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MEDICINAL DELIVERY SYSTEM AND
RELATED METHODS

CROSS REFERENCE TO RELATED
APPLICATION AND CLAIM TO PRIORITY

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 14/172,604, filed Feb. 4, 2014, now U.S. Pat.
No. 10,799,449, which is a divisional of U.S. application
Ser. No. 11/878,163, filed Jul. 20, 2007, now U.S. Pat. No.
8,642,016, which is based on provisional Application No.
60/832,127, filed Jul. 21, 2006, the disclosures of which are
incorporated herein by reference and to which priority is
claimed.

FIELD OF THE INVENTION

[0002] Embodiments of the invention relate to a medicinal
delivery system containing an edible carrier such as a
chewing gum or lozenge, and an active ingredient present in
sufficient amount and releasable at a sufficient rate to satiate
and relieve a craving. Other embodiments relate to methods
of making the medicinal delivery system, and methods of
administering the medicinal delivery system to an individual
in need of satiation of and relief from a craving. In preferred
embodiments, the medicinal delivery system includes a
nicotine active ingredient for satiation of and relief from
smoking cravings due to nicotine withdrawal.

BACKGROUND OF THE INVENTION

[0003] Nicotine is a highly addictive chemical present in
cigarettes and other tobacco products, including smokeless
tobacco products. Cigarettes are broadly considered the
prototypic form of the most addictive and harmful type of
tobacco product, however, addiction can develop to all
presently known types of nicotine containing tobacco prod-
ucts, and all can be harmful. Therefore, although “ciga-
rettes” and “smoking” are discussed throughout this disclo-
sure, the principles and application of the resulting
medicinal formulation apply to all forms of tobacco use and
addiction.

[0004] Most cigarette smokers find achieving and main-
taining prolonged smoking abstinence to be difficult.
Research has indicated that abstaining smokers experience
periodic and episodic peaks or surges of chronic craving,
typically evoked by internal or external stimuli. Persons
attempting to quit cigarette smoking often fail in their
attempts and suffer from relapse due to the overwhelming
intensity of these episodic craving peaks. There is, therefore,
a need to provide a cigarette substitute which satiates these
episodic craving peaks before relapse can occur.

[0005] Some acute treatments for countering cravings are
behavioral. As an example, it is often recommended that
smokers eat or chew something to distract their attention
from their nicotine craving. Many smokers find these behav-
ioral treatments ineffective. Also, these behavioral treat-
ments can lead to the development of other problems, such
as weight gain due to constant eating.

[0006] It has also been proposed that the administration of
acute doses of nicotine could satisfy cravings, much in the
manner that smoking a cigarette satiates a nicotine-with-
drawal craving. Nicotine delivery systems containing
actives for oral administration now include various chewing
gum and lozenge formulations. Chewing gums permit
release of nicotine over time as the gum product is masti-
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cated, or chewed. The action of saliva on the gum or lozenge
upon ingestion further facilitates release of nicotine, as well
as its subsequent absorption by the mucous membranes
lining the mouth, throat, larynx and esophagus.

[0007] Nicotine is a weak base with a pKa of approxi-
mately 8.0. Absorption of nicotine into the bloodstream from
the oral mucosa is highly dependent upon the concentration
of un-ionized nicotine. Only un-ionized nicotine can be
absorbed through the oral mucosa. Ionized nicotine cannot
be absorbed and will be swallowed and mostly lost during
transit through the gastrointestinal tract. Efficient mucosal
absorption of nicotine may be facilitated by addition of a
buffer to the gum to convert ionized nicotine to un-ionized
nicotine. For example, without buffer, at a normal saliva pH
of 6.5, only 3% of the available nicotine is in the un-ionized
form which can be absorbed, whereas, at a buffered saliva
pH of 9.0, approximately 91% of the available nicotine is in
an un-ionized state which can be absorbed transmucosally.
Buffer and nicotine incorporated into gum are released at the
same time during chewing. An effective buffer raises the pH
of saliva from a pH of approximately 6-7 to a pH of
approximately 8-11. The buffer converts ionized nicotine to
un-ionized nicotine that can be absorbed into the blood-
stream. Thus, efficient delivery of nicotine to the blood-
stream is a function of the efficiency of nicotine release and
the efficiency of buffer to convert ionized nicotine to un-
ionized nicotine.

[0008] A commercially available nicotine delivery gum is
marketed under the trademark NICORETTE® . This com-
mercially available gum utilizes the “chew and park”
method for providing nicotine release. The consumer bites
down on a piece of gum until sensing a “tingle”, then parks
the gum inside the mouth for a period, and then repeats this
regimen to obtain further release of nicotine. Nicotine is
released in a steady, slow manner, and thus is highly
dependent on conscious chewing actions by the user.
[0009] Nicotine released from NICORETTE reaches the
bloodstream in several different ways. About 50% of the
nicotine from the 2 and 4 milligram versions of NICOR-
ETTE is released from the gum during chewing. The rest of
the nicotine typically remains in the gum and is discarded by
the user. Of the nicotine delivered by the 2 milligram version
of the NICORETTE gum to the saliva, about 0.8 milligram
may be absorbed through the membranes of the mouth (the
buccal mucosa) and appear in the bloodstream. The remain-
ing approximately 0.2 milligram is swallowed, of which
0.06 milligram survives the first pass effects of hepatic
metabolism and appears in the bloodstream. The 4 milligram
version of NICORETTE gum achieves nicotine absorption
values which are approximately twice those of the 2 milli-
gram version.

[0010] Because of slow nicotine release and weak buffer-
ing action, it takes approximately 10 to 30 minutes after
ingestion to achieve adequate blood levels of nicotine from
NICORETTE, regardless of whether the user practices the
“chew and park” (or “bite and park™) method or chews at
regular intervals (e.g., one chew per 4 seconds) to relieve
cravings. Although the amount of nicotine absorption from
NICORETTE is related to the chewing rate and the time the
saliva is held in the mouth, these variables are significant
only at the extremes of rapid versus slow chewing action,
and frequent versus infrequent swallowing. Outside of such
extremes, these variables have very little impact on nicotine
absorption.
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[0011] The critical period of delay immediately following
the onset of a craving, i.e., during the episodic craving peak
or event, is the time the smoker experiencing a craving
would normally choose to smoke a cigarette to access
nicotine for relieving the craving. A product that delivers
nicotine too slowly will be ineffective in relieving or satis-
fying the episodic craving peak or event. For example, in the
case of NICORETTE, a delay of 10 minutes or more in the
release and absorption of a nicotine dose comparable to the
amount of nicotine derived from a cigarette may be exces-
sively long to wait for someone who is trying to quit
smoking. In practice, most commercial products simply fail
to deliver an adequate dosing of the medication, especially
early in the administration process, i.e., within a few minutes
of'administration. The result many times is a product that the
smoking customer seeking to abstain from smoking finds
highly ineffective in satiating his or her cravings. As a
consequence, the smoker will succumb to the craving by
turning to a cigarette before the medicinal nicotine delivery
system has released adequate nicotine to satiate the craving.
[0012] There is consequently a need in the art for an
improved delivery system for actives such as nicotine. More
specifically, there is a need for an improved medicinal
delivery system that provides a rapid release rate for nicotine
or other medicines early in the ingestion (e.g., chewing)
process, together with adequate buffering, to simulate the
nicotine release of a cigarette and quench the craving of the
abstaining smoker. Following an initial phase of rapid
release, there is preferably a sustained release of medicine.
The rapid release of medicine followed by a sustained
release is referred to herein as “bi-phasic release”. There is
a need in the art for a nicotine delivery product which is
highly efficacious in releasing a specified, effective quantity
of the active ingredient shortly after administration to pro-
vide the user with adequate blood levels of nicotine soon
after onset of ingestion for suppression of cravings and
withdrawal symptoms followed by sustained release of some
or all of the remaining dose.

[0013] A rapid achievement of adequate blood levels of
nicotine, preferably over the first five minutes of oral
manipulation (e.g., chewing) would move the product
toward a closer approximation of the nicotine blood levels
delivered by smoking a cigarette. With a formulation that
rapidly releases amounts of nicotine and buffer, preferably
over the first five minutes of oral manipulation in a form that
is readily absorbed into the bloodstream, the smoker can
satiate and obtain relief from cravings quickly, before epi-
sodic craving peaks or events drive the smoker into relapse.

SUMMARY OF THE INVENTION

[0014] According to a first aspect of the invention, a
method is provided of making a medicinal delivery system
that delivers medicine which satiates a craving in an indi-
vidual experiencing nicotine withdrawal when the medicinal
delivery system is administered orally to and orally manipu-
lated by the individual. The method features applying a
coating composition on a saliva-soluble powder to establish
a coated powder, the coating composition comprising an at
least partially solubilized craving-satiation medicinal com-
pound, and combining the coated powder with an edible
carrier base, such as a chewing gum or lozenge base, and
buffer to establish a medicinal delivery system.

[0015] A second aspect of the invention provides a method
of satiating a craving in an individual, in which a medicinal
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delivery system is administered to an individual in need of
a craving satiation. The medicinal delivery system is made
by applying a coating composition on a saliva-soluble
powder to establish a coated powder, and combining the
coated powder with a carrier base, such as a chewing gum
or lozenge base, and buffer to establish the medicinal
delivery system. The coating composition features an at least
partially solubilized craving satiation medicinal compound.
[0016] According to a third aspect of the invention, a
medicinal delivery system is provided. The system features
an edible carrier, such as a chewing gum or lozenge base, a
buffer, and a saliva-soluble powder coated with a craving-
satiation compound. In a preferred embodiment, the craving-
satiation compound comprises nicotine.

[0017] A fourth aspect of the invention provides a method
of making a nicotine-satiation delivery system which sati-
ates smoking cravings in an individual in need of nicotine-
craving relief when the nicotine-satiation delivery system is
administered orally to and orally manipulated (e.g., masti-
cated) by the individual. The method features applying a
coating composition on a saliva-soluble powder, and com-
bining the coated powder with an edible carrier base, such
as a chewing gum or lozenge base, and buffer to establish the
nicotine-satiation delivery system. The coating composition
features an at least partially solubilized nicotine compound.
[0018] According to a fifth aspect of the invention, a
method is provided of satiating a smoking craving in an
individual, comprising administering a medicinal delivery
system to an individual in need of a smoking-craving relief,
for example, a person practicing abstinence from smoking.
The medicinal delivery system is made by applying a
coating composition on a saliva-soluble powder, and com-
bining the coated powder with an edible base, such as a
chewing gum or lozenge base. The composition features an
at least partially solubilized nicotine compound.

[0019] In preferred yet optional embodiments of the
above-described aspects of the invention, the coated powder
and the buffer system are substantially uniformly and
homogenously distributed in the gum or lozenge base, for
example, by thorough mixing, for rapid release along with
nicotine.

[0020] In preferred embodiments of the above-described
aspects, rapid release of medicine is obtained over the first
five minutes following the onset of ingestion, e.g., mastica-
tion, of the medicinal delivery system, optionally yet pref-
erably followed by a less rapid sustained release of medicine
over a 5-20 minute, more preferably a 10-20 minute period.
This pattern of release is referred to as bi-phasic release of
medication. The product rapidly releases buffer over the first
five minutes, thus facilitating rapid absorption of medica-
tion. The combination of rapid release of medicine and
buffer followed by sustained release insures rapid absorption
of the medicine and rapid and sustained relief of craving.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings are incorporated in
and constitute a part of the specification. The drawings,
together with the general description given above and the
detailed description of the preferred embodiments and meth-
ods given below, serve to explain the principles of the
invention. In such drawings:

[0022] FIG. 1 is a flow diagram of a method of making
medicinal delivery system according to an embodiment of
the invention;
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[0023] FIGS. 2 through 4 are graphs showing the nicotine
release rates of several examples and comparative examples;
and

[0024] FIGS. 5 and 6 are graphs showing mean plasma
nicotine concentration plots of several examples and for
NICORETTE FreshMint (4 mg) chewing gum, with base-
line adjusted levels shown in dashed lines.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

[0025] Reference will now be made in detail to the pres-
ently preferred embodiments and methods of the invention
as illustrated in the accompanying drawings. It should be
noted, however, that the invention in its broader aspects is
not limited to the specific details, representative devices and
methods, and illustrative examples shown and described in
this section in connection with the preferred embodiments
and methods. The invention according to its various aspects
is particularly pointed out and distinctly claimed in the
attached claims read in view of this specification, and
appropriate equivalents.

[0026] Unless otherwise stated, all percentages provided
herein are weight percentages, based on the total weight of
the medicinal delivery composition, except where noted
otherwise.

[0027] A method of making a medicated and buffered
delivery system for craving satiation according to an
embodiment of the invention is now described in detail with
reference to FIG. 1. At least one craving-satiation compound
is at least partially dissolved in a suitable solvent or solvents.
As referred to herein, the phrase “at least partially dissolved”
should be understood to encompass dissolution (also
referred to as solubilization) of the craving-satiation com-
pound in a solvent, and may encompass formation of a
free-flowing liquid or a semi-liquid, such as a suspension,
emulsion, or paste. The phrase “at least partially” also
encompasses complete dissolution of the craving-reduction
compound.

[0028] The particular solvent selected will depend upon its
ability to dissolve the craving-satiation compound and its
compatibility with the process. Polar solvents such as water
and lower alkanols (e.g., ethanol) are particularly preferred
for solubilizing nicotine. A solubilized bulk sweetener solu-
tion, especially a sugar alcohol such as a sorbitol solution, is
especially preferred for partially dissolving the craving-
satiation medicinal compound into a paste. In the event bulk
sweeteners are selected as the saliva-soluble powder and for
the solvent solution, the bulk sweetener in the solvent
solution may be the same as or different from the bulk
sweetener selected as the saliva-soluble powder.

[0029] At least one bulk sweetener preferably is highly
soluble in water. Optionally, additional bulk sweeteners
having moderate or low solubility in water may also be
included in the premix. The high solubility is desired so that
the selected bulk sweetener(s) will dissolve quickly in the
mouth of the recipient upon mastication of the chewing gum
or absorption (e.g., via sucking) of the lozenge, releasing the
medicinal craving-satiating compound applied as a coating
to the powder of the premix. The following solubility data
for sugar alcohols is reported by Schiwek, H. in Ullman’s
Encyclopedia of Industrial Chemistry, 5% ed. Vol. A25,
Sugar Alcohols, (1994). It is preferred that the sugar alcohol
solution, if selected, be selected from a sugar alcohol having
a solubility of at least 50, more preferably at least about 65,
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and still more preferably at least about 70 grams of sugar
alcohol dissolved per 100 grams of water.

TABLE 1

Sugar Solubility
Alcohol (grams/100 grams water)
Mannitol 23

Isomalt 38

Lactitol 55

Maltitol 71

Xylitol 70

Sorbitol 75

[0030] The solubilized craving-satiation compound is then
coated onto a saliva-soluble powder. Coating may be per-
formed at room temperature. Standard coating equipment
and procedures may be employed for coating the craving-
satiation compound on the powder. The coated saliva-
soluble powder is also referred to herein as a “premix.” It
should be understood that the premix may contain additional
ingredients, although any such additional ingredients pref-
erably will not adversely affect the coating of the active onto
the saliva-soluble powder. Preferably, the premix is free of
components that are insoluble in saliva. The solvent option-
ally may be removed, such as by evaporation or otherwise,
before or more preferably after the active has been coated on
the powder. The entire process of complete or partial dis-
solution of a craving-satiation compound in a solvent, coat-
ing onto a saliva-soluble powder, and solvent removal to
form the “pre-mix” is herein referred to as “solvent treat-
ment”.

[0031] Without wishing to be bound by any theory, it is
believed that the “solvent treatment” of nicotine during
preparation of the premix alters the crystalline form of the
nicotine to either another crystalline form or, more likely, to
an amorphous state which is more readily solubilizable
during ingestion to promote a high initial nicotine release
rate. Again not wishing to be bound by theory, it is further
believed that coating the nicotine on a saliva-soluble, water-
soluble powder such as sorbitol improves the rapid release
of the nicotine, thereby increasing performance of the deliv-
ery system. Dissolution of the powder during mastication or
other ingestion creates a liquid medium that can entrain and
wash out the nicotine and buffer from the gum or lozenge
rapidly. The nicotine becomes available for absorption by
the user more quickly in this manner. As discussed below,
the rapid availability of the nicotine makes possible nicotine
release rates of greater than 45 and even 50 weight percent
within 5 minutes of the onset of oral ingestion.

[0032] The premix is combined with an edible carrier,
such as a gum base or lozenge base, and optionally addi-
tional ingredients. The procedures set forth in U.S. Pat. No.
4,405,647 may be especially helpful to the skilled artisan as
general guidance for the preparation of the chewing gum
delivery system. Briefly stated, the gum base material may
be melted or softened using one or more of the softening
agents, plasticizers and/or solvents and filler materials. The
premix and additional ingredients, such as buffering agents
and others described below, are then admixed into the carrier
base. The premix may be added to the carrier base at any
time during the mixing procedure, including towards the end
of the mixing procedures, e.g., after the carrier base material
has been mixed with the other components. It is preferred,
yet optional, however, that after the addition of the premix
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sufficient mixing be performed to distribute the premix
coated powder substantially homogenously. It should be
understood that the pre-mix, carrier base, and additional
ingredients may be combined with one another in any
sequence.

[0033] Mixing optionally is accomplished by comminut-
ing the gum base material together with the water-soluble
ingredients in a bed or blender within a gaseous medium at
room temperature, as described in the aforementioned U.S.
Pat. No. 4,405,647. This material is continuously pulverized
and thereby chopped into much smaller particles. To prevent
adherence of the resultant particles to one another, additional
filler or bulking material may be added like lubricants,
glidants and other tableting and compression aids well
known in the pharmaceutical industry, such as for example,
silica gel or calcium carbonate. Granules of any desired size
and shape may be obtained upon the introduction of a
standard mesh screen to separate the particulates once
formed.

Medicinal Craving-Satiation Compound

[0034] The terms medicinal and medicine as used herein
are not limited to substances which relieve pain, disease
and/or infection. The terms encompass therapeutic sub-
stances which can be effectively incorporated into the medi-
cine-delivery system to satiate cravings of the recipient.
[0035] The medicinal craving-satiation compound prefer-
ably comprises a soluble tobacco alkaloid. Tobacco alka-
loids include nicotine and nicotine-like or related pharma-
cologically active compounds such as nor-nicotine, lobeline
and the like, as well as the free base substance nicotine and
all pharmacologically acceptable salts of nicotine, including
acid addition salts. “Nicotine compounds™ as that term is
used herein therefore includes all the foregoing tobacco
alkaloids. Of these, the nicotine salts are useful and can
include, for example, nicotine hydrogen tartrate and nicotine
bitartrate dihydrate (NBD), as well as nicotine hydrochlo-
ride, nicotine dihydrochloride, nicotine sulfate, nicotine
citrate, nicotine zinc chloride monohydrate and nicotine
salicylate, nicotine polacrilex, and other nicotine-ion
exchange resins, either alone or in combination. Of the
foregoing, nicotine hydrogen tartrate and nicotine bitartrate
dihydrate may be especially suitable.

[0036] A serving of the composition of the invention
preferably contains about 0.1 to about 10 milligrams of
nicotine (as measured in its free base form) or other craving
satiation medicinal compound. More desirably, the amount
of nicotine will be within the range of about 1.0 to about 5.0
milligrams, for example in standard dosing units of approxi-
mately 2 milligrams and 4 milligrams. As a weight percent-
age, nicotine (in whatever chosen form, measured as per its
free base form) desirably constitutes about 0.1 to about 1.0
weight percent, more preferably about 0.1 to about 0.5
weight percent of the total weight of the medicinal delivery
system composition. In the premix, the nicotine preferably
constitutes about 1.0 to about 20 weight percent of the total
weight of the premix composition. It has been found that a
relatively uniform coating of craving-satiation medicinal
compound may be obtained on the saliva-soluble powder by
practicing the above ranges.

[0037] The concentration of active in the composition may
be selected to provide an intended dosage or release rate.
The desired dosage of nicotine (or other active) selected may
depend upon the nature and severity of the craving to be
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treated, the treatment regime, characteristics (e.g., weight,
age, gender) of the recipient, and other factors affecting
treatment. Selection of an appropriate active concentration
may also take into consideration the particular ingredients
selected, such as the potency of the nicotine source or other
active utilized, and the nature and amount of solvent.

[0038] Additionally, it is contemplated that the skilled
artisan may choose to add extra or secondary active, e.g., not
contained in the premix but added to the carrier base. The
secondary active preferably constitutes no more than about
25 percent of the system total weight. The amount in excess
of approximately 10 weight percent may be regarded as
overage, that is, the amount which may be expected to be
“washed away” or otherwise not released or absorbed during
ingestion. An example of a secondary nicotine source is a
solid complex of one or more tobacco alkaloid compounds
bound to an ion exchange resin or other polymer release
system, particularly a cation exchanger. The inclusion of
some ion-exchange resin in the formulation may further act
synergistically on the nicotine release rate for the nicotine
salts. An exhaustive listing of nicotine ion exchange resins
and their chemistry is readily available from various sources
in the industry, and the skilled artisan may consult Lich-
tneckert et al., U.S. Pat. No. 3,901,248, for a further dis-
cussion and listing of resins. Nicotine polacrilex as a nico-
tine ion exchange resin may be especially desirable for use
with the composition.

Saliva-Soluble Powder

[0039] The saliva-soluble powder is preferably water-
soluble and more preferably contains at least one bulk
sweetener. Generally, bulk sweeteners impart improved pal-
atability to the composition, and thereby provide a pleasant
chewing experience to help in masking the bitter, acrid taste
of nicotine. The “sweetener” may or may not be perceptibly
sweet. Examples of sweeteners include those compounds
selected from the group consisting of saccharide material
such as the mono-, di-, tri- and polysaccharide materials
available in the industry, including oligomers, and oligosac-
charides. As non-limiting examples, sugars such as sucrose,
glucose (corn syrup), dextrose, invert sugar, fructose, and
mixtures thereof may be useful. Less or non-sweet sugars
and polysaccharide materials such as maltodextrin and poly-
dextrose may also be utilized. For certain individuals, such
as those concerned about weight gain and tooth decay,
“sugar-free” or “non-sucrose” formulations may be espe-
cially desirable. Thus, natural and synthetic non-saccharide-
based bulk sweeteners may be selected from the group
consisting of saccharin and its various salts such as the
sodium and calcium salts, cyclamic acid and its various
salts, dipeptide sweeteners, chlorinated sugar derivatives
such as sucralose, dihydrochalcone, glycyrrhin, Stevia
rebaudiana (Stevioside), and sugar alcohols such as sorbitol,
sorbitol syrup, mannitol, xylitol, hexa-resorcinol and the
like, including mixtures of any of the foregoing, are con-
templated for use herein. Hydrogenated starch hydrolysate
(lycasin), and the potassium, calcium and sodium salts of
3,6-dihydro-6-methyl-1-1,2 3-oxathiazin-4-one-2,2-dioxide
may also be included as sweetener material. Of the forego-
ing, sorbitol and xylitol are particularly preferred, either
alone or more desirably in combination. Xylitol has been
reported to possess non-cariogenic or anti-cariogenic prop-
erties.



US 2021/0093563 Al

[0040] The saliva-soluble powder preferably makes up
about 70 to about 97 weight percent of the premix. It should
be understood that additional saliva-soluble powder, such as
bulk sweeteners (e.g., sorbitol) may be added to the medi-
cate composition apart from the premix, e.g., by direct
addition to the carrier base separate from the premix. It is
preferred that the total weight of bulk sweetener found in the
composition be in a range of about 30 to about 60, more
preferably about 40 to about 50 weight percent of the total
weight of the formulation.

[0041] Preferably, the saliva-soluble powder is in a fine
form, for example, with particle sizes of 600 microns or less,
and is in a substantially non-agglomerated state prior to
receiving a coating in the premix preparation stage.

Carrier Base

[0042] Suitable solid carrier bases include, but are not
necessarily limited to, chewing gum and lozenges.

Gum Base

[0043] The chewing gum comprises a gum base matrix as
a major component. The gum base matrix includes at least
one gum base material which may be selected from the many
water-insoluble and saliva-insoluble gum base materials
known in the art.

[0044] Illustrative examples of suitable polymers for gum
bases include both natural and synthetic elastomers and
rubbers, as well as mixtures thereof. Naturally-derived poly-
mers include, for example, substances of plant origin like
chicle, jelutong, gutta percha and crown gum. Synthetic
elastomers such as butadiene-styrene copolymers, isobuty-
lene and isoprene copolymers (e.g., “butyl rubber” in the
art), polyethylene, polyisobutylene, polyvinylesters such as
polyvinylacetate, and mixtures of any of the foregoing may
be particularly useful.

[0045] In one embodiment, it is highly preferable that the
gum base be selected so as to provide a final chewing gum
composition which has a relatively “soft” chew both at the
onset of mastication, as well as towards the end of the
chewing process, and even as long as about 20 to 30 minutes
or so. Another desirable characteristic of the gum base
should be its ability to achieve preferred results sought by
the present invention, e.g., to facilitate the early release over
the first 5 minutes of at least 45 weight percent, more
preferably at least 50 weight percent of the active ingredient
(s), such as nicotine, as well as early release of sufficient
buffer (described below) to raise the pH of mouth saliva to
the range of pH 8-10.

[0046] In another preferred embodiment of the invention,
the type of gum base utilized includes at least some butyl
rubber (copolymer of isoprene and isobutylene), with addi-
tional amounts of polyisobutylene, and with polyvinylac-
etate (preferably PVA having a MW of approximately
12,000) also being present. This butyl-rubber based material
appears to have certain advantages when used together with
nicotine in the form of a salt.

[0047] The gum base matrix will typically comprise from
about 30 to about 90 weight percent of the total weight of the
chewing gum composition of the invention. It is more
preferred for the chewing gum base matrix material to
constitute less than about 70 percent of the total weight of
the chewing gum composition. It is especially preferred for
the gum base matrix to constitute from about 35 to about 55
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weight percent of the chewing gum composition. Excess
gum base may interfere with the release of the active tobacco
alkaloid material, and additionally, may contribute to tacki-
ness and poor mouth-feel of the final product.

[0048] It is contemplated that about 25 weight percent to
about 75 weight percent, e.g., about 30 weight percent to
about 60 weight percent, of the gum base matrix consists of
the gum base polymer material(s) heretofore described. An
exemplary gum base matrix formulation contains polyvinyl
acetate having a molecular weight of about 12,000 (about 14
weight percent of the total chewing gum composition),
polyisobutylene (about 5 weight percent of the total chewing
gum composition), and butyl rubber (about 4 weight percent
of the total chewing gum composition). Together these
polymers may comprise about 35 weight percent to about 45
weight percent of the gum base matrix, e.g., about 40% of
the gum base matrix.

[0049] The gum base matrix may additionally contain
other ingredients well known, such as plasticizers, process-
ing aids, and softeners to help reduce the viscosity of the
gum base to a desirable consistency and to improve the
overall texture and bite. These compounds are also noted for
their emulsifying properties. As non-limiting examples,
compounds such as lecithin, mono- and diglycerides, lano-
lin, stearic acid, sodium stearate, potassium stearate, glyc-
erol triacetate, glycerol monostearate and glycerin are pro-
vided. Stearic acid, lecithin and mono- and diglycerides are
particularly exemplary. Plasticizers and softeners are desir-
able as part of the formulation because in addition to
softening the primary gum base polymeric compound, they
also may facilitate release of the active upon mastication.
When added, the plasticizers and softeners may constitute,
for example, from about 0.1 to about 20 weight percent of
the gum base matrix, and more desirably may constitute
about 5 weight percent to about 15 weight percent of the
gum base matrix.

[0050] Waxes such as beeswax and microcrystalline wax,
and fats/oils such as soybean and cottonseed oils are also
contemplated as optionally part of the gum base formula-
tion. These compounds also function as softening agents.
Typically, these compounds (either alone or in combination)
may comprise from zero up to about 25 weight percent of the
gum base matrix, and even more desirably will constitute
less than about 20 weight percent of the gum base matrix,
e.g., about 15 weight percent to about 20 weight percent of
the gum base matrix. An especially desirable formulation
will include a combination of microcrystalline wax and
partially hydrogenated soybean oil in an approximate 1:2
weight ratio. A more exhaustive listing of these compounds,
along with recommended weight percentages, may be found
in available industry literature.

[0051] Softeners also may be included as part of the gum
base matrix, especially softeners selected from the group
consisting of rosin and resin material typically utilized in the
confectionery chewing gum industry. Examples include
methyl, glycerol, and pentaerythritol esters of rosins or
modified rosins, such as hydrogenated, dimerized or polym-
erized rosins or mixtures thereof. More specific examples
include pentaerythritol ester of partially hydrogenated wood
rosin, pentaerythritol ester of wood rosin, glycerol ester of
wood rosin, glycerol ester of partially dimerized rosin,
glycerol ester of polymerized rosin, glycerol ester of tall oil
rosin, glycerol ester of wood rosin and partially hydroge-
nated wood rosin and partially hydrogenated methyl ester of
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rosin, such as polymers of alpha-pinene or beta-pinene, and
terpene resins including polyterpene and mixtures thereof.
Elastomers can comprise from about zero to 75 weight
percent of the gum base matrix. It is possible to minimize or
even eliminate the quantity of rosin/resin in the gum base.

[0052] The gum base matrix may be material as heretofore
described, i.e., that which facilitates release of the active (as
for example that having a hydrophilic moiety, or a butyl
rubber-based moiety), or may be other gum matrix material
known in the art. For example, a low-moisture, non-aqueous
gum base matrix having a high degree of hydrophobicity
may be utilized in certain formulations. In certain situations,
the gum base matrix material and the nicotine can have
different, somewhat incompatible moieties so that the nico-
tine is not strongly retained by the gum base matrix, and can
be released more easily.

Lozenge Base

[0053] As mentioned above, another carrier useful for the
present invention is a lozenge. Generally, lozenges are hard
candy-like sources of therapeutic compounds. Lozenges
usually contain high levels of sweeteners in the form of
natural or synthetic sugar substitutes, such as sucrose and
corn syrup, or a sugar alcohol such as mannitol, or other
sweeteners described herein, as a major component. For
example, a candy base material may comprise from about 70
to about 98 weight percent of the total weight of the
composition, more preferably from about 80 to about 95
weight percent of the total weight. Lozenges often have
tablet or diamond shapes, and are intended to be orally
sucked on and dissolved in the mouth of the user. The
lozenge may be a hard solid or a soft chew.

Buffer System

[0054] Another ingredient preferably included as part of
the disclosed medicinal delivery system is a buffering agent
or system. Buffering agents are those compounds that assist
in release and conversion of the nicotine salts (ionized
nicotine) to nicotine free base (unionized nicotine). Passage
of actives across the mucous membranes inside the mouth to
the bloodstream and to target tissues is due primarily to
passive diffusion of the unionized form of the active. To be
effective the buffer agent should be released in sufficient
amounts with the release of the active to create a basic or
alkaline pH environment inside the mouth, thereby facili-
tating effective delivery to target organs. Consequently,
conversion of nicotine into freebase nicotine in mouth saliva
is an important step in providing smokers with adequate
blood levels of nicotine to satiate cravings. Buffering agents
assist with this conversion by raising the pH and thereby
facilitating nicotine absorption.

[0055] Various salts, for example, sodium carbonate,
sodium bicarbonate, potassium carbonate, potassium bicar-
bonate, potassium citrate and dipotassium phosphate, or
mixtures thereof, are particularly preferred buffers. Potas-
sium carbonate alone may be especially desirable as a pH
buffering agent, especially with embodiments containing
butyl rubber-based gum base. The buffering agent may
comprise about 0.1 weight percent to about 10 weight
percent of the nicotine delivery system formulation, and
desirably will be within the range of about 4.0 weight
percent to about 6.0 weight percent thereof. Increasing the
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buffer will usually result in a higher boost of pH inside the
oral cavity within a shorter time period.

[0056] In one preferred embodiment of the invention, it is
preferable that the buffers be chosen so as to yield a pH in
excess of at least about 7.5 inside the mouth, and even more
desirably in excess of about 8.0, or even greater than about
8.5. A pH level of at least about 9.0 is particularly preferred
inside the mouth within about 10 minutes, more preferably
within about 5 minutes from the onset of absorption/masti-
cation. Even more desirable is a pH of at least about 9.0
within about 3 minutes, and especially within about 1
minute. In addition to facilitating absorption of nicotine
inside the mouth, the buffer system is preferably optimized
in conjunction with the other components so that it does not
result in excessive, premature (i.e., before pH adjustment by
the buffer) release of nicotine inside the mouth which would
overwhelm the user. The ideal pH level may depend on the
chemical properties (e.g., pKa) of the active medicine and
the desired speed of absorption. The quantity and type of
buffer materials furthermore should not cause unpleasant
organoleptic side effects, such as irritation, burning, cough-
ing or choking, etc.

Fillers

[0057] Fillers may also be present in or added to the carrier
base matrix as part of the composition of the invention. In
the case of a chewing gum carrier, the filler material option-
ally is selected to enhance the chewability of the final
chewing gum composition. In at least some embodiments,
certain filler material may also enhance the release and
absorption of nicotine and other tobacco alkaloids. Those
fillers which are substantially non-reactive with other com-
ponents of the final formulation are preferred. Desirable
filler materials may include calcium carbonate, magnesium
silicate (talc), as well as dicalcium phosphate, and any
mixtures thereof. Particularly preferred may be dicalcium
phosphate. Other metallic mineral salts may also be utilized
as filler material, such as for example alumina, aluminum
hydroxide, and aluminum silicates, provided they possess
the characteristics heretofore set forth. Filler material, when
present, will typically comprise about 0.1 to about 30 weight
percent of the carrier base, and more preferably will be
within the range of about 10 to about 20 weight percent
thereof.

Flavoring and Coloring Agents

[0058] In addition to the bulk sweetening material, the
composition of the invention also optionally comprises one
or more flavoring agents. The flavoring agents may be
selected from any of the industry-available natural and
synthetically-derived food and pharmaceutical flavors.
Especially preferred are those materials which impart a
cooling and/or vaporizing sensation to the consumer upon
ingestion of the gum or lozenge. As non-limiting examples,
peppermint, spearmint, wintergreen, cinnamon, menthol and
menthone flavors, oils and derivatives are desirable. Other
compounds are contemplated as well which may impart a
physiological or psychological calming or cooling sensation
to the user who is trying to quit smoking. Those flavors
which mimic the taste of tobacco are also within the scope
of the invention. Food and pharmaceutical grade coloring
agents available throughout the industry may also be uti-
lized. Any of the foregoing flavor and coloring agents, either
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alone or in combination will typically comprise from about
0 to about 10 weight percent of the carrier composition,
more preferably from about 0.1 to about 5 weight percent,
and even more desirably about 2 to about 3 weight percent
of the carrier composition. It is also within the scope of the
invention for the formulation to specifically omit any
adjunct flavors or colors. These embodiments may be pre-
ferred to avoid making the final product in any way attrac-
tive or enticing to non-smokers and especially children.

Additives and Other Materials

[0059] Also optionally included as part of the medicinal
delivery system embodied herein is one or more of non-
cariogenic, anti-cavity and tooth-whitening ingredients.
These are preferably utilized with the non-cariogenic sweet-
eners heretofore described. U.S. Pat. No. 5,762,911
describes anti-cariogenic agents such as calcium salts, argi-
nine and a cariostatic anion such as an organic phosphate
compound. Tooth-whitening compounds include, for
example, kaolin, calcium carbonate, silicon dioxide and
certain cellulosic materials. These may be included in the
final formulation in amounts of from about 0 to about 10
percent by weight, and more preferably from about 0 to
about 3 weight percent.

[0060] Trace amounts of standard industry preservatives
such as butylated hydroxy toluene (BHT) may also be
present in amounts less than about 0.1% or so of the carrier
base.

Products and Product Characteristics

[0061] An exemplary implementation of the present
invention as a medicinal delivery system is designed to
permit a rapid and highly reliable release of active medicine
inside the body and especially in the mouth and buccal
cavity. While other forms may be contemplated by those
skilled in the art and are within the scope set forth herein, the
medicine delivery system is preferably in the form of a
chewing gum. It is particularly preferred that the medicated
chewing gum delivery system comprise a chewing gum base
mixed with a saliva-soluble powder coated with a craving-
satiation compound.

[0062] The medicinal delivery system may be formulated
into any desired shape or size. Preferably, gum-based
medicinal delivery systems will take the shape of sticks or
tabs, or any other form, such as those which are typically
utilized by chewing gum manufacturers. Lozenges typically
take the form of tablets, but may be shaped into various
objects. Each serving may be coated with an edible confec-
tionery-type shell. Optionally, the shell may contain a crav-
ing-satiation agent, such as nicotine, and/or any of the
non-active ingredients (e.g., buffering agent) mentioned
herein.

[0063] Other possible physical embodiments of the
medicinal delivery system of the invention include, for
example, various centerfill configurations. In the center-fill
embodiments the gum base or lozenge base composition will
at least partially surround a centerfill. The centerfill may be
a liquid or semi-liquid material. The centerfill material may
be an active ingredient or a non-active, such as buffers,
sweeteners and/or flavorants as heretofore described. A
combination of saccharide material, flavoring, polyol and
edible gel material is one example of a centerfill. The
centerfill embodiments may be prepared using methods
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known in the confectionery and chewing gum industries,
such as the method described in U.S. Pat. No. 3,806,290.
Other methods of forming centerfill lozenges and chewing
gum known in the art may also be utilized.

Craving Treatment and Efficacy

[0064] The delivery system of the invention can be used
for a variety of therapeutic purposes including as part of a
smoking cessation or reduction program, or as a smoking
alternative as in situational circumstances dictating absti-
nence, such as for satiating a craving in a smoke free
environment (e.g., on a plane, public transportation, smoke-
free offices, etc.). According to a contemplated treatment
regime, a serving size piece of the delivery system is
introduced into the mouth, the user chews the gum or digests
the lozenge as is normally done with any non-medicated
type of carriers for at least 5 minutes, and optionally up to
about 20 minutes to about 30 minutes or more. Chewing rate
is not particularly limited, but an approximately average rate
of'about 10-30 chews per minute is contemplated. The gum
is then discarded, whereas lozenges are usually dissolved in
the mouth and swallowed. This process is repeated as long
as nicotine cravings arise or the risk of smoking is present.
Care should be exercised, however, to avoid overdosing on
this smoking substitute. A serving of the nicotine delivery
system of the invention is designed to cause a loaded
nicotine concentration level in the bloodstream of at least
about 2 to 7 nanograms of nicotine per milliliter of blood.
More preferably, at least about 3 ng/mL nicotine will be
attained, and more preferably at least about 5 ng/mL. If
desired, the present invention can attain a nicotine concen-
tration of 10 ng/mL in the bloodstream.

[0065] The combination of active(s), buffer(s) and inert
ingredient(s) constituting the nicotine delivery system com-
position of the invention together result in a formulation
which is highly effective as a smoking substitute for satiating
nicotine cravings and relieving withdrawal pains. The for-
mulations in preferred embodiments deliver at least about
45%, and more preferably at least about 50% of its nicotine
content in a suitable form for absorption within about 5
minutes of ingestion. In this way, a smoker’s physiological
need for the drug is sated quickly, just as would be accom-
plished by smoking a cigarette. In particular, a smoker
generally drags more strongly on a cigarette during the
initial 1-2 minutes of smoking, extracting a high initial load
of nicotine to quickly sate his or her physiological cravings.
The nicotine-satiation system of the invention preferably
provides an initial nicotine release rate that is comparable to
the intensity of the cigarette drag over a five minute period,
thereby satiating the episodic event.

[0066] It is also preferred that subsequent to this initial
rapid release phase, the nicotine delivery system settle into
a less rapid, continuous release for at least about an addi-
tional 10 minutes, still more preferably at least about an
additional 25 minutes. The release of active during this
continuous phase may be relatively uniform.

[0067] Advantageously, the release of nicotine is substan-
tially but preferably not completely independent of the
actual ingestion rate. For example, in the case of a chewing
gum base, active release will occur whether the composition
is chewed continuously, or whether the “chew and park”
method is utilized. Thus, the consumer does not have to be
particularly conscious of his/her chewing action in order to
effectively receive nicotine. However, at the same time, the
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release rate will be affected somewhat by the rate of mas-
tication. If chewers feel a continuing need for nicotine after
a number of minutes, they can chew more rapidly, whereas
if they feel their cravings subsiding, they can chew more
slowly, and thereby release less nicotine. Consequently, the
product is still responsive to the needs of the chewer, who
can adjust intake of nicotine to match their cravings. The
same holds true with lozenges, which can be manipulated by
the tongue or sucked more vigorously by the user to increase
lozenge dissolution and increase nicotine dosing.

[0068] Without wishing to be bound by any theory, it is
believed that the high initial release rate of nicotine attain-
able by the present invention is due, at least in part, to the
“solvent treatment” of nicotine during preparation of the
premix. The “solvent treatment” disperses the nicotine over
the relatively large surface area of the saliva-soluble powder,
making the nicotine readily available for release and absorp-
tion into the blood stream. It is further believed that the
solvated nicotine undergoes a change in its crystalline form,
perhaps transforming to an amorphous state, which is
believed to further promote the release and absorption of the
nicotine. Finally, because the powder is rapidly dissolved in
saliva, it provides a fluid medium for entraining and carrying
the nicotine or other active out of the gum for absorption by
the chewer.

[0069] Rate of nicotine release may be measured using the
following procedure. Individual, weighed pieces of the
nicotine release system (e.g., gum) are chewed by partici-
pants either ad lib (at the participant’s preferred chew rate)
or at a scheduled rate (e.g., using a metronome). Individual
pre-weighed pieces are chewed or digested for a predeter-
mined time (e.g., 3, 5, 10, 20, 30 minutes) while timing with
a stop watch. At the conclusion of the designated periods, the
samples are placed in glass vials and labeled. Chewers are
instructed to drink water between sessions to cleanse their
palates. No eating or drinking is allowed during the chewing
session. The samples are stored in a refrigerator/freezer.
Nicotine content in residual gum is measured using a
validated high performance liquid chromatography (HPLC)
method. The percent dose (normalized to weight) of nicotine
released at each time interval is determined by subtraction of
residual nicotine remaining in the gum from the starting
amount.

[0070] While the invention has been described with par-
ticular reference to smoking reduction or cessation, it is also
within the scope hereof that the nicotine delivery system
heretofore described also be utilized in the treatment of
certain diseases as well. For example, studies have demon-
strated that nicotine therapy can be particularly beneficial to
persons with ulcerative colitis, Parkinson’s disease, Tou-
rette’s syndrome and Alzheimer’s disease as well.

EXAMPLES

[0071] The following examples are provided to elaborate
upon the principals of the invention and are not intended to
limit the scope of the invention. Tables 2, 4, and 6 set forth
the compositions of various examples and comparative
examples of medicated chewing gum compositions, with
each of Tables 2, 4, and 6 reporting concentrations in percent
by weight based on the total weight of the composition.
Tables 3, 5, and 7 set forth the premix compositions for the
examples and comparative examples of Tables 2, 4, and 6,
respectively. Tables 3, 5, and 7 report premix concentrations
based on parts by weight for the premix composition only.

Apr. 1,2021

Tables 8-10 set forth the results of release measurement
experiments for each of the examples and comparative
examples, reporting the percent dose of nicotine released as
a function of time (in minutes). These results are based on
humans chewing the example gums at a chew rate of every
2 seconds. These results are reported as the mean % dose of
nicotine release across three participants.

Example 1

[0072] 4.40 mg of nicotine bitartrate dihydrate (NBD) was
added to 70% sorbitol solution and stirred until the NBD
partially dissolved into a white paste. The NDB solution was
allowed to sit for several minutes. Sorbitol powder was
added into a high speed food processor, then the NBD
solution was added to form a premix. The premix was added
to the gum formulation.

Example 2

[0073] Repeat procedures of Example 1, except at con-
centrations set forth for Example 2 in Table 2. The mixing
of sorbitol solution and NBD solution was conducted for
about 4 minutes, and the premix was screened before being
added to the gum formulation.

Example 3

[0074] Repeat procedures of Example 1, except at con-
centrations set forth for Example 3 in Table 2.

Example 4

[0075] Repeat procedures of Example 1, except at con-
centrations set forth for Example 4 in Table 2. Water
replaced sorbitol solution during preparation of the premix
composition, and was evaporated off in an oven after premix
was formed.

Example 5

[0076] Repeat procedures of Example 1, except at con-
centrations set forth for Example 5 in Table 2. Ethanol
replaced the sorbitol solution during preparation of the
premix composition, and was evaporated off after the premix
was formed.

Example 6

[0077] Repeat procedures of Example 1, except at con-
centrations set forth for Example 6 in Table 2. Ethanol
replaced the sorbitol solution during preparation of the
premix composition.

Example 7

[0078] Repeat procedures of Example 5, except at con-
centrations set forth for Example 7 in Table 2. Ethanol was
not evaporated off. Premix was screened before being added
to the gum formulation.

Example 8

[0079] Repeat procedures of Example 5, except at con-
centrations set forth for Example 8 in Table 2. Ethanol was
evaporated from the premix.
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Example 9

[0080] Repeat procedures of Example 5, except at con-
centrations set forth for Example 9 in Table 2. Ethanol was
not evaporated off.

Example 10

[0081] Repeat procedures of Example 5, except at con-
centrations set forth for Example 10 in Table 2. Ethanol was
not evaporated off.

Example 11

[0082] Repeat procedures of Example 1, except at con-
centrations set forth for Example 11 in Table 4, and ethanol
replaced the sorbitol solution during preparation of the
premix composition.

Example 12
[0083] Repeat procedures of Example 1, except at con-
centrations set forth for Example 12 in Table 4.

Example 13

[0084] Repeat procedures of Example 1, except at con-
centrations set forth for Example 13 in Table 4. Ethanol
replaced the sorbitol solution during preparation of the
premix composition.
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Example 14

[0085] Repeat procedures of Example 1, except at con-
centrations set forth in Table 4, and replace sorbitol solution
with water as the solvent during preparation of the premix
composition. Water was not evaporated from premix.

Example 15

[0086] Repeat procedures of Example 1, except at con-
centrations set forth in Table 4, and replace sorbitol solution
with water as the solvent during preparation of the premix
composition. Water was evaporated from premix, and the
premix was screened prior to being added to the gum
formulation.

Comparative Examples 16-26

[0087] Repeat procedures of Example 1, except at con-
centrations set forth for the comparative examples in Tables
4 and 6.

Comparative Example 27

[0088] No premix was added to the gum formulation,
which included 0.67% NBD added directly to the sorbitol
powder in the mixer.

TABLE 2

Gum compositions (pbw total composition; Examples 1-10)

Gum example #

1 2 3 4 5 6 7 8 9 10

Nicotine input (mg)
NTI gum base
Lycasin (85%)
Sorbitol 60W
Potassium carbonate
Sucralose
Acesulfame K

Menthol crystals

Super intense cooling mint flavor

Spearmint flavor

Spray dried peppermint powder

Premix

440 220 220 220 220 220 220 220 220 220
40.00 40.00 40.00 40.00 32.00 40.00 32.00 40.00 45.00 40.00
10.00 10.00
29.05 29.05 29.05 29.05 27.05 27.55 27.05 19.05 14.05 19.05
450 450 450 450 450 600 450 450 450 450
0.10 0.10 0.10 0.10 010 0.10 0.10 0.10 0.10 0.10
0.20 020 020 020 020 0.20 0.20 020 020 0.20
0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65
2,58 258 258 258 258 258 258 258 258 258
0.72 072 072 072 072 072 0.72 072 072 072
220 220 220 220 220 220 220 220 220 220
20.00 20.00 20.00 20.00 20.00 20.00 20.00 30.00 30.00 30.00

TABLE 3

Premix compositions (pbw premix; Examples 1-10)

Gum example #

1 2 3 4 5 6 7 8 9 10

Sorbitol soltn (70%) 15.00 10.00 5.00

‘Water
Ethanol

Sorbitol powder

Mannitol
NBD

Yellow No. 10

6.8
20.00 20.00 20.00 26.00 26.00 26.00
78.06 86.62 91.62 96.62 76.62 76.62 76.62 97.75 97.75 97.75

6.69 338 338 3.38 338 338 338 225 225 225
0.25
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TABLE 4
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Gum compositions (pbw total composition; Examples 11-16 and Comparative Examples 17-20)

Gum example #

11 12 13 14 15 16 17 18 19 20

Nicotine input (mg) 2200 220 220 220 220 220 220 220 220 220
NTI gum base 40.00 45.00 45.00 40.00 40.00 40.00 40.00 35.00 40.00
Magna T gum base 27.50
Nova T gum base 27.50
Lycasin (85%) 10.00

Sorbitol 60W 29.05 34.05 39.05 29.05 29.05 39.05 29.05 24.05 19.05 29.05
Potassium carbonate 450 450 4350 4350 450 450 450 450 450 450
Sucralose 0.10 0.10 010 0.10 010 010 010 010 010 0.10
Acesulfame K 020 020 020 020 020 020 020 020 020 020
Menthol crystals 0.65 0.65 065 065 065 065 0.65 065 065 0.65
Super intense cooling mint flavor 2.58 258 258 258 258 258 258 258 258 258
Spearmint flavor 072 072 072 072 072 072 072 072 072 072
Spray dried peppermint powder 220 220 220 220 220 220 220 220 220 220
Premix 20.00 10.00 5.00 20.00 20.00 10.00 20.00 20.00 30.00 5.00

TABLE 5

Premix compositions (pbw premix; Examples 11-16 and Comparative Examples 17-20

Gum example #

11 12 13 14 15 16 17 18 19 20
Sorbitol soltn (70%) 10.00
‘Water 6.80 6.8
Ethanol 20.00 15.00 10.00
Sorbitol powder 76.62 52.16 50.85 96.62 89.82 91.62 96.62 97.75 57.52
Mannitol 26.08 25.43 83.31 28.76
NBD 338 6.76 13.72 338 3.38 6.69 3.38 338 225 13.72
Lycasin (75%) 5.00
TABLE 6 TABLE 6-continued
\ . Gum compositions (pbw total composition;
Gum compositions (pbw total composition; Comparative Examples 21-27)
Comparative Examples 21-27)
Gum example #
Gum example #
21 22 23 24 25 26 27
21 22 23 24 25 26 27 Spearmint flavor 0.72 0.72 072 0.61 0.72 072 0.72
Spray dried pepper- 220 220 220 1.87 220 220 220
Nicotine input (mg) 220 220 220 220 220 220 220 f;im powder 00 500 500 500 500 500 0.0
NTI gum base 45.00 3500 45.00 55.00 40.00 remx : : : : : : :
Nova T gum base 55.00
Dreyco gum base 55.00
Sorbitol 60W 29.05 29.05 34.05 4848 37.55 29.05 46.38 TABLE 7
Potassi bonat: 450 450 450 6.00 6.00 450 450
otassium carbonate Premix compositions (pbw premix; Comparative Examples 21-27)
NBD 0.67
Glycerin 5.00 Gum example #
Sucralose 0.10 0.10 0.10 0.10 0.10 0.10 0.10
21 22 23 24 25 26 27
Acesulfame K 020 0.20 020 020 0.20 0.20 0.20
Menthol crystals 0.65 0.65 0.65 055 0.65 0.65 0.65 Sorbitol solution N/A
: Sorbitol powder 57.52 5752 5752 57.69 57.52 N/A
S t 258 258 258 219 258 258 258
Hper mtense Mannitol 2876 2876 28.76 28.85 2872 N/A
cooling mint flavor NBD 1372 1372 1372 13.46 1372 N/A
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TABLE 8
Nicotine Release (percent dose) (ND = not determined)
Time
(min) 1 2 3 4 5 6 7 8 9 10
1 38 3 ND ND ND ND 23 ND ND ND
3 47 47 47 ND 39 ) 34 40 37 40
5 52 53 58 54 50 48 43 45 45 47
10 64 66 74 72 65 64 59 59 60 58
200 ND ND ND ND ND ND ND ND ND ND
30 84 ND ND ND ND 8 ND ND ND ND
TABLE 9
Nicotine Release (percent dose) (ND = not determined)
Time
(min) 11 12 13 14 15 16 17 18 19 20
1 ND ND ND ND 20 18 ND ND ND ND
3 40 35 32 38 31 31 31 38 27 25
5 49 43 43 45 40 40 33 44 35 35
10 63 55 59 64 55 53 53 55 48 62
20 ND 73 74 ND ND ND ND ND ND ND
30 86 86 8 ND ND 8 ND ND ND &
TABLE 10 weight percent at 5 minutes, more than 10 weight percent
greater than Comparative Example 26.
Nicotine Release (percent dose) (ND = not determined) . .
[0092] The following observations were also made. The
Time inclusion of ethanol as a solvent in Examples 12 and 13
(min) 21 22 23 24 25 26 27 produced an improvement of about 8 wt % in release rate
1 ND ND ND ND ND ND 19 compared to similarly formulated Comparative Example 25,
3 19 18 31 33 27 26 29 which did not contain ethanol or another solvent.
5 30 26 37 44 34 32 36 . .
10 57 2 51 57 49 47 5 [0093] Examples 8-10, which were characterized by the
20 ND ND ND 66 59 66  ND partial dissolution of nicotine in ethanol to provide a white
30 82 73 81 ND ND 79 81 dispersion at room temperature, produced release rates that
exhibited an improvement of 10 wt % or more at t=5 minutes
o ) ) compared to similarly formulated Comparative Example 19,
[0089] Each of Examples 1-3 containing sorbitol solution which was free of solvent.

as a solvent exhibited an initial release rate of greater than
50 weight percent within 5 minutes of mastication followed
by slower release over the remaining period of chewing.
Example 4, which used a water solvent, had excellent
release rate results but lesser uniformity of distribution than
Examples 1-3, which utilized sorbitol solution as the sol-
vent. FIG. 2 demonstrates in graphical format the differences
between nicotine release rate between Example 1 (52 wt %
release at 5 minutes) versus Comparative Example 26 (32 wt
% release at 5 minutes), which did not include a solvent. By
way of further comparison, but not illustrated in FIG. 2,
Comparative Example 27 (no premix) had a release rate of
36 at 5 minutes.

[0090] FIG. 3 illustrates in graphical format the release
rates of Examples 2 and 7 and Comparative Example 26.
Example 2 using a sorbitol solution solvent produced a
release rate of 53 at 5 minutes. Example 7 had a less
effective yet efficient release of 43 weight percent at 5
minutes. Each of these release rates was more than 10
weight percent greater than that of Comparative Example 26
over the same 5-minute time interval.

[0091] FIG. 4 illustrates a graph of the release rates of
Examples 5, 6, and 14 and Comparative Example 26. The
release rates of the examples were all at or above about 45

[0094] It is believed that Example 16, which included
sorbitol solution, was not as effective as other examples
because the premix contained mannitol, which did not
hydrate as fast as sorbitol would in the gum during chewing.
Similarly, it is believed that the reduced release rates of
Examples 12 and 13 (43 each) was attributable to the
presence of the less soluble mannitol in the premix.

Examples 28 and 29

[0095] Additional exemplary chewing gum compositions
are set forth in Table 11 below, and premix compositions are
set forth in Table 12 below. For each of examples 28 and 29,
sorbitol powder and yellow color were mixed in a food
processor (or other high speed mixer) at low setting for 1
minute at concentrations set forth for the comparative
examples in Tables 11 and 12. In a stainless steel container,
NBD was added to sorbitol solution (70%) and mixed by
hand with a spatula for 1 minute. The nicotine/sorbitol
solution mixture was slowly added to the sorbitol/color mix
in the food processor and mixed for 4 minutes at low setting.
The resulting premix composition was screened through a
10 mesh (2000 microns) stainless steel screen. The premix
was added to the gum formulation.
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TABLE 11 TABLE 13
Gum compositions (pbw total composition; Examples 28 & 29) (Mean nicotine plasma concentration
data for examples 28, 29 & NICORETTE)
Gum example #
RAW BASELINE ADJUSTED
28 29
Example Time Std Std
Nicotine input (mg): 4.00 4.00 # (minutes) N Mean Dev N Mean Dev
Gum Base:
28 0 14 476 2.64 14 0.00 0.00
Butyl rubber 2.600 3.575 2 14 534 2.80 13 0.66 1.09
BHT 0.024 0.033 4 14 7.57 4.45 13 2.74 4.24
Ester 5 4.160 5.720 6 13 8.62 4.69 13 3.89 3.98
Soybean Oil, Partially Hydrogenated 7.236 9.950 8 13 10.24 4.63 13 5.56 447
Polyisobutylene 3.600 4.950 10 13 11.40 4.34 13 6.78 4.33
Dicalcium Phosphate, Anhydrous, USP 8.180 11.247 15 14 13.58 437 13 9.15 4.05
(Powder) 30 14 15.63 4.85 13 11.76 4.28
Polyvinyl Acetate 9.600 13.200 45 14 17.75 7.10 13 14.27 6.17
Wax, Microcrystalline 2.000 2.750 60 14 17.75 7.28 13 14.57 6.22
Mono And Diglycerides 2.600 3.575 90 14 16.66 7.12 13 13.83 6.39
Excipients, Buffer, Active: 180 14 11.99 6.36 13 10.36 6.03
29 0 14 472 3.42 14 0.00 0.00
Sorbitol 60W 29.050 29.050 2 14 477 3.27 14 0.48 0.83
Acesulfame K 0.200 0.200 4 13 5.15 285 14 0.76 0.92
Sucralose, Micronized 0.100 0.100 6 13 627 273 14 1.73 1.78
Potassium Carbonate, Extra Fine 4.500 4.500 8 14 7.66 3.17 14 3.40 2.84
Anhydrous 10 14 821 3.57 14 3.96 3.78
Flavor System: 15 14 10.75 4.22 14 6.54 4.54
30 14 13.56 3.96 14 9.70 4.62
Cooling mint flavor 2.580 2.580 45 14 14.68 5.22 14 11.14 4.59
Menthol Crystals 0.650 0.650 60 14 15.11 5.87 14 11.87 4.94
Peppermint Flavor, Spray Dried 2.200 2.200 20 14 13.07 564 14 10.34 4.71
Spearmint Oil 0.720 0.720 180 14 9.15 4.01 14 7.53 3.41
Premix 20.000 5.000 NICORETTE 0 13 492 442 13 0.00 0.00
FreshMint 2 14 550 4.68 13 0.32 0.43
4 14 531 4.56 13 0.21 0.26
6 13 5.59 453 13 0.50 0.51
TABLE 12 8 14 6.12 4.38 13 1.10 1.10
10 14 694 4.67 13 1.93 1.77
: i : 15 14 9.04 535 13 3.86 2.03
_ Premix compositions (pbw premix; Examples 28 and 20)
Premix compositions (pbw premix; Examples 28 and 29 30 14 1355 549 35 864 357
Gum example # 45 14 15.87 6.25 13 11.03 2.88
60 14 16.57 8.20 13 11.40 2.57
o8 29 90 14 14.61 7.41 13 10.31 2.98
180 14 1042 6.19 13 7.60 3.37
Sorbitol solutn (70%) 3.000
IS\IoBrbDitol powder é:ggi ;:ggi [0098] FIG. 5 demonstrates in graphical format the mean
Mannitol powder 1.197 plasma concentrations of examples 28, 29 and NICORETTE
Yellow No. 10 0.050 0.050 in ng/mL, based on data from time intervals of 0, 2, 4, 6, 8,

[0096] Processing aids used during mixing of gum
examples 28 and 29 included talc and sterile water.

[0097] Examples 28, 29, and NICORETTE® FreshMint
(4 mg) were evaluated in a single dose, randomized, cross-
over bioavailability pilot study. The study’s primary objec-
tive was to compare the plasma nicotine absorption of a
single 4 mg dose of Example 28 relative to a single 4 mg
dose of Example 29 and a single 4 mg dose of NICORETTE
gum within the first 10 minutes of dosing (i.e., AUC,_,) in
healthy adult smokers. The test group consisted of 14
individuals between the ages of 20 and 40, 64% male and
36% female, median age 26. The test group averaged 10
cigarettes per day (11.6£6.2), and 5.5 years as the median
number of years smoked (9.1£7.9). Nicotine plasma con-
centration levels were then tested at specified time intervals.
Baseline-adjusted plasma levels at each time interval was
calculated using the following formula: C{adj)=C,~[C_s-
C~e*], wherein K=0.693/t, ,,, t=timepoint, and t, ,,—nico-
tine half-life. Mean plasma concentration data for raw data
and adjusted baseline data are provided in Table 13 below:

10, 15, 30, 45, 60, 90 and 180 minutes. Raw data baseline
is =5 minutes; adjusted data baseline is 0 minutes. From time
-5 minutes to 10 minutes is also shown in graphical format
in FIG. 6. At 4 minutes, example #28 achieved a nicotine
plasma concentration substantially higher than either
example #29 or the comparative NICORETTE example.

[0099] Mean pharmacokinetic parameter estimates for raw
plasma concentration data and for baseline adjusted plasma
concentration data were calculated using area under the
curve (AUC) calculations, such as disclosed by Rowland M,
Tozer T N, Clinical Pharmacokinetics: Concepts and Appli-
cations, Lea & Febiger, Philadelphia, p. 21 (1989), the
disclosure of which is incorporated herein by reference.
Pharmacokinetic parameter estimates based on raw data are
provided in Table 14 below. Pharmacokinetic parameter
estimates based on baseline adjusted data are provided in
Table 15 below. As can be seen in Tables 14 and 15, the
mean AUC,,_|, for Example 28 was significantly greater than
the NICORETTE example. These results indicate that
plasma nicotine levels were significantly greater for
Example 28 than NICORETTE during the first 10 minutes
of chewing. Similarly, Example 28 delivered significantly
more nicotine compared to Example 29 and the NICOR-
ETTE example during the first 90 minutes of plasma sam-
pling and during the entire 180 minutes of plasma sampling.
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TABLE 14
(Parameter Estimates from raw data for examples 28, 29 & NICORETTE in ng/mL*minutes)
Mean (£S.D.) Pharmacokinetic Parameter Estimates - Raw Plasma Concentration:
Example 28 v. Example 28 v. Example 29 v.
NICORETTE Example 29 ~ NICORETTE NICORETTE
Measure Example 28 Example 29 FreshMint (p values) (p values) (p values)
AUC_j, (trapezoidal) 79.69 = 36.54 39.93 = 27.25 52.20 = 42.56 0.0857 0.0342 0.6167
AUC,_j, (log transformed) 72.32 = 1.60 53.98 = 1.64 40.58 = 2.07 0.0895 0.0036 0.1372
AUC g (trapezoidal) 1410.06 = 522.87  1147.56 = 388.72 1090.93 = 403.85 0.0079 0.0110 0.9478
AUC_g (log transformed) 1323.09 = 1.46 1089.97 = 1.39 1036.9 = 1.37 0.0125 0.0106 0.8822
AUC_g (trapezoidal) 2707.72 £ 1141.58  2147.33 + 804.37 2100.79 = 832.93 0.0021 0.0113 0.5411
AUC, g0 (log transformed)  2502.00 = 1.51 202348 = 1.42 1981.84 + 1.40 0.0030 0.0097 0.6820
. 19.62 =+ 7.29 16.07 = 5.75 15.75 = 4.81 0.0085 0.0250 0.6859
T 53.08 = 15.75 47.14 = 19.39 55.38 = 1547 0.4653 0.7226 0.2801
TABLE 15
(Parameter Estimates from baseline adjusted data for examples 28, 29 & NICORETTE in ng/mL*minutes)
Mean (+S.D.) Pharmacokinetic Parameter Estimates - Baseline Adjusted Plasma Concentrations
Example 28 v. Example 28 v. Example 29 v.
NICORETTE Example 29 ~ NICORETTE NICORETTE
Measure Example 28 Example 29 FreshMint (p values) (p values) (p values)
AUC_j, (trapezoidal) 32.49 = 30.24 16.70 = 13.96 6.17 = 5.07 0.0262 0.0011 0.1716
AUC_j4 (log transformed) 23.29 =232 11.03 = 2.95 4.23 £ 2.65 0.0533 0.0001 0.0161
AUC g (trapezoidal) 1066.60 = 417.39 82698 = 329.17  755.77 = 183.20 0.0079 0.0054 0.8103
AUC g (log transformed) 998.65 = 1.46 769.58 = 1.48 734.64 = 1.29 0.0180 0.0157 0.9028
AUC_g (trapezoidal) 215543 £ 958.92 1631.12 + 657.32 1561.86 + 419.30 0.0007 0.0029 0.6277
AUC_jg (log transformed) 1988.06 + 1.51 1525.79 = 145 1512.00 = 1.30 0.0018 0.0081 0.5870
. 16.03 = 6.20 12.77 = 5.17 12.37 £ 2.72 0.0116 0.0231 0.8124
53.08 = 15.75 50.36 = 17.26 58.85 = 16.73 0.7058 0.4020 0.2240

max

[0100] While this invention has been described as having
a preferred design, it is understood that it is capable of
further modifications, uses and/or adaptations of the inven-
tion, following in general the principle of the invention and
including such departures from the present disclosure as
come within known or customary practice in the art to which
the invention pertains, and as may be applied to the central
features hereinbefore set forth, and fall within the scope of
the invention of the limits of the appended claims.

What is claimed is:

1. A method of making a medicinal delivery system that
delivers medicine which satiates a craving in an individual
in need of craving relief when the medicinal delivery system
is administered orally to the individual, comprising:

applying a coating composition on a saliva-soluble pow-

der to establish a coated powder, the coating compo-
sition comprising an at least partially solubilized crav-
ing-satiation medicinal compound; and

combining the coated powder with a buffer and an edible

carrier base to establish a medicinal delivery system.

2. The method of claim 1, further comprising:

at least partially dissolving the craving satiation medicinal

compound in a solvent to at least partially solubilize the
craving-satiation medicinal compound and prepare the
coating composition, wherein the solvent comprises a
bulk sweetener solution.

3. The method of claim 1, further comprising:

at least partially dissolving the craving satiation medicinal

compound in a solvent to at least partially solubilize the
craving-satiation medicinal compound and prepare the
coating composition, wherein the solvent comprises a
sorbitol solution.

4. The method of claim 1, further comprising:

at least partially dissolving the craving-satiation medici-
nal compound in a solvent to at least partially solubilize
the craving-satiation medicinal compound and prepare
the coating composition, wherein the solvent is selected
from the group consisting of water, ethanol and ethanol
solution.

5. The method of claim 1, wherein the saliva-soluble
powder comprises a bulk sweetener.

6. The method of claim 1, wherein the saliva-soluble
powder comprises a bulk sweetener selected from the group
consisting of sorbitol, xylitol, mannitol, isomalt, maltitol,
and lactitol.

7. The method of claim 1, wherein the saliva-soluble
powder comprises sorbitol powder.

8. The method of claim 1, wherein the carrier base
comprises chewing gum.

9. The method of claim 1, wherein the carrier base
comprises a lozenge.

10. The method of claim 1, wherein the medicinal deliv-
ery system provides for at least about 45% release of the
craving-satiation medicinal compound within 5 minutes of
the onset of ingestion.

11. The method of claim 1, wherein the medicinal delivery
system provides for at least about 50% release of the
craving-satiation medicinal compound within 5 minutes of
the onset of ingestion.

12. A method of satiating a craving in an individual,
comprising:

administering a medicinal delivery system made accord-

ing to the method of claim 1 to an individual in need of
craving-satiation when a craving is experienced.
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13. A medicinal delivery system, comprising a buffer, an
edible carrier base, and a saliva-soluble powder coated with
a craving-satiation medicinal compound.

14. The medicinal delivery system of claim 13, wherein
the craving-satiation medicinal compound comprises a nico-
tine compound.

15. The medicinal delivery system of claim 13, where the
carrier base comprises chewing gum.

16. The medicinal delivery system of claim 13, wherein
the carrier base comprises a lozenge.

17. A method of making a nicotine-satiation delivery
system which satiates a smoking craving in an individual
practicing smoking abstinence when the delivery system is
administered orally to and masticated by the individual,
comprising:

applying a coating composition on a saliva-soluble pow-

der to establish a coated powder, the coating compo-
sition comprising an at least partially solubilized nico-
tine compound; and

combining the coated powder with a buffer and an edible
carrier base to establish a nicotine-satiation delivery
system.
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18. The method of claim 17, further comprising:

at least partially dissolving the nicotine compound in a
solvent to at least partially solubilize the nicotine
compound and prepare the coating composition,
wherein the solvent comprises a sorbitol solution.

19. The method of claim 17, wherein the saliva-soluble
powder comprises sorbitol powder.

20. The method of claim 17, wherein the carrier base
comprises chewing gum.

21. The method of claim 17, wherein the carrier base
comprises a lozenge.

22. The method of claim 17, wherein the nicotine-satia-
tion delivery system provides for at least about 45% release
of the nicotine compound within 5 minutes of the onset of
mastication.

23. The method of claim 17, wherein the nicotine-satia-
tion delivery system provides for at least about 50% release
of the nicotine compound within 5 minutes of the onset of
mastication.

24. A method of satiating a smoking craving in an
individual, comprising:

administering a medicinal delivery system made accord-

ing to the method of claim 17 to an individual in need
of a smoking-craving satiation.

#* #* #* #* #*



