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(57) Abstract

A biphasic controlled release delivery system for pharmaceuticals which have high water solubility, such as the antidiabetic metformin
HCI salt, is provided which provides a dosage form that has prolonged gastric residence and includes (1) an inner solid particulate phase
formed of substantially uniform granules containing a pharmaceutical having a high water solubility, and one or more hydrophilic polymers,
one or more hydrophobic polymers and/or one or more hydrophobic materials such as one or more waxes, fatty alcohols and/or fatty acid
esters, and (2) an outer solid continuous phase in which the above granules of inner solid particulate phase are embedded and dispersed
throughout, the outer solid continuous phase including one or more hydrophilic polymers, one or more hydrophobic polymers and/or one
or more hydrophobic materials such as one or more waxes, fatty alcohols and/or fatty acid esters, which may be compressed into tablets or
filled into capsules. Methods for forming the so—described biphasic controlled release delivery system and using such biphasic controlled
release delivery system for treating diabetes are also provided.
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BIPHASIC CONTROLLED RELEASE DELIVERY SYSTEM
FOR HIGH SOLUBILITY PHARMACEUTICALS AND METHOD

Field of the Invention

The present invention relates to a new dosage form
for highly water soluble medicaments, such as the
antidiabetic metformin, which provides for extended release
of the drug and also for prolonged gastric residence which
enables efficient delivery of drugs normally absorbed in
the upper gastrointestinal tract, and to a method for

preparing such dosage form.

Background of the Invention

Metformin is an antihyperglycemic agent of the
biguanide class used in the treatment of non-insulin
dependent diabetes mellitus (NIDDM). It is usually
marketed in the form of its hydrochloride salt as
Glucophage® (TM-BMS) .

Metformin hydrochloride has intrinsically poor
permeability in the lower portion of the gastrointestinal
tract leading to absorption almost exclusively in the upper
part of the gastrointestinal tract. 1Its oral
biocavailability is in the range of 40 to 60% decreasing
with increasing dosage which suggests some kind of
saturable absorption process, or permeability/transit time
limited absorption. It also has a very high water
solubility (>300 mg/ml at 25°C). This can lead to
difficulty in providing a slow release rate from a
formulation and problems in controlling the initial burst
of drug from such a formulation. These two difficulties
are further compounded by the high unit dose, 500 mg per
tablet, usually required for metformin hydrochloride (1997-
PDR) .

Drugs that have absorption limited to the upper
gastrointestinal tract coupled with poor absorption in the
distal small intestine, large intestine and colon are

usually regarded as inappropriate candidates for
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formulation into oral controlled delivery systems. This
limitation on absorption (for example, in the upper
gastrointestinal tract) is referred to as the "absorption
window" .

The gastrointestinal tract functions to propel
ingested material from the stomach (where digestion takes
place) into the small intestine (where absorption
principally occurs) and on to the large intestine (where
water is absorbed/secreted as part of body fluid regulation
processes). Residence time for non-digestible materials in
the stomach depends on whether one is dealing with a fed or
a fasted subject. Typical gastric emptying times for
particulate material (greater than a few millimeters in
diameter) varies from a few tens of minutes in the fasted
state to a few hours in the fed state. Transit times
through the small intestine are consistently of the order
of 3 to 4 hours.

Oral controlled release delivery systems function by
releasing their payload of drug over an extended period of
time following administration. Thus, controlled release
dosage forms may only spend a relatively short period in
the regions of the gastrointestinal tract where good
absorption of certain drugs can occur. The dosage form
will pass on to regions of the intestine where absorption
of certain drugs is poor or non-existent, still releasing
its contained drug albeit with a significant percentage of
its payload still to be delivered. Drug when released from
the dosage form in the circumstances described will not be
absorbed. Thus, administration of a drug subject to a
window of absorption in a conventional controlled release
delivery system can lead to subtherapeutic blood levels and
ineffective treatment of the disease state for which the
drug was intended.

Drugs with very high solubility in water (for
example, greater than 100 mg/ml) can be difficult to
formulate into a controlled release oral dosage form.

Solubility is a driving force for a drug substance to
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dissolve in water; the greater the solubility the greater
the rate of dissolution when all other factors are
maintained constant.

In a controlled release dosage form, the formulator
tries to reduce the rate of dissolution by, for example,
embedding the drug in a polymeric matrix or surrounding it
with a polymeric barrier membrane through which drug must
diffuse to be released for absorption. To reduce the rate
of release of drug from the dosage form to an appropriate
level consistent with the blood level profile desired for a
drug possessing very high water solubility, very large
amounts of polymer would be required for the matrix or
barrier membrane. If the total daily dose of drug to be
delivered is of the order of only a few milligrams this may
be feasible, but many drugs having the solubility
properties described require total daily doses of the order
of many hundreds of milligrams. Whilst it is possible to
create oral controlled release dosage forms for such
products by use of large amounts of polymer, an
unacceptably large dosage form may result.

A further problem with highly water soluble drugs
formulated into a controlled release dosage form is that a
significant and variable "burst" of drug can occur from
these systems. The burst of highly water soluble drug is
the initial rapid release of drug that occurs from oral
controlled release dosage forms when first contacting
fluid, such as gastric fluids, prior to release controlling
mechanisms of the dosage form establishing themselves and a
stable release rate being provided. Hydration of any
polymer matrix used to formulate the dosage form is a pre-
requirement of establishing a stable release rate. Thus, a
readily hydrating polymer is required to establish the
desired stable release rate. However, if the polymer used
is slow to hydrate, then an undesireable variable burst can
occur.

Studies by Vidon et al (1) strongly suggest that

there is permeability limited absorption of metformin.
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