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Site-Specific Drug Delivery to the Gastrointestinal Tract
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Editorial

There are many available routes for the administration of
therapeutic agents, as denoted by the FDA’s recognition of over
100 different options for getting a drug into the body [1]. The oral
(“per os” or PO) dosing of pharmaceutical products has a long and
rich history in health care. This route of administering medications
has several notable advantages, including the fact that it is relatively
simple, it requires no additional equipment for patient administration
(unlike injectable or inhaled agents), it is usually the least expensive
option for both the manufacturer and the patient, and it is typically the
safest route of getting a drug into the body (requiring no puncturing
of body surfaces or membranes and the corresponding increased risk
of disease transmission). Because of these and other advantages, the
majority of currently used pharmaceutical agents are formulated and
given as oral dosage forms. PO administration is also the preferred
route for the treatment of diseases of the gastrointestinal tract, such
as peptic/duodenal ulcer and inflammatory bowel diseases, because
this technique puts the therapeutic agent at or near the desired site of
action. In addition, the GI tract represents the major portal of entry of
infectious agents into the body and the site at which most organisms
exert their patho physiologic effects [2]. Due to this fact, one of the best
ways to protect against infection would be the oral administration of
vaccines to stimulate strong specific immunity in the gastrointestinal
tract and other mucosal sites [3].

At the present time, however, oral dosing strategies are limited to
those pharmaceutical agents that have acceptable oral bioavailability.
This limitation has the effect of excluding many macromolecular
agents from being given PO. Although a great deal of effort and
resources have been expended to identify solutions to this issue, most
peptide- and protein-based pharmaceuticals, including all insulins
and most vaccines, are still currently given through other, non-oral
routes of administration (e.g. subcutaneously or intramuscularly) [4].
Another issue that directly impacts oral bioavailability and, thus, the
efficiency of the oral route of administration, is the residence time of
the drug formulation at the desired site of action. The absorption of
medicinal agents is often limited by the short contact time between
the formulation and the absorption membrane and also by the fast
washout of the agents from the body [5-7]. However, within the last
decade, targeted delivery to increase the retention time of drugs has
received a great deal of attention. The overall intent of these efforts
has been to maximize the residence time of the dosage vehicles and
to restrain and localize them to specific absorption sites in the GI tract
[8,9]. Pharmaceutical advances in drug targeting thus far have mostly
been limited to developments such as the use of enteric coatings to
protect acid-sensitive agents from exposure to the harsh low pH gastric
environment or to limit stomach irritation (e.g. enteric-coated aspirin),
delayed-release or pH-sensitive formulations that enable drug delivery
to the colon (e.g. numerous steroid formulations, such as Entocort®
EC (budesonide), used in the treatment of inflammatory bowel
diseases), and the use of prodrugs that rely on GI bacterial enzymes
for intestinal release of the active form (e.g. the azo-based agents, such
as sulfasalazine and olsalazine, used in the treatment of inflammatory
bowel diseases). One notable recent development in the field of site-
specific GI drug delivery was the approval of an oral once-daily gastro

retentive formulation of gabapentin for the treatment of postherpetic
neuralgia [10]. In addition, gastric retentive delivery systems have
been studied for the many drugs that are either less soluble or subject
to degradation in the alkaline pH of the intestines but which can
be absorbed in the stomach (e.g. captopril, furosemide, albuterol,
amoxicillin and metoprolol). This type of delivery system is especially
suitable for drugs that undergo significant metabolic degradation and
have a high first pass effect [11,12].

The successful targeting of therapeutic agents to any specific area of
the GI tract requires both the exploitation of a unique feature of the site
and also the protection of the active agent until it reaches the target site
[13]. However, two scientific developments offer the potential promise
of site-specific gastrointestinal drug delivery. The first is the discovery
that E. coli microbes specifically adhere to the follicle-associated
epithelium (FAE) that overlies the ileal Peyer’s patches (Figure 1) in the
gastrointestinal tract [14,15]. Peyer’s patches are GI immune nodules,
similar to lymph nodes, that form part of the gut-associated lymphoid
tissue (GALT). Although the gastrointestinal tract may not typically be
thought of as a component of the immune system, the GALT plays a
key front-line role in the body’s defense mechanisms and contains more
lymphocytes than all other secondary lymphoid organs combined [16].
As part of the immune surveillance role of these tissues, specialized

Figure 1: Microscopic picture of ileal tissue cross-section showing the Peyer’s
patch nodules (center layer, purple circular structures). (Image credit: Dr. K.
M. Miyai, University of California, San Diego,http://medpics.ucsd.edu/index.cf
m?curpage=image&course=hist&mode=browse&lesson=41&img=766)
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microfold (or M) cells within the follicle-associated endothelium are
actively involved in the endocytosis of macromolecules. M cells serve
as a conduit for potential antigens from the gastrointestinal lumen into
the Peyer’s patches. Endocytosed biomolecules are then processed by
other immunocytes in the selymphoid tissues [17]. The combination
of specific adherence (as exemplified by E. coli) along with endocytotic
absorption suggests that, with the appropriate targeting or mimicry, it
may be possible to formulate agents for site-specific GI drug delivery
to the Peyer’s patches [18-20]. Initial animal studies suggest that this
approach is feasible for vaccine delivery [21-23] and that, with an
appropriate choice of formulation [24-26], it might provide an avenue
for the delivery of other large biomolecules in humans.

The second development that may allow for this new type of
specifically targeted pharmaceutical administration is related to
the continuing advances made in bioadhesive drug formulation
science. The process of bioadhesion involves the formation of a bond
between two surfaces, where both surfaces are biological in nature
or one is biological and the other is synthetic [27,28]. With regard to
pharmaceutical agents, bioadhesion may be used to increase residence
time and, thus, increase drug absorption, at the target site. Specific
therapeutic formulations may be referred to as “mucoadhesive” [29] if
the application area is a mucous membrane. However, because of the
rapid turnover rate of mucus, product residence time for mucoadhesive
agents at the site of action may be limited. For this reason, cytoadhesion-
based approaches that target specific cell types may be preferred.

While it may not be widely known, bioadhesive drug delivery
systems (BDDS) have a long history of use in medicine, dating back
to the reported use of dental adhesive powder and tragacanth gum to
deliver penicillin to the oral mucosal tissues in 1947 [30,31]. There are
currently a small, but increasing, number of approved pharmaceutical
products utilizing BDDS. For example, several buccal mucoadhesive
products containing local anti-infectives (e.g. miconazole [32],
acyclovir [33], and minocycline [34]), opioid analgesics [35], and
agents with poor oral bioavailability (e.g. testosterone [36]) are now
available. Oral mucoadhesive products on the market include agents
for the treatment and prevention of aphthous ulcers (canker sores) [37].
Several ophthalmic agents are also available in gel-forming bioadhesive
formulations [38,39]. There is also at least one example of an intranasal
mucoadhesive product (CompleoTRT™, an bioadhesive intranasal
gel testosterone product [40]) awaiting approval. In addition, some
intra vaginal products (e.g. progesterone [41]) based on bioadhesion
technology are now on the market. Because this type of pharmaceutical
formulation allows for a longer residence time at the site of application
[42], a bioadhesion-based oral product specifically targeted at the
follicle-associated epithelial cells that cover the Peyer’s patches might
thus allow for increased endocytosis and selective intestinal uptake of
the active agent.

In summary, the ability to deliver pharmaceutical agents to the
gastrointestinal tract in a site-specific manner has, to date, largely
remained an elusive goal. However, the potential combination of
selective molecular targeting to specific cells found in the gut-associated
lymphoid tissues and the use of bioadhesive formulations offers a
potential new route to the GI delivery of macromolecular therapeutic
agents.
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