CHAPTER 11
LITERATURES REVIEW

Oral cavity as site for bioadhesive drug delivery

Attention in the area of soft tissue based mucosal delivery, and several
formulations are now commercially available or under development. Such systems

dramatically increase dosage form residemcgptime, as well as improve intimacy of

contact with the tissue, thereby lo
therefore, has the potential to maifits
the oral mucosa (Rajesh and Josepk

-

Bioadhesion is an in -‘ bwo materials, at least one

of which is biological, aregfe 1nterfac1al forces. The
attachment is typically betWe ac al- ’ \\ \. ological substrate, such
as adhesion between a polyafier @ng r ;- o,P biological membrane. In the
case of a polymer attached® tg the Wlayer ucosal tissue, the term
mucoadhesion is employed. T §akDiC . . '_ drig delivery systems for local
and systemic delivery via the ora.l ré’?-‘ Wr sed in this review.

The delivery of ther j“ stemic delivery, via
the oral mucosa offers a aUmber of advantages over con rjl tional routes. The oral
cavity is convenient and easily=accessible. Thig route is expected to have a higher

level of patient ﬁn%rﬁ %nw wls wtﬁqulﬂ ?nzyme and acid

mediated flux degl%atlon and “first pass metabohsm the two Jor barriers
associated ‘atﬁ ﬂe&ﬂrﬁ m? q 16] E}ﬂ}ﬁ ﬂhls route.
Circulation i the oral cavity mucosa is drained by the internal jugular vein, thus

absorbed drugs will enter the systemic circulation directly and will bypass first pass

liver metabolism.

Localization of drugs and other formulation adjuvants is possible. Thus,
protease inhibitors or penetration enhancers can be incorporated to locally modify the

tissue and enhance permeability.



Overview of oral mucosa

The oral mucosa is a complex series of tissues demonstrating a range of
permeabilities. The differences in barrier properties reflect the structure of the oral
lining in different regions of the mouth. It is useful to briefly review the oral mucosa

structure relevant to drug delivery.

1. Structure of the oral mucosa

The oral cavity is lined with stratified soidmous epithelium, below which lies the
basement membrane, supported by a connecs vé €s je lamina propria as shown in

figure 1. Classification of epifhelim into ge wl layers is usually difficult

atlmzed oral eplthellum,

rows of slightly flattendg fepresgntis ,_ -‘ ayer. This layer is also

further divided into the

because well defined stra:

are absent. There is a w sells succeeded by several

referred to as the spinous g

upper (superficial) and low, ‘ v- malmng one-third of the

epithelium consists of flattengd ulicled ed “ - St perficial cells. Beneath the

epithelium is the underlying cghne eferted to as lamina propria. The

lamina propria consists of collagé f [ orting layer of connective tissue,

blood vessels, and smooth ed via_the oral mucosa gain

access to the systemics b{:‘"'ﬁ":'ﬁ?"ﬁ};’::‘“‘“‘;:\ ‘ s and capﬂ]anes As

shown in figure 2, the ‘ 0 ined with a masticatory

. S $ - rll
m has a cornified surface cont aining keratin. The labial

and buccal muco uﬁ ? ﬂﬂ'j of the tongue are
lined with non-ke at ions represent the
major absorption sxte in the oral cavity. ¢
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mucosa, where the eplth
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The thickness of the oral epithelium varies depending on the location and
species. In humans, dogs, and rabbits, the buccal mucosa measures 500-800 pum in
thickness, whereas the floor of the mouth, ventral tongue, and gingiva region measure
100-200 um. The surface of the mucus membrane is continuously washed by a stream

of about 0.5 to 2 liters of saliva daily.

The composition of the epithelia varies depending on location. For a detailed

discussion of biochemistry of the oral mucosa, the reader is referred to the review by

keratinized epithelia contain_loW™m @teins whereas those of
keratinized epithelia contat Ffoldcular “weight™Keratin. The keratinized
epithelia contain neutral | ofg S anc u\\ ides which have been

' \ erly 981 and Wertz, et al ,
AN

keratinized epithelia, such as of thiesmouth\and the buccal epithelia, do not

associated with the barrierafifncybnd Yafdlcy -

ater. In contrast, non-

contain acylceramides and possgss Only il a 1tS 10 \ eramide. They contain few
neutral but polar lipids, pafticdlarlysiehiolost sulfate” and glucosyl ceramides
(Squier, et al., 1986 and Cura olo,' - “The ithélia have been found to be
considerably more permeable to wat :

1985).
) 7

d epithelia (Squier and Hall,

2. Permeability and penﬂability barriers of the oral mu@

o o oYU ANEN IS . e

excludes potentially dangerous endo enBus or exogefious substances®fesent in the
oral cavity.kag]ka ﬁ% ml‘;%u u%s gama:a:&ithelium.
However, unﬂke the skin, which has a dry surface coated with sebaceous lipid, the
oral mucosa is always moist because of saliva that is constantly secreted and it does
not show the presence of keratin (buccal and sublingual). These dissimilarities with
skin make the oral mucosa more permeable than skin. The buccal permeability value
for water (Lesch, et al., 1980) suggests the permeability coefficient (K;) values for the

oral mucosa to be greater than that for skin. This improved permeability of the oral

~J



mucosa, as compared to skin, holds for a wide variety of drugs. Both the gut and the
oral mucosa are kept moist all the time. However, the gastrointestinal tract is lined
with columnar epithelia, highly specialized for its absorptive function. Hence, one
might expect the oral mucosa to be less permeable than the gut and to have
permeability characteristics between that of the gut and skin and closer to the gut than

skin.

2.1 Experimental systems

The techniques to measure g been reviewed by Harris and
Robinson (Harris and Robinsoi™19 pne"and Hadgraft (Rathbone and
Hadgraft, 1991). A simple g Vasrge. me; h me the permeablllty of

drugs across oral mucosa
1967). In this method, a soli

__ s (Beckett and Triggs,
g is swirled around the
mouth by movement of the \_- length of time. The
solution is expelled and subseg 3, content. The amount of
drug absorbed is then calc ‘the amount contained in
the original buffered drug sol ered. Several pre- and post-
test modifications of this method exi m é‘ g e, and have been reviewed by

Rathbone and Hadgraft (Rathbone.. r;-; -«;&' oraft)d The major disadvantage of

this method is that it ¢ vr__::.;‘;mm—— dtive permeabilities of
different areas of the oral*¢ayit crthie area of absorption,

which may result in conside: le inter-subject variations

—— meﬁdum PEILINE 3 Tui et

airtight sampling chamber comprised ofia standardized disc of dry, ash-free filter
paper is OVQ Wvﬂha *a f})@w “%ﬁ}qnﬂ EI Java &c]ugh this
technique canefine the oral cavity area, it suffers from inherent disadvantages such
as adherence of the disc to the membrane, leakage of drug from the disc, and

interference from salivary secretions.

Some of the limitations described in the above method can be overcome by
using in-situ perfusion cells or a similar device that is either clamped or attached to

oral mucosa (Barsuhn, et al, 1988, Veillard, et al., 1987, Zhang et al, 1989 and



Yamahara, et al, 1990). This method measures absorption by measuring
disappearance from perfusate, appearance in bloodstream, or pharmacologic response
and the technique permits isolation of the area of interest within the oral cavity. The
main drawback with the perfusion cell is leakage and large inter-subject variation.
Recently, Rathbone (Rathbone, 1991) reported an improved buccal perfusion cell’
design eliminating the leakage problem, maintaining low perfusion circuit pressure,

and reducing intra- and inter-subject variations.

The most recent technique to s S | permeability involves the use of
cell or tissue cultures (Tavakoli-Sab ‘and 89). The cell differentiation
observed in cultured cells is nofiidentical toy 1

with the development of ti

n intact tissues. However,
s that this technique may
be, by far, the most usefu. i y transport phenemena at the cellular and

subcellular levels.
2.2 Permeability barrier

It is currently believ arrier in the oral mucosa is a
result of intercellular material derivéd from the “membrane coating granules
(MCGs)”. This barrier exist 5462 of the superficial layer.
Permeability studies 54 |
nitrate and horseradish perox i
r0 ,000), 5-6 nm in size,
while lanthanum m two tracers have
different sizes, bﬁﬁﬁﬁ?ﬂzm jﬂd o be confined to
aqueous pathv%s through the mucosa® To 1call;]ai ied tracers did/not penetrate

further thﬂ ’Zl,aa& ﬂ ;m m}&llla EJubes were

introduced's?xbeplthehally, they extended through the intercellular spaces into the

properties. Horseradish pé

prickle cell layers. In both keratinized and non-keratinized epithelium, the limit of
penetration coincided with the level where the MCGs could be seen adjacent to the
superficial plasma membranes of the epithelial cells. Since the pattern of penetration
is similar in both keratinized and non-keratinized epithelia, it is unlikely the

keratinization, is a major barrier for penetration. Since the limit of penetration



coincided with the levels where the MCGs are seen, it appears that MCGs are
involved in formation of the major barrier for penetration. Microscopically visible
tracers like horseradish peroxidase and lanthanum can provide useful information on
the site and extent of the barrier in the epithelium. Autoradiography studies of small-
molecular-weight peptides confirm that only the outer one-third of the epithelial tissue

is rate limiting and no barrier properties are found beneath this layer.

MCGs are spherical or oval organelles, about 100-300 nm in diameter, found

ell plasma membrane. The

process of membrane thickems d is apparenfly due to

accretion of unidentified & ace of the membrane.

MCGs first appears in cell atinized epithelia, and
at about the same distance . eratinized epithelia. The
majority of these granules appée : : \ uperﬁcxal border of each
cell. As differentiation proceed ¢ intercellular spaces by

exocytosis, with the membrafie

Among epithelial cells, MCGs 2

ed into the cell membrane.
ratified squamous epithelia.

Their presence does not appear to dép e or degree of keratinization.

The number of "-'--M...;a:;-m:;afhn region, and differ
ed cpithelia. In the MCGs

efe is a complex internal structur€ of parallel lamellation
which consists of a t rﬁ % bands. However,
MCGs of non—keraﬁ;ﬁ iﬁm ﬁ EJJ i‘raﬁ ilntemal structure
(Silverman and Keams 1970). The grantiles are enclesed in a trilamifiar membrane,

but the conQ Sﬂe'})a teular dnd paeesaticedtrallyl/dorad tolldYe f klear zone

beneath the limiting membrane. The work on these granules has been mostly

. - o /)
between various sites withimn

of keratinized epithelia, the

structural. MCGs of keratinized epithelia have been shown to contain polar lipids
(glycolipids and phospholipids), glycoproteins, and a number of hydrolytic enzymes.
Characterization of the enzyme content of the fraction revealed it to be rich in acid
phosphatase, carboxy peptidase, cathepsin-B, acid lipase, sphingomyelinase, and
phospholipase. However, the enzyme content was strikingly depleted in all sulfatase,

B-glucuronidase, and the non-lysosomal protease (Grayson, et al., 1985).
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It has been shown that for some compounds the barrier to penetration is not
the upper one-third of the epithelium. Alfano and his co-workers (Alfano, etal, 1975)
studied the penetration of endotoxins through non-keratinized oral mu;osa. The
results of their studies indicated that the basement membrane is a rate limiting barrier
to permeation. The structure of the lamina propria is not sufficiently dense to present
a barrier to permeation of relatively large molecules. Hence with few exceptions most

studies reveal that the outer one-third of the epithelial tissue is rate limiting to

permeation. ’ , //
2.3 Mechanism of drug tr

Substances can b

al membranes by means
of simple diffusion, carrj ort or other specialized
mechanisms, such as endo i »‘ clIS, “the o .% epithelium and epidermis are
capable of taking up materi y x{ in the basal and prickle
layers, it does not seem liKely ; across an entire stratified
epithelium. There is considérable : '.! it S ustances passing across the
oral mucosa move by simple di * ly works of Beckett and his
co-workers indicated that loss o '- : eloral eayit / occurred by the process of
passive diffusion of the non-ionized form in accordaned with the pH-partition
hypothesis. Some aming a¢ e, are reported to be

transported via a carrier- ins, like L-ascorbic acid

(Sadoogh-Abasia rﬁﬂ:ﬁ ﬁhﬁl ﬁﬁ(ﬁﬁl t al., 1980), and
thiamine (Evered ‘Ej edlated transport.
While both glutathlone and homocitrdlline are tramsported by a gatrier-mediated

o, RO RSO RI Y PEDe e

sodium depé‘rdent. A few monosaccharides (Evered, et al., 1980) have been proven to

ediated process. Also, certain vita

be transported by a carrier-mediated process.

Two potential routes across the oral mucosa can be classified as non-polar and
polar. The non-polar route involves lipid elements of the mucosa by partitioning of
the drug into the lipid bilayer of the plasma membrane or into the lipid of the

intercellular matrix. The polar route involves the passage of hydrophilic material

K |



through aqueous pores in the plasma membrane of individual epithelial cells, or 10nic
channels in the intercellular spaces of the epithelium. The rate at which a given
substance will pass across the oral mucosa is determined by its partitioning between
the lipid and water (Schanker, 1964). Substances with high lipid solubility will be
transported across the lipid rich plasma membranes of the epithelial cells, while water
soluble substances will pass through the intercellular spaces. An alternative
classification involves passage through intercellular spaces between the cells, i.e., the

paracellular route and transport into and across the cells i.e., the transcellular route.

Some of the electn'c{ reit ;\ epithelia as leaky or

tight include the measu stant e Or [ \ ;
Diamond, 1972). Accordingfy. g"\x

difference are classified as le ( \\

ifference (Fromter and
\\ dder, rat duodenum and
)W resistance and potential
able. The gastric mucosa of
the fundus of nectrus (Spe 149 : ' trog N, toad bladder epithelium, and
the rabbit buccal (Gandhi and Ro --; 166 th high resistance and potential
difference are classified as tigh fof b etter permeability, the nasal,
rectal, and vaginal m cm———_—m‘; ral area (buccal and
sublingual). However, bécau ity of the oral mucosa,

n be fabricated and drug actio

appropriate dosage forms be terminated at any

time by simply r li s are expected to
have high comph ﬁcﬂf iﬁﬂ:ﬂ] ﬂlmlﬂ iso, according to
the natural ﬁmctlon of the oral mucosa, it is routimely exposed toa multitude of
foreign suQ w Iqralﬁxa ﬁm qu:a\am El ’](a t&lrreversible
damage by drug, dosage form, adjuvants like penetration enhancers, enzyme
inhibitors, and/or solubilizers. Thus, in spite of undoubtedly higher natural

permeability of most other routes, the buccal area appears attractive for delivery of

certain drugs, particularly if bioadhesives are part of the delivery system.
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Factor affecting bioadhesive

Formation of an adhesive bond between a polymer and biological membrane,
or its coating, can be visualized as a two step process. The first-step involves initial
contact between the two surfaces. The second step involves formation of secondary
bonds due to non covalent interactions. The surface of the biological membrane, and
the surface of the adhesive, form an interfacial layer between the two surfaces and this

interface causes bond formation. In most cases, the adhesive interaction would

membrane. In order to gai \ erstanding Of¥interfacial events, a brief

discussion of the charact
1. Biological me

The oral cavity is ¢ witha gellik cture known as mucus. Hence,

during the process of attac ials must interact with the

/ ; |
e ’
mucus layer. Mucus serves as a link betw adhesive and the membrane. The

composition of mucus varie 2) imal species, anatomical

locatiom a_rld whether C=IL\’QII_L‘-II-£—I|II.IIMl;‘i%-;--- ]cal State There ls

i ‘ i
considerable variation in thick #cus layer within the oral

mucosa. Mucus is synthesi ed either by goblet cells lining e epithelia or by special
exocrine glands ﬁ m . Mucus secreting
glands contain a\'@uﬂ ﬁﬂﬂ ﬂwlﬁ s released on the
surface of the epithelium.
Q‘W'] a\‘lﬂ‘im UNIINYIAY

cus is a glycoprotein, chemically consisting of a large peptide backbone
with pendant oligosaccharide side chains many of which terminate in either sialic acid
or sulfonic acid, or L-fucose (Beyer, et al., 1979). The oligosaccharide chains are
covalently linked to the hydroxyl amino acids, serine and threonine, along the
polypeptide backbone (Ginsburg and Neufeld, 1969) as shown in figure 3. About 25%
of the polypeptide backbone is without sugars, the so called “naked” protein region,

which is especially prone to enzymatic cleavage (Silberberg and Meyer, 1982,

13



Kandukuri, 1977, and Scawen and Allen, 1977). This region, being rich in charged
amino acids, chiefly aspartic acid is involved in cross-linking via disulfide bonds
between mucin molecules (Scawen and Allen, 1977, and Mantle and Allen, 1981).
The remaining 75% of the backbone is heavily glycosylated. A highly extended and
flexible molecular conformation is suggested for mucus glycoproteins (Morris and
Rees, 1978) to permit maximum ability to sorb water. The terminal sialic acid groups
have a pK, value of 2.6 (Komfeld, 1976). Therefore, the mucin molecule should be

viewed as a polyelectrolyte under neutral or slightly acid conditions. At physiological

mucus is due to disulfide li ngle secondary bdnds, 2.

electrostatic, hydrogen bo - . Silberberg and Meyer,

1982). Hence, mucus can L macrom ‘ iation linked together
via cross-linking, which gigs 0 an agere: \\\ ture. The glycoprotein

fraction of the mucus impart ‘ 2 : n \% «- istic to mucus due to its
: -Himes  its ‘weight of water. Under
physiological conditions, the gly prm@xé' of a‘wide range of rheological
behavior, including gel formation. Wiicas Has strofé cohesive properties and firmly
binds to the epithelial cell surfz s, ayer, and the gel obviously

behaves as a non-Newtosiian fluid {Snar -—--..—-:---—s-----\ ¢ ntratlon of mucus in
solution may be the mdGsi ermining its rheological

properties. Involvement of the epithelial cell layer, the structdre and density of the cell

surface oligosacchanv ﬁsﬂ ﬁ mﬁj d proteins must
be considered in ﬂ\ han ﬁ ﬁ:smn Adhesive
properties of cells may also be due to their “fuzzy coatfaglycocalyx, whig¢h consists of

AT (e XTI ey i Yy TR

contains watgr, electrolytes, sloughed epithelial cells, enzymes, bacteria, bacterial

byproducts, and other debris (Schachter and William, 1982).
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2. Polymer-related factors

Park and Robinson (Park and Robinson, 1986) have listed the polymers that
are currently used in bioadhesive systems. It appears that a variety of polymers can be
used, including many water-soluble and insoluble hydrocolloid polymers, both ionic
and non-ionic, as well as insoluble hydrogels. Drug release from soluble polymers
typically occurs by bulk erosion. However, drug release from insoluble hydrogels

follows either Fickian or non-Fickian diffusion kinetics. The bioadhesive properties of

984) it seems that the
bioadhesive force incr Cul dhesive polymer, up to
1,000,000 and beyond this S \\"\ \ ear that, to allow chain
interpenetration, the polym usk, have, an ads quate length. It is also
necessary to consider the size onfigy tion of yolymer molecule. Besides
molecular weight, spatial conformatioa :‘ e I8 is also important. Despite a
high molecular weight of 19,500,00¢ 5{{, : have similar adhesive strength
‘ cight 200,000. The helical

confonnatlon of dext ‘.u;—.m.v—u..r_.;:—...a_..u_—_.a;..-_“...u.__\' lve groups unhke

to that of polyethylene glyco

polyethylene glycol po ‘“ O rmatlon (Gandhi and
Robinson, 1988). . :

G ANEN WY N
i 'aeaaammu BAINHIAL). e

concentratron of polymer (Gurny, et al., 1984). When the concentration of polymer
increases, the adhesive strength decreases significantly. In a concentrated solution of a
polymer, the coiled molecules become solvent-poor. As a result, the macromolecules

approach the dimension of an unperturbed state, and the available chain length for

penetration decreases.
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2.3 Swelling

This characteristic is related to the polymer itself, and also to it
environment. Swelling depends both on polymer concentration and on water presence.
It must be remembered that, when swelling is too great, a decreasing in bioadhesion
occurs due to formation of slippery.

~

3. Environment-related factors

pH was alsesfotingd, AVE C fFect on mucoadhesion as
observed in studies of po

(Park and Robinson, 1984

ked with carboxyl groups
surface of both mucus
and the polymer. Mucus wil#tha different ¢ g y'on the surface depending
on pH because of the differesce : dissQc ation 'of ' nctional groups on the
7 . \ \- ide backbone. Robinson
and his group observed that"thg JEthe thedium tical for hydration of the
lightly cross-linked polyacrylic'a -‘ > apparent pK, for the polymer is
approximately 4.7 (Ch’ng, et 2 dhesion was observed at pH 5
and 6 and a minimum % .;;==;....-...,....;..._~:.‘;.~-........-...A\_,.s‘ difference in charge

density at different pHs. . 'r"' in and the polymer are

influenced by pH, which in m affects bioadhesion

32H£lUEJ’ZI VIEJVIW\I gIN3
QARSI NRAT NN Yo

network establishes a swelling force or net osmotic pressure. This drives the solvent
into the polymer gel from the more dilute external bulk solution. The presence of
counter-ions reduces the fixed charges on the polymer. Hence, the presence of ionic
species in a polymer solution can significantly influence bioadhesive strength. The
swelling state of the polymer contributes to its bioadhesive behavior. The general
belief that increased swelling increases bioadhesive strength is not true, as is

evidenced by the decrease in adhesion above the pK, for the lightly cross-linked

17



polyacrylic acid. Maximum swelling occurs above the pK, . For example, in the case
of Orabase®, the wet adhesive strength increases with an increased degree of
swelling. However, excess water results in an abrupt drop in adhesive strength and
thus, adhesive strength is optimum at a certain degree of hydration. Sufficient water is
necessary to hydrate the mucoadhesive to expose the adhesive site for secondary bond
formation, expand the gel to create pores of sufficient size, and mobilize all the
flexible polymer chains for interpenetration. When the degree of hydration is high,

adhesiveness is lost, probably due to formation of a slippery, nonadhesive mucilage in

ceased.

Theories of bioadhesion

The surface characteri : i ﬁ sil of the m coadhesive material, as

well as, the substrate and the asgbciated ap '4' d.forge to bri 1g the substrate in contact
) . ‘ uele .

are important parameters in a on. Bonding occurs chiefly through

both physical and weak chemi

entanglement of the adhesive

mechanical bonds result from
mucus chains. In this regard,
mutual diffusion of the polvmer and mucin chains will resuli i fdaximum attachment.

: \
3

Chemical bonding may :Vi:‘ : ary bonds are due to

covalent bonding and seco ary bonds may be due to electrostatic, hydrophobic, or

hydrogen bonds. t':: racti ; e ing appear to be
important as a resﬁj ' imwmrﬁgr[ﬁhydmxyl (-OH),
carboxyl (-COOH), sulfunc acid (-SO;H), and amings(-NH,) groupsiHydrophobic
bonding oca' wqa b%l&r@%“%wﬂ]h@mﬂq axeﬂs solution
due to a ten(ﬂmcy of water molecules to exclude non-polar molecules. The van der
Waals attraction between hydrophobic groups have binding energies between 1-10
kcal/mol, whereas hydrogen bonds between hydrophilic groups have an energy of

about 6 kcal/mol. Hydrophobic bonding is generally considered to be the most

important in bioadhesion.

18



Several theories have been developed to describe the process involved in the
formation of bioadhesive bonds. These theories have been used as guidelines in

engineering possible bioadhesive drug delivery systems.

1. Wetting theory

o

The ability of bioadhesive polymers or mucus to spread and develop

intimate contact with their corresponding substrate is one important factor for bond

mucus glycoprotein and m small interfacial tension

exists up on wetting 0 \ the development of

mucoadhesive bond (Kallawe

Li, Bhatt, and Jol e bioadhesive properties of

several different mucoad results of contact-angle

measurements indicated tha ith an increase in amount

of carbopol in the formulaf on Afiditional he calculated values, using a

modification of Dupre’s equation-€£80h wo! K esion between the water and the

patch (W;) and betweenthe patch and freshiv-b i8S rabbit buccal mucosa
1€ patch and HeSiuy- :

(W) increased with incréase &

ulations. A correlation

was found between the measured contact angle and the calculated values for W,. The

direct measuremfgjﬁxzjoﬁ ir w 'mg )1 1 _patch from excised
rabbit buccal m qﬂs t ﬂH nstrated’ t idhesive strength
increased with increase in amount of carbopol. Fhis study has ghown that the

rrar R WAR A TR I KRR B it
the work of adhesion, and may serve as a convenient and rapid screening procedure to

identify potential mucoadhesive buccal-patch formulations.

2. Dittusion theory

The diffusion theory suggests that interpenetration and entanglememt of

bioadhesive polymer chains and mucus polymer chains produce semipermanent

19



adhesive bonds, and bond strength is believed to increase with the depth of
penetration of polymer chains. Penetration of bioadhesive polymer chains into the
network, and vise versa, is dependent on concentration gradients and diffusion
coefficients. Obviously, any cross-linking of either component will tend to hinder
interpenetration, but small chains and chain ends may still become entangled. It has
not been determimed exactly how much interpenetration is required to produce an
effective bioadhesive bond, but it is believed to be in the range of 0.2-0.5um. And the

more structurally similar a bioadhesive is to mucus, the greater the mucoadhesive
bond will be. W
3. Electronic theory/ __‘ |
The electronit/ ;\Q’l ggested by Derjaguin and

occurs omcontact of an adhesive

Cdifférences in their electronic
structure. This results in fogMati f g uble layer at the interface.
i ble layer. Such a system
behaves analogous to a capécit fien is el hen two surfaces come in
-

contact, and discharged when th€y d ‘g,

LTHIN I

4. Fracture theor o

.. X

The most usml theory for studying bioaﬂesion through tensile
separate two surfaﬁ'l a esion. ‘ , told! re properties of
an adhesive union from separation experiments, failure of the adhesive must be

s R Y HIE G A0 Fbb Bl

fracture rareﬂ', if ever, occurs at the interfacial but instead close to it (figure 4)

(Ponchel, et al., 1987).
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Figure 4 The interaction between mucus layers and hydrogels (Gupta, et al., 1992)



5. Adsorption theory

Adsorption theory has been described by Huntsburger (Huntsberger,
1967). According to this theory, after an initial contact of the two surfaces, the
material will adhere because of the surface forces acting between the atoms in the two
surfaces. Weak interaction of van der Waal type plays an important role. However, if
adsorption is due to chemical bonding, i.e., chemisorption, then ionic, covalent, and

metallic bonds play an important role at the interface.

|
'% our interest is primarily in

ion, - ears best explained by a

hough other mechanisms

1. In-v:tro method

v{

Most in-vitro methods are based on the measurement of either shear or

PP ma;ﬁ ;mammm‘*ﬁ:::“:;
z:;'::mmﬁﬁ LA @GN (1A b

solution is etermmed under constant experimental conditions. Additional in-vitro
bioadhesive tests have been described, most of which are peeling or tearing tests. The
bioadhesive strength of biological cells, measured in vitro, have been described by
Hubbe (Hubbe, 1981). Gurny (Gurny, et al., 1984) described a microbalance approach

consisting of a specially designed system mounted on a typical tensile tester. This

22



method was used mainly to measure adhesion of a sublingual controlled release

dosage form.

For purposes of drug delivery, the degree of binding of polymer to the
mucin/epithelial surface is of primary importance. Robinson et al. (Park and
Robinson, 1984) developed a fluorescence probe technique using cell cultures which
indirectly measures the binding between a polymer and epithelial cells. Thus the
binding of polymer to the lipid bilayer of a cell membrane, containing a fluorescent
probe, which compresses the lipid bilayg in a change in fluorescence. The

] t
change in fluorescence is prope ‘_ ngg of polymer to the cell

(Park and Robinson, 1985)

utilizes the force required to scpa excised rabbit stomach

tissue. This method uses a_g ad is particularly suitable

for studying insoluble polym the tissue, as show in

‘ L ~ Cig ighed glass vial placed in
placed in a beaker containingfUSP Simulat: d gastric i Another section of the

figure 6, having the mucus si

same tissue is placed ove ucus side exposed and

secured with a vial cap, and/8 S placed between the two
mucosal tissues. The force reg i d "t slpolymer from the tissue is then

recorded.

1984) includes the de&gnjnd devel opment of an mstrunmlt which quantitatively

measures the force of detachfnent between the éndothelium of excised rabbit cornea

and polymeric maﬂa]ﬁ’t&}n%%& msm&’] ﬂ,ﬁ 1986) utilizes a

thin channel made o%'hlass or plexiglassfilled with ﬁc1al mucus o&paxural mucus
mainained @) 3} QTR T &PWV}%M@ pfemicd 04
laminar flow*f air with a parabolic velocity profile. By photographing the motion of
the particles and determining velocities and other important parameters, both static

and dynamic bioadhesive behavior were studied.
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Figure 6 A modified surface tensiometer (Park and Robinson, 1985)
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2. In-vivo methods

In-vivo methods are obviously more meaningful than in-vitro tests,
because such methods presumably provide a more realistic picture of expected
behavior. In-vivo GI transit studies, using male Sprague-Dawley rats, were conducted
by administering capsules of test polymer. A capsule containing solid control or test
material was surgically placed into the of anesthetized rats. The rats were permitted to

awaken, and at suitable times the animals were sacrificed. Different parts of the

stomach and small intestine were exa e polymer. Davis and coworkers
(Freely, et al., 1985 and Davis, 1985 ibcd a noninvasine technique using
amma scintigraphy ft 1 &t istics of pol test
g graphy for exami eristics of polymers in
animals and humans Hunt dy the adhesive force in

of potential candidates for ive the same rank order

dosage form containing g is the best test for

bioadhesion.

desage form either by :
(method 1) synthesizing thg 1 'ction mixture and there
by incorporating the m'lihmatnx, or ?meﬁbd 2) incorporating the drug during

‘Doling Ond §tlthg disadvantages of

method 1 may be d&l,omposmon of the drug during p mer synthesi arncularly at

o n Gy TR P A 5 o

One or more adjuvant may be added to the bioadhesive dosage form

swelling of the p

depending on the nature of the drug. One of the common disadvantages of delivery
via the oral mucosa is low bioavailability because of poor membrane permeability or
metabolism at the absorption site. For less permeable drugs, it may be possible to add

penetration enhancer to the bioadhesive system. Most penetration enhancers that are
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used in transdermal delivery (Gibaldi and Feldman, 1970) have been proposed for
oral delivery. Non-ionic surfactants, like polysorbates, and ionic surfactants, like
sodium lauryl sulfate, have been widely used in transdermal delivery. Other agents
like azone, oleic acid, ethanol, propylene glycol, bile salts, dimethyl sulfoxide, and
dimethyl formamide have also been used. Extensive mechanistic studies, to
understand the penetration enhancement effect by these compounds, have been
reviewed by Barry (Barry, 1987). However, relatively few studies have been done in
the oral cavity. Buccal permeability of insulin, dextrans, and small hydrophilic and

surfactants, and bile salts (Nagai; 19! : ), Aungfisfciral., 1988, Aungst and Rogers,
1989, and Kurosaki, et al., 1989)M '
sodium 5-methoxy salicyla

ers studied citric acid and
aoters using patches of both
high and low viscosity hydso e results of their studies
revealed an approximately 400 eingf b e 6fthe ! /Totropin concentrations with
both high and low viscosii . » - .
showed a similar increase wigh tié 10 : [ i poly nly. Besides conventional

penetration enhancers, cerfainfenz: /mes haye; shown pro ising results for buccal

delivery. Squier (Squier, 1984) ha rted the se ¢ “chondroitinase in increasing
permeability of horseradish pe xx@—?wl ou jucing significant tissue damage
Tissue damage by penetratlon enha:gg\?ﬁs% vity bioadhesive dosage forms
must be evaluated. For, a‘penetration enh: is important that its

fully evaluated before use! For drugs undergoing enzymatic degradation, one can

incorporate an articularl tides and roteins. Possible
e mh.mﬁ;i;m A WAL 300, 1 o
optimize the absorp on of drug, the local environment.may need to bg,modified using

iR RHRFUUNTINYTR Y

Bioadhesive dosage forms

Recently, a number of interesting papers dealing with adhesion have been
published. With a better understanding of the mechanism of bioadhesion, several

bioadhesive dosage forms have been reported. Within the oral cavity, the buccal
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region has been extensively explored and appears promising for certain drugs. Hence,

this region will be discussed in more depth.
1. Buccal

The buccal epithelium is highly vascularized . The papillary contour of the
basal region allows efficient vascularization of the cell layer. The higher permeability
of this tissue, in comparison with skin, effective vascularization, bypass of first pass

metabolism, and accessibility of this tis presents advantages in delivery of

therapeutic agents via the buccal, the presence of a smooth and

relatively immobile surface ft ve dosage form, the buccal
region appears to be more erapeutic agents using a

bioadhesive system.

Particularly withd fres: \ ility of the tissue and
enzymatic degradation are [ 1 loavailability. The buccal
membrane is reported to | , bohydrases (Giannitsis,
et al., 1972). Using 4-metho yh antide  of el W acid alaiibie 44 substrates,
Dt »ino rabbits, the buccai mucosal
activity of amino peptldase usmgji@ omiogenates, is comparable to ileal and
duodenal amino peptidase ma membrane bound
peptidase), and aminopeptic \' d in the buccal tissue

(Kashi and Lee, 1986)

pwever, the enzymatic activity using this method may be

overestimated, rther Swerk ﬁmred t6 establish the role of subcellular

organization of th H&J[Jdms o} Ssplied fofraktis methodology.

Studies with insulmq!md proinsulin showed buccal protease activity topbe 4-times less
cnpt ) 18 Sy R T BVIS B BRG s
distinguish Between extracellular and intracellular activity of the mucosa. Schurr and
coworkers (Schurr, et al., 1985) have attempted to deliver peptides like thyrotropin
releasing hormone by designing a self adhesive buccal patch. A more prolonged TRH
effect was observed after buccal administration, compared to nasal and intravenous
administration. However, the blood levels were not close to the therapeutically
desired levels. Particularly with peptide drugs, low permeability of the tissue and

enzymatic degradation are two major factors for low bioavailability. Both the issues
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of poor permeation and enzymatic degradation for peptide delivery can be overcome
by incorporation of penetration enhancers and suitable enzyme inhibitors in the
bioadhesive mucosal dosage form. Since there is a limit to the size of the bioadhesive
dosage form, only a limited amount of drug can be used in these systems. In general,
any drug with a daily requirement of 25 mg or less would be a candidate for buccal
delivery. Drugs with short biological half-lives requiring a sustained effect, poor
permeability, sensitivity to enzymatic degradation, and poor solubility may be
successfully delivered via a bioadhesive oral mucosal delivery system. ‘Relevant

bioadhesive dosage forms in the bu include adhesive tablets, adhesive gels,

adhesive patches, and adhesive

1.1 Adhesive table/

Unlike conventi “b75; n'l\ tablets allow drinking and

Tri; ci ‘\\\'\:- (Nagai and Machida,

sage forms will be discussed

briefly.

speaking without major
1985) has been formulat
aphthous stomatitis. The do

. -\- ,\ esion for the treatment of
: in, do le layered tablet, as shown
in figure 7. The upper supportifig Kaer-consist ose, and the lower layer has a
bioadhesive polymer, hydroxyprops ._‘ lose rtbomer, This formulation was
effective at a lower doge: ’"""““"—.f ed in Japan under the
trade name Aftach®. D V ' :'1'.‘ adhesive tabiets on the

basis of eroding/hydrocol ]-I d filler tablets. The tablets remﬁed in place for about 3

o i LR g
RINNIUUNIININY
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white adhesive layer

(containing active ingredient) ' /

1.2 Adhesive gels

Various adhesj use ¢ drugs via the buccal mucosa
and allow sustained release. £ T Is can significantly prolong
residence time and hence imprdve ability an be used for local therapy,
as suggested in the work by Ishidz & €tai., 1982 and Ishida, et al | 1983).
Polyacrylic acid and RO ' a Ul | sed as gel forming

polymers.

z

1.3 Adhesive patches

ﬂﬂﬂ?ﬂﬂﬂﬁﬂﬂﬂﬂi

These %re the most extelaslvely studled dosage fonn for oral drug

delivery. qwji@ ﬂ mlu%q 63 Wq&arﬁve disks to

laminated systems d Anders and Merkel, 1989). The size of the

patches can vary from 1 to 15 cm’ The smaller the size, the more convenient and
comfortable are the patches Patches may be formulated with a backing layer
providing unidirectional reiease of the drug into the mucus layer, thus minimizing loss
of drug to the saliva and maximizing concentration gradient of the drug to the
mucosa. On the other hand, the adhesive polymer may be used for local drug release,
with no backing layer. Such patches will provide a bi-directinal release of drug,

resulting in significant loss during swallowing of saliva. Anders (Anders and Merkel,



1989) designed a bilayer patch (polytef-disk) consisting of proliterin for thyroid gland
diagnosis. This patch has a backing layer of teflon and mucoadhesive layer of
proliterin dispersed in hydroxyethylcellulose. Velliard (Veillard, et al., 1987) reported
the use of unidirectional buccal patch as shown in Figure 8. It consisted of three
layers: (a) an impermeable backing; (b) a rate limiting center membrane containing
the drug; (c) a mucoadhesive basement layer containing biadhesive polymer

polycarbophil.

is pz as'Been tested in dog buccal mucosa
p tod 7 h@ut any obvious discomfort,

showed Similar results when tested
\

and was shown to remain in
irrespective of food or drink

in humans.

Figure 8 Proposed design of unidirectional patch
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1.4 Adhesive ointments

Ishida et al. (Ishida, et al., 1983) investigated the availability of steroid
from an oral ointment base containing carbopol-934 from hamster’s cheek pouch. The
local drug activity for treatment of aphtha was investigated using prednisolone as a
model drug, Three bases white petrolatum, hydrophilic petrolatum, and lauromacrogol
along with carbopol was incorporate in the ointment. The release of prednisolone was
not observed in an ointment containing hydrophilic petrolatum and carbopol, since the

ointment was not gelled due to its poor and high consistency. Bioadhesive

ointments have not been investigat xte ablets and patches.

__4-

permeability than the
ublingual region does not
appear promising for attac n, primarily because of the
, et al. (Gurny, et al,
1984), using a bioadhesive paStefatten _. o 1o cliver febuiverine sublingually. They

,, olyzed gelatin, and PEG gel

physical structure and mobili

used 20% sodium carboxy me ;
making up the rest of the formu!éiW This 10
delivery of drugs which sequire a rapid onset of action. e.2_n itfe

teshas been used extensively for

1.6 Dental/gingivalm

Work aﬂ(u& A m&mﬁ PLELI L)L Fetative to denture

adhesives, have bee%"extensnvely reviewed by Ali (Ali, 1988). Dentuge,adhesives, as
defined by@ W ’*ﬁeﬁlﬂ ‘§ MWQ’}WQ '}@@ or reduce
discomfort. after the insertion of dentures. Both natural and synthetic hydrocolloids
have been used for denture adhesives. The excipients of denture adhesives include
swellable polymers, gel, antibacterial/antiseptic agents, preservatives, fillers, wetting,
and flavoring agents. Rosenthal has published a listing of denture adhesive
combinations containing both natural and synthetic hydrocolloids or combinations.

The disadvantages of using denture adhesives are the short and variable duration of
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action, nausea, damage to the prosthesis, and the danger of prolonging the service life
of an ill-fitting denture.

Gingival plasters containing PGF», and PGE, were formulated by Nagai et al.
(Nagai, et al., 1990) to provide a continuous, slow release of prostaglandin into the
gingival tissues for orthodontic tooth movement. The formulation consisted of a
backing layer to limit the release of prostaglandin into the mouth and the active

ingredient was incorporated into the water-activated adhesive layer. The major

polymer, polyethylene glycol, glye: 7.’,; agar,/dsior oil, and other excipients. The
system did not present aay irrité ..,._...._, blegs w ' in vivo. Such a plaster—type
gingival therapeutic syste pears-pion s—! g for gingivabdelivery of drugs or for a
local effect in the mouths#Angi -/ m stod . gingival delivery is a
bioadhesive dosage form aipingid 4 \ « pe v\ ' hida et al. (Ishida, et al,,

ge ﬂ_’ ' .- taini agnesium stearate in the
Fhasd? at e’- \\ e tested in humans. The
dosage form was expected to affor g_ 2d anestheti action for the treatment of

1982). This was an adhesivgftab 083
cap layer and HPC and PC

toothache with very rapid onse ing approximately 4 hours without

sy s i
The elasticity and:llnsile strength of the various s can be evaluated by

using a tensile—s:rrﬁt te ‘ﬁ‘ i ﬁm\}jﬁg increasing tensile
load at a const qllla 1o mensions’ in the dimension
perpendicular to cross-section of film sfrip until thefailure takes pldeé. The load at

i e i DS Pk ST L) S .

Polymers are divided into five categories according to qualitative description

of their mechanical behavior corresponding stress-strain characteristics as showed in
the table 1 and figure 9A.

32



33

Table 1 Qualitative description of polymer and it’s stress-strain characteristics

Polymer Characteristics of stress-strain curve

Description Young’s Yield Stress | Tensile Strength | Elongation to Break
Modulus

Soft, weak Low Low Low Low to moderate
Soft, tough Low Low Moderate Very high (20-100%)
Hard, brittle High none Moderate to high Very low (<2%)
Hard, strong High ~ High Moderate (~5%)
Hard, tough High : mgh High

[

Hard or stiff poly

opposed to brittle) polymer
require large amounts of
moderate tensile strength

have a high yield stress large g3

N N BN L)

Area under gurve is

'

ones. Strong (as opposed to ez

eggy o b

N Q1gh @lo

P

R
AN

b oy
<

Te Ii'\‘ a

. L B

——

modulus as opposed to soft
nsile strengths. Tough (as

-

3 &
J S
i

break is a measure of the dEtilit o
calculated by diving the increase in length b

function

013 ek

73

done in

ge _area’ under .t stress-strain curves and
; $ ‘combining high or at least
e hard, tough film must

high elastic modulus.

e 9B. The ultimate tensile
e film breaks. Stress is
;'-" ongation or strain at

n tensgm called elongation. It is

v original length. Elastic modulus or

Young’s modulusﬁ % E}sf}a‘ﬂ W«:Wﬁﬂaﬂ.jf all mechanical

properties and is a Méasure of the stlﬂ’ne‘§s and rlgldlty of the film. It i 1s calculated as

V‘rﬂq @\ﬂ elasticity.
b in m and is

representative of the film’s toughness. The energy to break per unit area is calculated

by diving the area under curve by the volume of the specimen between the clamps.
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