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DELIVERY OF DRUGS TO THE LOWER 
GASTROINTESTINAL TRACT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of US. Pat. 
application Ser. No. 08/432,619, ?led May 2, 1995, noW 
abandoned, Which Was a continuation-in-part of application 
Ser. No. 08/282,836, ?led Jul. 29, 1994, noW abandoned. 
The contents of both applications 08/432,619 and 08/282, 
836 are hereby incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to the treatment of diseases of the 
colon, such as in?ammatory boWel disease. More 
particularly, it relates to a dosage form for an active agent 
and the method of its use in topically treating disease in the 
colon. 

2. Description of the Prior Art 
Many conditions either originate or are expressed in the 

lumen of the gastrointestinal (GI) tract or in the tissue 
intermediate to the lumen. In?ammatory boWel diseases, 
such as ulcerative colitis and Crohn’s disease, are eXamples 
of such conditions. Current therapies for in?ammatory 
boWel diseases involve systemic administration of a formu 
lation containing an active drug. Unfortunately, the drug is 
absorbed systemically even though the site Where the drug 
is needed is a localiZed area in the boWel. Thus, to achieve 
a therapeutically effective local concentration at the site of 
the disease, one must administer enough of the formulation 
that the systemic concentration is relatively high. The dis 
advantage is that high systemic concentrations can have 
damaging side effects. An eXample is the administration of 
prednisolone for in?ammatory boWel disease. Although 
administered for purposes of localiZed action, this steroid is 
absorbed systemically, and prolonged eXposure from con 
tinued systemic absorption can result in atrophy of adrenal 
glands. Steroids have also been administered by enema, but 
this does not prevent systemic absorption. 

One method of preventing systemic absorption is the use 
of prodrug techniques. The prodrug is one that is not 
absorbed until it reaches a particular region of the GI tract 
Where it is transformed to an absorbable form and thereby 
becomes active. An eXample is sulphasalaZine Which is used 
in the treatment of in?ammatory boWel disease. 

While the prodrug approach has Worked for some drugs it 
is limited in scope due to its dependence upon the chemistry 
of the prodrug and the drug, and hoW the former is trans 
formed to the latter in the GI environment. This approach 
requires the development of a neW prodrug for each active 
species, and as neW chemical entities, prodrugs require 
independent regulatory approval. 

SUMMARY OF THE INVENTION 

The disadvantages noted above are addressed by the 
present invention, Which resides in a composition and 
method for the treatment of diseases of the colon by oral 
ingestion of a drug specially formulated to pass intact 
through the stomach and to be released at a controlled rate 
for therapeutic action upon reaching the colon. These effects 
are achieved in a manner independent of the chemistry of the 
drug or of any relationship betWeen the drug itself and the 
environment of the GI tract. The formulation comprises 
microscopic beads With pores containing the drug, the pores 
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2 
being plugged With a polysaccharide that is chemically 
degradable only by bacterial enZymes that are present in the 
colon, the beads being assembled into a unit dosage form 
suitable for oral administration yet coated With an enteric 
coating that protects that dosage form from the stomach 
environment and alloWs it to pass intact through the stomach 
and into the colon. The dosage form thus remains intact until 
it reaches the small intestine or regions close thereto, Where 
the enteric coating degrades and eXposes the polysaccharide 
that plugs the pores. While some dissolving of the polysac 
charide occurs upon eXposure in this manner, chemical 
degradation of the polysaccharide occurs only in the large 
intestine (i.e., the colon). Once the polysaccharide is 
degraded sufficiently to eXpose the active agent in the pores, 
the beads release the active agent at a rate Which is sloW and 
controlled due to the pore structure. 
The microscopic beads are rigid polymeric beads that 

remain rigid and insoluble throughout their travel through 
the GI tract, each microscopic bead containing a substan 
tially noncollapsible internal pore netWork accessible 
through openings on the surfaces of the beads. The polymer 
from Which the beads are formed can be linear or 
crosslinked. The active agent retained in the pore netWork of 
the beads is any of a Wide variety of therapeutic drugs, 
eXamples of Which are corticosteroids and non-steroidal 
anti-in?ammatory agents for treatment of in?ammatory 
boWel disease, anti-tumor agents for treatment of colonic 
malignancies, anti-parasitic agents for treatment of 
parasites, antibiotics for treatment of infections, laxatives for 
treatment of constipation, and drugs such as bismuth 
subsalicylate, trimethoprim-sulfamethoXaZole, and doXycy 
cline and various other antibiotics for treatment of diarrhea. 
The microscopic beads used in the present invention have 

previously been used as a delivery system for eXternal 
topical skin administration of active agents. When topically 
administered, the beads Were shoWn to be capable of releas 
ing the active agents at a controlled rate. It has noW been 
found that these microscopic beads When formulated With 
the polysaccharides and enteric coatings described above 
constitute a delivery system that can be administered orally 
for the safe and e?icacious treatment of diseases of the colon 
Without harm to, or substantial release of the active agent at, 
other locations along the GI tract. The inherently sloW 
release rate of active agents from the pores of the micro 
scopic beads is thus noW further combined With localiZation 
of the release. In certain cases a small degree of systemic 
absorption of the active agents may occur, but side effects 
are substantially absent since the rate of systemic absorption 
is at most very sloW due to the combination of drug, 
microbeads, pore structure, and polysaccharide in the for 
mulation. 

This method of administering the active agent is thus a 
topical administration since the active agent is not released 
from the dosage form until it reaches the site of interest. The 
agent thus contacts the site of interest directly through the 
Wall of the colon, rather than being delivered to the colon 
through the blood stream Which Would carry the agent active 
to other (not diseased) parts of the body as Well. The use of 
porous microbeads for a controlled and sustained release 
rate maXimiZes this topical effect and minimiZes systemic 
effects. 

In preferred embodiments, the dosage form is a pharma 
ceutical capsule (such as a gelatin capsule) or tablet con 
taining a multitude of microscopic beads With the selected 
active agent in the porous netWork of the individual beads, 
the polysaccharide on the surfaces of the individual beads 
and plugging the pores, and an enteric coating surrounding 
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the capsule or tablet. The active agent can be present in the 
capsule or tablet in varying amounts not critical to this 
invention, although in most cases the amount per capsule or 
tablet Will generally be in the range of about 0.1—100 mg, 
With additional acceptable ranges about 1—100 mg, about 
3—20 mg, and about 5—20 mg. 

Examples of microscopic beads are those formed from 
styrene-divinylbenZene copolmyer, methyl methacrylate 
ethylene glycol dimethacrylate copolymer, poly(methyl 
acrylate), poly(methyl methacrylate), and polystyrene, and 
analogs thereof. Typical bead diameters are about 5—200 
microns, preferably about 10—40 microns. 
TWo of the many conditions that can be successfully 

treated by the composition and method of this invention are 
ulcerative colitis, Which affects only the large intestine (a 
portion or its entire length), and Crohn’s disease, Which 
affects both the terminal ileum and the ascending colon. A 
dosage form for ulcerative colitis according to the present 
invention is formulated so that it Will initially remain intact 
in the GI. tract and degrade only in or near the large 
intestine. For Crohn’s disease the dosage form is formulated 
to initially remain intact in the GI. tract until reaching the 
junction of the ileum With the colon Where it Will degrade 
and release the active agent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross section of a porous microscopic bead 
impregnated With an pharmacological agent in the pores, 
and the pores plugged With a polysaccharide for use in the 
formulations of this invention. The vieW shoWn in the Figure 
is that of a region close to the surface of the bead. 

FIG. 2 is a cross section of a tablet embodying a unit 
dosage form Within the scope of this invention. 

FIG. 3a is a cross section of a capsule embodying a unit 
dosage form Within the scope of this invention. FIG. 3b is an 
enlarged cross section of one of the particles contained in the 
interior of the capsule of FIG. 3a. 

DETAILED DESCRIPTION OF THE 
INVENTION AND PREFERRED 

EMBODIMENTS 
Microscopic Beads 

Microscopic beads that can be used in connection With the 
present invention are knoWn in the art and are described in 
detail in Won, US. Pat. No. 5,145,675, entitled “TWo Step 
Method for Preparation of Controlled Release 
Formulations,” issued Sep. 8, 1992, assigned to Advanced 
Polymer Systems, Inc. The disclosure of US. Pat. No. 
5,145,675 is incorporated herein by reference. One particu 
lar type of microscopic bead contemplated for use in this 
invention are co-polymers of styrene and divinylbenZene, 
Whose preparation is disclosed in Example 1.1 of US. Pat. 
No. 5,145,675. The same example also illustrates a method 
for entrapping steroids Within the porous netWork of the 
polymeric beads. Another type of microscopic bead con 
templated for use herein are copolymers of methyl meth 
acrylate and ethylene glycol dimethacrylate. The preparation 
of microscopic beads of this composition is described in 
Example 6.2 of US. Pat. No. 5,145,675. In general, the 
diameter of an individual bead is not critical and may vary. 
In most cases, hoWever, the most convenient diameter is 
from about 5 microns to about 200 microns. Particles of the 
aforementioned types are commercially available from 
Advanced Polymer Systems, Inc., of RedWood City, Calif., 
in the form of empty particles or as particles Which have 
been loaded With the active agents utiliZed in the present 
invention. 
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Pore-plugging Polysaccharide Degradable by Colonic Bac 
teria 
As noted, one of the elements responsible for restricting 

release of the drug from the dosage form to locations in or 
near the colon is the polysaccharide that plugs the pore 
openings and seals the active agent inside the pores. The 
polysaccharide is one that is chemically degradable only by 
the action of bacteria that are speci?c to and generally 
con?ned in the colon. The degradation of the coating by 
these bacteria result in the removal of the polysaccharide 
from the pore openings and consequently the release of the 
drug. Examples of polysaccharides that meet this description 
are pectin, arabinogalactose, chitosan, chondroitin sulfate, 
cyclodextrin, dextran, galactomannan (guar gum), and 
xylan. A preferred polysaccharide is pectin. 
The amount of colon-degradable polysaccharide present 

in the formulation can vary and is not critical, although 
amounts considered optimal Will depend on the particular 
polysaccharide selected. The amount in any event Will be 
sufficient to plug the pore openings. For pectin, it has been 
shoWn that dissolution and release Will depend on the 
particular pectin composition, primarily its methoxy con 
tent. Thus, pectins With a high degree of methoxylation 
demonstrate a higher degree of protection for the dosage 
form than those pectins With a loWer degree of methoxyla 
tion. Pectin USP With a degree of methoxylation of 70% is 
an example of a preferred material Which can be obtained 
from Bulmer Pectin, UK. 
Enteric Coating 

Examples of enteric coating materials that are gastro 
resistant and yet degrade in the intestines are disclosed in 
Eury et al., US. Pat. No. 5,316,774, entitled “Blocked 
Polymeric Particles Having Internal Pore NetWorks for 
Delivering Active Substances to Selected Environments,” 
issued May 31, 1994, the contents of Which are hereby 
incorporated herein by reference. Other examples are knoWn 
to those skilled in the art. 
One class of enteric coating materials of the above 

description are those that remain intact in the environment of 
the stomach but solubiliZe at the higher pH of the intestines. 
Materials of this type are knoWn in the art for use as coatings 
for solid core drug formulations. The most effective enteric 
materials are polyacids having a pKa of from about 3 to 5. 
Preferred are those Whose carboxylic acid groups are trans 
formed to carboxylate groups at a pH of from about 5 to 7. 
These copolymers are resistant to gastric juices. Exemplary 
materials include fat-fatty acid mixtures, cellulose acetate 
phthalates, copolymers of methacrylic acid and methyl 
methacrylate, copolymers of methacrylic acid and 
ethylacrylate, and polymers or copolymers in general con 
taining acrylic acid or alkyl-substituted acrylic acids as 
monomers. The polymers, and particularly those containing 
acrylic acid or an alkyl-substituted acrylic acid can be 
applied to the outer surface of the dosage form either by in 
situ polymeriZation or by deposition from an aqueous dis 
persion. Examples of copolymers useful as enteric coating 
materials are listed in Table I. 

TABLE I 

Copolymer Molecular Weight Preferred Monomer Ratio 

poly(methacrylic acid, 250 kD 1:1 
ethylacrylate) 
poly(methacrylic acid, 135 kD 1:2 
methylmethacrylate) 

The coating thickness may vary and is not critical to this 
invention. In most applications and With most coating 
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