CHAPTER 11

LITERATURES REVIEW

Bioadhesive Drug Delivery System

Biadhesion is defined as the hich two materials, at least one of which
being of a biological nature \ r an extended period of time by
interfacial forces. For ver,» pu@ term bioadhesion implies
attachment of a drug casri

ical location. The biological
surface can be epithelial t on a surface of a tissue.
If adhesive attachmen ferred to as mucoadhesive

(Jimenez-Castellanos, e

In recent years, ystem have been interested

because it could resolve release systems (Gandhi and

Robinson, 1988) : z ﬁ_gs region thereby improving and
enhancing bioavailability; b) thc ﬁﬁng Ar ion between the polymer and the
mucus lining of the}jssue helps increase cm:g‘a permit localization, an
essential issue when.moc sue 7 18 important for delivery; c)
to inhibit metabolizingl}z;h in localized area; d) to éliver agents locally for the

purpose of mudulating arm@lcuy
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Absorption of Drugs through the Oral Cavnty (Shojaei, 1998)
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Sobrero, the discoverer of nitroglycerin, and systemic studies of oral cavity absorption
were first reported by Walton and Lacey in 1935. Since then, substantial effort has
been focused on drug absorption from a drug delivery system in a particular region of
oral cavity. As a site for drug delivery, the oral cavity offers many advantages over
other route of drug administration. The mucosal lining of the oral cavity are readily
accessible, robust, and heal rapidity after local stress or damage. Oral mucosal drug

delivery systems can be localized easily and are well accepted by patients. Therefore,



it is evident that the oral cavity can serve as a site for systemic drug delivery. The
total surface area of the oral cavity is about 100 cm®. The mucosal membranes of the
oral cavity can be divided into five regions: the floor of the mouth (sublingual), the
buccal mucosa (cheek), the gums (gingiva), the palatal mucosa, and the lining of the
lips. These oral mucosal regions are different from each other in terms of anatomy,
permeability to drug, and their ability to retain a system for a desired length of time.

Although the buccal mucosa is less permeability than the sublingual mucosa and it

does not yield a rapid onset on acti ith sublingual delivery, mucosa of the
buccal area has expanse of sm ‘ﬂ\& obile surface, which is suitable
for placement of a retentlvi Thye tics make the buccal mucosa a
more appropriate site fi ' te 1c Wgs It has been shown that
buccal route offers ex : M%/ery of drugs. In general,
drug delivery throug} ‘ ot ages of preventing the drug from
degradation in the gas il "f* ‘ g 1rsl*~sass effect, and bypassing

epithelial surface, dinst various aggression:

mechanical, chemical,-& airier in tissue absorption of

drug and other 1 of drugs; c) it has strong
cohesional pr(ﬁ'lijﬁ ﬁnﬁﬁﬂ 5@3;; ’ﬁ ﬁ 5 as a continuous gel
layer. One mu51LJ consider the structute and density.of oligosacchagide side chains of
e o) S R 0 ) e s
glycocalyx in developing mechanism of bioadhesion. The understanding of

bioadhesion and active ingredient diffusion mechanism requires knowledge of the

mucus.

Chemical Composition

The composition of mucus varies widely depending on animal species,

anatomical location, and whether the tissue is in a normal or pathological state. In



general, its components are water more than 95% of mucus, glycoproteins (0.5 to

5%), lipid in low proportions, mineral salts (1%) and free proteins (0.5 to 1%).

Glycoproteins are the main mucus components, responsible for its viscosity,
adhesive and cohesive properties. The high molecular weight glycoproteins are
known to form disulfide bonds as well as ionic bonds and physical entanglements.

The molecular weight of glycoproteins varies from 2 10° to 14 x 10° Dalton.

Basically, glycoproteins consist of p core on which attached oligosaccharide

e
chains (Figure 1a). Galactose, fucose ”D#/:alactosamine, N-acetylglucosamine

and N-acetylneuraminic a lly found in mucin molecules.

The structure of these c wigure 3. Amino acids are
principally serine, threoni g inel. tween the protein core are of

the O-glucidic type, be actosaniine and serine or threonine. Each

polymers that can form hy gen

j}‘ s

the intermolecular association oii?q?o

,.--l"

thought to be tetranﬂ' (Figure lb), , the po. _?heved to be a terminally
linked chain with n ,gr‘W inking. It has been proposed that chains result from
disulfide bonds (mterc}-;}in) :
stabilized by electrostatlg interactions (hyd en bonding, salt linkage) or other non-

covalent comﬂsﬂtﬁeﬁ}%ga%@Wcﬁq ﬂb%ween chains and the

protein core of the molecule (Flgure
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in a polymeric network. Previously

as ociaﬁn are due to physical bonds



a) Glycoprotein Chain | b) Glycoprotein Tetramer
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Figure 2 Crosslinked structure of mucus network
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Oral Cavity Environment

The cells of the oral epithelia are surrounded by an intercellular ground
substance, mucus, the principle components of which are complexes made up of
proteins and carbohydrates. These complexes may be free of association or some may
be attached to certain regions on the cell surfaces. This matrix may actually play a

role in cell-cell adhesion, as well as acting as a lubricant, allowing cells to move

relative to one another. Along the s e the mucus is also believed to play a role
of adhesion of mucoadheswe d(ué\ ms (Peppas and Buri, 1985). At
physiological pH the mucus Networ e&e charge (due to the sialic acid
and sulfate residues) wh1c a ole __(mhesmn At this pH mucus can

form strongly cohesive

gelatinous layer (Gandhi

Another featur Vi1 , oral cavity is the presence of saliva
produced by the saliv a ctive fluid for all tissues of the
oral cavity. It protects t issues 2 i by rough materials and from

chemicals. It allows for t
o =
eruption and helps in reminer o@namel in the early states of dental

caries. Saliva is anﬁqueous'ﬂh th %

inorganic materials. The

major determinant Of the-sativay-eompesition-is-th ae-Hiowcrate which in turn depends

et s, and the degree of stimulation.

The salivary pH rang;flin;m 55t07 depend on the ﬂow rate. At high flow rate, the
sodium bicarb in the pH. The daily
salivary volun@u\g[m;ﬁ ﬂm itis't mntlﬁ fluid that is available
to hydrate mucosal _do illj eas hid”'the selection of
hydrop ﬁ:ﬁ:&ﬁjﬁnﬁg rﬁlﬁ’iﬁ)m Elsgjﬁﬁmg delivery

systems 1s this water rich environment of oral cavity (Shojaei, 1998).

upon three factors: th

Mechanisms of Mucoadhesion

Understanding the mechanisms of mucoadhesion is fundamental to the
development of mucoadhesives. Not much is know, however, about this mechanism.

Initially, attempts were made to explain the mucoadhesive phenomena by the



mechanism of nonbiological adhesion, such as electron transfer, wetting, diffusion,
adsorption, fracture, and mechanical interlocking theories. . Although these theories
have provided some insights, no single theory has been successful in explaining the

mucoadhesive phenomena.

The process involved in the formation of such bioadhesive bonds has been
described in three steps: (1) wetting and swelling of polymer to permit intimate
contact with biological tissue, (2) 1nter§enetratlon of bioadhesive polymer chains and

///’ld (3) formation of weak chemical

entanglement of polymer and m

bonds.

Mechanical or

Mechanical bog onnection of polymer and
tissue, similar to interlg a*qnac&scopic level, they can be

N

caused by the inclusion o [ ck§€r crevices of another. On a
microscopic scale, they i :‘_ lientanglement of mucin strands with
flexible polymer chains and f! e itet en on cin strands into the porous

structure of a polymer substrate ’GE’-‘_Iﬁe 4) Ete of penetration of polymer strands
into the mucin layer is dependent on eﬂ{mmty and diffusion coefficient of
each. The strengﬂir%f adhesive _bond_is_di "u-"—s‘*-_--‘ ional to the depth of
c bond strength include the

penetration of polymef chains. Other factor:

presence of water, th _time of contact between the mgtLrials and the length and

flexibility Ofﬂﬁ ﬁlﬁﬁlm EJ ﬂj ‘W EJ f] ﬂ i

Figure 4 Chain interpenetration during bioadhesion of polymer (A) with mucus (B)
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Chemical Bonding

Chemical bonds that most researcher have focus on develop mucoadhesive
systems are either Van der Waals’ interactions or hydrogen bonds. Although these
forces are very weak, strong adhesion can be produced though numerous interaction
sites. Therefore, polymers with high molecular weights and grater concentration of

reactive polar groups (such as —COOH and —OH) tend to develop more intense

mucoadhesive bonds (Park and Robins‘r,

}985).

Several theories Have bee devel ‘mthe process involved in the

formation of bioadhe

engineering possible bio#

rent electronic structures. On this

ith each other, electron transfer

double layer.
‘o s |
MA%&JM NINEINT
i stat t i‘ i —y 1 ,"g an adhesive
substratgﬁmaa inﬁlmmmmma bonds, and

relative forces. This theory is most widely accepted theory of adhesion.

The Wetting Theory

The ability of bioadhesive polymers or mucus to spread and develop intimate
contact with their corresponding substrate is one important factor for bond formation.

The wetting theory, which has been used predominately in regards to liquid adhesives,
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use interfacial tensions to predict spread and, in turn, adhesion (Peppas and Buri,
1985; Mikos and Peppas, 1989). The structure similarities of the mucus glycoprotein
and mucoadhesive, would suggest a small interfacial tension exists up on wetting
which promoted interaction and the development of mucoadhesive bond (Kallaway
and Warren, 1996).

Li, Bhatt, and Johnston (1998) have assessed the bioadhesive properties of
several different mucoadhesive buc patches.  The results of contact-angle
measurements indicated that the»c;o\ht reased with an increase in amount
of Carbopol in the formum._ Addm@e calculated values, using a

modification of Dupre’s e boi womon between the water and the

patches (W) and betwe mgMyMcised rabbit buccal mucosa

(W) increased with in t of Carbo 91 in the formulations. A

correlation was found be
for W,. The direct m
excised rabbit buccal h the [ '. tron de 0 tr&ed that the adhesive strength

tact angle and the calculated values

the work of adhesion, and may semF,as a "ent and rapid screening procedure to

o ___a_,..

S
identify potential mu(}gadheswe buccal-patch form

The lefuswn L eory ]
The di ﬂ Eje:; ZTEI“ d entanglement of
bioadhesive p mm duce semipermanent

adhesive liﬁds and bond str%]ﬁ is believed™to increase with the depth of

| penetra’él fl@ ﬁoa ‘; uiﬁo’lgdn EJ;:L@ E'J\ams into the

network, and vice 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 determined exactly how much interpenetration is required to produce an
effective bioadhesive bond, but it is believed to be in the range of 0.2-0.5 um. And
the more structurally similar a bioadhesive is to mucus, the greater the mucoadhesive

bond will be.
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The Fracture Theory

The most useful theory for studying bioadhesion through tensile experiments
has been the fracture theory, which analyzes the forces required to separate two
surfaces after adhesion. Furthermore, to determine fracture properties of an adhesive
union from separation experiments, failure of the adhesive must be assumed to occur
at the bioadhesive interface. However, it has been demonstrated that fracture rarely, if
ever, occurs at the interfacial but inste
1987).

curs close to it (Figure 5) (Ponchel, et al.,
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Figure 5 The interaction between mucus layers and hydrogels



Factors Affecting Bioadhesion

The bioadhesive power of a polymer or of a series of polymers is affected by

the nature of the surrounding media.

Polymer-related Factors

1. Molecular weight

, and Peppas (1984), it seems that
the bioadhesive force incr 2ight of bioadhesive polymer, up
to 100,000, and beyon?z Weci It clear that, to allow chain
interpenetration, the pol st hav adequate length. It is also
necessary to consider t jor ol thex olymer molecule. Besides
molecular weight, spatial foni : is also important. Despite a
high molecular weight‘of 00 ey similar adhesive strength
to that of polyethyle . iﬁﬂ ‘ ‘ ht 200,000. The helical
conformation of dextr . hicld ively active groups unlike

polyethylene glycol poly. m I conformation (Gandhi and

Bremcker (198
polymer corresponding té the best bioadhesion. In highly concentration systems, the

cthesive soeef SRSV TN SIS vorions, e s

molecules beco%lle solvent-poor, and the chins avallable for [penetrate are not

ey T T B D85

forms (Gurny, et al., 1984). For solid dosage forms such as films, showed that

that there is ﬂ optimum concentration of

increasing the polymer concentration, the stronger the mucoadhesion (Mortazavi and
Aboofazeli, 2000).

3. Swelling

This characteristic is related to the polymer itself, and also to it

environment. Swelling depends both on polymer concentration and on water
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presence. It must be remembered that, when swelling is too great, a decreasing in

bioadhesion occurs due to formation of slippery.

Environment-related Factors

1. pH

At pH above the pKa of the polymer the strength of the interaction

was progressively reduced as the roportion of the carboxyl groups were
ionized and thus preclude from hydrog ‘ ation. Also the greater swelling
of the polymer as the degreg of 1onizati 1 d to a reduction in mechanical
strength and concomitant 1. on in dhesive roperties (Figures 6 and 7)

(Park and Robinson, 198 eve ) _emon (1993) reported studies
challenge the importanc ydfog g be ,, the mucoadhesive and the
glycoprotein. These workers f s ] f adhesion of Carbopol 970
was equivalent at p e the number of ionized
carboxylic groups (pKa#4.75 a -‘ '-, . It may be deduce that

physical mechanisms of muico §1 t tion and entanglement, there

It 1Jobv1ous that, to place a sohc‘lloadheswe system, it is

necessary to a_ defined strength. ““Whatever the polymer, poly(acrylic
acid/divinylbe(éﬁp in&l'(%m%ﬁag lwugJ f]ﬂ %r Carbopol 934P, the
adhesion stren increases with therduration of application, up tg,an optimum time
) N3 1D, b VY9459 o i o
contact time on adhesion strength of polymers (Figure 9). It would be seen that

increase contact time for adhesion increased the force required in terms of weight for

all the polymers.
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Figure 7 Effect of pH on in vitro bioadhesion of polycarbophil to rabbit stomach
tissue (Park and Robinson, 1985)
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Figure 9 Effect of contact time on adhesion strength of polymers (Chary, et al., 1999)
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Methods to Study Bioadhesion

Various methods for studying bioadhesion have been described and can be
classified in two large groups : a) in vitro methods, most of which require the use of

an artificial biological medium such as mucus or saliva; and b) in vivo methods.

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

stress. The simple test method is thumb test which can be used to identify

mucoadhesives. The adhesiven tively measured by the difficulty of
ive as a ‘pressure and the contact time. It

o - o —# . .
1S most hkely that any MSlve!systeme—ﬁeswe to fingers, since most

pulling the thumb from the adh

(Figure 10). In this method, the- fo'.‘t:e ﬁ_!_". to.detach the glass plate coated with

the test material w

m}asured 3
Chitnis, Malsheandt 1991 a me@d that based on Wilhelmy
plate principle (Figure lk)hA resin sheet Wted with test material was suspended

from a hook mﬂ%ﬁn@%t%tﬁﬁn%ﬁﬁ?ﬁ@ in a beaker, kept on

a top loading balance. Then the sheet was slowly pulled away form the mucin

TSN INY N Y

Is%xda, et al. (1981) developed the method to measure adhesion force by using

spring balance (Figure 12). The adhesion force was represented by the reading on the
spring tension gauge when the two materials were separated. And this method was
used by Satoh, et al. (1989) and Mizayaki, et al. (1994).

Ishida, Nambu and Nagai (1983) developed the method to measure the

adhesive of oral mucus ointments by using shear test measure the force required to
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separate two polymer coated glass slides joint by thin film of natural or synthetic

mucus (Figure 13).

o \
t':.'.{’ml‘\‘
FIIIIE ‘\ : '
Figure 10 Diagramm@tic representation of § 2 3 (1984) for the in vitro
mucoadhesion apparatus. Key: A, Microforce balance; B, Chart recorder;

C, Glass plate; L

direction

t 20 C; E, Platform moving vertical

A= Jack
B = Suporting strips
C = Handle
D = Reel
£ = Cantilever
F = Pulley
G = Wire
H = Hook
i | = Rexine with
\ ﬂ ‘i Sample
J = Mucin solution
= Container

) T A | | _‘ - ﬁ%@gm

—1

[ )

Figure 11 Diagrammatic representation of Chitnis et al. (1991) for determining

bioadhesive strength
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Figure 12 Diagrammati€ represc tatioraf Ishida ‘et al 1981) spring balance with

o

Q‘W’]ﬂ\‘i ‘i P ;u.aﬂ'rmmaﬂ

Figure 13 Diagrammatic representation of Ishida et al. (1983) the shear test for

mucoadhesive study
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odified tensiometers

ter jacket

F"J.Itu M% mig::omach
QRIASAIN AT NYa Y
,f N
! Weighted support

Polymer

Figure 15 Diagrammatic representation of Leung and Robinson (1988) for

determining bioadhesive tensile strength
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Ch'ng, et al. (1984) modified a precision balance for bioadhesion
measurements (Figure 14). The section of mucosa tissues were fixed both top and
bottom holders. The test polymer, previously fully hydrated with test solution, was
spread over the exposed tissues on the top holder. The force applied to remove

contact between polymer and tissue was recorded.

Leung and Robinson (1988) modified the dual tensiometer which was

designed to measure shear stress in mu! esion (Figure 15). Part A was the regular

modified tensiometer. The mu y the top and bottom holders. The
surface of top holder was '
m—

the h t polymer. Part B was second
tensiometer to measure the s —

Lejoyeux, et al. a tensi " ‘ od using an Instron tester
equipment (Figure . hm e ‘recorded as function of
displacement, up to t ion ‘of tWo s 5 1e similar technique, using
tensile tester such as nsile tester, was used by
Takayama, et al. (1990) Guo (1994), Dortuc, et al.
(1998), Li, et al. (1998), Parodi, et al. e 17B), Shojaei, et al. (2000),

Sanzgiri, et al41994) modified the force detectioh &ystem (Figure 18) consists
of a microdisplacement ' rchn ent, capable of detaching
force in terms of weigh ¢ transducer limed to peak-capture reading
meter. The tissue holdérsmoved vertically,’downward and away from the force

sicer e bbb YL AITESI 1A L) S e s s 5

Burgalassi, et al. (1996) (Figure 19). / . "

Al hELAEL g b T e s

force using two-arm balance (Figure 20). The adhesion force was determined by the
weight that separate two surfaces. The similar method was used by Yong, et al.
(2001).

Parodi, et al. (1996) modified two-arm balance for measure mucoadhesion
force (Figure 21). The detachment force was determined by the weight of water that

made detachment of two surfaces.
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Figure 16 Diagrammati¢'Tepresentation of Lejoycux, et al. (1989) for determination

tablet

of adhesion onfbiological tissues

unsfonicur
{detectar part} .

/—-———— adapter

/._-—-—-—adherend
buffer solution
/e sample tablel

sample holder

A
Figure 17 Diagrammatic representation of commercial tensile tester: (A)

Takayama et al. (1990); (B) Parodi et al.(1999)
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peak-capture

force transducer ~ reading meter

C——+ .

/samplc holder

tissue __
holder

infusion ~
pump impeller

Figure 18 Diagrammaticire al. (1994) for measure of

mucoadhesive : e B

,,,,,

Figure 19 Diagrammatic representation of Burgalassi, et al. (1996) tensile

apparatus and detail in the test cell
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‘:,il‘ki!

o

Figure 20 Diagrammati€ re (1992) for bioadhesive

test

Figure 21 Diagrammatic representation of Parodi et al. (1996) for bioadhesive

test
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Wong, Yuen, and Peh (1999a: 178, 1999b: 180) have developed a method
which utilizing the texture analyzer equipment (Figure 22) for measuring the force of
adhesion between mucoadhesive film or tablet and chicken pouch. A similar method
was used by Peh and Wong (1999) and Khan, Peh and Ch’'ng (2000) for studies
bioadhesive forces of HPMC and CMC films and chitosan films, respectively.

Iy,

& ;_ Perspex support

Ve i ‘ Alumizium cap
=y az Perspex support

ARUNINYINT

g Perspex sppont Y
AR SATUERNYAY

Figure 22 Diagrammatic representation of Wong et al. (1999) the bioadhesive

testing system utilizing the texture analyzer equipment
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Bioadhesive Polymers

Polymers that can adhere to either hard or soft tissue have been used for many
years in surgery and dentistry. A bioadhesive that can be useful in oral drug delivery
should ideally be nontoxic, nonabsorble from GI tract, preferably form a strong
noncovalent bond with mucin-epithelial cell surfaces, adhere quickly to moist tissue,
allow easy incorporation of drug and offer no hindrance to its release, possess specific

site of attachment, and be economlca\ z-Castellanos, et al. 1993).

Many researcher gr(!mg‘I%Df}“s &esﬂgatmg the physicochemical

properties of b10adhes1w nsus of the most important
physicochemical features o )

een reached, and there may be

summarized as follows 6): 1) generally hydrophilic

molecules that contai ' ( rénit f‘n}mg groups; 2) surface tension
characteristics suitabl ing' e ug? 1 tissue ‘sirfaces 3) the polymers are
predominantly anionic i | groups; 4) usually have a
high molecular weight i.e iBility to penetrate the mucus
network or tissue crevices >

Polymers that adhere-io,«tﬁp mp%'l surface can be conveniently
divided into 3 broad categorie : 1) polym hat be -sticky when place in water

and owe their bioadheSion to stickiness; 2 dhere through non-specific,

which are primarily electr(Qatlc in nature (although

hydrogen and ﬁnﬂ ﬁ'ﬁﬁmﬁ ﬁi t) ani1 olymers that bind to
specific recep r si 1}surfa ﬂnq can be used for drug
dellvery (Park and Robinson, 1984). ¢

l@msorﬂl? ;Hsn;l v:l'luorescence é!:hmq@ gorllcluded that :

a) cationic and anionic polymers bind more effectively than neutral polymers; b)

non-covalent mteract'

polyanions are better than polycations in terms of binding/potential toxicity, and
further, that water-insoluble polymers give greater flexibility in dosage form design
compared to rapidly or slowly dissolving water-soluble polymers; c) anionic polymers
with sulphate groups bind more effectively than those carboxyl groups; d) degree of

binding is proportional to the charge density on the polymer; e) highly binding
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polymers include carboxymethyl cellulose, gelatin, hyaluronic acid, carbopol,

polycarbophil.

The polymers that are commonly used as bioadhesives in pharmaceutical
applications are acacia, chitosan, carboxy polymethylene, guar gum, polycarbophil,
hydroxypropyl cellulose, hydroxyethyl cellulose, hydroxypropyl methylcellulose,
poly(vinylpyrrolidone), poly(vinylalcohol), sodium carboxymethylcellulose, sodium

Rho and Buri (1989). //@pml and sodium carboxymethyl

cellulose adhered more stiongly to miucu roxypropyl methylcellulose,
n the stomach than in the

methylcellulose or pec i \T
intestine.
..'V" A

In recent years, p

alginate, etc.

s medium, have often been
used for the preparation . Drug release is extent
influenced by penetrati polymer matrix, which in
turn depends upon the itself. Cellulose polymers
especially cellulose esters b
prepare, they can accommoda;e.d@e‘

influenced by the prq;‘;lss variables (Roa,

matrix since they are easy to

ge of drug, and the release is less

Mucoadhesive Dosag Forms

Recentﬁﬂré%ﬂeﬂ% %;w ﬁlrn]; ﬂtﬁjadhesion have been

published. Withfa better understandmg of the mechamsms of mucoadhesmn several

MY 1 1 (7PN 113181 L

effective and safe not only for local diseases but also for systemic diseases.

Oral Administration

A primary objective of using mucoadhesive formulations orally would be to

achieve a substantial increase in residence of the drug in the gastrointestinal tract.
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Longer, Ch'ng, and Robinson (1985) showed that albumin beads containing
chlorthiazide, when mixed with equal sized particles of polycarbophil at ratio of 3:7
(w/w) (albumin beads:polycarbophil), and administered orally in the form of capsules
to rats. The in vitro release studies showed the albumin beads and bioadhesive dosage
form offered sustained-release for < 8 hours. However, more than 60% was released
after 2 hours, indicating that released rate still quite rapid and also that the presence of
polycarbophil did not affect the rate of release of drug from the beads. In vivo release
showed that nearly 90% of the be \'t polycarbophil-albumin bead dosage form
remained in the rat stomach. .]i\tga sene er, the majority of beads moved
at least half-way down m:mtedme -wnh-ume moving faster. Also, they

SIng m drug delivery significantly
improve therapy by ificreasing/the’ i¢ of action and bioavailability over that

release sage form. When these
v results were obtained. The
thi difference in the amount of

Chary, Vani, and Rao (1989) p‘rep@ad esive tablets by physical mixing
of polymers and drug. ,mg,qoaﬁlmu@ evaluated using shear stress

y _
measurement, detachment force measurement, and X-ras y.photography of the rabbit

polymer and the mucous

gastrointestinal tract. j‘he strong intera
lining of the tissue helps increase contact tim

Hydroxypropyl ieth lcd’ldkse K4M showed maximum adhesion in the duodenum,

m weﬁn a&?t}aﬁs containing polymer

and drug were glllbjected to X-ray studies in rabbits, and it was found that the tablet

v )63 473 P, 3 ot o

mucoadHhesion after passing from the stomach.

euand permit localization.

followed by thi

Betageri, Deshmukh, and Gupta (2001) developed the didanosine oral
sustained-release tablet by using Polyox®WSRN-303, Carbopol®974P-NF, and
Methocel®K4M as the bioadhesive release rate-controlling polymers.  Tablet
formulations with Polyox® WSRN-303 (10%) and Methocel®K4M (30%) showed 93
and 90% drug release, respectively, after 12 hours. The drug release was found to be

linear when fitted in the Higuchi equation (square-root time equation), suggesting
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zero order release. Carbopol®974P-NF was found to inhibit the complete release of
the drug. Drug diffusion and swelling of the polymer (anomalous Fickian release)
was found dominant in the drug release. In general, in vitro bioadhesion increased

with an increase in polymer concentration.

Nasal Administration

In recent years, intranasal 1’1 ation, which might be useful for many
compounds which are noﬁ eceived a great deal of attention.
Nagai, et al. (1989) proposes.il ute jor tion of insulin in powder form.

TE— W —

opal 93

A freeze-dried powde the same insulin blood

concentration of insuli dosed three times more.

Nagai has published owder called ‘Rhinocort’

FESEEN
sErey

potential application as drug carrieis fo pasal administration. The rank order of
b 2

mucoadhesion for .t‘l_!g polymeric microsp ere“a?ozol 934P > chitosan =

propyl methylcellulose. The ge in content of FITC-

dextran showed no sigpjﬁc 4 vad esi}:'a strength of Carbopol 934P

microspheres. The FITg-gi;xtran was rele%;sfd from the microspheres initially at a

constant rate. ﬂ\ﬂﬂé}%ﬁwﬁ%mﬂeﬁiw the 24 hours test

period. No differences were observed for release from Carbopol 934P, polyvinyl
TR S A o
achieve qf t ﬁ) ¢ s ‘whic hibited'a siz ndent release

effect.

Ponchel, et al. (1997) studied bioadhesion of colloidal particles systems using
polystyrene and poly(lactic acid) nanoparticles as models. In vitro adsorption and
desorption studies have shown that particles could be captured to considerable extent
by the mucus gel layer lining in gastrointestinal tract through a mucoadhesion

mechanisms. On the other hand, the in vivo behavior of the particles in the intestinal
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lumen has been investigated by means of the radiolabelled particles. Direct particles
translocation through the intestinal mucosa was not predominant. On the contrary,
significant fraction of particles was capture by the mucus layer while the remainder of
the particles underwent unmodified transit. It can concluded that the therapeutic
potential of the colloidal drug carriers after oral administration is probably to increase
bioavailability by protect the drug from denaturation in the gastrointestinal lumen, or

by increase the drug concentration for a prolonged period of time directly at the

surface of mucosa membrane.
R\

Santus, et al. ( 1997}.@ furos ﬁi bioadhesive controlled release
- — T ———
- 8 ntroWroperties were not affected

ner but \hghioadhesive properties were

estinal transit time in vivo.

capsule. The results sho

by the application of bi

substantially difference.

addition of a chitosan coatmg 1

both coated and unccﬁted bea&?’Wés m&hﬁﬁo ﬁ, sto

esophageal mucosaT ’;"-'—'"E"'ﬂ—‘—"-"""'..‘"“. ---------- _'

esive properties. The adherence of

ach mucosa than to the

between the coated and

uncoated beads was also" found considerz b! i eﬂomach mucosa.

Witschi q\ﬁm m itosan or Carbopol®
microparticles,! ¢ ﬁe%{i &jﬂ Eﬁﬁﬁm (BSA) by spray-
drying. An _open—membrane systems'was used togdetermine proteinsrelease profiles
i AP FSTVDIEH WA Y] BBl i
bioadhesﬁm, enhancement of protein transport and induction of cytokine release in
vitro. Starch and alginate microparticles released protein more rapidly but were less
adhesive to polarized Calu-3 cells than chitiosan and Carbopol® microparticles.
Protein transport across polarized Calu-3 cells was enhanced from Carbopol® gels and
chitosan microparticles. A mixture of chitosan microparticles with

lysophosphstidylcholine increase protein transport further. Microparticles prepared

from either chitosan or starch microparticles induced the basolateral release of IL-6
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and IL-8. Releases of other cytokines were not affected by an apical exposure to

polymer formulation.

Ocular Administration

Loss of drug via drainage, short residence time, tear turnover and protein
binding are some of the problems associated with ocular administration of drug. Hui
and Robinson (1987) showed, usinﬂrﬁterone as the model drug, that the area

under of an aqueous humor dg‘@é @s time plot was 4.2 times greater
7 ts. o —

than conventional suspensi t
T —— o

Cervix Admini

Machida, et al.

carcinoma coli. The

hydrochloride and a combinat Ifibfffi‘y ,
| . '

yaitypropyl el

[CIO%Y !

L i sl @ -

as the vehicle, and the amount of bie m release from the preparation increased
b A L N,

concentratio oyl cellulose. In contrast,

Vi
u

remarkable with an iiirease in

the water-absorbing property- mcreased with increase ot bopol 934.

-

Lejoyeux, et aﬂ(1989) developed a bioadhesivg-rjablet of metronidazole for
oral or vaginal i iﬁ ,.containi 5% hydroxypropyl cellulose
and 12.5% Caﬂjﬂl 34 ﬁlﬁﬁﬁﬁmﬁlﬂe and 2 mm thick. It
seems that the qﬁ'lrescznce of a largesquantity of mucus at the interface protects the

oot PG TEU R TR §

Genc, Oguzlar, and Guler (2000) developed bioadhesive vaginal tablets
containing acyclovir which were prepared using poly(acrylic acid), methylcellulose,
carboxymethylcellulose, hydroxypropyl cellulose and hydroxypropyl methylcellulose
as bioadhesive polymers in different concentrations by direct compression technique
and wet granulation technique. Swelling of the tablets containing hydroxypropyl
cellulose, carboxymethylcellulose, and methylcellulose were very rapid and caused

disintegration of tablets. The swelling behavior of the tablets containing
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hydroxypropyl methylcellulose lasted 6 hours in lactic solution. The force necessary
to detach the tablets from the vaginal tissue was found to depend on concentration and
type of the bioadhesive polymer. The tablets containing hydroxypropyl

methylcellulose needed the most detachment force.

Rectal Administration

Leede, et al. (1986) propos‘WIindrical hydrogels using hydroxyethyl

methacrylate (HEMA) and et Xy k acrylate (EGDMA) as crosslinking
ol
agents including antipyrine.ar ' h);l’lin drugs for rectal administration.

Dash, et al. nicotine delivery system with

bioadhesive for the treatmens of ve coliti ectal nicotine suppository

formulations were prepa e (Suppocire AM, and AI)

by fusion method using

nicotine whereas Carbopol Showed an opposi . The enhanced release of
L J:l _}-': -l"'. .
nicotine in the presence of glyceryl mone

.
7

o, o g o
r "'.a-"-'l‘.«' .J'_ L ,f__. o g

melting point lowefijlg effect “of this

showed that there Was-a-decrease-in-the-fiux-of-nicot i€ in the presence of both
;

bioadhesives. The flux of the fluoresce whi l‘@s used to study the integrity

of the cell monolayers wgs found to be slightly higher only the presence of 10%

e HHANENINEYINT
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problem§ of the administration of insulin by injection. A mixture of hydroxypropyl

cellulose and Carbopol 934 was used in this new form. Unfortunately, the percentage
of insulin absorbed from this dosage form was about 0.5% compared with the amount

absorbed through intramuscular injection of insulin.

Ishida, Nambu, and Nagai (1982) developed lidocaine mucoadhesive tablets

for toothaches. This preparation contained lidocaine, hydroxypropyl cellulose and



33

Carbopol 934 by freeze dried technique. This dosage form could afford a prolonged

local anesthetic action.

Bremecker, Strempel, and Klein (1983) prepared a novel mucoadhesive
ointment based partly on neutralized polymethacrylic acid methyl ester. The flow
curves of the ointment vehicle showed pseudoplastic properties. The rheological

behavior as well as the adhesion on the mucosal membrane could varied by the type
and concentration of the polymer u e base used for neutralization. During
clinical studies, the ointme i as a tretionin (vitamin A acid)

preparation for the treatmo&hen J)I ;ﬁmt cause any local irritation or

-

systemic side effects. and pref re found to be pleasant for

patient to use.

Schor, et al. (1983 ) t mucoadhesive tablet consisted of
polymers made from g materi chron®) which could be mixed
directly which an activ # su } ctly compressed into tablet

for the treatment of angin

hours to produce a steady, hig

Duchene, Touchard anda'Pépﬁas (rf 88) developed triamcinolone tablet for the
treatment of aphth\ It was g letayerte y et. The upper coloured

layer was lactose and-has no adhesive roles were to prevent active

I
ingredient diffusion oj of its active site and to allow ajnj easy placing of the tablet.

The lower lay IE] iﬂﬂ ﬂﬁ(ﬁmﬂ e of hydroxypropyl
cellulose and a This tablet was
commercially available the name ‘Affach’.

AR MU ANA Y

Anders and Merkle (1989) developed the bioadhesive patches for buccal
administration of protirelin, consisting of two-ply laminates of an impermeable
backing layer and a hydrocolloid polymer layer containing the drug. The polymers
used were hydroxyethylcellulose, poly(vinylpyrrolidone), hydroxypropyl cellulose,
and poly(vinylalcohol). The duration of mucosal adhesion in vivo is affected by the
type of polymer used, its viscosity grade, the polymer load per patch, and the drying

procedure for preparation. A wide rang of drug release rates can be achieved by
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varying these parameter. Drug release rates are controlled by polymer dissolution

kinetics.

Deasy and O’Neill (1989) prepared timolol bioadhesive dosage form. A final
compact containing a core of timolol base and precirol, a bioadhesive layer of
Carbopol and hydroxypropyl cellulose, and a cap of magnesium stearate gave

sustained release of the drug in the simulated saliva pH 6.6 (Figure 23).

§“’

/"7‘{;‘; ﬁ.;“ -6 mm

S

Figure 234 Bipadhesive device (Deasy and O'Neill,1989)
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934 and hydroypropyl cellulose as mucoadhesive polymers. The device offered

considerable improvement over the proprietary product in sustaining salivary levels.

Bottenberg (1991) developed fluoride mucoadhesive tablet for prevention of
dental caries. As recent studies have shown that fluoride is effective in small
concentrations when it is present long enough in the fluid surrounding the enamel; an
oral slow-release fluoride administration seems to be the method of choice. The

experiment concluded that bioadhesive polymer such as choice. The experiment
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concluded that bioadhesive polymers such as thermally modified corn starch with 5%
Carbopol 934 or polyethylene glycol (MW 300,000) could be used as a slow-release

tablet offered an effective way of sustaining a fluoride level in saliva in vivo.

Agarwal, et al. (1993) developed tetracycline-poly(lactide/glycolide) films for
the treatment of periodontitis. In vitro release showed that both the rate and percent
of drug released increased as drug loading and dissolution media pH increased.
Linear relationships obtained for gr. r
root time and drug loading i &j

granular, monolithic system.___ 1m1n

the percent released versus both the square

ontrolled release from a porous.
rom a clinical study with 8
periodontal, maintenance pa Datientsir taining 25% w/w tetracycline

HCl were effective in_de€rcase bacterial intra-crevicular fluid and

approximated by the fir lationship: tl%cycline HCI disappearance

rate constant of 0.19 day

=
)

consisting of polyisobutylene, _pdgexsop -.,:;? .:;; Carbopol®934P. The patch was
L) )
prepared by using t\»ﬁroll mllhng ; method. eattﬂ j:the drug was related from

aterbuffer (pH=7). The major
alsoﬂjhown that patch adhesion

the patches followi »-’---— ours incubation
mechanism of drug rq,' ase 18

increased with increasin%, thickness and up to three months of aging had little effect

on adhesive p w ﬁ?—‘l ? ﬁd the majority of its
adhesive stren or at leas s wit lmear decline in average peeling load
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Save and Venkitachalam (1994) developed nifedipine buccoadhesive tablet
using sodium alginate as the bioadhesive polymer. Mennitol, lactose, polyethylene
glycol 6000 and polyethylene glycol 4000 were incorporated as solubilisers, singly or

in combination. These tablets exhibited rapid in vitro release.

Miyazaki, et al. (1994) prepared ketoprofen bioadhesive tablets using chitosan
and sodium alginate as adhesive polymers. The adhesion and release characteristics

of the prepared systems were evaluated in vitro and in vivo. The magnitudes of the

T206037302
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adhesion force of chitosan/alginate tablets were observed to be comparable to that of
Aftach™, which is a typical commercial preparation of an oral mucoadhesive tablet.
Increasing the chitosan content in the tablets resulted in decrease in the release rate of
ketoprofen. When the tablets were administration to the sublingual site of rabbits,
ketoprofen was rapid absorbed. Furthermore, the plasma concentration curves for
tablet with a 1:4 chitosan/alginate ration showed a sustained release 3 hours after

administration. The suggested that the tablets prepared from chitosan and alginate are

potential candidates for intraoral d ﬁv /

Danjo, Higuchi, an (1995) d the in vitro drug release for

mixed polymer films u51 hlq water-soluble. The mixed
polymers films consi ous h{los oxypropyl cellulose and
hydroxypropyl methylc 3 e results indicated that glycyrrhizic acid

enhanced the dissolution
due to the formation“of
wettability of the polymc e f i y have caused the increased

dissolution rate.

Voorspoels, et al. (19965‘-9&131cd al absorption of testosterone and its
esters using a bloadhﬁlve tabfetﬁ' Wﬁ' ch &v’ ‘Mr ﬁ sustain the delivery and
bypass the liver. Tﬁ‘p n-vitro-detachment-force-decreas Jth an increasing amount

of testosterone and forl n increasi the 'é' ters, except in the case of

testosterone enanthate. The in vivo results revealed that the bioavailability of
testosterone w h is probably due to
the lower solumﬁgnatZﬂHHﬁ ﬂmﬂ? testosterone via the
bioadhesiv fﬁ ad 3 ng/ml for
2l 1113 W ST Ta VR Y

Burgalassi, et al. (1996) prepared benzydamine and lidocaine mucoadhesive
buccal patches. The drug were used as hydrochloride, or, to reduce their solubility
and improve their release characteristics, as salts with pectin or polyacrylic acid. The
patches, which prepared by compressing appropriate mixtures containing the drug
salts/complexes, lactose and tamarind gum, were tested in vitro for mucoadhesion and

drug release, and in vivo on human volunteers for retention and release of benzocaine.
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The devices containing the salts of benzocaine with pectin and polyacrylic acid, and
the complex of lidocaine with tannic acid showed zero-order release kinetics in vitro.
The patches adhered for over 8 hours to the upper gums of the volunteers, and were
perfectly tolerated. Benzocaine hydrochloride was released in vivo and in vitro with

practically identical profiles.

Parodi, et al. (1996) developed a buccoadhesive system for delivery of
oxycodone hydrochloride which pre Trf m a colloidal solution of gelatin used as

bioadhesive agent. The oxyc

release from the studied matrix of

gﬁnism. This formulation shows

gelatin appears to occur b -
significant bioadhesive or buccal administration of

oxycodone hydrochlori

Jones, et al. 'v&"*sgeml solid, polymeric systems
containing tetracycli atnient Tof, period nﬂ diseases which using
hydroxyethylcellulose, iyl d¢ olycarbophil as bioadhesive

polymers. The drug r n; o lations was zero-order. Increased

) A ‘.;f f‘igj =

penetration of dlss?_liltlon ﬂuiﬁ Fito the Yom

polyvinylpyrrolidon¢ -conicentration-increased-drug relea e rates, due to an increased

onversely, an increased

formulation porosity fﬂ A

Kohda, Fﬁ( gjﬁ (ﬁ ﬂﬁ ﬁf gﬁﬁ ﬁe controlled release
mucoadhesive ﬂ th ﬁe ethylcellulose and
hydroxypropylce lulose as adhesivespolymers. These observed will provide useful

e P RNAFEY AN TINETRE

Taware, et al. (1997) studied in lidocaine hydrochloride bioadhesive system.
The subjective evaluation revealed that the drug delivery system adheres to the
gingiva within a minute and produces peak effect in 15 minutes. Comparative study
revealed that the drug delivery system produces greater depth of anesthesia than the

marketed topical gel.
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Shojaei, Zhou, and Li (1998) designed a buccal mucoadhesive system for
delivery of acyclovir using mucoadhesive copolymers of acrylic acid and poly
(ethylene glycol). Buccal permeation of acyclovir from mucoadhesive delivery
system was controlled for up to 20 hours with the time lag of 10.4 hours and steady
state flux of 144.2 pg/cm?h. With the incorporation of sodium glycolate into the
system lag-time was shortened to 5.6 hours with an enhanced steady state flux of

758.7 pg/cm’h. Sustained delivery of acyclovir across buccal mucosa using this

mucoadhesive system was maintai N\, ff// hours.

Dortunc, Ozer, and 1993) d indolol buccoadhesive tablets

which were prepared fi etabolism. Carbopol 934

and sodium carboxym 4 ve polymers and Methocel
K4M, Methocel K15 ropyL ‘ added as matrix-forming
polymers. The mixture 60% thoeel K4M or Methocel K15M
30%w/w were found the be _A ,"' ' . “These m t;&:es had good bioadhesive
properties and released ' J : ch tent over a period of 10 hours
e
Senel, et al. (2000) p par&FE_i}itq : hydrogels for local delivery of

chlorhexidine gluconate to the oﬂ:?avr

el N
maintained for 3 hm}_ri A profanged rélease ‘m?} with film formulations.
No lag-time was obgg '__—'_ rom either gels or films. The highest
antifungal activity was ed with 2% n ge coE‘aining 0.1% chlorhexidine

gluconate.

Yo, ﬁlud%l);l PRI INELVL e s e

bioadhesive polymers, alkali materidls, and croscarmellose sodiumit”As bioadhesive
B TR T ik T
methylceﬂulose was selected. The omeprazole tablets prepared with bioadhesive
polymers alone had bioadhesive force suitable for buccal adhesive tablet, but the
stability of omeprazole in human saliva was not satisfactory. Among alkali materials,
only magnesium oxide could be an alkali stabilizer for omeprazole buccal adhesive
tablets due to its strong waterproofing effect. Croscarmellose sodium enhanced the
release of omeprazole tablets. However, it decreased the bioadhesive forces and

stability of omeprazole tablets in human saliva. The tablet composed of
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omeprazole/sodium alginate/hydroxypropyl methylcellulose/magnesium
oxide/croscarmellose sodium (20/24/6/50/10 mg) could be attached on the human
cheek without disintegration, and it enhanced the stability of omeprazole in human

saliva for at least 4 hours and gave fast release of the drug.

Mechanical Properties of Film (Aulton and Abdul-Razzak, 1981)

The elasticity and tensile s he various films can be evaluated by

using a tensile-strength tester. % g process is to apply increasing
tensile load at a constant . 31 dimensions in the dimension

he failure takes place. The

perpendicular to the cro
load at film failure wil it cross-section area of the

film.

Polymers are di to a qualitative description

of their mechanical beh in characteristics as showed

Table 1 Qualitative description i s stress-strain characteristics

l.:t in curve
Polymer v
Description Yoy : e Elongation
Modulus Stress Strength to Break
r [ 1 ot :
oo P BE) ) TIBAVE 1 7) v o
# 4 o R
W IRNNFU A TING TRE
% ,

Hard, brittle High None Moderate to high | Very low (<2 %)

Hard, strong High High High Moderate (~5%)

Hard, tough High High High High
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Hard or stiff polymers are characterized by high moduli as opposed to soft
ones. Strong (as opposed to weak) polymers have high tensile strengths. Tough (as
opposed to brittle) polymers have large area under their stress-strain curves and
require large amounts of energy to break under stress, combining high or at least
modulate tensile strength with high elongation. The desirable hard, tough film must

have a high yield stress large extension before breaking and high elastic modulus.

A typical stress-strain curve is:s in Figure 24B. The ultimate tensile

strength or breaking stress is the max APD. t which the film breaks. Stress is
calculated by dividing force l area. Elongation or strain at
break is a measure of the d Wenswn called elongation. It

is calculated by dividing Thefease i -, by origimal length. Elastic modulus or

3

Young’s modulus is the# asic & ucturally important of all mechanical

Break
_——

m@:ﬂm_u f"f‘ﬁ‘%"ﬁa Y

Figure 24 Stress-strain curve: (A) characteristic of polymer properties in stress-strain

curves; (B) typical stress-stain curve
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Physicochemical Properties of Lidocaine Hydrochloride (Groningsson, et al.,
1985, Michael and Powel, 1986 and Thomas and Wade, 1986)

1. Synonym

Lignocaine hydrochloride

2. Chemical name

2-(diethylamino)-A 1 imethylphenyl)-acetamide hydrochloride

o

3. Molecular formuls
CisHx,

4. Molecularwei
270.8

5. Chemical stru

. SUEINENTNYINT

- Lidocaine HCljs a white microcrystalline powder,@dorless or almost
otochl i bt A VI VIE TR E
7. Solubility

Lidocaine HCl is soluble 1 in 0.7 of water, 1 in 1.5 of ethanol, and 1 in

40 of chloroform, practically insoluble in ether.

8. Melting point
Lidocaine HCI melt at about 74 to 79°C
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9. Dissociation constant

The pKa of lidocaine is 7.9 (at 25°C)

10. Stability and degradation

Hydrolysis
In solution lidocaine would be expected to decomposed by hydrolysis

as follows:
ﬁ“? s
(¢, » 00H
F lethyl aminoacetic acid
It appears tha olution is extremely resistant to
heat, acid and alkaliybut when decomposition dose occut it is by the hydrolysis as
)
shown above. The ‘_( st drance towards attack on the

U

amino group exhibited- “ the two othro methyl groups.

AULINUNITNYINT

Laéocame HCl is not photoreactive. .

ARIAINIUNIIIDEND .. e

Even at extreme pH values and high temperatures, hydrolysis to 2,6-xylidine and N, N-
diethylglycine is very slow. It dose not degrade by oxidation. In aqueous solution,

lidocaine HCl is generally stable to both acid and alkali, and to heat.

11. Therapeutic application

Local anesthetic and antiarrhythmic
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