CHAPTER 11
LITERATURE REVIEW

I Botanical, Chemical and Pharmacological Aspects of

Garcinia mangostana Linn.

1 Botanical aspects of Garcm&\Wna Linn.

Garcinia mangos. — :s a tree, ﬁﬁh having stralght trunk, brown
an ,”: ‘*"ﬁ_, ‘

to blackish bark, young

opposite, ovate or elliptic — cm long, with dark green and
glossy above, yellow ol1 or in pairs near the twig
ends, yellowish green fe" Fruit is globose 4-7 cm in
diameter, having short th four persistant sepals at the

base (Wuniu yuwlszies uad PR s 254 ;b dmjit Saralamp et al., 1996;

..-"
Garcinia marg)stana Llnn is ui{ the amily o ?’erae its common name is

mangosteen. It is a 'SIOW-growing tree C ppagate by seeds and mostly
proliferates in hot andﬁ.mﬁ with ﬁhort dry season such as in
India, Thailand, Indonesig, and Philippines (s.almsworth and Bunyapraphatsara, 1992;

oot FB AN YN INYING
”""ﬁW’\Tﬁ‘S e el

The chemical studies on the constituents of the fruit rind of Garcinia
mangostana Linn. have revealed that the major substances are xanthones, the others

component are cathecol triterpinoid, benzophenone (maclurin) and anthrocyanin

glycosides (Yuniu ywoilszdms waz  esyy lwadwisiews, 2542, Farnsworth and

Bunyapraphatsara, 1992; Perry. and Metzger, 1980).
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Figure 1 Garc



Xanthones are a restricted group of plant phenols. They are formed by the
condensation of a phenylpropanoid precursor. Hydroxyxanthones are mainly found in
Guttiferae and Gentianaceae. Xanthones show considerable biological activities such
as strong antimicrobial, antiinflammatory and antitumor activities (Bruneton, 1995).

 The major xanthones from fruit rind of Garcinia mangostana are mangostin «,

B and Yy, gratanin, 8-deoxygartanin and garcinones A, B, C and E, all of them have

mono or diprenylated skeleton (Wuniu ymeilsedns, 2533;Wilawan Mahabusarakam,

Sen et al.,1980,1982)

Mangostin (1, 3, 6&
BRCOPOI it rind by extracted with
ing point of 181.6-182.6 and

molecular weight of 410 7. At S A p in\ aleohol."ac one, chloroform and ethyl

xanthone) is the most acti

hexane or benzene, it app

acetate but practically i e fin “wate - vilsedins, 2533 ; Wilawan

Moreover, various @hemigal ‘compounds fror it rind were reported as

| angostin—3,6—di-O-glycoside,

cyanidin-3-O-§-D-sophorosidé kalarione
xanthone, 1, 7—dihy_<3roxy—2—»i§%‘é§éﬁ§]" 2 y._xanthone 5, 9-dihydroxy-8-
methoxy—2, 2—dime ~-§E-=--m--- ----- _

gangosﬁn, 00 -‘v riacetate, D—fructose, D—
o

sefifs  uay  BIYy  lyAvuegws, 2542; Farnsworth, and

—one, 3 — O — methy

glucose (Wundu

summoras® 973 3 ) 2111 S W 715

U
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Figure 2 Some important chemical components in Garcinia mangostana Linn.



3 Pharmacological activities and toxicities of Garcinia mangostana

Linn.

3.1 Pharmacological activities

There are many investigations on pharmacological activities of xanthones from

Garcinia mangostana Linn.

Mangostin and its \ s h&ve antimicrobial activity against
T
both methicilln—resistan ohylococcus aureus nearty equal

to vancomycin (¥uniu 125642, Wuniu yoyenlszias, 2533;

@anEnd ninang ua Pichaet Wiriyachitra, and

Saowaluk Phongpaichi atsara, 1992). Moreover,

the activity against o enteriae, Shigella sonnei,

3.1.2
Mangostin anli s derivatives exhibited antiin.dﬂ'mnatory activity both by
intraperitoneal and oral administration in normal and bilaterally adrenalectomized rats

i e PRI SL A ARIN S WA S encion e

granuloma pou&l technique (Wundy unmﬂswnm T oMy Tm-nmajum 2533, 2542;

Fans b B i 155 AINYIAY

3.1.3 Anti—ulcer activity

Mangostin produced significant anti—ulcer activity in rats (Wundu youenlseins,

2533, 2542; Frunsworth, and Bunyapraphatsara, 1992).



3.1.4 Antihistamine and antiserotonin activities
Mangostin presented a thermostable antihistamine and antiserotonin
activities by reduced the contractions of isolated rabbit aorta which induced by
histamine and serotonin. Furthermore, mangostin also exhibited the same activity as

chlorpheniramine (Chirungsrilerd et al., 1996).

3.1.5 Antifungal activity
Mangostin and its derivatives showed the activity against 7richophyton

ol ernaria solani, Cunninghamella
" 7 vilssfins waz 03y 1yATuIIIYyNs,

T ——
et al., 1983). -

and Bunyaphraﬁ

TAnaNsneng

3 .8 Inhibitory effects on HIV-1 protease and viral reverse

q W ALl UANINEIA Y

% Mangostin showed potent inhibitory activity against HIV—1 protease and

viral reverse transcriptase (iuniu yuelsedins uay osyy lyadosigns, 2542; Chen, Wan,

and Loh, 1996).



10

3.1.9 Other activities

Mangostin and its derivatives also exhibited many activities such as

antioxidant, antitumor and antimutagenic activities (\funiu yaiwlszdns uazr o3y lyade
(DTYW3, 2542).

3.2 Toxicities of Garcinia mangostana Linn.

duns aslszdnd uazame (2530) reported about acute toxicities of mangostin when

treated the rats with a high dose ¢ m ‘ _ in 1 kg body weight oral forced fed)
1 kg bo It was found that paracetamol
tic transaminase (SGQT) and
serum glutamic—pyruvic t; ore than mangostin and the
amount of total liver prg |
whereas mangostin did no
than paracetamol.

It has been repori€d
cream in the patients wi

conditions and irritation (3ail ’JW 253

# st
—

4 The medicinal

Garcinia mangogana Linn. has trad tionally beenused for a long time for the

treatment of wo ads and diafthoea. The medicinal uses are as follows:

b el menkion] [ )

2. Bark ﬁis been used for wagshing and he ing wounds, treatment of aphthous
o e Sl N‘VI’I’] ngn ﬂ t

3.1 Leaves are useful for treatment of dysentery.

4. Fruit rind is the astringent and has been used for treatment of both normal

and infectious wounds include aphthous ulcer, it was also used for

treatment of diarrhoea and dysentery (fean1ua1 ¥ewgs, 2540; TuNIu Yaolse

fins uaz esyy lyndonsans, 2542; Perry, and Metzger, 1980).



Tl

As the traditional recipes of Garcinia mangostana Linn. in treatment of
diarrhoea, the dried fruit rind was boiled with water or saturated calcium hydroxide
solution and the extract is taken. For treatment of wounds, the dried fruit rind was
rubbed with saturated calcium hydroxide solution as a solvent the suspension was

applied over the wound area (Farnsworth, and Bunyapraphatsara, 1992).

Ulceration of oral a@ surface, in which the covering

epithelium is destroyed leavi lame “exposed connective tissue.

1. Classification of

1.1 Infective
1.1.1 Bacteri
1.1.2 Viral
1.1.3 Fungal

| Thermalf,n

uﬁumwﬂmwmm
wma«anmumwmaa

Recurrent oral ulceration (Recurrent aphthous ulceration)

1.4 Associated with systemic diseases
1.4.1 Haematological diseases
1.4.2 Gastrointestinal tract diseases
1.4.3 Other diseases
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1.5 Associated with dermatological diseases
1.5.1 Erosive lichen planus

1.5.2 Vesiculobullous diseases

1.6 Neoplastic
1.6.1 Squamous cell carcinoma

1.6.2 Other malignant neoplasms

Recurrent oral ulceration ,/ us are the most common oral mucosal

e,

disease(Cawson ,and Odell,
2. Recurrent oral u T \ -aphthous ulceration)

2.1 Types an ic ; ’ 1 ulceration

less than 1 cm in diameter. Hee : ut scarring within 7-10 days and tend

to recur at 1 to 4 month in

2.1.2 Majmj) ! i
Major aphthous tlcers are larer than minor aph'

iii“;‘:;:‘;iiﬁyumﬁﬂ e b 148 1 i
ama&mmwnwma ¢

The ulcers are 1-2 mm across with multiple, small, pin-head size and occur on

e and greater than 1 cm in

any part of the oral mucosa. As many as a hundred ulcers may be present and heal

within 7-10 days with scarring.
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2.2 Possible aetiology of recurrent oral ulceration

2.2.1 Genetic factor
A family history is found in 45 percent of patients involving HLA antigens.

2.2.2 Trauma

2.2.3 Emotional stre

2.2.4 Infectio

It has been reported at Strepic s sanguis 1s isolated preferentially from

-—

the ulcers and there argsSomic ences ¢ reacting antigens between
Streptococcus sanguis and Jjoyal - mucosa ‘these could be involved in the
immunopathogenesis of d Southam, 1985).

2.2.5 Gastrointéstigal diseases

Py
2.2.6 Haematological de
Deficiencies of vitamifi' .have been reported in up to 20

percent of patients.

=1 ;
227 Hormmlal fator m
) ST Ef*i“’f"f"ﬁ‘

ésﬁeﬁi"éﬁ"ii’ﬁ%%ﬁ TN
2.3 1 Corticosteroids
Triamcinolone ointment, hydrocortisone pellets, and betamethasone spray can

reduce the painful inflammation by an antiinflammatory action.
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2.3.2 Tetracycline mouth rinse
There are some reports shown that tetracycline rinse significantly reduce
frequency and severity of aphthae.

2.3.3 Chlorhexidine mouth rinse

2.3.4 Topical salicylate preparations

Salicylates have an antunﬂammatory action and also have local effects.

3. Lichen planus \\N ////

it ol MJ&M “ﬂfmﬂdlﬂﬁsm
AHIAINIAAMIANLOAY. o

of which is a biological are held together by mean of interfacial force for an extended
peroid of time. It also refers to any bonds produced by contact between two surfaces.
In the case of bioadhesive drug delivery systems, the term bioadhesion is typically
used to describe the adhesion between polymers, either synthetic or natural, and

biological tissue.
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In the case of polymer attached to the mucus or mucosal surface of tissue, the
term mucoadhesion is employed (Castellanos, Zia, and Rhodes, 1993; Duchene,
Touchard and Peppas, 1988; Mathiowitz, Chickering, and Lehr, 1999; Gandhi, and
Robinson 1988).

" In the last decade, mucoadhesive drug delivery systems have received
considerable attention because of their ability to resolve several problems of controlled
delivery such as the ability to prolong the residence time of dosage form and permit

localization in particular regions to enhance drug bioavailability due to the strong
| tissue. Moreover, they inhibit the

!yf s, Zia, and Rhodes, 1993)..

In the most instan mucoadhesive-polymer is in contact with a soft
tissue. Thus, the tissue laye i jfo, , jon of the adhesive interface is
93

mucus (Castellanas, Zia, a

interaction between a polymer and

metabolizing of enzymes in a |

-I‘ ‘.Ival"'= a
22

1. Characteristics

The compositi‘c)_p)‘ and thickiiess of the muct widely depending on

anatomical location, §F aid state of healil
human and consists majjy of water, -

0.5-5%, electrolyte 1%, free proteins 0.5-1% and

(oo, 25 QB B PIGR EPT g o
ARARID TN BATTII A B iy

(produce ?ts unique gel-like characteristics), adhesive and cohesive properties.

be as thick as 1 mm in
e than 95%, glycoprotein

!
ipids in low proportions

Basically, glycoproteins consists of a protein core possessing attached oligosaccharide
chains (Figure 3a). Glucidic chains contain an average of about 8-10 monosaccharide
residue of five different types consisting of L-fucose (6-deoxy-L galactose), D-
galactose, N-acetyl-D-glucosamine (2-acetamide-2-deoxy-D-glucose), N-écetyl-D-

galactosamine (2-acetamide-2-deoxy-d-galactose) and sialic acid. In human, the only
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important sialic acid is N-acetylneuramic acid (5-acetamide-3, S-dideoxy D-glycero-
D-galacto-nonulosonic acid). Amino acids are principally serine, threonine and
proline. Linkages between the protein core are of the O-glucidic type, between N-
acetylgalactosamine and serine or threonine. Many of the terminal residues in the
oligbsaccharide side chains are sialic acid, which has an axial carboxyl group with
negative charge at pH greater than 2.8, making the protein an anionic polyelectrolyte.
Sulphate residues contribute equally to this negative charge. The mucus gel structure
is the consequence of the intermolecular association of glycoproteins in a polymeric
network. Previously thought to“}m\ \!{
believed to be a terminally linked chain v

proposed that the entangemfbf nj.musﬁnsult from disulphide ; bonds

iations Nsical bonds stabilized by
onding,. saﬁ‘i&)’ or other non-covalent

(Figure 3b.), the polymer is now

us cross-linkings. It has been

(intrachain) and macromolec
electrostatic interaction
contacts between the ol tween chains and the protein core of

the molecule (Figure x{iqn @ the glycoprotein is not
-

Logically, for bioadhesion to occur, a succession 0f phenomena, whose role
depends on the mat ¢ ebi L. - ir; ess involved in the
formation of su@})ﬂdm bﬁﬁmgﬁﬂdimﬁtep& The first step
involves intimate contact that must éxist between<the bioadhesivetand the receptor
e, This otk b s o b it o 1 bidalesich suface,or
from the s%velling of the bioadhesive. When contact is established, the penetration of
the bioadhesive into the crevices of the tissue surface then takes place, or inter-
penetration of bioadhesive chains with those of the mucus then takes place. Finally,

chemical bonds can then settle (Castellanos, Zia, and Rhodes, 1993; Duchene,
Touchard, and Peppas, 1988; Mathiowitz, Chickering, and Lehr, 1999). 7
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Figure 4: Crosslinked structure of the intestinal mucus network ( a ) entanglenents
( b ) molecular associations ( ¢ ) permanent crosslink ( r ) average end —to— end

distance between two junctions.
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2.1 Intimate contact

The bioadhesive material has to penetrate the crevices of the tissue on which it
is applied, and hence the tissue surface roughness is an important factor for
bioadhesion. A rough surface or 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 5). Insignificant roughness for adhesive purposes occurs when the
aspect ratio takes values of d/h < 1/20. For higher values of this ratio, only highly

malies, and therefore their viscosity and

fluid materials can penetrate the tissue

When the bioadhesive at@l d, its'swelling in contact with moisture is
—_— :

). the constituent chains (Duchene,

"H. L

necessary in order to impart suﬂipﬂ‘?
e ot W
Touchard, and Peppas, 1988).

2.2 Wetting angs-vfel m ﬂ

ﬂlwawmwmm

spreadmg coefﬁmg.nt S of a bloadheswe (Subscnpt b) with the

O 1 e

by the fol]qwmg equation:
Shi s Yet = Yor= Yog
where :
Ya = Interfacial tension between gastric content and tissue,
Yo = Interfacial tension between bioadhesive and tissue,

Yog = Interfacial tension between bioadhesive and gastric content.
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For a bioadhesive material to displace the gastric contents and adhere
spontaneously on the tissue, the spreading coefficient must be positive (Duchene,

Touchard, and Peppas, 1988).

2.2.2 Swelling
The role of water in the mechanism of bioadhesion, for a solid material,
is of primordial importance, as shown by Chen and Cyr (1970), who found that an

optimum water content existed for maximum bioadhesion. Indeed, hydration of a

colloid results in the relaxation of stretehed, entangled or twisted molecules, which are

ssibility of creating bonds. It

able to liberate their adhesive sites givi Z
seems that the hydration 0& ids/ wﬁon of the already existing

hydrogen bonding of V | /mier/walcr interactions may overwhelm
the corresponding polymeét/p i ions, favoring chain inter-diffusion. Water

molecules form a dou metional group interactions.

The rupture of any inter . itions increases the mobility of the

cs.0f the bioadhesive and the

glycoproteinic network ‘: : brought into intimate contact and , due to the concentration

gradient, the bio @u ﬁp‘ﬁ% ﬁ g g]k \%Ch depend on the
diffusion coeffi¢i \i.l ﬂ c':i?x]\k network and the
chemical potentxa gradient. With crosslinked polymers, interpengtration of large

v 0 o B 8 S0 Y ki s o

still contribute to interdiffusion. After interpenetration, bonding occurred by

secondary interactions with mucus glycoprotern is formed (Figure 6).
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NG

Interaction

It is possible to , istic tin ‘ bioadhesion t by setting :

ent ugh the mucus.

Evidence for this ‘phenomenon is provided by an attenuated total reflection

Fourier transf o : ‘tdﬁl . (1993). In their
study, a thin cﬂ-mgﬂmm aﬂﬁﬂnﬂﬁl an ATR crystal. A
mucin soluti as_placed int ?iﬁ i i liaf] -ET tra collected
over a ﬁaﬂﬁﬁ ﬁfjji : L ﬂkﬁ‘jc : ﬁ’j ﬁf er 6 minutes
at 1550 cqm'l (which manifested itself as a small shoulder in the original spectrum),
which was attributed to mucin dimeric carboxylic C=O stretching (Figure 7) and it was
proposed that this indicated the presence of interpenetrating mucin molecules within

the poly (acrylic acid) film. The mucoadhesion bond occurs chiefly through chemical

and physical interactions.
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Absorbance (dimcnsionlcss)
o
o

1450 1350

Figure7 The deconvoluti IT FTIR spec of a cross - linked poly
(acrylic acid) in cont ' ‘ abbari et al.,1993).

3. Interaction

: bond) @n der Waals forces, and
hydrogen and hydrophotg'cgonds. Electros@‘tjc attractions are due to Coulomb forces

between moleﬂe%&%t%ﬁe‘.w&s quoﬁaﬁre all the interactions

between uncharged molecules. They can be atmbuted to three types of effect: polar

MoV R U U (s b

molecule, and dispersion (or London) forces resulting from instantaneous changes in

attraction, including &ctros' :

the charge distribution around nonpolar molecules. Hydrogen bonding occurs when a
specific hydrogen atom from one molecule is associated with another atom from a
second molecule. Hydrophobic bonding occurs when nonpolar groups associate with

each other in aqueous solution, due to the tendency of water molecules to exclude non-

polar molecules.
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Although system designed to form covalent bonds with proteins on the surface
of epithelial cells may offer strength advantages, three factors may limit the usefulness
of such permanent bonding. First, mucous barriers may inhibit direct contact of
polymer and tissue. Second, permanent chemical bonds with the epithelium may not
produce permanently retained delivery devices because most epithelial cells are
exfoliated every 3 to 4 days. Third, biocompatibility of such binding has not been
thoroughly investigated and could pose significant problems. For these reasons, many

investigations have focused on developing hydrogel, mucoadhesive systems that bond
through either van der Waals inte&abg: 7 ; gen bonds. Although individually
these forces are very weak, “k._ adhe e produced through numerous

oly1 ners’ v’sfitﬁmolecular weights and high

FTotips (such %d — OH) tend to develop
fllhe \r ~11ar}miKeppa@, 1988; Mathiowitz,
/] i

interaction sites. Therefore

f. On a microscopic scale, they can

involve physical entaﬁlement‘dyfnﬁcﬂfxi st% ' .

interpenetration into ﬁ' DOFOUS POIYINCE SUbSHalc. 11 iais ¢-of penertration of polymer

flexible polymer chains and/or

strands into mucin layeﬁ,s dependent | | Jd diffusion coefficient of
. |
each. The strength o portional to the depth of

penetration of t ﬁﬁ ﬁ% Wﬁﬂaﬁ-ﬁe&e ﬁmd strength include
the presence of ‘'wat ti r t 'betwer materials, and the length and
flexibility of the polymer chains (Garidhi and Robinson, 1988; Mathienitz, Chickring

w3 NI IETU NWNTINE TR E

q

e adhesive bond is directly p

4. Theories of bioadhesion/mucoadhesion

Several theories of bioadhesion have been proposed to explain fundamental
mechanism of attachment. In general, five theories have been adapted to the study of

bioadhesion, the electronic, adsorption, wetting, diffusion and fracture theories. Some
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are based on the formation of mechanical bonds, whereas others focus on chemical

interactions.

4.1 The electronic theory

The hypothesis of the electronic theory relies on the assumption that the
bioadhesive material and the target biological material have different electronic
structures. On this assumption, when the two materials come in contact with each

pt to balance Fermi levels, causing the

other, electron transfer occurs in an att
‘1;:/} the bioadhesive-biologic material
; to attractive forces across this
 —

citor: the system is charged

formation of a double layer of electrice
interface. The bioadhesive foree is bel

electrical double layer. This®

when the adhesive and su “discharged when they are

separated. The electronic nhr'oversy regarding whether
the electrostatic forces the contact between the
bioadhesive and the bic ol hﬁ@inson 1988; Mathionitz
Chickring and Lehr, 1999

4.2 The adsorptio

The adsorption theo ive bond formed between an
adhesive substrate and tissue or mux an der Waals interactions, hydrogen
bonds, and related fOfﬁeS Aftﬂ ; dually weak, the sheer

adsorptlon theory is thel mos th f adhesion (Gandhi and
Robinson, 1988; Math10w1tz Chlckrmg and Lehr 1999).

1‘1‘;';3&‘ 1k 101k 3 S
R S AT TR T

1nterfac1al tensions to predict spreading and in turn adhesion
Figure 8 represents a bioadhesive gel spreading over soft tissue in the gut. The

contact angle (8), which should be zero or near zero for proper spreading, is related to

interfacial tensions y through Young’s equation:

Yo o =Y T COSE
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where the subscripts t, g, and b stand for tissue, gastronintestinal (GI) contents,

and bioadhesive polymer, respectively.

Bioadhesive
Polymer

Figure 8 Schematic diagram showing terfacia ensions involved in spreading a

bioadhesive polymer ovg

For spontaneous

following must apply.

The spreading cﬁf icien biological tissue in vivo

can be used to predict blgpdhesmn and can be determined as follows: (Castellanos,

B ISR
ohile a\m‘m Pk RMGE

Sb/, should be positive for a bioadhesive material that adhere to a biological

membrane and the contact angle (0) is obtaimed by the following equation :

COSO = (Yau— Yo/ Yoe
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Wachem et al. (1985, cited in Castellenos, Zia, and Rhodes, 1993) studied in
vitro interaction of human endothelial cells with polymeric substances possessing
different wettabilities in a culture medium containing serum. They found that
moderately wettable polymers showed optimal adhesion, and that spreading and
proliferation to cells and adhesion decreased or disappeared with either very
hydrophilic or very hydrophobic polymers. In a homologous series of cellulosic
polymers the authors observed an increase in bioadhesive strength as the contact angle

increased.

the role of water in the bioadhesion

, and Cyr (1970). The authors

observed that maximum wei ¢ strefigth was-aitained when perfect matching of

active adhesive sites wa‘&y :se il optimum amount of water at

On the other hand, for a sq\

mechanism is of primal impo

drate the dry hydrocolloid,

exposed for interaction.

or near the interface. If'ins
active wet adhesion sit

An excessive amount d over-extension of the

—

;"rr‘ o> o

with the biological tissue (i.c. spreading), ‘spreading coefficient must be positive.
Therefore, it is advm?geom t6-maximize ‘the interfacial tension at the tissue-GI
content interface (yi) Wwhi inimizing the sions-atthe other two interfaces

-

(Yor and Yog) Q | s 7 ,
It is theoretically” Sossible to determine each of the Qnameters that make up the

spreading coeffiei ﬁ? i i issue ntent interface (yi)
can be determin‘E‘E:u'gjus Mﬁl ‘ﬂlzl:] ﬂxe interfacial tension at
the bioadhesive - GI contents interface Yhe) can be=determined expérimentally using
i) P DL O ) P e s

'S
.9
Lastly, it has been shown that the bioadhesive - tissue interfacial tension (yi) can be

calculated as follows

e = TotTi-2F@em)"”

where values of the interaction parameter (F) can be found in Wu (1970).
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Extensive studies have been conducted to determine the surface tension
parameters for several biological tissues (y;) and many commonly used biomaterials
(Yb)-

The bioadhesive gel-tissue interfacial tension (yn) has been shown to be

proportional to the square root of the polymer-polymer Flory interaction parameter (c):

172
C

Yot

When c¢ is small, the bi logical components are similar
structurally. This results in i ¢ u&refore greater adhesive bond

t parameter that may
work of adhesion (Wy).

the surface tensions of the

strength. / ‘
Besides the sprM G

indicate the strength of
According to the Dupre eq

bioadhesive and tissue,

calculate work done in B'min adhesive ; Botl'Dpreadmg coefficients and
bioadhesive work directly influence the nature of the bioadhesive bond and therefore

provice oo SRS ) 8 BB NI VR ive arus ceivery

sysetms (Mathlovmz Chickering, and L.ehr 1999)

ARIANNTUUNIINYIAY

4.4/ The diffusion theory

The concept that interpenetration and entanglement of bioadhesive polymer
chains and mucous polymer chains produce semipermanent adhesive bonds (Figure 9)
is supported by the diffusion theory. It is believed that bond strength increases with

the degree of penetration of the polymer chains into the mucous layer
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polymer chains.

Penetration of hai 1t th.e" mucus network, and vice versa, is
dependent on concentration @ ’ ,-..' iffusion, co ients. Obviously, any
cross-linking of either co ' _' 5 hi der té‘)enetratlon but small chains
and chain ends can still bec : j_ le %as not been determined exactly how

; ol

34,
much interpenetration is requ1red‘€tpf0du ffective bioadhesive bond, but it is
believed to be in the raﬂge of 0220 ’S’pm‘ l‘tﬂ?'ps's'mble to
Y
(1) with the followmgg

timate penetration depth
=

_j

J oy )m‘

where t @M EJO:A mﬂ ﬂ jdma ’lm zt of the bioad-hesive
material in us. The bond stren ﬁ for a given er is believed to be attained
hen CUIR D) BRI ) ﬁﬁﬂﬂﬂo@d%lme of the

polymer calams.

For diffusion to occur, it is important to have good solubility of one component
in the other; the bioadhesive and mucus should be of similar chemical structure.
Therefore. the strongest bioadhesive bonds should form between biomaterials whose

solubility parameters are similar to those of the target mucus glycoproteins . Thus, the

diffusion theory states that interpenetration and entanglement of polymer chains are
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responsible for bioadhesion. The more structurally similar a bioadhesive is to its
target, the greater the mucoadhesive bond will be (Gandhi and Robinson, 1988;
Mathiowitz, Chickring, and Lehr, 1999).

5. The fracture theory
Perhaps the most applicable theory for studying bioadhesion through me-
chemical measurements has been the fracture theory. This theory analyzes the forces

required to separate two surfaces after adhesion. The maximum tensile stress (Sm)

rer gth (S¢), which is equal to
the maximum stress of s 1 \ 0 ’x square root of fracture
tical crack length (C) of the

Fracture energy >
adhesion, W, (i.e., the ene f'g

eformation at the tip of the

'i" e reversible work of
ture surfaces), and the

irreversible work of adhe l on, W; (i.e. the work of plastic d

o h T4 W“ﬂ‘ﬁ*ﬁ’ﬂﬂ"fﬂ“ﬁe i
Qﬁ?ﬂ@ﬂ?iﬂﬁd%ﬂﬂﬂ’lﬂ t)

The elastic modulus of the system (E) is related to stress (o) and strain (e)

through Hooke’s law:

ol -
€lso Q‘Al—)o
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In this equation, stress is equal to the changing force (F) divided by the area
(A,), and strain is equal to the change in thickness ( 1) of the system divided by the
original thickness (l,).

One critical assuml;tion in the preceding analysis is that the system being
inverstigated is of known physical dimensions and composed of a single uniform bulk
material. Considering this, the simple relationship obtained cannot be applied to
analyze the fracture site of a multicomponent bioadhesive bond between a polymer
microsphere and either mucus or mucosal tissue. For such analysis, the equations

] j elastic moduli of each component.
Furthermore, to determine ; ﬂ dheswe union from separation
experiments, failure of thevnmo ‘must ¢ d to occur at the bioadhesive

rarely if ever, occurs at the

must be expanded to accommodat% i

chains. Therefore, it is

semirigid bioadhesive materia s, inswhich r chains may not penetrate the
mucous layer (Gandhi, and RobnMSSﬂmtz Chickring ,and Lehr, 1999).

5. In vitro evaluation-of bioadhesio 1uCcoac he:

In order to assess the mucoadhesive drug delivery devices, rapid in vitro
screening of m ave been reported.
However, no amg ﬂ;mﬂ ﬂ?ﬁy dlllfe]d?;thod of evaluation.
Each te Eﬁ it has been
difficul ﬁ ﬁbta {lﬁ i rﬁﬁfj ﬁﬁﬂd rfﬁfﬂf the more

51gn1ﬁcant methods that have been used for measuring and evaluating the interaction
between bioadnesive polymers and biological substrates are as follows.
Kellaway (1990) classified these methods into mechanical and spectroscopic

methods.
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5.1. Mechanical methods

Mechanical methods are the commonly methods involve testing bioadhesive
polymer against synthetic mucus, natural mucus, frozen or freshly tissue samples.
This methods are based on the measurement of shear, peel and tensile stress. There
have been two common methods consisted of the Wilhelmy plate method and shear
test method.

The Wihelmy plate method, which is a modification of the Wihelmy was
developed by Smart, Kellaway and Worthington in 1984, this method has been used

for the measurement of superficial tensi involves a microbalance or tensiometer.

The apparatus (Figure 10) consists of a ed with the polymer to be tested

can be automatically mea
The shear test vated. a, Numbu and Nagai (1983). The
apparatus used for this experime s i wivin Fig re ’ his method has been used
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Figure 10 Diagrammatic of the Wilhelmy plate method (Smart et al. 1984 : 26).
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Figure 11 Schematic illu nadhesion study

(Ishida, Numb

Another shear tes 1 dey ‘ 1in 1998 b b' a0, Vam, and Chary. The
apparatus consists of twg oth 7 ~' ‘ ¢ was fixed on the leveled
| ; re of this block, the second
block was place on and apply;the. weigt -\ . per block slide down from the
base block. This weights will rep csent the shear stress of detachment. (Figure 12)

]

o

AUE 2 TR NS
QRGN IUNRINYIAY

Figure 12 Shear stress measurement apparatus (Rao, Vani, and cherry, 1998).

A majority of other experiments has been variations of a simple tensile test that

use either large tensile machine, modified tensiometers. or electrobalances.



32

In 1984, Gurny Meyer and Peppas developed a tensile method using an Instron
tester equipped with a special cell for the determination of the adhesive bond strength
(Figure 13). The cell is constructed of two plexiglass discs connected in their centres
by permanently-fixed metallic bars perpendicular to the discs. The bars are fixed to
the tensile tester. The two discs are enclosed in two cylindriéal chambers. In the
experiment, the bioadhesive preparation (gel) is hydrated with an equal amount of
artificial saliva and placed between the two discs. The equipment is started and the

discs are pulled at the constant rate, then the stress/strain curves are recorded.

N l’///(//
= [ =

-
j’ / “
& A7/ /
r

Ly

R Y
Py Rl

Figure 13 Schematic jgustration;of/ Gurny, et

i

For the study there are a number of

f | ‘E
experiments use a tensikjnethod for evaluating bioadhesioil on biotogical tissue.

Ishida et 1 ‘\ﬁ 1 i | i apparatus with the
purpose of me@iﬂzj a | ﬁﬁﬂ ﬂm (iage form for oral
mucosa. The apparatus (Figure 14) reduires the use.of mouse peritonéal membrane on
which h&nslin dofake (o i ofod and hédwrbrbed Vit sprio e,

In ?985 Ch’ng et al. uses the same type of system with rabbit stomach mucosa
immersed in test solution (Figure 15). The mucosa is secured on a fixed holder
(bottom) and on a mobile holder (top). This surface is coated with hydrated polymer,

and raised in contact with the mucosa of the upper holder. After 1 minute of contact

with a pressure due to the upper holder weight, the upper holder, connected to a
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modified tensiometer, is raised with a force increasing at a constant rate of the polymer

detaches from the mucus.

— metal ring
tablet

Mouse
peritoneal
membrane

222 ::.‘@

Eryy

P P —— mouse
peritoneal
membrane

SS measurement apparatus

RAINRENARAINEaY

central hole Polymer

Tissue

Figure 15 Diagrammatic illustration of the modified tensile strength test apparatus
(Ch’ng et al., 1985 : 401).
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In 1986, Ponchel et al. (Cited in Duchene, Touchard, and Peppas, 1988)
developed the tensile apparatus use an Instron tester (Figure 16).

The mucosa employed is ox sublingual mucosa which is stuck on the holder
connected to the lower clamp of the tester. A tablet made with the bioadhesive
poljmer is stuck on the holder connected to the upper clamp of the tester. The force
necessary for detachment is continuously recorded, and enables the calculation of

adhesion work.

AT PP
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gastrointestinal bioadheg system on t ucus. e Qparatus consists of a thin
channel filled with a mucilysgltion, gel or na&;al mucus (Figure 17). The channel is

thermostated anﬂe%&{i %t% W%twv’vqlﬂc%ﬁ be removed by a

handle. The systét is connected thro%gh a valve to a fluid source which may be a gas

N T T T o
experirrﬁ ingle’ spherical polymier particle of m~Wweight is placed on the

surface of the mucin using a Pasteur pipette, and the lid is closed. The volumetric
flow rate (and the superficial velocity) of the fluid is then adjusted to physiological
conditions, and the motion of the particle is followed with a fast-frame camera. The
distance travelled by the particle is measured, as well as the time for detachment and
the type of motion (rolling, sliding, jumping) (Dunchene, Touchard, and Peppas,
1988).
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M

fluid e
e
water bath
Figure 17 Schematic illustration of flu w chamber apparatus (Dunchene,
Touchard, and Peppas, 1988). ’(j

Mortazavi and Smart 4 develop apparatus for measuring the

\\,

duration of adhesion (Fig // d .n; S ; ‘was placed in contact with mucosal
! S x .

surface of isolated rat s ate buffer chamber, then a

constant tensile stress (loading pplie x imer mechanism activated.

\\\

As soon as the adhesive jo \- dropped on to a photocell

which automatically stopped t

N
ﬂﬂﬂjﬂ ﬂﬁWHWﬂﬁ

Welghl Ll '.: g & ‘ m disc

NN Y

=4 Phosphate
| buffer37°c

= Jacketed
waler bath

Figure 18 Schematic illustration of duration of adhesion apparatus (Mortazavi, and
Smart, 1994 : 208).
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A novel in vitro test was designed for measuring both bioadhesion. and the
duration of adhesion (Gaserod et al., 1998). The apparatus used in this study is shown
in Figure 19. Mucosal tissue was placed on the slope of aluminum plate then the test
materials were deposited onto the tissue and synthetic mucus solution was pumped at
the constant rate over the tissue, then the washed off mate;'ials were collected at

different duration of time.

rewes sB UL BUBIHUNAS, ot mmcratcions

microsphere be%s (Gaserod et al., 1998) (a) tissu&(b) humidity mpd, (c) pump, (d)

o) 557 H4971609) 180 4 o o

humidifieation.

5.2. Spectroscopic methods

This methods include the fluorescent probe method, nuclear magnetic
resonance and electron spin resonance experiments.

In 1984, Park and Robinson developed a fluorescence probe technique using

cell cultures which indirectly measures the binding between a polymer and epithelial
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cells. The binding of a polymer to a lipid bilayer of a cell membrane containing the
fluorescent probe pyrene, which compresses the lipid bilayer, results in a change in
florescence. The change in florescence is proportional to the degree of binding of the
polymer to the cell membrane. This can be explained by the fact that photo-excited
pyrene can react with non-excited monomer to form a complex called excimer. It is
also possible to obtain information on cell polarity from the peak ratio measurement of
monomer fluorescence, since the pyrene monomer is characterized by three well-

defined peaks. Thus, the peak intensity ratio can be used as a measure of polarity of

the probe environment.
Moreover, Qaqlsh an ted the molecular mechanism of

method. Measurement 0f the . tion upon polymer-mucin

ucoadhesive polymers and

mucus by using CB-NMR forfexandinis o (he iC: of mucoadhesive polymers

The bloadhestff power  polymer or of a'series of polymers is affected by

the nature of the polymeéran b the swirounding media. (Duchene,

ARSI PREN NG N3
Ehy T@"ﬁﬂm@ﬂjﬂ&’m Vet T

with the molecular weight of the bioadhesive polymer, up to 100,000, and beyond this
level there was not much effect. It is clear that, to allow chain interpenetration, the
polymer molecule must have an adequate length. It is also necessary to consider the
size and configuration of the polymer molecule. Hence, for example, with
polyethylene oxide, adhesive strength increases even up tp molecular weights of

4.000.000 : these polymers are well-known to contain molecules of highly linear
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configuration, which contribute to interpenetration. On the other hand, with dextran,
molecules with molecular weights as high as 19,500,000 do not exhibit better

bioadhesion than molecules with a molecular weight of 200,000.

6.1.2. Concentration of active polymer
Bremecker (1983 Cited in Duchene, Touchard, and Peppas 1988) concluded
that there was an optimum concentration of polymer corresponding to the best

bioadhesion.  In highly concentrated systems, the adhesive strength drops
significantly. In fact, in concen \ 1018, the coiled molecules become solvent-
poor, and the chains avallableﬁk_ not nNuUMmMerous.

For solid dosage as'iablmthat the higher the polymer
concentration, the stronW esi (P\W 987).
%

This characteristic i | (0 1He Polymen itself, dnd also to its environment.
As mentioned earlier, i .' »_ ;M y i ier as polymer chains are
disentangled and free of i IS depends both on polymer concentration
and on water presence. It , when swelling is too great, a
decrease in bioadhesion occurs‘ S enon must not occur too early, in

the active mgredlent gumy,. eye
and Peppas, 1988).

AUEANANNEINS
T a2 Tarb (b ek o} 1 N

1) Generally hydrophilic molecules that contain numerous hydrogen

34 ﬁted in Duchene, Touchard,

bond forming groups.

2) Surface tension characteristics suitable for wetting mucus/mucosal
tissue surfaces.

3) Sufficient flexibility to penetrate the mucus network or tissue

crevices.
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Furthermore, Park and Robinson (1984) investigated mucoadhesion by the
fluorescence technique and summarized that cationic and anionic polymers bound with
mucus more effectively than neutral polymers and degree of binding was proportional

to the charge density on the polymer.
6.2 Environment-related factors

6.2.1. pH

Apparent volume of
equilbrium swelling

(m /g polycarbophil)

AUYANYNTNYNS

Figure 20 Appatent volume of equnhbnum swellmg of polycarbophll at various pH.

AHIHIDIUNNAINIIAL. .o

seen when comparing the figures, when pH varies. polycarbophil swelling is not the
dominant factor for bioadhesion. In any case, there is an optional pH for polymer
adhesion (Ch'ng et al., 1985).
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Force required for

detachment (x107 dyn/cm?)

Figure 21 Effect of
tissue.

6.2.2 Apr

It is obvious
apply a defined strength. 7
poly (HEMA) of Carbopol 934, th : gth increases with the applied
tic | optimum (Figure 22) (Ponchel

3 t\-‘ /e system, it is necessary to

acrylic acid/divinylbenzene),

strength or with the duration of:

etal., 1987). S ¥

:

time (min)
0 10 20 30 46

S

Figure 22 Effect of duration of applied strength on bioadhesion.
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7. Biodhesive / mucoadhesive polymer

The first step in the development of buccal patch is the selection and
characterization of an appropriate bioadhesive in the formulation. The polymers that
are commonly used for the development of mucosal patches including chitosan,
carbopol, cellulose derivatives (e.g., methylcellulose, sodium carboxymethy cellullose,

hydroxypropyl methylcellulose hydroxyethylcellulose), natural gums (guar gum,
y poly (acrylic acid), poly (methacrylic

id), i i , poly (eth ) and gelatin. These polymers
exhibit mucoadhesive prope water (Lopez et al., 1998.

Karaya gum, agarose), polyacrylates in

delivery system both al
mucoadhesive perform
1994; Ishida, Nambu and
1992; Smart, 1991).

Its chemical name is carboXyp B9iEne or carboxyvinyl polymer. It is a
synthetic high molecltlﬂ crylic

7
alcohol and glycerin. Nﬁtr

ﬂ‘lJEJ’JﬁIEJ ﬁwmm

AR1aN ‘mu& 1298188

- CHO; ) (- CaHS-Sucrose)y-

sslinked with allylsucrose

and containing 56-68 26). It is soluble in water,

Figure 23 Structural and empirical formulas of carbomer.
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7.2 Sodium Carboxymethylcellulose (SCMC)

SCMC is an anionie polymer with strong mucoadhesive force which made it
commonly used for mucoadhesive dosage forms (Jones, Woolfson, and Brown, 1997;
San, Heuij, and Tukker, 1992; Smart, Kellaway, and Worthington, 1984).

SCMC is the sodium salt of polycarboxymethylether of cellulose (Figure 27).
It is easily dispersed in water forming colloidal solution; pratically insoluble in

alcohol, ether and most other organic solvents. The degree of polymerization affects

viscosities.

the viscosity of solution. There are tt‘?e’viscosity grades; high, medium and low

.

are a number 0‘11 irjx)ré srevealed the application of HPMC in mucoadhesive

rﬂﬁﬂ, %&m wi%ng[ﬂ;ﬁ Rodo, and Russell,

1988: Wong, Yu&, and Peh, 1999). ¢

A LSRRG AN DY AR s e

cold water, forming a viscous colloidal solution and undergoes reversible

preparations

transformation from sol to gel on heating and cooling; insoluble in alcohol, ether and
chloroform. Solutions of HPMC exhibit pseudoplastic rheology and stable at pH 3.0-
11.0.
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H OH CH,0CH, H OCH,
™ H|H 0 i
ocH, HY\ / H OCH, ¥
oy N oH W H
" 0 0 Hu 0 OH
CHRH, H OCNx(i‘NCH. CHOM
oH
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CgH,506 — (C1oH 506N — CgH 505

Figure 25 Structural and empii roxypropyl methylcellulose.

edominantly of long linear
unbranched chains ami . charide )-amino-2-deoxy-D glucan or
poly (N-deacetyl glucosaming) (Figure tis 'of :d by alkaline deacetylation at
high temperature of chiting a olyst chat d \ e second most abundant in
nature after cellulose. >4)-2-acetamido-2-deoxy-D
glucose or poly N-ace 2 structural component of the
exoskeleton of atropod, c ibrate and insects (Bring, Sanford,

and Zikakis, 1991; Felt, Buri, r,ﬁ -

LB WERNS

quﬁﬁﬂiﬂ NWT}WE!WQEI
T 5

Chitosan

Figure 26 Structural of chitin and chitosan.
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Chitosan is insoluble in water but soluble at pH values under 6.5 in most acidic
media particularly organic acids such as formic, acetic, malic, tartaric, adipic and citric
acid, where as acetic acid is commonly used as a reference.

On solubilization of chitosan, the amine groups in chitosan molecules are
quarternized with acids. Cﬁitosan is soluble in inorganic acids such as nitric acid or
hydrochloric acid within the range of 0.15 to 1.1% acid by weight but it is insoluble in
sulfuric acid (Mathiowitz, 1999; Skaugrud, 1989). It has attracted a great attention in

the pharmaceutical and biomedical field due to its favorable biological properties such

as nontoxicity, biocompatability and bio bility. It is degraded by lysozymes
into oligomers, which are fuk ctyl glucossamine (a common

umiteu, (9945 Mathiowitz, 1998). Moreover,

amino acid sugar in the body (Du
, m@\ﬁg;hltosan in gastrointestinal
3 M:stmal tract.
L A0

Okamoto et al. (2001) i
tract and reported that ¢
g delivery due to its

Chitosan has beg

&ii‘;Wic polymers (Lehr et al.,

1992). There are a numbe % 51 3 teraction between chitosan and
mucin, consisting of ionic bend yg%m ond .; ' hydrophobic interaction (Flebrig
etal., 1995; Patel et al., 19 ; Qugish, and, Amiji, 1999; Rossi et al., 2000)

In addition, the abili it6s 6@’“8 clear and flexible film, which

the application in ¢ ,
diazepam, nlfedlplnebﬂ ] ibencl i _ xicillin, metronidazole
and chlohexidine load itosan films ' : 199M(ristl et al., 1993; Lehr et
, 1992; Lope F'T 1968«=M1yazak1 Yanfaguchi, and Takada, 1990; Senel et al.,

2000). EJW?WEJ’]ﬂﬁ
Iv chmmmsmwﬂﬁw HIR Y

In general, buccal mucosa is more permeable than skin but less permeable than

the sublingual that makes it a more suitable site for sustained release delivery. Most
importantly, drugs administred via the buccal mucosa directly enter the systemic
circulation there by avoiding enzymatic degradation in the gastrointestinal tract, as

well as first-pass metabolism in the liver. Moreover, the administration of drug can be
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stopped at any time by device removal and patient compliance is high due to the
accessibility of the cheek lining and lack of invasive measures. Considerable attention

is being focused on the buccal area for drug delivery purpose.

The mucoadhesive dosage forms for buccal route may be categorized into

tablets, ointments, hydrogels and patches or films.

\ W//

1nd1ca ccal mucoadhesive tablet can

1. Tablets

There are a number

improve the mean residence e d g C

d w;th intravenous formulations.

In 1981, Ishida et dosage form with a view to
solving the problems of thg* i st , a sisted of a core-base which
contained cacao butter ditive, a peripheral-base, which contained a

mixture of hydroxypropylellloge-H (II2C)and carbopol934 (CP 934).

Schor et al. (1983) deyelope in bioadhesive tablet, using a range
Er

of polymers made from namraliS?'_j 3 J' ! naterials (Synchron®) which can be
e "r"'r i‘:: a ,

mixed directly with aﬂactwe pharm{ceu t: dedirectly compressed into

would adhere to the bu =

Ishida, I’ﬁnﬂ sive tablet in order
to produce a local janest ﬁ:?;r tooﬁf?‘fﬁus tamlm) consists of a core
containi eze- mixture of
HPC ﬁ ﬁ ﬁa'ﬁﬁj mﬁﬁﬁﬁm‘ (E]r’e] igrpart with a

bloadheswe mixture of HPC and CP, and directly compressed with a hydraulic press.

d esi_\ﬁ to hold it in place.

Finally, a third layer is applied, consisting of a freez-dried mixture of HPC and CP
added to magnesium stearate.

In 1985, Nagai and Machida developed a mucoadhesive bilayer tablet for
aphtous stomatitis. The upper coloured layer consists of lactose and has no adhesive

property, its role being to prevent active ingredient (triamcinolone acetonide) diffusion
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out of its activity site (Aphtha®) and to allow an easy placing of the bioadhesive tablet.
The lower layer, which contains the active ingredient, is made with HPC and CP 934,
and constitutes the bioadhesive layer. This tablet commercially available under the

name of ‘Aftach’® (Figure 28).

Figure 27 Lidocaine buccal

' porti |.-;ye'r
TN

l*-7t¥n".l
quﬁﬁﬂimﬂﬁﬂﬂﬂﬂﬂﬂ

Figure 28 Aftach® buccal adhesive tablet.

Collins and Deasy (1990) developed two and three layered devices by filling
the desired proportions of the components (cromadol, carbopol, cetylpyridinium
chloride, flavors, HPC, magnesium stearate, precirol, spermaceti was and talc) of each

layer into a punch and die set. After each layer was added, the fill was tapped down
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and lightly compressed. The device offered considerable improvement over the

proprietary product in sustaining salivary levels of drug in the therapeutic range.

Anlar et al.(1994) developed morphine buccal mucoadhesive tablet, which
consists of hydroxypropyl methylcellulose (HPMC) and CP 910. The tablet was

manually coated, on all sides except one to ensure unidirectional drug release.

In 1995, Ahuja, Dogra, and Agarwal reported that diltiazem could be

formulated into polymeric buccal tab ultilayer tablets was comprised of a

cap layer of CP 934 combined with either’ MC or poly (vinylpyrrolidone)
compressed using a die -punech- set avgmd-My compressed core of drug.

(Duchene, Touchard, and(' :

Voorspoels, C

thionitz, 1999) developed
slow release degradabl micronized progerterone),

drum dried waxy maize s 6p 74P ium stearylfumarate compressed

P

In 1983, Ishide; Nambu 2} 7 developed-highly viscous ointment of

the mucoadhesive agent.

The investigation showed Jhat the release of predmsolone from an ointment-type oral

mucosal dosagﬁmﬁmg.ﬂﬁwajbw mﬁrﬁhal ointment base.
ﬁm SEBTAIRIL L 11T AER)

treat hchen planus and reduce irritation to the mucus membrane.

3. Hydrogels

Hydrogels are characterized by hydrophillic polymeric networks that in the

presence of water hydrate and swell.
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In 1990, Warren, Kellaway and Timmins developed peptide hydrogel from CP
907 crosslinked with sucrose. To promote unidirectional drug delivery the
mucoadhesive CP 907 film was backed by a less hydrophilic hydrogel. The backing

membrane was composed of CP crosslinked with Caradol.

In 1993, Cassidy et al. investigated the transbuccal absorption of diclofenac
sodium from a hydrogel formulated from 80:20 w/w hydroxyethyl methacrylate
(HEMA) and a hydrophobic di ‘
however possessed no inhe
mucosa of human volun?n oﬂienm and covered with a backing

in, within the hydrogel was

olecular crosslinker. The device

dhe rties and was anchored to the

of non-permeable Surlyn.
achieved and the gel ‘was found that the steady
state flux of the drug

observed across hum inf inf it assi &hand Quadros (1993) also

ive patches for’ a of the oral cavity may
hsiderations, such as the
therapeutic aim and th l.' hysicochemi . 'txc properties of the active

ingredients. Regarding‘the therapeutic aim, two different rationales for developing

mucosal patche ﬁﬁfﬁﬂﬂ fﬂfjmiﬁfﬁdeliver a drug to the
systemic circul@n | a-way-that i ijo o ot out ministration or their
purpose maﬁe local therapy of the oral mucosa (Mathiowitz, Chickering, and Lehr,

o A WITANTI ST NWTIVIE TR E

The advantages of buccal patches are that the patches can be applied directly to
the affected mucosal region have the potential to supply the site of action with
effective drug levels and sustain these levels over a long period of time. Moreover, the
affected mucosa is covered and protected from contact with food and from other

mechanical stress that may cause pain and further irritation. Furthermore. patches
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allow more exact dosing than the alternative gels or liquids. In addition, the patches
have advantages over the buccal mucoadhesive tablets such as the patches are more
convenient than the tablets which often difficult to maintain in suitable site in oral, to
fail to swallow them and produce an uncomfortable feeling in the mouth.
(Castellanos, Zia, and Rhodes, 1993; Mathiowitz, Chickering, and Lehr, 1999).

Patch size, geometry, and design depend not only on drug-related factors such
as the dose, mucosal permeability, and physicochemical properties but also on
considerations related to the acceptability of the product for patients.

Among the most important' ors of patient acceptability are taste
mucosal irritation, 1mped1me@’g—;‘ﬁ ment while speaking, eating, or
drinking and an uncomfem—elmghn ﬂiﬁi‘-;:h because of the continuous
presence of a foreign b‘(?(; / . Fre
many drugs is so bad t calise sefti l: ] Icom\pWroblems if it is not either
i, prqul f(Qm coming into contact with the

Fj‘-“:%!

ently underestimated, the taste of

masked with appropri
taste receptors by the
(Rathbone ed, 1996).

ich, is Q_e more effective method

:,.—f

the active 1ngred1ent The seconef«jg}@' functi
reservoir toward the lumen of thﬁrdtafcap/ %

a acking layer covering the drug

good release barrier it has to be

A patch U‘%i?% iﬂ }ltil eing a backing layer,
is also much m éj ﬁx El'er ﬁn s the backing layer
is not adhesive, 1t' will not stick to the gums or teeth and thus will @allow free lip and

e oV 3 b b b o

formulated for much stronger mucoadhesion than with any one-layer design. Thus,

made larger than the d ug-containing layer (Flgure 29).

non adherence and dosage form failure can be largely avoided, and patches can be
developed for much longer application times. In addition, the impermeable backing
layer has been considered to prevent drug loss from adhesive layer (Mathiowitz,

Chickering, and Lehr, 1999).
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Guo and Coolglhck (1996) have tu of backing layers on the
swelling and adhesion’ of found' that ethylcellulose, a
hydrophobic polymer, gs ery W wa 1T eabilit@nd moderate flexibility;
therefore, it is a good candidate for backing application. The effect of ethylcellulose

on the hydratioxﬁw ’} % &ja%é}g‘%ﬁw E_r]cqxﬂ;%r uptake of polymer

patches was deldyed to about 24 ho‘urs by the apphcatlon of ethylcellulose The

polyme és'thathe ‘: m d&:mﬂa}lﬁ dration rate.
As altengive backing mate m olido ell tate mixture

were also studied. The polyvinylpyrrolidone and cellulose acetate gel did swell with

the polymer patch when the polymer patch was hydrated; however, this gel has very
high water permeability and could allow the drug to pass through. Poly (ethylene-co-
vinyl acetate) is another material that has been studied for backing layer application.
Poly(ethylene-co-vinyl acetate) is a very hydrophobic and elastic polymer, and
because most of the swelling force of the buccal patch was used to stretch the poly
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(ethylene-co-vinyl acetate) film, the swelling ratio of the buccal patch significantly
decreased when the patch was coated with poly (ethylene-co-vinyl acetate).

There are considerable studies involving buccal mucoadhesive Patches
Yotsoyanagi, Yamamura, and Akao, (1985) designed a mucoadhesive using
moderately water soluble polymer films containing analgesics and antibiotics for pain
relief and aids in the healing of lesions. The film consisted of HPC containing
tetracaine, thiamphenical and triacetin.

A patch of quite complex design was detailed by Veillard et al (1987), with

unidirectional drug release assured. ‘presence of an impermeable backing

S

membrane. The drug was i limiting membrane sandwiched

between the backing ﬁlmMco&!hesmarepared from polycarbophil.
- nC fabric of the patch were not published,
however the device was OBserved 04 i "i _N‘volunteers, with food and
water permitted, for approximately { ‘hou k. iﬁms ed that the water swollen

polycarbophil allowed soi ‘i;i%lbrane and thus provided
comfort to the patient. \
In 1988, Kurosaki et al'( icin itz, Chickering, and Lehr, 1999)

reported the use of a simp! x the delivery of propranolol. Rodu,

Russell and Desmarais (1988 pré&;éd a si' . m | y complexing HPC with tannic
and boric acid (Zilactir_k®). LT (%— -

Anders and Méerkl
: ing layer, N -

layer for gel chromatogarlihy) faced—irllto the oral cavity ‘
drug. An aque bluti ¢ 3' e%é ocolloi roxyethyl cellulose
(HEC), and theﬁuﬁﬂ-‘c w;ﬁ?le ,ﬂiﬁ(ﬁ ﬁfi a laminate. The
presence of an aéuarose graft on one surface of the=Multiphor sheet ensured that the

o W A ) B B A FoQ B B s

The devicgs, up to 12 cm’ in area and loaded with protireline, were applied to the

laminate films. The only used as a backing

d was impermeable to the

buccal mucosa of healthy volunteers. Adhesion to the buccal mucosa was observed
for periods up to 30 minutes.

In 1992, Merkle and Wolany experimented with a number of polymers and
different geometrie’s for the design of patches for the delivery of different peptides,

such as protireline and octreotide.
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Guo (1994) developed buprenorphine buccal patch consisted of CP 934,
polyisobutylene and polyisoprene as mucoadhesive polymers. The surface properties
of the buccal patches were dependent upon the CP 934 content as well as the existing
polymeric ratio. Polymer patches with higher CP content, or higher polyisobutylene :
polyisoprene ratios; had higher water uptake capacity, which led to increased swelling

and more buprenorphine release.

V Evaluation of Film

The evaluation tests de&c}%’ stun//ﬂacteristics and final properties of
—— - mm—

free films are carried ?ﬁli ng wmniques including thermal

analysis, mechanical m
experiments (Arvanito, N
et al., 2001, Singh, and R
analysis and mechanic
the basis of needful info

analysis (TMA). Thenggravim‘ alys sed to dgermine thermal stability of
membranes and the upperdimit of thermal stability is usually taken as the temperature

at which weigﬂo%&%lﬂemﬁ %egtq Mng calorimetry is an

extremely usefufuechnique for measgring glass transition temperature (Tg) whereas

R R R T M VT

oscillatory can also conveniently measure transition a glassy to a

rubbery polymer.

2. Measurement of mechanical properties

Mechanical properties of a polymer are most conveniently determined by

measuring their stress-strain relationship. Stress is the stretching force applied to the
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sample, and the strain is the elongation of the sample under a given stress. Because
the stress-strain relationship in membrane are time-dependent, the speed at which
stress is applied is an important experimental parameter. Stress-strain measurements
in polymers are usually performed on dumbell-shaped specimens as shown in Figure
30. ;

To ascertain reproducibility of the test, care must be taken during cutting to
avoid jagged edges. The specimen is clamped in a tester that is capable of extending

the specimen at a chosen constant rate and measuring the force that the specimen

exerts on a load cell. Percentxélg t .break is also obtained from an
examination. The tensile prop%ﬁ%r‘r\téy' sample thickness, rate of grip

separation, type of grips used and thefme@o measure the extension.

Generally, a suitable free film g equate strength to avoid failure

in use \ N
.. .—.U 1
= 4\ L\ Clamp
Force WP 2
2277 Z i
: : 777 % Foree - —
-k :
ot SRR
Figure 30 Typical shape of a flat po ample used for siress-strain tests.

A typical stress—sfzain curve for a th aterial is shown in Figure 31.

——

In the initial phase, appl']catlon of stress causes a modexue elongation to the yield

point, after which,signific longatio e ce without greatly increased stress.
Elongation then%ﬁm tﬁﬂﬁ ﬁ 8 "] ﬁrﬁ
¢ o s
AR Yl o oy

meric materials as shown in Figure 32 (Tsuruta et al., 1993).

3. Swelling property study
Degree of swelling and water sorption study are of considerable importance.
When a film is placed in an aqueous environment, it will gradually absorb water, and

the amount of absorbed water is determined by the polymer structure.
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4. Surface characteristics and crystallinity

Scanning electron microscopy is the microscopic examination used to study
surface characteristic and the homogeneity of a film. The film was mounted on a
metal stub, coated with gold and examined using a scanning electron microscope.

X-ray diffraction is the method used to study crystallinity of a film. The film
was mounted on a metal frame and scanned in suitable range of 20, and then

determined the diffraction peaks obtau\‘ ’ om X-ray diffractometer.

5. Drug Release from
1—ﬁ-ﬂ'

Diffusion test /

drug release rate from

In diffusion-controlied % sys" s, d g diffusion through the polymer is
achieved by molecular diffusiég-"ﬂ?éf?i@" C tion gradients. Depending on the

molecular structure. of the polymer, t stems —mady./be classified as matrix

5.1.1

In mat g e_ag is incorporated in the
polymer phaseﬁ ﬁ ﬁ\iﬂ%ﬁ%ﬁ f'ﬂ}ﬁ , the solubility of the
drug in the polymer becomes a comtrolling factor,in the mathematical modeling of
o VB B B % 38 i, s
achievedqby simple molecular diffhsion through the pol‘ymer. However, when the

drug loading is above the solubility limit, dissolution of the drug in the polymer

becomes the limiting factor in the release process. (Figure 33)
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7 <—— Backing
Drug and Excipients o %
(including
Adheshe) ?
Mucosal Membrane

Figure 33 Illustrated matrix system.

\ \ ' /
When the bioactive agﬁs\ms polymer phase, release kinetics

known as Fickian release mec!am ave been derived by Higuchi

sr;eleas_w a function of the square root of

(1963) by plotting the perc

time :

ki '.:-I ;—
_—’1"
sity factor of the matrix; T is

the tortuosity factor ‘6‘f the matrlx A is the amod'nl of drug in the matrix

B th 5 ?tmﬁ:mmw oy

drug liberated and the square root ofitime is only true in part of the dissolution curve

(60% obfngne ngeied reopibd fbrdon b el Hheintshowea thatin

the matr&-type delivery system the porosity and degree of tortuosity in the capillaries

influence the drug release rate. The amount of drug per unit of matrix volume
decreases with the time as dissolution occurs) (Higuchi 1963; Tsuruta et al., 1993).
5.1.2 Reservoir systems

In a reservoir system the active agent is contained in a core that is surrounded

by a rate-controlling membrane (Figure 34).
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Figure 34 Illustrated reservoir system. 1, /,
Transport of the material in the co:é,éﬂjgugh the surrounding nonporous,
homogeneous polymer filaie0couEs by dtssolunon “at-one interface of the membrane

and then diffusion down aﬁg{r | thermodynamic activity.

where J is the flu sec;Cm'é,s the concentration of the permeant in the

membrane in g/cm3 dC./gK i t,he conce.nl&at;on gradlent and D is the diffusion

coefficient of the permeant in the membl aneﬂﬁf.cm see.

s Ty Id
At steady state_the above"cqﬁ&ﬁonk cambp m\vritten as
\_él = DKAC_,,,—i;—’
\7 i AF

Where AC is thé difference in concentration between the solutions on either
side of the membrane, K_is the distribution coéfficient and 1 is membrane thickness.

If the thermodynamic activity of the active.agent ih the reservoir remains
constant, if there is no change in the rate-limiting.membrane charaeteristics, and if
infinite §ink conditions'are maintained at the downstream side of the meémbrane, rate
of active agent release will be constant and can be predicted from a knowledge of
membrane permeability and device configuration.

Thus, for a slab having a total surface area A, Fick’s law can be restated as

follows:
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A DKAC.t
5 = e
where Q is the amount of active agent released and_gLTQ_ is the release rate at
time t.
Drug release from this system is zero order, that is , the release rate of drug

does not depend on time (Mathiowitz, 1999; Tsuruta et al., 1993)

dispersed in a glassy polymer:~Beez ‘ mare essentially impermeable,
the active agent is immobilized “the a \md{ilffusmn through the solid
] ueous environment, water

. As a consequence of the

swelling process, chain relaxation ik " iace , i rporated active agent begins
to diffuse from the swollen JygF. /<

This process is represe: ] t igure 35. One front separating
the glassy from the rubbery stafe,mb&es' while a second front separating the

chain entanglements, partial

{

crosslinked polymers Q o0se
a msoluble but wﬂl be mech

crystallinity will rem ally weak (Tsuruta et al.,

e ﬂUEJ’J‘VIEJT/]iWEJ’]ﬂ‘ﬁ

5.3 Erosnon controlled reléase

AW NIRRT Ahon. s
dlssolutlcal the outer gel layer fully hydrates, swells and erodes. The sequential steps
of wetting, hydration, swelling and erosion continue throughout the dissolution course
until the water-soluble components of the devices dissolve completely.

Mathematical expressions describing the release rates of solely erodible

systems are usually involved and may be described only if the solubilization kinetics
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of the polymers are known. This release mechanism is known as Super Case II and

follows a super-linear kinetic of release as described by equation :
Q = kt”

Where m is greater than | and depends on the relative rates of erosion and swelling of
devices. In some cases, the release kinetics may approach zero order if the rate of
solvent front advancing toward the device core and the rate of surface erosion are
comparable and occur at the same'time. !:\;%er such conditions, the drug diffusive

pathlength will approximately remain cons suming no surface area changes,

. - e m—— Lot
provide zero order release kinetics. Sineé devices.comtaining water-soluble polymers

also swell and erode, it‘;f/ﬁgjih
constant for most of the'disspltiti ‘-"cq.urs (Tsurutaet.al’; 1993)
F -

10 assume that the total surface area will remain

Figure 35 Schematic representation of swellingcontrolled release system. As the
penetrant A enters the glassy polymer, B bioactive agent, C is released

through the gel phase of thickness (t).
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VI Stability assessment of the product

Although, there have been research works of Garcinia mangostana cream in
laboratory scale and clinical studying, but stability assessment of this active ingredient
in the product has never been reported. The stability test is performed under
accelerated condition at 40°C, 75%relative humidity(RH) for three months. If amount
of the active ingredients change not more than 10% of initial quantity, FDA justify
granting a two years expiration period (Cartensen, 1990).
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