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Abstract

The potential of chewing gum as a drug deliverytesystogether with different formulation
principles and methods of assessment are discusstiks article. The release of a drug from
chewing gum is dependent upon its water solubilitfater soluble substances are released
rapidly and completely from chewing gum and methaydsavailable which retard their release
from chewing gum to provide an extended releasdil@rdSlightly water-soluble drugs are
released slowly and incompletely from chewing gueh r@equire special formulation techniques
to produce a satisfactory release profile. Studesluating the potential application of
medicated and non-medicated chewing gum in thenreat of local diseases in the oral cavity
are described. Specific examples of the use of ingegum as a delivery system for dental
health, smoking cessation and antifungal therapy @ted. Few drugs are suitable candidates
for incorporation into chewing gum formulations ftre intention of their systemic delivery.
Know-how derived from the development and manufaabli already existing medicated and
non-medicated chewing gum, supplemented with tedkmbwledge of the principles of
pharmaceutical formulation, constitute the basistfee development of the medicinal chewing
gum of tomorrow.

Key words: Buccal delivery, Increased release, Sustaine@asel, Dental health, Oral
candidiasis, Smoking cessation.

INTRODUCTION

Medicated chewing gum is solid, single-dose prdpara that have to be chewed & not
swallowed; chewing gums contain one or more adtigeedient that is released by chewing. A
medicated chewing gum is intended to be chewed fmartain period of time, required to deliver
the dose, after which the remaining mass is dischr@®uring the chewing process the drug
contained in the gum product is released from thesmnnto saliva & could be absorbed through
the oral mucosa or swallowed reaching stomachdstrg-intestinal absorption.

Empiric findings had shown that people chewing guas better at keeping awake and alert, and
that gum chewing eased tension. The acceptandesofamewhat anecdotally understood effect
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achieved a better scientific basis in the summe22@hen L Wilkinson and co-workers
published a study of 75 healthy volunteers who weck through a number of cognitive,
recognition, and memory tests. The results provithedfirst evidence that the chewing of gum
can improve episodic memory and working memory.Th¢ anecdotal effect of chewing gum
on weight loss has also been studied recently.doebhber 1999, The New England Journal of
Medicine revealed that while chewing gum, energyeexiture increases from 58 kcal per hour
to 70 kcal per hour — an increase of 19% (Fig he €onclusion was that if a person chewed
gum during walking hours, this alone would meanearly weight loss of more than 5 kg.
Though there are many other interesting anecdétadts that result from gum chewing, such as
the easing of blocked ears. [2]
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Fig 1. Effect of Chewing on Energy Expenditure

1. Chewing Gum as a Drug Delivery System

The advantages of utilizing a chewing gum drugveeli system are highlighted by T Imfeld in
his 1999 review of gum chewing and oral health.réreae two absorption pathways which are
possible to introduce the active ingredient inte slystemic circulation giving rise to a systemic
effect. Drug absorbed directly via the buccal meanbravoids metabolism in the G.I tract & the
first-pass effect of the liver; it might therefobe to administer a reduce dose in chewing gum
compared to other oral delivery system. [3]

(A). Local effect

To obtain the optimal local effect to treat a heatbndition requires that the relevant active
substance be available at a therapeutic level oreaithin the tissue being treated, regardless of
the delivery system. For the treatment of oral tyaeonditions, it is beneficial to achieve a
therapeutic level of active substance in the sahva different formulations (e.g. oral gel, mouth
rinse) have been created to meet this goal. Chegungis an ideal drug delivery system for this
treatment area; the active substances are relesseélde gum is chewed, thus providing the
potential for a high level of active substance ldtam local effect in the oral cavity. It is podsib
to design a chewing gum that releases active sutetaover a prolonged period. The “Oral
health and caries prevention” and “Oral fungal @tfen” provide a more comprehensive review
of the advantages of chewing gum drug deliveryesystfor the local treatment of oral health
conditions.

(B). Systemic effect

Systemic effects of active substances released ¢tewing gum can be achieved in two ways:
in the “traditional” way, by swallowing the actiweibstance, or buccally via absorption through
the oral mucosa. The latter is of special interAstbuccal absorption avoids first-pass hepatic
metabolism of the active substance, it could prewadtter bioavailability. [3] Buccal absorption
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may also lead to fast onset of the active substaadbe vascular supply of the buccal mucosa is
rich and lead directly into the systemic circulati€hewing gum promotes buccal absorption by
releasing active substances at carefully contraies, thus allowing for extended exposure in

the oral cavity. There are several methods for émizg buccal absorption; these methods are
described by MR Rassing and co-workers. The bualabrption of nicotine has been studied

extensively and is, therefore, a good example otaluabsorption obtained when using chewing

gum as a drug delivery system. [4,5]

A study of the pharmacokinetics of nicotine chewmgn indicated that some of the nicotine
was not absorbed buccally, but was swallowed ardkemwvent first-pass metabolism. It was
estimated that approximately 80% of the nicotirleaged from the chewing gum was absorbed
buccally. [6] Though the percentage swallowed waghdr for a 4 mg than for a 2 mg
formulation, the systemic dose achieved was on% Bgher after intake of a 4 mg formulation.
(Fig 2) A similar result was found when administerinicotine in a sublingual tablet; incorrect
use of the sublingual tablet, however, has showead to variations in bioavailability. [7]
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Fig 2. Effect of Different Nicotine MCG Formulation on % Systemic Dose

Different clinical studies of nicotine chewing guhave shown interpatient variations. The
variations could be explained by differences inlkwang frequency, but could perhaps also be
explained by the intensity with which the gum is ewled. Patient training and
informational/instructional inserts that provideidglines for proper chewing could significantly
reduce this variability. Different delivery form#at facilitate buccal absorption have been
compared in a study using a radiolabelled modestamoe. [8] The study looked at local kinetic
parameters after administration of lozenges, chgwjum, and sublingual tablets. Six healthy
males were included in this crossover study. Tisagpearance half-life from the oral cavity
(T1/2 was longest for sublingual tablets, followed lhewing gums, and the shortdst/2 was
seen for lozenges. The AUC values obtained fromatttevity-time curves in the oral cavity
followed the same pattern: highest for sublingadlédts, followed by chewing gum, and lowest
for lozenges all differences were statisticallynigant. The problem with regard to the right
placing of the sublingual tablet and the resultdiiferences in bioavailability is an important
factor for consideration while using sublinguall&tior drug delivery.

Similar studies have been carried out with othéivasubstances. Some of these are mentioned
in the above section. With any chewing gum formalgt part of the active substance will be
swallowed with the saliva and absorbed through @Gheract. This process is comparable to
absorption from conventional tablets. As the actBubstance released from chewing gum is
dissolved in saliva, however, it is readily accelssifor absorption, and the processes of
disintegration and dissolution are bypassed.
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2. Other Aspects of Chewing Gum

As suggested above, it is obvious that the lengtiinee that patients chew becomes important
when using chewing gum as a drug delivery systenortier to receive the full benefit from
either buccal absorption or local effect, a certancentration level in the oral cavity has to be
maintained for a period of time. [9] The questientherefore, what prescribed chewing duration
will the typical patient accept; A study of 4,064naricans between the ages of 12 and 55
answered this question to some degree. Participeares asked about their gum chewing habits,
and results showed that mean chewing time was B@ites — a sufficient time to obtain local
effect or buccal absorption of an active substance.

Patients generally do not experience difference®ngmdifferent equivalent brands while
swallowing tablets. When they chew a piece of medibewing gum, however, differences in
flavor (a feature also inherent in liquids and chblg tablets), texture and stickiness are very
apparent. A clinical trial comparing two differemtands of nicotine chewing gum (Nicorette®
and Nicotinell®) highlight the importance of thefsetors for patient preference. [10] In this
randomized crossover study, twenty volunteers ridtedwo brands. The Nicotinell® brand was
rated significantly better with respect to bothethproperties: texture and stickiness. At the end
of the two-week trial period, 90% of the participampreferred Nicotinell®. [11] When asked
what product they would use if they had to stari@tine replacement treatment tomorrow,
again 90% answered Nicotinell®. (Fig 3) A comprediea description of the development and
design of medical chewing gum can be found in aangew by MR Rassing and co-workers and
in the paper “Development of medical chewing guf2] The release of active substances can
be controlled carefully through the specific foration of the chewing gum; consequently,
chewing gum can be developed to be bioequivaletatiiets or other formulation
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Fig 3. Effect of Different Nicotine MCG Brand on % Acceptance

3. Effect of Chewing Gum on the Gi Tract

(A). Effect on the oral cavity — stimulation of salary flow

When chewing a piece of gum, not only are the mautd breath refreshed, but salivary
production increases as well. Numerous clinicaldrhave validated the beneficial effects that
chewing gum has on the oral cavity. Articles bymifdld, WM Edgar, [13] and MR Rassing [14]

have reviewed the beneficial effects of chewing gumthe oral cavity. All three researchers
highlight that gum chewing stimulates salivary flosifects dental health positively, and has a
non-cariogenic effect through stimulation of salwdélow and increase in plaque pH. Though
Imfeld, Edgar, and Rassing have each provided cehgmsive reviews, results from some
additional clinical trials are also noteworthy. €is [15] and co-workers asked elderly people
(mean age of 66.7) with a chronic feeling of dryuttoto chew gum for 35 minutes. They

collected samples of the participants’ saliva pteochewing and after 5, 15, and 30 minutes of
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chewing. They found that gum chewing resulted iniraarease in salivary secretion rate. A
different study showed that chewing sugar free gqwar a prolonged time period [16] (ten
minutes every waking hour for two weeks) resultedaifunctional increase in the output of
stimulated saliva and an increase in the pH andebufapacity of whole and parotid saliva,
implying a reduction in plaque acidogenicity. (Big
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Fig 4. Effect of Chewing MCG on Salivary Output & pH for 14 days

These findings were further confirmed by F Odusfdl@] who reviewed the work carried out by

the School of Dental and Oral Surgery at Columhbmaversity, and by C Dawes and co-worker,

[18] who found that the salivary flow was increas&@d12 times by chewing gum when

compared to unstimulated flow rates. After 20 masubf chewing, the flow rates were still 2.7

times higher than the unstimulated flow. (Fig SheTlatter study was conducted on healthy
volunteers.

% Salivary Flow
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Fig 5. Effect on % Salivary Flow on chewing MCG

Another group studied the effect of chewing gum sativary flow rates in healthy young
students. [19] They found that daily gum chewingréased unstimulated salivary flow rates,
especially in those with low salivary functioithe increase in mean flow rate remained
significantly higher even eight weeks after thextneent was stopped. H Risheim and co-worker
[20] tested the stimulating effect of chewing gumdadozenges on salivary secretion in 18
rheumatic patients suffering from xerostomia. Neadlf of the patients (7) had xerostomia for
more than ten years. The two treatments providslight effect on unstimulated salivary flow
rates, however, one-third experienced good religheir dry mouth symptomsAnother study
compared tablets, mouth rinses, and lozenges camgasubstances with salivary stimulating
properties and chewing gum. [21] The results frbm study showed that gum chewing was as
effective in stimulating salivary production asigaty stimulating substances (e.g. ascorbic acid,
nicotinamide, and carboxymethylcellulose) in a eéaldr lozenge formulation, and that chewing
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gum was rated by patients as the best prodigtthe results of the above described studies
show, the positive functional effects of chewingrgbave been well established.

(B). Effect on esophagus and esophageal reflux

It is well understood that patients suffering fro@sophageal reflux receive a beneficial effect
from their own saliva. Not only does saliva protegainst the acid-induced damage on the
mucosa in the oesophagus, the bicarbonate in saléeaneutralizes acid and accelerates acid
clearance time. As chewing gum increases salivecyesion, Jv Schonfeld and his group set out
to investigate if chewing gum could have a benafieiffect on oesophageal reflux. [22] The
study was designed to investigate the interrelabetween exposure to acid in the oesophagus
and salivary secretion. The clearance time aftbolas of acid (20 ml of 0.1 N hydrochloric
acid) was measured in 10 healthy volunteers.

The study showed that prolonged chewing of gum Ilfabéch is colorless, tasteless, and non-
caloric) significantly increased salivary flow asnificantly shortened acid clearance time. Jv
Schonfeld and his group [23,24] discuss that amagneup has reported on the effect of oral
lozenges on acid clearance time. The results adddawith lozenges, however, were not as
pronounced as those obtained with chewing gum &ystthonfeld group. Finally, Schonfeld and
his group emphasized that it is very likely tha¢ tinse of chewing gum will be even more
beneficial than is seen in the study, as increasdigtary secretion will induce more frequent
swallowing and, therefore, faster clearance timme;the study, swallowing was done at a
predetermined fixed rate.

Based on these results, a comparative study ofiolgeyum and postprandial walking in patients
with gastro-oesophageal reflux (GERD) was carriatl ®valking also has been described to
have a beneficial effect on reflux. [25] In thisdy, patients suffering from GERD were asked to
walk, sit, or chew gum for one hour after havingeeabreakfast. The study also included a
healthy control group. As expected in patients V@#ERD, sitting did not have any effect on acid
contact time in the oesophagus. Walking was assatiaith a significant reduction in acid
contact time, however, only as long as the patieset® actually in motion. After the one hour of
walking, acid contact time again followed the patteeen in the sitting group (Fig 6).

|

Acid Contact Time
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GERD affected Patientin different state

»

Fig 6. Effect of Acid Contact time on GERD affectd patients

After one hour of chewing gum, not only there wasigmificant reduction in acid contact time,
but reduction continued for 3 hours post-chewinlgeWing gum also had a better effect on the
frequency of reflux episodes than walking did. Bbedy concludes that gum chewing reduced
acid contact time significantly in refluxers anchtol subjects for the entire postprandial period,
and that the results from the study indicate thatduration of reflux inhibition provided by gum
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chewing sufficient to counteract meal-induced refllihe authors recommend that walking and
gum chewing is part of the general measures imdmepharmacological treatment of GERD.

In May 2001, a study comparing regular chewing garohewing gum containing bicarbonate in
patients with laryngopharyngeal reflux. [26] Theadt showed that chewing gum substantially
and significantly shifts the pH in the pharynx amdthe oesophagus, and that bicarbonate
chewing gum induced higher increases than reguiawing gum. The beneficial effect of
chewing gum lasts more than twice as long as theabgum chewing period, and the beneficial
effects appear to last significantly longer thae thuffering effect of an ordinary meal. The
authors concluded that chewing gum appears tousefal adjunctive in entire therapy.

Finally, results were presented in 2001 at the @Ggthual Scientific Meeting of the American
College of Gastroenterology [27] and recently pghmd, [28] show that calcium carbonate in a
chewing gum formulation is superior to chewablddt) even though the chewing gum dosage
studied was lower than the chewable tablet dos&g@ (hg or 900 mg calcium carbonate for
chewing gum versus 1000 mg for the chewable tabled} chewing gum has such a pronounced
effect on reflux can be explained by the increasealivary flow rates, salivary bicarbonate
concentration, and the rate of swallowing. Anotlieector that could explain the effect of
chewing gum on the treatment of reflux disordengldde the stimulation of GI motility. So far,

it has only been proven that chewing gum has autiting effect on bowel motility. This was
demonstrated in a study performed on patients godw®y elective laparoscopic colectomy. [29]
The patients chewing gum had significantly shortene to first postoperative flatus,
postoperative defecation, and had a shorter posttpe hospitalization.

(C). Effect on gastric acid

As mentioned in “Effect on the oral cavity — stimtibn of salivary flow”, it has been proven

that chewing gum has a strong salivary stimulagfigct. Is there a similar stimulating effect on
the secretion of gastric acid; Is it safe for peopith gastric ulcers to chew gum. The first study
on the effect of chewing gum on gastric acid wawesented by E.A Hansen in 1972. [30]
Although this study was published over 30 years #gye results remain interesting even today.
In the study, 15 patients, 10 of whom had a duddeltar, were asked to chew gum for 30
minutes. Aspirations from the stomach were perfarraeery 15 minutes beginning one hour
before the gum chewing commenced and ending oneditar. The result of this study showed
that chewing gum has a weak stimulating effect astric acid secretion.

However, according to the authors, the increasgcid output does not result in any increase in
acid concentration owing to the neutralization oidaby the salivary bicarbonate swallowed
during chewing. Other studies had also reportedlainfindings. One study used a gamma
camera to monitor healthy volunteers prior to andrdy gum chewing. [31] It found an initial
decrease in intragastric pH; however, when theestitgwallowed saliva, the pH began to rise.
After 5 minutes, the pH was identical to the idipal value. A larger study including 77 patients
also found that chewing gum did not affect gastoatent. [32] In this study, both volume and
pH were measured: no differences were found betweegroups whether they had chewed gum
or not. Different lengths of chewing time did nessult in pH differences. EA Hansen & co-
workers concludes that “although chewing gum caassgmulation of the gastric acid secretion,
this increase is so small that it does not jusdifiyadvice against use of chewing gum in patients
with duodenal ulcer or X-ray negative dyspepsia”.
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4. Chewing Gum Containing Active Substances

The use of chewing gum as a delivery system foacive substance is not new. Between the
two World Wars, the first chewing gum with an aetigsubstance became commercially
available. The big breakthrough, however, had ta wail the launch of nicotine chewing gum
for smoking cessation. That the breakthrough happnthis point in time is likely due to
increased patient involvement in their own treatmemd improved development and
manufacturing processes for chewing gum.

Oral health and caries prevention

In 1997, | Itthagarun and co-worker reviewed theréiture on chewing gum and oral health.
They found that the use of sugar free chewing gambeen increasingly accepted as an adjunct
to other oral products and has become a part afcarnies prevention programmers. They
suggest that “chewing gum not only acts as a sglistimulant but may also be a useful vehicle
for some agents such as fluoride, chlorhexidind, @icium phosphate.” Bacterial plaque is one
of the major etiologic agents involved in the itbon and progression of dental caries,
gingivitis, and periodontal diseases. Consequetttly,control of plaque becomes an important
factor in the preservation of oral health. Sevestaldies have been performed with regard to
chewing gum and oral health, some of which weretimeed in “Effect on the oral cavity —
stimulation of salivary flow”. A review of additi@h studies that focus on active substances
delivered via chewing gum for the treatment and/@néon of oral health problems follows. [33]

4. (A). Fluoride

Fluoride plays a major role in oral health and he prevention of tooth decay, as it has the
following effects: [34]

* Inhibition of demineralization

* Enhancement of remineralisation

* Inhibition of bacterial activity in dental plaque

Several studies have been conducted in which flednas been administered in a chewing gum
formulation. J Ekstrand and co-workers [3®mpared chewing gum containing 0.25 mg of
fluoride with a placebo chewing gum in 20 healtiojuwteers in a double-blind crossover study.
The results from the study indicated that slighelgvated levels of fluoride in the saliva,
achieved by repeated intake of fluoride gum foresedays, are sufficient to influence the
acidogenicity of dental plaque. A similar study dooted at the same Swedish institute [36]
concluded that chewing gum containing fluoride iscvenient and safe way to administer
fluoride — it elevates fluoride concentration aad,a positive “side effect”, stimulates salivary
secretion. A larger study compared the salivaryceatration of fluoride after intake of different
fluoride tablets and fluoride chewing gum in 55jsgts (20 children age 10-12 years, 20 healthy
adults, and 15 patients suffering from dry moufBy]

The main conclusion from the study was that thavaatlearance patterns and salivary
stimulating effects of all the products were appmately the same. There were great variations
among the subjects, however. Another study comp#iuedide chewing gum with a sorbitol
chewing gum and a control group, looking specificalt the remineralisation of root lesions.
[38] It was shown that the frequent administratdhow fluoride doses was able to produce high
fluoride incorporation in root surfaces. In the clusion, the authors indicated that the “findings
present encouraging results in fluoride uptakerantdneralization using fluoride chewing gum”,
and “it is also expected that patient complianceuth be high since the chewing habit is
generally accepted by many people.”
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Comparison between different methods of applyingrlde (e.g. lozenges, chewing gum, and
mouth rinse) has also been carried out. [39] Tcmdtgp and mouth rinse increased the
concentration of fluoride significantly more thaozénges and chewing gum. However, the
authors pointed out in the discussion that theedkfices are small and not crucial for caries
prevention efficacy. (Fig 7) Consequently, the magportant issue is that the formulation be
acceptable and convenient to the patient for relyulse. A multinational group [40] studied the

safety of fluoride chewing gum by measuring thealptof fluoride in humans after chewing

fluoride chewing gum. Though there was a 1.7 foldréase in fluoride levels on plaque, the
plasma fluoride levels were negligible indicatihgt fluoride chewing gum is safe.
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Fig 7. Effect of different Fluoride dosage form orpatient acceptance

4. (B). Xylitol

Xylitol (a polyol sugar alcohol — also referredas birch sugar because it can be produced from
birch trees) is used frequently, especially in &mal, and has been used for oral health care. The
regular use of xylitol chewing gum [41] leads teeduction in the acidogenic potential of dental
plaque, and studies [42-44] have shown that xyteédluces enamel demineralization and inhibits
caries. One study even claimed that xylitol is @static and can reduce the risk of mother-child
transmission of mutans streptococci. [45] This msimportant factor in oral health, as the
prevention of colonisation of mutans streptocoacearly childhood has been shown to lead to
the prevention of dental decay. That mother-chigshdmission of streptococci can be reduced
was proven in another study that included 195 metlvdith mutans streptococci. [46] The
mothers in this study were randomized to eitheeikecchewing gum containing xylitol, fluoride
varnish, or chlorhexidine varnish. At age 5, thddetbn of the mothers chewing xylitol had a
reduction in dentinal caries of 70% when comparethe other treatment groups. Other long-
term studies show that daily use of xylitol chewmgm by children significantly lowered their
caries score, and that this decrease could stielea five years after discontinuation of therapy.
[47] The best result was achieved if xylitol chegvigum treatment was initiated at least one year
prior to eruption of permanent teeth. [48]

Finally, a review of cariologic aspects of xylitobncluded that a daily intake of two to three
pieces of xylitol chewing gum resulted in a definestluction of caries [49]. Regular and
prolonged use of xylitol chewing gum may have aesapreventive effect. Other researchers
have not been convinced of the beneficial effectyditol, however, and the above results have
been questioned by some. [50]

4. (C). Urea
Studies have also been performed to test if chewing containing urea could have a caries-
preventive effect. A study was carried out on sttlutmren in Madagascar. [51] The study
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included 376 children who were asked to chew gumtaioning urea and 326 children of the
same age in a control group that received no cleeginm. At the end of the three-year follow-
up period, a positive effect on DMFS&A( numerical expression of caries prevalence tgat i
obtained by calculating the number of decayed (Digsing (M), filled (F) surfaces ($)was
seen on the children chewing gum containing ureeoagpared with the controls. Though this
was not a significant difference, a statisticallyngficant reduction of occlusal dental caries was
seen in a subgroup of the gum-chewing childrewals concluded that “the present investigation
indicated a positive clinical effect of using chagigum”, and “the use of such chewing gum
may be considered a supplement to the control olusal dental caries in permanent teeth of
young schoolchildren, particularly in developinguotries with limited resources for formal oral
health care.”

In Lithuania, a similar study [52] was performed 682 children. The children were given
sorbitol/urea chewing gum, sorbitol chewing gumljtal chewing gum, control chewing gum,
or no chewing gum. The children were monitoredtfoee years. At the end of the trial period,
there were significantly lower caries incrementghia groups receiving sorbitol chewing gum,
xylitol chewing gum and the control chewing gumrthia the no chewing gum group. There was
not a statistically significant difference betwethre control group and the group receiving
sorbitol/urea chewing gum. The authors concluded tiere is an indication that though caries
cannot be further prevented by sweeteners or addisuch as polyol and urea, they can be by
merely chewing sugar free gum.

A study performed on Swedish adults [53] comparkdwing gum containing urea with a
placebo chewing gum with regard to formation ottahls. Little effect was seen, and the main
conclusion was that three months of frequent ussugér-free chewing gum — with or without
urea — neither promotes nor inhibits calculus fdaroma

4. (D). Chlorhexidine

The anti-plaque effect of chlorhexidine has beetemsively tested and documented in mouth
rinse, toothpaste, and chewing gum. [54] A dosdifig study proved that a daily dose of two
pieces of 5 mg chlorhexidine in a chewing gum wsasféective as mouth rinse in a daily dose of
40 mg. [55] Another study compared a daily dosé@img chlorhexidine in a mouth rinse with a
daily dose of 20 mg chlorhexidine in chewing gurg][&nd found that similar benefits to oral

hygiene and gingival health were achieved from lhotinulations.
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Fig 8. Effect of different Chlorhexidine dosage fom on drug effectiveness

The study did show a difference; however, as it p@ven that the chewing gum formulation
resulted in significantly less stain intensity afeweeks. The beneficial effect on plaque and
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gingivitis were confirmed by D Simons and co-wokkef57] Additionally, a double-blind
crossover study [58] has proven that chlorhexidthewing gum has a beneficial effect on
plaque growth, [59] and that it has a significarbigtter effect on reduction of plague than
sorbitol or xylitol chewing gum.

That chlorhexidine chewing gum can be useful inedid patients was proven in a study
conducted in nursing homes in the UK. The studyiba significant reduction in salivary levels
of mutans streptococci, lactobacilli, and yeastraf4 days of treatment in elderly patients (mean
age 79.5 +/- 7.7). [60]

Furthermore, the treatment was acceptable forldexlg, and they were especially satisfied with
the beneficial effect on dry mouth. This study ialtowed by a study in the elderly class that
ran for 12 months, [61-63] through which it was \@o that chewing gum containing
chlorhexidine was significantly better in reduciplgque and gingival indices than a plain piece
of chewing gum (both chewing gum formulations h&@ tsame content of xylitol). The
chlorhexidine chewing gum lowered denture debrgust reduced denture stomatitis by 91%,
and reduced angular cheilitis prevalence by 75%.

4. (E). Vitamin C

A group from the Royal Danish School of Pharmad§] [ompared the excretion of ascorbic
acid in urine after administration via chewing gand chewable tablets. Six healthy volunteers
were included. The study showed a higher recovewtamin C in the urine after administration
of the chewing gum formulation when compared to thewable tablet indicating a better
bioavailability for the chewing gum formulation. éiiner study with vitamin C was performed in
Sweden. [65] The aim of the study was to evalubg&dffect of frequent use of a sugar free
chewing gum containing vitamin C (60 mg) on calsufarmation and other oral parameters.
The study showed that frequent use of chewing gontaining vitamin C reduces not only
calculus formation, but also gingival bleeding apldque formation. The reductions were
significant when compared to a group receiving hewdang gum. Though chewing gum without
vitamin C also created reductions in the same stilége reductions were not significant.

4. (F). Zinc

Zinc in a chewing gum formulation has been compé#vezinc in a mouth rinse formulation. [66]
The study set out to examine whether zinc coulthbde available in the oral cavity and inhibit
the production of volatile sulphur-containing corapds. The “morning breath” of 11 healthy
subjects was tested. The mouth rinse and chewing lgad similar effects resulting in a 45%
reduction in volatile sulphur-containing compounds.

4. (G). Other Active Substances

Zirconium silicate in a chewing gum formulation Heeen tested in 10-12 year old children. [67]
It was shown that the chewing gum reduced plaqiekriess and plague areas compared to
placebo chewing gum.

Another study tested chewing gum containing sodaicarbonate and found that the presence of
sodium bicarbonate in a chewing gum can supplethengalivary buffering system by causing a
faster rise in pH and allowing the plaque pH to aemat an elevated level for at least 20 minutes
following food intake. [68] It was concluded, thimes, that sodium bicarbonate may be useful in
products designed to reduce the acidogenic chalemthe teeth following food digestion.
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5. USES

5. 1. Oral Fungal Infection

As mentioned in “Local effect”, chewing gum has adtages as a drug delivery system for
active substances where a local effect is the olgédreatment. Several studies have been
performed regarding the possibility of obtaininganstant, prolonged level of active substance
locally for the treatment of oral fungal infection§he release of metronidazole [69] from
chewing gum was tested in an early study. It wassite to make a formulation that released
90% (+/- 16) of metronidazole within 15 minutesabfewing. A similar study was carried out
with nystatin, [70] and good release results wdsioed one of the formulations tested had a
release of 95% (+/- 2.1).

Miconazole has also been formulated as chewing [§drT2], and these formulations have been
used in clinical trials. The first study [73] praléhat a good correlation existed between the in-
vivo and in-vitro release of miconazole from di#fat chewing gum formulations. In another

study [74] different formulations of chewing gumntaining miconazole were used and, again,
good correlation between in-vivo and in-vitro releavas proven. A more interesting finding

from the latter study is the result of a comparibetween gel and chewing gum formulations:

the same level of miconazole concentration wasddarthe saliva whether oral gel or chewing

gum were used despite the fact that a dosage ofrttp6f miconazole was applied when using

gel versus only 3.8 mg of miconazole when usingnvihg gum. Inspired by these findings, a

pilot study [75] was performed. The study includ&patients with chronic oral candidosis, 11

of which were HIV infected.

The patients were randomized to receive either §0ofmmiconazole in an oral gel or 3.6 mg
miconazole in a chewing gum formulation. Both tne@mts were administered four times daily.
All patients were successfully treated; after sieews of treatment, there was no clinical
evidence of infection in any of the patients. Thehars concluded that the smaller dose of
miconazole released from chewing gum is as effici@n a large dose released from gel.
Moreover, patients considered the chewing gum t@ Ipdeasant formulation. This pilot study
was followed by a larger double-dummy, double-blstaidy that included 106 patients [76], and
which compared placebo with miconazole gel (50 gy miconazole chewing gum (3.6 mg
released). After six weeks of treatment, the cate for the patients treated with chewing gum
was at east as high as the cure rate for patiezaget with gel. (Fig 9). The treatment method
preferred by the patients was the chewing gum.niim reason for preferring the chewing gum
was that it was easier to use and fewer adversasewere experienced.

I )
34

% Clinical

Evidence 2

03.6 mg Miconazole MCG
W40 mg Miconazole gel

N

Different Miconazole Dosage Form
_—

Fig 9. Effect of different Miconazole dosage formm % clinical evidence after infection
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5.2. Smoking Cessation

The use of chewing gum as a drug delivery systesmoking cessation is well established and
has become highly accepted by consumers. In 1988time chewing gum was first approved
for smoking cessation, though the first clinicahls date back to the 1960s. [77] Prior to the
launch of nicotine chewing gum, a chewing gum cioimg silver acetate was sold as a smoking
cessation aid. The success of chewing gum in thé&rhent area may be explained by M J Peters
and co-worker [78] “the process of their [the snrsleuse [of nicotine chewing gum] is a ritual
that is in some ways analogous to smoking, andnlaig be an advantage.”

5.3. Silver Acetate

Prior to the development of a chewing gum formolatisilver acetate had been used for decades
as an aid in smoking cessation. [79] Silver acetabeks by giving the tobacco smoke an
unpleasant taste. In early trials with silver atetahe protocol did not include other
interventions aside from prescription of silver tate. This is unlike many trials in smoking
cessation today and could explain why only a moestt was seen.

In comparison studies of chewing gum containingesilacetate, nicotine, and placebo [80-81],
nicotine was found to provide a better successttate silver acetate, while silver acetate was
better than placebo. One study [82] did find silaeetate to be superior to nicotine, however,
only in patients with a low weighted pack year agnption {Veighted pack year consumption

was defined as duration of smoking in years mudtpby number of cigarettes smoked per day
multiplied by a coefficient and divided by 20.)

5.4. Nicotine

The idea of nicotine replacement therapy was deeelon the 1960s by Ferno and co-workers.
They believed that nicotine was the chemical retdo of the smoking habit; therefore, nicotine
alone, without any other components of cigarettekan may help reduce the craving for
cigarettes observed after smoking cessation. Hefaited in developing an aerosol dosage form,
Ferno and co-workers developed a chewing gum fataud that allowed adequate absorption of
nicotine through the buccal mucosa. A tablet foatioh was not an option due to the extensive
first-pass metabolism of nicotine in the liver. Bachers originally believed that nicotine
chewing gum could provide the same nicotine lewgelohtained by smoking [83] however;
studies have shown that this is not the case. Thoigptine is absorbed well through all body
surfaces, the surface of the alveolar is vastefioeg, a better and faster absorption is seen after
cigarette smoking than after chewing nicotine g[84]

The use of nicotine chewing gum is well-establisaeccan be seen not only from current sales
numbers, but also from the number of articles mhield. In August 2002, an update on a
Cochrane review of nicotine replacement therapy] [8&s published. A total of 110
trials/articles (including 35,600 participants) aeding nicotine replacement therapy in smoking
cessation were found; of these, 53 included nieatimwing gum.

The chewing gum used in the trials contained either 4 mg of nicotine. Of the 53 trials that
included nicotine chewing gum, 51 had a placebonaor-nicotine arm. In all but 12 of the trials
with chewing gum, the participants were followed foore than 12 months. After a follow-up
period of 12 months, 18% of the smokers who had lreéreatment with nicotine chewing gum
were still abstinent; only 14% of smokers treatathwa transdermal patch were abstinent after
12 months. Slightly higher figures were found fotranasal, inhaler, and sublingual tablet
treatments. (Fig 10). The odds ratio for quittingo&ing by using nicotine chewing gum (2 and 4
mg) was 1.74 (1.64-1.86) while self-help intervens alone only gave an odds ratio of 0.97-
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1.1986. [86] The one trial that compared the defermethods did not find any difference in
abstinence after 12 weeks.

The Cochrane authors’ conclusion was that nicatpéacement therapy is effective as part of a
strategy to promote smoking cessation, though amlymal evidence is available for people
who smoked fewer than 10-15 cigarettes per dayth&mmore, the Cochrane review found that
if 2 mg nicotine chewing gum failed, 4 mg shoulddffered as effect could be anticipated.

20+
I 154
OoMCG
% Pupil Continuation of 10./ @ Transdermal Patch
NRT O Intranasal
5_/ O Sublingual Tablet

Different Dosage Form for NRT
_—

Fig 10. Effect of different dosage form for NRT orf6 pupil continuation of NRT

Other reviews/meta-analyses have been publishegr&@ef these have concluded that nicotine
chewing gum [87-88] is superior to placebo or neweimg gum. The positive results have been
explained by the combination of an interaction kestv the pharmacological properties of
chewing gum and the effectiveness of intensivetireat strategies. The conclusion of one
review from 1995 was that, though nicotine depenges difficult to treat, it can be done; the
most effective pharmacologic options are nicotiheveing gum and nicotine patches, especially
when in combination with behavioral interventiomslaounseling. In a 1999 literature review, it
was found that by using nicotine replacement thertiee long-term success rate can be doubled.
The success rate increased with the level of atpenbehavioral support. [89]

5.5. Obesity

Smoking could be described as an “oral habit.” Txpression could also be used to describe
obesity. Therefore, a chewing gum drug deliverytaysshould be an obvious choice in this

treatment area — the oral habit is maintained Bnitng gum with an active substance instead of
eating food. Additionally, and as mentioned in beginning of this paper, chewing gum creates
a minor increase in energy expenditure.

At the obesity congress in Sao Paolo in August 2@0@oup presented results from a trial [90-
91] with a chewing gum formulation containing nioet and caffeine. The study showed that
nicotine had a thermogenic effect, and that thisctfwas enhanced by caffeine. Furthermore,
the combination decreased feelings of hunger andeased satiety to a larger extent than
nicotine alone. An article from this study has rebebeen accepted by The American Journal of
Clinical Nutrition. [92] The randomized, double+ui, placebo-controlled, crossover study
included 12 healthy males. Different combinatiorfsnacotine (ranging from 0-2 mg) and
caffeine (ranging from 0-100 mg caffeine) wereddst

5.6. Pain
The oldest medical chewing gum available is Aspex®u a chewing gum containing ASA
(aspirin or acetylsalicylic acid). Aspergum wastedsand it was shown that the bioavailability
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was lower in this chewing gum formulation than ablets. [93] This is not surprising, as
Aspergum® is an old product with low, insufficienelease. Intensive research has been carried
out in recent years to enhance the properties@iicty gum as a drug delivery system for active
substances. Another, newer study with Aspergum@ircoed this finding. [94]

Furthermore, the latter study also showed that Tmams shorter for the chewing gum
formulation suggesting that there might be fastesogption from chewing gum. LL Christrup
and co-workers [95] made fourteen different chewgngh formulations containing salicylamide
and tested the release. The study showed thaotitert of gum base influenced the release rate
of salicylamide: an increase in gum base conterdee to lower the release rate. In this study,
there was no correlation between the in-vivo amdithvitro release results, possibly due to the
small number (four) of in-vitro tests carried olihe same group also compared methadone in a
tablet formulation to a chewing gum formulation6]%ix male patients suffering from chronic
pancreatitis and one male patient suffering frormgrdid cancer received the methadone
formulation using an open balanced crossover design

5.7. Stimulating Activating Effect

It is a well-known fact that caffeine has stimulatieffect. It could, therefore, be interesting to
combine it with chewing gum's generally positivédeef on memory. The ability of healthy
volunteers to stay awake at night was tested indifferent experiments. [97]

The first compared a gum-chewing group to a corgroup. The second experiment included
nurses and technicians on night duty. As in thst faxperiment, a gum-chewing group was
compared to a control group that did not chew giiime conclusion of the study was that

chewing of gum can alleviate the subjective feelirigsleepiness in persons exposed to night
watch. The relief of sleepiness was significaneraft5 minutes of standing up, but highly

significant after 15 minutes of chewing.

Another study [98] compared a chewing gum formalatcontaining caffeine with a capsule
formulation of caffeine. The study found that tlagerof absorption was significantly faster from
the chewing gum formulation indicating buccal apsion. The authors concluded that there
may be an earlier onset of pharmacological effettsaffeine when delivered in a chewing gum
formulation versus a capsule formulation. This dvantageous in situations where the rapid
reversal of alertness and performance deficit tegufrom sleep loss is desirable.

5.8 Treatment of Otitis Media

In March 1995, a group of Swedish doctors begalingal trial [99] comparing chewing gum
containing xylitol with a chewing gum containingcsose for the prevention of acute otitis media
in children. Included in this randomised, doublaistudy were 306 day-care children. After 2
months of “treatment”, 20.8% of the children reaegvthe sucrose chewing gum had at least one
episode of acute otitis media compared with onlyl®? of the children receiving xylitol.
Furthermore, significantly fewer antimicrobials weprescribed in the xylitol group (18.5%
versus 28.9% of the children).

The conclusion was that xylitol seems to have aeive effect against acute otitis media. The
same group of Swedish doctors [100] conducted anattudy of xylitol and otitis media. In this
study, they included 857 day-care children and samded them into five different treatment
groups: syrup without xylitol (control), syrup witkylitol, chewing gum without xylitol
(control), chewing gum with xylitol, and lozengegttwxylitol. The children receiving xylitol
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syrup or xylitol chewing gum showed statisticallgrsficant 30% and 40% decreases in otitis
media respectively when compared to the controlggo A decrease of 20% was seen in the
group treated with lozenges, which was not sta@lyi significant. As in the previous study,
there was a corresponding decrease in the usag@ioficrobials. This decrease was significant
for both the chewing gum and syrup groups.

6. Acceptance of Chewing Gum in Treatment of MedidaConditions

There is no doubt that chewing gum has become yimstablished in the smoking cessation
market, and that it is highly accepted as a drdiyely system in this area. Questions remain,
however. Will consumers accept chewing gum as @ dielivery system in other treatment
areas; will chewing gum be acceptable to all ageigs.

Acceptance of medical chewing gum in the elderly

The elderly segment of the population did not gugoawith chewing gum. On the contrary, when
chewing gum became commercially available, a dicanit portion of the population thought
gum chewing in public to be ill-mannered. As thdeely population group consumes the larger
part of the pharmaceuticals in most markets, thtitude towards using chewing gum as a drug
delivery system is highly relevant. A clinical sjubdas been performed with chewing gum in
elderly patients. [103-104]

Among nine different nursing homes in the Uniteshgddom, 207 residents were asked to chew
two pieces of chlorhexidine chewing gum twice dédy7 days.

The mean age of the residents was 82.2. Thoughf 8Teaesidents were unable to chew the
gum, the remaining 170 residents chewed for theeeitday period. At the end of the trial,

53.6% of the dentate residents and 40.9% of thetatie residents wished to continue the
chewing gum treatment. The major benefits repoibgdthe participating residents were

reduction of mouth dryness (57.2%), and that theauth felt healthy (45.1%). The one year
follow up study mentioned earlier in the sectiorhl@hexidine”, also with elderly residents in

nursing homes, found that 84% of the patients vehnte continue using the chewing gum

containing chlorhexidine after the 1 year trialipdr A vast majority of participants (84%) said

the chewing was easy, and 79% found that the clgegam kept the mouth healthy.

This clinical trial demonstrated that medical chegvigum is acceptable to elderly people and
even to edentulous populations.

General acceptance of medical chewing gum

Unfortunately, clinical trials to determine the aptance of chewing gum as a drug delivery
system have not been conducted in other age gréigsever, as this information is highly
relevant, Fertin Pharma initiated market reseamc20i01-2002. [105]

The objective of the market research was to disctbhe end-user attitude toward chewing gum

as a drug delivery system. The research was casteth Denmark in 2001 and in Germany and

the USA in 2002. The first part — the Danish pamwas an omnibus telephone-based study; the
second part — the German and American part — wagemet-based study.

The Danish Study

In the late summer of 2001, an omnibus study im&mg 501 people was carried out. The
cohort was representative of the Danish populatth regard to sex, age, social class, and
occupation. The questions were general; no expmadf why chewing gum could be
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interesting in medical treatment was given or atheodescriptions of the concept. The first

guestion was: imagine that it is possible to getovs pharmaceutical products formulated as a
piece of chewing gum instead of a tablet. Would yeuinterested in taking medicine in a

chewing gum formulation? The respondents could sbdmetween the following answers: very

interested, interested, maybe interested, notasted, do not know.

Acceptance of chewing gum was rated by the resaastiute to be excellent. An average of
30% of the participants showing interest (very rieséed, interested or maybe interested) is
regarded to be very good in an omnibus, unaidedstopmnaire. The younger population
segments were most interested, but interest was ealglent in the middle-aged population

group.

Responding parents were asked if they would beasted in using a chewing gum formulation
for medical treatment of their children, if a chagrigum formulation was available for treatment
of motion sickness, for example. Again, a very pesiresponse was achieved: 60% said that
they would use the chewing gum formulation insteéddh tablet formulation. In general, the
research indicated a high interest in chewing gommélations both for adults and for children.

The German and American Study

In the spring of 2002, Fertin Pharma carried owt ititernational part of the planned survey;
however, it was decided to make the research momgprehensive. Four different treatment
areas were selected. These were allergy, paineggsgn and cough-and-cold. Germany and the
USA were selected as representative countries.stiheey included 9,000 respondents. One of
the inclusion criteria was that the end-user (#spondent him/herself or the respondent's child
under the age of 15) had to have used an OTC prdéaiutteatment of the complaint in question
to participate in the survey. The survey showedrg Wigh acceptance of chewing gum as a drug
delivery system (Fig 1.12). In the survey, the esdrs were given a description of properties for
an active substance in a chewing gum formulation.

The properties perceived as most advantageousebgriti-users were: fast onset of action (87-
89%), convenience (75-81%), fresh and pleasaninfpedf the mouth (71-78%, highest in
dyspepsia), and accepted by children (60-67%, Biginecough-and-cold). The end-users were
then asked if they would try a chewing gum formiolatwhen it becomes available (Fig 1.13).
Finally, they were asked if they would switch brard order to get a chewing gum formulation
(Fig 1.14). The conclusion that can be drawn frdra survey is that there is a very high
acceptance of chewing gum as a drug delivery syséem that the majority of the end-users
would not only consider using an OTC product irhawing gum formulation, but would even
switch brands in order to get a chewing gum forraita

Acceptance in people wearing orthodontic appliances

A study was performed to determine if chewing guould be acceptable for people wearing

orthodontic appliances. [106] Included were 25 adtimtic patients and 25 healthy controls with
a mean age of 16 (range from 11-53 years of agadcants were asked to chew two different
chewing gum products after which they had to comepéequestionnaire. The study showed that
low-tack chewing gum was preferred by the patiemtsyever, only five of the patients found an

increase in discomfort when chewing gums. Furtheemib was concluded that for orthodontic

patients with fixed bonded or banded appliances,uge of chewing gum would seem to be of
benefit in the prevention of early decay due taeased susceptibility to early carious lesions.
This finding was confirmed by TM Graber and co-wenk [107]

95
Scholar Research Library



Farhad Mehta et al Arch. Apll. Sci. Res,, 2010, 2 (2):79-99

CONCLUSION

For most drugs there are realistic possibilitiesoomulating them into a suitable chewing gum
delivery system, although active agents with ameemely bitter taste would not be suitable
candidates. Poorly water-soluble drugs require iapged formulation techniques to promote
release, but these techniques are reasonably wedllapbed. Dental health chewing gum for
caries prevention has come to stay and the indicatare that it will become more and more
accepted. In oral diseases where a long releasedper required, e.g., treatment of fungal
diseases, chewing gum as a drug delivery systereaappo have a future role. It is also
predicted that patients with xerostomia will insegly find chewing gum - and especially
chewing gum which contains an active ingredienprievent caries - to be attractive means of
stimulating saliva.

Chewing gum for smoking cessation will also remd@spite the fact that nicotine patches have
grown in popularity lately. This is because theyvact of chewing gum also provides a physical
substitute for the smoking habit and thereby ineeeathe possiblity of successfully quitting.
Ingredients delivered in chewing gum to help redwegght will, we believe, come and go like
most other weight reducing supplements. For drugating diseases where a rapid onset of
action is needed, such as transport sickness, aaars¢ headache, chewing gum may be a
potentially viable delivery system.Although drugs absorbed from the oral cavity directly into
the systemic circulation the number of suitablegdrandidates is small.

Finally, in the future, we may see drugs formulatetd chewing gum in preference to other
delivery systems to deliver drugs locally to thelotavity. The reason is simple - that the
chewing gum delivery system is convenient, easpdminister - anywhere, anytime - and is
pleasantly tasting making it patient acceptable.
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