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Abstract

The concept of chewing gum for medical purposes providesrete, convenient
administration, the potential for buccal absorption and the avoidance of firshptsstism

or gastrointestinatlegradation. This work contribéo the limited information available on

the release of poorly soluble drugs from medicated chewing gum formulations. Lansoprazole
was chosen as a moddrug due to its poor solubility and instaiyl (under acidic
conditions), thus a chewing gum formulation would be of particular benefit avoiding
gastrointestinatiegradation.

The solubility and stability of lansoprazole in artificial saliva was found to be dependent on
the pH of the solution. Aincrease in pH caused an increase in soluhilitiy a significant
increase between pH 9 and pH 10.pAt 6, concentrations decreased over time confirming
the acid instability of lansoprazol€he use of cyclodextrins as solubilisers and stabilisers for
lansoprazole were investigated; complex&D QV R SU D ] R-CB 1:Z)r¥8Wted in a 9

fold increase in solubility compared to free lansoprazole and remainedattphl&®.

Chewing gum formulationsincorporating lansoprazolevere prepared anthe following
excipients were investigateds H Y R O \"Phiyiduophilic polymerRev7, buffering excipients

and complexedODQVRSUD]R@B, 1Z2) Wrdg QAiffusion from gum surfaces was
found to be limited, highlighting the need for effective mastication to enserdirtiely
release of the drudn vitro release was evaluated using the EP approved masticator. Various
parameters were investigated including: the type of dissolution medium, pH, chew rate and
sampling and replacement volumes. Significant differences leage after 30 minutes
mastication were found for gums containiRgv7 and potassium carbonate (both of which
contributed to increasing the hydrophilic capacity of the gurhgse gums were also softer
than other formulationdue to a plasticising effectnathe gum base elastomer resulting in
softer, less cohesive gunfSomplexation was not found to have an impacirowitro drug
release from gums

The study also assessed the buccal absorption of free lansoprazole and complexed
ODQVRSUD]R@B, 1.Z2)LWikg forcine buccal mucosdehe highest partitioning
coefficient was observefbr free lansoprazole at pH 6.8 due to a lower ionised fraction in
combination with a lower molecular weight. Complexed lansoprazole had the highest drug
flux but also hadhe paradoxical effect of decreasing the permeability coefficient.

Overall the study contributed to increasing the understanding of factors governing the release
of a poorly soluble and unstable API, lansoprazole, from a medicated chewing gum
formulation The optimised formulation would contain lansoprazole, 8 Rév7 and
potassium carbonate provide the maximum release of drug from the gum and also facilitate
buccal absorptian
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Introduction
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1.1 Oral drug delivery route

The oral route is regarded as the most preferred rowtrigtieliveryamongst clinicians and
patients due to its conuweient method of admistration, correlaing to high patient
compliance and increased patient satisfac{®nojaei, 1998)One major limitation of the
oral administration route is the effect of first pass metabodisthpresystemic degradation
To ensure therapeutic dosages maintained after absorptiadhe do< of affected active can
be increased to ensure bioavailabiléjter metabolsm. This contributes to a range of
problems including possible side effeetgh the direct contact of high concentrations of the

active wih the epitheliunandalsothe possible risk of ovetosing.

The opportunityto develop aconvenientoral delivery systemwhich can bypassirst pass
metabolism (thus avoiding hepatic circulation and associated degradation with acid liable/
susceptible digs) whilst providing a sustained release delivery systamay be possible

using medicated chewing gum as a form of drug delivery

1.1.1 Druqg @sorption through the oral mucosa

The purpose of theral mucosa is to provide a suitable barrier to protbet body from
harmful substancesiowever it can also provide a route for absorption of suitable dsegs
chapter 5) The oralmucosa has been shown to be a reliable delivery route for a range of
drugs includingglyceryl trinitratefor which a rapid ongeof action is required. The mouth

and cheeks are lined with an epithelial layer, which provides a permeable membrane for rapid
absorptiondue toits rich vascularity(Figure 11). The main absorption of the active occurs
through the oral mucosa (buccaldasublingual), which means first pass metabolism can be
avoided along with associated enzymatic degradation. This offers opportunity for drugs that
are particularly susceptible in the acidic environment in the gadtstinal trac{GIT). This
increasedbioavailability may mean a lower dose can be administered resulting in fewer
gastric side effects which may be related to the higher dosages in standard oral tablet
formulations(Conway, 200Y.
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Figure 1.1 Cross section of the oral mcosa

(adapted from Shinkaat al, 2012)

1.2 History of chewing gums

Chewinggumas a pastime has been around for thamsls of years with the ancient Mayan
Indians chewing chicle sourced from the Sabodilla tree$892, William Wrigley invented

his first brand of flavouredonfectionaryFKHZLQJ JXPV SSHDOPLDPW  SURYL(
the foundations for his thriving buss®(Rassing, 1996 The concept of chewing gum for
medical purposes provides a discrete method for delivery and does not highlight the iliness or
need for medication for the individual. It can also contribute to delivering medicine on
demaQ G GXULQJ SHRSOHMyfufkeX ¥\ 20051 BiveVol el Nfst officialoral

health gum patestwas filed by Wilam F Semple (iri869, which stated the use of chewing

gum for dental hygiene purpos@shatun and Sutradhar, 201 2I'he first gum containing a
medicated active was patented in 192&pergun? contairing acetylsalicylicacid (aspirin)

(Biswal and Anantkumar, ®3. One of the most notableecent successes nicotine

replacement guswhich have greatly improwkthe acceptabilitpf medicated gums.
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1.3 Chewing gum as a drug delivery system

The right delivery system can significantlimpact success by proviti product
distinctiveness in the market, as evidenced with nicotine gamsnnovative drug delivery
system can provide additional benefits to the patiediuding a discrete and convenient
administration as well as the potential for buccal absorppooviding a rapid onset of
action. It can also provide new business opportunities for drugs approaching their patent
expiry. This has led to interest in the potentéichewing gum formulations containing a
range of activesA review by Chaudhary and Sheafala lists recent alaboratiors between
Fertin (a market leader in medicated chewing gum development situated in Derandrk)
GenerexBiotechnologyF, focusng on developing a metformicontaining gum for the
management of diabetes. Other examples incladenctional gum containingHoodia
gordonii, a natural ingredient which helps controlled weight loss by releasing a compound
(P57), similar to glucose, to stunt the appetite in the hypothalgi@baudhary and
Shahiwala, 2010

As a drug delivery systechewing gumhas many advantages over other oral administration
forms its main attributes include its convenient manner; being able to chew discretely at any
time andany place and the exclusion of the requirement of water. There may also be a
particularly high acceptance in the paediatrics market, as some children may be more inclined
to chew rather than swallow (e.g. dysphagi&)e sensory perception with regardsthe

flavour, taste and texture/chewability is another important conteptder toensurepatient
compliancethe gum needs to be pleasant to chew and various taste masking concepts may be
employed toachieve this, whilsthe gum base will be the mainragabuting factor in the

texture of the gumReplacement ofugar by bulk sweeteners (including polyols e.g. sorbitol

and mannitol) in chewing gums has been a successful innoyvatiproving taste, texture

and the healthier image of chewing g(itnatun and Sutradhar, 2012)

In general gms can be considered as a relatively safe dosage forttmeagum can be
removed from the mouth as desired to cease treat#srihe gastric mucosa is not exposed
to high concentrations of the drug in its solid stéte potential ofrritation and intolerance

is reduced, compared to the risks involved with some oral formulagogsf¢rmulations of
NSAIDSs). Also if the gum is swallowedhe risks of complicationsra reduced due to the

requirement of masticatory forces needed for drug rel&see risk considerations include
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the physical mechanics of increased chewingluding the potential of damaging teeth on

hard gums and mandible muscle pain caused by exédsewing.

Additional functional qualitiesinclude the extended shelf life of gums; protection against
oxidation can be maintained with the use of a sealed outer coating and the low water content
(typically 2-5 % w/w) minimisesmicrobial contaminatiofChaudhary and Shahiwala, 2010;
Biswal and Anantkumar, 2013)

1.4 Formulation of medicated chewing gums

Gum bases are generally lipophilic, influence the characteristic masticatoryetarulifeel

to the user and typically contribute between #A%0 % of the total gum mass. The exact
ingredients and formulation of gum bases are usually proprietary information and there is
limited systematic technical information in the public domain,they are normally inert and
tastelesgLee, 200). Fertin Pharma (Denmark) specialises in the development of gum bases
and manufactures Nicotin8land NiQuitirf on behalf of its partner companies Novartis and
GSK (FertinPharma, 2003)Revolymer has developed tRev7* polymer, gaining approval

for human use as an ingredient incorporated into the gum base, up to a maximum of 8 %,
conferring additional properties to the gum (2011/882/EU). The specific components of the
gum base and the method of preparation are important factors controlling drug release from
chewing gumgMorjaria et al,, 2009.

The soluble portins of a chewing gum formulation are generally comprised of fillers,
sweeteners, flavouring and buffering excipients which contribute to the taste and texture of
the gum liydrophilic capacity can be described as the sum of the water soluble components)
(see chapter 1Table 1.1) Sugar substitutes/sugar alcohols (polyols) such as sorbitol, xylitol,
maltitol and mannitol are the preferred sweeteners in dugargums. They are also
primarily used as bulking agents, ensuring even mixing resulting in a hameoggum and

can typically contribute between 460 % of the gum mass. Polyols may agglomerate and
recrystallise whilst in the gum and a mixture of polyols can retard/prevent this by increasing
dispersibility and reducing the risk of crystal morphologparges upon manufacturing and
storage (Smewing, N.D. They vary in sweetness and hygroscopicity and can act as

humectants, lowering the relative humidity and slowing the rate of moisture loss. The loss/
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absorpion of moisture in gum formulations influences the texture and hence thdifgheff

gums(Smewing, N.D.

1.4.1 Conventional/ kettle fusion manufacturing method

The traditional manufacturing method foreefing gums involves the use of a kettle mixer/ Z
blade mixer which heats the gum base, resulting in a phase change to molten state allowing
for effective mixing (Figure 2). Excipients are added in stages and mixed for specific
periods of time to ensure homogenous formulationThe active drug is generally
incorporated into the gum base at the start of the process before mixing with other excipients
to ensure homogenous distribution throughout the san{plassing, 1996 It has been
suggested that incorporating the active at the end of the manufacturing mixing process may
increase the rate and extent of release, but this may also consequently have a negative effect
on homogeneityRassing and Jacobesen, 2P08lodifying the form of the active, using
blending components (such as aqueous sweeteners which soften the balkdnaiid in a
homogenous blend) and hydrophilic coatings can increase the releasteraelly flavours

are incorporated at the later stages limiting the level of exposure to stress (heat) due to the
essential oils having relatively low boiling pointsdaincreased are relatively unstable and
volatile. Limitations are also associated with using sensitive thermolabile actives as
temperatures need to be sufficient to soften the gum base during mixing. The viscous nature
of the molten gum base also conttigsito difficulties in ensuring a homogenous distribution

of active and dose accuracy may be compromised. Once mixed, the use of specialised rollers
can be employed to ensure uniformity through consistent form, shape and weight during the

later stages ofrpcessingPagareet al, 2012).

Figure 1.2 The Z blade mixer
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Kettlesare made ima range of different capdies and this is something that should be

considered when scaling up production to ensure adequate mixing

1.4.2 Direct compression method

This cost effective technique utilises free flowing powders comprising a mixture of polyols,
sugars and gum basehich can be directly compressed on a traditional tableting machine,
thus reducing manufacturing time and co@lliam and Millind, 2013. An example is
Pharmagur®, which is available in 3 forms including Pharmaduvty which has a high gum

base content, 50 % more than Pharmay@nwhich consists of gum base and sorbitol and
Pharmaguf@ C containhg gum base, mannitol and isomalt. However gums formed using
direct compression are generally harder and subject to crumbling during chewing, which may

provide an undesirable sensation to the (M&ftiam and Millind, 2012.

A 3 layered chewing gum tablet was manufactured by direct compression, containing the
active in the internal core, sandwichiegtween two external protective, aatiherent layers

RI PDOWRGH[WULQ WR SUHYHQW DGKHVLRQ WR WKH PDFK
taste. The gums were formulated using a range of drugs including ranitidine, caffeine and
paracetamol and reiDVH ZDV GLUHFWO\ FRUUHODWHG ZLWK WKH G
specifically water solubility and also chewing efficiency and t{iMaggi et al, 2003. The

3-layer gum model was investigated further to include formulations containing fenoprofen
calcium (100 mg) in the inner core (weighing 1.4 g) amaltodextrin in the two external

sandwich layers (0.2 g). Optimised formulations contained frdeed complexes of the

DFWLY HCRE (IMI)Kand PVP as a water soluble polymer to enhance release.vivio

study found that relative bioavailability wascreased compared to commercial 200 mg
capsules (166.06 %) and absorption rates were faster, presumably due to absiarptien

buccal mucosa and avoidance of hepatic first pass metabolism. Thus, there is the potential to
reduce the active administeradbse in gum formulations compared to conventional

formulations (El-Assassyet al.,2012).

Another method of formulation involves freezing, grinding and tabletting of excipients. The
gum base and excipients are maintained in a cooled environment (typically 15 °Ge0r low
until brittle, then the mixture is ground and mixed to a fine powder. On warming to room

temperature, the gum may salihere leaving minute air bubbles in the gum matrix.
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Alternatively the powdered mix can be blended with additional excipients ingudnders

and lubricants and then compres§édvaskaket al, 2011; Khatun an&utradhar, 2012)

1.4.3 Composition of chewing qgums

Within a chewing gum, materials can be grouped as water insoluble portions (gum base) and
water soluble components (polyols and sugéfgble 1.1). The chewing gum base is an
important material compi¥ LQJ WKH PDMRULW\ RI WKH JXPTV LQHUW D
major masticatorycomponent in the finished produafluencing both texture and elasticity
(Khatun and Sutradhar, 2012)he compsition of the gumspecifically the gunbasemass
percentagehas shown to be highly influential on the release of the active. A high gum base
mass resulted in significantly lower release rates of salicylate compared to a lower gum base
percentage This was due to increasing the hydrophobic portion of the gltering the
lipophilic/hydrophilic capacity of the gum, thus bindilgophilic actives more tightly to the
increased lipophilic gum base mass resulting in lower levels of rel@sestrup and
Rassing, 1988 The hydrophilic capacity of the gum can be described as the sum of all the

water soluble components.

Standard gum bases consist of a mixture of elastomatsal (e.g. chicle gum, jelutong gum
and glycerol esters from pine resimg)d synthetic resinglasticisers (natural and synthetic
waxes and hydrogenated vegetable odshulsifiers, waxes, fatand fillers Theseprovide

the elasticity softeningand cohesion components of the gum. The particle size should be
kept below 10Qum to avoid a gritty texture during chewiiBiswal and Anantkumar, 2013
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Table 1.1 Chewing gum components

Water Insoluble Examples Functions
Components
Elastomers synthetic rubbers: butadiene, styrene co polymg gum texture, cohesior
poly ethylene mixtures and poly iso butyte and elasticity
Plasticisers rosin esters, lanolin, glycerine, fatty waxes an textures, binding
propylene glycol consistency
Fillers talc, calcium carbonate and magnesium carbon chewability and
texture
Water Soluble Examples Functions
Components
Softeners and glycerides optimise softness of
emulsifiers gum
Sweeteners sorbitol, aspartame and mannitol sweeteners to taste
Flavourings essential oils taste

(adapted fronGGavaskaet al, 2011 Khatun and Sutradhar, 2012)

Most medicated gums are designed to release the mdprdgo) of the active atr@und 20

30 minutes. The release rate needs to be controlled effectively to achievertais
physiochemical properties of the active (aqueous solubilityaold the potential distribution
between chewing gum and saliva) will greatly influence its rel@Rsee, 2003

Hydrophilic actives will generally be released rapidly andslmwv releasethe gum base
content may be increased (increasing the lipophilic/hydrophilic balance of the gum) or
encapsulation of the active mayalse utilisedRassing, 1994)f the active is lipophili¢it

will be released slowly and incompletely due to adherence to the gumibagi first
partition from the lipophilic gum base into hydrophilic components of the gum before

dissolving graduajl into saliva

1.5 Additional health benefits with respect to chewing gum

Various physiological effects have been reponéth respect tochewing gum includig
increasing alertness, easing tension stiulating salivary flow which increas¢he pH in
the oral cavity resulting inmproved dental healthvia a reduction in plaque acidgenicity

(KaramiNogouraniet al, 2011) Chewinggum can stimulate an increase wsalivary flow
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(containing calcium and phosphatesvhich in turn causes an increase in pH and the
buffering capacity of the mouth. This provides a positive effect on enamel demineralisation
and remineralisatigrwith the bicarbonates contained in the siimed saliva also helping to

neutralise plaque acid.

Chewing gums also increases the volume of saliva production; initial studies sheewadg:

sugar sweetened gum resulted in a total salivary volume of 32.2 mL, compared with chewing
sorbitol sweetenedum (29.5 mL) ane¢hewingparaffin 7.4 mLas a contro(Frohlichet al.,

1992. This can also prove beneficial in the management of dry n{getbstomia) caused

by hyposalivationOthe inherenteffects reported include stress relief, weight management
and improved concentration and fo¢@haudhary and Shahiwala, 2Q01®/orking memory

tested by ognitive memory and recognition testgas seen to improve during chewing

gum, based on a study on 75 healthy volunt@afitkinson et al, 2003. The study was later
further expanded and itas suggested that memory was improwvé insulin secretion,
promoting glucose uptake, in response to chewing in food anticipation and the possibility of
activation of neural pathways linked to memory and che\{@utoley, 2004

There still ray be some social and behavioural concerns over the acceptability of chewing
gums as novel drug delivery vehigleThis may involve the ability to chew with elderly
patients especially with orthodontic appliances and also the attitude to chewing gurh overal
The elderly population may consider chewing gum to be rude anthilhered due to the
decreased exposure in their generation.qéestionnaireby Fertin examinedopinions
regardingnovel medicated chewing gums arebulted in positive feedback from yaer

generationsEnd users of the survey expresspdcialinterest in the following properties

1.6 Examples of medicated chewing gums

A range of experimental formulations incorporating different active® baen studiecr
marketedincluding recent tneds for functional ingredients including nutrients and vitamins
(Table 1.2) A novel antimicrobial decapeptidéKSL) has show success in préormulation
studies suggesting it has potential applicatiroa chewing gum formulation to inhibit dental
plaguegrowth with in vitro/in vivoreleases of 70 80 % over 20 minutes chewinfHee Na

et al, 2005. The potential use of chewangums for antplaque and other oral diseases is
practical due to the gum preparation having extended residence time in the oralCiinaty.
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recent work includes the incorporation of probioti€sréptococcus salivarijisnto a gum

used to treat throdb ear infections and bad bregfayermann, 2000 This suggests that
chewing gum formulations may provide an effective delivery route for macro molecules to
the oral cavity and buccal membrane.

Table 1.2 Worldwide marketed medicated guns

Active Trade name & market | Indications

Calcium carbonat{ ChooZ’ , USA neutralise stomach ac
Vitamin C Endykay Vit.C’, UK general health
Caffeine Stay alert, USA alertness

Guarana Buzz gunt, UK alertness

Fluoride Fluorett€, USA cariostatic
Dimenhydrinate TravveP, USA motion sckness
Xylitol V6%, UK dental caries
Chlorhexidine Vitaflo Chx®, USA tooth decay

Nicotine Nicotinell®, UK Smoking cessation

(adapted fronPagareet al.,2012

1.6.1 Nicotine replacement gums

Nicotine is the main active ingredient that reinforces smoking behaviours due to its
physiological effects on dopamine in the brain, therefore when people oealsag nicotine
withdrawal symptoms are observgaislani and Rafiei, 2012)The acceptance of medicated
gums has been influenced by thsiccess of nicotine gums used for smoking cessation.
Nicotine replacement gum was first registered in 1&7@ was availabl without prescription

in 1995 (Khatun and Sutradhar, 20125ums are available in two dosages: 2 mg aimed at
light smokers who want to avoid crags for cigarettes and 4 mg nicotine gums targeted to
give an initial rush of nicotine to satisfy the needs of heavier smokers. Users are advised to
chew untilthe desired effect is achieved, the gum is designed to satisfy the initial craving at
the start 6the chewing process and then give sustained release for the duratioewifg.
Nicotine 2mg gumshave a combinationf sodium carbonatand sodium bicarbonates an
internal buffer, whereas 4 mg gumsesodium carbonate. This may be to raise thallpéi

to facilitate buccal absorption and also to mask the bitter téstinsing regimen of between

10-20 gums per day iadvised with a gradual decrease over a period®h®nths Popular
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brands include Nicoreffe (GlaxoSmithKline) and Nicotinell® (Novartis) available in a
variety of flavours includingmint, cinnamon, fruit and original; with coatings to aid in
masking the bittetaste of nicotine Specific flavours can affect individuals differently,
specifically with salivary flow rate, in response mechanoreceptors (mechanical) and
gustatory (taste) stimu{KaramiNogouraniet al, 2011) In a patient study evaluating trial
formulations of nicotine gums, citg and eucalyptus trial formulations were preferred with
aspartame as the sweetener to modify té8sani and Rafiei, 2012)Shiffman (2009)
identified the need for optimisation in effectively controlling release from commercially
available gums to ease timilrawal symptoms by providing faster craving relief. The study
evaluated the initial phases of chewing test giimavo by measuring early rises in plasma
levels of nicotine. The optimised formulation (NHTG2) had a burst effect in the first ten
minutes & chewing, delivering more nicotine compared to other formulations tested
including commerciaNicorett€® FreshMintE It was suggestedhat the controlled release
mechanism was an interaction between gbase,nicotine and the buffering system,

potassiuntarbonatdShiffmanet al.,2009)

Nicotine is freely soluble in watewith pK, valuesof 3.12 and 8.02This contributes to a

rapid release antthus there is need for a controlled release preparatmprovide sustained
release for effectivéherapyusinga gum. To achie this nicotine is bound to polacrileto

ensure sustained release necessary to facilitate effective buccal absorption providing relief of
nicotine cravings (Figures 1.3 and 1.Zhis alsoincreases thalistribution of nicotine
ensuring even mixing ofxeipients.The first step in iwotine gum formulation is forming the
nicotine cation exchange complex (nicotine polacrilex); a mixture of the ion exchanger
(Amberlite IRP 64M) and nicotine. Amberlite IRP 64M contains weak acidic methacrylic
acid polymerswvhich bind to nicotineThe loaded nicotine polacrilex is added into the gum

mixtureas a pre miXRassing, 1996

" OH Cc——o —C|H \——/ C|H—
| _ e
i H2C | X i CHZ 2 | y
nicotine lon exchange resin nicotine polacrilex

Figure 1.3 Chemical structure of nicotine polacrilex
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Figure 1.4 Schematic representation of nicotine polacrilex

(Images appliedby Revolymef, 2017

1.6.1.1 Taste masking using buffering excipients

The mastication of early nicotine chewing gum formulations resulted in a salivary pH of
between3 +5. This causd an uncomfortable bitter, burning sensation to the individual.
Lichtneckert(1973) reported in his patent thtae addition of water soluble buffering agents
such as alkali bicarbonates and hydro carbonates resulted in a salivary pH of 7.5 (usually
betwesn 8-10) compared to pH 6.7 (normal saliva). This masked the taste and also improved
bioavailability by increasing the availability of free base (Fionised) nicotine readily
available for absorption, ensuring nicotine was absorbed at a steady statieeckertet d.,

1973.

1.7 Controlling release from chewing qums

The initial development processes for a medicated gum can be tailored specifically to the
active and the required release profile to ensure optimal concentrations are released into
saliva. In vitro testing is a compendial requirement and can provide insights into
discriminatory formulation factors which influence release of the active. An optimal release
rate can be tailored to facilitate buccal permeability and subsequent systemic absorption,
using modifying systems, e.g. embedding /coating technig(Rsgareet al, 2012.
Information in monographs regand in vitro testing is limited and is mainly related to QC
applications(Gajendranet al., 2012. Oncein vitro release is established for a range of
conditions to aid in the formulation of optimised gum formulations, it can be used to predict
in vivo release beforéhe gum is tested by subjects during relevant chew out studies in

product developmental stages.
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Final developmental stages tend to specific market needs such as increasing compliance
through optimising patient acceptabilitfKaramiNogourani et al., 2011). The use of
emulsifiers can optimise chewability and mouth feel, whereas the use of flavouringnoils ca
improve tastgPagareet al, 2013. CDs have been successfully applied to a range of drugs
and foods to mek the taste of bitter actives and to increase patient compl{&zegli and

Szente, 2006 Any changes to the formulation/mdaaturing process are likely to impact the

release of the drug and there is little information available in the literature on this.

Nutravail Technologies formulated a-funasic nicotine delivery system (NHT gums) to
address the initial craving periodsro€otine withdrawal by providing more rapid therapeutic
effects to the users in orderitoprove compliance. The formulation contairednique gum

base and increased levels of buffering excipients to facilitate buccal delivery, resulting in an
initial burst releaséollowed by a sustained release period. The study compared commercially
available Nicorett® (which contains nicotine polacrilex) with a formulation containing
nicotine hydrogen tartrate in a rapid release formulatidiiT gums). The design airdeo
increase compliance by balancing sensory effects with increased pharmacokinetic
characteristics. The randomised crossover study evaluated the early absorption kinetics (after
10 minutes chewing) of nicotine gum formulations containing different boéfexxcipients.

There was a significant increase in nicotine uptake over the first 10 minutes for gums
containing potassium carbonate. Nicotine levels were found to significantly rise above
baseline after 4 minutes for gums containing potassium carb@afige 6 minutes for gums
containing sodium carbonate and after 8 minutes for commercial Niforatte study
concluded that buffering excipients can be used to effectively control nicotine release rates
from medicated gums with potassium carbonate lieguin the most rapid release rate
(Shiffman et al, 2009. The user sensation was also report@d patient surveys) to be
improved compared to previous formulations and was noted to be comparable to
confectionary gums ith regards to texture and chewability. The authors also recommended

normal chewing techniques without the need for the parking strategy.

Coatings have also been used to modify release of actives from gum formulations. A
polyvinyl acetate gum base was a@htwith insoluble acrylic polymerdn vivo chew out
studies found that the PVA matrix, in combination with coatings, retarded and controlled the

release of highly soluble catechins during mastication from d¥arsget al, 2009.
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Specific modifying systems can also be used to optimise the drug ré¢teaseghly soluble
drugs a sustained release profile may be achieved by a range of modifying systems
including:

¥ lon exchange resins.g.styrenedi vinyl benzene

¥ Embedding, Bcapsulatiofcoatingse.g. spraying with hydrophilic/phobic coatings

¥ Granulatioamixing with components e.g. polymers

% Solubilisation adding emulsifying components

¥ Reducing particle size

(Rassing, 1994; Gavaskaral., 2011)

1.7.1 In vitro release from chewinggums

It has been wer 30 years since medicated nicotine replacement gunregageredand its
successhas been insamental in the inclusion ofrelevant specific monographim
pharmacopoeidn 1991, he European Pharmacmpa (EP) first definéd a medicated gum as:

3% V@R 6igle dose preparation consisting of gum that is intended to be chewed but not
swallowed, providing a slow steady release of the medicine contained after which it can be
discarded (European Pharmacopeia, 199Blrther relevant monographs were expanded to
briefly describe the preparation of chewing gums and more specifically suitable modified
dissolution (chewing) testing apparatus in tffeeglition of the European Pharmacopeia in
2000(Khatun and Sutradhar, 20112

The release of active from a medicated gum is similar to an extraction process and due to the
complex mechanisms governimglease there amminimum experimentain vitro settings
proposed byregulatory bodiegGavaskaret al., 2011) In vitro drug release testingan

provide information on the influence of excipients on drug release and is a powerful
screening tool in product development and optimisation in prediatingvo performance
(Gajendranet al., 2012. In vitro releaseis influenced by mechanicdbrces such as the

chewing rateproviding the necessary shearing forces to expose new surfaces for contact with
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the dissolution medium. In generdrug release is proportional to the aqueous solubility of
the drug and the chew rate and inversely proportional to the magsnobase Other
contributing factors include temperature, wettability and water perme@®agareet al,

2012). There is normally a residual amount of drug expected in the chewed cud and this can
be utilised as a tddor estimation of releadey measuring residual content aftevivo chew

out studies.

The official EP compendial chewing apparatus (apparajusas designed by Christrup and
Moller. Successfulin vivo in vitro correlationsof the release of water soluble actives from
chewing gumshave beerpublishedusing the apparatuChristrup and Moller, 1986 An
alternativechewing gum release apparatus (apparatus B) with further adjustable settings
including temperature, twisting angle and jaw distan@es later propose@Kvist et al,
2000. Release from a range of formulations usiofficial EP compendial apparatus A and
apparatus Bias shown correlations with vivo chew outstudies Both apparatuaresuitable
for predicting drug release from medicated gumsitnas beersuggestedhat appaatus B
may be more discriminatin¢due to the greater degree of fine tuning controls) ant so
recommended forformulation optimisation(Gajendranet al, 2012. Specific release
informationparameters are ngenerallyavailable on the public domaand are used &ay

for formulation developmenturther poduct quality control performance tests can critically
assess manufacturing variations for chewing guwand includecontent uniformity and
uniformity of mass test§William and Millind, 2012) This is described in further detail in

chaptes 2 and 4.

1.7.2 Drug release and absorption from chewing gums

The active is released f