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include penetration of the skin’s permeability barrier and
efficient delivery to the target tissue or stratum. Topical
administration can be used as a means to penetrate the epi-
dermis and dermis and ultimately achieve systemic delivery
of'the composition. Topical administration can also be used as
a means to selectively deliver oligonucleotides to the epider-
mis or dermis of'a subject, or to specific strata thereof, or to an
underlying tissue.

[0161] Formulations for topical administration may
include transdermal patches, ointments, lotions, creams, gels,
drops, suppositories, sprays, liquids and powders. Conven-
tional pharmaceutical carriers, aqueous, powder or oily bases,
thickeners and the like may be necessary or desirable. Coated
condoms, gloves and the like may also be useful.

[0162] Transdermal delivery is a valuable route for the
administration of lipid soluble therapeutics. The dermis is
more permeable than the epidermis and therefore absorption
is much more rapid through abraded, burned or denuded skin.
Inflammation and other physiologic conditions that increase
blood flow to the skin also enhance transdermal adsorption.
Absorption via this route may be enhanced by the use of an
oily vehicle (inunction) or through the use of one or more
penetration enhancers. Other effective ways to deliver a com-
position disclosed herein via the transdermal route include
hydration of the skin and the use of controlled release topical
patches. The transdermal route provides a potentially effec-
tive means to deliver a composition disclosed herein for sys-
temic and/or local therapy. In addition, iontophoresis (trans-
fer of ionic solutes through biological membranes under the
influence of an electric field), phonophoresis or sonophoresis
(use of ultrasound to enhance the absorption of various thera-
peutic agents across biological membranes, notably the skin
and the cornea), and optimization of vehicle characteristics
relative to dose position and retention at the site of adminis-
tration may be useful methods for enhancing the transport of
topically applied compositions across skin and mucosal sites.
[0163] Boththe oral and nasal membranes offer advantages
over other routes of administration. For example, oligonucle-
otides administered through these membranes may have a
rapid onset of action, provide therapeutic plasma levels, avoid
first pass effect of hepatic metabolism, and avoid exposure of
the oligonucleotides to the hostile gastrointestinal (GI) envi-
ronment. Additional advantages include easy access to the
membrane sites so that the oligonucleotide can be applied,
localized and removed easily.

[0164] In oral delivery, compositions can be targeted to a
surface of the oral cavity, e.g., to sublingual mucosa which
includes the membrane of ventral surface of the tongue and
the floor of the mouth or the buccal mucosa which constitutes
the lining of the cheek. The sublingual mucosa is relatively
permeable thus giving rapid absorption and acceptable bio-
availability of many agents. Further, the sublingual mucosa is
convenient, acceptable and easily accessible.

[0165] A pharmaceutical composition of single stranded
oligonucleotide may also be administered to the buccal cavity
of' a human being by spraying into the cavity, without inha-
lation, from a metered dose spray dispenser, a mixed micellar
pharmaceutical formulation as described above and a propel-
lant. In one embodiment, the dispenser is first shaken prior to
spraying the pharmaceutical formulation and propellant into
the buccal cavity.

[0166] Compositions for oral administration include pow-
ders or granules, suspensions or solutions in water, syrups,
slurries, emulsions, elixirs or non-aqueous media, tablets,
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capsules, lozenges, or troches. In the case of tablets, carriers
that can be used include lactose, sodium citrate and salts of
phosphoric acid. Various disintegrants such as starch, and
lubricating agents such as magnesium stearate, sodium lauryl
sulfate and talc, are commonly used in tablets. For oral
administration in capsule form, useful diluents are lactose and
high molecular weight polyethylene glycols. When aqueous
suspensions are required for oral use, the nucleic acid com-
positions can be combined with emulsifying and suspending
agents. If desired, certain sweetening and/or flavoring agents
can be added.

[0167] Parenteral administration includes intravenous drip,
subcutaneous, intraperitoneal or intramuscular injection,
intrathecal or intraventricular administration. In some
embodiments, parental administration involves administra-
tion directly to the site of disease (e.g. injection into a tumor).
[0168] Formulations for parenteral administration may
include sterile aqueous solutions which may also contain
buffers, diluents and other suitable additives. Intraventricular
injection may be facilitated by an intraventricular catheter, for
example, attached to a reservoir. For intravenous use, the total
concentration of solutes should be controlled to render the
preparation isotonic.

[0169] Any of the single stranded oligonucleotides
described herein can be administered to ocular tissue. For
example, the compositions can be applied to the surface of the
eye or nearby tissue, e.g., the inside of the eyelid. For ocular
administration, ointments or droppable liquids may be deliv-
ered by ocular delivery systems known to the art such as
applicators or eye droppers. Such compositions can include
mucomimetics such as hyaluronic acid, chondroitin sulfate,
hydroxypropyl methylcellulose or poly(vinyl alcohol), pre-
servatives such as sorbic acid, EDTA or benzylchronium
chloride, and the usual quantities of diluents and/or carriers.
The single stranded oligonucleotide can also be administered
to the interior of the eye, and can be introduced by a needle or
other delivery device which can introduce it to a selected area
or structure.

[0170] Pulmonary delivery compositions can be delivered
by inhalation by the patient of a dispersion so that the com-
position, preferably single stranded oligonucleotides, within
the dispersion can reach the lung where it can be readily
absorbed through the alveolar region directly into blood cir-
culation. Pulmonary delivery can be effective both for sys-
temic delivery and for localized delivery to treat diseases of
the lungs.

[0171] Pulmonary delivery can be achieved by different
approaches, including the use of nebulized, aerosolized,
micellular and dry powder-based formulations. Delivery can
be achieved with liquid nebulizers, aerosol-based inhalers,
and dry powder dispersion devices. Metered-dose devices are
preferred. One of the benefits of using an atomizer or inhaler
is that the potential for contamination is minimized because
the devices are self-contained. Dry powder dispersion
devices, for example, deliver agents that may be readily for-
mulated as dry powders. A single stranded oligonucleotide
composition may be stably stored as lyophilized or spray-
dried powders by itself or in combination with suitable pow-
der carriers. The delivery of a composition for inhalation can
be mediated by a dosing timing element which can include a
timer, a dose counter, time measuring device, or a time indi-
cator which when incorporated into the device enables dose
tracking, compliance monitoring, and/or dose triggering to a
patient during administration of the aerosol medicament.



