad, CA and other chemicals were used
as received.

2.2. Buccal tissue preparation

Porcine buccal tissue was obtained from Long
Ranch, Ripon, CA. The tissue was stored in
Krebs buffer at 4°C and used within 2 h of
decapitation. The buccal mucosal membrane was
separated from the underlying connective tissue
using surgical scissors. Buccal mucosa with an
approximate area of 1 cm2 was then mounted
between the donor and the receiver chambers of
modified Franz-type diffusion cells.

2.3. In 6itro permeation studies

The experiments were conducted using modified
Franz-type diffusion cells having a diffusional
area of 0.95 cm2 at 37°C. ISIS 3082 is freely
soluble in double distilled water and its solution
was then charged into the donor chamber. Dis-
tilled water was also used as receiver medium as
phosphate buffer interfered with AON detection.
Two milliliter samples were collected at specified
times and fresh medium was added to the receiver
chamber. ISIS 3082 was quantified by HPLC. All
the measurements were made in triplicate and
expressed as mean9standard deviation.

The steady-state flux was calculated from the
slope of the linear region of the cumulative
amount of ISIS 3082 permeated versus time plot.
The apparent permeability coefficient (P) was cal-
culated using the following expression:

P=
(dQ/dt)

C0A
,

where dQ/dt is the steady state flux, C0 is the
initial donor concentration, and A is the diffu-
sional area.

2.4. Analytical methods

An isocratic HPLC method for quantification
of the model AON, ISIS 3082 was developed. The
HPLC system consisted of two Waters 6000A
pumps, Waters M490 variable-wavelength UV ab-
sorbance detector, Waters 710B autosampler, and
EZChrome software. A Microsorb-MVTM C4
column (5 mm, 4.6 mm ID×25 cm) was used and
ISIS 3082 was eluted with 6.25 mM Tris buffer
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(pH=9). The flow rate of the mobile phase was
0.5 ml/min from 1 to 10 min and 1 ml/min from
10 to 19 min. ISIS 3082 was detected at 260 nm.
ISIS 3082 had a retention time of 3.6 min under
the conditions described above. Standard curve
was established by linear regression of peak area
and concentration of the standards, and ISIS 3082
in the samples was quantified accordingly. A cali-

Table 1
Steady state flux and permeability of ISIS 3082 (n=3)

Donor teady State Permeability
Coefficients (×108 cm/s)Conc. (%) Flux (mg/cm2 h)

5 0.1190.090.1990.16
5a 4.1395.55 3.2592.42

0.8190.273a 0.8790.29
1.4390.930.5190.331a

a with 100 mM Sodium glycocholate.

Fig. 1. A typical ISIS 3082 standard curve.

bration curve was established in the range of
0.2–10 mg/ml and the minimum detection limit
was 0.1 mg/ml. A typical standard curve for ISIS
3082 is shown in Fig. 1. Sodium glycocholate
investigated as a permeation enhancer in this
study did not interfere with ISIS quantitation
(data not shown).

2.5. Effect of sodium glycocholate on the
permeation of ISIS 3082

The influence of the enhancer, sodium glyco-
cholate (100 mM), on the permeation of ISIS
3082 was investigated by in vitro permeation stud-
ies as described above and evaluated by the en-
hancement ratio, which is defined as the ratio of
permeability coefficient with enhancer to perme-
ability coefficient without enhancer.

3. Results and discussion

The buccal permeability of the model AON,
ISIS 3082, across porcine buccal mucosa was
determined in the permeation study using 5%
(w/v) AON. The influence of 100 mM sodium
glycocholate on permeability was studied using
1, 3, and 5% of ISIS 3082. A typical cumulative
permeation profile of the model AON from 5% of
ISIS 3082 with and without 100 mM enhancer is
shown in Fig. 2. The steady state flux and appar-
ent permeability coefficients of ISIS 3082 at differ-
ent concentrations is given in Table 1. The steady
state flux of ISIS 3082 was found to increase with
an increase in concentration in the donor solu-
tions. The average permeability coefficients ofFig. 2. Buccal permeation of ISIS 3082.
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ISIS 3082 across the porcine buccal mucosa from
donor solutions without enhancer and with 100
mM enhancer were 1.05×10−9 and 1.83×10−8

cm/s, respectively. Sodium glycocholate 100 mM
concentration in donor solution enhanced the per-
meation of ISIS 3082. The permeability of the
AON in this study is higher than that of transder-
mal delivery of AON reported by Wang et al.
(1996). Results of the permeation studies through
buccal mucosa have shown that transbuccal route
has the potential for the delivery of AON.

In a separate study conducted in our laboratory,
the permeability of mononucleotide derivative,
acyclovir with molecular weight 225 was deter-
mined (Shojaei et al., 1998). The permeability
coefficient of acyclovir without enhancer was
found to be 6.65×10−6 cm/s. Sodium glyco-
cholate enhanced acyclovir flux 9 times when
present at a concentration of 100 mM in the donor
formulation. It has been reported that a non-selec-
tive ‘wide-open’ porous pathway was found to be
responsible for the permeation of a polar com-
pound, acyclovir (Shojaei et al., 1998). The co-ap-
plication of sodium glycocholate to the buccal
epithelium was found to provoke lipid solubiliza-
tion, both in the intercellular domains and from
the cell membranes (Hoogstraate et al., 1996b;
Gibaldi and Feldman, 1970). The solubilization of
lipids in the intercellular space may increase the
diffusivity of hydrophilic compounds such as ISIS
3082 and acyclovir in the buccal mucosa and thus
enhance their overall transport rate. The indepen-
dence of pH on enhancement ratio for multi-
charged species such as acyclovir indicated a single
mechanism of enhancement through the same
route of transport as the permeant, i.e. the paracel-
lular route (Shojaei et al., 1998). Since ISIS 3082
is also a multiple charged species, a similar trans-
port mechanism can explain the enhancement ef-
fect of sodium glycocholate.

The permeability of ISIS 3082 across porcine
buccal mucosa is much lower (more than 5000
times) than that of acyclovir. However, the en-
hancement effects of sodium glycocholate at the
concentration of 100 mM on the permeability of
ISIS 3082 is twice of that of acyclovir. The greater
enhancement of ISIS 3082 of sodium glycocholate
could possibly be explained by the differences in

the molecular weights of the compounds, the
molecular weight of ISIS 3082 is 28 times higher
than the molecular weight of acyclovir. In the
absence of sodium glycocholate, ISIS 3082 has
lower diffusivity in buccal mucosa due to higher
molecular weight compared to acyclovir. Conse-
quently, the permeability of acyclovir is much
higher. However, when the cell membranes are
fluidized or paracellular pathways are opened, the
resistance reduction to the large molecule is much
more significant than to the small molecule. As a
result, in the presence of sodium glycocholate the
enhancement was much higher for ISIS 3082.

4. Conclusions

The fundamental parameter for designing a
transbuccal delivery system, permeability of AON
through buccal mucosa membrane, was deter-
mined. The feasibility of the delivery of oligonucle-
otides through buccal route has been shown in the
presence of enhancer, sodium glycocholate.
Sodium glycocholate enhanced the buccal perme-
ability of phosphorothioate AON, ISIS 3082, by
effectively decreasing the resistance of paracellular
pathway.
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