CHAPTER 11
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Adhesion can be defined as the bond produced by contact between
a pressure-sensitive adhesive and a surface. By another definition, it is the
ability of an adhesive to another surface. It can also donate a state in which
two surfaces are held together by interfacial forces, which may consist of

valence forces and/or interlocking action.



Recently, bioadhesion is defined as the state in which two
materials, at least one of which being of biological nature, are held together
for an extended period of time by interfacial forces. By another definition,

bioadhesion is the ability of a material (synthetic or biological) to adhere to a

biological tissue for an extended per / e. The biological surface can
he n&xco&n the surface of a tissue. If

adhesive attachment Gous coat, the phenomena would be referred

to as mucoadhesion (Jime

Mucous Layer (Duchengé, 1

In most instance; tb ' iye polymer is in contact with a

soft tissue. Thus, the tissue la ”ﬁ ible for formation of the adhesive
—",-r“:-«‘..'}"' - e

.4 The term mucous usually refefs jto the layer covering
—_— \‘
l.j s lining the mucosal

interface is muco
the mucosa. It 1878

epithelium layer and by ‘special exocrine éands such as salivary glands. It is
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protection agdla!!t various aggressions: mec mcal chemigal, bacterial or

viral @W@@dﬁﬂfﬁm%ﬁ’l@ Bibeade b macous.

Chemical Composition of Mucous (Lee, 1991).

Beside water which represent more than 95 % of the mucous, the

major components of the mucous are glycoproteins (0.5 to 5 %), lipids in



low proportions, mineral salts (1 %) and free proteins (0.5 to 1 %). The

exact mucous composition varies depending on its source.

viscosity and adhesive and. ¢ Basically glycoproteins
ed oligosaccharide chains
(diagram (a) in figure™T). . ‘muy contain galactose, N-
d and fucose. Linkages
between the protein 68 Lhe ' bldlC type between N-
acetylglucosamine and s A l \ he terminal residues in
the oligosaccharide side ns negdtlvely charged at pH
greater than 2.8 making -.-..- i ionic polyelectrolyte. Sulphate
residues contribute equally t_% ST Ve « harge. The mucous gel structure
is the consequenc ‘ association. of glycoproteins in a
polymeric network. - 4 tettamer (diagram (b) in
figure 1), the polymer ? now believed to be a terminally linked chain with
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disulphide bon%‘L (interchain) and macromo culdr dssoc1dws are due to
physcdoafs b Ao bk @n%ls {tlydhdgboltonding, sal
lmkage) or other non-covalent contacts between the oligosaccharide chains or

between chains and the protein core of the molecule (figure 2).
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- Figure 2: Crosslinked structure of the intestinal mucin.



Bioadhesion Mechanism (Duchene, Touchard, and Peppas, 1988).

The role of bioadhesion depends on the bioadhesive nature. For

bioadhesion to occur, a succession of phenomena is required. Bioadhesion

' V///irst intimate contact must exist

stages can be summarized

between the bioadhesiv he rece . This contact results either
L ——
from a good wetting hesi rfa from the swelling of the
bioadhesive when ishe stration of the bioadhesive
into the crevices ' etration of bioadhesive
||
chains with those as the ow chemical bonds can
-7
then settle (figure 3): o AT
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Figure 3: Chain interpenetration during bioadhesion of

polymer A with the mucous B.



The intimate contact would occur if the bioadhesive material
penetrated the crevices of the tissue on which it is applied. Hence the tissue
surface roughness is an important factor for bioadhesion. A rough surface
may be defined by the aspect ratio of maximum depth, d, to maximum

width, h (figure 4). For adhesive purposes, the insignificant roughness occurs

i

when the aspect ratio, d/h, h ,/«/1 e of less than 1/20. When the
S &1 contact with moisture is

necessary in order to impaststifficie e constituent chains.

bioadhesive material is

The interpmetration of chains from theﬂioadhesive polymer and

Pjﬂﬁxﬁwm ﬂ ?“ds corresponds to

the diffusion theory. During chain interpenetration (figure 3), the molecules

of thaaiwﬂia ﬁﬂ?ﬁﬁ%ﬂ%’\‘%ﬂ E}ﬁ@éj&}nto intimate

contact ‘and due to the concentration gradient, the bioadhesive polymer chains

mucous to a hy s

penetrate at rates which depend on the diffusion coefficient of a
macromolecule through a crosslinked network and the chemical potential.
With crosslinked polymers, the interpenetration of large chains occurs with
greater difficulty. Howe\(er, ‘smaller chains and chain ends may still

contribute to interdiffusion.




It is possible to determine the characteristic time for bioadhesion t

by setting:

2

7/#

where I is the interpe 15 the bioadhesive material

diffusion coefficient

The adhesio imary or secondary type.
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e \ dheslon The secondary

The primary chemiCal of which high strength
results in permane
chemical bonds compris a Oro! nany different forces of attraction
including electrostatic forc Waals forces, and hydrogen and
hydrophobic bondsi. | e A
Y '}
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The electgstatic attractions are due toﬂ?oulomb forces between

molecules Wﬁ?ﬂeﬂ W‘%’W mvﬁﬁ forces are all the

interactions bétween uncharged g.nolecules attributed to three types of force:
i QT B TN S e e
in two molecules induction (or Debye) forces arising from a permanent
dipole in another moleculc, and dispersion (or London) forces resulting from
instantaneous changes in the charge distribution around non-polar molecules.
The hydrogen bonding occurs when a specific hydrogen atom from one

molecule is associated with another atom from a second molecule. The



hydrophobic bonding occurs when non-polar groups are associated with each
other in an aqueous solution due to the tendency of water molecules to
exclude the non-polar molecules. The secondary chemical bonding is the

most important in bioadhesion.

The fracture theory of, bic

N\

after bioadhesion attemp ‘\S

: ’- 1gsion explaining the surface separation

surfaces after adhesion due to-the adhesive.bond strength.

ifficulty of separation of two

Mucoadhesive Dosage Fopms for Various Routes of Administration

(Lee, 1991).
A. Ocular Routge: .-;= 1 otul: mucoadhesive delivery system
) .
needs to control drug loss via=h lag drdinage system.
B. Nasal] AL ense vascular network

providing an exce]ﬂxt absorptive surface. Thﬂntranasal administration

sight b useﬁ (n BMJ 3T ;ﬂﬂ fw ﬂﬁtﬂsﬁbed ardlly ot ot

from extensiv§/first-pass metabolism
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% C. Buccal Route.

D. Gastrointestinal Route: A primary objective of using
mucoadhesive formulations orally would be to achieve a substantial increase

in length of stay of the drug in the gastrointestinal tract.
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E. Colonic and Rectal Routes.

F. Cervical .and Vaginal Routes.

for buccal route have been the
ese forms can be summerized

as follows.
Mucoadhesive Dosage

The total afea S ‘-.\u- 100 cm2. The mucosal
surface is constanly washe s 1) 545 aliva daily. The buccal route
offers the advantages of -«u-’*-‘-""" tivity and avoidance of ﬁrst-pass.
metabolism and | gas !

A

precise localizatiofy

Alhe oral cavity allows

)

-r-n system and removal of

{

Localization of the formulation

o e QARSI G e st

absorbing epithelium to enhance .drug dleldblllty
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Thc mucoadhesive dosage forms for buccal route may be

the formulation if and when irritation occurs

catagorized into tablet, ointment or patch.



1. Tablet.

Insulin mucoadhesive tablet (Ishida, et al., 1981) was prepared to
solve the problems of the administration of insulin by injection (figure 5). A

mixture of hydroxypropylcellulose (HPC) and carbopol 934 (CP 934) was

peripheral base .

(HPC : CP=1 > 9}
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Lidocaine mucoadhesive tablet (Ishida, Nambu and Nagai, 1982) was

ot M IR

developed for toothaches. This preparation contained lidocaine, HPC and
CP934 (figure 6). They were covered with a freeze dried mixture of HPC,
CP934 and magnesium stearate. This dosage form could afford a prolonged

local anesthetic action.
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formulated qung the principles of muc El

oadhesion for the treatment of
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colouréd layer was lactose and has no adhesive property; its roles were to
prevent active ingredient (triamcinolone acetonide) diffusing out of its active
site and to allow an easy placing of the tablet. The lower layer which
contained the active ingredient was made of HPC and CP934 and constituted

the bioadhesive layer. This tablet was commercially available under the

name of 'Aftach’.
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Nitroglyceri or, et al. 1983) consisted of

polymers made from naturally oc materials (SynchronR) which could

be mixed directl Wi If substance and directly
compressed into eble 2ind pectoris. The tablet

ver a period of hours to p sduce a steady, high level
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Q TOPESFERS S8 DAY M D) 199

developéd to solve the problem of conventional oral treatment that is large

completely dissolveﬂ:

individual variation of absorption (figure 8). The core contained timolol and
glycerol palmitostearate. HPC and CP 934 were the bioadhesive polymers.
The cap layer was magnesium stearate. The result In human showed that an
average of 34 % of the drug loading was absorbed in an appearently zero

order manner over 3 h. The addition of 0.1% sodium lauryl sulfate to the

14
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tablet enhanced penetration increasing the mean quantity absorbed over 3 h

to 61 % of the drug loading.

Care:Timolol base 7-3mg+ Precirol 12.7mg

Bicadhesive: HFC 860mg+ Carbopot
934 40mg

2-2mm ]

Figure 8:

: adhesive lozenge (Collins and
SYEEi s 2 2
Deasy, 1990) was developed o-treat oralinfection (figure 9). It was a three

layered device

%

of the components

10
— -
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(spermaceti wax, , magnesium Stearate,

precirol and talcumg The device offered considerable improvement over the
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Bioadhesive layer
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Figure 9: Bioadhesive device of cetylpyridinium chloride.



Fluoride mucoadhesive tablet (Bottenberg, 1991) was designed for
the 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

ent concluded that bioadhesive
polymers such as therma modif ‘ stdtch with 5 % polyacrylic acid
could be used as a slow-
release device for at the bioadhesive slow-
release tablet offer ¢ a fluoride level in saliva
in vivo. Other t as gel mouthrinses or
toothpaste achieved short period.  Also,
conventional fluoride longed release (Bottenberg,

1992).

‘
Preﬁiﬂ:ﬁ ?ﬁﬁﬁ%{Wﬁﬂﬁﬁ et al, 1983) was

developed forjthe treatmen ae using CP as the mucoadhesive

QR TN TN IN Y TR o

ointmenit-type oral mucosal dosage form containing 30 % CP 934 was better

than the original base.

Tretinoin mucoadhesive ointment (Bremecker, Strempel and Klein,

1984) consisting of neutralized polymethacrylic acid methyl ester was

16



formulated to treat lichen planus and reduce irritation to the mucous

membranes.

3. Patch and Film.

An application of ligno %ucoadheswe patch to the oral

uced systemm effect (Brook,

In 1989 o-ply laminates of an

impermeable backi er layer containing the

drug.

!" -‘ -Jlf

Other oral adhesives used in mouth were developed in dental

it

practice. The activg i antimicrobial agents such as

edman, 1988).

chlorhexidine and ""
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establigh suitable screening to evaluate mucoadhesives. Various methods for
studying mucoadhesion have been described and can be classified into two
groups: a) in vitro methods; most of which require the use of an artificial
biological medium such as mucous or saliva and are based on either tensile
strength or shear strength measurements (Lee, 1991). And b) in vivo

methods.
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a) In vitro methods.

Shearing stickiness test of ointment (Ishida, et. al,, 1983): The

thickness of ointment applied between two glass plates was 0.3-0.4 mm.. A

— metal ring
tablet

_ peritoneal
membrane

.:%uEl’J‘VIEWI
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Figure 19: Diagrammatic representation of Ishida et. al. (1983 a) for

determining bioadhesive tensile strength.

Wilhelmy plate method' modification (Smart, Kellaway and
Worthington, 1984): In this method the plates were coated with the polymer

to be tested and immersed in a temperature-controlled mucous solution. The



force required to detach the glass plate coated with the test material was

measured (figure 11).

Figure 11: Diagr: ‘o — Kellaway (1984) for
ek Gy b LR

étermining bioadhesive tensile strengt

PRIAATUAMINYAE

In 1991 Chitnis, Malshe and Lalla modified the study of adhesion
of the polymer which was based on Wilhelmy plate (figure 12). A resin
sheet coated with the test material was slowly pulled away from the mucin,

and then the minimum weight displayed was recorded.

19
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h A - JACK
B - SUPPORTING STRIpg
C - HANDLE
D - REEL
E -~ CANTILEVER
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G - \\IRE.
H - HOOK
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J - MUCIN soLuTioN
K - CONTAINER

L - TOP-LOADING BaLaneg
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(1991) for determining bioadhesive tensile strength.

Stickiness test (Ishida, 1981): The preparation was stuck to the

mouse peritoneal membrane and the sticking force was measured (figure 13).
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Figure 13: Diagrammatic representation ‘of Ishida et. al. (1981)
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% Dual tensiometer (Leung and Robinson, 1988): This apparatus was
designed to measure shear stress in mucoadhesion (figure 14). Part A is the
regular modified tensiometer. The mucosa is secured on the top and bottom
holders. .The surfacé of the top holder is coated with the hydrated test

polymer. Part B is a second tensiometer to measure the strength.
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odified Tensiomelers

P Waler Jacket

Rabbil's Stomach
Tissue

v
Ay

Weighted Support
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Tensile tester (Lejoyeux, 1989): The apparatus is illustrated in
figure 15. The mucosa was stuck on the lower support and the test tablet
was fixed on the upper support. The detachment force was recorded as a

function of displacement up to the total separation of the two surfaces.

>
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2of Lejoyeux et. al.,

ﬂ u ﬁ?ﬁgﬂg‘wmﬁﬁcmﬂe strength.
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% Another method that proposed to measure mucoadhemon illustrating

Figure E Diagrammatic representdtx

in figure 16. The section of mucous tissue was fixed on the lower support
and the test preparation was stuck onto the lower surface of the weight. The
platform was lowered until the upper and lower surfaces separated from each

other and the force at the adhesive bond failed to record.
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Figure 16: Diag o)

of Ch'ng et. al. (1985) for

F . ases - 4 3
determimng-bicadk tensile strength.

(01

e

b) In vi vom\ethod. ' m

‘ a

o
Thiﬂxyogjugdmagsngeﬂ&ﬂﬂ (‘J?m?.l}ez- Castellanos,
Zia ana wcaraﬂzﬂ 4: mlﬁ walrﬁ?gwyﬁ\eal Has surgically

insertedfinto the stomach of anesthesized rats. The rats were permitted to
awaken and at suitable times the animals were sacrificed, and the stomach
and small intestine were removed. The radioactivity was measured in each

segment of the stomach and intestine.
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Pol r-Related F rs Affecting Bioadhe

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

affected by the polymer nature.

The structure, mo !’& : swelling property of polymer

affect the bioadhesive fo ely 1983 375-vitk©s and Peppas, 1990; Bodde,

De Vries, Junginger, tal, 1991). It seems that the

bioadhesive force incre; 1ght of the bioadhesive

ot much effect. But it is
” u\\ uration of the polymer

ok - n lene oxide, the adhesive

polymer up to 100,000.

also necessary to co

strength increases even 1S the lar \weight of 4,000,000; these
polymers are linear configuration.. On the other hand, with dextran molecules
Jdo not exhibit better
‘«J

-ﬂ 00,000.

Mdﬂpﬁésﬁuv}sﬂswgw&m and HPC (Ishida,

gét. al., 1981; qshldd et al,, 1982) and a mixture of CP 4 and HPMC

ucnite 8 ol G |1 Gl ol A3 ﬁo&k

and the celluloslc derivatives were the hydrophilic matrices.

bioadhesion than mote

The bioadhesive power is also affected by the concentration of

active polymer. The bioadhesive force increases with the bioadhesive

25



polymer concentration in solid dosage forms such as tablet (Ponchel, et al.,

1987).

Evaluation of th hesive Behavior

Previous studies were i Vi eriments using humans (Collins
1989) and dogs (Ander and
Merkle, 1989; Deasy and=@'Nei oy lesvolunteers were asked to note

the retention time o epardio about the degree of irritation

. 1“ ‘\;§- (Brook, 1989), the test

Merkle (1989) evaldated 1 5 aminated .m -u\- esive patches for buccal.

They showed the effe bolymerdspecies and viscosity grades to the

or discomfort. In

buccal area was indisti u\ ding mucosa. Anders and

duration of mucosal adhesiof-of the adhesive patches.
‘__".i‘"’:“.!_ | i
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Release of Activ ‘( o A
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Ishida, Nambiand Nagali, 1982‘.19834 1983b Deasy dndg'Nelll 1989) or
in WQ Wlﬂ:ﬂr}a ﬂ‘i’m9u %@I} wa &a Deasy and
O'Neill, 1989) The in vitro and in vivo releases of timolol from bioadhesive
tablet which was prepared by Deasy and O'Neill (1989) appeared to be zero
order. The difference in the release of each preparation depended on the
polymer species and the percentagé of polymer in the preparation (Ishida,

Nambu, and Nagai, 1982; 1983b). The release was delayed as the

26



percentage of CP 934 was increased thus, the preparation would stick more

tightly and for a longer time.

ability Testing of Drug P

new preparations. = general method in "stability

testing of drug pro “drug stability principles and
practices" (Carsten ormed to estimate by a
short-term test w g in a certain period of
distribution.. Wher hed product is intended,
the result of relative €ompargative _ A ed products before and after
the modification may" befaccepted. i - ) 5 lity testing of a solid drug
product, the relative comparat shall be performed for three months or
more, in principle Yat 5(%). The result obtained
at 40 °C, 75% R¥ide ... o oo v
the"druo stability prmmples@nd practices”, most tests

have been ﬁdﬂﬂﬂ?ﬂ(ﬂ:ww mﬂ ?e months (the Joel

Davis test). The result of this teét is often how FDA Justlﬁes granting a two-

e RGN I NM’]’JWEI’]EIEI

dbout one year. I
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Miconazole Nitrate

(Reynolds, 1993; Rockvillie, 1990)

Miconazole nitrate is a white or almost white, odourless or almost

odourless, crystalline or microc stalline powder. Very slightly soluble in

17 o
The empirica O‘Tﬂ' with a molecular

i , J
weight of 479.1.

ﬂﬂﬂ?‘l’lﬂ‘ﬂﬁﬂﬂﬂﬂ‘i

Antimicrobial Aétion:

condzole Is an imidazole antifungal agent with ergosterol
synthesis and therefore alters the permeability of the cell membrane of
sensitive fungi. It also has the in vitro activity against Cladosporium,
Madurella and Phialophora spp. and against Pseudallescheria boydii, and

Gram-possitive bacteria including staphylococci and streptococci.



Pharmacokinetics and Metabolism:

Miconazole is incompletely absorbed from the gastrointestinal tract:
peak plasma concentrations of about 1 mcg per ml have been achieved at 4 h
after a dose of 1 g. By intravenous infusion, doses above 9 mg per kg body-
Wntrations above 1 mcg per ml
' @4 h. Over 90% is reported to

—

weight usually produce ple
Miconazole has a termin
be bound to plasma pr/

Miconaza)]

ive inactive metabolites. 10
‘ |

“ e absorption through skin or

to 20% of an oral in the urine, mainly as

metabolites, within al dose may be excreted
mainly unchanged in

mucous membranes wh > is applied topically.

Indication: L == == X |

sa

Mi ﬁﬂsﬁiﬁgﬁ%’ﬂ:ﬂyjs i ?ion in the treatment

’ :
of severe sﬂ‘ ngal " infections ‘in g aﬂd asis, cryptococcosis,
TR I T d e - o

Pseudallescheria boydii. may be given by mouth as tablets or gel for

treatment of oral and intestinal candidiasis. It has also been given
prophylactically to patients at high risk of opportunistic fungal infections.
For treatment of oral lesions the tablets are dissolved in the mouth; a 2%

w/w oral gel may also be used. 2% Miconazole nitrate cream, lotion or

29
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powder is applied for treatment of fungal infection of the skin and nails

including candidiasis, tinea, and pityriasis versicolor.

Adverse Effects:

vomiting, diarrhoea, febrile reactions, flushes,
drowsiness, and hyponatracmia h: ed. Effects on the blood
include hyperlipidag ‘ ion 7_ crythrocytes, anaemia, and
thrombocytosis. Trz | rhythmias have followed

the rapid intraveno
Preparations:

10 mg/m
2% W r—'—— tre
2% WIW Bﬁconazo e nitrate cream.

— of@yngﬂwﬁw g1n3
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conventional UV spectrophotometry method was subJect to
possible interference by formulation excipients (DiPietra, et al., 1988). The
analytical procedures for high performance liquid chromatography (HPLC)
determination of miconazole were reported such as the method .of Nishikawa
and Fujii (1991) and the method of Tyler and Genzale (1989). The HPLC

conditions of Nishikawa and Fujii were as follows: the apparatus used was
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Water model 600 multi-solvent delivery system, model 490 variable
wavelength UV  detector and model 741 data analyzer, column
Bondasphere 5 « Cjyg-100 A 3.9x150 mm. maintained atr 40 °C; the
mobile phase was 0.05 M ammonium dihydrogenphosphate-methanol (15:85,

V/V), flow rate of 0.7 ml/min; and the detector wavelength of 272 nm.

Clotrimazole was used as an_intérnz dard. The spectrum of miconazole
was obtained using a Hewdett-Packe _1040 A diode array system

(figure 17). Tyler and Genzale selected thewwayvelength of 214 nm and used

iconazole in plasma

(Sternson, Patton and#Ki ) ‘ Andalive ner and Warnok, 1982).

31

Vavel angth (hm]

Figure 17: Absorption spectrum of 0.80 mg % miconazole.
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