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ARSTRACT

Thes review laghhpins the several advmnbages of buccal drg delivery system (BDDSE cver tbe comnentonad snd systemic fomulstson majorly. [ belps te enhance
hipavailabeaty throszh invpassng the Sret pees metnbolosm: G this drog delivery syt the formmilatien keops in condact aith the mecosal sorface resndbng in better ahsmption
e prolonmd fenden fima Thoish i Seae a0 500 setabile for thed Sroy Solinvosy systom yof 46 neadl fow svcat of the dnage. Binadhesive polymers rol s o magor part i thic
g dalivery suenan kacauss the extenl of Mocradhasmon {68 very dnporiant phenomsm for The luces] dnig dehivery syslem This fevsw covers marisand demerits of bascs
it dlebiery Svelpn ansiom ol orl mikoes, mechsmpeh of drop permestion, pelyiers and periorsiyon mbemoe el in bicos] Jdrop delivery syalen. Tles pelien Sl oovers
enrzlahls marketed prodost 25 bocoal drug dedivery systzmoand Hitnre aspects of bucce] drug dedivery sysiem

KEY WRDS: bucral dnig detivary system, osdketion Mecoadb=gion raidence time.

WTRODUCTION

In recent years. there has been mcrensmg inberest on the wse of
bioadhesive polymers to cootrel the delivery of haslogically active
ngents systemically or locally. These moadbesive cystang are usefnl
for the ndmmistration of drugs, which are siscephible to extensive
gnstroantesting]  depradation and Braf pass metabolism. Buccal
bioadbesive svstem appears 100 be attractve becanse it avolds
gignificant limtations of traditicnal roates and first pass metabolism
Buccal delmvery necessitates fie vse of mucoadbesive polvmer as
these dosage forms should ideally adbere to fhe mucosa and
withstand salivation. tongue movement and swallewing for &
siginficant period of tiznse”,

Tradstscmally, per-orn] delivery has been the poimery rouate of
mdministration fac therapentic agents targeting systemic delivery.
Technnlogic advancss in homaterials and fechniques have resalted
in the formudation of novel designs mors pertinent o the ol cavity,
meeting the challenges of the phesicochemical properties of the drug
enfiry 2l and achieving the theaapeic ains of e dmg debvery
gpatem. lsases of parient compliapee and convenience have peceintly
cesultied o8 et toward onee-a-day administration regimens,
requiring drugs with high potency and sustamed effect. Such drugs
usnally have a short biologic half-ife, exhibir poor permealslity and
sofubdbity, and are susceplible to enzymane desradation. However,
becnuse of the advantages of delivermg a drag throogh the oml
pines, ese drogs se viable candidares for delivery via this role
blany mvestigators hene studied the pofemtinl of transmnscosnd
delivery through the oral covity, and the oml mmecosa 15 inereasingly
being considered as an effective rovte for many dreg classes’,

A Mioadhesive sysian plays 8 mapw role, due o s potential
Besides acting as platforms for sustatived selease desage foems,
hiopdhesive pohwners can thansehves exert some confrol aver the
rate and amowst of druep release and thos comtrilute o e
therapewtic  efficacy of hioadhesive dmg delivery  systems
Binadhesion is ay interfacial phenomenon in which two materials, ol
lenst one of which is biolegical, are held togsther by means of
nteracial forces. The amschment could be l=iwesn an mfificial
material and biological subsieate, snch as the adhesion bebaeen
polyiner aisd Sor copolynrer and a biological membrans, In the case
of polviner attscled to the mecin laver of nuecosal tissae, the term
"mucoadhesion” is mp]l:l}'cda'.

Admimistration of the drog vin the mocesal bayver is 2 novel method
that can render treatment more offective and safe, not onky for the
topical disenses bt also for sysennic ones. These unkpe dosage
forms. which can e appliad o a thick gel like sumcnme known as

anesin, thersfores all bio-adhesives maist mtesact witl the mucas layer
durmg the process of aitachowent, these represent the potentinl sfes
far attachmend of any binadhesive sysiem’ wet tissue, are formmlated
by utilizing the adhesive properties of some water - soluble
polymers. The mucosal layer lines o mamber of regrons of the body
michiding the gastointestingl tnet, bisccal cavity, airways. car. nose,
eve, urogenital tract, vagna and rectim are covered .

Tramsmucosal rontes of dreg delivery invelve the delivery of the
drug through the mucosal linings of the nasal, rectal, vagmal. ocular,
ancd oral cavity, Amovgsd Hese oral cavities ©s 8 novel sibe for drug
detivery. The aral mscesa lkas been arvestigated fn several snulses as
a means 1o give both local and systenuic amounts of deag. Drug
ddivqtj;_'.' aoross the oral mucosa, can be divided fnto thres diffevent
ypes’.

1. Sublingual delivery, consisting of adiministration through the
membmpe of the ventra srfice af the tongue and the foor of the
oruth

2, Baceal delivery, consisting of adminsstration daough the beccal
eribcosh, inainly conpased of the linaw of the cheeks snd

A Local delivery, codsistng of admdnistration through 2l areas
other than forne two regions.

Thess sites differ muatomically in their permsability te drogs, rate of
drng delsvery. and ability to maintain 8 detivery system foo the tame
rﬂTm'l:liT for dmig release ot of the delivery appamtes and mto the
T Eeite:

Alternafive routes of administration te Bvpass the Presvsiemic
metabolism

The lepatic frst pass effect can be aveided 10 a preat extant by use
of tuceal tabless, mansdermal preparanions. and ibalations and 1o a
lecsor pxtentt by wse of pectal supposstories. Boecal absorpfion
provides direst access to systamic oot portal veins, The fransdermal
roste il nhalation offiers the same advaniages.

The disadvantage with transdennnl roates is less penetration rate of
the dmg through the skin, Caley ES at al, estunated the penmenbiliby
of the skm to be 4 to 4000 times lesser than that of the buceal
Nz’

Ihmgs absorbed fioo suppositonses i the lowsr rechien enter vessels
that dram mto e iofene venacave, thus bypassang e liver.
Howevear suppositories tend fo meve wpwards in due rechun that
leads 1o the liver. sudh as soperior hemomrhoid vein, predominate. In
addiion. there ars extensive anastomosss between the superior and
middle heamorrhioid veins; fhies only about 50% of o rectal dose canm
be asmierd 10 bypass the liver.
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Alibough diugs admanstered by inhalatien bypass the hepatic firss
pnss effect, fhe hmas may also serve as o ste of first pass Joss by
excretion and possibiy metabohsm for drvgs administered by non-
asirodiesringl (pacenieral) rowies. The hings also provide = Aliering
fianction for pasticulate matter that naay be zrven by v, injection’.
Buccal admdnistration as a method of preventing Presystemic
metabolism
The baceal cavity provides a highly vascular maecous membrane site
fior the ndministmtion of dreg. The epithelial lining of the oral covity
differs bath m tvpe (keratimised and poekerstinised} amd m
thicknes i different areas and the differences give rise o regonal
wariation m permeslElity 1o drgs.
Altbough some macroaselecules have been showi to the absorgtion
bamier (Hpid membrane), the absorpiion of smalla drog molecules
occirs owre ieproducitly  and agsdly. The mazi  absorgilion
mechamen 15 passive diffusson of wmonized {lipid salubla) fosm of
drag. Facilitated diffision las aleo been shown 1o take nutrients. The
blood dramage from the inouth enters the geeral cronlation directly
without first passing through the lver. This feanoe enbances the
biopvmbalality of cerfamm  drugs, compared with  per oml
administration, becanss first pass metabolism 15 aveided. The major
gy cnvently avalable for Diccal adnmisiation fall wirkin the
vasodilators and strong analgesics pharmacological classes'”,
Buccal Divmg Delivery
The tmsccal nmcosa limes the mner cheek, and eccal formulztions
arg placed i the mouth bebwsen e upper gingivae (gums) and
chesk to tremt local amd syvstemic conditions. The buceal roote
provides oag of the pefentinl routes for tvpieally large, byvdrophilc
and imstable proteins. olipomnclentides and palysaccharides, as well
as coirventional small drg moleenles. The oral coviny leas been nsed
n4 & site for local and systemic drsg deliveny

Advantnges of Dirng Delivery via (he Buccnl Liniog

Baypass of the gastrointestinal tract amd hepatic portal system,

imsreasmg the hweoevmilability of emally admmistered dmgs that

otherwise wndergo hepatic fird-pass metabolism. In addifion the
dmy is profecied from degradation due to pH and digestive enzymes
of the adddle gastramrestaeal ract

s Improved patient comphiances due to the elimioation of nssociated
pamm witl mjectons; admmistration. of dogs momconscioes o
incapecitated patients: conventence of abrinisiation as comparned
to inpecticis of oral tnedications.

» Busfained drig delivery.

o A gelatively rapdd onset of achen can be sclieved velative 1o the
ceal toute, and the formulaiion can be remosed if thempy s
requirad to be discontEnsd.

® Increz=ed ease of diog sdministration

@ Though less permeable than the soblingual asea. the buecal
micosa 15 well vascularized. and cugs can be rapidly absorbed
info the venoas system undermeath the oral mcosa.

o lin comparison to TDDES, mwseosal surfices do not leve a stranm
cormemn. Thoa, the major barcier laver o twarsdenmal disg
delivery is nat a factor i transmscosal routes of administration
Henece ttansmuccsal systems exhibit a foster matiation and decline
of delivery than do mamsdermal patches

» Transimcosal delivery oconrs is fower variables betwesn paticnts,
resultmg m lower miersabject varisbility as compared do
teaitadernml patdes,

® The Latge coutact surface of he oral cavity comstritanes 1o papicl s
exTensive drig absorption '

Limbtations of Buceal Drug Delivery

Depenfing on whether locnl or systemic achon 15 requmed the
challenges faced while delivering drug via buccal drg delivery
can be enumiernted ns follows,

¢ For local sction the rapid elimination of drugs due to the flushing
oction of salmva or the mgestion of foods stuffs may lead to the
requivennent fin Fequent dosing

* The non-vmiform distritation of droegs within saliva oo relense
from o solid or semisolid delbvery systam could mean fhat some
areas af the oral cavaly may mol receive effective fevels

& Fai bath local snd systeinic action. patient scceptababity i tering of
taste, mrvtancy and ‘moel fieel® 5 an issne

o Once placed ar the absorption siie the pach should pol he
disturbad

* Eoting and drinking are restracted until complete absorption has
taken place™

Fig 1: Strucror of (e Funan orel mioess

The oral mueosa 1= compoesed of an outesmost Lover of stranfied
suamons epithelimn (Fig 1) Below (his Llies o baserpent menboane,
inmiina Empnﬂ followsd by the submucesa ps the ionermest layer
(Fig.3)"” The epithelinm is similar to stratified squamous epithelin
ot 1t rest of the body m ihat 1t has a notctically active basal cell
layer, advancimg theough & number of differennating miremediae
lavers to tee super ficlal bopess, whera colls are shed from the sarfece
of the epithelinm'. The epithelium of the bueeal mucosa is aboue
40-H0 cell layers thick, while that of the sublingual epitelinn
cotains sonewhat fewer. The epitheliall cells increase n size and
become flatter as they travel froms the basnl layvers to the superficial
Inyers. The oral mucosal thickness varies depending om the site: the
bbccal mncosa imefsuges at S00-800 jm. wihils the nmscosal
thickness of the hard and soft palates (Fig. 21, the floor of the moutls,
the veniral tongie aod e gingvae messae ot aboat 100200 ym
The mucosae of the gngivae and hand plate ace keatinzed ad the
murcosae of the soft palate, doe sublingual and the buecal regions, are
not keratinized” . The non keratinized epithelia are nsoce permeatble
to water than the keratinized epithelia {Fig..i‘l‘ﬁ.

| Ly s
I]Hh

Fig 1: Thagram te shew (he amagomic incation asd extent of maaticatory, buing,
andl specisliaed mucoss in the sral cavity
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Imminn prosarias af
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Flg & Generasd Struciure of oral micisae

Fig 4: Principal nliva sormcmrs] Testnres of differenristion ln
(&) Eeravinkeed eral splicBom anid
{1 Mon by wtinied oval ond cesploageal epitle
Thickness of epdilvelinm in different vegions of oval mucosa
The bebow table shows thickness of epithelimn in different regions

of buceal mmscosa™ (Table 13

Takde 12 Thirknes of mpitkelinm m different mx nf haconl mmore
Heginn Averaps Epirbelial Thcknes:

11

lmmn:mmml §00-120
Hard palat= 250
Aftﬂbid]!,ﬂ] 20}

Broocal musoss S A0

Flor af nemth Laa-1o0

Hiochemical composition

A nofabde featare of the oral mncosa 15 the large nmmmt of protein
present in dhe form of monofilaments i the cells of layers, in both
Keratnsed and oonkeratinized epithelia. Congaratively linle is
kvenwns aboat the lipid compodition of the oral mocosse. The
keratmized oral epithelinm shows a lipid pettern of manly nevtral
lipids, ie coeramrides, whercas the poo-kemtinized epithelimm
confains few mnewral pl:-]ar lipids. particularly cholesteral
sulplate ond gqu:.r[cmld:e

The cells of the oml eptheln are surounded by an intercellnlar
growmd  subsiance, the principal  companents of  whieh  are
carbalyydiate, proten complexes. 2ome of which gy be dnbinstaly
assocaated with partecular sites on the cell surfaces. It 13 thougn thas
this mefrix may play a role ion cell-cell adhesion, as well as a
tubricant. allowing cells to move relative §o one another. Amwoiher
nspect af the biochemical compasition of the oral mucosas is the s0-
called “membrane-costmg  grandes”, amd ther role m the

bigehermical clianges which oconr durse the manwatoon of the
epithelimn ™.

Secretlon of sallva

The surfice of the wncons membrane s cossiantly washed by a2
sty of about 0.5 to 2 L of walbiva daly produced i the salivary
glands. The chief sexgetion is sapplied by three pairs of glands,
oameely, the parotid, the sub maxillary, and ihe sublingual glands.
Minor salivary glands are situated in the mccal, palagal, and retro
melar regions of the aral eovity The presence of saliva i the month
15 anpoctant for fve mam rexsons;

) g pemineation across mols fnucons) memnbranes ocours mich
readily them aoross non-mucous membranes; coopared o dnig
absorpiion across the Gl wact and ko

b Dirags ere comumanly administered 10 the mondy iu the clinicad
seftiig m & selsl form. The dinig st thevefore firg dissolve m
galova before it can be abseebed soross the oral mocoss: tht = the
drg cannot be abaarbed directly from a taliar™

Vascular system of (he oral mocosa

The blood few dn e varons regions of the oral mucosa has been
studied in the rhesus monkey' (Table 1),

Tabde }: Blood o in the varioes regions of the oral macors.

s Hilsad flew mil ( min | 100 oo
Barcal L0
Rl E ] 3.14 .
Eloarr o amenarth (el |
Veninal L1 '
Frestulum L3 |
Critg vk ) AT '
Eulainl’) s

Where,
{+1 everege wlve of moallery and mandiboler atteched aogival mucos
(-} moarge rolue of the entenor and postenior lard peletal mmoea

The mucous membranes of the boceal cavity have 2 highly vascular
panore, and drugs diffising across the membrines have easy access
fe the gysteinse cifeulation vua the mternal juguls vem. The bood
supply to the mouds i delivered pravcipally via the extemal caratid
arbery. The maxillary artery is the major branch, and the fwo minor
branches are the lingnal and facial arteries. The linguad artery and its
branch, the sublmgual artery, supply the tongue, the Aoor of the
mouth, med the gimgrva and the focal artery supplizs blood fo the
ligzs el 5ot palate. Thee nadllary artery supplies the nsin cheek,
hard palate. and the maedllany and mandibular gingiva. The oxernal
juenbar vein eventunlly recetves alinost all e Mood derived from
the month aud pharye.

Charscteristics af moous

The composition of muens waries widely depending oo anamisl
species, anatomicel locafion and whiether the tissue 5 0 n narmnl or
paclodogical state, Madve mucin, i addition oo mucus, also contpins
warer, electrofytes, slonghed epithedial cells. enzanes bacteria,
bacierinl by products and other debris. The glveoprotein fraction of
the muens imparts a viscons gel bke charscteristic to mucns due fo
its water Teferition capacity,

Mucns is 8 plycoprotein, chemically comsisting of a largs peptide
backboae with pendant oligosacchande side chains whose termmal
emd 1= eithe swhc or slfome acid o L-fiuctose. The
aligreaceliaiide chadits are covalently lnked o the hvdeoxy aming
sids, sarme snd thraomine, along the polypepiids backbone (Fig.2).
Abeuat 25% of the pobypeptide eokbone 15 without sagais, the so-
called ‘naked” protem region, which 15 espesaally prove o enzymatic
cleavage The reswainme T3 of the hackboae iz heavily
glveosdated. The ternial sualie prowps have a pka value of 2.6 20
tlent the: s neelecale shoald be viewed as a palyelectrolyte woader
nesitral oF acid condition. At pliysiobozical pH the mcin nebwork
oy camy & significamt negative charge becavse of the presence of
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stalic seid and sulfite. residnes and this high charge densry plays an
onportamt rofe momucoadheson ™,

s DA

Fra 3; Boheiatic vepresenl ation of [he asecus Perase sbility of the aral s osse

A peimary fimections of 1he oral swiseosa 15 1o provicle a bamier. Al the
same tume, the osal mmcess shares with the gt the abality fo
piEintain o moast swries. The permeabality of the oral meeosa m
general 15 probably intermediate between that of the epidermis and
that of the mtestinal mucoss, Galey sstimared the permealiliny of the
bucenl muccsa fo be 4 — 4000 times greater than that of the o, b
general, the permeability of the aral mueoss decreazes o the arder:
sittingwal = ccal = palatal

Teamsport of materinl across the aral BaKosa

The mapority of dugs move across epithelia. by  poassive
mwecanisms, which are governed peimarily by the laws of diffision,
In the case of simple diffison. e potential Toames of material
manspot across the epitlselivin ace the paracellular and wanscelhila
pativays. The paracelialar route mwvolves the passags of asolecales
through imtercellular space. while the wanscellular rowe involves
transpart mto and acress cells. The most important property that
determings whether & miven non-elzctrolvte will pass rapidly ncross
the oral mocosn seems to be its relative partiion between Lipid and
water, Subsiances with & high solubility in lipid ae expecied o
traverse the oral mscosa more easily by moving almeg, of aceoss the
liptd rich plasoa mesmbesne of the epithelial cells, while water—
sofuble substaiwss and wns probably meve throveh the intereellula
spaces [Fig.a)

Altbhough passive diffacion is mmdenbtedly the major fransport
meclanism for drags, the nutriens from mouth are shown o e
absarbed by carfier systews 1.¢, Facilitated diffissaon ™.

k e — Mol . Fipowper pie

Fig &: Mechanlsm of transmecows periscation

Membvane storage during baceal absorption of digs

The absespiion of a dmog froan dhe moath 5 mot symonymos wits
drug entry mito the systemic ciroulation. Instead, the drug oppears to
be stored i the buceal membranes due to drng binding i or on the
oral epithelium

Fig T: Rebom sihe represcadathon of the sbsonpiins kseties of bacesl
nrimimiciered drugs

Evidenes for the sostencs of a storsge compartment 15 eazily foind
o fhe publeshed literature becanse doug lost from solutions placed in
the meath could be recoversd from fhe buccal mmcosa by rinsing the
mth with a buetfer of the appropriats pH. Doe to this phenamenon,
buccal partitioning has been suggested as a moee atcurate term to
describe the diffasion ':ri'drugs acrgss the oral mncosa [Fig.T]‘l
BIFADHESION IN DRUG DELIVERY

Sinee the aurly 1980 there has e panewad intersst in the use of
bivadbesive polyvavers to proloige confact time o fhe vasiows mscosal
routes of dmg administration. The ability 10 mamtain a delivery
syatemn 8 a partientar becanon for an extended period of tinee has
great appeal for both local disense treatment as well s systemic dmg
bipavailability, Nesmal comtast tmme for ancosal routes of dmg
detivery rangss fromm a few minates for the freat of the eve ta -3h
for the small intestine, with mtermediate imes for the other routes’”,
The term bioadhesion defined as atachment of symthetic or natund
macromobecitles to mueces and | or an epthelinl surfsce. In the case
of palyer affached 1o the mocin yer of mneosal issne the tem
“Nluccadhesion” 5 eployed. Ll awest isstaices the boadlesive
prolymer is i coitact with & aoft tissee (eceal. ntestinal, nasal et}
and s the tssue layer responsible for foemation of the adlesive
mterface is mucus*!

Meclsanksn of bioadbesion

The process of oadhesion can be viewsd as ocouming m bwo sieps
First tntinste contact Detween the polymer and menibrme followed
by formated of bosds. The boodiag ocours chietly thooweh both
physical and mechanical bends resubts froon enfanglement of the
adhiesive material mud the extended muocus chains Secondary
chemical bonds may be due to  elecirpstatic  inferactions,
bivelrophobee interactwons, hydrogen bondme and dispersion forces.
Electrostatic mferactions ond hydrogen boodimg oppear to be
gtz @s a result of the lange nuaber of cliged and hydrophilic
species, e hydraodie (-OH)carboxylie (C0O0H), sulfate (S04H)
arnel sving (-MH) ereaps. Several theoeies of bioadhesion lave bees
proposed to explain fandamental mechanesms of attachment™

a. Electvomic theary

Thie adhesive pobyoser and nuecus typleatly have different elecironie
chassctertstics when these teo surfress come in contast. a double
laver of electrical charges form 2t the interface and they sdhesion
develops due to the attractive force from electron transfer across the
electrical double laver'®

b. Adserption theoy

T the adsorpison themy, & lnoadlesive polymer adieres o mmeus
becanse of sevandary sarface forces mich ac Van der Waale Toaoes
hydeogen bomds o lyabrophobic infesctions. For a bioadlesive
polymer with a carboxyl sreup, hydrogesn Bading = considersd to
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be the dommant fwece at the mferfses. On the otber band,
hydrophebic internctions <an exploin the fact thot a bioadhesive
polyner may bind to a hydrepholac subsirate more ghtly than to a
bydraplelle surface.
This theary deccribes the adhesion of lgud or paste to biologieal
swiface. According to the theory moderately wettable polvevers
showed opiimal adbesion, spreading and poliferation o the cells
and the mdhesion decresaged or dissppesred with  either wvery
hydrophilic or very hydrophotic pelymer, In a homeologous seres of
celluloss podyvmers tle authors l:lhs:r'm:l an merease m bioadhesve
strengrly as e contact angle mereased”’
e. Diffasion theary
The essenes of this theory is that chains of the adhesive and die
subsirate interpencirale ooz anether woa sufficient depd 1o create o
seirn pennanent a@esive bongd. The perelration rata depeinds o the
diffusicn coefficieits of both witeractmg polymmers amd the dffusion
coefficient 5 koown to depend oo meelecular weight s oross
linking depsity. In addifion, segment mobality, fexibility of the
hioadhesive polymer. muous ghycoprotein znd the expanded nathure
of both net works are important paameters that need to be
comsidered
d. Werting thepy
Werting theory is predominantly apphcabde to lonkl moadhbesave
gyatems and asalyses adhesive and contact belsrvious iy temns of the
ability of & laguid o a paste to spread over a biological syesem
The wark of adhesion (expressed in terms of surface and inferfacinl
tensicn ), Y being defined as the ensrgy per cm’ releassd when an
interface 15 formead. The work of adhiesion 15 given by

W= Yt Y- Yap
Where A" and ‘B refer to the biological membrane asd the
bisadbesive fernabaton tespoctively. The work of coliesaon 18 miven
Ly

We=2Wior Yy
For a bioadbesive material B spreadiog on a substiate A, the
sprending coefficent 15 groen b

Spa="Tar (Yz*¥anl

Sga should be positnve for A beadheave material tw adhese to 8
bioloacal membrane™.
e, Absoaption theory
According to this theory, after oo initial comeact between two
surfaces, the mnterial adheres becouse of wurface forces acting
between the ateins m the two siofices. Two types of chencal bodds
pesulbting from these forces can be distinguished: Poamary cheamnical
boods of covalent paruge, which are undssmable in bissdbesion
becanuse teeir high stremgth may result o permament boods
Secondary chemmical bonds heving doffersnt forces of atfraction,
meluding electrostatic ﬂ:d'r.‘ﬁ. Vi der Waals forces ausd ydrogen
nad bvdrophahic bonds™
L Fraciune themy
This theory attempts to relate he difficalty of sepaation of tao
surfices after adbesion. Frachwe theory equivalent to adhbesive
sirengih iz given by

Where

E i tha Young's modulus of elatiny.

¢ 14 the friactie arergy, mnd

L is the critical crack length when two surfices are separated™.

G- (EcLi™

Factors impaatant to Miscoadleesion
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A, Polvmer velated factar

Muolecular weight

The optimum wolecular weight Ffor maxmmom bioadhesion depends
on the oype of binadhesive pelymer. Tt is genemlly anderstood that
the threshold requirsd for snccessful bivadhesion 15 atleast LK, (00
melecular weight, For example, polyethylene glyeol (FEG) with o
nelectular weight of 20000 has litle adhesive chamcler, whereas
FEG witls 200,000 meeleciilar wedght has ingeoved, and a PEG witl
400,000 bas  spersor  adhesive  propeiises.  The  dsct  that
bivadbeaiveness mproves with incressig moleolar weight for a
Imear polviner implies two things:

1. Inferpenetration is moere orihenl for lower molecolar weight
palymers o be o good oadhesive and

Entanglenend & mnporfant for  higher  molecular  weight
polymers. Adhesiveness of a nonlinea stroenwe, 19y comparsg
follows a quite different wend. The adhesive strenpth of dextean,
with a very high moleculsr weight of 19300000 is samilar to
that of 200000, The reason for this sinularity may be thot the
h=lical conformmation of deciran may shield many of the adhezve
proaips, which are primanily respaisible e adbesion, wmlike the
conformation of PEG".

Concentrtbon

Thete = an ogtianen conceniration of & osdhesve polymer to
produce mazimen besdeesar In bighly coucentrated systen
bevond the optimum level bhowever, the adhesive sirengh drops
significantly because the coiled moleculss become separated from
the mednem so that the chaine available for dterpenetrafion
h-E-EMlE’“.

Chain Mexilsiliry

Chain flexibility is critical for inferpenstation and entengianent. As
witer soluble polyiners become cross linksd, mobality of individual
polyiner chain decrenses and toes the effective leugth of the chain
Hiat e T penstiane milg the niiens layer decreases, which redices
bloadbesive strength®™

Spatial conformation

Besides miplecnlar weight or chain lengdh, spadial confonnation of &
malecules is also importent. Despite 8 high molsoilar weight of
19,500,000 for dextrans, they have similar adhesive strength 1o that
of palyerlivlene glyeal with a oedeculss weight of 200 000, The
hefical comformation of dexiran may suekd many adhedvely active
aroups, primartly respoisible for adhesomy, milike PEG polyners.
wehibch have a lnear confosmation™.

B. Evvivonment related factors

Thesz are the enviromnental factor describad helow: =

pH

pH can mfluence the forminl charge on the sarfe of mucens as well
s certam innizable nosdhesive pobymers,

[
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Applied sirengil

The pressure mattally apphied 1o the mcoadiesive fissae confact site

can affect the depth of inserpenetration. If bigh pressure 15 applied

for & sufficdently long perdod of tnne,  polymers  become

mucoadbiesive even thongh they do aot have sitractive mrteraction

with pewein,

Lmltkal comtact tlmse

Biradhesive strength increnses as the mitial contact Hime moreasss.

Swelling

Swelling characieristics are related 1o the bioadbesive 1wl and s

environmal. Swelling depends on e polyme concentration, i

strengih as well as the presence af water.

POLYMERS [N BUCCAL DRUG DELIVERY

Polvmeers remeain the most versafile class of iomaterinls, being

extepavely applied i medicme and hiotechiology as well as @ the

food amd cosmetic indiztrizs. Appheations mohsde surgical devices,

baplants and supparting imatecials (eg. ariflcial srgans, peostheses

and submes), dng-delivery systamns  with  differat soutes of

adminigration md desipn, cariers of immebilized enzymes and

cells, blosensors. components of disgnostic assays, bcadhosmves

ocitlar devices, and motenials for  orthopaedic  applications

Classifying the properties of polwners for their selection as

bicinatesials 45 challenging, becanss a wids vardery of nuaterinls are

available for a particular application (eg suwreery, doog delivery)

udn—uamig_lc sumple sef af methods can be wsed 1o chamacterize

podyiners

Palyimesrs wsed ps biomaterials can be naturlly ccounming. symithetic

or @ combination of both {Table 3), Polyvners that aclhere o the

mucin-epithelial sufsce can be convenimntly divided ineo three

brosd categories: -

®  Pophmners that become sticky when placed in water and owe e
bisadhesion to stickiness,

s Polymmers that adbere tuough nows-specific,.  non-covalas
wtberactions, which are primarily electeestatic in nabhse.

»  Podvaners thar bind to specific receptor sites on the cefl s fice

Charactevistics of an ideal pabymer for macoadhesive drug
delivery system.

A ideal p-:n]mu ahonld possess the following characteristics: *

s  The polvmer and w3 degradation products shondod be non-toxg
and nom-absorbabie fican the Gl wact.

o 11 shondd be non-imitaot w0 the meeoos orembooe.

s |t shoold preferably fenn n strong pon-covalent bend with
musm-epihelinl cell sarfaces,

® [t shoukd preferably adbere quickly o moist tissue and shonld
prssesy s site spect ficity,

e 1t shoold allow easy incompomtion of the cdmg and offer no
Bindrance o415 relense,

&  The polymer st ol deconipsese oo storage of duiing the shelf

life of the dosagwe form.
The cost of the polymer shouald moi be high so that the prepared
dosage fomn remains competitive,

A v e imlql_l.rln I nasisgie
LT S vk Bt bervs Hus lasana sl
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priviioyle sexlcocihrlexrborvdecs pely s vkici, puiy
tvplhety | Cilovkoveiieenyinel  poly CholeoSeaRonmdeEss paly
i pbwrde v eaae e L oopainarer af nervis peEd o 1=7H
ke POy PRI peds ot bedie. PV PV, lickisnd
e T
T u - ald L O, 1ET, TIFC facriorls™ B p TIPRIC (vel) saim). Pha salian
R vt abgmwdi
:'.r“l uH| Wt e f sciebi w Glks apeemes noak ) EL. 1L
ez boble
i i Acrd i, cledoais, | THO R e, Tl
[ iapzs ETPEE Clecern EOT A CF O evim PAS O wodion ol o
ankinn WS sandban wis
Bor ol Headaxwerinl moncls 1FC |-.l'-1ﬂi vhese oukdel, PV A PYT
= O Ly T
Frizmiinl Loryaliemd Ay i |
Rl Farbog el | Soyioks |lpdosisiel pedocrrisie. polyissdoarie il OF,
& Fardws I MVa
TlacFrosmne I lwrcaan
ml ey
PERMEATION ENHANCER

blembrane permestion is the himdtieg fctor for nany drogs i the
deselopinent of beecal adbesive delivery devices, The epitelim
that lines the buccal mucosa is a very effective banier 1o the
atworpion  of dgs. Slstances that Galitre the pameiivon
througly bueccal mueosn are referved as permention enbaneers. As
mipgt of the penctrabion enlwmscers were ongisally desipned for
purpeses other than abscrption enhanesment, & svstemic search for
safe and effective penettation snhancers mesd be 5 priority in dmg
defivery. The goal of desigmmg penstraton  eshancers, with
mgrovel efficacy and redvced toxicty profile s powsible by
wikderstanding the relationgdup berween enhancer struchure and fhe
effect indwcad o the mesabrane aind of conrse, the meclsadamn of
actioe However, the adection of enlemes and its efficacy dipenids
an e physicechemical properties of the diog, site of administatiog,
nafure of the vekicle and other excipisnts. In seme cases usage of
enbiancers o conybdmation las shown synesgistic effect them the
mdividual enhancers, The efficacy of enhancer in cne sife 15 ot
samse 11 the oleer sile becanse of differences in cellnkar morphodogy,
membrane dickness mr}nmrir: activity, lipad corposition snd
potential profem mferections are struchural and fimctional properties.
Penstration cuhancement fo the buccal membeane is dmg specific,
Effective penetration enhancers for amsdennal or fimestingl dhig
defivery mmay mot bave dinily effects on bucesl dimg delivery
becanse of structural differences; bowever, enhapcers wsed 1o
mngrove ding permeation o other absorptive mncosae improve drug
peneation through tuocal mueosa. Tleese permesiiion enbancers
shonid be =afe and non toxic, phamumcologically and chemically
iert, non-irmtant, undnm aJ[::rp«cm:

Mk dpﬂunﬂmuaﬂnmu
1 S3-laurs] et 14 | Bdathylolests
T Aot 13 | Gl asil
| Azmar 16| Phogphuhdvichalie:
1 | BensaBoorimm cldoride 17 | Polvoryetbbase
5| Ceylpyvndmim cldorides 18| Polysorbede 50
6| Ceyfirimetnannmosum feomids 18 | Sedium EDTA
7| Cwclodemmn 20| Sodium helaie
B | Dwotran sl s 21 ﬂ-ﬂﬁu._n%qchalm
e Lawnc oot 22 | Sodwm lord mlfiie
1| Lawnic acid Progylene glyool 23 | Sodmm mhicyiate
Lo 8. S S
£z | 15
[T15 | ethoonysaiscyiate 1 26 | Warscus slewl phyeondes
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However, examinaion of pemetation route for feasisceal delivery
i5 important because 1t s fondemental o select the
penctration enhancer 1o improve the drg permenbility™
different permestion enhancers avatlable are Hated i (Talle 4.
BUCCAL MUDOADHESIVE DOSAGE FORMS

Buccal mucoadhesive dosage fooims can be cateporizad mfo three
tvpes based on their geometry: ™

Typek:

It is o smgle lnyer device with multidwectionnl drg refease, This
trpe of doesage form suffers from significant dmg loss diee o
swallowing.

Twpe Il

It s & device in which an impermeable backing byer s
superinypased on wp of the dmg loaded bicadleesive laver, creating o
doible-layered device amd preventing diug Joss froa the top sinface
dito fe eral cavity.

Type HI:

It iz a midirectional dg release device, from which drug boss is
minimal, since the dmg is released only from the side adjacent to the
buceal muecosn, This can be achieved by coating every face of the
dosage form, except the ome fhat 15 m contact with the buccal

The

pincosa, (Fig &)
Tipe | Tl Tope I
BLET AR MRS |

B Deagiavded bcadpers by [l bmpremesdle b bopr e [y awkesrme deeriion
Fig 8: Design of buccal muooadbesive dosege forms.

Saolid forms

Several solid lorenges formulotions have teen developed amd are
copercially available including miroelveerin sublingual tatder
fentany] lozenge on a handle apd ochlaperazing huecal taldes
Although thess formulations vary in shape and =ize. they share many
comunos characteristies.  This method of delivery i3 smple fin
patients fo s The sofid frrmulations dissobve in the oral cavity
The diogs ars reless=cl and exposed 10 the entire myicos and: the top
third of the esophageal npcosa, The Tnmtation of this delivery form
iz the short residence time. Depending on the size sud foemulanon,
the lozenpe aor tabfet s wmally dissolved within 30 min, thos
Lty the total amount of drog that can be dedivered, The
dissolation or disimtesration 15 nswally controlled by the patient, 1.2
i hagal they suck the unit. Increased sucking and saliva production
canses swellowing and loss of drog down the esophages and the
gastwomizstingl iract, Thus solid desage forins generally lave a
pwieh ligher inter- and miraandividon] veration m absoepiaon and
bioavailability. Tn  addition. sioce these formulations are open
spstems, the delivery medinm is not walf contralled. Alhough the
formulabon ofters some cemtrol. Cral franamscosal fechnology
Difficnlt to control drug or other mgredient concentrativas becanse
the media is constantly diluted by saliva. This wakes o GHificuln w
effectively wee peraseation anlaicers i tus type of system. Taste of
the drag i5 another luwdle for this delivery system. Unless the dree is
tasteless ar e tasie can be masked by sweetening and flavorings
ngents it is difficult to achieve high patisnt acceptabality of this typs
l:lt'pr-ndwt!"

Gomm

Chewnrg gum is one of the modem approaches §o oral oansniecesal
dmg delivery and is a vssfol means for systemic dnsg defivery. The
advantages of chewing gam over other oml mucosal dmg delivery

systems are the possibility of econtrolled diuge releass over ag
extemded tmue awd tie potential 1o improve the vaEabildy in drug
releass mil retention times, Cne of the sdhvamzges of chewing gum
s covenlence. Furthenmose, an mdividnal asy be alble o ool
the drup atake by siinply changing the rate and vigonr of clewing,
o expelling the guan alogether. Sinee chewing guin s also o open
syatem, it shares mawy of the same limitations of the other solid
formalations"

Patches

Flexilde athesve patclies have been developed man effort 1o
overcome  some of the drawlacks of omer dosage  fooms
Tramsmncosal  delivery  patches  have wmigue  characterastics,
mcluding sedatively capid cuset of dmg delivery, sustained drug
release mnd rapid decline o the serumy dnog concentration when ihe
kel 15 remioved, Also, & baceal patch is confined fo the biccal area
aver which if 15 attached aivd therefare the alorphion profile may
hiave less isber- fid mitradisedividoal vamability, [nogeneal. sl
micosal palches can be classifisd info three categonies: patclies with
a diszolvable mwawix, parches with a non-dssabvabie backing, and
pafches with a dissolvable backing Patdhes with a dissalvable
ieatris age desipned to reléase ding into the oral eavity. Tley wark
sl 1o, and share many of the lanifations of, te sobid dosoe
form. The mmacoadhesive bayer, elther i the dmg meatrs o artached
fo ddnse matrix gs an additicoal kaver, probongs the duration of dug
mateix m the oral cavity. Therefore. compared with other apen
desage forme these tvpes of patches are lemper acting and can
potentizily deliver more dimgs. They also use the satirs oml covity
mucas a5 compared with other closed systans that tpically nse

smaller ancas. These tpes of patches are also sutable for treatmg
focal diseases such as candsdiasic of mucesns. Parches witly moo-
disscdvable backme ae wsmally desiened for systeinae deliviry.
Sinee they are closed systems and the femalatons are protected
from =saliva, the dmig comcentmiions are comtrofled and dmg is
cantimaansly delovered for 10 to 15 b The disdvantagess of these
systems are that they nse only o small nuscesnl aren snd the bockings
hive {0 be removed by the patient after drug ndhnmastiation. Patches
wath dissolvable backmi share many charactaristics of patehes with
ted~dissolvaide backing, et they have the advantage of the enfoe
patch dissolving in the oral cavaby Patches widls dissobmble
backings aze shorter ocling than pasches with non-dissolvable
backing. Cral mmcoenl dosage forms ars comvendent, sasy toouse, and
biave the potential to offa a low-cest and pamles altemative ta
peee mvasive soutss of adindvisteation, Esch delivery form offers
very distmel delivery characieristics that cm be used m a broad
range of therapies, The majosity of patches provide a longer pervod
over which b0 defiver the formulated as  esther sclventcast
mumad;.'l:.-sh': polviner dises or dmug to and (hrowgh the buccal
M5

Crel-forming liguids and fr sife gel

WVisooues liquids lsave been mvestignted primarily to coat the oo
o Bot As o proteciant or @ vehicle for drug delivery for the meatmemd
of local disorders, inchading modility dysfonction, fimgal infections.
Using sediom nlginate suspension 25 a novel mondhesive liquid,
researchers showed thot fhe esophageal surface can be coated o
profect against e amd can deliver (erapesmic agents 1o the
damsaged mueoss, The retention behavior of various boadiiesive
formdations was evaluated on e  escphagpes]l swrface under
conditioes mbnicking the salivary flow. Both pelvearbophil and
santhum gum demomstated excellens bicadhesive potential, and
carmellese sodinm and theromossnsitive pofosamer (Lutmal 407)
demopstraiad  poor retention. A thamesensitive  hoydrogel  of
poloxziser covalenily Tmked 10 polvecrylic acil mxt carbogol, Tliis
“gsophageal bandage”, upen oral admimistration,  demsonstrabad
stmificant retention withm the esophagus™.
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Commercinl mocomdbesive dosage farms

Some  comamercially mvailable mucoadhesive - dosage forms" are ligted in table 5

Tabke 3: Commerrial mecosihesive Barms
;;miwl Cleneric nams Commvneanl peme | imsUbctier ard macketing Epa:i.l.lmd.mhg:.lap-‘n-ptuiﬂ |
| Tablet'Lozenge | Fentamd buocel tebi= Femoms " Cephalon, s fuzer, PAUSA OuzesreatE doig delivery
| (wockay Oirnl raammmisasl Tma pharmarcertical. techoalogy
femtany| extrsie Achi T Sedlaraalla PA USA Efferrencam Loxenps ilin raforred o
oxenge s Jotli
Mietine replicimen | scoreded g Wluingal trermacional, conpuEs Sipgar- i therapamic weoling
theapey meoieel Jozenee | wyeth avast labonmon=s US4 chevabile gum or disscdimg Jozengs
| -.I.-.E..I_l .ﬁ]..n:. nialpiinbiiidik }:}cn—i&f_'ului'. ﬁfiﬂ%u-. E;Fﬁ'ﬁl-;- LTS !
Fentamyl buccal Umsahsd Shadon, W, R4 BwErndible Muveidhesne
izsohualike film Wity Ploriresmumcals bn: | TeTndng ¥ from Binlslivery
1 Somers=t, NI, UEA SCESIN B |
CONCLUSION Thormseanica] Sesenon 1985 50; 145.52.

o ihe pes few decades, reseanch o Doccal dreg delivery las
revealed remaricable growil and sdvapces. The iranseicossl ronge 15

becamang nwee ed move popula because it = havme sigificant
advantages like avoidaisce of first pass mefabolisim m the liver and
pre-systemic elimmation o the gastrointestinal fract. Dhespite the
ndvantages of delivering dmgs through baccal mnscosa, this rowte is
still very challenging, with the mam obstacles being the lmited
ahsorptmn ares and the bamer properties of the momosa, The
sipatepes snpdied 10 overcome cuch obstacles melude use of
materials  that combie anwoadhesive,  poetration  enlsoes
propartica and e design of novel femmulations, which besddes

improving pefient compliance faver o mtmoate and prolonged
contact of the diag witl the absorpibon mscesa. Mew and unfoeeceen

challenges are expected in the use of mocoadhesives tor the debvery
of new dimgs and in fhe scanch of ideal moccsdhesives.
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