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1 INTRODUCTION

1.1  Introduction to buccal drug delivery

Per-oral drug administration has been known fotw#s as the most widely utilized route of
administration among all the routes that have begriored for the systemic delivery of
various pharmaceutical products. Solid dosage foanes popular because of the ease of
administration, accurate dosage, self-medicati@hraost importantly the patient compliance
(Sreenivaset al.2005) compared to the parenteral and other drirgedg systems known so
far. However the main drawback of this conventiodakage form is the difficulty in
swallowing when water is not available and alsolilwavailability (BA) concerns due to an
extensive first pass metabolism. Based on thesonsathe drug delivery in the oral cavity
attracted a great deal of attention. The orophagiiguccal delivery system emerged as an
effective alternative drug delivery system.

The need to find a unique drug delivery system d@npto every consumer need without
much exploitation is still a dream to the pharmaicaliscientists. With a growing demand to
fulfill the consumer needs on the safety and eéfycaf the product, great deal of efforts has
been spent to develop such a delivery system wittinamal patient incompliance. One such
promising system utilizes chewing gum as a platféomthe drug delivery to the systemic
and local sites. Chewing gums are gaining theiroirtgnce as an effective carrier/vehicle for
the drug delivery at the local and systemic sites tb their “high patient compliance”

irrespective of age and gender (Rassing 1994).

Among some of the well-known transmucosal routed thclude nasal, sublingual, buccal,
rectal, vaginal and ocular, the buccal route istequiptimistic due to its robust nature,
relatively fast recovery of oral mucosa after expesto high drug concentrations and
suitability for the sustained drug release (Jacgeieal. 1997, Squieret al. 1978, Streisancet
al. 1995). Chewing gums are pertinent to such a deligety within the buccal cavity.

The consideration of chewing gums as a valuablerrative to the peroral and other
conventional routes of drug delivery was not realiintil first chewing gums containing
nicotine marketed in 1978, though the first patarér the medicated chewing gums (MCG)
containing acetyl salicylic acid was issued in ©diStates in 1928.

In 2005, the USP founded the “Mucosal Drug Delivadrisory Panel” to address the key
issues concerning the oropharyngeal drug delivgsyesns. The major goal of this advisory
panel is to provide the key information and awasenef the oro-pharyngeal drug delivery
system, organization and call for collaborativalsrifor comparative and performance studies,
standardization and harmonization of the appardasgn for the drug release testing, its



incorporation in the forthcoming pharmacopoeias tneddevelopment of monographs for the
new and existing marketed products. The consideratf chewing gum as a vehicle for
alternative drug delivery, their advantages, disatlyges, regulatory and quality assurance
issues are discussed thoroughly in the followirgises.

1.1.1 Oral transmucosal drug delivery

Amongst the various routes of drug delivery, paatooutes are the most preferred by patients
and physicians. However, for some drugs, an extenbepatic clearance and enzymatic
degradation in the stomach and small intestinelteesno poor BA. An alternative drug
delivery within the oral cavity would be desirablnd in most instances possess a higher
order of patient compliance. Within the oral cayvittye oral mucosa remains a potential site
for administration of those drugs which suffer #tve said problems.

The oral transmucosal drug delivery can be broadhssified based upon the site of
administration (Shojaei 1998); 1) sublingual detwewhich is systemic delivery of drugs

through the mucosal membranes lining the floorhef mouth, 2) buccal delivery, which is

drug administration through the mucosal membramasgl the cheeks (buccal mucosa) and
3) local delivery, which is drug delivery into tbeal cavity.

Drug absorption across the oral mucosa is morel la@cause of the rich vascular supply to
the mucosa and the lack of a stratum corneum epidewhich is a huge barrier to the

transdermal applications. In order to obtain a ifigant absorption of drug to the systemic

circulation, a prolonged exposure of the drug om thucosal surface is necessary which
delimits sublingual and the local drug delivery tesiwithin the oral cavity. The buccal route
serves as a potential site for the drug delivemti@adarly when a sustained drug release is
desired together with the higher patient compliai8i®jaei 1998).

1.1.1.1 Oral cavity and buccal mucosa

The mucosal lining of oral cavity has different étions and based on the functional demands
within the oral cavity (mastication) they do diffeer their structure. The masticatory mucosa
that covers gingiva and hard palate are generalljested to masticatory forces resulting in
abrasion and shearing. The mucosal lining of thechucavity are elastic to allow for
distension. The oral mucosa is composed of an dayer of stratified squamous epithelium
covered with a thin layer of mucus and saliva,ofeltd by lamina propria as a basement
membrane and submucosa as the innermost layer ;aetdal. 1988). The oral mucosal
thickness and the composition of the epitheliunyepending on the site. The epithelium of
the buccal mucosa is about 40-50 cell layers thwhkijch reduces in number with the
sublingual epithelium. The buccal mucosa measuw8s8D0 um (Harriset al. 1992).




The mucosa of the buccal region is not keratinigddrris et al. 1992). The degree of
keratinization is generally considered as a mairridrafor drug absorption due to the
presence of neutral lipids like ceramides and argimides (Squieet al. 1991, Squieret al.
1996, Wertz et al. 1991). The buccal epithelia contains small amowitgeramide and
neutral polar lipids, mainly cholesterol sulfatedaglucosyl ceramides. These epithelia have
been found to be considerably more permeable terthan keratinized epithelia (Harrist

al. 1992, Squieret al. 1991, Wertzet al.1991).

ST . Oral epithelium

m = Basement membrane

—— Lamina propia

Submucosa
— contans blood vessels
and merves

mg— Muscle or bone

Figure 1-1. Cross section through oral mucosa
Taken from Shojaei 1998

The permeability of buccal mucosa is 4-4000 timesatpr than that of the skin. The

permeation of the drug across the buccal mucosdlignced by the passive transport which
necessarily follow one of the two proposed or hoathways, paracellular and transcellular
routes. The selectivity for one among the routeeddp on the physicochemical properties of
the drug substances, namely hydrophilicity anddhplicity of the drug substance.
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Figure 1-2. Flow of saliva (mL/min)

Taken from Humphrey, et al. 2001. Figure showinlivasy composition at different flow rates. The
change in the concentration of ions, particularlgNwith respect to flow rate is very distinct. The
information may be useful in determining the sudatbncentration of ions in a biorelevant media
used during the dissolution testing.

The oral mucosa is richly supplied with the salbsathree major salivary glands, parotid,
submandibular and sublingual glands. Numerous atiieor salivary glands are also present
throughout the oral cavity (Humphrest al.2001). Saliva is colorless, viscous and hypotonic
(110-220 mOsm/L) liquid primarily composed of watenucin proteins, mineral salts and
amylase (Schenkel®t al. 1995). The major ions include sodium, potassiuntprades and
bicarbonates, with a specific gravity of about B.Ghd the pH varies between 7.4 to 6.2
depending on the flow rate and age. Bacterial tidas in the oral cavity can reduce the pH
to around 3 and 4 (Humphrest al.2001). The drug release from the chewable dosagesf

is significantly affected by the flow and pH condlits of the oral cavity.




1.2  Drug delivery within the oral cavity

The sublingual mucosa is relatively more permeablsolutes resulting in rapid absorption
and onset of action and acceptable bioavailalslioé many drugs. It is also convenient,
accessible, and generally well accepted (Haetisal. 1992) for drug delivery. Such systems
create a very high drug concentration in the sgbl region before they are systemically
absorbed across the mucosa. Comparatively the bonce®sa is considerably less permeable
with poor absorption which accounts for the redudadavailabilities. However, the
sublingual mucosa is not suitable for a sustained totansmucosal drug delivery due to the
immobile mucosa which is constantly washed by asiciemable amount of saliva, hence only
appropriate for those drugs with short deliveryigeénrequirements with infrequent dosing
regimens (Shojaei 1998).

The delayed onset of absorption due to the poom@ability characteristics of the buccal
mucosa is quite favored for the sustained releasenudlations. Similar to any other
transmucosal membrane, the buccal mucosa hasmistions as well. One of the major
disadvantages associated with buccal drug deliigetlye low flux which results in low drug
bioavailability. Polar compounds which could eadily ionized at the pH of the mouth are
poorly absorbed. In order to be absorbed throughotial mucosa, the active pharmaceutical
ingredients (API) released from the dosage fornmikshbe dissolved in the saliva which is
also partially swallowed and exposed to the gastmnaronment. Specialized delivery systems
are essential to improve the time of contact ofaséd drug with the oral mucosa to obtain
significant blood plasma concentrations. Variousygounds have been investigated for their
use as buccal penetration enhancers in order tease the flux of drugs through the mucosa
and reviewed thoroughly (Shojaei 1998). Since tnechl epithelium is similar in structure to
other stratified epithelia of the body, enhanceseduto improve drug permeation in other
absorptive mucosae have been shown to work in immpgdouccal drug penetration (Aungst
et al.1989).

1.2.1 Factors affecting drug absorption

A multitude of foreign objects (foods, liquids, skeo drugs etc.) comes regularly in contact
with oral mucous membranes. A little is known conaggy the effects of these substances on
oral tissues. Considerable attention has been déolcas absorption as it relates to the lower
portions of the gastrointestinal tract. But onligss information has been acquired concerning
factors that may affect absorption in the oral avin 1900, Overton (Overton 1900)
reported that the cell membrane is lipoidal in natand a variety of organic compounds
penetrate cells at rates proportional to theidhpiater partition coefficient. His work laid the
foundation for the pH partition hypothesis of drafgsorption. Although the lipid solubility of
drugs was shown to be an important factor in treasorption through oral mucous
membranes, this factor failed to explain how smgiid-insoluble molecules could penetrate
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cell membranes. The authors (Collandsral. 1933) concluded that the cell membrane is a
lipid mosaic which contained tiny holes or poregmnfolar substances could penetrate this
membrane by dissolving in the fat like phase whidar molecules diffuse through the pores
if they were small enough. However, the conclusibollander and Barlund (Collandest

al. 1933) failed to explain the rapid transfer of &rkpid-insoluble molecules into cells.
Hober 1936 termed this rapid transfer as a phygiocdd permeability. Recent studies
concerning the mechanism of gastrointestinal absorfhave focused on the processes of
active transport and facilitated diffusion rathlkan on passive diffusion. Briefly, the active
transport refers to the passage of a solute aerassdl membrane by means of a complex
formed with some membrane component or carrier.cbmplex is formed on one side of the
membrane, and then split apart on the other sideeomembrane. The carrier then returns to
the membrane surface to complex with another mtdetu facilitated diffusion, the solute is
not transferred against a concentration gradierastMf the reports dealing with active
transport describe characteristics which distinguisis specialized process from simple
diffusion, although specific models of this meclsamihave been proposed. As mentioned
earlier, only a small amount of information congegn absorption or factors affecting
absorption has been obtained from experiments egmmgjooral mucous membranes.
Furthermore, the author (Walton 1935, Wajteh al. 1977) compared the effectiveness of
sublingual doses to subcutaneous doses for a nuafbdrugs administered to dogs and
human beings. He concluded from these experimdratis drugs that are poorly absorbed
sublingually have relatively low oil to water péidn coefficients, whereas drugs that are well
absorbed have relatively high coefficients. Anwdter (o/w) partition coefficient range of
40-2000 is considered optimal for the drugs to be diesb sublingually. Thus oil-water
distribution coefficient is an important factor time selective oral absorption of these drugs.
Walton also pointed out that relative potency, @egof local vasoconstriction, irritation, and
alkalinity or acidity may be significant factorsdditionally Beckett et al. 1967 studied the
passive transfer of drugs through buccal membranes.

1.2.1.1 Oral absorption vs. subsequent absorption in the Glract

For chewable oral dosage forms, the drug releasallysbegins in the oral cavity and
subsequently absorbed through the buccal mucoseatép into the systemic circulation. Due
to the rich vascular supply of the buccal mucosiggaate concentrations in blood may be
reached within minutes of release (Beckettal. 1967, Gibaldi et al. 1965, Rathboneet al.
1991). Partly, the drug contained in the salivaswgallowed and exposed to the gastric
contents, absorbed along the GI tract and metaublizefore being available in systemic
circulation. As most of the chewable oral produate designed to deliver actives more
rapidly in the oral cavity, immediate onset of antis observed for many drugs that are well
absorbed through the oral mucosa. Since part ofdleased drug is also absorbed along the
Gl tract, in most cases the BA of the drug substasaignificantly higher than the solid oral

6



dosage forms that are poorly absorbed along ther&t and are subjected to first pass
metabolism.

Furthermore, the rate limiting factors for absaoptilike disintegration process are not

involved. The mechanism of drug release of thesagle forms is discussed separately in the
following sections. The purpose of formulation diewvable oral dosage forms is to deliver

actives within the oral cavity for a local actionda or for the systemic effect. In the former

case, the drug release rate is usually sustain@ddong adequate concentration within the

oral cavity. For example, chewing gums containihgphexidine are used to treat against

dental caries or chewing gums to reduce the postabipe ileus period after Gl surgery have

been found to have profound effect (Fitzgeraldal.2009). Many literatures on the marketed

chewable oral products is available and are listeduthors (Auroraet al. 2005, Bandariet

al. 2008, Banner, Konapuret al.2011, Pahwget al.2010).




1.2.2 Factors affecting release of active ingredient(s)

1.2.2.1 Contact time

The local or systemic effect is dependent on tirheomtact of MCG in the oral cavity. In
clinical trials chewing time of 30 minutes was cdesed close to ordinary use (Rassing
1994). An increase in the time of contact betwdenNICG and the saliva helps in a better
interaction. As the drug release from MCG is degahdon mastication (kneading and
chewing), penetration of saliva into the gum matsbnecessary for the diffusion of API(S)
and subsequent release.

1.2.2.2 Physicochemical properties of active ingredient

A physicochemical property of active ingredientysla very important role in release of drug
from MCG. The saliva soluble ingredients will benmediately released within a few minutes
whereas lipid soluble drugs are released first i@ gum base and then released slowly
(Rassing 1994). The gum matrix in general is liphpim nature. The degree of lipophilicity
depends on the amount present in a formulation.reftwee, hydrophilic active(s) and
excipients are released much faster than the lipoglomponents.

1.2.2.3 Inter individual variability

The chewing frequency and chewing intensity whitfac the drug release from MCG may
vary from person to person (inter-individual vari#y). The release of API from the MCGs
is voluntarily controlled by the chewing rate aratce applied. Therefore the variability
associated with the releasevivo is reflected in the plasma concentration-time ifgsf In
order to obtain reproducible resuits vitro from the MCGs, the European Pharmacopoeia
(Ph.Eur.) recommends an in-vitro release testinghaamlogy with 60 cycles/minute as a
chewing rate for proper release of active ingredgr{Rassing 1994).

1.2.2.4 Formulation factors

Composition and amount of gumbase also affectsdlease rate of active ingredient(s). The
gumbase (for e.g., Styrene-butadiene or poly-isgéne) is generally lipophilic in nature. An

increase in the ratio of the gumbase to the otkeipents will result in an increase in the
release of a hydrophilic drug substance in the gprmulation or will reduce the release of a
lipophilic drug substance. Several factors havenb&®wn to affect release of drugs from
chewing gums. The major determinants include thewaig time, chewing rate, aqueous
solubility of the drugs, and the composition of tewing gum (Christryget al. 1988, Fargj

et al.2007, Jenseret al.1988, Naet al.2005, Pedersemt al. 1990, 1991, Rassing 1994).

1.2.2.4.1 Chewing time and rate
A self-reporting questionnaire technique was dgwedbto determine the length of chewing
time. The mean chewing time per piece of gum wasdoto be 36 min. The rate at which a

8




subject chews the gum also affects the amount od deleased. (Christrypet al. 1986,
Rassing 1994,Bruyret al. 1978, Kassemet al. 1973, Lingstroemet al. 2005, Yang et al.
2004, Yoshij et al.2007).

1.2.2.4.2 Aqueous solubility

The release of water soluble drugs (aqueous silubil1:10) in general is about 75% or
more during the first 5 min of chewing and 90% arrenduring 15 min of chewing at a rate
of 60 chews/min (Anderseret al. 1990). Drugs with agqueous solubility between lah@l
1:300 demonstrate up to 60% release during 10 mahewing and between 50% and 90%
when the gum is chewed for 15 min. For the poordter soluble drugs, it is expected to be
small (less than 5%) even if the gum is chewe®@min (Rassing 1994).

1.2.2.4.3 Composition of chewing gum

The influence of gumbase amount on drug releasdéas investigated using salicylamide as
model drug. When salicylamide was incorporated mtohewing gum, which contained a
relatively large percentage of gumbase, the relafise 30 min of chewing was significantly
lower (25.6%) compared to a gum in which less gwsabaas present (52%). A nicotine
containing chewing gum (Nicorette®, Leo) has beeark®ted as an aid to circumvent
smoking (Roussel ). When nicotine is incorporatets ian ordinary gum composition, the
release occurs rapidly. Such a release profil®vwgelwer undesirable for its clinical use which
requires that the release from a nicotine chewing gormulated as smoking substitute
should be uniform and last for at least 20 min.atidition, the released nicotine should
produce a “feeling of smoking”. Lichtneckerét al. 1975 described a method utilizing
tobacco alkaloids bound to a cation exchanger aantafunctional carboxylic or sulfonic
groups. This provided a desired release behaviarcotine.
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1.3  Dosage form taxonomy

The USP’s dosage form taxonomical classificatioovgtes a clear understanding and
application of dosage forms. The purpose is toesyatically organize and categorize the
pharmaceutical dosage forms (Broweth al.2011).

Medicinal drug products are administered in theybbgt one of the five routes of drug
administration: oral, topical/dermal, mucosal, péeeal, and inhalations. For each route of
the drug administration, two types of tests argpsed,;

a) Product quality tests
b) Product performance test

The product quality tests include identity, strénginiformity of dosage units, purity, etc.,
whereas a product performance test in most casesitttes a drug release test, analogous to
a dissolution test. The five routes of drug adntiatgon with their intended sites of drug
release and examples are shown in the followindeThii.

Often the products with such new technologies (halesage forms) face difficulties to
categorize themselves in the existing pharmacdutioaage form taxonomy. In order to
accommodate all the technological aspects of tisagk forms under one roof, the USP has
initiated an ad-hoc advisory panel to revise itstig general chapters on pharmaceutical
dosage forms. The intent of such categorizatido j{grovide users an easy understanding and
user friendly solution to link dosage forms witteithcorresponding monographs or to their
therapeutic use. The current recommended systeroatdgorization for pharmaceutical
dosage forms is based on different tiers.

The first tier is according to the route of adntirason by which the drug substance is
delivered to provide the therapeutic efficacy. hexlude all drug products delivered to the
Gastro Intestinal (Gl) tract, Topical or Mucosalt® and so on.

The second tier is based on the general type addggo®rm and physicochemical properties
(solids, semisolids, liquids etc). Furthermore, dosage forms are further grouped in one of
many subsections in the second tier. For e.g.solid dosage forms could be formulated as
powders, beads, tablets, granules etc. The se@mmi@cilitates downward expansion into the
third tier.

The third tier is based on the type of releaseepatdf the drug substance and performance
characteristics of the dosage form. With such aahidy, the dosage forms can be grouped
and identified by their physical and chemical chteastics. Continuous efforts have been
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made to harmonize the pharmaceutical dosage farrtiseiwidely acceptable pharmacopeias
such as United States Pharmacopeia (USP), Europbearmacopeia (Ph. Eur.) and the
Japanese Pharmacopeia (JP). The schematic repatesendf the classification system

adapted by the USP is given in Table 1-1.

Table 1-1 shows the taxonomical classification aeld@y the USP to characterize dosage
forms based on the route of delivery, physicalstdtthe dosage form and the release pattern.
MCGs are generally classified as solid or semigspteparations, primarily absorbed through
mucosal membranes, buccal mucosa in particular.dfihg release is either conventional or
modified.
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Table 1-1.

Dosage form taxonomy

Route of administration

Intended site of releas

Dosage form example

Oral

Gastro-intestinal (Gl)

Solid dosage forms

Tablets, Capsules, Disintegrating tablets
Oral/dispersible

Chewables (tablets and gums)

Liquid filled capsules

Powders, Granules

Solid solutions, dispersions

Liquid dosage forms

Transdermal delivery system (patches)

Topical/dermal Skin Semi-solid dosage forms
Gels, Creams, lotions and ointments
Chewing gums
Oral
Thin dissolvable films (wafers)
Implants
Ophthalmic Liquids
Suspensions
?ﬁgggf%lr systemic) Rectal Suppositories
Intrauterine Devices
Otic Liquids

Vaginal, Urethral

Suppositories
Semi solids

Thin dissolvable films (wafers)

Microparticulate systems

Subcutaneous liposomes

Parenteral Bodily tissues and fluids
Intramuscular drug-eluting stents
Implants
Nasal cavity Aerosols (solutions and suspensions)
Inhalation
Lung Powders, Liquids

taken from Brown, et al. 2011.
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1.3.1 Medicated chewing gum as pharmaceutical dosage form

Medicated chewing gums are solid or semi-solid pleeeutical dosage forms and contain
one or more active pharmaceutical ingredients (4ARlJ water-soluble/insoluble excipients
blended with a water insoluble gumbase (USP 20IB& drug product is intended to be
chewed in the oral cavity for a specific periodtiofe, after which the insoluble gumbase is
discarded. MCGs are defined by the Ph. Eur.(Ph.R®14) and the guidelines for
pharmaceutical dosage forms issued in 1991 by tmandttee for Medicinal Products for
Human Use (CPMP ) as “solid single dose preparatmith a base consisting mainly of gum
that are intended to be chewed but not swallowealiging a slow steady release of the
medicine contained”.

Table 1-2 (Gajendraret al. 2008) shows the classification of dosage formarfansmucosal
delivery and the recommendation of the associadéelystests which is a performance test
likely required for the corresponding dosage form.

Table 1-2. Classification of dosage forms for tramaucosal drug delivery and safety test
requirements
Dosage form (Solid Activation by patient needec Safety test to be include
Platelets no no
Lozenges n/a n/a
-melting no no
-dissolving yes yes
Soft gelatin capsules yes yes
Chewable tablet yes yes
Medicated gums yes yes
no no
adhesive tablet patch (buccal/sublingual) no yes

n/a — not applicable
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1.4  Manufacturing process

The art of manufacturing of MCGs have come a loray wince the introduction of gums
containing acetyl salicylic acid (Rassing 1994)eT¢hewing gums as a vehicle for drug
delivery was recognized when nicotine containinghguere marketed worldwide and proved
as an effective nicotine replacement therapy (NFSIHce then, several drug substances have
been tested in gum formulations and the releaseactaistics were investigated. With undue
advantages and recent developments in manufactuheggum components are tailored to
customer requirements to deliver drug substancesdoan their physicochemical properties.

Many technologies have been investigated by thensist to provide a simple, cost effective
method to manufacture chewing gums without compsomgithe quality of the end product.
Among the various techniques used, most commonadethgies recognized are described
briefly in the following section (Athanikaret al. 2001, Chaudharyet al. 2012, Cherukuri
Subramanet al.1988, Mochizukiet al. 1976, Pederset al. 1990).

1.4.1 Conventional method (Extrusion)

This is the most common method employed curremlyich comprises mixing of gumbase
and other components in a mixer. Components of gmhare softened / melted and placed in
a kettle mixer to which sweeteners, syrups, adtigeedients and other excipients are added
at a definite time. Precisely, the gumbase is Wguaated between 60°C and 70°C to a
molten semi-fluid state during the mixing and blewgdprocess. The molten mixture is
extruded to a definite geometry and cut to singligsitafter cooling. The gums may be coated
further to improve the organoleptic properties. Adtages of this method include
homogeneity of the actives during the blending adng, and better control over the release
characteristics. However, thermo-labile substapos® stability related problems during the
melting process and the amount of moisture condainghe final product set limitations to
widely utilize this method.

Another problem would be to control the mass antbumity of the dosage unit as the API's
are distributed in the semi-solid gum matrix. Knedde on “know-how” of mixing and
blending is crucial to attain the texture, unifaiynof API(s) and other excipients in the
matrix. Furthermore, the manufacturing technolagyat easily adaptable to a conventional
manufacturing pharmaceutical industry.

1.4.2 Direct compression method

This method involves the use of directly comprdss{dC) gumbases. The DC gumbase is a
pre-formulated mixture containing the gum base dsyafree flowing powder together with
all the necessary excipients. The process comppisgsical blending of the dry components
of the formulation with the API until a homogenaus«ture is obtained. In many cases, the
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gumbases are pre-tailored with other excipientsclvhare not limited to the flavors,
sweeteners, softening agents etc. Gliding agekés hagnesium stearate and talc may be
added to improve the flow properties. The resulfingl blend is usually compressed into a
tablet and coated when required. The method isrddgaous for drug substances that are
hygroscopic and pose stability concerns with hesdtinents. Often crumbling of the dosage
form is observed during initial mastication of tgem, resulting in a burst release behavior
(Morjaria, et al. 2004) and is difficult to establish homogeneitytioé blend during mixing
procedure.

By this method, the limitations of melting, blengiand extruding can be avoided. The pre-
tailored gumbase matrix is available from multi-smumanufacturers that can be compacted
into a gum tablet using conventional tableting nrae$ available. It is manufactured under
cGMP conditions and complies with Food Chemicalsgl&o(FCC) specifications as well as
with FDA. Therefore they are classified by the FB#\"Generally regarded as safe" (GRAS).

One frequent problem often encountered with theligggmn of DC gumbases is the
stickiness due to the heat developed which is mbserved particularly for large batches of
manufacturing. Various methods including using dfedent lubricants and glidants were
investigated to overcome this problem.
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1.5  Quality evaluation of chewing gum formulations

The nature and type of performance tests usedaracterize dosage forms administered to
the oral cavity differ significantly and thus derdadifferent release testing apparatus
(Gajendranet al.2008). For many dosage forms given orally butlinoted to mucoadhesive
buccal tablets, chewable tablets, and sublingugpbamations, product performance tests are
adapted from existing procedures and are well charnaed in the United States
Pharmacopeia (USP). Unlike chewable tablets, mesticgums are not supposed to be
swallowed and may be removed from the site of appbn without resort to invasive means.
Moreover, medicated gums require an active and irmoolis masticatory activity for
activation and continuation of drug release.

MCGs are dosage forms given orally for both locadl asystemic effect, and so far no
performance test has been indicated in the USP @03B).

1.5.1 Pharmacopeial description and requirements

In the Ph. Eur., a general monograph on medicabedviog gums (Ph.Eur. 2014) and a
monograph describing the apparatus for dissolutesting of medicated chewing gums
(Ph.Eur. 2014) has been adopted. The monograph icotine polacrilex gum was
incorporated in the USP (USP 2015) in late 90’sthetapparatus for the dissolution testing
of medicated chewing gums is not yet recognized.

In Ph. Eur. medicated chewing gums have been gepai@ategorized under solid dosage
forms. However, medicated chewing gums could aésadédfined as both solid and semisolid
preparations (Gajendraet al. 2008) based on the art of manufacturing descrésetler in
this chapter. Table 1-3 shows the product quaksts associated with the chewing gum
preparations described in Ph. Eur. in general gediically for nicotine polacrilex resins and
gums in the USP. In addition to the product qualésts, additional testing specific to the
product may be performed to ensure the final qualithe finished product.

Table 1-3. Summary of product quality tests

Dosage Forn Nature/Physical| Patient Safety Test Product Quality Tests
characteristics | Activation Requirement
Medicated gums Solid/semi-solid Yes Yes Assay

Identification

Uniformity of dosage units,
content, and mass
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1.5.2 Rationale forin vitro release tests

In vitro performance testing of solid and semi-solid dogagas has been widely recognized
as one series of tests used in the routine quadityrol (QC) purposes and in the early phases
of formulation selection and development. Varioppaatuses for testing the performance of
drug productsin vitro have already been adapted and harmonized in tistingx major
pharmacopeias.

General monographs on apparatus and product que$ity have already been indicated for
MCGs in the Ph. Eur (Ph.Eur. 2014), but no monogrgjpecific to the product has been
incorporated. This delineates the fact that theaegips, performance tests and the
accompanying quality control tests are not parth& public standard and their lack of
commercial availability calls for an evaluation ofe comparative performance of

commercially available apparatuses in terms ofrthaitability, robustness, discriminative

power and reproducibility in the GMP environmentisl would eventually lead to the

standardization and incorporation of an alternatdrelg release testing apparatus and
development of monographs in the Ph. Eur.

In vitro dissolution/drug release testing of the dosagengohas been widely used in the
pharmaceutical industry;

= in quality control (QC) to assess the differenceguality of the products within the
technological range of manufacturing variables

= to assess the differences in the bioavailabilities,surrogate parameter of the
therapeutic efficacy

= to evaluate the robustness as a parameter of dodlyigt related safety

= to identify the critical manufacturing variablesfarmulation development

= to estimate thén vivo performance of the dosage form

Additionally, the purpose of then vitro drug release/dissolution testing is to provide an
accurate estimate of drug release rates from angiveg product. Besides, tie vitro drug
release/dissolution finds its application in thepharmaceutical characterization of the
dosage form from early phases of product developnenthe end product design and
throughout the product’s life cycle as a measurpesformance and stability. It can also serve
as a surrogate for a bioequivalence (BE) studyasna predictor ah vivo performance.

The development of a suitable and bio-relevant delgase testing method is a primary
requirement to ensure discriminatory power of thethod, which could be directly linked
either to the chemistry, manufacturing and con{©MC) of the drug product or the
biological parameter (fax Tmax AUC) of the product. It should aim to be sensitanough to
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detect differences in product formulation or maotifang changes, and robust enough to
detect such differences only when they are bioklyicelevant. The ultimate goal of the test
is to generate information that can provide arginisinto the mechanism by which the drug is
being released from the dosage form and provida tatfacilitate the rational and rapid
research, optimization and development of a dokage

As far as the apparatus for the dissolution/drigase testing is concerned, the purpose is to
simulate the relevanh vivo conditions as close as possibleitovivo physiology. By this
way, the dissolution/drug release from a dosagenfander a set of standardized set of
conditions will be used to predict performance ebgeristics and physico-chemical integrity
of the dosage unit.

This holds true for the MCGs as well. In case omgaroducts, the basic principle in release
testing is a simple masticatory movement emplogesirhulate the chewing action on a piece
of gum placed in a small chewing chamber contaimitkgnown volume of buffer solution at a
given temperature (Ph.Eur. 2014). The drug releaseis influenced by the chewing rate and
angle, which provides the necessary shear foreggose new gum surfaces and is a requisite
for further drug release. The mechanism and kiseticrug release from chewing gums have
not yet been completely understood due to the oexitgl of the formulation itself. The
transition from the inactive gum to the active dyséorm is influenced by;

* Mechanical forces
 Temperature
» Wettability and water permeation rate

As a general rule, under sink conditions, the edtevhich the drug is released is directly
proportional to the chewing frequency and aquealsbdity of drug substance and is
inversely proportional to the mass of the gumbase.

Currently, the USP monograph for nicotine polagriggims does not contain a drug release
test. Much effort has been spent describingitheitro release kinetics of special dosage
forms, including medicated chewing gums (Mdgllet al. 1999, Siewertet al.2003, Yang et

al. 2004). Due to the complexity of the release meisimas involved, researchers proposed
minimal requirements for experimental settings widspect to the site of release and
absorption.

The performance tests must, however, be able txdgte influence of critical manufacturing
variables, discriminate between different degrdgs@duct performance, and to some extent
describe the biopharmaceutical quality of finisipedducts. Besides the product quality tests,
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the drug release tests can provide useful infoonadibout the characteristics of the product
itself, which includes but is not limited to thefliience of the composition of the gum and
other excipients on drug release, a main tool reguprimarily during product screening and
development, and to some extent the product pedicein vivo.

1.5.3 Invitro drug release testing justification

Dissolution is defined as the process by whichla sobstance enters in the solvent to yield
a solution and is controlled by the affinity betwethe solid substance and the solvent
(Gajendran et al. 2005). It is an important property of a dosagemfdhat is a necessary
prerequisite to drug absorption and one that duutis to the rate and extent of drug
availability to the body.

1.5.3.1 Mechanical forces

Generally, the drug release from chewable dosagasfas initiated by masticatory activity
within the oral cavity. The masticatory forces abbe simply interpreted in terms of external
forces required to break, rupture, or to kneaddbsage form to influence the dissolution/
drug release. For instance, in case of medicatedioly gums, the release rate is controlled
by the chewing frequency, whereas in case of chiewelpsules, rate of dissolution of
capsule shell determines the exposure of the ligaidents to the oral cavity. The mechanism
of drug release from the chewable dosage forms sigmnjficantly and are dependent on the
nature and type of dosage form. Wetting followedebysion and diffusion are the primary
stages involved for release from most of the chésvakal products. Mechanical kneading is
additionally required by the chewing gums to expthieenew surface areas for further drug
release (Gajendraet al.2008, Gajendraret al.2009).

For the mechanical kneading of medicated gums endifal cavity, the required forces are
induced by the combination of masseter muscle &edangular jaw movement. Many
investigators have demonstrated the enormous anwiufitrce exerted during the human
mastication which is particularly sufficient to kagethe gums. An average human biting force
corresponds to 700 N (Hajian 2004, Klebetr al. 1981, Nakata 1998). This may depend on
age, gender and the oral health of the subjectoparable force of this magnitude is
adequate to induce the vitro release testing of the gums which requires a apatiention
and an apparatus. Many mechanical chewing simgldtave been designed and investigated
(Christrup et al. 1986, Pharmeuropa 2008). Methods to determineapipeopriate chewing
force have been proposed and widely published éitagt al. 2008, Goldmannet al. 2008,
Kohyama et al.2004, Steineret al.2009). The primary objective of these investigadics to
demonstrate a comparahfevitro method by which the characteristics of the druzdpct be
evaluated or the influence of masticatory forcerendentures.
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Figure 1-4. Figure showing the force measured on @éewing machine during the simulation
of chewing action to test the release of activesoim medicated gums

Data supplied by FIA, Sweden (unpublished). Tharéighows the force measured on the surface of
the upper chewing jaw in the Ph. Eur. Apparatus WBirdy mastication with nicotine based gum
product. The force in newton (N) applied on the gunas measured for a period of about 3 min
continuously.
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1.5.4 Justification of masticatory action

Unlike conventional solid oral dosage forms, theweable dosage forms require additionally
masticatory forces for drug release. As far asMI@Gs are concerned, the drug substance is
well blended into a molten gumbase and the relsaset expected as long as the integrity of
the dosage form is maintained. Singevitro release testing is a measure of performance of
the dosage form, mastication is a prerequisite tf@mse dosage forms. Even accidental
swallowing of the dosage form results in a neglegidgmount of drug released in the Gl tract
which is of no therapeutic significance. Safetgn#iccidental swallowing of the dosage form
can be demonstrated using the compendial methadis yriysiological test conditions. Oral
dosage forms other than medicated gums for whiehottal cavity is the primary site of
absorption should be scientifically justified witlespect to safety in case of accidental
swallowing. Because these dosage forms are foredikat release its components even after
accidental swallowing, the therapeutic efficacyfesaand compliance will be in jeopardy,
which is not the case for medicated gums.
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1.6 In vitro in vivo correlation

Acceptable release of an API from the dosage farthits subsequent availability in solution
ensures adequate concentration of drug substandéeasite of absorption to provide
therapeutic efficacy. Besides from a quality cohfperspective, assessing the vivo
performance by am vitro release testing helps in waiving expensive ane tamnsuming
clinical trials and than vitro tests serve as a potential surrogate for the bigalgnce
studies.

A simple and cost effective method of dissolutiongd release testing employs a mixing
mechanism where the drug product is stirred in #nel@ volume of media at a constant
temperature. The idea is to simulate the conditiortee stomach where usually the mixing is
expected after the administration of the dosagenfdn most of the cases, the rate of
appearance of the API in solution is correlatethtorate of its appearance in blood plasma.
Various methods have already been proposed by titkors to treat the data using
mathematical models and to demonstrate the refdtipnbetween thén vitro andin vivo
data.

Correlations betweem vitro andin vivo data (IVIVC) are often used during pharmaceutical
development in order to reduce development time @ptémization of the formulation. A
good correlation is a tool for predicting vivo results based om vitro data. Various
definitions of in vitro-in vivo correlation have been proposed by the Internationa
Pharmaceutical Federation (FIP), the USP workiraugrand regulatory authorities such as
the FDA or EMA. The FDA (FDA 1997) defines IVIVC &s predictive mathematical model
describing the relationship betweeniarnvitro property of an extended release dosage form
(usually the rate or extent of drug dissolutiorrelease) and a relevantvivo response, e.g.,
plasma drug concentration or amount of drug absbrAs stressed in this definition, IVIVC

iS more ann vitro—n vivo relationship than a strict correlation.

1.6.1 Biorelevant release testing

The development of a suitable bioreleventitro drug dissolution/release method is useful in
predicting thein vivo dissolution/release behavior of the drug prodiitie validity of the
biorelevant dissolution/release method can be detrated by establishing a meaning
relationship between am vivo biological parameter (fax AUC etc.) and thdn vitro
parameter (% releaseg]MDT i, vitro €tC). The biorelevant method could also be used as
valuable indicator to test the batch to batch siascy of the drug product.

Since drug absorption depends on the dissolutiah solubilization of the drug under
physiological conditions as well as its permeapiiitross the mucosa, the physicochemical
characteristics of the drug substance, overall asmipn of the drug product, wettability,
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disintegration and de-aggregation characteristiesaamong the important factors that can
influence the dissolution of drugs and hence tloobical response.

In order to develop a biorelevant drug release awethr MCGs, physiological factors within
the oral cavity have to be considered. Some oftlf@stors such as masticatory activity and/
frequency, composition of saliva can be easily $ated in vitro by adjustments of the
apparatus setup and the dissolution media. Otlkersiéntal health, salivary flow are difficult
to be simulatedh vitro and therefore has to be later on verified withitheivo findings.

1.6.2 Method of in vitro in vivo correlation

A biorelevant drug release testing methodology wial step to derive a data which is
expected to be reflective of tha vivo physiology. Developing an IVIVC is a dynamic
process that starts from the early phases of dradyet design and development and proves
its usefulness in the drug product life cycle.
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Figure 1-5. Schematic overview of the steps involddor establishing IVIVC

lllustration taken and modified from Kumar, et 2013. The in vivo profile (upper right) can be de-
convoluted and compared to that of in vitro datpper left) or the in vitro data (lower left) can be
convoluted suitably to compare with the in vivoaddower right). In both the cases, the fraction of
dose absorbed (Fa) is correlated to the fractiomhef dose dissolved (Fd).

The Figure 1-5 shows various domains of thevitro and in vivo parameters that are
theoretically related to the mathematical modelestablish the relationship. The FDA and
the drug authorities worldwide accept the levelsliierent correlations detailed below in the
order of their acceptance and importance.
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Bases on the type of data used to establish taéaes$hip, three main levels that are defined
by the FDA are as follows;

1.6.2.1 Level A correlation

The level A correlation is a point to point corteda between then- vitro parameters (e.g., %
dissolution, cumulative amount dissolved /releasedr time) and the in-vivo biological
parameter (e.g., cumulative fraction of dose al=mbfBRA”). The level A correlation utilizes
the complete data set generated and considerdteasndst robust and desirable among the
other correlation levels. In such a correlatiom, ithvitro dissolution andn vivo input curves
may be directly superimposable or may be made wuperimposable by the use of a scaling
factor. Nonlinear correlations have also been destnated by investigators however it is not
a common practice. Independent of the method useestablish the level A IVIVC, the
model should predict the entine vivo time course from tha vitro data. In this context, the
model refers to the relationship betweaanvitro dissolution of an extended release (ER)
dosage form and ain vivo response such as plasma drug concentration orrdndulrug
absorbed.

1.6.2.2 Level B correlation

A level B correlation uses the principles of stated moment analysis (Podczeck 1993). The
meanin vitro dissolution time (MDTi, viro) IS compared either to the mean residence time
(MRT) or to the meain vivo dissolution time (MDTi, vivo). The MDT itself is a measure of
the rate of the dissolution process; the higherMEr, the slower the release rate. A level B
correlation does not uniquely reflect the actonavivo plasma level curve, because a number
of differentin vivo curves will produce similar mean residence timd&r{INl values, therefore

is not a preferred method with higher priority.

1.6.2.3 Level C correlation

A level C correlation is established using singé&ameters derived from the clinical data
(e.g., AUC, Giax and Thay and thein vitro data ($0%, tsos). A level C correlation does not
reflect the complete shape of the plasma conca@ntréitne curves. In addition to these three
levels, a multiple level C is also described. A tiplg level C correlation relates one or
several pharmacokinetic parameters of intereste@tmount of drug dissolved at several time
points of the dissolution profile. For the estdient of a correlation as described in the
FDA guidance, various parameters can be used asmigzl in the Table 1-4.

1.6.2.4 Multiple-level C correlation

A multiple level C correlation relates one or savgrharmacokinetic parameters of interest
(Cmax AUC, or any other suitable parameters) to thewarhof drug dissolved at several time
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points of the dissolution profile. A multiple poilgvel C correlation may be used to justify a
biowaiver provided that the correlation has bedaldished over the entire dissolution profile
with one or more pharmacokinetic parameters ofraste A relationship should be
demonstrated at each time point at the same pagarseth that the effect on the vivo
performance of any change in dissolution can beeszgsl. If such a multiple level C
correlation is achievable, then the development dével A correlation is also likely. A
multiple Level C correlation should be based oleast three dissolution time points covering
the early, middle, and late stages of the dissmiuprofile.

Table 1-4. Summary of parameters used for establighig different levels of correlation
Level |Invitro In vivo
A Dissolution curve Input (absorption) curves
B Statistical moments: MDT Statistical moments: MRT, MAT, etc
C Disintegration time, time to have 10, 50, 90% digst, [ Crax Tmax Ka, Tio, Tso, Teo(Time to 10, 50,
dissolution rate, dissolution efficiency (DE) 90% absorption), AUC (total or cumulative
e
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Figure 1-6. Figure showing the typical plasma conceration time curve along with the

elimination curve and fraction absorbed/dissolutioncurve
Figure taken from Qureshi 2010.

The Figure 1-6 shows the profile of plasma con&iatn time curve following oral
administration, and the elimination curve usuaktér predicted following the IV dose and
the absorption curve which are usually obtainednfrihe de-convolution of the plasma
concentration curve. Tha vitro dissolution curve is usually compared directlythat of the
absorption curve or convoluted to superimpose enpa concentration curve.
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The techniques for demonstrating IVIVC are gengrathnfined to the conventional and
modified dosage forms particularly the oral dosdégmens where dissolution is the rate
limiting step for absorption. An IVIVC is more like for the biopharmaceutics
classification system (BCS) class 1 substancesM@/Is expected if dissolution rate is
slower than gastric emptying rate, otherwise limhiteg no correlation) and can be extended
to BCS class 2 substances provideditheivo dissolution is the rate limiting step in drug
absorption.

The MCGs present a different release approach coedpto other dosage forms. The
solubility characteristic of the drug substancehighly affected by the gum matrix
composition. MCG is generally an inactive form bétdrug product and activated by the
masticatory action in the presence of a solventesgsnamely the dissolution/drug release
medium. A major portion of the dissolved drug ie thaliva is usually absorbed in the oral
cavity followed by subsequent absorption along @letract representing a very large
absorption window with/without any difference insaloption rates. Such situations often
make the estimation of the PK parameters tedious lass reproducible. The primary
objective of the clinical study is to determine tage of the drug substance in the body and
to predict thein vivo dissolution behavior of the dosage form from theeg PK data.
Since the site of application and release is tha oavity, the dosage form is always
accessible at any time point during masticatiorteDrining the amount of drug substance
yet to be released from the dosage, one can imtegord predict then vivo dissolution /
release behavior of the dosage form. This in tulhprovide valuable information about
the product behaviom vivo. In this part of the study, such an attempt todgtthe
performance of the produat vivo (chew-out study) was conducted on the commercially
available products and the principles of estahtighhe IVIVC were attempted. It was then
later used to verify than vitro drug release testing methodology developed forgiredity
control (QC) purposes.
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2 AIMS OF THE THESIS

2.1  Aims of the thesis and dissertation outline

The MCGs have been gaining its importance as anradtive to many conventional dosage
forms. However, much less information has beeniphedt so far about this dosage form
and understanding the quality control aspects efdiisage form is not widely explored.

The objectives of this dissertation are divideditvo aspects to understand the MCGs
with respect to formulation development and assessmof product quality in combination
with specialized tools namely the chewing (masticgt apparatus.

The following were the objectives;

a) To develop a suitable vitro drug release testing methodology for medicated
chewing gum products.

b) To evaluate comparatively the chewing apparatusescribed in the European
Pharmacopoeia (apparatus A and apparatus B) ferebeéwantin vitro release testing.

c) To propose an alternative chew-out (spit-out)dgt model and assess the
robustness of the model to verify the in- vitro glnelease testing methodology (IVIVC).

d) Attempt to establish an IVIVC using the litensgureported/acquired clinical
study data.

e) To propose a standardized vitro testing methodology and to assess the
interchangeability of the apparatus for a given guroduct.

The applicability of than vitro drug release method during the development of cagell
chewing gums was assessed. A highly water soluhlkg dubstance, nicotine hydrogen
tartrate salt was used as a model drug to be incatgd into the gum matrix. The feasibility
of manufacturing chewing gum using a tableting tégpiie was evaluated. For this purpose,
the nicotine salt was loaded onto a cation exchaegj@ and coated using a pH independent
polymer, Eudragit RS 100 prior to tablet compressidhe release of nicotine was
characterized based on the extent of coating, gpe the composition of gum matrix
formulated. The purpose was to demonstrate the ilplitys to modify the release
characteristic of a drug substance and to estabiistihods to assess the biopharmaceutical
quality of the manufactured nicotine chewing gunsng the direct compression (DC)
technique.
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3 MATERIALS

3.1  Selection of drug products for the study

Currently only very few chewing gum products araikble in the market worldwide and
still most of them are in the development phaseortier to understand the basic mechanism
of release of API from the chewing gums and to desdheir release kinetics, drug products
which are already having the marketing authoriza(i®A) in Europe and North America
were considered. The objective is to have stangdddrug products which have been
approved in the market based on the clinical dappleed and well investigated. As far as the
chewing gums are concerned, imovitro performance tests as a compendial requirement is
indicated in the well-known pharmacopoeias. No ¢datized apparatus was available to test
thein vitro performance when first nicotine containing chewgugns were manufactured and
marketed. The product approval was primarily bagsedhe clinical data submitted to the
regulatory authorities and the performance of tloelpcts was assessed from theivo data.

In order to test the suitability of the apparatesatibed in the Ph. Eur. and the one described
in the Pharmeuropa (Ph.Eur. 2014), multi-sourceveige gum products were the first choice
and the test methodology was extended to other M&f@8#able in the European and North
American market. For the comparative performanegligs, nicotine containing chewing
gums mainly indicated for the smoking cessationewsttosen for the feasibility trial, because
of the;

» availability from multiple manufacturers around therld (multi-source product)
* conventional manufacturing processes with a confgb@af@roduct appearance
» established robust analytical techniques using HBMOJetection

The drug products selected and the compositiomefgum products are given in the Table
3-1.
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Table 3-1. Drug products forin vitro drug release feasibility study

Active Pharm.
Innovator/Generic hame pharmaceutical Batch manufacturer /
ingredient (API) Country
_ _ Pfizer Consumer
Nicorette® 2 mg [Fresh mint] Nicotine as Nicotine [I896A Healthcare,
polacrilex
Germany
Nicotine as Nicotine Pfizer Consumer
Nicorette® 2 mg [Classic] ; LL644 Healthcare,
polacrilex
Germany

Nicotine as Nicotine Pfizer Consumer

Nicorette® 4 mg [Classic] olacrilex ZNG9010 Healthcare,
P Germany
Novartis
Nicotinel® 2 mg [mint] Nicotine as Nicotine | p440034771 Consumer
polacrilex Healthcare,
Switzerland
Rockstar Inc,
Rockstar Energy Gum [Iced mint] Caffeine [40 mg] 4222430 _A United States of
America
Hermes
Superpef forte Reise Kaugummi Drageeg Dimenhydrinate 6036518 Arzneimittel

GmbH, Germany

Among the products listed in the Table 3-1, thetine based chewing gums are available in
Germany and in the United States as over the co(@&f€C) product. The Dimenhydrinate
containing chewing gums are marketed as an OTCugtathder the trade name “Superpep”
and are also available in Europe as Travel gunmfe@®&f containing chewing gum is currently
available in the US market.

3.2 Physicochemical properties of marketed chewing guformulations
The physicochemical characteristics of all the stigated gum products are given in the
following sections.

3.2.1 Nicotine containing chewing gum formulations

Among all the marketed chewing gum products, nmetbased chewing gums are well
recognized for the nicotine replacement therapythéngum product, nicotine is present as a
nicotine polacrilex, a weak cationic resin usudlyund to nicotine in the ratio of 1 to 4
(nicotine to resin). The USP contains an assay gp@ph for nicotine polacrilex and nicotine
polacrilex gum (USP 2015).

3.2.1.1 Nicotine

Nicotine is a colorless to pale yellow, oily liquichiscible with water in its base form, very
hygroscopic in nature, turns to brown on exposureit or light and develops odor of
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pyridine. As a nitrogenous base, nicotine formsssaith acids that are usually solid and
water soluble. It is also a naturally occurringadtid with a strong bitter taste.

3.2.1.1.1 Chemical structure

It is a bicyclic compound with a pyridine cycle aagyrrolidine cycle. The IUPAC name is
3-(1-Methyl-pyrrolidinylyl) pyridine, 3-Pyridyk-N-methyl pyrrolidine. It has as molecular
weight of 162.23.

H;C

\
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\_ /"

Figure 3-1. Chemical structure of nicotine

3.2.1.2 Solubility

Nicotine in its base form is miscible with waterldve 60 °C forming hydrates. It is very
soluble in alcohol, chloroform and ether (USP 2015)

3.2.1.3 Physicochemical data

pKa (1) = 8.02, pKa (2) = 3.12 (Merck-Index 2006)
Melting point: 79 °C

Density: 1.01 g/cm?

3.2.1.4 Nicotine hydrogen tartrate

Nicotine hydrogen tartrate appears as a white tevbite crystalline powder and is a salt of
nicotine and tartaric acid. It is generally usedha preparation of formulations for nicotine
replacement therapy due to its high solubility astdbility characteristics compared to
nicotine alkaloid. It is also used as an analytiedérence standard for the quantification of
nicotine from pharmaceutical preparations.

3.2.1.4.1 Solubility
It is highly soluble in solvents such as water (&YmL), methanol, acetonitrile, chloroform
and petroleum ether (USP 2015).
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3.2.1.4.2 Chemical structure
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Figure 3-2. Chemical structure of nicotine hydrogenartrate

3.2.1.5 Nicotine polacrilex resin

Nicotine polacrilex is a weak carboxylic cation-eaage resin prepared from methacrylic
acid and di-vinyl benzene, in complex with nicotiR®lacrilex resin is a white powder with a
fine particle size. It contains not less than 9&efcent and not more than 115.0 percent of the
labeled amount of nicotine (C10H14N2), calculatadite anhydrous basis (USP 2015).

3.2.1.5.1 Chemical structure
The chemical structure of nicotine polacrilex resishown in Figure 3-3.

N/CH3 . ﬁ (|:H3 /</ \\>
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Figure 3-3. Chemical structure of nicotine polacriéx resin
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3.2.1.5.2 Solubility
The polacrilex resin is practically insoluble inteaand in most of the organic solvents. The

resin contains ionizable groups distributed alotg polymer backbone. Weak cation
exchange resins contain H+ ions for exchange amavaeas free acids below pH 4. The
degree of dissociation of weak acids [-COOH] degamlthe pH of the solution.
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3.2.2 Caffeine containing chewing gum formulations

The chewing gum from Rockstar contains caffeineyrit@, inositol, nicotinamide,
pantothenic acid, riboflavin, pyridoxine and cyaobalamin. The registered trade name is
Rockstar Energy Gum Iced Mint. The chewing gumdrg®genic properties.

3.2.2.1 Chemical structure

Caffeine has the IUPAC name 1,3,7-trimethyl-3,7ydilo-1H-purine-2,6-dione and the
formula GH1oN4O.. Its molecular weight is 194.19 g/mol.

H3C\ 5
N v
S
N ,l\l o

CHs

Figure 3-4. Chemical structure of caffeine

3.2.2.2 Solubility

Caffeine is sparingly soluble in water and ethaaal] slightly soluble in chloroform. 1 g of
caffeine dissolves in 46 mL of water (Merck-Inde®0B). Since caffeine is an extremely
weak base with a pKa of 0.6, solubility is expectedbe pH independent within the
physiological range.

3.2.2.3 Physicochemical data

The following physicochemical data have been regubfor caffeine (Merck-Index 2006).
pKa: 0.6

Melting point: 238°C

Density: 1.23 g/mL

Appearance: White or almost white crystalline pokvde
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3.2.3 Dimenhydrinate containing chewing gum formulations

Dimenhydrinate chewing gums which is well knownTasvel gum is primarily used for
symptoms against travel sickness and to preventrahelve motion sickness due to its
antiemetic and antihistaminic agent propertiesisitprimarily a H-antagonist, but also
possesses an antimuscarinic effect and is usuailahle over the counter (OTC).

3.2.3.1 Chemical structure
Chemically, dimenhydrinate consists of two chemiuvaleties, namely diphenhydramine and
8-cholorotheophylline, approximately in a molarigadf 1:1, diphenhydramine slightly higher
than the other component.

Dimenhydrinate has the IUPAC name “8-chloro-1,3-tinyl-2,6-dioxo-2,3,6,7-tetrahydro-
1H-purin-7-ide;[2-(diphenylmethoxy) ethyl] dimetlagdanium. The USP states that
dimenhydrinate contains not less than 53.0 peregwxt not more than 55.5 percent of
diphenhydramine (GH21NO), and not less than 44.0 percent and not mane 4i7.0 percent
of 8-chlorotheophylline (g4,CIN4O,), calculated on the dried basis. The chemicakttire

of dimenhydrinate hydrochloride is given in the uig 3-5.

t*
/\/N O)\ N/

Figure 3-5. Chemical structure of dimenhydrinate
Taken from USP 2015.

3.2.3.2 Solubility

Dimenhydrinate is poorly soluble in water. The amuse solubility ranges from 0.1-

1 g/100 mL at 22 °C and the reported solubilitpmaqueous medium is approximately about
3mg/mL (Shahrzadet al. 2005). Dimenhydrinate is soluble in 1 in 2 partsioohol and 1 in

2 parts of chloroform and sparingly soluble in ethe

3.2.3.3 Physicochemical data

Dimenhydrinate appears as white or almost whitestathne powder. The following
physicochemical data have been reported.
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Log P (Octanol: Water): -0.39 (Meylaet al. 1995), experimental logP 2.67 (ALOGPS),
predicted logP 3.65 (ChemAxon Molconvert), predi¢ctéelting point: 204.5 (SRC Physprop
database).
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Table 3-2.

Composition of the investigated chewingum products

Function of Nicorette 2mg Nicorette 2mg Nicorette 4mg Nicotinell 2mg Mint | Rockstar Gum Superpep forie
excipient/active(s) Fresh mint Classic Classic Iced mint Travel gum
Acnve_pharmaceuncal Polacrilin-nicotine | Polacrilin-nicotine| Polacrilimicotine | Polacrilin-nicotine Caffeine Dimenhydrirat
ingredient (API)

Styrene-butadiene | Styrene-butadiene| Styrene-butadiene| Styrene-butadiene Styrene-butadiene Styrene-butadiene
Gumbase . . . . . .

(polyisobutylene) | (polyisobutylene) | (polyisobutylene) | (polyisobutylene) (polyisobutylene) (polyisobutylene)
Anti-oxidant Butylated hydroxyl | Butylated hydroxyl| Butylated hydroxyl| Butylated hydroxyl Butylated hydroxyl toluene|

toluene (BHT)

toluene (BHT)

toluene (BHT)

toluene (BHT)

(BHT)

Sweetening agent,
Humectant, Emollient

Acesulfam-
Potassium, Xylitol

Sorbitol, Glycerol

Sorbitol powder,
Sorbitol 70%,

Sorbitol, Saccharin,
Sodium saccharin,

Acesulfame potassium
Mannitol

Maltitol Syrup, Sorbitol,
Sucralose, Aspartame,
Acesulfame potassium

Sorbitol, Saccharose,

Aspartame, Saccharin sodium,

Glucose Syrup

Coating agent

Carnauba wax

Carnauba wax

Resinous Glaze, Carnaubg

wax

Methyl, Butyl methacrilate-
copolymer

Coloring agent

Titanium dioxide

Quinaoline yellow
(E104)

Titanium dioxide

Titanium dioxide

Titanium dioxide

Emulsifying agent,
Binder

Gum Arabic

Diluent, Lubricant,
Anti-caking agent

Magnesium oxide

Talc

Talc

Calcium carbonate,
Talc

Dextrin, Calcium carbonate,
Talc, Macrogol 35000,
Montanglycol wax,
Magnesium oxide, Magnesiu
stearate, Silicon dioxide
(micronized)

m

Flavoring agent

Levomenthol,
Peppermint oil

Haverstroo flavor

Haverstroo flavor

Levomenthol,
Peppermint oil,
Eucalyptus oil

Peppermint flavor,
Levomenthol
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Function of Nicorette 2mg Nicorette 2mg Nicorette 4mg Nicotinell 2mg Mint | Rockstar Gum Superpep forte
excipient/active(s) Fresh mint Classic Classic Iced mint Travel gum
Sodium carbonate, | Sodium carbonate Sodium carbonate,
Alkalizing agent Sodium hydrogen- | Sodium Sodium carbonate| Sodium hydrogen - | - -
carbonate bicarbonate carbonate
Plasticizer, ) ) o ; ;
Antimicrobial agent Glycerol 85% Glycerol, Xylitol Glycerine
Binding agent - - - Gelatin Gum Arabic Povidone K 2
Emulsifier/solubilizer | - - - - Soy lecithin -

Suspending agent

Cocoa butter

Buffering agent

Potassium dihydrogen
phosphate

Polishing, Stabilizing
agent

Yellow wax

Other therapeutic
agents

Taurine, Inositol,
Niacinamide, Calcium

Pantothenate, Riboflavine,

Cyanocobalamine,

Pyridoxine hydrochloride
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3.3  Reagents and chemical substances

The reagents and chemicals used for the preparatibaffer solution, in the manufacturing
of chewing gum formulations are listed in the tabédow. All the chemicals and reagents
used for the analyses are of at least analytiGaeyand the excipients used for chewing gum
formulations are accepted as “generally regardedsade (GRAS)".

Table 3-3.

Reagents and chemical substances usedgeparation of solutions

Substanct

Specificatior

Origin/Provider

Deionized Water Ph. Eur. 8.0 PHAST, Germany
Methanol (MeOH) for HPLC VWR, Germany
Hydrochloric acid (HCI): 32%, 1m analytical grade WRR, Germany
Sodium hydroxide pellets (NaOH) pellets extra pure VWR, Germany
Sodium chloride (NaCl) analytical grade VWR, German

Potassium dihydrogen phosphate ¢RIA))

analytical grade

VWR, Germany

Purified water

Ph. Eur. 8.0

PHAST, Germany

Acetonitrile gradient grade VWR, Germany
n-Heptane for analysis VWR, Germany
Calcium chloride (CaG) for analysis VWR, Germany

Phosphoric acid (#PQy)

85%, analytical grade

VWR, Germany

Chloroform

for analysis

VWR, Germany

Dichloromethane

for analysis

VWR, Germany
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Table 3-4.

Chemical substances used for the formulan studies

Component name Purpose Batch / Lot Supplier / Couny

All in One Gum SF Cool | Gumbase for tabletting NA f@3a, Spain

All in One Gum SF Extra| Gumbase for tabletting NA af&a, Spain
Amberlite IRP 64 Resin for nicotine loading 03329BJ Sigma Aldrich, Germany
Amberlite IRP69 Resin for nicotine loading 08207CH Sigma Aldrich, Germany
Ethyl cellulose Coating of DRC MKAA1638 Sigma Aldni, Germany
Eudragit L 100 Coating of DRC B070803075 Evonikri@any
Eudragit RS100 Coating of DRC E080608143 Evonikn@ay
Eudragit S100 Coating of DRC B071005090 Evonik,n@ary

HPC

(average Mw ~80,000, 20 Binding agent for granulation 20293996 Sigma AldriGermany
mesh particle size)

HPMC

(~15 mPa, 2 % in pDat 25| Binding agent for granulation 078K0022 Sigma AldriGermany
°C)

Magnesium stearate Excipient for tabletting 1013239 Sigma Aldrich, Germany
!\rﬂ;g?i%/;ta”ine cellulose Excipient for tabletting V09-0103 Sigma Aldrich, G&ny
PEG 10000 Impregnation of DRC NA Sigma Aldrich, @any
PEG 4000 Impregnation of DRC NA Sigma Aldrich, Garm
PEG 6000 Impregnation of DRC NA Sigma Aldrich, Garm
PG Nutra PEPP TA Gumbase for tabletting NA Gum B2aeltaly

PG Nutra TA Gumbase for tabletting NA Gum Base |Gy
Pharmagum C Gumbase for tabletting 05H042 SPI Pha@ermany
Pharmagum M Gumbase for tabletting 144F-090 SPirRhaGermany
Phosphatidyl choline Excipient for coating DRC K81608928 | VWR, Germany
Eﬁéﬁ'fy'ﬁ'eﬁ'mho' Exemnal aq. medium for coatingsgs603901 VWR, Germany

(MW 89000-98000)

Prosolv Easytab Excipient for tabletting 4381301 SJharma, Germany
I(Ds\lly;/;nlzllgyrrolidine Binding agent for granulation 1369964 Sigma AldriGtermany
PVP K25 Binding agent for granulation 1345233 Sighigrich, Germany
Sorbitab SD250 Excipient for tabletting 0705101018 |J.T. Baker, Germany
Talc Excipient for tabletting 80170 Sigma AldricBermany
Tween 20 Surfactant for coating 091080522 VWR, Gemn

Vinylec K Excipient for tabletting 1160193 Sigmadgich, Germany
Vivapur Type 105 Excipient for tabletting 661050622 | JRS Pharma, Germany

Among the excipients listed, the powdered gumbasegamns Butylated hydroxyl toluene as
main component preformulated with sugars and pslybhe powdered gumbase or the DC
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gumbase powder was provided by SPI Pharma, Gumbasand Cafosa. Similarly the

excipients, Vivapur which is microcrystalline cdtlse and the Prosolv Easytab containing
mixture of colloidal silicon dioxide, sodium stargtycolate, microcrystalline cellulose and
sodium stearyl fumarate (SSG), were provided by PR&ma. Rest of the excipients was
bought from the chemical suppliers in Germany.

3.4 Reference standard substances

The reference standard substances were purchasadHhe local suppliers in Germany. The
list of all the reference standards used for theeestudy is given in Table 3-5.

Table 3-5. Chemical references substances (CRS) dder quantification

Reference Synonyn (IUPAC) Mol. formula Purity Mol. Wt./ Supplier/

compound [%0] # Batch Country

Nicotine hydrogen | (-)-1-Methyl-2-(3-pyridyl) CioH14No. 100 462.41/ # Sigma

tartrate pyrrolidine 2C4HgOs 098K0676 | Aldrich,

Germany

Dimenhydrinate | (2-Benzhydryloxyethyl) C17H21NO. 99.0 469.96/ Sigma
dimethylammonium-8-chlor-| C;H,CIN,O; #0907 Aldrich,
1,3- dimethyl-3,7- Germany
dihydropurin-2,6-dione

Caffeine 1,3,7-trimethyl-1H-purine- | CgHioN4O; 99.6 194.19/ Sigma
2,6 (3H,7H)-dione 3,7- # 1395937 Aldrich,
dihydro-1,3,7-trimethyl-1H- Germany
purine-2,6-dione

For the purpose of quantification and analysisotme tartrate salt was used due to its high
solubility and stability characteristics comparedits alkaloid counterpart which is a weak
base. Similar is the case of Dimenhydrinate, whgla salt of diphenhydramine and 8-

Chlorotheophilline. The quantification was done taking into consideration of both the

peaks obtained in the chromatogram.
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3.5

The analytical instruments and the other consursaled for the analysis, preparation and

Analytical instruments and laboratory supplies

transfer of sample and standard solutions arallistd able 3-6 - Table 3-9.

Table 3-6.

Analytical instruments for the analysisand quantification

Analytical Instrument / Type (system)

Purpose

Prower / Country

Degasser / series 200 Vacuum degasser

HPLC analysis

Perkin Elmer / Germany

Pump / series 200 pump

HPLC analysis

Perkin Elmer / Germany

Auto sampler / series 200

HPLC analysis

Perkin Elmer / Germany

Diode array/UV-Detector-series 200/785A

HPLC analys

Perkin Elmer / Germany

PC for device control / series Dell Optiplex
GX110/ GXa

HPLC analysis

Dell Computers / Germany

Chromatographic data system TurboChrom
version 6.1.2.0.1: D19

HPLC analysis

Perkin Elmer / Germany

Interface / Series 900

HPLC analysis

Perkin Elmer / Germany

Column oven / Series 200

HPLC analysis

Perkin Elmer / Germany

Column oven / series Jet stream 2 Plus

HPLC amsalysi

Jasco, Germany

Waters Alliance HPLC system

HPLC analysis

Waters Corporation, United
States

Empower Software

For analysis HPLC data

Waters Corporation, United
States

Certified volumetric pipettes

Preparation of sample an
standard solutions

jBrand, Hirschmann, Germany

Certified volumetric flasks

Preparation of sample an
standard solutions

jBrand, Hirschmann, Germany

Analytical balance/ AX205DR/M

Preparation of standard a
sample solutions

1fVQI/IettIer Toledo, Germany

Analytical balance/ CP34001S-OCE

Preparation of dissolution
medium

Sartorius AG, Germany

Ultrasonic Sonorex Digital 10 P

Preparation of standard
solutions

Bandelin AG, Germany

Acrodisc LC-13mm PVDF filters

Filtration of placebo

Pall AG, Germany

sample solutions
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Table 3-7.

Equipment for the preparation of the medh for the solubility determination

Analytical Instrument/Type

Use

Provider

Balance AC211S

Preparation of media

Sartorius, Germany

Analytical balance AX205 Delta
Range

Preparation of reference standard
solution and samples

Mettler Toledo, Germany

pH meter Multi-Seven

pH-measurement

Mettler Toledo, Germany

Magnetic stirrer MR3001K

Preparation of media and mobile ph{

Heidolph, Germany

Mechanical shaker

Preparation of sample solution

Edmund Biihler, Germany

Screwcap vials (25 mL)

Preparation of sample solution

VWR, Germany

Rotanta RP 4300

Centrifugation of sample solution

Hettich, Germany

Filters (13 mm, 25 mm PVDF
syringe filter)

Filtration of dissolution samples

Whatman, Germany

Table 3-8.

Instruments used for manufacturing and malysis of pre-formulated gum

components and directly compressed chewing gum fourtations

Instrument (Type)

Purpose

Provider

Tablet machine, KO, Single punch

Manufacturing chewing gums by direct

compaction

Korsch, Germany

Tablet punch and Dye EKO,
Rounded-Flat surface, diameter
18 mm (D18)

Compaction of chewing gum mixture
(tableting)

Korsch, Germany

Fourier transform infrared
spectroscopy (FTIR), Perkin Elmer
1720

Analysis

Perkin Elmer Germany

Turbula mixer

Mixing DC powder and other excipientdVilly A Bachofen AG,

Switzerland

“Home Depot” apparatus

Compressing chewing gum tideitions

PHAST GmbH, Germany

Malvern Master Sizer, Hydro 2000

S Measurement diga size

Malvern, Germany

Table 3-9.

Apparatus used for then vitro drug release testing

Apparatus description

Purpose

Manufacturer/Provider, Country

Ph. Eur.8.0, 2.9.25
(apparatus A)

Drug release testing

Heide Hansen Maskinfabrik, Horsen
Denmark

Ph. Eur. 8.0, 2.9.25
(apparatus B)

Drug release testing

AB FIA / Erweka,
Sweden, Germany

USP 38/NF 33apparatus 2 (paddle) with

sinkers (DT 6)

Dissolution/drug release
testing

Erweka, Germany
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4 METHODS

4.1  Scientific rationale for in vitro drug release determination

In vitro dissolution/drug release testing for the pharmacaudosage forms has become a
vital tool to test the quality of most of the drpgpducts. Numerous literatures have already
been published (Azarmet al.2007, Gajendragret al.2008, Gajendrgret al.2012, Moéller et

al. 1999, Morjaria et al. 2004, Shahet al. 2006, Siewertet al. 2003) to describe the
importance of dissolution drug release testingtlierpharmaceutical dosage forms. However,
owing to the multitude of new products and techgw@s incorporated, performance testing
has always become a challenge to set specificator@oduct quality. Such novel products
demand a special apparatus to test the performawagg to their design and /or release
mechanism.

As far as the chewing gums are concerned, the UBRF333 contains a monograph for
nicotine polacrilex gums which however does noluide a release test. Recently, much effort
has been spent describing timevitro release kinetics of special dosage forms, inclydin
medicated chewing gums (Mdllezt al. 1999, Siewertet al.2003, Yang et al.2004). Due to
the complexity of the release mechanisms involveelsearchers proposed minimal
requirements for experimental settings with respecthe site of release and absorption. The
performance tests, however, must be able to détecinfluence of critical manufacturing
variables, discriminate between different degrdgga@duct performance, and to some extent,
describe the biopharmaceutical quality of finisipedducts.

Besides the product quality tests, drug releads tas provide useful information about the
characteristics of the product itself, which inasdout is not limited to the influence of the
composition of the gum and other excipients on drlgase, a main tool required primarily
during product screening and development, and teesextent the product performanice
Vivo.
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4.2  Current status of drug release/dissolution testingpparatus

The current status of all the dissolution testipgaatus described in the USP and Ph. Eur.
are given below in Table 4-1 and Table 4-2. Sominefapparatus designs have already been
harmonized in the ICH guidelines. The USP still gloet include the chewing apparatus for
the performance testing; however, it contains moaoigs for the nicotine polacrilex gums
and resins. Product quality tests like assay, ileate part of the compendial requirements
and appear as monographs. In case of Ph. Eur. thethpparatuses described earlier appear
as monographs in chapter 2.9.25 and the generdélqnes to perform the dissolution/drug
release testing has been described. No producifispmonographs for MCGs appear in the
USP 38/NF 33 and Ph.Eur. 8.0.

Table 4-1. List of compendial apparatus describechithe Ph. Eur. 8.0

Dosage forn Apparatus for dissolution/ drug release testin

Solid dosage forms Apparatus 1 (Basket)

Apparatus 2 (Paddle)

Apparatus 3 (Reciprocating cylinder)
Apparatus 4 (Flow-through cell)

Transdermal patches Disk assembly method

Cell method

Rotating cylinder method
Special dosage forms Chewing apparatus A (Ch. 2.9.25)
(chewing gums, suppositories, granulates) Chewing apparatus B (Ch. 2.9.25)

Apparatus 4 (Flow-through cell)

Table 4-2. List of compendial apparatus in the USB8-NF 33

Name Type of dosage forn Operating principle
Apparatus 1 (Basket) Tablets, capsules etc rota@sget / stirring
Apparatus 2 (Paddle) 2 Tablets, suspensions rgtpaddle / stirring
Apparatus 3 (Reciprocating Special solid dosage forms- reciprocation
cylinder) chewables, swellable & modified
release
Apparatus 4 (Flow-through cell) | Solids, beads, suspensions, continuous solvent flow
implants, powders, granules &
creams
Apparatus 5 (Paddle over disk) Transdermal patches rotating stirrer
Apparatus 6 (Rotating cylinder) Transdermal patches rotating cylinder
Apparatus 7 (Reciprocating holder TransdermalhEsttsolids reciprocation
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4.3  Apparatus for release testing of MCGs

Many apparatus designs have been proposed tohtesekease of actives from the MCGs.
Notable designs include simulated masticatory mear@mto chew the gums (Christrugi al.
1986, Kvist et al. 1999).

The USP 38-NF 33 and the Ph. Eur. 8.0 contain mapbg for the dissolution/ drug release
testing apparatus which is generally applicablemést of the dosage forms with a minor or no
modifications. For the development of new dissolutdrug release methods for MCGs, a
better approach would be to test the feasibility tbe existing apparatus in the
pharmacopoeias. Even for medicated gums, a teshochetvas developed to utilize the
existing USP paddle apparatus (apparatus 2) togetitle the sinker and evaluated for its
suitability for the release testing. Owing to th&edent geometry of the marketed MCGs,
prior modification of the gums was required to pdeva uniform surface area during the
dissolution/drug release testing. The construcéiad description of the apparatus used are
discussed in the following sections.

4.3.1 Non-compendial method: “Home Depot”

The objective was to develop an apparatus by witiehexisting chewing gum products can
be transformed to a uniform shape and size. The goalucts with a larger surface area will
facilitate better interaction between the drug asée medium and the product, thereby
enhancing the release of active(s) from the surfabte initial concept was to use existing
compendial USP apparatus to test the performanteowti a need for a new apparatus.
Methods described under the general chapter dismoldesting were used with minor

modification in the apparatus setup. The modifaagi allow the dissolution testing of

medicated gum products. The apparatus can be shglbgsemployed as a means of

measuring and evaluating the safety/fate duringdaatal swallowing of the drug product.

4.3.1.1 Construction

The construction of “Home Depot” apparatus is shawRigure 4-1. The design is primarily
based on the existing wood’s apparatus intendedh®rintrinsic dissolution testing (USP
2015). The apparatus consists of a flat surfacettipua base plate and a chamber. The
mounted and the un-mounted form of the apparatasshown in. The apparatus can be
operated additionally with a table top press to mss the gums with a suitable
predetermined force read directly from a calibrajadge in the press.
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(a) (b)
Figure 4-1. “Home depot” apparatus developed by Phst for compression of chewing gums

(@). Schematic representation of the Home depot adesfhowing a modified form of the intrinsic
dissolution testing apparatus (“Home Depot”) withpainch and dye style to compress chewing gums
to a uniform shape and thickness. Figure showdahecated home depot method in mounted (above)
and un-mounted (below) position. Components, 1y&bjit piston (to compress gums), 2) Punch (fits
into dye chamber to press gums, 3) Dye chambeetffteg with base plate (4) holds the chewing gum
to be compressed), 4) Base support Plate (moustisgem).

4.3.2 Compendial apparatus

The apparatus for the vitro drug release testing of MCGs has been incorporatéae Ph.
Eur. in the year 2000. However, the apparatus desigs not completely standardized. In
2008, an alternative chewing apparatus was deskciibthe supplementary edition of the Ph.
Eur., “Pharmeuropa” (Pharmeuropa 2008). Both tlmaegius described below had attained a
compendial status as of 2014 and the USP is owé#yeto investigate the suitability of the
apparatus to be included in the future.

4.3.2.1 Apparatus A. Chewing gum apparatus, compendial-Rh. Eur.

The chewing apparatus for medicated chewing gums adopted by Ph. Eur. in 2000
(Ph.Eur. 2000). The construction of the apparadushpwn in the Figure 4-2. The chewing
apparatus comprises a chewing chamber, two hoat@mtons, and a third vertical piston
(tongue). The vertical piston operates alternagiveith the two horizontal pistons and

ensures the gum stays in the right place betweesticadon. If necessary, it is feasible to
construct the machine so that at the end of thev¢he horizontal pistons rotate around their
own axes in opposite directions to each other t@minbmaximum chewing. The working

procedure of this chewing apparatus is describeBhnEur. (Ph.Eur. 2014). However, the
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drug release data generated from the Ph. Eur. aisaf is not widely available or published
elsewhere in public domains (Gajendranal.2014).

SECTION GG

+112

3

A HORIONAO! Dess0n C. Crowng cromber E. vetioo peton

Teraperature sensors

Vertical Piston

Chewing Charaber

Horizontal Pistors

(b)
Figure 4-2.  Apparatus A for the drug release testig of medicated chewing gums

a) Schematic representation of apparatus A with ticeeptable dimensions of the parts of the
apparatus, b) Construction of apparatus B with 6doides of chewing chamber with the temperature
probes running in each chamber
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4.3.2.2 Apparatus B. Chewing gum apparatus, compendial-Rh. Eur

One of the other compendial apparatus commercailable was designed by Wennergren
(Kvist, et al. 1999, Kvist et al. 2000). The schematic representation of the Wemneerg
chewing apparatus is shown in the following Figd¥8. The chewing procedure consists of
reciprocations of the lower surface in combinatiath a shearing (twisting) movement of the
upper surface that provides mastication of the amgwum and at the same time adequate
agitation of the test medium. The upper jaw hdatsstirface that is parallel to the central part
of the lower surface. The small brim of the lowarface is angled upwards (45 degrees) so
that the lower surface functions as a small bowhwi flat bottom (Figure 4-4). This bowl
prevents the chewing gum from sliding during masiomn. Investigations on the performance
of the chewing apparatus with multiple drug prodweere published by the authors (Kyist

al. 2000). The influence of different operational paeters of the chewing gum apparatus on
drug release have also been carefully investiggtest, et al.2000).

— 1L 1
. Tevolving device for the

827; upper chewing surface

/|

& stand

< thermostated test chamber
/

D

upper axle
/—‘ upper chewing surface

—1 F

lower chewing surface
Device for axial up and
down chewing motion

— . 11— G

| ———Hif

L b o N I g |
(a) (b)
Figure 4-3.  Apparatus B for the drug release testig of medicated chewing gums

a) Schematic representation of the apparatus Brdeest in the Ph. Eur. and in the Pharmeuropa.

Green arrows with numbers indicate the operatioseduence of the apparatus. b) Construction of
single module of chewing apparatus in a mountedipas Picture shows the glass test chamber with
the inlet and outlet for pre-tempered water flow.
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(a) (b)
Figure 4-4. Un-mounted parts of the chewing apparais
a) Figure showing the upper and the lower (angleanp chewing jaw. b) Mounted position of the
chewing jaws in the apparatus. Position represetsial chewing distance set between the chewing

jaws for the drug release testing. c) Visual repraation of the chewing gum placed between the
nylon nets positioned between the chewing jawgédhe start of the chewing procedure.

Both the apparatus described have been investigaed reported (Kvistet al. 1999,
Pharmeuropa 2008). The results show that theseratppacan provide strong mechanical
forces that influence drug release and can proveeta useful tool for drug release testing of
MCGs both in quality control as well as in proddevelopment. To some extent, relevance to
in vivo behavior has been demonstrated using both theatppaKvist et al. 1999, Rider et

al. 1992).
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4.4  Preparation of buffer solutions

The buffer solutions described herein are usedtHer extraction of APl from the gum
formulations and for the solubility investigatiorie buffers solutions listed are either part
of the compendia described in the Ph. Eur., andJ®E (USP 2015) or developed separately
in order to provide better characterization of brepharmaceutical quality of the product. The
composition of all the buffer solutions used foe ttudy is given in the Table 4-3 — Table
4-6.

Table 4-3. Composition of compendial (USP/Ph.Eur)uffer solutions

Index / Name Compositior/ preparation

0.01M HCI 98 mL HCI 32 % ad 10 L purified water

18.0 g Sodium Acetate and 16.8 g glacial acetid adi10 L purified

0.05M Acetate buffer pH 4.5 water, pH adjusted with glacial acetic acid

Phosphate buffer pH 5.5 68.1 g KHPO, and 1.4 g NaOH ad 10 L purified water, pH adjustét

HsPO, 85 %
Phosphate buffer pH 6.8 68.1 g KHPO, and 9.0 g NaOH ad 10 L purified water, pH adjustét
1N NaOH
68.1 g KHPO, and 15.6 g NaOH ad 10 L purified water, pH adjste
Phosphate buffer pH 7.4 with 1N NaOH
Table 4-4. Composition of extraction buffer solutims
Index / Name Compositior/ preparation

0.04M Phosphate buffer pH 2.5

. . . 0
(extraction solution) 3.4 g KHPQ, ad 1000 mL purified water, pH adjusted witkPiey, 85 %

0.02M Phosphate buffer pH 4.4 2.72 g 4R@, ad 1000 mL purified water, pH adjusted with 1N MO

Table 4-5. Composition of the simulated saliva pH.g
Substance Quantity mM/L
KH,PO, 12

NaCl 40

CaCl 1.5

NaOH (1N) to pH 6.2

The dissolution medium was prepared using the spamding quantities listed in the table.
The simulated saliva was filtered using the 0.453ath membrane filters prior to drug release
testing/preparation of the standard solutions.
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Table 4-6. Composition of dissolution media for sability investigations

Medium Composition Quantity
Simulated gastric fluid pH 1.2, SGFsp (USP 38) BZPo 70 mL
NaCl 20.0¢g
purified water adjusted to 10.0L
0.05 M Phosphate buffer solution, pH 4.5 Ry 68.05 g
purified water adjust to 10.0L
0.05 M Phosphate buffer solution, pH 5.8 2RI, 68.05 g
NaOH l44¢g
purified water adjust to 10.0L
0.05 M Phosphate buffer solution, pH 6.8 2RI, 68.05 g
NaOH 8.96 g
purified water to 10.0L
0.05 M Phosphate buffer solution, pH 7.4 2RI, 68.05 g
NaOH 15.64 ¢
purified water to 10.0L
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4.5  Method of pharmaceutical analysis for gum formulatons

Prior to the feasibility study, analytical methoglere developed and validated to quantify the
API in the chewing gum formulations. The developggthods were generally used for one or
more of the following;

= assay and content uniformity testing
= quantitation of active (s) contained in chew-outlgtsamples
= in vitro drug release and stability testing

4.5.1 Nicotine based chewing gum formulations

The quantification of nicotine released from theewing gums was performed using the
HPLC-UV technique. The methods described below waenarily used either for the
guantification duringn vitro drug release testing (method A and B) and coniaiformity/
assay testing purposes (method C). Additionallytho A is useful for determining nicotine
concentration from the flavored (mint) gum formidas. In most of the situations, the
flavored components are released along with theivesct and separation of the
chromatographic peaks is important to quantifyrile®tine without any interferences.

4.5.1.1 Method A for in vitro release samples

Stationary phase: Xterra RP 18, 150 x 4.6 mm, 5 um

Mobile phase: Methanol/0.04M KRO, buffer pH 6.5, 2/98 (V/V)
Flow rate: 1.2 mL/ min

Column temp: 30°C

Sample temp.: ambient (approx. 25 °C)

Injection vol.: 50 pL

Detection: UV, 260 nm

Run time: 5 min

Ret. time Nicotine: approx. 4.0 min

4.5.1.2 Method B alternative method forin vitro release samples

Stationary phase: XBridge RP 18, 150 x 3.9 mm43rb

Mobile phase: Methanol / 0.04M KROy, buffer pH 6.5, 15/85 (V/V)
Flow rate: 1.0 mL/min

Column temp.: 30°C

Sample temp.: ambient (approx. 25 °C)

Injection vol.: 20 pL

Detection: UV, 260 nm

Run time: 5 min

Ret. time Nicotine: approx. 2.1 min
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4.5.1.3 Method C for content uniformity / assay testing

Stationary phase: Xterra RP 18, 150 x 3.9 mm, 5 ym

Mobile phase: Acetonitrile / 0.04M KIRO, buffer pH 4.5, 2/98 (V/V)
Flow rate: 1.0 mL/min

Column temp.: 30 °C

Sample temp.: ambient (~25 °C)

Injection vol.: 20 pL

Detection: UV, 260 nm

Run time: 5 min

Ret. time Nicotine: approx. 2.1 min

4.5.2 Dimenhydrinate based chewing gum formulations

The analysis of drug concentration of dimenhydenat8-chlorotheophylline and
diphenhydramine in different buffer solutions wasred out sequentially according to the
method described in section 4.5.2.1.

4.5.2.1 Method for in vitro drug release, assay and solubility investigations

Stationary phase: Lichrospher 60 RP-Select B,x12%nm, 5 um
Mobile phase: Methanol/KiPO, buffer pH 2.6, 33/67 (v/v)
Flow rate: 1.0 mL/min

Column temp.: 25°C

Sample temp.: Ambient (approx. 25 °C)

Injection volume: 20 pL

Detection: UV, 220 nm

Run time: 20 min

Ret. time 8-Chlorotheophylline: approx. 4.3 min

Ret. time Diphenhydramine: approx. 15.5 min

4.5.3 Caffeine based chewing gum formulations

The quantification of caffeine present in thevitro release samples was carried out according
to the method described in section 4.5.3.1.

4.5.3.1 Method for in vitro release samples

Stationary phase: Symmetry C18, 75 x 4.6 mm, 3.5100°A
Mobile phase: Acetonitrile/water (10/90, v/v)

Flow rate: 1.0 mL/min

Column temp.: 35°C

Sample temp.: Ambient (approx. 25 °C)

Injection vol.: 10 pL

Detection: UV, 244 nm

Run time: 6 min

Ret. time caffeine: approx. 3 min
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4.6  Stability testing procedure

The stability testing o vitro release samples from the nicotine containing gurmdilations
were additionally performed. The purpose was tauenshe stability of the samples during
transport from one site to the other prior to tHeLiE analysis. The initiah vitro feasibility
study was performed at two different laborator@sated in Germany and Denmark, owing to
the availability of the two apparatus at the resipecsites. Then vitro release samples
simulated in Denmark was frozen to -5.0 °C anddpanted to Germany for further analysis.
The stability was tested on samples generated fidacutinell and Nicorette 2 mg dosage
strengths and stored at -5.0 °C and on lab tabl¢héoperiod of 15 days and investigated at
regular intervals. The analysis was performed uiegnethod established earlier.

4.7  Method of solubility investigations

The solubility of nicotine and caffeine is alrea@yported in the literature (Caudlet al.2001,
Jessenet al. 2003, Potardet al. 1999). Nicotine salt is considered to be highliubte and
caffeine exhibits pH independent solubility behaviwith an aqueous solubility of
21.74 mg/mL measured at room temperature. The &igtesage strength available for
nicotine and caffeine chewing gum is 4 mg and 40respectively. Based on the solubility
data given, the drug release testing volume of 40isnsufficient to maintain the sink
conditions for both the API's. However, the dimedhgate is a poorly soluble substance and
the salt form enhances its solubility charactersstDue to these reasons, the solubility of
dimenhydrinate in various buffer solutions was stigated. Since the volume of buffer
solution used in the chewing apparatus for reldasting is limited to 40 mL, it was
necessary to evaluate whether the given volume dvbelsufficient to dissolve the highest
dosage strength (20 mg) and to ensure the dissoldtdrug release is not limited by the
API's solubility characteristics. For this purpos8) mg of each of dimenhydrinate,
diphenhydramine hydrochloride and 8-chlorotheophgll were accurately weighed in
duplicate in a screw-cap vial and suspended usihgnR buffer solution of different pH
values covering the complete physiological ranggchEsuspension was shaken (400 angular
rotations/min) over 24 h at room temperature. Winensediment at the bottom of the screw-
cap vial was observed, aliquots of the samples warefully withdrawn and subjected to
centrifugation at 4200 rpm for 10 min at 22°C. Thbka samples were suitably diluted with
the respective buffer solutions to bring the comion theoretically equivalent to 100 % of
the standard solution.

The drug concentration in the clear supernatant determined using HPLC method
described earlier in the section 4.5.2. If the cletgpamount of drug was dissolved, the
solubility of the drug was assumed to be highentthee concentration corresponding to the
amount dissolved. Theoretically, the solubility 35 0ng/mL was predicted sufficient to
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conclude that the solubility would not be the ratating step during the drug release testing
of MCGs containing 20 mg of dimenhydrinate in 40 oflthe dissolution medium.

4.8  Assay and content uniformity testing

An assay method to determine the amount of nicgresent in the chewing gum has already
been described in the USP. The method involve®tisehexane to disperse and dissolve the
gum matrix, followed by phase separation and aiglg$ nicotine present in the organic

phase. The procedure was found to be more complgxeproducibility of the results had to

be scrutinized. Furthermore, unlike other gum fdatians, the nicotine present in the gum
formulation is bound to ion exchange resin. Theasé of nicotine is usually an ion exchange
process or otherwise the resin particles have talibgolved to release the nicotine ions.
Besides, the described HPLC method in the USP we¢oion exchange chromatography,
where the surface properties of the column is chdngsing the modifiers which render the
column unusable for normal chromatographic appbcat Due to the disadvantages
associated with the compendial procedure, a sepanathodology to extract the available

nicotine in the gum formulation was developed andrgified using the developed HPLC

method described in section 4.5.1.

4.8.1 Single step liquid-liquid extraction

A single step liquid-liquid extraction (LLE) was\doped in house to quantify nicotine. The
method involves dispersing and dissolving the guatrmin a suitable organic phase. Later,
the undissolved nicotine resinates from the orgg@hase was extracted using an aqueous
buffer solution. The method was found to be acddptand reproducible. The advantage of
this method is that it could be performed well IQ& laboratory, and the method can be
extended not only to test the content uniformity dlso to quantify the nicotine present in the
cud (remaining) gums obtained during thesivochew out studies.

4.8.1.1 Methodology

10 pieces of nicotine containing chewing gums frdra same batch were individually

weighed. Each gum was cut into small pieces antl taasferred separately to 40 mL glass
stoppered conical flasks. To this, 10.0 mL of n-tdep was added and sonicated for 20 min
at a temperature below 30 °C. The samples wereedam room temperature and 20 mL
extraction buffer solution (0.02 M phosphate bufbét 4.4) was pipetted into the samples
dissolved in n-Heptane solution. The sample sahstivere shaken mechanically for 5 min
and stirred vigorously for 30 min. After stirrinthe sample solutions were kept aside without
disturbing until the phases separated. From this)L50f the aqueous phase was carefully
pipetted without disturbing the insoluble composeand filtered using 0.45 um Acrodisc

LC-13 mm PVDF membrane filters. The first 2 mL ogetfiltrate was discarded prior to

filling of the HPLC vials. The samples were anatyze duplicate. The results were reported
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as the mean and individual recovery from 10 piemkeshewing gum calculated using an
external standard calibration method. In orderuanify the amount of nicotine present in
the samples, an external standard calibration cwae constructed using five different
concentrations of nicotine hydrogen tartrate sotuti

4.9 Invitro drug release testing

4.9.1 Non-compendial method: “Home Depot”

Thein vitro drug release studies from the chewing gum forrnauatwere initially performed
using the compendial apparatus described in thendwpeias. The goal was to investigate
the release using conventional/compendial methatfer than using a specialized apparatus.
Additionally, the test would serve as a tool taabksh the safety of the dosage form during
accidental swallowing of the dosage form.

4.9.1.1 Test methodology

Nicotine based gum samples (Nicotinell and Nic&)ettf 2 mg dosage strength were chosen
for the study. The geometry of the gum formulatigmailti-source) is different from each
other. Since the hydrodynamics of the medium inwéssel has no significant role in the
disintegration of the dosage form, it is assumed the drug release can only be influenced
by the diffusion of the active in the gum matrixeafwetting and permeation of the drug
release medium. In order to better evaluate differeest products under similar test
conditions, the gum formulations were subjecte@ tpecific force of 5 KN for 10 s in the
“home-depot” apparatus. By this way, the chewingnguof different geometries were
transformed to uniform shape and size. The surtmea of the gum formulations after
transformation was approximately 11.39°cifihe surface modified gums and the dissolution
testing is shown in Figure 4-5 and Figure 4-6.

The parameters ah vitro drug release methodology are given in sectionl4l9. The
chewing gums of uniform surface area were placesidén the sinker and the test was
performed like a conventional dissolution. Sample=e withdrawn at suitable intervals,
filtered and analyzed using a previously validat&d C-UV method.
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4.9.1.1.1 Method parameters

Apparatus: USP Paddle <2>

Medium: Simulated saliva pH 6.2

Volume [mL]: 250

Temperature [°C]: 37+ 0.5

Rotation [rpm]: 75

Sinker: Stainless steel closed

Filtration: 0.45 pm PVDF filter

Vol. replacement: Yes (with freshly prepared megdium

Figure 4-5.  Chewing gums of uniform surface area &ér pressed with “Home Depot” method

Upper row representing Nicotinell 2 mg mint anddwelis the Nicorette 2mg freshmint. Average
surface area exposed to the drug release mediappigox. 11.39 cf

Figure 4-6.  Conventional dissolution tests with MCG

Picture showing the dissolution testing of nicotibased chewing gums using the USP paddle
apparatus with n=3 units for two different chewigigms containing nicotine as active pharmaceutical
excipient. The gums are placed in the sinker bafdreducing them into the test vessel.
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4.9.2 Chewing apparatus: Compendial

In order to evaluate the suitability of the reletessting apparatus, a feasibility study plan was
developed and implemented. The apparatus paranetpested to have strong influence on
the drug release characteristics from the chewiagnidlations were identified and
combination of these parameters was considereth@éostudy design. The initial study was
performed using the multisource nicotine based petedusing both the apparatus described
in the Ph. Eur. and further testing was done u8imgaratus B.

4.9.2.1 General method parameters for release testing

Apparatus: Medicated gum apparatus (Apparatusd?Bgn
Number of units: one piece of gum

Dissolution medium: artificial saliva pH 6.2

Volume of buffer: 40 mL

Temperature: 37°Cx05°C

Sampling time: 2,5, 10, 15, 20, 30, 45 and 60 min

Sampling vol.: 3 mL (discard first 1 mL)

Filtration: 0.45 pm Acrodisc LC-13 mm PVDF membedilter

The study design adopted for the feasibility stisdgiven in the following tables. The vitro
drug release testing was performed on nicotineasoiny chewing gums according to the
apparatus parameters given in Table 4-7 - Table 4-8

Table 4-7. Operational settings for apparatus A

Setug Distance betweerhorizontal pistons Chewing frequency | Distancefrom vertical piston to
[mm] at its closest position within the | [strokes/min] bottom [mm] of chewing
chewing chamber chamber

1 0.3 40 3

2 0.3 60 3

3 0.5 40 3

4 0.5 60 3

5 0.5 40 6

6 0.5 60 6

7 0.7 40 3

8 0.7 60 3

It is generally assumed that the apparatus A apdrafus B variables given in the Table 4-7
and Table 4-8 might have an influence on the relessthe active(s) from chewing gum
formulations.
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Table 4-8. Operational settings for apparatus B

Setug Distance between upper and lower chewin | Chewing frequency Twisting angle of
jaw at its closest position [mm] [strokes/min] jaws [°]
1 14 40 20
2 1.4 60 40
3 14 40 20
4 1.4 60 40
5 1.6 40 20
6 1.6 60 40
7 1.6 40 20
8 1.6 60 40
9 1.8 40 20
10 1.8 60 40
11 1.8 40 20
12 1.8 60 40

4.9.2.2 Operational parameters of apparatus A

Vertical chewing distance

The vertical chewing distance defines the distanu®) between the vertical chewing piston
and the surface of the chewing chamber at its stgsesition during mastication (2 distances
were selected, 3 mm and 6 mm). The smallest anduledistance adjustment is 3 mm.
Theoretically the smaller the chewing distancegdarwill be the force exerted on the gum
surface resulting in a larger surface area. This emable more interaction of the medium
with the chewing gum matrix, subsequently more dalgase into the medium.

Horizontal chewing distance

The vertical chewing distance defines the distgna®) between the two horizontal pistons
within the chewing chamber at their closest positduring mastication (3 distances have
been selected, 0.3mm, 0.5 mm and 0.7 mm). The lWefstance is 0.5 mm. Additionally,
two other values representing lowest and highessipte distances were chosen to study their
influence. Like the vertical chewing distance, therizontal chewing distance was also
assumed to change the surface of the gum formalatipacting drug release.

The combination of these factors together with ¢thewing frequency, which is directly
proportional to the drug release rate, was invast) to understand the importance of these
factors in the development wf vitro drug release methodology.
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4.9.2.3 Operational parameters of apparatus B

The major apparatus B variables that might havenfinence on the release of active(s)
include;

Chewing distance

The chewing distance defines the distance betwkenchewing jaws during mastication
within the chewing chamber. The default chewindahise is 1.6 mm. Chewing distances of
1.4 mm and 1.6 mm were also chosen for evaluatios.expected that a chewing distance
reduction in chewing distance increases the sudaea and drug release as well.

Twisting angle

Another parameter which is not a characteristi@mbaratus A is the twisting angle. The
twisting angle defines the preset angle to whiah tipper chewing jaw can twist during
mastication such that the surface area of a cheguimg can be renewed for drug release. In
case of apparatus B, the expansion of the gumcaugad its renewal proceed concomitantly
during each stroke. The default twisting angle Gs°2Additionally, 40° twisting angle was
included in the study to evaluate the influencelary release.

It is generally assumed that the combination of lem&hewing distance, larger twisting
angle and higher chewing frequency accelerate ¢lease of active(s) present in the gum
formulations. The data generated from the drugassldests were later statistically treated to
evaluate the significant factors that might infloerthe release characteristics of the APl from
the gum matrix.
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4.10 Chew-out study

The purpose of the chew out study in general wasbtain/extract information about the
vivo dissolution behavior and to assess the productcteistics. For most dosage forms, it
is not possible to estimate thevivo dissolution behavior directly and complex mathecat
treatments are necessary to interpret the dataneldt&om the plasma concentration time or
urinary excretion data. Depending on the pharmamstki and —dynamic nature of the dosage
forms, reliability of the extracted data has todoeutinized. On the other hand, medicated
chewing gums present a different strategy, wheeeditsage form is still accessible at any
time directly even after the administration in @l cavity. The illustration of the chew-out
process compared to the classical bioavailabifiggraach is shown in the figure below.

i kr kr
Cg?mgg = oral cavity | em=d | G| Tract |e=p feces

mastication
/ ka ka
blood

spit-out residual ﬂ ke
content \
l urinary | _J| Classical BA/BE
excretion l

kr directly accessible

kr derived [e.Q., ka, ke]

Figure 4-7. Schematic representation of than vivo chew out model vs. the classical BA model

K:: release rate constant,Kelimination rate constant, Kabsorption rate constant
(Taken from Gajendran et. al. 2012)

As shown in the Figure 4-7, the drug product cardibectly removed and analyzed for the
amount of drug remaining which is a direct indicadd the performancén vivo. For this
study purpose, trained volunteers chewed a nicdieed gum product of 2 mg dosage
strength for a specific period of time. The chewe naas controlled using a metronome set to
40 acoustic signals per minute. After a specifiewlout time, the cud (remaining) gum was
removed from the oral cavity and was frozen to “GB0I'he frozen gum piece was then finely
ground using a mortar and pestle. Quantificationcpdure described in the assay/content
method was used to determine the nicotine content.
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4.11 Formulation of nicotine chewing gums by direct compession technique

The main objective of formulating a new chewing gisnto explore the possibilities of
utilizing the manufacturing technologies currerdlyailable. In case of medicated chewing
gums, the conventional methods of manufacturingoissidered to be a complex procedure
involving a number of techniques not just limitexd rhelting, blending, hot melt extrusion,
drying and packaging. Due to presence of moderateidity in the final product, the shelf
life of the product has to be carefully evaluatéattdelimits the use of conventional
techniques to incorporate many pharmaceuticalliy@astubstances (APISs) in chewing gums.

Recently, manufacturing MCGs using a conventioahbletting technique was explored. The
gumbases are available as a dry powdered mixtunhich an APl and other excipients can
be directly mixed and compressed to a gum prodabtet) of suitable size and shape.

The techniques of manufacturing and optimizing pheduct release behavior have not yet
been completely investigated and explored. Varimsearch activities are on the way to
extend this platform for a more efficient and eamieal drug delivery (Conway 2003,
Morjaria, et al. 2004). Our primary objective was to develop a ti@ based chewing gum
formulation by a direct compression technique amdnivestigate the influence of various
factors that might have an influence on the peréoroe of the product.

In this study, techniques to characterize the ramtenmls, excipients and to optimize a
product with desired release characteristics haem linvestigated. The nicotine release from
resinate was optimized using the design of experisnéDoE) and was finally incorporated

into the gumbase. The optimized nicotine contaigag product may exhibit its usefulness
in the qualification of the existing vitro drug release testing apparatus.

For the described objective, a literature search miially performed to explore the attempts
by investigators to develop chewing gum formuladising a direct compression technique
(Conway 2003, Fertin-Pharma 2003, Fritz 2003, Jessteal. 2003, Lingstroemet al. 2005,
Madhay et al. 2009, Maggi et al. 2005, Morjaria et al. 2004, Noehr-Jensert al. 2006,
Ochoa et al.2008, SPIPharma, Woodfqret al. 1981, Yanget al.2004, Yoshii et al.2007).
There were only few literatures published on tbgid. In one single study, the authors have
attempted to manufacture gums by incorporating tiedtine polacrilex into the pre-
formulated gumbase which is commercially availahorijaria, et al. 2004). The product
performance and texture analysis of the gum waduated against the commercially
available products. The results have indicated thatrelease of the highly water soluble
nicotine in the gum product was rapid and reach@® »f label claim within 10 min of
mastication (Figure 4-8).
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Figure 4-8. Release of nicotine from a commerciallgvailable gum and a directly compressed
chewing gum formulation

Taken from Conway 2003

This is a most common scenario with a highly wakuble drug in a lipophilic gumbase.
Studies have already shown that the part of theveds) released in the salivary fluid is
swallowed and partially absorbed which in most sasetabolized by the gastro-intestinal
(Gl) and hepatic enzymes, resulting in a poor kadataility.

One of the aims is to control the release of niefrom the gum formulation and to optimize
its release characteristics to a desired value tiisr various excipients have been carefully
considered during the formulation design.

The purpose of excipients in the formulation isigh any of the following objectives;
» controlled release of the active ingredient from glum formulations
* aid wet granulation to increase the processalgilibyvability, compaction etc.)
» coating of the active and or the granulate itself
» optimize the sensitivity of the formulation to tbetical operational parameters of
the drug release testing instrument.

4.11.1 lon exchange resin for loading nicotine

Nicotine is a naturally occurring alkaloid and istracted mostly from tobacco plants.
Nicotine as an alkaloid is extremely volatile antsuitable to be used as an active ingredient
in the solid dosage forms. Alternatively, nicotigalts available as nicotine bitartrate or
nicotine hydrogen tartrate is readily water soludoid stable, suitable for oral administration.
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Since the aqueous solubility of nicotine is rapmtorporation of nicotine salt in chewing
gums results in rapid release within minutes ofwghg. It is shown Figure 4-9 that the
release of nicotine salt was rapid and indepenakttite formulation variables.
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Figure 4-9. Release of nicotine from directly commssed chewing gum formulation

In vitro drug release data generated from Ph.Eyparatus B, using 40 mL of artificial saliva pH 6.2
maintained at 37 °C with the following apparatusupe chewing distance 1.4mm; twisting angle 20°
and chewing frequency 40 strokes/min.

One of methods to overcome the disadvantages assdcivith highly water soluble
substance exhibiting immediate release is to atillze ion exchange resins (IER). lonizable
drug candidates are ideal for utilizing the IEReTelection of IER should be based on the
ion group necessary for exchange. The method usddatl nicotine and the subsequent
evaluation procedures are discussed in the sectdit2 - 4.11.8 (Atyabiet al. 1996,
Bodamer et al. 1953, Dowex, Halderet al.2006, Hughes 2011, Jeqreg al.2008, Singhet

al. 2007, Sriwongjanyeet al. 1997, 1998).

4.11.2 Preparation of Amberlite IRP64 and IRP 69 resins fo loading

Prior to the loading step, the resin particles weeshed, activated and dried. The washing
and cleaning steps include, initial washing withmédesralized water, followed by washing
with ethanol 95% and 50% in demineralized wateerTtine washing was continued using 1N
HCI, followed by water and 1N NaOH. The activatezbin was finally washed using
demineralized water until the pH of the supernatess neutral. The resin particles were then
dried in the hot air oven maintained at 60 °C f2h.1
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4.11.3 Mechanical sieving of resins

Accurately weighed 40 g of Amberlite IRP 69 (Hugl2€4.1) resin was grounded well using
a mortar and pestle. In order to improve the textmd feel of the final gum product, resin
particles of 40 um - 80 um were chosen for the\stlidhe particles were separated using
mechanical sieving prior to loading. For this pupo40 g of Amberlite IRP 69 resins was
weighed accurately and sieved mechanically usin§apm and 40 pum sieve. The retained
particles > 80 um in 0.08 mm sieve and particle4O<pum passed through 0.04 pm are
discarded. The retained particles in 0.04 mm (40tprB0 pum) sieve were chosen for the
study.

Table 4-9. Mechanical sieving of resins for loadingicotine

Sample Batch Test Sieve 1 (VWR) Test Sieve 2 (VWR)
Amberlite IRP 69 MKBB1426 0.04mm DIN 1SO 3310-1 0.08mm DIN ISO 3310-1
(Sigma Aldrich) (Sr.nr. 20091228) (Sr.nr.3408248)

4.11.4 Loading of nicotine onto IER

The resins under investigation were tested for th@tability in terms of loading efficiency.
About 1 g of each resin was accurately weighedteantsferred to a 25 mL conical flask. 10
mL of 0.01M HCI containing 250.09 mg and 499.97 migptine was pipetted to each flask
and mechanically stirred for 24 h. Samples wereasite and centrifuged at 11000 g for 10
min before the aliquots are decanted. The aliqwet® suitably diluted to bring the expected
concentration within the established analyticalgearand measured using the method
established for quantification of nicotine from gudarmulation. The resinates are further
washed using 0.01M HCI once and twice with deminezd water and centrifuged at
17000 G for 5 min. The solution is decanted andddat 45 °C for 12-14 h in a hot air oven.

4.11.5 Loading based on patrticle size

The Amberlite IRP 69 resin obtained commercialpnirRohm & Haas contain resin particles
of different sizes ranging from 10 um to 150 umefEfiore it was necessary to determine the
effect of particle size distribution (PSD) on loagliof nicotine onto the resin. Additionally,
the equilibration time required for loading wasoakvaluated. For this purpose, 10 mL of
0.01M HCI containing 25 mg/mL of nicotine (availalds nicotine hydrogen tartrate salt) was
pipetted into a separate glass flask and to tluarately weighed 1 g of the Amberlite IRP 69
resin was added and stirred mechanically. The @xpeet was performed in triplicate for
each of the particle size ranges (< 40 pm, 40-80 x®0 pum). Samples were withdrawn,
filtered and analyzed using the HPLC method preshpestablished for the nicotine based
gums. The amount of nicotine lost during the samgplvas taken into consideration and
amount lost directly correspond to the amount Idaglieto the resin. Initial concentration of
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the solution was measured at t=0 and the reduofimicotine concentration in the solution is
measured at regular intervals and interpretedeaantount loaded per mg of resin.

The following Table 4-10 lists the amount of substs used for batch production of nicotine
resinate namely, drug resin complex (DRC).

Table 4-10.  Evaluation of batch loading of nicotin@nto Amberlite IRP 69 resins

Sample Batch Weight [g] Theoret. Nicotine Vol. of HCI [ml] for
[mg of nicotine/mg of resin] | loading

NHT 21.38
(Sigma Aldrich) SLBC2533V (eq. 7.5 g Nic)

, - 0.250 300
Amberlite IRP 69

MKBB1426 | 30.01

(Sigma Aldrich)

NHT: Nicotine hydrogen tartrate, Nic.: Nicotine

4.11.6 Determination of loading efficiency

The objective of this study was to optimize andieah a resin to nicotine loading ratio of
1:4. Theoretically, Nicotine hydrogen tartrate eqlent to 1 part of nicotine was loaded onto
4 parts of resin. The amount of nicotine preserihesupernatant at the end of loading time
point, which is approx. 12 h, was evaluated. Ttagliog efficiency of nicotine is calculated
by the formula,

Loadi .. (%] = Measured nic./mg of resin < 100
oading ef ficiency [%] = Theoretical nic./mg of resin

4.11.7 Impregnation of DRC using polyethylene glycol 6000

It was observed that the nicotine contained inrdsns was released rapidly into the buffer
during thein vitro release testing experiments. Burst release ismmmm phenomenon
observed for all DRCs during the release testinge Telease of nicotine from the resin
complex is largely influenced by diffusion and i@xchange process, which in turn is
accelerated by the water uptake rate. By contpliire water uptake, the DRC retains their
size and increases the time needed for the watgretmeate, the drug release could be
effectively reduced. Another added advantage of PR&reatment with PEG 6000 (Pisat

al. 2004) is that it helps the polymer film coat tongen intact during an encapsulation and
drying procedure.

For the purpose of impregnation, accurately weigBeg of DRC was transferred to the
beaker containing 16 mL of 2% w/v PEG 6000. The D3 soaked in the PEG solution for
1 h and the supernatant was discarded and the dasith at 45 °C for 24 h until the water
content is below 5%. The supernatant was additipaaklyzed for dissolved nicotine.
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4.11.8 Evaluation of particle size by laser diffraction

Particle size measurements using laser diffractsmhnique were performed using the wet
module Hydro 2000S- Malvern Master Sizer 2000. Rhafer measurement model was used
to estimate the particle size distribution and #werage particle size. Since swelling was
observed for resin particles when suspended irgaaaus medium, sunflower oil was used as
a carrier medium. Prior to the sample analysis sth@lower oil was degassed using VTS E1
Vacuum Dryer at 200 mbar for 10 min. Initially, tegstem was flushed using isopropanol
and ethanol, followed by sunflower oil. The systeras equilibrated using the dispersion
medium at 3000 rpm until stable laser intensity whserved. The system was aligned to
record the background. The refractive index (RI3wifflower oil (1.47) given in the literature
(Ariponnammal 2012) was used for particle sizenestion. The samples were introduced
carefully in the dispersion medium previously fillen the chamber. The obscuration of the
samples was kept between 6 -10% volume. The sam@ss analyzed for 2 min consisting
of both the blue and red light laser measurements.

4.11.9 Characterization of DRC by in vitro drug release testing

The in vitro drug release testing was performed for the redmasled with nicotine.
Conventional method of testing (USP <2> paddle eggpa) was employed to test the release
of the active. About 110 mg [1:4 loaded] and 50 [th@ loaded] of DRCs containing 25 mg
of active nicotine was weighed individually in a ahplastic cells generally used for the
dissolution testing of nano-particulate suspensiofbe cells were dropped into the
dissolution vessel at the respective time pointss pPrevents the floating of particles during
the initial testing period. As the resin partickssorb drug release medium with time, they
usually tend to get dispersed in the medium.
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4.11.9.1In vitro drug release methodology

The following release testing parameters were tseest the rate of nicotine release from the
DRCs.

Sample: DRC Complex PEG-6000 treated
Apparatus: USP paddle apparatus <2>
Temperature: 37°C+05°C

Dissolution medium: Artificial saliva pH 6.2

Rotation: 50 rpm and 100 rpm

Filter: 0.45um cannula filter

Volume [mL]: 500

Sample volume [mL]: 3

Infinity point: 24 h at 250 RPM
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4.12 Coating and micro-encapsulation of DRC

Various methods of coating DRC’s have been repartatle literatures (Halder, et al. 2006,
Liu, et al. 2007). The methods commonly used fesmall batch size are discussed briefly in
the following sections.

4.12.1 Agitation and filtration

Methods of coating of resinates have been widelgstigated (Halder, et al. 2006, Liu, et al.
2007). This method involves the preparation of D&@ry in a solvent system in which
Eudragit L100 is completely soluble. The solverdteyn is a mixture of acetone (10 mL) and
0.1M HCI (1 mL) containing PEG 4000 and Tween 2BGP4000 and Tween 20 act as a
plasticizer and wetting agent for the DRCs. Therglwas stirred using the orbital shaker for
30 min and was filtered under vacuum using 1 unsgylgber filter (GFF). The residue
(coated DRC) was isolated and dried in hot aid®h maintained at 45 °C. The coated DRC
was then assessed for the nicotine release chasticee The composition and the
corresponding amounts for the slurry are summaiizeéction 4.11.

4.12.2 Solvent evaporation

The preparation of DRC / polymer slurry is samelag of the procedure described in the
agitation and filtration method. However the sluwgs transferred to the round bottom flask
and agitated by rotation for 1 h in the water batiintained at 45 °C or until all the organic
phase was evaporated. The dispersion was thereélltender vacuum using 1 pm glass fiber
filter (GFF) and the residue was dried and stooedurther analysis.

4.12.3 Encapsulation and solvent evaporation

A simple cost effective coating of the nicotineinesomplex (DRC) was attempted. Suitable
polymer [Eudragit L 100] was dispersed in an orgasolvent [dichloromethane: acetone]
containing Polyethylene glycol [PEG 4000] and DREG reduces the swelling of the resins
and act as a plasticizer for the film coating. The&persion was transferred to the aqueous
phase containing polyvinyl alcohol [0.25 % w/v] whiacts as a stabilizer. The dielectric
constant of Dichloromethane is 9.1 and the aqu@MJ#s solution is 2.0, which is suitable for
forming the microencapsulated particles.

4.12.3.1Preparation of DRC dispersed internal polymer phase

The internal polymer phase was prepared by dissplAudragit L100 in a solvent system

consisting of equal portions of dichloromethane l)@nd acetone. Previously, the PEG and
tween 20 were dissolved in acetone prior to mixindyn DCM. The polymer dispersion was

prepared by suspending the weighed amount of DR@eirpolymer solution. The dispersion

was mechanically stirred for 20 min or until thembrsion was homogenous.
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4.12.3.2Preparation of external aqueous phase

For the preparation of the external aqueous phb¥ew/v solution of polyvinyl alcohol
solution (PVA) was prepared by dissolving PVA inrdeeralized water. The solution was
heated upto 80 °C and mechanically stirred untitted PVA particles were dissolved. The
solution was cooled to room temperature and wasedilsuitably with demineralized water to
achieve 0.25% w/v PVA solution to be used as aeraal aqueous phase.

4.12.3.3Coating DRC using pH dependent polymer Eudragit L D0

For the coating process, 100 mL of the externabags phase was transferred to a beaker and
stirred mechanically at 600 rpm using magnetiaestirTo this aqueous phase, the internal
polymer phase consisting of DRC was added andtitieng was continued for 1h to ensure
complete evaporation of dichloromethane and acetmme the solvent system. The coated
DRC was then filtered under vacuum using 10 pnutoede acetate filter and the residue in
the filter was washed with water and dried at 4531CL2 h in a hot air oven. The dried DRCs
were sieved using a 40 um filter to remove the @yglates. The coated DRC samples were
tested for the release characteristics.

Table 4-11.  Composition of excipients used for défent coating techniques

Composition Amounts used for different methods of coating DRC
Agitation and Solvent Encapsulation anc Solvent
Filtration Evaporations Evaporation
:5)';63;}'2'(“0””' 1000 mg 1000 mg 1000 mg
Eudragit L 100 1000 mg 1000 mg 1000 mg
PEG 4000 70 mg 70 mg 70 mg
Tween 20 40 mg 40 mg 40 mL
Acetone 10 mL 10 mL 5mL
Dichloromethane - - 5mL
0.01M HCI 1mL 1mL -
I(DPo\I/yAv)inyI alcohol . - 100 mL (0.25% wiv)

In vitro drug release on the coated DRC samples were pertbusing the USP <2> paddle
method described earlier. Since the Eudragit L188odved rapidly at above pH 6.0, acetate
buffer pH 4.5 was used to evaluate the releasécofine from the coated DRCs.
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4.12.3.4 Coating DRC using pH independent polymer EudragiRS 100

Several studies have demonstrated the usefulndSsdrgit RS100 polymers in controlling
the rate of release of the pharmaceutically actidestances. Our goal is to utilize a simple
approach to coat the DRC and to investigate thecefff coating in terms of release and
optimize the release characteristics of nicotimenfthe coated DRC which can later be used
as an APl in the chewing gum formulations.

4.12.3.4.FEudragit RS 100

EUDRAGIT® RS 100 is a copolymer of acrylic and methacrykidaesters with a low
content of quaternary ammonium groups. The ammorguoups are present as salts and
make the polymers permeable.

T )
CH;\ C CH:* C[_
T—_C T_—O
T OR:2
+ —CHs
HC—N— -
= ~CHs
Cl CH:;
Rs{=H,CH

Figure 4-10. Structure of Eudragit RS 100

4.12.3.4.Microencapsulation method

The methods of encapsulation have already beenlywideestigated for various purposes
(Cung et al. 2000, Halder et al. 2006, Junyaprasertet al. 2008, Liy et al. 2007,
Sriwongjanya et al. 1997, Torres et al. 1998). The microencapsulation method can be
initiated by the formation of oil-in- water (O/W)railsion and subsequent evaporation of the
organic phase and separation by vacuum filtratioicase of O/W method, the resin particles
are suspended in a polymer containing solvent syssdlowed by emulsification of organic
phase using an aqueous phase usually the liquadfimacontaining surfactants. The resulting
emulsion was mechanically stirred at a controlestigerature to ensure complete evaporation
of the organic phase. The coated microcapsuledbeifleparated by vacuum filtration.
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For the initial feasibility studies, O/W method watosen. The composition of the
formulations is given in Table 4-12. Accurately gleed resin particles of the core to coat
ratio given in the table was suspended in a salutantaining dissolved Eudragit RS 100 and
phosphatidyl choline as a stabilizer. The suspendsioh particles were then emulsified by
transferring the contents to 150 mL of 0.25% w/NAR36lution. The emulsion was allowed to
stir at 600 rpm for 1h in a rotating round bottolask heated externally by a water bath
maintained at 30 °C. After the complete evaporatbulichloromethane, the microcapsules
were recovered by vacuum filtration and washedgu&®0 mL of deionized water and dried
at 50 °C in oven for 24 h.

Table 4-12.  Microencapsulation of DRC using EudragiRS 100

Composition F1 F2 F3
DRC [mg] 250 250 250
Eudragit RS100 [mg] 100 300 500
Phosphatidyl Choline [mg] 12.5 12.5 6
Dichloromethane [mL] 10 6 6
Polyvinyl alcohol [0.25% w/V] 150 150 150

The coated DRCs were tested for their release ctaistics.
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4.13 Design of Experiments (DoE)

The primary goal of the study is to optimize thataeg efficiency by which a well-controlled
release of nicotine from the resin matrix is ache\Vvlhe coating also provides the stability of
the DRC at lower pH and retards the release ohit@tine. The amount of polymer, wetting
agents and the total volume of the organic soldertffect the coating efficiency.

In order to investigate the influence of differexmncentrations of Eudragit RS100, lecithin
and dichloromethane (DCM) on the coating and suleseigrelease of nicotine from the
coated DRCs, a “Box Behnken-surface response melbgyl given in the design expert
software was employed. The design requires 3 lewélsin a numerical factor and can be
extended to 10 different factors. This procedureatgs designs with desirable statistical
properties but, most importantly, with only a fiaatof the experiments required for a three-
level factorial. Because there are only three Evidle quadratic model was considered to be

appropriate.

The complete design was limited to 17 experimentas with 5 center points per block. The
cube model of the study is shown in the Figure 4-11

Design-Expert® Software

Original Scale
Ln(5 min)
X1 = A: Eudragit RS100
X2 = B: Phosphatidyl Choline 3.67 1.70
X3 = C: Dichloromethane
B+: 20.00 1.45 0.67
ES)
£
£
= 3.40 1.57 C+: 10.00
o
-
C: DCM [mL]
B-: 5.00 1.34 0.62 C-: 2.00
A-: 100.00 . A+: .
R: Eudragit RS100 [mg] 500.00
Figure 4-11. lllustration of the proposed model forDOE experiments

The components and the corresponding amounts usedhé study is shown along the axis
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The proposed design for the current study is sumaedrin the Table 4-13. The
corresponding coded values for the amounts aregalsn for reference.

Table 4-13. Summary DoE for coating of drug resina@mplex

Run | A: Amt. of A: Eudragit | B: Amt. B: C: Vol. of | C: Vol. of Amt. of DRC
Eudragit RS | RS 100 Phosphatidyl | Phosphatidyl | DCM DCM weighed
100 [mg] coded value | choline [mg] | choline coded | [mL] coded value | [mg]
value
1 500 1 12.5 0 10 1 250.59
2 100 -1 5 -1 6 0 250.59
3 300 0 5 -1 10 1 250.64
4 300 0 12.5 0 6 0 249.72
5 300 0 5 -1 2 -1 251.43
6 300 0 12.5 0 6 0 251.17
7 100 -1 12.5 0 2 -1 249.97
8 500 1 5 -1 6 0 249.19
9 500 1 20 1 6 0 249.80
10 | 300 0 20 1 10 1 250.95
11 | 100 -1 12.5 0 10 1 250.12
12 | 300 0 20 1 2 -1 250.79
13 | 300 0 12.5 0 6 0 250.41
14 | 300 0 12.5 0 6 0 251.04
15 | 500 1 12.5 0 2 -1 251.89
16 | 300 0 12.5 0 6 0 250.76
17 | 100 -1 20 1 6 0 250.43

There were totally 17 different combinations/desigienerated by the design expert for the
proposed model. The DRC’s were coated accordirigpganethod described earlier using the
O/W emulsification method. The coated DRCs produeerke vacuum filtered, washed, dried

and stored for further analysis.
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4.13.1 Evaluation of drug leaching during coating

The release of drugs bound to ion exchange reseomrolled by diffusion process. The
feasibility of the coating method could be verifieg the amount of nicotine released to the
external agueous phase during the coating procediurthis study, 0.25% w/v polyvinyl
alcohol has been used as an external aqueous piede is immiscible with the internal
organic phase “dichloromethane”. For the purposealetermining the amount of nicotine
released into the external phase, about 3 mL of BMAtion was removed from the solution
containing coated resin samples and filtered using45 pm filter before filling into the
HPLC vials. The nicotine present in the samples gquastified using a previously established
and validated HPLC-UV method.
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4.14 Fourier transform infra-red analysis

The Fourier transform-infrared (FTIR) spectroscapyizes various types of measurement
method, such as the diffuse reflection method atehaated total reflection method. The
selection of the measurement method depends onyg®e of sample available. All the
samples used for this study were in the powder foftre classical method utilizing the
potassium bromide (KBr) pellet was used to prephaeesamples (Breunjgt al. 2005). The
purpose of this method was to evaluate the compstilof various excipients and their
interaction during the microencapsulation process.

4.14.1 Methodology

The concentration of the sample in KBr should béhanrange of 0.2% to 1% w/w. Prior to
the preparation of KBr pellets the KBr was keptthe hot air oven for 1h maintained at
100°C. The KBr was removed from the oven and allgubf the powder was finely ground
using a mortar and pestle. To this 1000 mg of KiBQut 10 mg of the sample was added and
mixed using mortar and pestle until a homogenousture was obtained. The finely
powdered sample mixture was transferred to theepp@rming die and compressed into a
pellet using 5-8 tons for 5 min. The clear transpapellets were carefully removed from the
die before the measurement. A blank spectrum wsasratorded using the KBr alone prior to
the sample measurements. Care was taken to pradkesepellets. The measurement was
done using the Perkin Elmer system and the speabhtained was later processed using the
Essential FTIR software.

Different components of the DRC were incorporated the KBr pellet and the FTIR spectra
were obtained. Additionally, simple physical mixuof DRC and Eudragit RS 100 was
prepared in 1:1 ratio by weighing 0.5 g of DRC &8 g of Eudragit RS 100 together and
mixed mechanically using a pestle and mortar antibmogenous mixture was obtained.
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4.15 Manufacturing of nicotine chewing gums by direct canpression

The primary objective of this study was to devedopicotine based gum formulation which
may exhibit its usefulness in the qualificationtbé existingin vitro drug release testing
apparatus and is not intended to demonstrate fhexisuity to the marketed formulations. For
the manufacturing of chewing gums, commerciallyilabée DC gum bases were used. Each
of the gum formulation contains either nicotine togkn tartrate salt or DRC or one of the
coated DRC with the amount equivalent to 2 mg obtae. The rest of the components used
for the manufacturing and optimization are listedhe corresponding result section. Unlike
conventional methods employed to manufacture gumuétions involving melting and
extrusion, an attempt was made to compress gumsabtets. The techniques involved in the
manufacturing are discussed below.

4.15.1 Sieving

The tailored compressible gum base powders cotdege aggregate of particles which may
not be suitable for tabletting and affect the conhteniformity and flowability of the final
mixture. Therefore, the gumbase powders were dated0 °C for 12 h and sieved using
16 mesh (1.5 mm) to remove any large aggregatesgilimbase powders were stored then in
an airtight container.

4.15.2 Mixing and blending

Accurately weighed quantities of all the excipieats! the respective gumbases mentioned in
the respective results section, excluding magnesigarate and talc, were mixed and blended
together for 10 min using a cone or double coneddes. Prior to tabletting, the pre-blended

components were mixed with the accurately weigheantjties of magnesium stearate and

talc and blended further for 5 min and the mixtwees directly transferred to the feed hopper

of the tabletting machine.

4.15.3 Direct compression technique

The mixtures of different formulation described abovere directly compressed using the
Korsch EK 0 tabletting machine mounted with a costoade round flat surface punch and
the die with beveled edges. The weight of the chgwiablets was adjusted to 1.5
grams/tablet, so that it contains approximately @.(8.62 g of Polacrilex resin) of bound
nicotine. The chewing tablets were collected ormestant weight was achieved.
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B: 2 mm A

C: 14 mm A:18 mm

Figure 4-12. Schematic custom made tablet punch ardye for tabletting chewing gums

4.15.4 Evaluation of physical properties of gum formulatians

The pharmaceutical quality of the gum formulationsre tested using the techniques
described in the pharmacopeia (USP 2015) to enthatthe end product meets all the
necessary quality criteria and the reproduciboityhe data is assured.

4.15.4.1Evaluation of powder flow properties

The angle of repose is to characterize the flowperites of solids. Angle of repose is a

characteristic related to inter-particulate frictior resistance to movement between patrticles.
The results are reported to be dependent upon thhooh used. The values and the

interpretation of angle of repose are given in Tlabdle 4-14. Generally for pharmaceutical

powders, the angle of repose should°.

Table 4-14.  Interpretation of angle of repose valige

Flow property Angle of repose (°
Excellent 25-30

Good 31-35

Fair—aid not needed 36-40

Very poor 56-65

Very, very poor >66

Taken from USP 2015.

4.15.4.1.1Principle and methodology

The funnel with a retaining lip to retain a laydrpmwder on the base is fixed at a specific
height. The height of the funnel is carefully adfasto build up a symmetrical cone of
powder. Care was taken to prevent vibration asuheel is moved. The funnel height was
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maintained approximately 2—4 cm from the top of ploevder pile as it is being formed in
order to minimize the impact of falling powder dwttip of the cone. The angle of repose was
determined by measuring the height of the coneowfder (Nair et al. 1997) and the base of
the cone from the following equation,

Tan (@) = Height/0.5 x Base

The measurement of the powder flow was performeaiguthe Pharmatest flow tester. The
angle of repose (Tax) and the time of flow were directly recorded aagarted.

4.15.4.2Compressibility

The compressibility index is an indirect measuréuk density, size and shape, surface area,
moisture content, and cohesiveness of materials.cbimpressibility index and the Hausner
ratio were determined by measuring both the bullume and the tapped volume of a
powder.

Generally, the compressibility index 15 and the Hausner ratio of 1.0-1.18 is considered
suitable for the powder compaction and posses®d fimwvability.

The Carr index “C” is an indication of the compiibsy of a powder. It is calculated by the

formula,
-V.
C =100x VB—T
B
where,
Vg = freely settled volume of a given mass of powder

Vr = tapped volume of the same mass of powder

It can also be expressed as,

C =1oo{1—&}
pr

where,
pB = the freely settled bulk density of the powderd a
pT =tapped bulk density of the powder.
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4.15.4.2. Methodology

Accurately weighed 100 g of the sample was transfeto the graduated 250 mL volumetric
cylinder and the volumepB) was noted. The cylinder was tapped for 750 timsieg the
Erweka tapped density tester and the volupi@ (vas noted. The procedure was repeated for
additional 750 times until no further change in tttdlume was observed. The measurements
were performed in triplicate and the final volumasanoted. The compressibility of the gum
formulation mixtures was evaluated.

4.15.4.3Weight variation, friability and hardness

For the purpose of testing the uniformity of theigi#, 20 individual units of chewing gums
from respective formulation were individually weagh Average weight of the gum and the
relative standard deviation was calculated.

The friability of the gums (directly compressed wirgy gum tablets) was determined by
Roche Friabilator. It consists of a plastic chambet revolves at 25 rpm, dropping the
tablets through a distance of six inches in thabifator. The tablets were reweighed. A
weight difference of less than 0.5% was conside@sptable.

The hardness of solid dosage forms was testedsarerthe ability of the tablets to withstand
the mechanical stress during handling, manufagurpackaging and transport. Hardness
generally measures the tablet crushing strengthindi®idual units of the gums were tested
using the Erweka hardness tester and results @ea gi newton (N).
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4.16 Method of data evaluation and interpretation

The evaluation and interpretation of timevitro data is crucial in understanding the process
involved in the release of the API during testifidne in vitro drug release data generated
were tested wherever required using the statistieahniques described in the following

sections.

4.16.1 Similarity test statistics (f)

Method ofin vitro dissolution profile analysis and comparison hasnbwidely discussed
(Anderson et al. 1998, Moore et al. 1996, Podczeck 1993, Sathet al. 1996) since the
inception ofin vitro dissolution testing as a QC tool for routine asayparticularly for the
waiver ofin vivo bioequivalence studies (BE). Different technighese been proposed by
various authors to investigate the difference onilarity between the profiles. The most
important aspect of such mathematical treatmeta ik the chemistry, manufacturing and
control variables (CMC) to the dissolution behawmuanich in turn is used to determine the
acceptable end product quality. In a biorelevamirenment, the difference observadvitro
could be linked to the variability observed betwéka clinical batches and side batches that
might have a greater impact on the bioavailabdityhe product.

The similarity test analysis provides an effectimethod of quantifying the difference in the
release characteristics of the drug product. Ctigrethe test statistic is one of the primary
requirements for testing and evaluating acceptafcenter-lot homogeneity and intra-lot

variability within the product. In case of biowaivapplications for marketing authorization

(Wang et al.), direct comparison of the innovator producthe generic versions in terms of
performance at various buffer solutions coverirgehtire physiological range of relevance is
justified by the use of similarity test statisticBhe requirement of such an evaluation is
usually applicable for dosage forms where expedmrdy release is slower or sustained.
Demonstration of similarity of the dissolution pite$ is not necessary for IR dosage forms
where Q > 85% in 15 min or less.

Currently marketed chewing gums are intended tehswved for a period of 30 min or less
and are expected to release its contents completelgt predetermined level to impart
therapeutic efficacy. Since the release of actjvd(em chewing gum formulations is
dependent on a number of factors like chewing feegy, chewing distance etc., gum
formulations cannot be characterized simply as ammediate or sustained release
formulation. This holds true for at least all tlveéstigated formulations containing nicotine,
dimenhydrinate and caffeine as an active pharmaaduhgredient.
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The similarity test ¢) proves to be a useful technique to quantify tifeergnce observed
between the profiles and to identify the apparaetsips that generate similar profiles for the
same product.

The determination of;fvalues were first proposed by Moot al. 1996. Basically, it is a
logarithmic transformation of the sum of the squlaeeror. It considers the average sum of
squares of the difference between the test andefieeence product. The usefulness of the f
calculations were already demonstrated for manyagle®sforms where the expected drug
release is modified or controlled and doesn't @ltler the category of IR dosage forms with
Q> 85% in less than 15min. Thetést statistics was applied to the drug releasa fdam the

in vitro release experiments to evaluate the apparatusoastaidy the influence of apparatus
parameters on release characteristics. The infasmatlso provides the basis for
recommending a comparative apparatus setup faitro drug release testing.

The formula proposed by Moore and Flanner to cateuthe similarity factor £f is given as;

n -0.5
f, =50xlog {1+(%jzwt(Rt —Tt)z} x100
t=1

Where n is number of time points; &d T are dissolution of reference and test products at
time t and W is the optional weight factor. A value of §reater than 50 represent the
performance of the test and reference productnislas. Usually, the lower limit value of 50

is reached; when the observed difference in disealus 10%. With an increase in difference
> 10%, the £ value falls below 50 and subsequently fails theriterion.

4.16.2 Mean dissolution time (MDT)

The measured amount of drug substance in a cuwmilatiug release profile can be
considered as a probability that describes the timeesidence of the drug substance in the
dosage form (Podczeck 1993). In a normal dissalldimg release testing, the dissolution
profile can be considered as a distribution funtid residence times of each molecule in the
formulation. By this, the mean dissolution time (MDmay be defined as the arithmetic mean
value of any dissolution profile. If the amountdyfig remaining in the product or the amount
yet to be released is a plotted as a functionmétithen the mean residence time (MRT) can
be obtained from the profile.
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The MDT of a given product from dn vitro dissolution/release data can be calculated using
the formula;

n
2 tmiaAM
MDT [in vitro] =22

iAM
i=1

MDT reflects the time for the drug to dissolve aisdthe first statistical moment of the
cumulative dissolution process which provides acueate drug release rate. Higher MDT
values indicate greater drug retarding ability b& tgum components with respect to the
settings of the instrument.

4.16.3 Kinetic models for drug release

During the development of any dosage form, it iscessary to ensure that drug

dissolution/release occurs in an expected mannemsure adequate concentrations of the
drug substance will available at the site of absonp The quantitative analysis of the values
obtained in dissolution/release tests is easiernwhathematical formulas that express the
dissolution results as a function of some of thead® form characteristics. In some cases,
these mathematic models are derived from the thieal@analysis of the occurring process. In

most of the cases the theoretical concept doexist and some empirical equations have
proved to be more appropriate. Drug dissolutiomfreplid dosage forms can be described by
kinetic models in which the dissolved amount ofgl(Q) is a function of the test time, t.

To describe the release kinetics, various kinetioglels such as zero-order (Koestet al.
2004), first-order (Koesteet al.2004), Higuchi equation (Higuchi 1963), Korsmefappas
equation (Korsmeyeeet al.1983, Korsmeyeret al. 1984), Hixson-Crowell Equation (Hixspn
et al. 1931), Weibull function (Langenbucher 1972) giverthe equations 1 to 6, were fitted
to thein vitro release data. Some diffusion models like Korsm@&appas are predicted to be
valuable upto 60% release and the regression asdtyssuch models were restricted to that
range. The underlying release mechanism is detednioy the diffusional release exponent
(n) of the Korsmeyer-Peppas model (Korsmeyet al. 1983). The coefficient of
determination (), slope and the residual sum of squares (SSR)seé to assess the fithess
of the proposed model.
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Q= Qo + kot (1)

Ln Q = In Q-kat (2)
Qt - kHtllz (3)
M¢/M,, = K " (4)
Q01/3_Qtl/3 — KHC t (5)
Log[-In(1-m)] =P log(t-T))-log a (6)

In all the kinetic models given,d@nd Qs the initial and the amount of drug releasetinre

t, Ko, K1, Kuc are release rate constants,/M., is the fractional solute release, n is the release
exponent which characterizes the mechanism of delease. The value of n = 0.45 and less
than 1, indicates fickian and non-fickian (anomalotelease, values equal or greater than 1
for case Il and super case Il release mechanisms(layer et al. 1983).

4.16.3.1Release kinetics from Bhaskar and Boyd model

IERs are well known for their properties to deliamtives at a controlled rate (Bhasker al.
1986, Boyd et al. 1947). One interesting property “pore diffusiorsistance” or “particle
diffusion control” of the IER is well recognized tieliver drugs in a controlled manner. In
order to produce a good formulation, it is essémbialetermine the controlling mechanism of
release. While diffusivity is the pertinent paraerein case of particle diffusion control, film
thickness (or the mass transfer coefficient) igvaht for film diffusion control. Normally,
particle diffusion control is expected for drugeate from resinate and hence the data is
tested for particle diffusion control.

In many instances, the drug release from the DRGCastrolled by one of the two

mechanisms, diffusion of free drug in the resin nraand the diffusion of drug across the
thin liquid film at the surroundings of the resimarpicle (Jeonget al. 2007, Reichenberg

1953). The model assumes that the DRC’s are unifspimeres with radius “r’ and the
diffusion of the API within the matrix is the ralieniting step for the further release into the
medium. In such a case, the fraction of the drigpsed F, is given by the equation,

2
M; 6 e~ N°Bt
F——:l—— © _—

= A (7)

Where, M and M, are the amounts of drug released after time “@d after infinite time,
respectively. B is the rate constant, Di represeiés effective diffusion coefficient of the
exchanging ions inside the resin particle, and thhéssummation variable. Generally, it is not
possible to estimate the B-values from measiresing Eq. (7), because infinite terms are
involved. Therefore, Reichenberg 1953 reduced th€® to estimate thBt values based on
F values as following.
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For F >0.85, a first term approximation can be used the equation can be reduced to

6

F=1- ;e‘Bt (8)
or
Bt = ~log,™ (1~ F) = ~2.303log;s(1 — F) — 0.498 @)

If the value of F< 0.85, then the equation would be

2
Bt = 2m — % —2n(1— %)1/2 (10)

=6.283-3.290F-6.283(1-1.047F) (11)

If the plot Bt corresponding to the F value against time (t) gigestraight line, it can be
assumed that drug diffusion within the resin maisixhe rate-limiting step (Atyabkt al.
1996, Ichikawaaet al.2001, Motyckaet al. 1985 Jeonget al.2007).

Furthermore, Bhaskaet al. 1986, derived from an reduced Reichenberg mode¢gaation
to determine the value ofi B a simple way and to estimate the diffusivitytbg equation,

—In(1 = F) = In(Qo/Q) = 1.59(:5)D*65¢05 (12)

Particle diffusion control can be simply testednirohis equation by estimating the linearity
between the In(gQ:) and kgs The slope of the resulting line is related to dhiféusivity of
the active(s) within the particle.

2
D =< (slope/1.59)"/*55 (13)

The constants 1.59 and the 0.65 proposed by Bhaskat. 1986, is applicable to all the drug
resin complexes. Thim vitro drug release kinetics from the DRC was evaluatgEdguthe
method described by Boydt al. 1947 and Reichenberg 1953. In our experimentsntkro
nicotine release kinetics was estimated using tbgdBand Reichenberg model and the
proposed Bhaskar’'s model.
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4.17 Methods ofin vivo data evaluation

In order to verify then vitro drug release methodology developed, clinical détained from
the sponsor (Zenara India Pvt. Ltd) and literatf&soi et al.2003, Roteliste 2013, Russell
et al. 1985, FDA 1995) were used. The clinical data neglsuitable mathematical treatment
prior to fitting thein vitro andin vivo data. Both model dependent and independent tecisiq
have been used by authors to develojnaritro in vivo correlation (Bastiagret al. 2004). For
developing an IVIVC, nicotine based chewing gumnifafations were chosen since data
pertaining to then vivorelease have been reported in literatures andliqty available. The
description of methodologies used for the treatm@ntlata is described in the following
sections.

4.17.1 Wagner Nelson back calculation method

Wagner and Nelson developed an equation (Wageteal. 1963) for calculating absorption
rate constant (§ and fraction of dose absorbed from plasma drugentration time profile
for an open-compartment model. The Wagner-Nelsothooke does not require a model
assumption concerning the absorption process.iifhatro in vivo correlation is generated
using pooled mean fraction of dose dissolved (FRID) pooled mean fraction of dose
absorbed (FRA) from two or more formulations.

The objective of the present study is to presemearanged form of the Wagner-Nelson
equation for evaluating IVIVC.

4.17.1.1Validation of the clinical data to develop IVIVC

Gohe] et al.2005 proposed a technique to validate a modepusatk calculation of Wagner
Nelson method and to test the suitability of ihe&ivo data.

According to the Wagner - Nelson equation,

At Ct+Ke*ftt==0t cdt

= 14
Ax Kes[ o cdt oo

where,

A; = Amount of drug absorbed at time't’

A= Amount of drug absorbed at time ‘infinite’
Ke= Elimination rate constant of the drug

f:ot Cdt = Area under the curve of the plasma concentratesus time profile of drug, for

time period betweent=0tot =t
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ftt:ooc Cdt = Area under the curve of the plasma concentrat@sus time profile of drug, for

time period between t = 0 to to=

At . .
Ft = o = fraction of drug absorbed at time't’,

Ft = —= 15
I(fz*ftt:(;)c cdt (15)
However,
t=t FooxD
Ke * ft=0 Cdt = —- (16)
where,

D = Dose of drug administered
V4 = Apparent volume of distribution

Assuming that at infinite time, the administeredselds completely absorbed, i.ex¥L in
equation (16),

Kex [,7° Cdt = — )

The rearranged forms of Wagner - Nelson for timmed t+1 are given below:

Ct+Kex [ cat

F, = 1
F _ Ct+1+Ke*ftt==0t+1 cdt 19
Subtracting equation (18) from equation (19),
[2*AF+D]
+Ct(2—KexAt)
Ct+1=—2 (20)

(2+Kex*At)

Thein vivo plasma concentration time data is fit accordingh® equation (20) and the model
is validated for its suitability.

Thein vivo plasma concentration data obtained from the titeeaand the sponsor were fit to
the above equation to test the validity of the datdas method can also be used to predict the
in vivo plasma concentration from a biorelevamtvitro dissolution data used as an input
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variable. In the current study, the back calcutativethod proposed by Gohet al.2005, was
used only to test the validity of the data and Wagkelson equation was used to determine
the fraction of the dose (FRA) absorbed. The elation rate constarie was obtained from
the slope of the natural log (In) transformed temhidata points of plasma concentration time
data.

The FRA obtained was directly correlated to ithgitro data obtained for the nicotine chewing
gums.
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5 RESULTS

5.1 HPLC data analyses for model drug substances

5.1.1 Linearity of nicotine

The HPLC UV-detector response was linear in theceatration range of 1.93 pg/mL and
144.39 pg/mL. The maximum dosage strength curremtigilable for nicotine containing
chewing gums is 4 mg. The maximum expected conagoir with a 100 % drug release
would be 100 pg /mL considering the volume of dreease medium in the apparatus is
40 mL. The linear regression curve for nicotinehswn below in the graph.
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< 2000000 =1
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Figure 5-1. Nicotine external standard calibrationcurve

Table 5-1. Statistical parameters of linear regressn analysis of nicotine
Index | Slope[m] Y -Intercept [C] Correlation coefficient [r?] RSD. resp. actor [%]
Value 31486 2379.2 0.99998 0.58
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5.1.2 Linearity of dimenhydrinate

As far as the dimenhydrinate is concerned, it @ilable as a salt of diphenhydramine and 8-
chlorotheophylline. Both of these compounds areeelun the chromatogram with different

retention times. The quantification of the compaumds individually calculated. The results
of the analyses are shown in the Figure 5-2 - [EidiiB.
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Figure 5-2. Diphenhydramine external standard calibation curve

Graph of calibration function of solutions contaigi diphenhydramine in the concentration range of
10 pg/mL and 320pg/mL.

Table 5-2. Statistical parameters of linear regressn analysis for diphenhydramine
Index | Slope [m] Y -Intercept [C] Correlation coefficient [r2] RSD. resfonse. actor [%]
Value | 35287 29241 1.00000 2.76
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Figure 5-3. 8-Chlorotheophylline external standardcalibration curve

Graph of calibration function of solutions contaigi 8-Chlorotheophylline in the concentration range
of 0.9 pg/mL and 270 pg/mL
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Table 5-3. Statistical parameters of linear regressn analysis for 8-chlorotheophylline

Index | Slope [m] Y -Intercept [c] Correlation Coefficient [r] RSD. Resp. factor [%]

Value | 40364.85 94018 0.9995 6.04

5.1.3 Linearity of caffeine

The caffeine containing chewing gums are dosed Gatn®y per piece. The maximum
theoretical concentration expected with completegdrelease would be about 1000 pg/mL.
For this purpose, the standard solutions contaim@fieine were prepared in the range of
20.0 pg/mL and 1397.0 pg/mL.
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Figure 5-4. Caffeine external standard calibratiorcurve

Graph of calibration function of solutions contaigi caffeine in the concentration range of 20 pg/mL
and 1397 pg/mL

Table 5-4. Statistical parameters of linear regressn analysis for caffeine
Index | Slope[m] Y -Intercept [C] Correlation coefficient [r?] RSD. resp. factor [%]
Value 7459.9 18783 0.9997 1.53

5.1.4 Solubility of dimenhydrinate

The solubility of dimenhydrinate in different buffsolutions was investigated to ensure that
sink conditions are present and the dissolutiomas limited by the solubility of the
compounds. This point is particularly crucial sinaxy low volume (40 mL) of the buffer
solution is employed during the drug release tgstih dimenhydrinate containing chewing
gums. The results of the analysis are summarize@lalle 5-5 and shown graphically in
Figure 5-5 - Figure 5-6.
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Table 5-5.

Results of the dimenhydrinate solubilitynvestigations

No | Media Solubility (mg/mL)
Dimenhydrinate | 8-Chloro-Theophylline Diphenhydramine HCI
1 SGFpH 1.2 1.37 0.37 1.45
2 Phosphate buffer pH 4.5 1.57 0.4 1.53
3 Phosphate buffer pH 5.8 1.55 0.85 1.52
4 Phosphate buffer pH 6.8 1.6 15 1.54
5 Phosphate buffer pH 7.4 1.59 1.49 1.51
1.6 1 A— A
- /‘ ‘/ﬂl.
°
1.4 A
— -
c 1.2 4
~ J
=)
E 104 :
= 1| —»— 8-_Ch|orotheophyll|ne .
2 084 | —e— Diphenhydramine
I J . .
— —A—
5 g6 Dimenhydrinate
@ -
=
S 04- .- =
O -
0.2 1
0.0 l Ll l Ll l Ll l Ll l Ll Ll l Ll l
1 2 3 4 5 7 8
pH
Figure 5-5. Solubility of dimenhydrinate, 8-chloroheophylline and diphenhydramine

hydrochloride

Graph showing the pH solubility profiles of diffatecomponents of dimenhydrinate in different pH

values at room temperature.
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Figure 5-6. Influence of shift in pH value of buffe solutions during the solubility testing for

dimenhydrinate

Findings and discussion

Based on the solubility results presented in théld&-5, it can be concluded that the
dimenhydrinate and diphenhydramine HCI are freebluldle in aqueous media at

concentrations > 1.5 mg/mL except at lower pH val(f@GF pH 1.2). The solubility remains

independent of pH values between pH 4.5 and pH Thé. 8-chlorotheophylline showed a
clear pH-dependent solubility. From the above tesut is possible to conclude that the
solubility will not be a rate limiting step durinthe drug release testing of chewing gums
containing dimenhydrinate. During the drug reledssting, a volume of 40 mL of the

dissolution medium is sufficient to dissolve 100%dlwe drug theoretically provided that the

other factors, for e.g., formulation, method of mfatturing, experimental setup has
negligible influence on the solubility behavior.

For biorelevant drug release testing, the drugassdenedium should mimic the pH conditions
of the saliva in the oral cavity. The pH valuesgiag from 6 to 7 are suitable to predict the
bio-performance of the drug product.
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5.2  Feasibility study results
The results of the feasibility study are summarirethe following sections.

5.2.1 Evaluation of content uniformity testing

The content uniformity for the nicotine containiolgewing gums was tested on 10 individual
pieces of gums from the two different products. Tesults of the analyses are presented in
the Figure 5-7 and the data in the corresponding€la:-6.

* Nicotinell Rec

110 —
4 4 Nicorette Rec
c 108 — Lower Spec
‘T T Upper Spec
O 1067 Nicotinell Mean Rec
% 104 - Nicorette Mean Rec
S 102
1 I S B R
S 100 3 - B 1 | b
8 4 7'y } 3 = T — 1
2 98 ‘ n I 1 IR
= g6+ 1 N
()
> ]
£ 94 -
8 4
o 92—
D- -
90 — 1 + 1 ‘+ T r 1 r 1 +r T r T T T T+ T T* 1
0 1 2 3 4 5 6 7 8 9 10
Sample number [n]
Figure 5-7. Individual and mean recovery of nicotie from Nicotinell 2 mg and Nicorette 2mg
*) Rec.: recovery, Spec.: specification
Table 5-6. Summary of content uniformity testing
Product Mean recovery [mg]; Mean recovery Mean average wt. of gums [G
RSD [%] [%6] RSD [%]
Nicotinell 2 mg 1.97/1.19 98.68 1.1817/1.71
Nicorette 2 mg 1.99/1.15 99.48 1.2191/5.78

5.2.2 Results of “home-depot” method

The surface of nicotine based multisource gum fdatians were suitably transformed using
the “home-depot” apparatus at an applied force KiN5to obtain a uniform surface area. The
in vitro release profiles are shown in Figure 5-8.
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Figure 5-8.  In vitro release profiles of nicotine from multisource nicbne products using USP

<2> paddle apparatus

Results and discussion

A maximum amount corresponding to 13% of labelmlaias released from the formulations.
The tests indicate the requirement of masticatoctioa for drug release from gum
formulations and demonstrated the safety aspetheoMCG during accidental swallowing,
where no significant release would be expected.

On the other hand it necessitates the need to gmplspecialized apparatus for the
performance testing of MCGs. Following the demaatgin of inadequacy of the compendial
instrument to effect drug release, feasibility studing chewing gum apparatus was initiated.
Further studies were performed using the chewinmpegius described in the earlier section.
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5.2.3 Nicotine based chewing gum formulations

The in vitro performance of multisource nicotine gum productswested using both the

apparatus; Ph. Eur apparatus A and B. The appaparasneters and the proposed feasibility
study design were already described. The drug selpaofiles of two nicotine gum products

generated from each of the apparatus are repantididually and the influence of various

apparatus parameters on release are shown ing¢hersethereatfter.

5.2.3.1 Invitro release of nicotine from apparatus A

Thein vitro drug release profiles generated are presentedgimrd-5-9 to Figure 5-12 with
respect to the product and corresponding appariigsres having scales (x-axis) up to 2400

and 3600 cumulative strokes (chews) correspondheéwving frequencies of 40 chews/min and
60 chews/min.

The variables of the apparatus A include;

Vertical chewing distance: distance (mm) between the vertical chewing pisémad the
surface of the chewing chamber at its closest posituring
mastication (2 distances have been selected, 3 mdné anm)

Horizontal chewing distance distance (mm) between the two horizontal pistaitin the
chewing chamber at their closest position duringstimation
(3 distances have been selected, 0.3mm, 0.5 mr.a&ndm)

100
80

60

-\

Vertical piston distance at 3 mm
Horizontal piston at 0.3 mm: —B— 40 chews
20+ J Horizontal piston at 0.5 mm: —A— 40 chews

Cumulative drug release [%)]

Horizontal piston at 0.7 mm: —— 40 chews

042
i T T T T T T T T T T T T
0 400 800 1200 1600 2000 2400
Cumulative strokes [n]
Figure 5-9.  In vitro release of nicotine from Nicorette 2 mg freshmingums using Ph.Eur.

apparatus A

Drug release profiles represent data (n=3 = SD) gexted using 40mL of artificial saliva pH 6.2 at
37°C at a constant vertical distance (3 mm), chgwirequency (40 strokes/min) and variable
horizontal chewing distance (0.3 mm vs. 0.5 mr.vsmm)
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Findings and discussion

It is shown in the Figure 5-9 that there is no gigant difference observed between the drug
release profiles generated using three differermizbotal chewing distances (0.3mm vs.
0.5mm vs. 0.7mm). One possible explanation for thehavior is that the difference in
chewing distance between all the setups is 0.2 mhimhvmay not be adequate to increase the
surface area of the gum matrix during masticatldowever, a small difference in the drug
release profiles can be observed between 0.3 mmOahdnm due to an increase in the
chewing distance.
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Figure 5-10. In vitro release of nicotine from Nicorette 2 mg freshmingums using Ph.Eur.
apparatus A

Drug release profiles represent data (n=3 = SD) gexted using 40mL of artificial saliva pH 6.2 at
37°C at a constant horizontal distance (0.5 mmewihg frequency (40 strokes/min) and variable
vertical chewing distance (3 mm vs. 6 mm)

Findings and discussion

The Figure 5-10 shows the drug release profileeggad using two different vertical piston
distances (3 mm vs. 6 mm). It was observed thatdifference in release between the
apparatus setups is very small. But a trend inasglebehavior was observed for profiles at
later time points with different chewing frequersi@0 chews vs. 60 chews). This is due to
the fact that at a higher chewing frequency (60ad)ethe contact time of the vertical piston
with the gum matrix is significantly reduced. Thiere, the contact time necessary for the
gum matrix to achieve the surface area of the sadrfpiston is reduced. This results in a
reduction of drug release from the gum formulation.
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Figure 5-11. In vitro release of nicotine from Nicotinell 2 mg mint gumsusing Ph.Eur.
apparatus A

Drug release profiles represent data (n=3 = SD) gexted using 40mL of artificial saliva pH 6.2 at
37°C at a constant vertical distance (3 mm), chgwirequency (40 strokes/min) and variable
horizontal chewing distance (0.3 mm vs. 0.5 mr.vsmm)

100—- %é/ H
| Zé

S

)

0

©

Q

e

o> 60

=

°

g

= 404

=

g Horizontal piston distance at 0.5 mm

O 204 Vertical piston 3 mm: —®— 40 chews; —®— 60 chews
Vertical piston 6 mm: —A— 40 chews; —v— 60 chews

0

—
0 400 800 1200 1600 2000 2400 2800 3200 3600
Cumulative strokes [n]
Figure 5-12. In vitro release of nicotine from Nicotinell 2 mg Mint gumsusing Ph.Eur.
apparatus A

Drug release profiles represent data (n=3 = SD) gexted using 40mL of artificial saliva pH 6.2 at
37°C at a constant horizontal distance (0.5 mmewihg frequency (40 strokes/min) and variable
vertical chewing distance (3 mm vs. 6 mm)
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Findings and discussion
The in vitro drug release profiles of nicotinell gum shown iigufe 5-11 and Figure 5-12
indicate a similar influence observed for the Na&tte gum using apparatus A.

5.2.3.2 Invitro release of nicotine from apparatus B

As far as the apparatus B is concerned, there wedal of 12 different combinations of
apparatus parameters. The results are presenkegdure 5-13 - Figure 5-14.

Twisting angle at 40 chews
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Figure 5-13. In vitro release of nicotine from Nicorette 2mg freshmint gms using Ph.Eur.
apparatus B

Drug release profiles represent data (n=3 = SD) gexted using 40mL of artificial saliva pH 6.2 at
37°C at a constant chewing frequency (40 strokeg/amd variable chewing distance (1.4 mm vs. 1.6
mm vs. 1.8 mm) and twisting angle (20 ° vs. 40 °)

Findings and discussion

The results presented for Nicorette chewing gum&igure 5-13 clearly indicate that the
apparatus parameters have a strong influence onetbase characteristics of nicotine. The
order of release can be given as; 1.4mm/40° > 1/&@M> 1.4mm/20° > 1.8mm/40° >
1.6mm/20° > 1.8mm/20°. It is clearly evident thia¢ thewing distances 1.4 mm and 1.6mm
in combination with larger twisting angle signifiddy affected the drug release. With the
exception of 1.4 mm/20°, a clear relationship & telease profiles with the apparatus setup
can be given. In general, the nicotine releasedat420 ° twisting angle with the respective
chewing distances (1.4 mm, 1.6 mm, 1.8 mm). Thilcetes that at a larger twisting angle
(40°), the chewing surface of the gum matrix wagsemenewed than at 20°.
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Figure 5-14. In vitro release of nicotine from Nicotinell 2 mg mint gumsusing Ph.Eur.
apparatus B

Drug release profiles represent data (n=3 + SD) geated using 40mL of artificial saliva pH 6.2 at°87at a
constant chewing frequency (40 strokes/min) anthioler chewing distance (1.4 mm vs. 1.6 mm vs. iBand
twisting angle (20 ° vs. 40 °).

Findings and discussion

The Figure 5-14 shows the nicotine release profila® nicotinell chewing gum formulation.
The drug release profiles follow no particular arde establish a relationship between the
apparatus setups and release characteristics. i@uigety, a very small difference in release
was observed for profiles between 1.4mm/20°, 1.6MAand 1.6mm/40°. Since the standard
deviation (controlled variability) of the profilas relatively small compared to the Nicorette
product, an apparatus error can be ruled out. €haelts were inconclusive and can only be
verified using a spit-out study data.

The comparative product performance obtained frieengum products with different settings
of the apparatus are shown in Figure 5-15Figur& #2he appendix.

5.2.3.3 Comparative product performance from Apparatus A

The apparatus A individual parameters used forréfease testing of nicotine from both the
formulations have been investigated. Various patarseof the apparatus A have been tested
and their influence on the release characteristas investigated. The results of the analysis
are displayed graphically in the Figure 5-15 - F@gG-18.
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Figure 5-15.
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Influence of horizontal chewing distace at constant vertical piston distance
(apparatus A, Nicorette 2 mg freshmint)
Both the drug release profiles represent data (#=8D) generated using 40 mL of artificial saliva @R at

37°C at a constant vertical distance (3 mm), vaeathewing frequency (40 strokes/min vs. 60 stfake¥ and
horizontal chewing distance (0.3 mm vs. 0.5 mr.vsmm)

For the purpose of comparison, the drug releasélgg@enerated from apparatus A for the
products Nicotinell and Nicorette under the samedi@ons were shown in the Figure 5-15 -
Figure 5-18. The release using 60 strokes/minowet than 40 strokes/min. This is due to the
reduction in the time of contact between gum madrg chewing surface.
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Figure 5-17. Influence of vertical chewing distanceat constant horizontal piston distance
(apparatus A, Nicotinell 2 mg mint)
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Figure 5-18. Influence of vertical chewing distanceat constant horizontal piston distance
(apparatus A, Nicorette 2 mg freshmint)

Both the drug release profiles represent data (8=&D) generated using 40 mL of artificial saliva pH
6.2 at 37°C at a constant horizontal distance (@rB), variable chewing frequency (40 strokes/min vs.
60 strokes/min) and vertical chewing distance (3 vsn6 mm).

Results and discussion

A small difference (Figure 5-15 - Figure 5-18) &lease behavior was observed with respect
to the apparatus setups. Comparing all the testeahpeters, drug release at 40 strokes/min >
60 strokes/min. The release profiles of both thedpcts confirms the assumption that the
time of contact between chewing surface and gunmrixné essential to achieve a large

surface area, thereby a better interaction betwien drug release medium and gum
components is established.

104



5.2.3.4 Comparative product performance from apparatus B

The apparatus B has gained the compendial statuthenyear 2012. The monograph
describing the functionality of the apparatus hagrbelaborated. However, there are no
recommendations or the guidelines related to thesldpment of thdn vitro drug release
method. Different parameters of the apparatus werestigated to determine their influence
on the release characteristics of the gum compsn@&he results are shown graphically in the
Figure 5-19 - Figure 5-28.
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Figure 5-19. Influence of twisting angle at constanchewing distance (apparatus B, Nicotinell
2 mg mint)
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Figure 5-20. Influence of twisting angle at constanchewing distance (apparatus B, Nicorette
2 mg freshmint)
Both the drug release profiles represent data (8=&D) generated using 40 mL of artificial saliva pH

6.2 at 37°C at a constant chewing distance (1.4),mariable chewing frequency (40 strokes/min vs.
60 strokes/min) and twisting angle (20° vs. 40°).
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Results and discussion

As observed in Figure 5-19 - Figure 5-20, significdifference in the release characteristics
between products were found with respect to theagips setups. Unlike apparatus A, the
difference in release between 40 strokes/min andt@kes/min is negligible. This is due to
the fact that in case of apparatus B, the mastingbrocess consists of compression of the
gum to a predefined chewing distance followed bigtivwg action of 20° or 40°. In this way, a
reduction in contact time is compensated by theting action, which provides an adequate
time for expansion and renewal of gum surface.
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Figure 5-21. Influence of twisting angle at constanchewing distance (apparatus B, Nicotinell
2 mg mint)
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Figure 5-22. Influence of twisting angle at constanchewing distance (apparatus B, Nicorette

2 mg freshmint)
Both the drug release profiles represent data (8=&D) generated using 40 mL of artificial saliva pH
6.2 at 37°C at a constant chewing distance (1.6),mariable chewing frequency (40 strokes/min vs.
60 strokes/min) and twisting angle (20° vs. 40°).
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Results and discussion
As seen in Figure 5-21 and Figure 5-22, the shdpgcotine release profiles from nicotinell
is significantly different from Nicorette chewingugn under the same experimental

conditions.
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Figure 5-23. Influence of twisting angle at constanchewing distance (apparatus B, Nicotinell
2 mg mint)
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Figure 5-24. Influence of twisting angle at constanchewing distance (apparatus B, Nicorette
2 mg freshmint)

Both the drug release profiles represent data (8=&D) generated using 40 mL of artificial saliva pH
6.2 at 37°C at a constant chewing distance (1.8),mmariable chewing frequency (40 strokes/min vs.
60 strokes/min) and twisting angle (20° vs. 40°).
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Figure 5-25. Influence of chewing distance at corett twisting angle (apparatus B, Nicotinell
2 mg mint)
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Figure 5-26. Influence of chewing distance at corestt twisting angle (apparatus B, Nicorette
2 mg freshmint)

Both the drug release profiles represent data (8=&D) generated using 40 mL of artificial saliva pH
6.2 at 37°C at a constant twisting distance (203riable chewing frequency (40 strokes/min vs. 60
strokes/min) and chewing distance (1.4 mm vs. in6/e 1.8 mm).

Results and discussion

The in vitro drug release profiles in the Figure 5-25 and Fegb26 indicate that the two
nicotine containing chewing gum products of sameage strength (2 mg) release nicotine
differently with the same apparatus setups. The&anrty shows that the products are not
comparable and cannot be substituted for one anofftee gum products differ in their
geometry and in their texture. The nicotinell guroguct is rectangular in shape and a larger
surface area and softer in texture compared to riit® which is square shaped and has a
smaller surface area. Due to these propertiegetbase of nicotine from the Nicorette gum is
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significantly slower than the Nicotinell gum. Thihenomenon is also seen in the results
shown in Figure 5-27 and Figure 5-28.

Percentage [%] Released of Label Claim

Figure 5-27.
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Figure 5-28.
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Both the drug release profiles represent data (8=&D) generated using 40 mL of artificial saliva pH
6.2 at 37°C at a constant twisting distance (403riable chewing frequency (40 strokes/min vs. 60
strokes/min) and chewing distance (1.4 mm vs. in6/e 1.8 mm).
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Results and discussion

An increase in the twisting angle of 20° resultedaismall increase in the extent and rate of
nicotine release from the gum products. This cleendiicates the release of any actives from
chewing gum formulations can be directly linked ttee rate of change of surface area
available for release. With a 40° twisting anglee extent of renewed surface available for
interaction with the dissolution medium is incregse

Furtherin vitro release analyses were performed only using apmaBatiue to its availability.
The apparatus A is not commercially available. Niw based chewing gum of different
dosage strengths and flavor was tested to deterthensuitability of the developed vitro
drug release methodology.
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5.2.3.5 Performance testing of commercially available nicabhe gums

The in vitro drug release from 2 mg and 4 mg dosage strengtbrélte classic gum is
represented graphically in Figure 5-29 and Figw&5The data were generated from the
apparatus B using varying chewing distance anditvgisangle.
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Figure 5-29. In vitro release of nicotine from Nicorette 2 mg classic gis using apparatus B
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Figure 5-30. In vitro release of nicotine from Nicorette 4 mg classic gis using apparatus B

Both the drug release profiles represent data (8=&D) generated using 40 mL of artificial saliva pH
6.2 at 37°C at a constant twisting distance (2@Hewing frequency (40 strokes/min) and variable
chewing distance (1.4 mm vs. 1.6 mm vs. 1.8 mm).
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Results and discussion

The Nicorette classic gum product contains no ftangpagents. The release of nicotine from
Nicorette classic gum indicates that the nicotirelease has the following order;
1.4 mm/40°/40 strokes/min > 1.4 mm/20°/40 stroké&s/m 1.8mm/20°/40 strokes/min >
1.8 mm/40°/40 strokes/min. As far as the chewingtatice of 1.4 mm is concerned, the
release at 40° twisting angle is more than at Z@fs was not observed in case of 1.8 mm
chewing distance. This is due to the fact thatftnee exerted with the chewing distance of
1.8 mm may not be sufficient to compress the chgwinm of same surface area obtained in
1.4 mm. With an increase in the chewing distancetiénal force on the gum matrix is
considerably reduced and resulting in unexpectighse characteristics. This concludes that
the data obtained for Nicorette chewing gums amnin&hewing distance are inconclusive.
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5.2.3.5.1 Summary
The findings from the presented results indicatat tthe in vitro drug release from the

chewing gum formulations vary significantly withspect to the apparatus and the products as
well. The drug release from Nicotinell formulatiomas rapid and complete with all the
apparatus A setups and almost complete with tharapys B setups.

In case of Nicorette formulations, the drug releass complete with the apparatus A and but
not with the apparatus B setups. Larger deviatibnghe drug release profile (SD) were

observed within an experimental setup and the guydyrt was found to be very sensitive,

discriminating between the different instrumenugpst This effect was more pronounced with
tighter experimental parameters, for e.g., smalistance between chewing jaws, twisting

angle etc.

No significant difference in drug release profilgas found for the Nicotinell chewing gum
formulations using the Apparatus A, whereas, siall distinct differences during the early
phase of drug release was observed using the AjysaBa

Generally speaking, differences in drug releaseeMesl are pertinent to the first 5 min of

testing and it continued to exist until the endnyvestigation. Such a trend could be explained
by the crumbling of gums at the initial masticatiofiowed by the burst release of the API.

Adjusting the chewing distance affected the releaskewhen coupled with twisting motion, a

clear rank order in release was observed. Thiseifemore pronounced for the Nicorette 2

mg than the Nicotinell 2 mg gums. In all the case®stigated, the drug release rate was in
the following order; apparatus A (chewing distan€e mm > 0.5 mm > 0.7 mm, apparatus
B (chewing distance): 1.4 mm > 1.6 mm > 1.8 mm; §ing angle: 40° > 20°. This holds true

for the other commercially available nicotine bagedhs as well.

Based on the results presented, it is possiblemnclade that both the apparatus are capable of
generating the drug release data which could benpiatly used in the product development
and routine quality control purposes.

However in order to verify the suitability of the vitro dissolution method for gum products,
knowledge of theiin vivo performance characteristics are necessary. Padiatlation ofin
vitro release data to the data obtained fiarwivo studies on Catechins containing chewing
gums using apparatus A was reported (Yaegal. 2004). In case of nicotine gums, a
correlation between aim vitro release and aim vivo chew-out study was demonstrated for
Nicorette chewing gums of 2 mg dosage strengthguapparatus B (Kvistet al. 2000). The
testing conditions were not biorelevant and sudbrimation is incomplete to arrive to any
conclusion about the instruments.
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5.2.3.6 Influence of apparatus B parameters onn vitro release

The apparatus B is seen as a potential designefease testing, since it is widely and
commercially available and simplicity of its conattion. This part of the analysis is focused
with a perspective to evaluate this apparatus silittain generating reproducible and reliable
data. The developédd vitro drug release method was employed with the chatgssribed in
the individual following sections.

5.2.3.6.1 Evaluation of buffer influence

The influence of different buffer solutions overudrrelease was evaluated. The product
performance in the compendial buffers of physiaagirelevance listed in the USP (USP
2015) was compared to that of the artificial salptd 6.2 (Hugheset al. 2002). The drug
release testing was performed using a single s#tthe apparatus.
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Figure 5-31. Evaluation of different buffer solutions for in vitro drug release testing

a) In vitro drug release testing of nicotinell chegs gums using the bio-relevant setup (1.8mm; 20°;
40 strokes/min) b) plot of SD for drug release latime points from different buffer solutions

Results and discussion

As shown in Figure 5-21, the vitro drug release profiles of Nicotinell 2 mg mint gum
buffer solutions of physiological relevance indiedhat the buffer pH has no influence over
release with respect to nicotine based gums. Homyveaalysis of the inter-individual
variability demonstrate that the release profilepld 6.2 and pH 6.8 have a less variability
(SD) compared to other buffer solutions. It wa® dtsund that the buffer solutions in the pH

range of 6.0 to 6.8 are suitable for the bio-retéva vitro release testing of nicotine based
gum formulations.

Large inter-individual difference between the pledfiwas found in the presence of 0.1M HCI.
This is due to the fact that the nicotine presarthe gum is bound to a weak cation exchange
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resin (nicotine polacrilex) which behaves like fragid below pH 4.0 resulting in variable
degree of ion exchange interactions between fregtine and hydrogen ions.

5.2.3.6.2 Evaluation of durability of chewing jaws

The durability of the chewing jaws after a singted anultiple uses is shown in Figure 5-32.
Drug release testing (n=3) was performed in appar& using a single pair of jaw for 1h
using the standard setup of 1.4 mm chewing distadlestrokes/min and 20° twisting angle.
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Figure 5-32. Influence of repeated usage of jaws ewdrug release tested using Nicotinell 2 mg
mint gums

Results and discussion

The result of the drug release profiles generateddnsecutive use of chewing jaws at a
specific apparatus revealed that the jaws tendnttergo continuous change in the surface
roughness which need to be verified on a produgrdéaluct basis and when required, should
be qualified after every single use. Since the éhgwaws used in apparatus B are sand
blasted to provide frictional force during mastioat it is generally expected that the sand
blasted surfaces wear-off after a specific peridduse. This part of the study was to

demonstrate the importance of surface roughness domg release. The general

recommendation is to employ always a new pair wijfor drug release testing to eliminate
undesirable effects of the chewing surface on selea
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5.2.3.6.3 Evaluation of surface roughness of chewing jaws

The principle of operation of both apparatus is tmaton. Unlike apparatus A, the apparatus
B, consists of detachable chewing jaws. It is ree@mded that the chewing jaws have to be
routinely qualified after single use. Surface rongss plays a key role in the drug release
behavior. The surface roughness was measured oopgher jaw using surface roughness
tester Mitutoyo SJ201. The jaws used for a singkel] and multiple investigations (n=3)
were measured. A total of 8 jaws from each setupewaken and the individual surface
roughness values (Ra) are shown graphically inreigu23.
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Figure 5-33.  Surface roughness (Ra) of upper jawsensured after single and multiple uses

Results and discussion

The results of the consecutive or the repeated afs¢he chewing jaw indicated the
diminishing surface roughness. This influence weendirectly from the drug release profiles
generated from the same jaws. Later, it was quaivitly verified by the measurement of the
surface roughness (Ra) resulting from a single mdtiple use of jaws. The results R
measured after a single-and-multiple uses are showigure 5-33. The Rvalues remain
almost constant at higher chewing distance afteingle use and a considerable reduction in
the surface roughness after multiple uses partigudd a reduced chewing distance.

116



5.2.3.6.4 Evaluation of pre-tempering of gums

During mastication of the gumbase, the drug releaseduced by the mechanical kneading
force. The transition of the solid dosage form talaber glass elastic state at the human body
temperature aid the kneading procedure smooth byfldw of gum components and to
maintain the integrity of the dosage form itseif.drder to understand the influence of pre-
warming of the gums prior to drug release testithgg chewing gums were subjected to
uniform heat treatment in a pre-tempered oven raaatl at 37 °C = 0.5 °C for an hour and
then tested directly for drug release. The ressliswn in Figure 5-34 and Figure 5-35
indicate that the pre-warming of the gums alone hassignificant influence over drug
release.

artificial saliva pH 6.2; 40mL; 1.4mm; 40°
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Figure 5-34. Influence of pre-warming of gums on rease of nicotine from Nicotinell 2 mg
mint (apparatus B)
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Figure 5-35. Influence of pre-warming of gums on rease of nicotine from Nicorette 2mg
freshmint (apparatus B)
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Results and discussion

The effect of pre-tempering of the gums indicated significant difference in the release
behavior between the pre-tempered and the normaicly gum. The activation of the
inactive solid gum depend on number of factors saagfa mastication, transition to a rubber
elastic state and the diffusion of the medium toilfate the above said processes. Pre-
tempering under physiological temperature alone massufficient to activate the gum. This
concludes that the pre-tempering is not necessarythie investigated nicotine containing
chewing gum formulations.

5.2.3.6.5 Evaluation of the influence of nylon nets

The recommendation from the manufacturer of theaegtps B is to use a pair of standardized
nylon mesh for the release testing. During theasdetesting, the gum piece was placed
between the nylon nets which prevent the gum gdasgtieaving the chewing surface and keep
them intact during chewing. This is necessary famgnatrix that crumbles into pieces during

the initial phase of mastication. The Nicorette ahdotinell gums are manufactured using the
traditional/conventional methods by employing ngtiand extruding the gumbase mixture.
The purpose of this study was to evaluate whethermhandatory to use nylon nets for release
testing. The drug release testing was performenguNicorette sample which was found to be
very sensitive and the average drug release vdhe3) with the standard deviation are

shown in Figure 5-36.
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Figure 5-36. In vitro drug release profiles of Nicorette 2 mg freshmintvith and without nylon
gum (apparatus B)
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Results and discussion

The use of nylon meshes for the release testirgylglendicated that the release testing cannot
be performed without the nylon mesh at least fer ghm products investigated. One of the
primary reasons could be that the forces necedsampe renewal of chewing surface on the
gum is considerably reduced in the absence of nglts. Even when the twisting angle is
increased from 20° to 40°, no impact on the relees® observed. This necessitates the use of
nylon nets for all the performance testing on clmgwgums. Since the inclusion of apparatus
B in the Ph. Eur., the manufacturer has standaddibhe design specifications for all the

components. Nylon nets geometry and the mesh siee adso standardized by the
manufacturer.

5.2.3.6.6 Flavor influence onin vitro release
Different flavors of the nicotine based gums wearstéd using the developédvitro release
method. The results are shown graphically in FiguGY.
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Figure 5-37. Invitro release of nicotine from different chewing gum fomulations

Drug release profiles generated using the appar&ws the following setup: 1.4mm/20°/40 strokes,
40mL of artificial saliva pH 6.2 at 37°C.

Results and discussion

The in vitro drug release profiles shown in Figure 5-37 cleamljicate that the release of
nicotine from gum matrix is affected by the typeflafvor. As seen, the classic gum which
does not contain any flavor has a faster releagsgootine compared to the freshmint flavor
from the same manufacturer. This is due to the tfzatt the mint flavor which is a volatile oil
renders the gum matrix softer at the early phaselefise testing. In case of classic gum, it
was observed that the gum matrix crumbles duringainmastication resulting in a faster
release of nicotine. However, it was not possibleadmpare the release of nicotine from gum
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products of different manufacturers (Nicorette it vs Nicotinell) as they differ in
texture, composition and possibly method of manwiaag.

As an overall conclusion, it can be stated thatnie¢hodology and the apparatus parameters
proposed were found to be suitable for ihevitro performance testing of the chewing gums
containing API, particularly gums manufactured lpneentional techniques like hot melt
extrusion.

5.2.3.7 Evaluation of f; test statistics

The £, test statistics was performed for the nicotineebdagum formulations. Since tlve vitro
data were generated using both the apparatus, stasaumed that the &nalysis would
provide critical information about the apparatugapeeters. For the feasibility study, 8
different setups for apparatus A and 12 for appar&® were considered. The data generated
were directly compared with each one of the apparaetup to the other based on the two
products. The results of the analysis have beenmmarined and represented graphically. The
results were also published (Gajendranal.2012).
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Figure 5-38. Comparison of similarity factor () values for Nicotinell 2mg mint gums

The apparatus A and B parameters for the resutiesishn Figure 5-38 and Figure 5-39 are
given in Table 4-7 and Table 4-8. The objective wasssess the interchangeability of the
apparatus for a gum product thereby a similar dreigase profiles are generated under
specific apparatus parameters (setups). The meaduexaluation of profile similarity is

achieved by £ analysis. Value of,f> 50 for profiles under comparison signifies their
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similarity. Since both of the apparatus A and B @escribed in the Ph. Eur., it is necessary to
link the setups from apparatus for the purposatgfrchangeability.
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Figure 5-39. Comparison of similarity factor (§) values for Nicorette 2 mg freshmint gums

Plot of similarity factor values {f determined between the in vitro dissolution dgtaerated from the
Ph. Eur. apparatus A and apparatus B for the Niter€émg freshmint drug product. Data from 8
different setups of apparatus A is compared tolthalifferent setups of the apparatus B. The mean
drug release data was derived from n=3 dissolutioms at each apparatus setup.

Results and discussion

The results of thestlest statistic are presented graphically in Figh#®8 and Figure 5-39 for
the gum products Nicotinell and Nicorette. As dést in the objective, the purpose was to
demonstrate the suitability of the instrumentshia toutine quality control and development
purposes. Due to the differences in the constroctiod operation of the instruments under
study, it would not be possible to compare itheitro drug release results from the apparatus
directly even with the same product. The differende drug release profiles could be
attributed by several factors, beginning from iostent design to the formulation of the
product. In order to understand the optimal insenmparameters which make the direct
comparison plausible, similarity factor)fcalculation was used to identify the similar drug
release profiles generated by both the apparatus their corresponding operational
parameter.

The purpose is to test the interchangeability ef apparatus for a given product. As seen in
Figure 5-38 and Figure 5-39, the red lines markimim requirements {f= 50) to accept the
profiles are similar. Values below this indicates tHissimilarity of the profiles compared.
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From the results, it is seen that more similar ijgsfwere generated by the apparatus for
Nicotinell 2 mg mint gums. This is due to the geftture of the nicotinell gum product which
has more elasticity during mastication. This pregidetter kneading and renewal of chewing
surfaces even with a minimal force exerted by {hgasatus B.

On the other hand, very few similar profiles €</50) were generated between the apparatus A
and B for Nicorette 2 mg freshmint gums. Howeveonen of the apparatus parameters
compared resulted in fvalues close to unity {f= 100). This indicates that the apparatus
interchangeability for the gum products is not gaftg recommended or requires prior
knowledge on the performance of the produnativo to verify the suitability.

5.2.3.8 Evaluation of mean dissolution times

The mean drug release / dissolution time (MDT) alalked from then vitro drug release data
from both the apparatus with respect to the progushown in Figure 5-40. The lines passing
through the data points indicate the average MDikiabd from all the apparatus setup used.
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Figure 5-40. Mean dissolution times of Nicotinell Zng mint gums (apparatus A and B)

The apparatus setup parameters for Figure 5-40 Bigire 5-41are given in Table 4-7 and Table
4-8. Plot shows the MO vivoy Obtained for Nicotinell 2 mg mint gums. There 8rdifferent setups
for apparatus A (MDT values shown in square) andlifterent setups for apparatus B (MDT values
shown in triangle). The straight lines indicate eage MDT values for the gum products.
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Figure 5-41. Mean dissolution times of Nicorette 2mqfreshmint gums (apparatus A and B)

Plot shows the MD, viroy Obtained for Nicorette 2 mg freshmint gums. Ttegee8 different setups for
apparatus A (MDT values shown in square) and 1&diht setups for apparatus B (MDT values
shown in triangle).
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Figure 5-42. Chewing gums after mastication by appatus A and B

Appearance of chewing gums after mastication fom@. Figure on the left for apparatus A and the
figure on the right for apparatus B

Results and discussion

As observed from the Figure 5-40 and Figure 5-4#, MDT values for Nicorette and
Nicotinell chewing gums using apparatus A are Essgtered than the MDT values obtained
from apparatus B. This phenomenon is usually exguketith such a system since strong
masticatory chewing force is exerted on the gumdpets in apparatus A than B and the
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sensitivities of drug products to the vitro release methodology is suppressed. A clear
difference in the chewing pattern can be seendarFigure 5-42.

The analysis of the drug release data from bothajhygaratus using a model independent
approach revealed shorter mean dissolution timd3TMn apparatus B than apparatus A for
both nicotine gum formulations, even at conditiomsen complete drug release was not
observed. This explains that the drug release wai® higher during the initial masticatory
period and the later phase of drug release wasenfled by the product characteristics.
During this period, the water soluble excipients exleased, rendering the gum hard enough
to resist mastication which eventually led to theomplete release profiles. This was not the
case with apparatus A where the robust construeti@hgreater mechanical forces acting on
the gum product overwhelms the sensitiveness of gteducts, so that no appreciable
difference in drug release profiles could be obsdrv
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5.2.3.9 Release kinetics from nicotine gum formulations

The results of best fit model for all the apparageBips are summarized in Table 5-7 - Table 5-h8.purpose was to describe the release kinetics
from the gum formulations and to evaluate the mrfice of the variables which may change the medmaofselease. The results are also shown
graphically Figure 5-43 - Figure 5-44 for an ovewi The value of’rclose to 1 demonstrates the goodness of fit foptrticular model.

Table 5-7. Summary ofin vitro release kinetics evaluation from Nicotinell 2 mg imt gums using apparatus A
Apparatus setup*) | Zero Order First Order Higuchi Model Korsmeyer-Peppa: Hixson-Crowell

r’ ke (h™) r’ k1 (h9) r’ ky (W9 r’ n value Ko (h™ r’ Kuc (W)
0.3mm/3mm 0.8293 1.4867 0.6010 0.0274 0.9506 16.920 | 0.9849 0.8315 2.1172 0.9898 -0.0792
0.5mm/3mm 0.8255 1.4945 0.5962 0.0278 0.9484 18.015 | 0.9867 0.8503 2.1901 0.9868 -0.0793
0.5mm/6mm 0.8050 1.3878 0.5856 0.0265 0.9361 18.028 | 0.9851 0.8235 2.0705 0.9787 -0.0731
0.7mm/3mm 0.8494 1.4335 0.6063 0.0288 0.9618 12.299 | 0.9815 0.8662 2.0200 0.9812 -0.0657
Table 5-8. Summary ofin vitro release kinetics evaluation from Nicorette 2 mg &shmint gums using apparatus A
Apparatus setur’ Zero Order First Order Higuchi Model Korsmeyer-Peppa: Hixson-Crowell

r’ ke (h™) r’ ki (™) r’ ky (W) r’ n value Ko (h™ r’ Kuc (W)
0.3mm/3mm 0.8837 1.7553 0.5408 0.0524 0.9737 1%.271 | 0.9807 1.6592 4.0062 0.9947 -0.0683
0.5mm/3mm 0.9122 1.8396 0.5777 0.0590 0.9796 12.870 | 0.9921 1.7636 4.1495 0.9978 -0.0690
0.5mm/6mm 0.8732 1.6561 0.5165 0.0525 0.9698 16.360 | 0.9692 1.7128 4.0649 0.9863 -0.0589
0.7mm/3mm 0.9000 1.6369 0.5414 0.0535 0.9812 16.020 | 0.9773 1.6904 3.6975 0.9874 -0.0532

*) the apparatus setup represents the differenbewation of the horizontal and vertical pistonghe chewing chamber of the apparatus
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Tn vitro release kinetics model fitting for Nicotinell 2mg mint gums In vitro release kinetics mode! fitting for Nicorette 2mg freshmint gums
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Figure 5-43.  Evaluation ofin vitro release kinetics of nicotine from a) Nicotinell 2ng mint b)
Nicorette 2 mg freshmint (apparatus A)

Results and discussion

Among the five kinetic models used to assess thease kinetics, it was found that the r2
values were predominantly close to 1 for Higuchgrémeyer and Hixon-Crowell models.

This suggests that the nicotine release from chgwimm formulation is controlled by more

than one process. This involves the diffusion ofigdmolecules within the gum matrix

(Higuchi model) in combination with polymer relaiat (Korsmeyer-Peppas model) and
constant change in the particle size and surfaea étixson-Crowell model). The value of

the release exponent (n) in Korsmeyer-Peppas eguedinging from 0.82 to 1.76 suggests
that the release mechanism is a combination offieéien and super case Il transport which
translates the mechanism of drug transport as eiéumof polymeric matrix relaxation. The

r* value of zero order release > 0.8 indicates that drug release is independent of the
amount of nicotine present in the gum matrix.
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Table 5-9. Summary ofin vitro release kinetics evaluation from Nicotinell 2 mg it gums using apparatus B

Apparatus setur’ Zero Order First Or der Higuchi Model Korsmeyer-Peppa: Hixson-Crowell

r’ ke (h™ r’ ki (h™) r’ ky (W9 r’ n value Ko (h™ r’ Kuc (W)
1.4mm/20 0.6833 1.1699 0.4760 0.0227 0.8484 12.2198 0.9692 .9826 3.6282 0.9027 -0.0469
1.6mm/20 0.6622 1.2130 0.4749 0.0237 0.8321 12.7458 0.9907 .0151 3.9477 0.9010 -0.0514
1.8mm/20 0.6774 1.0113 0.4999 0.0219 0.8443 10.5832 0.9806 .801G6 1.9669 0.8027 -0.0297

Table 5-10.  Summary ofin vitro release kinetics evaluation from Nicorette 2 mg &shmint gums using apparatus B

Apparatus setur’ Zero Order First Order Higuchi Model Korsmeyer-Peppa: Hixson-Crowell

r’ ke(h™ r’ ki (h™h r’ ky (™3 r’ n value Kip (h™) r’ Kuc (W™
1.4mm/20 0.7817 0.9717 0.4985 0.0333 0.9200 9.8816 0.8965% 8716. 0.8138 0.8599 -0.0223
1.6mm/20 0.8002 0.7798 0.5165 0.0340 0.9315 7.8865 0.8891 7953. 0.5403 0.8529 -0.0159
1.8mm/20 0.9050 0.5775 0.6801 0.0308 0.9853 5.6486 0.9749 6588. 0.4025 0.9296 -0.0108

*) the apparatus setup represents the differenbomations of the chewing distance with a constaisting angle and chewing frequency.
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In vitro release inetics model fiting for Nicotinell 2mg mint gums In vitro release kinetics model fitting for Nicorette 2mg freshmint gums
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Figure 5-44.  Evaluation ofin vitro release kinetics of nicotine from a) Nicotinell 2ng mint
b) Nicorette 2 mg freshmint (apparatus B)

Results and discussion

The results presented in Table 5-9 and Table Tad@ate that the mathematical relationship
fitted the best with the Higuchi, Korsmeyer-Peppad Hixson-Crowell model withf values
close to 1. The results presented were generatethé nicotine gum products using the
apparatus B. The release exponent value (n) ranigorg 0.65 to 1 indicates the release
mechanism from the gum formulations is a mixed pmeenon commonly called as
anomalous transport (non-fickian and super casgalisport) involving drug diffusion in
hydrated matrix followed by polymer relaxation.

The F values for the mathematical models tested diffetwien the apparatus A and
apparatus B. There were many instances wheréd19 was observed for drug release data
generated from apparatus A than B. This is dudedfdct that force exerted by the apparatus
A is considerably more than apparatus B which tesin better kneading effect and a
constant masticatory force throughout the chewirgc@ss. Due to this effect, the nicotine
release from the gum matrix resembles zero-ordease and is similar and almost complete
in most of the apparatus setup parameters. Howéwean inferred from the Figure 5-43 and
Figure 5-44 that the highest values were observed for Higuchi, Korsmeyer-Pe
Hixson-Crowell models indicating the nicotine redeakinetics from gum products using
apparatus A and B were same and was not influebgede apparatus setups. Applying these
mathematical models can be empirical and no defenitonclusion can be drawn to explain
the dominating mass transport mechanism.
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5.2.4 Dimenhydrinate based chewing gum formulations

Following the demonstration of the suitability dfet developed drug release methodology
with nicotine based gums; performance testing wasneled to the commercially available
dimenhydrinate chewing gums using the apparatu&ifg:e no monographs related to product
quality for this gum in the Ph. Eur. exist, assagting was performed using the method
developed for the nicotine gums. The results aesgmted in the following section.

5.2.4.1 Dimenhydrinate content in chewing gums

The assay samples were prepared from 3 differenpkes using the method described under
content uniformity testing. The samples were meadum duplicate and the individual results
are reported.

Recovery [%] of Dimenhydrinate in Gums

100 - 80.45 80.54 84.28 83.84 82.62 82.44
mm Emm o AN ew
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/
o)

/]
0 /

1

% recovered of label claim

Sample 1-1 Sample 1-2 Sample 2-1
Chewing gum sample

Figure 5-45.  Recovery of dimenhydrinate from gum famulations

Bars represent % recovered from individual gumssaf&extraction method developed for nicotine
chewing gums was used to extract the dimenhydrifrata gums. Average amount extracted was
about 82% of the labelled amount (dosage strenfjthneenhydrinate is 20 mg/ gum)

Results and discussion

The maximum amount of dimenhydrinate recovered ftoenchewing gum is between 80%
and 85%. It was not possible to extract the drugstance completely using the developed
method. Other alternative methods involving solgelike chloroform and cyclohexane was
also attempted and the recoveries were found tiedsethan the assay method described for

nicotine. The incomplete release during thevitro dissolution testing could be explained
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using this phenomenon of binding between the dmuugstance and the gum components.
However the results were consistent within the weit a maximum variability of 5 %.

5.2.4.2 Invitro drug release testing of dimenhydrinate containinghewing gums

The intention of release testing of dimenhydrinew@taining chewing gums was due to the
fact that unlike the nicotine based gums, dimenimade gums are manufactured using a
direct compression technique. The gum is having MAsermany and is available as OTC
product. A central fracture of the gum reveals dihg blends of the excipients indicating the
method of manufacturing which is a simple tableftt{direct compression technique). Upon
crushing, the gum usually disintegrates and alltdvesmedium or the salivan(vivo) to wet
the components, which subsequently turns the wetbgse to attain the elasticity to behave
like a normal chewing gum mass. This techniquevadlohe manufacturer to employ normal
tabletting machines to produce gums that combihestlvantage of using thermo-labile drug
substances to be incorporated into the gum saféighwotherwise is complicated with a hot
melt extrusion technology.

The pharmacological activity of both the diphenlardme and 8-chlorotheophylline has
already been described and well investigated (Slaghret al. 2005,Kvist et al. 1999).
During the drug release testing, it was expectatlttie dimenhydrinate salt will dissociate in
the dissolution medium into diphenhydramine anchBiotheophylline. The quantification of
any one of the compound will correspond to theasdebehavior of the other provided the
ratio or proportion of the salt is taken into calsation. In order to avoid any errors during
analysis by the HPLC, the peak areas obtainedifdresihydramine and 8-chlorotheophylline
were added and quantified using an external standealibration method using
Dimenhydrinate as a reference standard. The reduibe in vitro drug release testing is
presented in Figure 5-46.
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Figure 5-46. In vitro release of dimenhydrinate from the gum product

The data were generated using variable chewingadest of the apparatus B maintained at constant sigew
frequency and twisting angle. Drug release profitepresent data (n=3 + SD) generated using 40mL of
artificial saliva pH 6.2 at 37°C.

Results and discussion

A visual observation of the drug release profilasvgn in Figure 5-46 indicates absence or a
very small influence of the chewing distance ongdrelease. The maximum amount of drug
released at the end of testing is about 70 % ofaibel claim. The solubility investigations of
dimenhydrinate indicated that the solubility (1.@/mL) is not a rate limiting factor for
dissolution/drug release. One explanation mightthegt drug substance remained/trapped
within the gum matrix during the dissolution progel would be difficult to determine the
residual content in the cud gum after drug relesisdies since the gum components adhere to
the nylon mesh. Thi vitro drug release profile for chewing distances 1.4 amd 1.6 mm
are nearly identical. The profiles of 1.4 mm an@ inm reached the asymptote at about
30 min (1200 cumulative strokes) of testing and4&tmin (1800 cumulative strokes) for
1.8 mm chewing distance. The presence of asympgeterally indicates the completioniof
vitro drug release process. There is still a differesfabout 10 % to 12 % between the assay
and drug release value. In case of dimenhydrina¢gg gums, the label claim states 20 mg
of dimenhydrinate in the gum product. This leadstihe conclusion that the rest of
dimenhydrinate is still bound to the gum matrix amds not released during the chewing
process. The reason might be the force necessargrnsform the gum product to a thickness
corresponding to the pre-adjusted chewing distdhce mm/ 1.6 mm/1.8 mm) is inadequate
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to knead the gum for a renewable surface. Chewisigince < 1.4 mm is not suitable since
the chewing jaws tend to compress the gum matrighmanger that affects the operation of
the chewing apparatus. The decision to choose sstathewing distance is always product
dependent (gum product thickness, texture and esdjnand can be achieved only using trial
and error methods. In order to evaluate the infteeof another buffer solution, further drug

release testing was carried out in a compendidebafijusted to pH 6.8.

5.2.4.3 Evaluation of buffer influence on dimenhydrinate rdease

The buffer pH 6.8 was chosen to keep the drug seléasting within the physiological range.
Besides, the solubility data of dimenhydrinate dadéd that the solubility of
diphenhydramine and 8-chlorotheophylline are simitathe pH range of 6 to 7. The results
of the analysis are shown in Figure 5-47.
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Figure 5-47. Influence of buffer solutions on dimehydrinate release
Data represent in vitro drug release at constarpaatus B setup (1.6mm, 20°, 40 strokes/min)

Results and discussion

The results shown in Figure 5-46 indicate that thkease of dimenhydrinate from the
chewing gum is not influenced by the change inapparatus parameters. The difference in
release observed between the drug release profies negligible. This is confirmed
guantitatively by the,ftest statistic summarized in Table 5-11. It caodle inferred that the
profiles reach asymptote after 1200 strokes fomahg distances adjusted to 1.4 mm and
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1.6 mm. In case of 1.8 mm chewing distance, an psyt® was observed at 1800 strokes.
Moreover a change in the dissolution medium pH witle of the apparatus setup yielded the
same result which is shown in Figure 5-47. Thigdates, under normal conditions of testing,
a complete release from the formulation is not etg It is also expected that thevivo
release would be same for the drug product. Howeslerical data was not found in the
public domains to verify thm vitro release methodology.

5.2.4.4 Evaluation of f; test statistics

The in vitro drug release data from the different apparatugtBpswas treated using the f
statistic proposed by (Mogret al.1996). The method of evaluation is described endérlier
section. The results of the test statistic are sarirad in Table 5-11.

Table 5-11.  § test statistic for dimenhydrinate containing chewng gums using variable
chewing distance of the apparatus B

Test parametel Apparatus setup (chewing distance as a primary vaable)
1.4mmvs. 1.6mr 1.4mmvs. 1.8mr 1.6mmvs. 1.8mr
f, statistic 85 62 64

Results and discussion

As shown in Table 5-11, the drug release profileapparatus setup 1.4 mm and 1.6 mm are
very similar compared to that of other setups. Heewea value of 50 is always acceptable.
With regard to the dimenhydrinate gums, all thefipgs are considered to be similar. There is
no significant influence of the chewing distancedoung release.

133



5.2.4.5 Evaluation of mean dissolution times (MDT)

The results of theén vitro mean dissolution times (MDT) are summarized belowable
5-12.

Table 5-12.  Evaluation of MDT of dimenhydrinate comaining chewing gums

Time [min] 1.4mm/4(strokes/20° 1.6mm/40<¢rokes/20° 1.8mm/4(strokes/20°
AUMC 0 0.00 0.00 0.00
AUMC 2 17.86 18.17 16.40
AUMC 5 49.39 40.25 36.75
AUMC 10 102.08 109.35 69.00
AUMC 20 213.30 196.05 210.00
AUMC 30 116.00 219.50 200.00
AUMC 45 55.88 32.63 232.50
AUMC 60 -44.63 42.00 21.00
AUMC 0-60 509.87 657.95 785.65
MDTin vitro [min] | 7-83 9.71 12.14

Results and discussion

The MDT of dimenhydrinate containing chewing gunowk a constant difference in the
MDT with respect to the chewing distance. The dédfece in MDT between the two

consecutive apparatus setup is < 3 min. In compiartie the nicotine based chewing gums,
the release behavior was found to be similar aedviiue lies almost in this range for the
apparatus B.

5.2.4.6 Release kinetics from dimenhydrinate gum formulatios

The in vitro drug release kinetics was evaluated using the odettescribed earlier in the
section.4.16.3 The results of the analysis are shiowFigure 5-48 and summarized in Table
5-13.
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In vitro release kinetics model fitting for Dimenhydrinate gums

o i
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Figure 5-48. Evaluation of in-vitro release kinetis of dimenhydrinate gum formulation
The data were generated using the Ph. Eur. appartat different chewing distance shown in the rdiag

It can be inferred from the Figure 5-48 the datarewbest fitted to the Higuchi and
Korsmeyer-Peppas equations with the correlatiorfficient () of 0.84 and 0.95. Summary
of the release kinetic data is presented in thdeTad.3.
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Table 5-13.  Summary ofin vitro release kinetics evaluation from dimenhydrinate 2@ng gums using apparatus B
Apparatus setug* | Zero Order First Order Higuchi Model Korsmeyer-Peppa: Hixson-Crowell

r’ ko(h™ r’ ki (h™) r’ ky (9 r’ n value Kip (h™) r’ kuc (W)
1.4mm/20 0.6777 0.7200 0.5789 0.0173 0.8385 7.4374 0.9885| 5276. 1.0675 0.7178 -0.0173
1.6mm/20 0.7403 0.7887 0.6377 0.0186 0.8852 8.0086 0.9908| 481a. 0.9228 0.7848 -0.0193
1.8mm/20 0.8340 0.8028 0.7175 0.0202 0.9472 7.9446 0.9965| 467a. 0.8032 0.8755 -0.0188

*) the apparatus setup represents the differenbomations of the chewing distance with a constaisting angle and chewing frequency.

Results and discussion

The analysis oin vitro dissolution data clearly shows that the releasen the gum matrix is diffusion controlled (anomaldrtansport). For dosage
forms, an ideal condition for the zero order drelgase would be with “n” approaching unity. In thigiation, the release follows neither zero order
nor the first order. It is usually expected witltlsikind of system where the API is dispersed imnagoluble gum matrix. The diffusion of the API
within the matrix is controlled by a number of fad. In other words, the diffusion or the permagbdf the drug in the gum matrix is determined
by the state of the polymer gum matrix. Temperatun@ the wettability of the gum play an importavierand aids in the transition of non-porous

gum matrix to a glassy rubber elastic state.
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5.2.5 Caffeine based chewing gum formulations

Caffeine containing chewing gums are multi-sourcedpcts available in the market. One
gram of caffeine dissolves in 46 mL water (Mercklidr), which corresponds to a solubility
of 21.7 mg/mL. Both the media (water and artifigaliva) are supposed to be comparable, as
the pH value in this range should not influencegblkbility of caffeine. The caffeine content
per serving is 80 mg (one serving consists of twecgs of chewing gum); therefore, the
maximum concentration in 40 mL dissolution mediwn2 img/mL. Solubility is sufficient and
the sink condition is assumed in the given volurhéGmL drug release medium.

5.2.5.1 Invitro drug release testing of caffeine containing chewgngums

The in vitro release of caffeine from chewing gum formulatioaswtested using different
apparatus setups. The influence of various parasiete drug release was investigated. The
results of then vitro release testing are shown in Figure 5-49 - FiGuse.
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Figure 5-49. In vitro release of caffeine from the gum product at consté twisting angle

The data were generated using variable chewingadist of the apparatus B maintained at constant
chewing frequency. The twisting angle is set ta PBtig release profiles represent data (n=3 + SD)
generated using 40mL of artificial saliva pH 6.235t°C.
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Figure 5-50. In-vitro release of caffeine from thgum product at constant twisting angle

The data were generated using variable chewingadist of the apparatus B maintained at constant
chewing frequency. The twisting angle is set ta B0fig release profiles represent data (n=3 + SD)
generated using 40mL of artificial saliva pH 6.235t°C.

Results and discussion

As far as the caffeine containing chewing gums @acerned, then vitro drug release
profiles shown in Figure 5-49 and Figure 5-50 iadés that the release is not complete within
the tested time period of 60 min. Absence of asytepin the profiles indicates that the
release was incomplete. It might not be relevamtend the drug release testing time further
to completion, since the condition may not refldat physiological process. Chewing gum
products are generally designed to deliver actiestances within 30 to 45 min of chewing.
Extended mastication results in a loss of textund aoftness of the gum matrix as the
excipients dissolve over time leaving a hard gusidue. Besides, thi vitro release of
caffeine from gums shows that it follows a cleankr@rder. The release is faster in case of
1.4 mm as compared to 1.8 mm chewing distanceil®dfom both the figures indicate the
apparatus setup at two different chewing angle$,a2d 40°. When compared and evaluated
for their influence on drug release, the effecielss pronounced at 1.8 mm even with an
increased twisting angle. This is due to the faet the kneading process was not effective
during the release testing.

138



5.2.5.2 Evaluation of f, test statistics

The £ values between the profiles generated with 20°40fdtwisting angle were compared.
The results of the analysis are shown in Table B4#idlFigure 5-51.

Table 5-14.  Evaluation of § values between apparatus setups at 20° and 40° $ting angle

Apparatus setups 1.4mm/40strokes/4C 1.6mm/40strokes/4C 1.8mm/40strokes/4C
1.4mm/40strokes/20° 68 73 42
1.6mm/40strokes/20° 49 69 54
1.8mm/40strokes/20° 38 82 82
100 4 Apparatus B setups of variable chewing distance at 40°
f, value at 1.4mm/40 strokes
- N\, value at 1.6mm/40 strokes
S 80 () f, value at 1.8mm/40 strokes 82 82
45 —
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Apparatus B setups of variable chewing distance at 20°

Figure 5-51. Comparison of drug release data f)f of caffeine containing chewing gums using
various apparatus setup

Results and discussion

The bars in the Figure 5-51 represent thealues obtained by comparing timevitro data
from various apparatus setups at 20° and 40° twystingle. The line on the y axis at 50
indicates the minimum value required to accepisthelarity between the profiles. A value of
f,> 50 indicates that the profiles under comparis@ensamilar and the difference observed in
release at each time point is less than 10% of E@aen. From the Figure 5-51, it can be seen
that the similarity is always observed for profilegh similar chewing distance independent
of the twisting angle at all the parameters testésing the apparatus setup of 1.8 mm/40
strokes/20°, the test yielded a similarvilues, and shows that the twisting angle has no
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influence on the drug release. This is expectedesthe frictional forces are reduced at a
higher chewing distance which in turn reduces théase modification of the gum during the
masticatory process resulting in less renewablkaceifor further drug release.

5.2.5.3 Release kinetics of caffeine gum formulations

Thein vitro drug release data were fitted to the various n®odescribed earlier. The best fit
is determined from the correlation coefficient. Tigsults of the analysis is shown in the
Figure 5-52 and summarized in the Table 5-15.

In vitro release kinetics model fitting for Caffeine gums

1.8mm/408/20°

Apparatus B setup (FIA)

OZero order First order ~ B Higuchi model Korsmeyer-Peppas B Hixon-Crowell

Figure 5-52.  Evaluation of in-vitro release kinetis of caffeine from the gum formulation

The data were generated using the Ph. Eur. appar8tat different chewing distance shown in the
diagram.
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Table 5-15.  Summary ofin vitro release kinetics evaluation from Caffeine 40 mg ataining gums using apparatus B

Apparatus setug* | Zero Order First Order Higuchi Model Korsmeyer-Peppa: Hixson-Crowell

r’ ko(h™ r’ ki (h™) r’ ky (9 r’ n value Kip(h™) r’ kuc (W)
1.4mm/20 0.8432 1.0166 0.6215 0.0311 0.9534 10.0383 0.9450 .7250 0.8058 0.9066| -0.0238
1.6mm/20 0.8842 0.8704 0.6581 0.0289 0.9734 8.4805 0.9465 6090. 0.6263 0.9320| -0.0190
1.8mm/20 0.8673 0.6947 0.6669 0.0269 0.9667 6.8102 0.9550 567Q. 0.5071 0.9033| -0.0140

*) the apparatus setup represents the differenbomations of the chewing distance with a constarsting angle and chewing frequency.

Results and discussion
Like dimenhydrinate chewing gums, the best fithserved for the Higuchi model and the Korsmeyerp@spnodel which explains the mechanism
of release is predominantly non-fickian transpartamalous) with the value of 0.85 < n> 0.5.
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5.2.5.4 Evaluation of mean dissolution times (MDT)

The results of then vitro mean dissolution times (MDT) are summarized balothe
Table 5-16 and Table 5-17.

Table 5-16.  Evaluation of MDT of caffeine containig chewing gums at 20° twisting angle
Time 1.4 mm/40 Strokes: 1.6 mm/40 Strokes) 1.8 mm/40 Strokes:
[min] 20° 20° 20°

AUMC 0 0.00 0.00 0.00

AUMC 2 6.57 6.96 6.85

AUMC 5 45.22 42.14 33.29

AUMC 10 111.98 85.43 69.68

AUMC 20 241.95 144.00 135.90

AUMC 30 176.50 240.50 167.00

AUMC 45 292.50 209.63 192.38

AUMC 60 253.05 390.08 219.98

AUMC 0-60 1127.77 1118.73 825.06

MDTin vitro [MiN] 16.06 17.86 16.27

Table 5-17.  Evaluation of MDT of caffeine containig chewing gums at 40° twisting angle
Time 1.4 mm/ 40 Strokes, 1.6 mm/40 Strokes 1.8 mm/40 Strokes:
[min] 40° 40° 40°

AUMC 0 0.00 0.00 0.00

AUMC 2 7.44 7.79 7.95

AUMC 5 58.56 48.51 31.08

AUMC 10 107.93 99.45 67.35

AUMC 20 219.15 136.50 107.55

AUMC 30 280.50 217.00 107.25

AUMC 45 245.25 333.00 229.88

AUMC 60 231.00 394.28 307.13

AUMC 0-60 1149.82 1236.53 858.18

MDTin vitro [MiN] 15.26 17.90 17.42

Results and discussion

The purpose of calculating the MDT is to describeih vitro drug release profiles and to
differentiate curves of different shape and extést.far as the caffeine containing chewing
gums are concerned, the MDTs are found to be simitech was quantitatively confirmed by
the $ values. The observed differences in MDTs are me@gent with the apparatus setups.
The area under the first moment curve (AUMC) up@ongin indicates a difference in the

extent of release of caffeine from chewing gumse &rea (AUMGy.60) is slightly higher for
apparatus setups with 40 ° twisting angle than W&h°C. The AUMCygo for 1.8 mm
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chewing distance at 20° and 40° is considerably than the AUMC observed for 1.6 mm
and 1.8 mm chewing distance. Even then, the MRTirqy has indicated no significant
difference exists between the apparatus setupsp@smble explanation could be that, in all
the tested apparatus parameters, caffeine release incomplete based on the stated label
claim. The difference in AUMC among the releasefi@® confirms the difference in the
extent of release exists. As the MDT calculatiomsiders the release upto the time point
tested, the MDT values are based on the individh@mplete profiles. In these situations, it
would be more reliable to compare the AUMC valuesriderstand the extent of drug release
rather than to rely on the MDT values alone.
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5.3 In vitro in vivo correlation

The method of developinig vitro in vivo correlation (IVIVC) has already been described in
the section 1.6. The availability of clinical/vivo data is of at most importance during the
development ofin vitro drug release methodology. It provides valuableadabout the
performance of the produdh vivo, which in turn would be helpful in developing a
meaningful and biorelevant methodology which cdalér be adapted to the routine quality
control testing. The nicotine gums are widely mégkeand abundance of literatures is
available for nicotine gums which were primarilyedsfor the product approval. But the
product approvals for MCGs are based on the BEestuahd until now are not waived based
on thein vitro data. This is because of the fact that there lsck of data to support the
relationship between an vivo andin vitro data for MCGs. Garget al. 2016 demonstrated
the BE of nicotine based gums products of two ckifé dosage strengths (2 mg and 4 mg).
This concludes still the acceptance of generic quducts is based on BE approach.
Therefore it became necessary to investigate tlssilpitities to establish the relationship
between arn vitro andin vivo data and assess the whetherirawitro method can be a
potential method to prediat vivo performance.

In this section, different types of clinical dathtaned from literatures, sponsors and from
preliminary chew-out studies were evaluated to teiséther the developenh vitro drug
release methodology to some extent simulaténthe/o release.

5.3.1 Evaluation of literature data

Publically accessiblén vivo data were taken to evaluate the suitability of degelopedn

vitro drug release method. During the literature seamaly nicotine baseth viva/clinical

data were found (Hukkanget al. 2005, Russellet al. 1985, Chai et al. 2003, FDA 1995,
1999).
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Figure 5-53. Plasma concentration time profiles reprted in literatures for Nicorette 2 mg and
4 mg based chewing gums

Thein vivo data reported in the literatures (Russetlal. 1985) was treated using the Wagner
Nelson method (Wagneet al. 1963) to derive the fraction of dose (FRA) absdridgteps
involved in the treatment to the data are showthenFigure 5-54.
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Figure 5-54.  Evaluation of nicotine gum 2mg clinickdata obtained from literature

The data was taken from the literature (Russelalei985) and the average plasma concentratior tyraph was reconstructed (upper left). Linear @bt.n
transformed terminal data points (upper right) tetermine the elimination rate constant. Deconvaludata (FRA) using Wagner-Nelson method is shown in
lower left and % absorbed in vivo in lower right.
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5.3.1.1 Superimposability of thein vitroin vivo profiles

The fraction of the dose absorbed (FRA) calculatadier using Wagner-Nelson method
from the literature reported data was compared wigin vitro nicotine release profiles of
nicotine.
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Figure 5-55. Invitro andin vivo release profiles of nicotine gums dosed at 2 mg
The in vivo absorption profiles were obtained usiiggner-Nelson method.
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Figure 5-56. Evaluation of nicotine gum 4 mg clinial data obtained from the literature

The data from the original publication was takeanfr the literature (Choi, et al. 2003) and the awgrglasma concentration time graph was reconstdicte
(upper left). Linear plot of Ln transformed termiirdata points (upper right) to determine the eliation rate constant. De-convoluted data (FRA) using
Wagner-Nelson method is shown in lower left andb%oebed in vivo in lower right.
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5.3.1.2 Superimposability of thein vitro in vivo profiles
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Figure 5-57. Invitro andin vivo release profiles of nicotine gum dosed at 4 mg
The in vivo absorption profiles were obtained bygin&r-Nelson method.

The overlay of then vitro andin vivo drug dissolution/release curves for both the desag
strengths indicate that the drug releaseivo is much slower than that of the vitro release.
This is particularly more evident at the initialdaat the end time points. The fraction of the
drug absorbedn vivo reached to one of thm vitro release amounts (1.8 mm chewing
distance) only at time points > 30 min (0.5h). Tiki®bviously an initial approach to develop
a relationship between tle vitro andin vivo parameters. Any conclusion based on the above
results could not be arrived since there are a eurobfactors that affect the release of an
API bothin vitro andin vivo. The purpose of this approach is to develop a mgan
relationship between various parameters of relesasé¢éhat the developeih vitro method
could be a potential indicator of product perforcernBased on the results, it was concluded
that more reliablen vivo data performed in a very standardized setup wepessary to
estimate thén vitro in vivo relationships.

5.3.2 Evaluation of nicotine 4 mg clinical data

The pharmacokinetic data (PK) of nicotine chewingng4 mg dosage strength was obtained
from Zenara Pharma India Pvt. Ltd. The study waslaoted in the year 2010- 2011 as part
to demonstrate the bioequivalence two gum produefsrence and test formulation) of 4 mg
dosage strength for market authorization. The sumned the pharmacokinetic data is
provided in the Table 5-18. The test was conduaiiglil 12 subjects.
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Table 5-18. Summary of pharmacokinetic data for 4 m nicotine gum

Index Crmax T max AUC AUC (0 A2 (1/h) ty,Nair, et al.
(ng/mL) (ng-h/mL) (ng-h/mL)

Average [n=12] 8.307 1.23 33.271 40.065 0.2309 3.56

Std. Dev. 3.570 0.65 19.671 21.110 0.0999 1.47

RSD [%)] 42.98 52.68 | 59.12 52.69 43.27 41.36

Estimated elimination rate constant from terminaps, K¢y = -0.2748 ng/mL.H.

The average ax Obtained is consistent with the results reportedthe literature.
Additionally, the data reported in the Rote-Listerh Germany is shown in Figure 5-58.
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Plasma-concentration time profile acleved after intake of 4 mg nicotine chewing

gum marketed in Germany
Plasma nicotine concentration observed after cigggresmoking shown for comparative purpose.

Figure was taken from Roteliste 2013, Germany.

Figure 5-58.

The Figure 5-58 was taken from the Rote-Liste (20G3rmany and shows absorption of

nicotine from Nicorette chewing gums and cigaretteoking. Since this data has been

published in the Rote-Liste, it is assumed thatpteeision and correctness of the data should
be acceptable. It is therefore used for the coniparavaluation.

Additionally, the clinical data was also obtainedmh Zenara Pharma India Pvt. Ltd (Table
5-19). Therefore validity of the Wagner Nelson bacltculation was tested by the method
proposed by Gohglet al. 2005. For this purpose, the elimination rate camistKe) is

calculated from the intravenous (1V) infusion datfinicotine solution obtained from the

Rote-Liste.
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The reported pK parameters are as follows;

Volume of distribution (M) = 3 L/Kg
Plasma half-life (T)) =~ 2h
Plasma Clearance (Cl) = 70 L/h

Average weight was considered about 75 kg. Usirg given data, the elimination rate
constant was calculated using the formula;

Cl

Elimination rate constant ( = —————
vd (total)

V4 (totay = Va (L/kg) X Weight (kg)

Using the PK parameters given above, the plasmaetration was calculated using the
equation described earlier in the section methé@saluation,

22F DI, (465~ ke o

Ct+1=
(2 + Ke * Ab)

The results of the analysis are summarized in thieleT5-19 and graphically shown in the
Figure 5-59.
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Table 5-19. Summary of the pharmacokinetic data olsined from Zenara Pharma for
nicotine 4 mg reference gum product

Time [h] Obs. flasme At/vd Fraction abs. Calc. plasma Pred. error
conc. [ng/mi] [FRA] conc. (ng/ml) (PE %)
0 0.00 0.00 0.00 0.00 0
0.17 3.06 3.13 0.25 4.38 43.05
0.33 5.49 5.76 0.46 6.58 19.99
0.50 7.11 7.69 0.62 7.91 11.19
0.67 8.09 9.04 0.73 8.64 6.77
0.83 7.76 9.10 0.73 7.76 0.00
1.00 7.14 8.84 0.71 7.01 -1.82
1.17 7.04 9.09 0.73 7.12 1.27
1.33 6.77 9.16 0.74 6.79 0.29
1.50 6.38 9.11 0.73 6.35 -0.46
1.67 6.03 9.07 0.73 6.01 -0.41
1.83 5.63 8.96 0.72 5.57 -1.06
2.0 5.80 9.41 0.76 5.97 3.01
2.5 5.05 9.46 0.76 5.03 -0.34
3.0 4.27 9.38 0.76 4.20 -1.52
4.0 3.17 9.39 0.76 3.14 -0.89
6.0 1.86 9.65 0.78 1.94 4.68
8.0 1.48 10.30 0.83 1.69 14.88
10.0 141 11.11 0.90 1.66 17.72
12.0 1.14 11.66 0.94 1.34 17.07
14.0 1.18 12.39 1.00 1.40 19.55

The goodness of fit is demonstrated using the &dioa of the observed vs. predicted plasma
concentration. The value of R 0.9720 indicates the proposed back calculatiowagner-
Nelson method is valid for the current evaluation.
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Figure 5-59.  Plot of predicted vs. observed plasnm@ncentration time profile for nicotine 4 mg
dosage form

From the Figure 5-59, it can be seen that thesegsod agreement between the predicted and
observed plasma concentration. The predicted vahdisate that the Wagner-Nelson back
calculation is useful in determining the validiti/tbe in vivo data. It was therefore decided to
verify the developeth vitro methodology for nicotine based gums using ithigivo data.

The individual and the average vivo plasma concentration profiles are shown in theirfeig
5-60. Additionally, the fraction of the dose (FRAbsorbed calculated using the Wagner-
Nelson method is also shown. Linear portion of ieahdata points from the average plasma
concentration time profile showing the eliminatigghase was taken to estimate the
elimination rate constanKg). A plot of natural log transformed (Ln) plasmancentration
vs. time is also shown and the corresponding siiyges theKe,.

153



14 14 4
4 E B
< 2121
2 =
= 2104 —®— average plasma conc.x SD
§ 38 |
o S g |
T E 8
b g1
] 6
o 2 1
g S 4 J
= < i
2 2
0 T T T T T T T
0 2 4 6 8 10 12
Time [h] Time [h]
i\i\ A - 12 —
_ 204 — m Terminal data points = | v—"" "
= Linear fit i~ -—
= e = -0.27448x+2.2693 2 Vv
S S y , . . s 1 wevvvwy
§ 16 R®=0.9972 £ g
o \\\ 8 v \
g g 2 1 - —il— average plasma conc. curve
2 . § 6 iiii\ —— FRA (Wagner-Nelson)
S 1.2 h - © B =
B \\\\\ g 4 | .
5 I .§ { \i
0.8 \\\\\ Lt , \
~ - = - 0000
" | -
T T T T T T T T T 0 T T T T T T T T T T T
0 1 2 3 4 5 6 0 2 4 6 10 12
Time [h] Time [h]
Figure 5-60. Transformation ofin vivo data of nicotine (4 mg) based gum using a non-coragmental model dependent approach (Wagner-Nelson

method) to derive FRA

Individual plasma concentration profiles shown pper left, average plasma concentration profilehw®D in upper right, linear fit for the terminal @apoints
to determine the elimination rate constant)(land the goodness of fit shown by tHevRIue in the lower left and lower right shows avermge plasma
concentration-time profile with the FRA obtainedhgsWagner-Nelson method
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From the plasma concentration time plot, it waseoled that there is a large inter-individual
variability with respect to the subjects. Tinevivo fraction absorbed data is correlated to the

in vitro data obtained from a different setup of appar&u$he goodness of fit is given by
the value of correlation coefficient {R

5.3.2.1 Evaluation of thein vitro-in vivo profiles

The FRA estimated from the PK data of 4 mg nicogoen was correlated with the vitro
data from the Nicorette 4 mg classic flavor. Tihevitro data was generated using the
apparatus B at various setups. The result of ttiea&ison is show in the Figure 5-61.
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Figure 5-61. Invitroin vivo correlation of 4 mg nicotine chewing gums

The lines indicate the goodness of fit betweenrtivéiro drug release data at selected time poartd
the in vivo release data obtained after deconvotutising Wagner-Nelson method.
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Results and discussion

Though the correlation between tinevitro andin vivo data is acceptable (based 6p there

is no superimposability of tha vitro andin vivo profiles observed. The results of ihevitro
drug release testing have shown that the nicowfease profiles differ with respect to the
apparatus setups. However, a point to point relatigp (level A correlation) could not be
established between the vitro dissolution profiles and thm vivo clinical data. In other
words, thein vitro release testing did not reflect thevivo release behavior. The possible
explanations could be as follows;

Medicated chewing gums differ from the other corigaral solid oral dosage forms with

respect to the mechanism of release. Since theok@gplication is the oral cavity and the
prerequisite for release is the masticatory actr@niability in blood plasma concentration is a
common phenomenon. The force and the frequencyheiing vary considerably and are
dependent on individual characteristics. Additibnadomplete absorption of the API through
the buccal mucosa or within the oral cavity is egpected, as part of the API is swallowed
which in turn is partially metabolized by the livenzymes and along the gut wall. This will
result in variable plasma concentration time pesfil

The goal oin vitro drug release testing with respect to IVIVC is tedict the performance of

productin vivo thereby it can serve as a surrogate for bioegeia studies. The plasma
concentration time data do not reflect the actuaabant of drug available for absorption and
also the site of release is not accessible to atalthein vivo release characteristics. As
discussed, many mathematical models were develapenhterpret the plasma /urinary
excretion data to determine the concentrationestie of absorption.

Moreover it is nearly impossible to mimic or to sil@e the complete vivo situation. Here
the purpose oih vitro release test is to mimic the vivo situation as close as possible if not
complete. In case of medicated chewing gums, they delease kinetic is completely
different. The dosage form is directly accessilil@ray point of time during its application.
Since the goal is to predict tirevivo drug release characteristics, an alternative noelike a
chew-out study approach might be more appropr@téhe medicated chewing gum products.
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5.3.3 Development of alternative BA approach for the propsed IVIVC model
Understanding the performance of the drug produactvivo plays a key role in the
development of meaningfuin vitro drug release methodology. For most of the oral
transmucosal dosage forms where the oral cavitthessite of application, the release is
expected to be immediate and comparable to commeitimmediate release (IR) solid oral
dosage forms. This is due to the fact that thedezsie time of dosage forms within the oral
cavity is limited (exceptions are the buccal pasgh&Vith most of dosage forms intended to
deliver drugs within the oral cavity, their releaseften immediate (sublingual tablets, orally
disintegrating tablet etc.) and do not require@itro dissolution and bioequivalence studies to
demonstrate sameness of the products.

In case of functional chewing gums, the mode amrdntechanism of release and the site of
application differ significantly from other dosafms. As the release of actives within the
oral cavity is voluntarily controlled (chewing fregncy), the therapeutic concentrations can
be meaningfully interpreted when instructions ofewing/mastication were followed.
Therefore a standardized approach is necessarytitace meaningful information from the
clinical studies. Gajendraret al. 2012, demonstrated the vivo predictive power of the
model to verify then vitro drug release methodology.

In a classical bioavailability approach (BA), tladtion of the dose absorbed is obtained after
suitable mathematical treatment of the plasma-adnagon time curve which may not be
completely reflective oin vivo release behavior owing to the inter-individuafetiénces. In
case of medicated gums, the insoluble gum basewauts a vehicle/carrier is always readily
accessible during the complete course of administraAs long as the chewing gum is
masticated in the oral cavity, it can be removedrgtpoint of time and can be analyzed using
a validated analytical approach to determine theuarhof API remaining in the masticated
gum matrix (cud gum). Based on the label claim,ah@unt of API released from the gum
matrix can be calculated by;

API released/dissolved from gum = Label Claim (L=CAPI remained in gum matrix

This principle forms the basis of the spit-out a@mh to derive thi vivo release data which
is more reliable to demonstrate the suitabilityhefin vitro methodology.

Using this methodology, the authors (Kyist al.2000) have demonstrated finevitro in vivo
relationships for a multisource nicotine based guoduct. Than vitro andin vivo profiles
are shown in the Figure 5-62.
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Figure 5-62. Invitro andin vivo (spit out) release profiles of Nicorette 2 mg cheng gum

Data taken from Kvist, et al. 1999, Kvist, et &@08. Key: in vivo release profile (square), in witr
release profile (diamond). Settings: stroke frequyerB0 strokes/min, distance between the jaws-1.8
mm.

In vitro drug release data for Nicorette 2 mg chewing ggeserated from apparatus B
(Kvist, et al. 2000) is shown in Figure 5-62. Thevivo data was generated using the chew-
out study. The vitro anth vivo chew out test conditions were optimized and welitmlled

to eliminate any variable for e.g., chewing freqeyerwhich may influence the release rate of
the actives. The superimposability of the resutidicates that under standardized test
conditions, thdan vivo release is comparable to that of the develdpedtro method. This
way, thein vitro methodology could be verified using the vivo chew out data. Such a
method could be used successfully in developingspgeifications for commercial products
in QC environments.

5.3.3.1 Verification of in vitro methodology byin vivo chew out data

Based on the results from the literature data temgt was made to determine the suitability
of thein vitro drug release methodology developed for the Niedith mg product. For this
purpose, a pilot study was organized. Nicotinath@ mint chewing gum, batch # 000013747
was bought from a pharmacy in Germany and was tesednduct the chew-out study. The
test panel consisted of 3 volunteers habitual toksng tobacco and chewing nicotine gums.
The volunteers chewed a piece of gum in resonameemetronome which was preset to 40
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acoustic tones/min. Pieces of cud (rest) gum wamved from the oral cavity after a specific
period of time and were frozen at -80°C before dppeised for the analysis.

For the purpose of analysis, the frozen cud gunps&sswere ground to a coarse powder and
dissolved in n-heptane and the test analysis wasnted as described in the assay/content
uniformity testing method for nicotine based guritie samples were analyzed using a
HPLC-UV method previously developed and validatedassay. The experimental design of
the chew out study is summarized in Table 5-20.

Table 5-20.  Study parameters for chew out study

Test panel (n) 3

Test products Nicotinell 2 mg

Batch # 000013747

Chew out time points [min] 2,5, 15, 30, 45, 60

Gums per chew out time 1

Approx. chew frequency 40 chews/min

Time synchronization Metronome & calibrated Stopichia

The amount of nicotine present in the cud gum ah epecific time was used to construct the
release profile. Since the label claim was giventfie@ gum product, the nicotine remaining
can be easily interpreted as the nicotine releasedvo. The results of the analysis are
presented in the following section.
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Figure 5-63. Individual (n=3) chew out profiles ohicotine from Nicotinell 2 mg gums

The chew-out release profiles shows the amountiaaitine available for release over time. Data
points in the profile indicate the drug releasenfrandividual piece of chewing gum tested for the
corresponding time point. The profiles represemrt data obtained from 3 individual volunteers who
chewed a new piece of gum for every time intevabt@l of 5 individual pieces of gum /person, 1gum
piece/time point).

From the given data, it is possible to calculate rislease of nicotine from the gum product,
which is given by;

Amount [%] released = (100 - Amount [%] remainiogoe released)

By this way,in vivo release of the active from the drug product carehdistically evaluated
and could be directly compared to thevitro drug release data. Relevance ofitheitro data

to the chew out data was tested using correlatiatyais and the goodness of fit is given by
the correlation coefficient (% value. Data generated from different setup ofaagus A and

B are correlated to the chew out data. The resdltee analysis are presented in Figure 5-64
and Figure 5-65.
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An overlay of thein vitro profiles with the apparatus setups that matchetyo® the chew-
out profile is shown in Figure 5-66.

161



z

. | i%%
T

—u— Average chewout profile [n=3]
20 —A— Apparatus A 0.7 mm, 3 mm, 40 stk’frin
—e— Apparatus B, 1.8 mm, 20°, 40 stk’frin

Percentage [%] released of label claim

0 T T T T T T T T T 1
0 10 20 30 40 50
Time [min]

Figure 5-66. Averagein vitro and chew-out release profile of nicotine from Niciinell 2 mg
mint (batch # 000013747)

The chew- out release profile represents n=3 + &lzwated by the amount of nicotine remaining in
the gum after a specific chewing time period. Itmovirelease data (n=3 + SD) is obtained from
corresponding apparatus setup shown in the legend.

Results and discussion

From the Figure 5-64 and Figure 5-65, it can beeolesd that both the apparatuses are
capable of generating data comparable to that @frthvivo mastication under controlled
conditions.

The coefficient of determination fRvalues indicates the appropriate apparatus st
best describes tHa vivo release behavior. However, a better correlatich @&h the chew-
out data was observed for apparatus A.

This is due to the fact that the masticatory foot@pparatus B on gums is highly variable
within the dissolution run and strongly dependamttze chewing distance. When the smallest
possible chewing distances between the apparatuses compared, the 0.3 mm chewing
distance from apparatus A imparts more compredsime than the 1.4 mm chewing distance
from apparatus B. At 1.8 mm chewing distance (agtparB), the force is considerably less
than at 1.4 mm.

It can be seen from the Figure 5-66 thatitheitro drug release behavior is similar to that of
the chew out data. As shown in Figure 5-66, thisotfis more pronounced at time points
> 30 min where the nicotine release rate was furtkeuced. Another reason for such
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behavior is related to the gum matrix relaxatiote r@lojart et al. 2013). After 30 min of
mastication, the relaxation of the gum matrix isiished due to the solubilization of most
of the excipients and rendering the gum less eladihis subsequently leads to a less
mechanical kneading and a decrease in the rel@dseof nicotine from the gum matrix.
Therefore, the validity of the results for an IVIM©uld be given upto 30 min. The 30 min
time period is considered more realistic and actofor a normal chewing time period.

The apparatus setup exhibiting highest correlafR?) to that of the chew out data can be
regarded generally as a biorelevant setup whichbeafurther used for the QC purposes to
test the performance of the products. The residtsiadicate the suitability of the developed
in vitro drug release methodology for routine QC testingpses. The chewing apparatus are
interchangeable for the tested product at the gigsinconditions.

The chew-out method to assess ithesivo performance of the gum product is found to be
more reliable than the conventional methods useddmonstrating the IVIVC of the dosage
form. Using this approach the best estimates cdidd made about the drug release
methodology and verify its usefulness in the deprlent stages of the formulation.

The method could also be useful as a supportingféodhe biowaiver applications provided
the pharmaceutical equivalency between the testrandeference product is established. The
chew out method could also be effectively used redipt the API release of the different
products and will be a true indicatorionfvivo performance.
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5.4  Formulation development of nicotine gum by direct ompression (DC)

Nicotine is a naturally occurring alkaloid and istracted mostly from tobacco plants.

Nicotine as an alkaloid is extremely volatile argd unsuitable to be used as an active
ingredient in the solid dosage forms. Alternatiyvehjicotine salts available as nicotine

bitartrate or nicotine hydrogen tartrate (USP 204 %gadily water soluble and stable, suitable
for oral administration.

Since the aqueous solubility of nicotine is rapmtorporation of nicotine salt in chewing
gums results in rapid release within minutes ofnahg. We have shown in our experiments
that the release of nicotine salt was rapid andpeddent of the formulation variables.
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Figure 5-67. Release of nicotine from directly compessed chewing gum formulation

In vitro drug release data generated from Ph.Eyparatus B, using 40 mL of artificial saliva pH 6.2
maintained at 37 °C with the following apparatusuge chewing distance 1.4 mm; twisting angle 20°
and chewing frequency 40 strokes/min.

5.4.1 lon exchange resins
5.4.1.1 Influence of nicotine resin ratio on loading

Nicotine was loaded onto the resin according tontle¢hod described in section 4.11.4. The
results of the analyses are discussed in the fallpwsections.
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Figure 5-68. Loading of nicotine onto Amberlite IRPresin at different ratios

As observed from Figure 5-68, the Amberlite IRPréSin has a higher loading compared to
that of the Amberlite IRP 64 resin. Since the logdof nicotine onto Amberlite IRP 64 is not
effective in the tested medium (0.01M HCI) it waecidled to proceed with the optimization
of loading with the Amberlite IRP 69 resin. As fas the IRP 69 is concerned, increasing the
amount of available nicotine twice the initial ambudoes not increase the effective ion
exchange capacity. The optimal loading of nicotmeesin ratio [1:4] was considered suitable
for further studies.

Furthermore, a rapid release of nicotine would demally expected from the IRP 64 resinate
due to the weak ion exchange group namely the galiboacid [-COOH]. Commercially
available nicotine gum products contain nicotinadied IRP 64 resins, resulting in faster
release of nicotine. The Figure 5-69 shows theasglecharacteristics of nicotine loaded on to
the Amberlite IRP 64 resin at different concentmasi. The release was complete within 5 min
independent of the amount of loading.
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Figure 5-69. Individual in vitro release of nicotine from Amberlite IRP 64 resinatdoaded at
two different ratios

Test conditions: USP apparatus 2, 50 rpm, 500 mtifieial saliva pH 6.2 at 37 °C. Samples
represent in vitro release profiles of DRCs loa@¢d:2 and 1:4 ratios

5.4.1.2 Evaluation of loading of nicotine onto Amberlite IRP 69 resins
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Figure 5-70. Evaluation of particle size on loadingf nicotine onto Amberlite IRP 69
Graph represents data replicates n=3+SD for eaclthefresin particle size

It can be seen from the results (Figure 5-70) Hiaiost 95% of the dissolved nicotine is
loaded within 1 h and was almost complete withinh.2 The method is found to be
reproducible and can be successfully employed Her datch loading of nicotine onto the
resin. Additionally, no difference in the absorptiof nicotine onto resin based on the particle
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size was found. Usually, commercially available Aamibe resins contain particles of
different sizes ranging from few microns to 150 moies and are non-homogenous. The
bigger and coarse particles in the final producy imave an unpleasant feel and can act as a
disintegrant in the formulation. Hence particlegesianging from 40 um to 80 pm was chosen
for further studies.

Following the demonstration of suitability of theethod to load nicotine, the process was
scaled-up to produce drug resin complex (DRC).

Table 5-21.  Loading efficiency of nicotine onto Amérlite IRP 69 resin

Sample Nami Amt. [g] in Loading Loading
supernatant found nic (mg)/resin(mg) efficiency [%]

IRP 69 1/1 0.2917 0.231 92.22

IRP 69 1/2 0.2919 0.231 92.22

IRP 69 2/1 0.3080 0.229 91.79

IRP 69 2/2 0.3085 0.229 91.77

nic: nicotine

It can be seen from the results, that about 92%6taf nicotine is loaded onto the resin and
the method is found to be very effective, robusd agproducible for batch production of
nicotine resinates [DRC].
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5.4.1.3 Results of particle size analysis by laser diffrachn

The results of the particle size analyses are shovigure 5-71 to Figure 5-73. It indicates

that the average particle size had changed afteregmation using PEG 6000 solution. The
purpose was to retard the rapid ion exchange/ delepse and to control the swelling of

resinates which are primarily responsible for redealhe summary of the results are also
shown in the Table 5-22.
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Figure 5-71. Particle size distribution of initialDRC
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Figure 5-72. Particle size distribution of DRC impegnated with solution of PEG 6000 2 %
w/v and dried for 24 h
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Figure 5-73. Particle size distribution of DRC impegnated with solution of PEG 6000 2 %
w/v and dried for 48 h

Table 5-22. Summary of particle size determinatioiby laser diffraction

Parametet Drug Resin Complex [DRC] patrticle:
DRC DRC -PEG 600( DRC-PEG 600(
(24 h drying at 60 °C) (48h drying at 60 °C)
d10 [um] 52.192 81.546 75.106
d50 [um] 80.529 151.526 123.387
d90 [um] 116.912 264.824 202.075

The average particle size represented by d50 hasged from 81 pum to 123 um after
impregnation with PEG 6000 solution and dried at & 48 h in a hot air oven. The
measurement of particle size was also performed®B& impregnated DRC after 48 h of
drying. The results are in agreement with the tespliblished by the authors (Pjsat al.
2004, Conagheyet al. 1998, Pisalet al. 2004, Pisalet al. 2004). The influence of PEG
treated on the release of nicotine from the DRQ@senfurther investigated.
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5.4.1.4 In vitro drug release methodology

During the initial phase of the study, influencetlid amount of loading of nicotine onto resin
and its release performance were tested. It wasrgkiyn assumed that the release of nicotine
by the ion exchange process will be acceleratel iigher loading ratios. The release is a
first order process and further can be controliedhie presence of unloaded IER available for
ion exchange during the release prochssitro release testing of DRC was performed using
USP paddle apparatus to ensure whether the retdéaseotine follows our assumption. The
results of the analysis are presented in Figurd.5-7
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Figure 5-74. Individual in vitro release profiles of nicotine from Amberlite IRP 69DRC
Test conditions: paddle apparatus at 50 rpm usid@ 8L of artificial saliva pH 6.2 at 37 °C.

The composition of the Amberlite IRP69-DRC usedtfor release testing is shown in Figure
5-74 are given in Table 4-10.
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Figure 5-75.  Averagein vitro release of nicotine from DRC loaded in different atios using
USP <2> paddle apparatus

Drug release profiles represent average n=6+ SRhef two differently loaded DRCs. The profiles are
generated using the following test setup. USP agipar <2>, 500 mL artificial saliva pH 6.2
maintained at 37 °C, paddle rotation 50 rpm.

The results clearly indicate that the release obtme from the two different loaded DRC is
dependent on loading ratios. The release was @pid2 loading and completed within 30
min which is observed from the asymptote of thefifgroCompared to the 1:2 loading ratios,
1:4 loaded ratios were found to be optimal forHertstudies.

Additionally, the influence of paddle speed on aske was also tested to evaluate the rate of
release which is directly proportional to the iorclange rate. This may be crucial
information for the development of dosage form.c8idissolution itself depends on the rate
at which the drug boundary layer is agitated anteweed, so that a concentration gradient
created would enhance the dissolution/drug rele&secase of chewing machines, this
agitation rate may be slower and unlike stirringaatus, the active moiety is embedded in a
gum matrix, which further hinders the release mftehe substance. However, the paddle
apparatus has provided information necessary teerstahd the key factors involved to
control the release mechanism. These results cabeotdirectly interpreted to final
formulation design, but a step closer to understtailbr and optimize the product.
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Figure 5-76.  Averagen vitro release of nicotine from DRC using USP <2> paddipparatus

Drug release profiles represent average n=6+ SOthef DRC. The profiles are generated using the
following test setup. USP apparatus <2>, 500 mlifaral saliva pH 6.2 maintained at 37 °C, paddle
rotation 50 rpm /100 rpm

The drug release testing was performed until 48hHe profiles show a burst release at the
beginning of testing and are about 52% and 79%eta@ly at 5 min for both paddle
rotation speeds. The amount released at 48 h wasideved complete as the curve
approached asymptote after 24 h (data not showhjrencorresponding amount was taken to
calculate the % dissolved over time.

5.4.1.5 Influence of buffer solution on release

The influence of different buffer solutions on thedease of nicotine from DRC processed
differently was evaluated. Prior to the loadingnidotine, resins were washed as described
earlier to eliminate the presence of fine particfed0 um) that may hinder the loading
process and the release characteristics. The psafare of DRCs was tested using the paddle
apparatus at 50 rpm.
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Figure 5-77. Averagein vitro release of nicotine from DRC prepared and treatedusing
different techniques in different buffer solutions

Drug release profiles represent average n=6+ SOhaf DRCs. The profiles are generated using the
following test setup. USP apparatus <2>, 500 mL different media indicated in the legend,
maintained at 37 °C, paddle rotation 50 rpm.

No significant difference in release behavior whseyved between the washed and unwashed
resins in SGF pH 1.2 and artificial saliva pH 6tbwever, the nicotine release in acidic
pH 1.2 is significantly reduced compared to thapHbf6.2 independent of prior treatment to
the DRCs. Burst release observed in pH 6.2 wasfgigntly reduced after treatment with the
PEG 6000 2 % w/v solution. The results are in agesg with the literature (Pisaét al.
2004). The assumption is that the PEG treatmenicexti the swelling of DRCs and retards
the ion exchange process. The particle size measunte by laser diffraction technique
confirmed the permanent change in the particle witle PEG treatment. For further studies,
the DRCs treated with the PEG solution were chosen.

173



5.4.1.6 Evaluation of release kinetics from DRC
The goodness of fit for the Boyd and Bhaskar magiehown in the Figure 5-78.
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Figure 5-78. In vitro release kinetics of nicotine from DRC

Graph represents the data derived from in vitrootiiee release from 6 replicates. Linear fit for Boy
/Reichenberg and Bhaskar’'s model. The Bt valuesheny-axis and time on the x-axis is for the
Boyd/Reichenberg model and the second y-axis -t @nd the second x-axis withods) values
indicate the Bhaskar model. The legend below retec®rresponding model.

As seen from the correlation values, the modelbi@der for the data. This confirms the drug
release from the IER is diffusion controlled.

5.4.1.7 Coating and micro-encapsulation of DRC

In vitro drug release on the coated DRC samples were petbrusing the USP paddle
method described earlier. Since the Eudragit L188adved rapidly at above pH 6.0, acetate
buffer pH 4.5 was used to evaluate the releasécofine from the coated DRCs.
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Figure 5-79. Evaluation of suitability of the methals for coating DRCs
Test conditions: USP paddle apparatus at 75 rpnQ BiL of acetate buffer pH 4.5 maintained at
37°C, n=3

As indicated in the result (Figure 5-79), the methaas able discriminate different
encapsulation technigues employed to coat the DBGsst release was observed for DRCs
encapsulated using the filtration method. Coatipgibcapsulation and filtration was found to
be more effective in controlling the release thaa dther methods. The drug release rate was
well controlled by the formation of Eudragit L10ihf layer around the DRC inhibiting the
rapid diffusion of medium into the resin particlehe encapsulation method was found to be
more suitable than other methods and was chosduarfber optimization.

The coating by encapsulation and filtration wasady investigated by many authors to
encapsulate different resinates. Following theipriebry results, the coating method was
further investigated to evaluate the influence afious excipients used for coating and their
effect on release of nicotine from the DRCs. Fivfetent compositions containing various
amounts of excipients given in the Table 5-23 wprepared and tested for the nicotine
content and release.
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Table 5-23. Composition for coating the DRC
Composition Amounts in eachformulation

F1 F2 F3 F4 F5
DRC [mg] 1000 1000 1000 1000 1000
Eudragit L100 [mg] 1000 1000 1000 1000 1000
PEG 4000 [mg] 70 150 150 150 150
Tween 20 [mg] 40 40 80 40 80
Dichloromethane [mL] 10 10 10 20 20
Acetone [mL] 1 1 1 1 1
Polyvinyl alcohol [mg] 375 375 375 375 375
Deionized water [mL] 150 150 150 150 150

The formulations were tested for the nicotine conté\ccurately weighed 100 mg of the
coated DRC was transferred to a beaker contain@ rbL of artificial saliva pH 6.2
maintained at 37 °C. The medium was stirred forualdh at 600 rpm using a magnetic
stirrer. Then the samples were withdrawn, filteeed suitably diluted before the HPLC-UV
determination. The experiment was performed in idaf# and the results are presented in the
Figure 5-80.

The amount of resin present in the weighed amotitheocoated DRC is determined by the
following formula;

Amount of DRC [mg] =

Amount of nicotine found [mg]

Loading factor [

mg nicotine
mg resin
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9.26 9.29

Amount recovered [mg]
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Drug Resin Complex

Figure 5-80. Assay of nicotine content in the Eudgit L100 coated IRP 69-DRC

100 mg of Eudragit coated DRC (theoretically eqlémé to 50 mg DRC containing 11.5 mg of
available nicotine) was taken for the assay deteatidbn. Experiment was performed in duplicate.

The in vitro drug release testing was performed for all thetasbd@RCs using the paddle
method described in section 4.11.9.1.
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Figure 5-81. Averagen vitro release of nicotine from Eudragit L100 coated IRB9-DRC
Test conditions: USP paddle apparatus at 75 rpnQ BiL of acetate buffer pH 4.5 maintained at
37°C.

The content determination shows that about 85%hefl@RC is contained in the weighed
amount (100 mg coated DRC). The end point of meotielease from coated DRC is
indicated by the asymptote of the drug releaseecuror the tested DRC'’s, the drug release
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was in the following order; DRC (uncoated)> DRC HFARC F4> DRC F5> DRC F2> DRC
F3.

It was found from the release experiments thaptiesence of PEG 4000 affected the coating
and release properties. The PEG acts as a wettjagt aand also as a plasticizer for the
polymer film layer around the DRC. The formulatioR2 — F5 contained same amount of
PEG and the release profiles of them showed a siifédrence. On the other hand, the F1
contained less amount of PEG in comparison to éseaf the formulations indicated a faster
release profile. Additionally, the release of ninetfrom an uncoated DRC is also presented
in Figure 5-81, which shows a fastest release antbhagformulations (F1 —F5) compared.

This confirms the effect of PEG in controlling thelease of nicotine from the Eudragit L

coated DRCs (Pisaét al.2004).

Earlier it was found that the release of nicotinenf the DRC is pH dependent. In drug
release media of pH > 4.0, the nicotine release fwasd to be complete. There is no
effective control of nicotine release from DRC’sarrificial saliva pH 6.2.

From the coated formulations F1-F5, the lowest tmeorelease was observed for F2 and F3.
The profiles of F2 and F3 were found to be simikimong the two, F2 was chosen since the
only difference in composition between the formiokas is the amount of Tween 20 present
(F2: 40 mg, F3: 80 mg) which was found to have mftuénce on the release characteristics.
Moreover, for F2 formulation, the variability obsed (SD) was found to be less than other
formulations. Thein vitro release testing was performed additionally in tetber buffer
solutions and compared for release behavior.

5.4.1.8 Influence of pH on the release of nicotine from cdad DRCs

The effectiveness of coating was further testedthsy influence of differently buffered

solutions to dissolve the Eudragit L100. As shownHigure 5-82, the drug release is
completely dependent on the pH following the caatifhe Eudragit L 100 is soluble in
aqueous media above pH 6.0.
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Figure 5-82. Influence of pH on the release of nitme from the pH sensitive polymer Eudragit
L 100 coated DRC-F2

Test conditions: USP paddle apparatus 2 at 75 rp0) mL of buffered solution at 37 °C, data
represent n=3 +SD.

The results indicate the suitability of the EudtalglO0 for coating. The method can be
effectively implemented for actives where the gastesistance is required. In case of
chewing gums, the resin particles containing nietire aqueous insoluble and during the
chewing process, part of the disintegrated gumigdest along with the DRC are swallowed
and exposed to the acidic environment. CoatingguEindragit L100 may be useful in such
situations. However, the Eudragit L100 indicatedigh solubility characteristic in salivary
pH 6.2. Therefore a burst release of nicotine aadigd absorption in the oral cavity is
expected. The rest of the nicotine release is eeghts the acidic environment in the stomach.
The suitability of artificial saliva pH 6.2 for tH@orelevantn vitro release testing of chewing
gums was already demonstrated (Gajendeaal.2012). Buffer solutions between pH 6-7 are
recommended in the Ph. Eur. for the performandentesf gum formulations.

Since DRCs coated using Eudragit L100 do not leaant effective release control at the pH
of saliva, an attempt was made to encapsulate R€Dusing pH independent polymers.
Such a method would be better for substances dupiire a sustained and controlled release
of active(s) independent of the pH value at the sftrelease.
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5.4.1.9 Invitro nicotine release from Eudragit RS 100 coated DRC

The result of nicotine release from the Eudragitl®8 coated DRC'’s is shown in the Figure
5-83. The method of microencapsulation and the anof excipients used are described
earlier in the methodology section. The performantehe micro-encapsulated DRC was
tested by thén vitro dissolution testing by the methods establishedantaized previously.
The results were compared with the uncoated DREguare 5-83.

100
= 3
o 804
@ —e— Uncoated DRC
Q —w— Coated DRC (5:2 DRC: Polymer ratio)
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Figure 5-83. In vitro nicotine release from coated and uncoated DRC’s umg different
concentrations of Eudragit RS100.

The tests were performed using USP 2 apparatussatpih in 500 mL of artificial saliva pH 6.2
maintained at 37 °C, n=3 units +SD

Thein vitro drug release clearly indicates that the coat te catio (polymer to DRC ratio)
has a large influence in controlling the releasaiobtine from the DRC. Since Eudragit RS
100 is practically insoluble in water, the drugeese is diffusion controlled. In order to
optimize the coating method, design of experiméDtsE) was adopted to study the influence
of various factors influencing the release andhitam optimal coating parameters for desired
release characteristics.

5.4.1.10Coating optimization by DoE

The efficiency of the process of coating by micreagsulation was further optimized by
implementing DoE. The simulation of combination different factors assumed to have
influence on the release characteristics are giverihe Table 4-13. Additionally, the

suitability of the coating process was assessedth®y leaching and release testing
experiments.
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5.4.1.10.valuation of drug leaching during microencapsulaton

During the microencapsulation process, the amodmiaptine released into the external
aqueous phase was investigated. This proceduredwpndvide evidence to justify the
suitability of the method for microencapsulatiowr Ehis purpose of determining the amount
of nicotine released in to the external phase, aBomL of the PVA solution was removed
from the solution containing the coated resin s@®pind filtered using a 0.45um filter before
filling into the HPLC vials. The nicotine presemt the samples was quantified using a
previously established and validated HPLC-UV methidte result of the analysis is shown in
the Figure 5-84.
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0.02

Amt. [%)] of nicotine leached into ex. ag. phase

0.00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
DoE run [n]

Figure 5-84. Evaluation of nicotine leaching into @ernal phase

The data represents the samples from the 17 Dog& flime results indicate only a small
fraction (about 0.09% of theoretical nicotine canijeof nicotine from the encapsulated DRCs
leached into the external aqueous phase. This prihat the method is suitable for coating
the DRCs.

5.4.1.10.2n vitro drug release testing
The microencapsulated DRCs were tested for theintime release using the USP paddle

method used for general testing of the DRCs. Thengg was performed in triplicate and the
averagen vitro drug release is shown in the Figure 5-85 and detasummarized in Table
5-24

181



14

12

10

Amount [mg] of nicotine released from DoE formulation

0 5 10 15 20 25 30
Time [min]
—e—DoE 1 (500/10) —m—DoE 2 (100/6) —#&—DoE 3 (300/10) —<DoE 4 (300/6) —+—DoE 5 (300/2)
—a—DoE 6 (300/6) ——DoE 7 (100/2) ——DoE 8 (500/6) DoE 9 (500/6) —e—DoE 10 (300/10)
—m—-DoE 11 (100/10) DoE 12 (300/2) DoE 13 (300/6) DoE 14 (300/6) DoE 15 (500/2)
DoE 16 (300/6) DoE 17 (100/6)

Figure 5-85. In vitro drug release from coated nicotine resinates obta&a by DoE

Numbers in the brackets represent amount of Eutdf8i100 in mg and volume of dichloromethane
(mL) used in the design.

Test conditions: USP 2, 75 rpm, 500 mL artificialiga pH 6.2 at 37 °C, 10um cannula filters for
pre-filtration and 0.45um PVDF filters for HPLC adyais. The composition and amounts
corresponding to each DoE run is given in Table34-1

Table 5-24.  Statistical summary of nicotine releastom DoE formulations

DoE run | Amount of Amount of Vol. of Amount [mg] of nicotine released
Eudragit RS 100 | Phosphatidyl choline | DCM [mL] 5 min 10 min 20 min 30 min
[mg] [mg]
1 500 12.5 10 4.19 5.30 7.25 8.58
2 100 5 6 1.86 2.32 2.76 3.20
3 300 5 10 1.97 2.79 3.98 4.80
4 300 12.5 6 1.88 2.59 3.98 4.71
5 300 5 2 1.08 1.51 2.29 2.83
6 300 12.5 6 1.78 2.62 4.03 4.84
7 100 12.5 2 1.82 3.29 4.91 7.01
8 500 5 6 0.59 1.01 1.30 1.55
9 500 20 6 0.96 1.33 1.98 2.45
10 300 20 10 1.47 2.69 3.27 4.22
11 100 12.5 10 3.20 6.09 9.36 12.97
12 300 20 2 0.89 1.13 1.86 2.54
13 300 12.5 6 1.17 1.50 1.85 2.36
14 300 12.5 6 1.06 1.29 1.97 2.14
15 500 12.5 2 0.53 0.73 1.06 1.38
16 300 12.5 6 2.66 3.51 4.91 5.60
17 100 20 6 2.54 3.38 4.70 7.67

DCM: dichloromethane
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The coating method was able to provide a sustaiakhse of nicotine from resinates. The
burst release of nicotine from resinates could ké& wontrolled with the solvent evaporation
coating method.

Thein vitro release of nicotine from the resin complex wagstigated. The summary of all
in vitro drug release experiments are presented in thed-Ei85. From the results, it can be
observed that the nicotine release from all thentdations is well controlled in the artificial
saliva pH 6.2. General assumption is that with higgher polymer concentration, the drug
release is controlled by the thickness of polynier formation around the DRC. The volume
of the internal phase also affects the coating gge@nd hence the nicotine release. From the
results presented, it can be observed that a catitsmof high polymer amount and lower
internal solvent volume can be used to achieve drigboat to core ratio. Higher
concentrations of phosphatidyl choline in the ing¢rphase significantly affected the release
characteristics. Usually in formulation studies,ogbhatidyl choline is used as a wetting
agent. In the current study, in order to reduceitherfacial tension at the drug resinate -
polymer solution interface, phosphatidyl cholines lieen used. One drawback of employing
Phosphatidyl choline is the agglomeration of thetipi@s which was observed at high
concentration levels which might also affect th@mMlproperties. The primary objective is to
optimize the nicotine release from chewing gum falations. The current coating study
using the DoE could be successfully used as attooptimize the release characteristics from
the resin complex (DRC).

5.4.1.11Analysis of DoE data

Thein vitro drug release data from the 5 min and 10 min timeatp were considered for the
evaluation. The data at the selected time pointsamsumed to be more reflective of the
coating characteristics. Different models wereiaflg fit to the data and found that the
response surface linear model was acceptable. @teevdere natural log transformed before
the analysis. The ANOVA statistics was used to tiestsignificance of the model.
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Table 5-25.  ANOVA test to evaluate the goodness fitff for the model and the factors at 5 min

drug release

Source Sumof squares df | Mean square F value |p-valueprob >F
Mean vs Total 1.25 1] 1.25

Linear vs Mean 3.22 3 1.07 24.79 < 0.0001*
2FI vs Linear 0.06 3 0.02 0.36 0.7828
Quadratic vs 2FI 0.08 3 0.03 0.39 0.7701
Cubic vs Quadratic 0.04 1 0.04 0.43 0.5588
Residual 0.25 3 0.08

Total 4.89 14| 0.35

*) suggest that the model effect is significant

Table 5-26.  ANOVA test to evaluate the goodness df for the model and the factors at
10 min drug release

Source Sum d squares df | Meansquare F value |p-valueprob > F

Mean vs Total 6.87 1| 6.87

Linear vs Mean 3.66 3 1.22 17.01 0.0002*

2FI vs Linear 0.03 3 0.01 0.09 0.9621

Quadratic vs 2FI 0.17 3 0.06 0.49 0.7046

Cubic vs Quadratic 0.18 2 0.09 0.67 0.5734

Residual 0.41 3 0.14

Total 11.32 15| 0.75

*) suggest that the model effect is significant

Table 5-27. ANOVA table of individual factors for 5min drug release

Source Sum of \quares df | Mean square F value |p-value prob > F
A-Eudragit RS100 2.0377 1| 2.0377 47.1322 < 0.0001*
B-Phosphatidyl Choline 0.0470 1 0.0470 1.086¢9 07321
C-Dichloromethane 0.6346 1] 0.6346 14.6792 0.0033*

*) suggest that the model effect is significant

Table 5-28. ANOVA table of individual factors for 10 min drug release

Source Sum of \quares df | Mean square F value |p-value grob > F
A-Eudragit RS100 2.2722 1| 2.2722 31.6639  0.0002*
B-Phosphatidyl Choline 0.0133 1 0.0133 0.18555 ®067
C-Dichloromethane 0.8599 1 0.8599 11.9827  0.0053*

*) suggest that the model effect is significant

The Model F-value of 24.79 and 17.01 implies theg éffect of linear model is significant.
There is only a 0.01% and 0.02% chance that a "Medélue" this large could occur due to
noise. Values of "Prob > F" less than 0.05 indicatalel terms are significant. In this case,
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the factors Eudragit RS 100 and dichloromethane&(AC) are significant model terms.
Values > 0.1 indicate that the model terms aresigptificant.

From the table it was also observed that phospylatidoline has no significant effect on
microencapsulation procedure. For further staa$tamalyses, the influence of phosphatidyl

choline was not considered.

Table 5-29.  Coefficient of determination for predited and actual values of drug release

Coefficient of determination Drug release

5 min 10 min
R-Squared 0.8815 0.8227
Adj R-Squared 0.8459 0.7743
Pred R-Squared 0.7986 0.7011
Adeq Precision 16.1414 13.5293

The "Pred. R-Square"” of 0.7986 and 0.7011 is isagpable agreement with the "Adjusted R-
Squared” of 0.8459 and 0.7743 for both the respuadgables 5 min and 10 min drug release.
The “Adeq. Precision” measures the signal to no&®. A ratio greater than 4 is usually

desirable. The ratio of 16.1414 and 13.5293 ineégan adequate signal for the model and
could be used to navigate the design space.

The final linear equation in terms of coded andiactactors is given by;

Ln (5 min release) = +0.41-0.39 x A+0.039 x B+0x4C
Ln (10 min release) = +0.77-0.43 x A+0.041 x BH0x5C

Evaluation of other factors to estimate the goodrasfit for thein vitro drug release data
was also tested. The results of the analysis axersin the Figure 5-86 to Figure 5-97.
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Figure 5-88.
5 min release

Design-Expert® Software
Ln(10 min)

Color points by value of
Ln(10 min):

I 1.80647
-0.314457

Figure 5-89.
10 min release

Normal % Probability

Normal Plot of Residuals

99 —

95 3

90 2

80 -
70 =

50 —

Internally Studentized Residuals

Normal plot of residuals for the modelterms described in DoE Table 4-13 at

Normal Plot of Residuals

LS|
Bls|

-0.87 -0.10 0.67 1.43

Internally Studentized Residuals

Normal plot of residuals for the modelterms described in DoE Table 4-13 at

The normal probability plot for the internally serdized residuals is given in the Figure 5-89.
The purpose of the plot is to evaluate whetherrdsiduals from the design follow a normal
distribution. The residuals plotted are distributgdund the regression line with no definite
patters or trend. In cases where trends demondtratpresence of definite patters like “S-
shaped” curve. Transformation of data may be requio provide a better estimate.
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Figure 5-90. Internally studentized residuals for dug release at 5 min vs. the predicted values
from the DoE
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Figure 5-91. Internally studentized residuals for dug release at 10 min vs. the predicted
values from the DoE
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Figure 5-92.

Figure 5-93.
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Externally studentized residual plot ér drug release at 10 min for all
experimental runs

An externally studentized residual plot was useddtermine the outliers in the model taking
into consideration all the runs in the experimededign. This takes into account that number
of standard deviations the actual value deviates fthe predicted values. As indicated in the
graph that none of the points are outside the 95%idence limits represented by the red

lines.

The fitness

of the selected experimental designfwaker evaluated using the box-cox plots

to determine the outliers in the model.
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Figure 5-94.

Figure 5-95.
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The box-cox plot was used to determine if a poveer transformation is required for data
treatment. The minimum sum of squared residuaklidwal SS) is represented by the lambda

value. The

figure above shows the minimum lambdaevaf 1 with the calculated 95%

confidence interval. Since the estimated lambdaerad within the interval. Transformation
of the data for this analysis is not recommenddute proposed model could be successfully
used to navigate the design space in the model.
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Figure 5-96. Evaluation of nicotine release from D formulations at 5 min time point

a) Surface response plot for 5 min nicotine relefieen micro-encapsulated DRCs, b) perturbation
plot showing the influence of different factors miootine release, ¢) graphical overview of nicotine
release and the corresponding amount of factorsl is®oE formulations.
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(b)
Figure 5-97.  Evaluation of nicotine release from D6 formulations at 10 min time point
a) Surface response plot for 10 min nicotine reé.ertdm micro-encapsulated DRCs, b) graphical
overview of nicotine release and the corresponaimgpunt of factors used in DoE formulations.

The plot was constructed from the natural log tfanwied 5 min and 10 min drug release data
collected from the 17 DoE runs. The surface respgist shows the influence and the interaction of
various factors, amount of Eudragit RS100 and tilerme of DCM affecting the drug release.
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Results and discussion

The results presented in the Figure 5-96 - Figu®& Shows the nicotine release from all the
DoE formulations at 5 min and 10 min time pointeTibars in the graph indicate the amount
of nicotine released. The red and green lines aidi¢che corresponding concentrations of
Eudragit RS100 and volume of dichloromethane usedhe DoE design, Eudragit RS 100
concentrations ranging from 10 mg/mL to 250 mg/mérevused. As far as the Eudragit RS
100 concentrations are concerned, it was genesalymed that at higher concentrations, the
release rate of nicotine will be controlled. Howevthis effect was very less when the
difference in concentrations is very less. As seeithese figures, the slowest release of
nicotine was observed for DoE 15 (Eudragit RS 166cc 250 mg/mL) and the highest
release for DoE 11 (Eudragit RS 100 conc.: 10 mg/with an exception of DOE 1 where the
nicotine release was unexpected (Eudragit RS 10@c.cad50 mg/mL). One possible
explanation could be that the polymer coating miggnte ruptured during the drying or drug
release testing. Moreover increasing the conceotratf Eudragit RS 100 in a DCM shows
no linear response in the vitro drug release characteristics. This concludes @hedrying
combination of polymer to solvent system is necgsta achieve a desired coating property.
Similarly, increasing the volume of DCM reduces th&ekness of the film formed which
results in a faster release rate of nicotine.

Further optimization of the model was found notessary since the vitro drug release as a
response factor may not be a suitable indicataptanize the coating efficiency. This is due
to the fact that then vitro drug release testing itself is influenced by a hanof factors like
conditions of testing (apparatus parameters, medraperature etc.). The surface response
methodology plot indicates the effect of combinatiof the factors, Eudragit RS 100 and
volume of dichloromethane on the microencapsulabibthe DRCs. DoE aids in determining
the precise combination of various factors necessapbtain the desired end product with a
minimum number of trials. The prediction of inteians of the various factors within the
design space is a primary advantage of DoE. Irptesent situation, the DoE model is only
able to predict the effect of combination of thdaetors than the influence of individual
factors for the optimization of coating method.
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5.4.1.12Results of fourier-transform infra-red analysis
The results of all the FTIR measurements are shiowme Figure 5-98.
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Figure 5-98. FTIR spectra of different components fothe coated drug resin complex

a) Amberlite IRP 69 b) Nicotine hydrogen tartratge Micotine- resin complex (DRC) d) DRC-
Polyethylene Glycol (PEG) e) microencapsulated DR@ragit RS100 f) physical mixture of DRC-
Eudragit RS100 and PEG.
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Results and discussion

The FT-IR spectra were obtained for the differeatnponents of the microencapsulation
system. The primary objective was to determine pogsible chemical interaction between
the coating materials and the DRC. The resulthefRTIR obtained are shown in the Figure
5-98.

For nicotine, a large peak of water at 3319"emms observed and the peak at 1658 cm
indicates aromatic C=N bond stretching and arom@&C stretching at 1739 ¢hm The
aliphatic part of the molecule is present in theyv@rong C-H valence vibrations from 3000
to 2800 crit of the drug. Moreover, the drug spectrum showscannent absorption bands
between 2100 and 2600 corresponding to NH+ stregchibration in the tertiary amine group
of the drug disappeared in the resinate due tdaimation of new bonds between the resin
and the drug. This is further confirmed by the abseof such bands in the physical mixture
containing the DRC and polymer. At 681 ¢rmand 882 cil, C-H plane bending of the mono-
substituted pyridine ring is also observed. Thiad# also observed in the DRC and PEG
treated resinates. In the figure shown, it is guesto observe the similarity between the
spectra for microencapsulated DRC-Eudragit RS100 aed the physical mixture (f)
containing DRC. Eudragit RS 100 and PEG in amounisesponding to the formulation,
indicating the absence of interaction between #uogpeents used. The prominent peaks in the
Eudragit RS 100 spectra include the peak at 1153 @CO-C stretching), 1393 ¢
(asymmetric CH bending), 1451 cth(symmetric CH bending) and one at 1736 ¢niC=0
stretching). It is also evident from the FTIR spacdthat the physical mixture of Eudragit
RS100. FTIR spectra of nicotine hydrogen tartratg Amberlite IRP 69 indicated that there
was no appreciable interaction between the drwgn @nd the polymer. The results were also
consistent with the spectra of physical mixture tagning Eudragit RS100. However the
intensities of the bands differed considerablyestihg the amounts present in the potassium
bromide (KBr) disc.

The results showed that no chemical interactiooh@nges took place during preparation of
the formulations and the drug was found to be stabhe results presented for nicotine

conforms to the data presentieg Bobiak et al. 2005 and also to data found in the database
(http://www.chm.bris.ac.uk/motm/nicotine/E-proprigtanl).
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5.4.2 Directly compressed chewing gum formulations
Following the optimization of DRC coating using tH2oE, the chewing gums were
manufactured according to the method describeddtian 4.15.

5.4.2.1 Formulation of chewing gums with different gumbases

The results of various analyses obtained for varigum formulations are presented in the
following sections.

Table 5-30.  Composition of nicotine gum formulatios using different gumbases

Components Formulation

FG1 FG2 FG3 FG4 FG5
Weight of DRC [g] 0.58 0.58 0.58 0.58 0.58
Pharmagum M [g] 85.43 - - - -
PG Nutra TA [g] - 85.43 - - -
PG Nutra PEPP TA [g] - - 85.43 - -
All in one gum SF Extra [g] - - - 85.43
All in one gum SF cool [g] - - - - 85.43
Sorbitol [g] 10.00 10.00 10.00 10.00 10.00
Magnesium stearate [g] 2.00 2.00 2.00 2.00 2.00
Talc [g] 2.00 2.00 2.00 2.00 2.00

5.4.2.2 Content uniformity testing

The content uniformity testing was performed usthg single step liquid-liquid (LLE)
extraction assay method described earlier in tleticse 4.8.1 for marketed products. The
results of the analyses for the 5 different forrmiolas manufactured using different gumbases
are shown in the Figure 5-99.
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Figure 5-99. Content uniformity testing of differert gumbase formulations

Data represents % nicotine recovered from individpgeces of gums. The amount of nicotine
recovered from the gum formulations was found tadmeptable for the initial phase.

The results of the analyses are not conclusivelersa formulation for further optimization.

Inhomogeneity of the formulation samples can bedly inferred from the results of the content
uniformity testing. Mixing and blending may have ampact on the homogeneity of the samples.
Besides the organoleptic and physical charactesistif the gum products helps to choose an
acceptable formulation. Additionally, the pre-forlaiied gum base samples other than the FG1
contained particles of wide range and mixing fashart time prior to compression results in a non-
homogenous mixture. Therefore the blending and mgixime was increased from 5 min to 10 min.
However the decision of selecting one formulationflirther optimization was based on thieiwitro
release characteristics.

The physical properties of the gum components Vierther evaluated to determine their suitability.
One of the primary tools in identifying the optimardoduct characteristics is the performance testing
using the apparatus setup (apparatus B) that waslftw be biorelevant.
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5.4.2.3 Evaluation of in vitro drug release from different gumbase formulations
100 l ]
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Figure 5-100. Cumulative average release profilesf anicotine formulations from different
gumbases

Data represents n=3+ SD for each formulation. Tesnditions include apparatus B setup with a
chewing distance of 1.8mm, 20° twisting angle, B8w¢ min, 40 mL of artificial saliva pH 6.2
maintained at 37 °C.

From the results presentedHAigure 5-10Q it can be observed that the nicotine release &f FG
formulation was faster than rest of the formulasiomhe rate of release is in the following
order; FG2 > FG3 >FG4 > FG1 > FG5. The variabitibserved (shown in red bars) within a
drug release profile is highest for the formulatié®2. Incomplete release within the tested
time was observed for all the formulations exce@2F This effect is related to the
composition of the directly compressible (DC) gusdm itself, since the composition of
formulations is identical except the DC gumbases.tihese pre-formulated gumbases were
obtained from different manufacturers for the pwof testing, the ratio of gum matrix to
the other excipients present in the DC gumbaseshmalifferent. This leads to a difference in
the release of nicotine from the formulations. Amahe tested formulations, FG5 was found
to be acceptable. In other words, nicotine reldes® the FG5 is comparable to that of the
marketed nicotine products under similar testeddt@ms. Therefore it was decided to select
FG5 for further optimization.
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5.4.2.4 Evaluation of release kinetics from different gumbaes
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Apparatus B setup (FIA)

FG1
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Figure 5-101. Evaluation of release kinetics of fonulations based on different gumbases

Release kinetic data derived from the in vitro aske data of 3 replicates. The best model fit was
obtained for the Higuchi model and the Hixon Crdwebdel which explains the diffusion controlled
release from the matrix and as well as the DRCle mechanism of release is further explained from
the Korsmeyer model and the individual values avergin the table 14 of the Appendix

5.4.2.5 Optimization of formulation FG5

The basis of initial formulation design with var®@gumbases is to determine the suitability of
the gumbases for tabletting. The formulation desigis kept minimal (F1 to F6) to see the
influence of gum bases over release. The tablefimge was not monitored during the

manufacturing of chewing gums. For the chewing gammulations manufactured, the force

required by the chewing apparatus to masticatguine was found to be higher (about 7-8 bar
of compressed air) than the conventional marketesiveng gum products. Problems were
also encountered in the flow of pre-formulated miigtand the compaction resulted in partial
chipping and capping of tablet gum formulations.

From the results presented, the formulation FG5 feasd to be acceptable with the release
behavior and was chosen for further optimizatiohe Tollowing FG5 formulation using a
single commercially available gumbase (DC) was ehdas determine the influence of other
excipients on the release behavior.

5.4.2.6 Formulation of DC gums using All in One (AIO) SF col gumbase

The results of the analyses to determine the inflaeof excipients on release are presented in
the following sections.
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Table 5-31.  Optimized and final composition of nicone DC gums

Components Formulation (FG5)

F1 F2 F3 F4 F5 F6
Weight of DRC [mg] 603.8| 604.74 603.5Y 603.71 608.1
Theoret. amt. of Nicotine / 1.5 g of gum [mg] 2.0022.005 2.001 2.001 2.006 2.003
Nicotine [g] - - - - - 0.38
Gumbase [g] 85.43 | 85.43 85.43 85.43 85.43 85.43
(AlIO SF cool)
Magnesium Stearate [g] 2 2 2 2 2
Talc [g] 2 2 2 2 2
Vinylec K [g] 1.5 1 1 1.5 1.5 1.5
Microcrystalline Cellulose [g] 4 - - 4 - 4
Polyethylene Glycol 6000 [g] 15 15 1 1 15 1
Sorbitol [g] 3 - - - 3 -
Prosolv [g] - 12 8 4 4 4
Final weight [g] 100.0| 100.5 | 100.0| 100.5| 100/0 200

After the initial testing with all the gumbasestrfailations with the corresponding excipients
listed in the table were manufactured on a smallescThe compression force on the tablet
machine was adjusted manually until the tabletsdpced were homogenous without any
defects. The weight of individual tablets was atdgo 1.5 g/piece to contain 2 mg of active

nicotine. The results of the physical evaluationtieé¢ formulations are provided in the

following sections.
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5.4.2.7 Physical evaluation of the gum formulations
The following physical evaluations were based anniethods described in the USP and the
Ph.Eur.

The following section contains the summary of twaleations undertaken to evaluate the
suitability of the pre-formulation mixture for thabletting purpose.

Table 5-32. Summary of compressibility of formulaton mixture for formulation FG5

Formulation Avg. [n=3]. bulk Avg. [n=3]. tappec Carr's | ndex | Hausner
density [g/L] density [g/L] ratio
F1 0.71 0.79 10.29 1.11
F2 0.75 0.77 2.99 1.03
F3 0.68 0.77 11.27 1.13
F4 0.72 0.80 8.96 1.10
F5 0.72 0.78 7.46 1.08
F6 0.73 0.80 8.96 1.10

Table 5-33.  Results on the evaluation of flow propges of gum formulation mixture

Index | Evaluation parameters to determine the angle of regse of differen formulation mixtures

F1 Flow [F2 Flow [F3 Flow [ F4 Flow [F5 Flow

[o] [s] [o] [s] [o] [s] [o] [s] [o] [s]
Runl | 30.6 12.3 30.6 11.7 | 311 11.4|  30.3] 12 29.3 .411
Run2 | 30.7 12.4 31.4 116 | 29.9 114  30.2 11.6 29.610.9
Run3 | 30.1 11.33 | 30.1 12 30.3 11.4|  31.8 12.5 30.1 1.21

Mean 30.47 12.01 30.70 11.77 30.43 11.4D 30.77 312.029.67 11.17

SD 0.32 0.59 0.66 0.21 0.61 0.00 0.90 0.45 040 60.2

RSD

[%] 1.06 4.92 2.14 1.77 2.01 0.00 291 3.75 1.34 2.29
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Table 5-34. Summary of friability of the chewing g formulations (n=5) at 25 rpm for 10 min
Formulation Weight [g] before test Weight [g] afte test Loss [%0]

F1 7.417 7.391 0.35

F2 7.277 7.246 0.43

F3 7.472 7.431 0.55

F4 7.111 7.009 1.43

F5 7.285 7.242 0.59

Table 5-35.  Summary of data representing uniformityof mass and crushing strength

Formulation Avg. wt. [g] of gums (n=10 units)| Std. dev. Crushing strength (N) Std. dev.
F1 1.49 0.01 50.70 2.36
F2 1.47 0.01 40.20 3.29
F3 151 0.01 52.50 2.88
F4 1.47 0.01 55.50 4.06
F5 1.48 0.00 50.00 2.36
F6 1.49 0.01 48.10 3.48
100 1.60
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Figure 5-102. Evaluation of weight variation and cushing strength of gums

Plot shows the average (h=10) weight of differeningformulations manufactured using the direct
compression technique.
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Table 5-36.  Summary of parameters for porosity detenination

Parametet Formulation

F1 F2 F3 F4 F5 F6
Vol. of compact 2.89 3.18 2.94 2.79 2.90 2.89
Apparent density () 0.5151 0.4621 0.5133 0.5265 0.5095 0.5145
True density (p) 0.79 0.77 0.77 0.80 0.78 0.80
Porosity €) 35.19 40.03 33.32 33.78 34.72 35.44

Table 5-37.  Summary of content uniformity testing esults for different FG5 formulations

Formulations

Parameter F1 =) F3 F2 F5

=

Percent [%)] recovered g
claimed amount (n=3) | 96.25 +1.16 | 109.42+0.54 104.77 +1.p2 92.831¥ 94.38 £1.36
SD

5.4.2.7.1 Evaluation of drug release characteristics

Thein vitro drug release testing was performed using the Bh. &paratus B using the test
conditions described earlier for the marketed megum products. Cumulative drug release
profiles are shown in the Figure 5-103.

203



100+

60

—a— formulation F1
404 —e— formulation F2
—aA— formulation F3
—w— formulation F4
20 —<— formulation F5
—»— formulation F6

Cumulative [%] release of nicotine

. . . , . . .
0 10 20 30 40 50 60
Time [min]

Figure 5-103. Average cumulativein vitro release profiles of nicotine from 6 different gum
formulations

Data represent n=3 + SD runs for each formulatiédl. the formulations as shown in the table contain
same type and amount of gumbase. Formulation F@aow Nicotine hydrogen tartrate instead of

DRC. Apparatus setup include chewing distance Ir8 twisting angle 20° and chewing frequency 40
chew/min.

The in vitro drug release data from all the formulations shewdifference in their release
behavior particularly during the initial phase ofastication. The formulations F1 to F5
contain same amount of gumbase and differ quaingigitwith the composition and presence
of other excipients. The formulation F6 containsotine hydrogen tartrate as an API instead
of DRC. A maximum difference in release betweengtadiles was observed only during the
initial phase. The F5 formulation indicates compiaedy faster release than F1 formulation.
The composition of these formulations differ onlyetpresence of Prosolv in F5. This
concludes that the presence of Prosolv which asta asuper-disintegrant increases the
disintegration of gum particles during the initimastication and hence the release rate of
nicotine. This effect is also evident among therfolations F2, F3 and F4, where the amount
of Prosolv present in the composition is differerbrmulations F2 and F3 exhibit a faster
release profiles than F4. Additionally, the pregen€ sorbitol in the formulations F1 and F5
acts as a softening agent. After the initial mastic), the DRCs are well distributed within
the gum matrixesulting in a less burst release at the startasftication.
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5.4.2.7.2 Evaluation of release kinetics
The kinetics ofin vitro release from the gum formulations were evaluat@dguthe models

described in section 4.16.3. Tirevitro dug release data of the formulations F1 to F5 \iere
to different kinetic models and the results of émalysis are presented in the Figure 5-104 and
the data are given in Table 17 of the appendix.
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Figure 5-104. Evaluation of release kinetics of dérent formulations based on gumbase FG5

Release kinetic data derived from the in vitro aske data of 3 replicates. The best model fit cauldn
be obtained for any specific gum formulation sitice rate of nicotine release after first 5min of
mastication is similar for all the formulations. Kmeyer-Peppas model failed to explain the release
characteristics as the release at the second tianet jis more than 60% for the tested formulations.

Following the drug release results presented fergilm formulations F1-F5, it was concluded
that the release of nicotine is additionally infleed by the excipients present in the
formulation. Evaluations including the tablet corofi@n, porosity, weight variation, hardness
and flow-properties were found to be acceptableoAgnall the formulations investigated,
formulation F5 was chosen since the Carr’s indektdausner ratio of 7.46 and 1.08 indicates
a good flowability and compressibility of the forfation mixture. However during mixing
and blending, content uniformity of this formulatiolose to 100 % could not be reached.

One possible explanation could be the mixing tirhéhe excipients. In order to improve the
content uniformity, the mixing time was increaseaini 5 min to 10 min before the addition
of lubricants like magnesium stearate and talc. dtvetent uniformity test was repeated for
the formulation F5 to evaluate the influence ofdieg time.
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Table 5-38.  Summary of content uniformity data forformulation F5
Index Average wt. 10 gums [] + SD Average (n=10 recovery [%] £ SD
Formulation F5 1.502+0.01 106 = 3.67
103
o7 O 98 o5 = o Dl o7
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Figure 5-105. Content uniformity analysis of finalformulation F5

Individual pieces of gums were weighed and asstyretthe nicotine content to evaluate the suitapilit
of the manufacturing process. The USP acceptarniteriat for L1 is met for the content uniformity of
dosage units.

5.4.2.7.3 Evaluation of water uptake

The amount of water absorbed and retained withengilm formulation F5 was evaluated by
soaking the gum formulations in water contained iglass petri-dish. The amount of water
absorbed is determined by the weight gain of tmmigation within the specified time period.
The experiment was performed in triplicate and itiividual results of the analysis are

shown in the Figure 5-106.
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Figure 5-106. Evaluation of water uptake for formuhtion F5

Amount of water absorbed by the individual piedeguon formulation F5 are shown in the graph. The
rate of intake is fast and rapid for the entire gdenat the beginning of testing and remains cortstan
from 30 min to 60 min with a total amount of abOitl g. No further absorption occurs in this time.

The values indicate the acceptable wetting propsrtif the dosage form which is essential for any
dissolution/drug release to occur.

5.4.2.7.4 Evaluation of drug release characteristics
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Figure 5-107. Individual release profiles of niconie from the formulation F5

Drug release data is generated from Ph. Eur. appssa using following setup. Chewing distance
1.4 mm, twisting angle 20° and chewing frequency#okes/min, 40 mL of artificial saliva pH 6.2
maintained at 37° C.
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It can be inferred from then vitro release results presented in Figure 5-107 thattinge
release was complete within the time period testéd.drug release rate was rapid at the start
of the testing reaching above 60% within 5 min aadtrolled thereafter.

Since the IVIVC was established for the marketezbtime products shown in the previous
section n vitro in vivo correlation”, the biorelevant test conditions loé tapparatus B for the

marketed nicotine products were found to be atmin8 chewing distance with a 20° twisting
angle and 40 strokes/min chewing frequency. In ondeevaluate the performance and
influence of chewing distance on drug release, data the two different apparatus setup
were compared and shown in the Figure 5-108.
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Figure 5-108. Average release profiles of nicotineelease from formulation F5 with different
apparatus setup

Data is generated from Ph. Eur. apparatus B usiolipwing setup; Chewing distance 1.4 mm and
1.8, twisting angle 20° and chewing frequency 4@wdi.min, 40 mL of artificial saliva pH 6.2
maintained at 37° C.

As shown in Figure 5-108, the difference is drulgase was observed at the initial phase of
testing and the nicotine release was complete witie time period tested (60 min) at 1.4 mm
chewing distance. At 1.8 mm chewing distance, tludilps reached an asymptote at 20 min.
No further release of nicotine from the formulatisras observed. This is related to the
absence of elasticity of the gum formulations atiecertain period of mastication. As the
excipients dissolve with time, the mass of gum masrsignificantly reduced. This results in
a gum thickness smaller than the chewing distaeselting in minimal or no kneading effect
on the gums. With this method, it was possible émdnstrate the sensitivity of the gum to
discriminate the apparatus setup, namely chewisigudice.

208



5.4.2.7.5 Evaluation of influence of binders and hardness orelease

The suitable coating of the DRC complex identifiesing the design of experiments (DoE)
was used as an active and incorporated into the gase F5 formulation. With all the
developed formulations, crumbling was always obse@rduring the initial mastication of the
gums. In order to keep the gum intact, poly-vinyt¥plidine (PVP K30) at about 2.5% w/w
and 5% w/w was used. The mass of the PVP was casapahfrom the mass of the gumbase
powder used. The PVP was added to the gumbase rmigtwortly before the addition of
lubricants such as magnesium stearate and talcfldweproperties of the formulation were
additionally tested to ensure free flow of the mnet in the hopper feed of the tabletting
machine. The hardness of the gumbase formulatichaggusted around 20 N and 30 N for
both the formulations respectively. The compositidrthe formulation is given in the Table
5-39.

Table 5-39.  Composition of optimized formulation cataining coated DRC
Components Formulation (F5) with coated DRC

F5 coated DR( F5a coated DR( F5b coated DR(
Coated DRC [g] 0.8 0.8 0.8
Gumbase (AIO SF cool) [g] 85.2 82.7 80.2
Mg stearate [g] 2.0 2.0 2.0
Talc [g] 2.0 2.0 2.0
Vinylec K [g] 15 15 15
PEG 6000 (plasticity) [g] 1.5 1.5 1.5
Sorbitol [g] 3.0 3.0 3.0
Prosolv [g] 4.0 4.0 4.0
PVP K30 [g] - 2.5 5.0
Final weight (% wi/w) 100.0 100.0 100.0

Theoretical weight of nicotine in the coated DR@dgusted to 2 mg/1.5 g of compressed gum piece.

5.4.2.8 Physical evaluation of the DoE optimized formulatio
The flow properties of the formulations containiRyP K30 as a binding agent were
evaluated using the method described earlier ftveroformulations. Since the physical
composition of the formulation F5_coated DRC is saams that of the formulation F5 except
that it contains coated DRC, the flow property was evaluated.

Table 5-40.  Summary of flow properties of optimizedoE formulations containing PVP K30

Formulation Avg. [n=3]. Bulk Avg. [n=3]. Tapped | Carr’s Index Hausner ratio
density [G/L] density [G/L] [C.1]

F5a _coated DRC 0.71 0.78 9.68 1.11

F5b_coated DRC 0.74 0.78 5.00 1.05




Table 5-41. Summary of data representing uniformityof mass and crushing strength of
optimized formulation

Formulation Avg. wt. of Std. dev Crushing Std. dev
[adjusted crushing strength] | gums (n=10) strength (N)

F5a coated DRC [20N] 1.507 0.0023 23.9 0.7379
F5a coated DRC [30N] 1.5058 0.0090 34.6 2.5906
F5b coated DRC [20N] 1.4838 0.0090 221 1.3703
F5b coated DRC [30N] 1.5027 0.0110 36.9 0.8756
F5 DoE optimized 1.5002 0.0052 40.7 2.6268

Table 5-42. Summary of friability of the chewing gm formulations

Formulation Weight [g] before tes Weight [g] after test Loss [%]
F5a _coated DRC [30N] 7.520 7.502 0.24
F5b_coated DRC [30N] 7.512 7.498 0.19

Data represents n=5 units tested at 25 rpm for 1@ m

It was found that the chewing gum formulations nfaotured with a crushing strength of
20 N failed the friability test. The gums were disigrated during the test. Therefore, the
chewing gum formulations manufactured with an agererushing strength of 30 N was only
reported in Table 5-42.

Table 5-43. Summary of porosity determination for ptimized formulation

Parameter Formulation
F5a coated DRC F5b coated DRC | F5a coated DRC F5b coated DRC
[20N] [20N] [30N] [30N]
Vol. of compact [mL] | 3.30 3.25 3.12 3.12
Apparent densityde] | 0.46 0.46 0.48 0.48
True densitypT] 0.78 0.78 0.78 0.78
Porosity F] 41.80 41.61 38.46 38.29
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Figure 5-109. Averagen vitro release profiles of nicotine from different gum fomulations

Graph represents average (n=3 + SD) in vitro nioatirelease. Data is generated using Ph. Eur.
apparatus B using following apparatus setup; chewdistance of 1.8 m, 40 mL of artificial saliva pH
6.2 maintained at 37 °C. The twisting angle of 20/ chewing frequency of 40 strokes/min is
common to all the release testing experiments.

The in vitro nicotine release profiles were generated usingaghgaratus setup which was
earlier identified as a biorelevant for the markleté@otine gum products. As shown in Figure
5-109, the nicotine release from the formulationcBated DRC without PVP was rapid at the
beginning of testing and the release tend to be&eidor the formulations compressed with
different amounts of PVP K30 and crushing strengha summary, it can be concluded that
the amount of PVP K30 and crushing strength hasobservable difference in release
behavior. However, the overall influence of the semece of PVP K30 to the other
formulations without the PVP K30 can be directlysetved from the profile trend. The PVP
as a binding agent limits the disintegration of than particles at the start of mastication,
which results in controlled exposure of surfaceftother dissolution / drug release.

5.4.2.8.1 Evaluation of DoE optimized final formulation
In order to evaluate the suitability of the gum discriminate the apparatus parameters,

performance testing was carried out using the @iffechewing distances of apparatus B. The
effect of chewing distance on release was evaludiee results of the analysis are presented
in the Figure 5-110.
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Figure 5-110. Averagen vitro drug release profiles of nicotine at different appratus setup

Graph represents average (n=3 + SD) in vitro niogtirelease. Data is generated using Ph. Eur.
apparatus B at variable chewing distance. 1.4 mmlvws mm vs. 1.8 mm using 40 mL of artificial
saliva pH 6.2 maintained at 37 °C. The twisting lengf 20°and chewing frequency of 40 strokes/min
is common to all the release testing experiments.

From the results shown in Figure 5-110, it can learty observed that the chewing distance
affected the release of nicotine from chewing gomnmilations. The drug release rate clearly
follows the rank order which is in accordance wttie previous results obtained with the
marketed chewing gum products. The difference iease behavior observed during the first
20 min was carried until the end of the drug redesriod. The asymptote of the drug release
profile can be related to the absence of masticalioe to the thickness of the gum which in
smaller than the distance between the chewing jawdditionally the loss of elasticity of the
gum contributes to this release trend. In this wagan be summarized that the change in
chewing distance affected the nicotine release ftmrformulation..
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5.4.2.8.2 Evaluation of release kinetics for DoE optimized fomulation

r’)

tics (

Figure 5-111. Evaluation of release kinetics of natine from DoE optimized formulation using
variable chewing distance of Ph.Eur. apparatus B

Release kinetic data derived from the in vitro aske data of 3 replicates. The best model fit was
observed for Higuchi model and Hixon-Crowell cubetrmodel. The mechanism of release is cannot
be explained by the Korsmeyer-Peppas model amthiéro release is rapid and reaches more than

60% within 10 min of testing.
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Cumulative [%)] release o otine

60
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—w— Nicorette 2 mg Freshmint;<€4— Nicotinell 2 mg Mint;—»— Nicorette 2 mg Classic
—m—F5 (2 mg) DC gum; 4 F5 (2 mg) Coated DRC DC gum
—e—F5a (2 mg) Coated DRC DC (PVP 2.5% w/w) gum

Figure 5-112. Averagein vitro nicotine release profiles of marketed vs. directlycompressed
formulations

Graph represents average (n=3 + SD) in vitro nioetirelease. Data is generated using Ph. Eur.
apparatus B using the following setup. Chewingadiise: 1.8 mm. twisting angle: 20°, chewing
frequency: 40 strokes/min. All the investigatiorssevperformed in 40 mL of artificial saliva pH 6.2
maintained at 37 °C.
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Results and discussion

Thein vitro drug release profiles of all the nicotine baseeMahg gum products are plotted in

the Figure 5-112. For the purpose of comparisota ftam similar apparatus setup were also
shown. As discussed earlier the marketed chewimg fpumulations are manufactured using

the conventional technique which involves meltibtgnding and extruding into gum pieces.

The manufacturing technique is cumbersome and megjuspecial apparatus for the

manufacture. On the other side, various formulaiohthe DC are manufactured using a pre-
tailored gum base using a direct tabletting techeidqrhe method of manufacturing is similar

to those conventional tabletting methods. Like aoypventional dosage forms the product
quality test may be employed to test the biophasutacal quality. The drug release from the

dosage form can be optimized as per the custonegtsné-rom the results it is clearly shown
the possibilities to alter/modify the drug releaseng various formulation parameters. The
inter-individual variability within the release giles is comparatively lower than that of the

marketed product using the apparatus tested. Thes guan be successfully employed as a
platform or a carrier to deliver drugs within theabcavity at a rate acceptable with respect to
the therapeutic efficacy while maintaining highatipnt compliance.
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6 GENERAL DISCUSSION

6.1  Product performance testing

Medicated chewing gums provide a recent platformtiie delivery of active pharmaceutical
ingredients. Oral trans-mucosal drug delivery hamed a tremendous importance and has
paved the way for the development of various dosagas and provided room for extensive
research for the pharmaceutical scientists. Astarp@al pharmaceutical dosage form, the key
aspects of quality control were limited to the mfasturing sector and the importance of
performance evaluation was not given utmost impmeauntil the adoption of a suitable
chewing gum apparatus by the Ph. Eur. This stipdldhe need to develop techniques to
determine the actual release of actives from tha groduct which may prove its usefulness
in the dosage form development and adopt a methrogiuality control purposes.

Earlier, several investigators have worked on netbpment of chewing apparatuses that are
able to mimic then vivo oral physiology. The primary objective is to siem@ the masticatory
action where a real-time chewing of gum productha oral cavity could be established.
Initially, the apparatus A was adopted by the Phr.Bn the year 2000 which is not
commercially available worldwide and the data gatext were restricted to the chewing gum
manufacturers. One of the primary concerns wagtdgnds-on experience on the instrument
to evaluate its suitability in the dosage form depenent.

Standardization and commercialization was anotBpea that lacked in the instrument. The
development of apparatus B and its commercial abdily with the ease of operation even
well before it was adopted in the Ph. Eur. reveatigdcceptance worldwide. Following its
acceptance in the Ph. Eur., the geometries ofptharatus were standardized. The description
and functionality of both the apparatuses have lstribed in the earlier sections of this
thesis.

This dissertation was focused on the quality cdraspects (performance testing, assay, and
partial validation of analytical methodology) ofethmedicated chewing gums. At the
beginning of this project, not many commerciallyagable chewing gums were available in
the market. They were limited to the nicotine basgiewing gums from different
manufacturers, and dimenhydrinate containing chg@wimim was used primarily to treat travel
sickness. The published data bathvitro andin vivo were limited and or otherwise not
accessible.

At this juncture, goals of the dissertation were teedevelop suitablén vitro drug release
testing methodology to evaluate the performancgumh products and to evaluate accessible
and available chewing gum apparatuses. Prior ts, ttie possibilities of employing a
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compendial dissolution testing apparatus describetthe USP and Ph. Eur. to evaluate the
performance of medicated chewing gums were coreiddrests conducted in the USP paddle
apparatus with sinkers revealed that masticatioanisimportant step for release of drug
substances from the dosage form. Thevitro drug release method was then developed for
nicotine based chewing gum from two different maatiirers. Nicorette is an originator
product having marketing authorization in Germamg & generic product Nicotinell were
chosen for the comparative study. Various parameaiéthe apparatus were tested using the
two products. The results of nicotine based chevgam data were later verified using the
dimenhydrinate and caffeine based chewing gums.résglts conform to the earlier findings
with the nicotine chewing gums.

Both the apparatuses are capable of demonstratiifigisnt masticatory action to affect the
drug release. The apparatus parameters namehhéveirgy distance, chewing frequency and
twisting angle (apparatus B) individually or in cbimation affected the release rate of the
actives present in the dosage form. To what intgrasd extent does this affect the release
behavior was investigated. The interchangeabilitthe apparatus for a specific product was
another question addressed.

Assessment of preliminariyn vitro drug release study data obtained for the commircia
available nicotine based chewing gum products uiegapparatus A and B demonstrated the
suitability of the apparatuses forvitro drug release testing.

The different setups of the apparatus B resultechnousin vitro dissolution profiles for the
nicotine based chewing gum products. For specifadpcts like Nicorette freshmint gums,
the difference observed in the drug release psofiteuld be directly linked to the parameters
like chewing distance, twisting angle etc. A cleanderstanding on the influence of
combination of these factors on release of nicotioeld not be deduced. Generally it was
observed that a smaller chewing distance (for é.gl, mm) in combination with a large
twisting angle (40 degrees) resulted faster reledsbe nicotine contained in the chewing
gum matrix. The apparatus B provided more discratary release profiles than apparatus A
for the various parameters tested. This is duén¢oniature of construction of the apparatus.
The apparatus B may find its usefulness in the ldpwent of chewing gum formulations.
Since the chewing gumbase itself is a delivery cgvihe physicochemical properties of the
excipient and the gum mass will influence the redeaf the active ingredients. The
optimization of organoleptic properties like tex¢uand feel contribute to the success of the
final formulation. The apparatus B was able to mely such differences in the formulation
which can be seen in the vitro drug release profiles from different flavors ofatine gum
products. This was also shown quantitatively usipgcalculations. It is also generally
recommended to use a pair of qualified new chewavgs for every release testing. The

216



surface roughness of the jaws significantly affddtee drug release behavior. Another aspect
to consider is the use of pair nylon nets whichvent the disintegrated gum components
leaving the chewing area during initial masticati@onditioning of the gums prior to release

testing at specific temperature was found to hagigible influence on release rate; however
it prevented the disintegration process to somengxt

As far as the apparatus A is concerned, the stroaghanical forces during mastication
conceal the product sensitivities, hence the reléadavior does not discriminate between the
tested gum products. The apparatus A will be useftésting the assay or the content in the
dosage form since there is always a complete relebthe active at the end of testing period
particularly when a narrow or tight apparatus seésugdopted.

As of 2012, both the apparatuses (A and B) are emahal in the Ph. Eur. However no
recommendations with the respect to the selecticapparatus for release testing were made
in the monographs. Selection of suitable appar&tusa specific product is based on the
purpose of testing (product development, bio-rel¢veontent uniformity etc.), understanding
of the products know-how’s and obviously the prexperience. With the data readily
available from both apparatus for a specific pradube interchangeability could be
evaluated. From the feasibility study results, @aswfound that only a few combination of
apparatus parameters yielded similar or comparatlg release profiles. The acceptance of
similarity of profiles generated from the apparatus therefore based on the results of the f
test statistics. It is generally recommended thatr fxnowledge on the product performance is
necessary to interchange the apparatus.

6.2  Verification of in vitro test methodology

In order to characterize the performance of thetime based chewing gum products and to
investigate the influence of various apparatus mpatars on release, a feasibility study was
designed. The study included various parametensotti the apparatuses and two nicotine
gum products commercially available in the mark&erfmany). From the feasibility study it
was concluded that the profiles generated with egipa B are more discriminating than the
apparatus A. But how reliable these difference®nlesi were could only be verified with the
in vivo data. Unlike conventional dosage forms, the aligorf the released active begins in
the oral cavity and continues along the GI trasultgng in highly variable blood plasma
concentration. Moreover, the release is voluntazdytrolled by the subject which is the rate
of chewing, and the availability of saliva for diistion adds further variability. The clinical
data extracted from the literatures available @ publicly accessible sources were found to
be highly variable and inconsistent between thealiesu For many of these studies, the
purposes were to compare the nicotine amountsasnpd following the cigarette smoking
and chewing the gum. These data were analyzedeowtdmgner-Nelson method.
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Efforts to establish thim vitro in vivo correlation with the clinical data from the sanatdh to
that of thein vitro dissolution failed to establish a one to one levebrrelation between the
in vitro andin vivo profiles. It is unclear from the reported litenasi how the variables like
chewing frequency were controlled. The approvalgeheric version of nicotine based
chewing gum products was based on the BE studiedit®tatures were found in an attempt
to develop a bio-relevanh vitro drug release predictive af vivo drug release behavior.
Considering the advantages of the dosage formewa-clut study model was proposed as an
alternative to the bioavailability approach and waht to demonstrate the superimposability
of thein vitro in vivo profiles. This eliminated the need to design caxmlinical studies and
mathematical treatment of the data to obtain treree results. Using this methodology, the
in vivo physiological variables like chewing frequency atandardized and the results
obtained were consistent with the vitro data. The corresponding apparatus setup that
correlated with the data is considered as biorelesatup. This methodology may prove itself
to be useful in demonstrating the equivalence odioieal gum products in terms of SUPAC
based marketing authorization. On the other haath denerated using the chew-out study
methodology would be useful in verifying the suitéy of the apparatus for thia vitro drug
release testing. This will open a new perspectinethe drug release testing of medicated
chewing gums to measure and predict its performamcehis part of the thesis, a stepwise
development oin vitro drug release testing methodology was exploredtla@dmportance of
various aspects of performance testing to assegsridduct quality emphasized.

6.3  Formulation development

Development of ann vitro drug release method for various active(s) conthiire the
commercially available chewing products led to anderstanding of the processes
(compression of gum mass and simultaneous renefaethiewing surfaces) involved during
mastication of gums and subsequent release ofdiives. Without a standardized apparatus
and an optimizedn vitro drug release methodology, the data generated fhenapparatus
may not be reliable. Therefore, suitability of aygiases used for the vitro release testing of
medicated chewing gums in a routine GMP laboratbag be considered. During the
feasibility study, the apparatus parameters necesa developing and optimizing the
release testing method was investigated. Howewegifying the performance of the apparatus
with the aid of commercially available chewing gufasmulations is not feasible due to the
following reasons;

- Variability within the drug release test is largedademonstrates rapid release of
the active(s) at the early phase of release testingg to this variability, the

influence of apparatus parameters like chewingadist is not well differentiated.
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- Commercially available multi-source chewing gumsarfe dosage strength of the
active(s) tend to exhibit different release prdfilender same experimental
conditions.

- Performances of dose similar chewing gum produ@sing MA cannot be
compared directly and hence migrating between ttolycts for performance
testing will result in inconsistent results.

-  Employing one particular gum product to verify theerformance of the
apparatuses (performance qualification) would iasesthe dependency to one
manufacturer and the availability of that product.

Due to the above mentioned reasons, it was dec¢alegplore the possibilities to manufacture
chewing gums by a simple direct tabletting techajqwhich may prove to be reliable in
verifying the performance of the apparatuses ireeetbpment and GMP environment. Dry
preformulated gumbases are available from multigleurces of manufacturers for
nutraceutical purpose. After screening various gasel, suitable gumbases were identified
based on the flow properties, stickiness, compdigi and particle size. Nicotine was
chosen as a model drug, so that a direct comparisdna conventional nicotine chewing
gum is possible. The conventional gums unlike ti2gims are manufactured using hot melt
extrusion process. In this study, different aspetshewing gum manufacturing have been
investigated. Starting from the selection of iocleange resins to loading of nicotine onto the
resin using a batch process, coating of resin small scale using a solvent coacervation
technique, modifying the release characteristicsattain the desired release profile were
evaluated.

A single step batch process to load nicotine withwery short time span (<2 h) was found to
be effective. The nicotine loading ratio (amountnafotine loaded per unit weight of resin)
was reflected in the dissolution testing. Rapid buodst release was observed with the higher
loading ratios. Pre-treatment of the resins praotoiading includes elimination of unwanted
small and large particles, both of which signifidgraffected the nicotine release behavior.
Post treatment with PEG solution after loading wiibotine reduced the water uptake by
resins and hence reduced the burst release. Ldb soating using simple coacervation
techniques using pH independent polymer (Eudra&t1R0) was found to be effective in
modifying the release of nicotine from DRC.

Investigation of other components (type of orgasidvents like dichloromethane and its
volume, emulsifiers and plasticizers like lecithimyed for the coating process provided a
good understanding of the variables and their aatat impact on the release behavior.
Design of experiments (DoE) helped in choosing @tinum amount of components to
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obtain a desired coating level. With the applicataf DoE, it was possible to predict the
response (release of nicotine) of the variablesiwithe design space and optimum coating
parameters. Limitations of this coating approadtuide lack of scaling up possibilities. Most
of the coating process was performed on a lab sedle limited quantities. However the
information obtained from the coating process carsbccessfully adapted to the fluid bed
coating techniques. This study can be used astiopiato explore the possibilities of drug
delivery systems using ion-exchange resins (IER).

Another aspect of the formulation study was to eatd the possibilities to manufacture
nicotine containing chewing gums using the diremmpression technique. Formulation of
different gumbases and excipients along with thée ptimized Eudragit RS 100 coated
DRC were tested for their performance using appard®. Thein vitro drug release
methodology was found to discriminatory with redptcthe various apparatus setups. The
release testing methodology described in this shean be used to qualify the chewing
apparatuses A and B described in the European Rlcapeia using any standardized gum
product. Methods to manufacture chewing gums byatlircompression technique are
optimized and necessary quality attributes haven lme@luated. The described method could
be utilized to manufacture chewing gums containiagous actives by a tabletting technique
and extends room for the future research. Thisisheght serve as an initiative platform to
further research in order to incorporate more actitug substances in gum products for better
and efficient drug delivery.

220



7 ABSTRACT

Evaluation of the performance of medicated chewggn requires suitable chewing
apparatus to simulate the masticatory action. Imnavitro environment, the release of any
active pharmaceutical ingredient (API) presenthiewing gum formulations is controlled by
various apparatus parameters that include thertistbetween chewing jaws, rate of chewing
(chewing frequency) and the twisting angle of chmjaws. In this study, influence of all
these factors in various combinations was evaluasaty Apparatus A and B described in the
chapter 2.9.25 of the European Pharmacopeia (Ph) u commercially available nicotine
based chewing gum products.

Nicotine containing chewing gums were chosen asodemdrug product to develop tle
vitro drug release methodology and to assess the sujtabilthe apparatus. Tha vitro
release testing methodology was further extendddineenhydrinate and Caffeine containing
chewing gum products using Apparatus B due to asroercial availability. Then vitro
release pattern from various chewing gum produdgated that the release of API(s) vary
with respect to the product, apparatus type andpsparameter. Interchangeability of the
apparatus for nicotine gum product was found onlyd few apparatus parameters verified
using the similarity test (f2) statistical approa€lor most of the investigated gum products,
highest release of the active was observed foapiparatus parameters with smallest chewing
distance (apparatus A: 0.3 mm/3 mm, apparatus 8:nim), highest twisting angle 40°
(apparatus B) and chewing frequency of 60 strokes(apparatus A and B). Verification of
in vitro release methodology was performed usmgivo chew out approach and also from
thein vivo clinical data. Correlation between threvitro data andn vivo chew out data was
observed. Nan vitro in vivo correlation (IVIVC) could be established using thevitro and

in vivo clinical data.

Further experiments were performed with a goal ainufacturing nicotine containing
chewing gums using a tableting technique. As d 8tep, a batch process to load nicotine
onto a strong cation exchange resin was optimikigzhtine to resin ratio was maintained 1:4.
The nicotine loaded resins were coated using pHralepolymer Eudragit RS 100n vitro
drug release experiment was used to assess tt@marfce. The uncoated and Eudragit RS
100 coated resin complex were used as an API farufaaturing nicotine chewing gums.
Various combinations of formulations containingfeliént gumbases and excipients were
used to formulate nicotine gum formulations. It wad®wn from the experiments that the
release of nicotine salt > uncoated nicotine résiracoated nicotine resinate present in gum
formulations. Using this approach, possibilities toanufacture chewing gums by
conventional tableting technique and to tailor tblease of nicotine was explored. This work
may provide a basis for further research to incoaf® many more APIs of different
physicochemical properties in chewing gum formolasi
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8 ZUSAMMENFASSUNG

Die Bestimmung der Performance (Qualitat) medizinés Kaugummis erfordert geeignete
Geratschaften zur Simulation des Kauprozeses. herdan vitro Umgebung wird die
Freisetzung jeglicher vorhandener Wirkstoffe (ARcttive Pharmaceutical Ingredient) aus
den Kaugummiformulierungen durch Variation versdeiger Geréateparameter bestimmt, wie
z.B. dem Abstand zwischen den Kaubacken, der Geardigkeit des Kauvorgangs
(Kaufrequenz) und dem Torsionswinkel der Kaubackerder folgenden Studie wurde der
Einfluss all dieser Faktoren in verschiedenen Koratlonen mittels Apparatur A und B
gemall dem Kapitel 2.9.25 der European Pharmac@kigEur.) fur kommerziell erhéltliche
Nikotin enthaltende Kaugummiprodukte untersucht.

Nikotin enthaltende Kaugummis wurden als Modellaiform zur Entwicklung dem vitro
Freisetzungsmethode und zur Feststellung der Egmlen Apparatur ausgewahlt. Dariiber
hinaus wurde dien vitro Freisetzungsmethode auf Dimenhydrinat und Koffemhaltende
Kaugummiprodukte unter Verwendung der Apparatur ridegert, da diese kommerziell
erhéltlich ist. Das Freisetzungsverhalten versamed Kaugummiprodukte wies darauf hin,
dass die Freisetzung des Wirkstoffes in Abhangtigken Produkt, Geratetyp und
Gerateparameter variiert. Eine Austauschbarkeit @mrate fur Nikotin enthaltende
Kaugummiprodukte konnte nur fir wenige Geratepatameunter Verwendung des
statistischen Similarity Test (f2) verifiziert wemil Fir die meisten untersuchten
Kaugummiprodukte wurde die hdchste FreisetzungWigkstoffs bei Gerateparametern mit
dem kleinsten Kauabstand (Apparatur A: 0.3 mm/3 pparatur B: 1.4 mm), dem hdchsten
Torsionswinkel von 40° (Apparatur B) und einer Kagjuenz von 60 Hiben pro Minute
(Apparatur A und B) festgestellt. Verifiziert wurdke in vitro Freisetzungsmethode mittels
derin vivo ,,Chew-Out* Methode und mit klinischen vivo Daten. Eine Korrelation zwischen
in vitro Daten undn vivo ,,Chew-Out" Daten konnte aufgezeigt werden, wohgeyekeindan
vitro in vivo Korrelation (IVIVC) zwischen derin vitro und Kklinischenin vivo Daten
festgestellt werden konnte.

Mit dem Ziel, unter Nutzung der Tablettier Techmikiteres Nikotin enthaltende Kaugummis
herzustellen, wurden weitere Versuche durchgefuhm. ersten Schritt wurde ein
Herstellungsprozess zur Beladung von Nikotin aufi starkes Kationenaustauschharz
optimiert. Das Verhdltnis von Nikotin zu Harz wur@def 1:4 gesetzt. Die mit Nikotin
beladenen Harze wurden mit dem pH neutralem Pol\Eneragit RS 100 Uberzogen. Die

vitro Freisetzung des Wirkstoffes wurde zur Bestimmurgy é&erformance (Qualitat)
herangezogen. Die nicht Uberzogenen und die mitrdgid RS 100 Uberzogenen
Harzkomplexe wurden als API zur Herstellung Nikogimhaltender Kaugummis verwendet.
Verschiedene Kombinationen von Formulierungen unide eVielzahl verschiedener

Kaumassen und Hilfsstoffe wurden verwendet um Nikagnthaltende Formulierungen
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herzustellen. Es wurde experimentell festgestdlis sich die Freisetzungsgeschwindigkeit
wie folgt verhalt: reines Nikotinsalz enthaltenderfulierungen > nicht Uberzogenes
Nikotinharz enthaltende Formulierungen > (berzogen&likotinharz enthaltende
Kaugummiformulierungen. Unter Verwendung dieser dhgehensweise wurden
Maoglichkeiten zur Herstellung von Kaugummis mittk@&nventioneller Tablettiertechnik und
zur angepassten Freisetzung von Nikotin eruiees®iArbeit steht die Grundlage fur weitere
Untersuchungen zur Einarbeitung vieler weitererRétioffe mit unterschiedlichen physiko-
chemischen Eigenschaften in Kaugummi Formulierurdgen
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10 APPENDIX

Table 1. Averagein vitro drug release profiles of Nicorette 2mg freshminttavariable chewing distance and chewing frequency

Time Cumulative ) In vitro nicotine released [%] of label claim at differapparatus setup
. Cumulative strokes [rj]
[min] | strokes [n] . 1.4mm/ 1.4mm/ SD 1.4mm/ 1.4mm/
. 40/min SD [n=3] SD [n=3] SD [n=3]
60/min 40Strokes/20 60Strokes/20° [n=3] 40Strokes/40° 60Strokes/40°

0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 120 80 3.89 0.43 5.39 0.67 7.91 1.38 10.13 181
5 300 200 17.58 1.08 23.96 0.45 35.69 6.19 37.08 82 6.
10 600 400 35.27 10.00 42.32 3.81 58.71 7.66 56.68 9.47

15 900 600 44.20 12.51 52.90 6.09 69.33 7.53 66.96 7.43

20 1200 800 49.28 13.95 60.01 7.64 75.45 6.30 75.46 4.86

30 1800 1200 57.10 14.74 66.67 6.73 82.68 5.40 834.6 7.81

45 2700 1800 63.33 15.36 74.16 6.15 88.78 4.11 093.2 7.12

60 3600 2400 68.05 13.57 81.83 5.94 92.29 2.96 196.6 6.11
Table 2. Averagein vitro drug release profiles of Nicorette 2mg freshminttavariable chewing distance and chewing frequency

Time Cumulative Cumulative In vitro nicotine released [%] of label claim at differapparatus setup

[min] | strokes [n] strokes [n] 1.4mm/ SD 1.4mm/ SD [n=3]| 1.4mm/ SD [n=3] 1.4mm/ SD [n=3]

60/min 40/min 40Strokes/20 [n=3] | 60Strokes/20° 40Strokes/40° 60Strokes/40°

0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 120 80 3.08 0.26 4.90 0.89 6.36 1.04 8.36 1.93
5 300 200 12.93 2.78 18.02 0.40 19.15 0.85 26.65 34 8.
10 600 400 26.73 5.68 32.38 2.47 30.89 2.30 48.29 726
15 900 600 34.11 6.50 46.48 2.05 36.60 2.56 56.90 .38 6
20 1200 800 38.36 6.51 60.52 4.70 40.68 3.27 68.18 15.30
30 1800 1200 44.23 7.08 70.21 4.50 49.06 4.60 73.41 15.66
45 2700 1800 49.56 7.08 78.52 8.41 55.45 5.55 75.90 14.95
60 3600 2400 54.03 3.93 87.82 3.96 64.25 4.19 82.67 7.15

237




Table 3. Averagein vitro drug release profiles of Nicorette 2mg Freshminttavariable chewing distance and chewing frequency

Time Cumulative Cumulative In vitro nicotine released [%] of label claim at differapparatus setup
[min] | strokes [n] strokes [n] 1.4mm/ SD [n=3] 1.4mm/ SD [n=3] 1.4mm/ SD [n=3] 1.4mm/ SD [n=3]
60/min 40/min 40Strokes/20 60Strokes/20° 40Strokes/40° 60Strokes/40°
0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 120 80 4.17 0.89 3.86 0.08 5.11 0.35 7.88 0.32
5 300 200 9.12 1.44 9.42 1.01 17.81 0.05 24.30 2.35
10 600 400 16.04 2.29 16.55 2.26 36.28 4.35 46.24 .20 3
15 900 600 20.97 2.93 23.28 3.61 48.02 1.22 61.92 .62 4
20 1200 800 24.89 4.30 28.82 5.46 57.78 3.32 71.95 6.05
30 1800 1200 30.13 7.11 40.28 13.00 71.16 2.64 177.8 8.30
45 2700 1800 34.05 8.72 47.44 14.14 80.59 4.70 483.9 5.00
60 3600 2400 40.25 13.83 52.28 12.37 83.45 6.23 9590. 8.88
Table 4. Averagein vitro drug release profiles of Nicotinell 2mg Mint at vaiable chewing distance and chewing frequency
Time Cumulative Cumulative In vitro nicotine released [%] of label claim at differapparatus setup
[min] strokes [n] strokes [n] 1.4mm/ SD [n=3] 1.4mm/ SD [n=3] 1.4mm/ SD [n=3] 1.4mm/ SD [n=3]
60/min 40/min 40Strokes/20 60Strokes/20° 40Strokes/40° 60Strokes/40°
0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 120 80 13.13 0.68 19.49 1.06 19.05 0.34 28.94 401
5 300 200 40.77 3.95 52.47 2.01 53.69 0.95 65.67 46 1.
10 600 400 62.40 3.00 77.09 0.90 77.71 0.94 86.63 .07 2
15 900 600 73.49 3.74 84.89 0.67 86.26 3.86 96.28 76 1
20 1200 800 79.61 2.31 90.68 0.84 92.06 3.20 99.45 0.48
30 1800 1200 88.16 3.84 95.88 2.40 98.09 3.79 B01.8 1.49
45 2700 1800 93.09 3.55 101.13 0.34 102.60 231 .6703 0.74
60 3600 2400 97.02 4.75 103.45 1.83 103.63 2.64 .0004 1.15
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Table 5.

Averagein vitro drug release profiles of Nicotinell 2mg Mint at vaiable chewing distance and chewing frequency

Time Cumulative Cumulative In vitro nicotine released [%] of label claim at differapparatus setup
[min] strokes [n] strokes [n] 1.4mm/ SD [n=3] 1.4mm/ SD [n=3] 1.4mm/ SD [n=3] 1.4mm/ SD [n=3]
60/min 40/min 40Strokes/20 60Strokes/20° 40Strokes/40° 60Strokes/40°
0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 120 80 12.66 1.37 18.33 0.97 17.83 1.23 24.97 40.3
5 300 200 36.57 2.48 47.84 1.27 49.58 3.51 61.72 16 2.
10 600 400 64.04 1.50 72.80 0.46 75.83 3.61 84.87 29 2
15 900 600 75.97 1.92 82.72 1.20 85.41 4.51 94.20 .99 2
20 1200 800 83.87 155 87.88 0.74 90.56 4.88 98.34 3.71
30 1800 1200 89.13 0.68 94.01 0.78 95.88 3.00 201.2 3.35
45 2700 1800 95.13 1.56 99.85 0.36 99.20 2.42 703.9 4.04
60 3600 2400 98.24 0.95 101.93 0.43 100.59 145 5704 3.28
Table 6. Averagein vitro drug release profiles of Nicotinell 2mg Mint at vaiable chewing distance and chewing frequency
Time Cumulative Cumulative In vitro nicotine released [%] of label claim at differapparatus setup
[min] strokes [n] strokes [n] 1.4mm/ SD [n=3] 1.4mm/ SD [n=3] 1.4mm/ SD [n=3] 1.4mm/ SD [n=3]
60/min 40/min 40Strokes/20 60Strokes/20° 40Strokes/40° 60Strokes/40°
0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 120 80 13.30 0.48 15.78 0.91 15.94 0.11 20.92 826
5 300 200 32.85 1.02 40.13 4.13 39.13 2.62 47.88 89 2.
10 600 400 55.37 4.12 60.57 4.12 61.63 1.67 69.81 353
15 900 600 64.77 4.71 67.95 4.04 72.31 2.94 81.83 912
20 1200 800 70.54 3.57 74.38 3.02 77.03 3.13 87.18 2.79
30 1800 1200 76.66 4.12 80.63 1.29 83.63 2.87 95.28 3.26
45 2700 1800 81.32 4.91 82.83 1.67 88.86 4.67 99.48 2.17
60 3600 2400 84.19 4.75 86.47 1.28 92.25 4.86 001.3 3.20
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Table 7.

Averagein vitro drug release profiles of Nicorette 2mg Freshminttavariable chewing distance and chewing frequency

Time | Cumulative Cumulative strokes| In vitro nicotine released [%)] of label claim at differapparatus setup
[min] strokes [n] [n] 0.7 mm/ SD 0.7 mm/ SD [n=3] 0.3 mm/ SD 0.3 mm/ SD
60/min 40/min 60strokes/3mm [n=3] 40strokes/3mm 40strokes/3mm [n=3] 60strokes/3mm [n=3]
0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 120 80 2.08 0.97 1.29 0.16 1.56 0.49 2.08 0.37
5 300 200 10.90 6.91 8.66 1.78 9.48 6.22 18.06 1.88
10 600 400 28.09 8.52 31.71 3.13 35.04 8.55 43.99 .20 2
15 900 600 44.66 4.70 47.53 4.84 52.42 6.69 58.58 .50 2
20 1200 800 55.21 1.40 57.73 4.58 64.73 5.94 70.62 2.09
30 1800 1200 71.45 5.63 70.94 1.99 78.60 7.22 86.42 1.86
45 2700 1800 88.32 4.31 87.27 7.27 95.38 5.67 99.05 2.64
60 3600 2400 97.00 5.69 98.47 6.18 105.24 4.95 53009. 2.74
Table 8. Averagein vitro drug release profiles of Nicorette 2mg Freshminttavariable chewing distance and chewing frequency
Time | Cumulative Cumulative In vitro nicotine released [%] of label claim at differapparatus setup
[min] strokes [n] strokes [n] 0.7mm/ SD 0.7mm/ SD [n=3] 0.3mm/ SD 0.3mm/ SD
60/min 40/min 60strokes/3mm [n=3] 40strokes/3mm 40strokes/3mm [n=3] 60strokes/3mm [n=3]
0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 120 80 1.83 0.45 1.29 0.19 1.10 0.45 2.83 0.44
5 300 200 15.95 3.86 9.96 2.22 6.92 4.15 17.70 117
10 600 400 42.09 4.17 35.91 4.07 24.79 18.31 45.17 2.66
15 900 600 56.13 3.81 50.94 3.40 44.54 13.06 60.62 3.29
20 1200 800 66.81 3.93 61.92 4.38 59.78 7.31 72.27 3.47
30 1800 1200 81.67 4.02 77.31 4.97 78.21 5.03 88.23 3.43
45 2700 1800 95.02 4.14 90.53 5.07 94.90 4.28 B02.3 2.92
60 3600 2400 102.27 2.76 100.27 4.26 104.74 4.39 9.860 2.50
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Table 9. Averagein vitro drug release profiles of Nicotinell 2mg Mint at vaiable chewing distance and chewing frequency

Time | Cumulative Cumulative In vitro nicotine released [%] of label claim at differapparatus setup
[min] strokes [n] strokes [n] 0.7mm/ SD 0.7mm/ SD [n=3] 0.3mm/ SD 0.3mm/ SD
60/min 40/min 60strokes/3mm [n=3] 40strokes/3mm 40strokes/3mm [n=3] 60strokes/3mm [n=3]
0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 120 80 13.90 0.31 10.69 0.65 12.62 0.93 14.16 6 4.8
5 300 200 33.95 0.81 29.28 141 32.49 181 37.41 07 4.
10 600 400 48.51 11.36 48.21 2.60 53.15 2.20 61.20 4.33
15 900 600 63.25 7.35 60.79 3.06 66.86 2.30 75.15 555
20 1200 800 73.73 5.29 70.01 3.37 76.73 2.66 84.71 5.83
30 1800 1200 86.63 3.26 82.50 3.50 89.60 3.40 96.80 6.39
45 2700 1800 98.18 1.70 94.59 3.77 101.00 3.43 8205. 4.89
60 3600 2400 105.47 0.97 101.93 3.76 107.63 2.63 0.181 3.26
Table 10. Averagen vitro drug release profiles of Nicotinell 2mg Mint at vaiable chewing distance and chewing frequency
Time | Cumulative Cumulative In vitro nicotine released [%] of label claim at differapparatus setup
[min] strokes [n] strokes [n] 0.7mm/ SD 0.7mm/ SD [n=3] 0.3mm/ SD 0.3mm/ SD
60/min 40/min 60strokes/3mm [n=3] 40strokes/3mm 40strokes/3mm [n=3] 60strokes/3mm [n=3]
0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 120 80 16.36 1.10 12.73 1.05 12.30 0.67 13.87 904
5 300 200 37.08 2.14 32.28 1.90 31.79 0.75 36.38 47 2.
10 600 400 56.36 3.40 53.13 2.93 53.52 2.00 59.01 415
15 900 600 68.83 4.57 66.11 4.34 67.38 2.56 72.49 296
20 1200 800 76.83 4.66 75.53 4.26 77.20 2.92 82.03 6.61
30 1800 1200 87.86 5.88 86.77 5.33 89.39 3.37 94.23 6.91
45 2700 1800 97.57 6.11 97.75 5.37 101.52 4.08 1504. 5.81
60 3600 2400 102.79 5.69 101.88 3.28 107.74 3.30 8.720 4.19
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Table 11. Averagen vitro drug release profiles of Nicorette 2mg classic guat variable chewing distance and chewing frequenoyf apparatus B

Time ) In vitro nicotine released [%] of label claim at differapparatus setup
. Cumulative strokes [rj]
[min] . 1.4mm/ 1.4mm/ 1.8mm/ 1.8mm/
40/min SD [n=3] SD [n=3] SD [n=3] SD [n=3]
40 strokes/20° 40 strokes/40° 40 strokes/20° 40 strokes/40°

0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 80 13.56 2.15 20.41 2.89 11.36 1.50 9.78 5.65
5 200 49.62 4.75 63.99 5.02 32.29 7.42 23.88 3.79
10 400 76.21 3.32 84.33 5.64 54.34 9.58 43.06 5.86
20 800 85.86 3.69 94.97 4.89 69.29 6.11 62.09 4.85
30 1200 88.90 5.22 99.22 4.64 73.71 6.48 66.12 7.17
45 1800 90.60 8.40 104.01 6.86 77.15 7.31 68.40 36.9
60 2400 93.05 7.27 105.19 6.54 79.12 7.74 69.88 8 6.7
Table 12. Averagen vitro drug release profiles of Nicorette 4mg classic guat variable chewing distance and chewing frequenoyf apparatus B

Time Cumulative In vitro nicotine released [%] of label claim at differapparatus setup

[min] strokes [n] 1.4mm/ 1.6mm/ 1.8mm/ 1.4mm/

40/min 40Strokes/20 SD [n=3] 40Strokes/20° SD [n=3] 40Strokes/20° SD [n=3] 40Strokes/2° SD [n=3]

0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 80 15.38 2.96 12.31 1.53 12.17 1.18 15.38 2.96
5 200 57.36 1.84 46.13 5.29 39.84 5.35 57.36 1.84
10 400 84.58 2.82 74.22 0.66 64.25 3.33 84.58 2.82
20 800 92.33 4.14 81.21 1.77 73.90 2.57 92.33 4.14
30 1200 95.63 3.73 84.82 121 76.87 3.43 95.63 3.73
45 1800 98.20 3.80 89.18 131 79.32 3.58 98.20 3.80
60 2400 99.70 3.97 92.89 0.42 80.23 2.89 99.70 3.97
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Table 13. Summary ofin vitro nicotine release from DRC (Amberlite IRP 69)

Time [min] 5 10 20 30 45 60 90 120 1200 1440
Avg (%). Rel (50 RPM) 55.41 61.94 68.49 73.93 - 520. 84.50 86.99 - 99.98
SD 5.44 5.47 5.28 4.46 - 4.71 5.26 5.27 - 0.99
Avg (%). Rel (100 RPM) 77.22 80.33 83.19 84.96 86.0 87.14 92.67 95.30 95.30 -
SD 4.94 4.99 5.23 4.94 4.67 4.05 1.25 1.53 1.53 -
Table 14. Summary ofin vitro nicotine release from different gumbases
Time [min] Formulation

FG1 FGZ FG: FG4 FGE

Avg. rel.[%)] SD (n=3 Avg. rel.[%)] SD (n=3 Avg. rel.[%)] SD (n=3 Avg. rel.[%)] SD (n=3 Avg. rel.[%] SD (n=3
5 33.9: 0.9¢ 44.9¢ 6.8t 48.2¢ 2.37 34.0¢ 7.62 26.01 0.8¢
1C 49.7( 3.11 63.44 4.4¢ 58.0¢ 5.2¢ 50.1¢ 1.7i 40.71 2.0C
2C 60.1¢ 4.9t 74.6% 2.7z 68.3¢ 8.5¢ 62.1] 2.4 53.7( 2.42
3C 66.0: 7.5( 83.7- 4.8¢ 73.6¢ 9.5¢ 66.81 3.5¢ 59.01 3.5C
4t 71.5¢ 5.9( 98.3: 15.6( 81.0¢ 6.3¢ 70.2: 4.2¢ 63.8: 3.6(
6C 74.4¢ 5.2¢ 98.31 14.8¢ 85.3¢ 3.37 72.74 4.7z 66.6¢ 3.61
Table 15. Evaluation of release kinetics from diffeent gumbase formulations
Formulatior Zero Orde First Orde Higuchi Mode Korsmeye-Peppa Hixsor-Crowell

r2 ko™ r’ k1 ™® r’ kH ™= r’ n value Kkp ™™ r’ KHC (%)

FG1 0.821¢ 0.653' 0.736¢ 0.012( 0.921: 6.977¢ 0.966! 0.409° 0.941: 0.884- -0.018:«
FGz 0.877- 0.973! 0.799¢ 0.012! 0.955¢ 10.241¢ 0.958( 0.365! 1.318¢ 0.921. -0.110:«
FG: 0.911! 0.638:¢ 0.860: 0.009! 0.977¢ 6.666¢ 0.998¢ 0.256! 0.918:¢ 0.967- -0.022¢
FG4 0.751! 0.603¢ 0.674¢ 0.011: 0.869¢ 6.543: 0.973¢ 0.433¢ 0.998: 0.810¢ -0.016¢
FGE 0.804. 0.660¢ 0.710¢ 0.014: 0.910¢ 7.088¢ 0.954« 0.407¢ 0.782¢ 0.854¢ -0.016¢
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Table 16. Summary ofin vitro nicotine release from different formulations of gunbase formulation FG5 at 1.8 mm chewing distance

Formulations of FG!

Time F1 F2 F3 F4 FS Fé
[min] Avg. rel. SD (n=3 | Avg. rel. SD(=3 |[Avg.rel [SD (=3 |[Avg.rel SD Avg.rel. [ SD (n=3 | Avg.rel SD (n=3

(%] (%] (6] (6] (n=3) | [%] (%]
5 51.1¢ 6.3¢ 76.8¢ 0.7¢C 74.4f 10.8¢ 66.0¢ 4.2¢ 53.8: 3.4t 93.4¢ 1.2t
1C 61.6¢ 4.6 83.5¢ 1.7¢ 83.6: 8.97 74.2¢ 2.7¢ 67.61 1.7¢ 94.0: 0.4C
2C 68.41 2.72 84.6: 0.8t 86.3¢ 8.01 76.9: 2.9t 72.3¢ 2.2¢ 93.8¢ 0.8z
3C 70.31 2.3¢ 86.1( 0.6¢ 88.0( 8.1- 78.4( 2.7¢ 74.07 2.2( 94.2: 0.9¢
45 72.17 3.12 86.6: 1.2¢ 88.5¢ 8.92 78.3¢ 2.2¢ 75.2¢ 2.4: 94.47 0.6¢
6C 73.7¢ 2.2¢€ 86.7¢ 0.5¢ 89.6( 9.07 78.91 2.5¢ 76.7¢ 2.4¢ 94.61 0.9:
Table 17. Evaluation of release kinetics from diffieent formulations of FG5
Formulatior Zero Orde First Orde Higuchi Mode Hixsor-Crowell

r’ ko " r’ k1 ™Y r’ r’ KHC (K7

F1 0.715° 0.340¢ 0.676¢ 0.005:¢ 0.837¢ 0.760¢ -0.010¢
F2 0.587( 0.136: 0.574: 0.001¢ 0.715° 0.629: -0.006¢
F3 0.627¢ 0.210° 0.607: 0.002! 0.754¢ 0.699: -0.011:
F4 0.566! 0.175: 0.5501 0.002- 0.702: 0.597( -0.006¢
FS 0.623¢ 0.318¢ 0.585: 0.004¢ 0.751: 0.677- -0.010¢
Fé 0.876: 0.018¢ 0.875: 0.000: 0.899. 0.886¢ -0.001¢
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Table 18. Summary ofin vitro nicotine release from DoE optimized formulation atvariable chewing distance

Optimized Formulatic
Time [min] 1.4mn 1.6mn 1.8mn

Avg. rel. [%] SD (n=3 Avg. rel. [%] SD (n=3 Avg. rel.[%] SD (n=3
5 51.1¢ 6.3¢ 42.9¢ 1.8C 36.97 1.1¢
1C 61.6¢ 4.6 51.57 1.5% 41.5] 1.4¢
2C 68.41 2.72 55.8( 1.8 43.1: 0.2¢
3C 70.31 2.3¢ 57.11 1.6C 45.2¢ 1.11
45 72.17 3.12 58.5: 1.4¢ 46.4: 0.8:
6C 73.7¢ 2.2¢ 60.6¢ 0.7t 48.3¢ 0.5z
Table 19. Evaluation of release kinetics from DoEpimized formulation at variable chewing distance
Formulatior Zero Orde First Orde Higuchi Mode Hixsor-Crowell

r’ ko™ r’ k1 ™P r’ r’ KHC (%)
1.4 mn 0.715! 0.340¢ 0.676¢ 0.005:¢ 0.837" 0.760¢ -0.010¢
1.6 mn 0.732: 0.259: 0.691: 0.004¢ 0.844¢ 0.762: -0.006°
1.8 mn 0.861¢ 0.177¢ 0.832: 0.004: 0.936¢ 0.875' -0.004(
Table 20. Summary ofin vitro nicotine release from formulations compressed witkifferent crushing strength at 1.8mm
Formulation
F5a20n F5a30n F5b20N F5b30N

Time[min] ,[%/\;]g rel. SD (n=3) ,[%/\;]g rel. SD (n=3) ,[%/\;]g rel. SD (n=3) ,[%/\;]g rel. SD (n=3)
5 12.8¢ 0.3¢ 14.6¢ 1.4% 15.1% 0.6z 15.4% 1.71
1C 20.61 1.9% 22.71 0.31 24.2¢ 1.5¢ 23.5¢ 2.6%
2C 28.7: 2.2¢ 32.17 0.8t 34.31 4.9¢ 31.9( 2.9C
3C 34.7¢ 4.2 37.0¢ 1.3t 40.3: 5.4¢ 37.2i 1.9¢
45 40.8( 6.9( 42.6¢ 2.4 45.1¢ 5.5C 43.8( 3.2¢
6C 44.7¢ 9.2( 46.9¢ 3.37 48.6 5.57 47.€8 2.91
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HPLC analysis of nicotine from chewing gum formulatons
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Figure 1. Representative chromatogram for the mobd phase (MeOH/buffer pH 6.5, 2/98 v/v)
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Figure 2. Representative chromatogram of artificialsaliva pH 6.2
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Figure 3. Representative chromatogram of Nicotine ibartrate (reference) in artificial saliva pH
6.2
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Figure 4. Representative chromatogram oRNicotinell 2 mg mint sample solution
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Figure 5. Representative chromatogram of Nicorett® mg freshmint sample solution
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HPLC analysis of dimenhydrinate from chewing gum fomulations
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Figure 6. Representative chromatogram of dimenhydnate (reference) in artificial
saliva pH 6.2
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Figure 7. Representative chromatogram of dimenhydnate sample solution in artificial
saliva pH 6.2
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