CHAPTERIII

LITERATURE REVIEW

A. Botanical, Chemical and Pharmacological Aspects of Garcinia

mangostana

1. Botanical

mangosteen (Figure 1).
attains 20 to 82 feet (

the inner bark containi d bitter latex. The evergreen,

opposite, short-stalked le S ova Uiptic, leathery and thick, dark-
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leaves are rosy. Flowefs, 1 1/2 to 2 inc!

and fleshy, may be male or

hermaphrodite on the. s ¢. The | justers’ of 3-9 at the branch tips,
als, greenmrith red spots on the outside,
yellowish-red inside, and‘many stamens though the aborted anthers bear no pollen.
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petals may be yeﬂ'l)wish-green edged with red or rmstly red, and age,quickly shed.
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triangularfjflat remnants of the stigma in a rosette at the apex, is round, dark-purple to
red-purple and smooth externally, 1 1/3 to 3 inches (3.4-7.5 cm) in diameter. The rind
is 1/4 to 3/8 inch (6-10 mm) thick, red in cross-section, purplish-white on the inside.
It contains bitter yellow latex and a purple, staining juice. There are 4 to 8 triangular
segments of snow-white, juicy, soft flesh (actually the arils of the seeds). The fruit
may be seedless or have 1 to 5 fully developed seeds, ovoid-oblong, somewhat

flattened, 1 inch (2.5 cm) long and 5/8 inch (1.6 cm) wide, that cling to the flesh .



Production normally begins in the eighth year after planting, producing a high
yield and the maximum production is reached in the 24" year of planting. It is a
seasonal fruit, producing normally from June to August. Traditionally seeds have
propagated mangosteen, but recently budgrafting has been successful in propagating
the plants. The plants mostly proliferate in hot and humid climate, preferably with a
short dry season such as in India, Thailand, Indonesia and Philippines (Morton, 1987).
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2. Chemical Components of Garcinia mangostana

Xanthones, terpenoids and anthocyanin glycosides have been reported from
the fruit rind and other parts of Garcinia mangostana and some of them have shown a
variety of biological activities (Mahabusarakam, Wiriyachitra and Taylor, 1987;
Parveen et al., 1991; Nilar and Harrison, 2002).

Xanthones are highly acti found in a limited number of plants.

They are formed by the cos ylpropanoid precursor. Garcinia

mangostana has the larg es from one source, over 20
different varieties. More Im ones in Garcinia mangostana
show considerable biologi such 2 niicre bial, anti-inflammatory and
anti-tumor activities > ). The ma (hones are a-mangostin, -
mangostin, y-mangosti

al., 1980; Mahabusarak

cinones A, B and C (Sen et

tures of a-mangostin and y-

mangostin are shown in F »
Mangostin or a-m. SHAAE.3 7-methoxy-2,8-bis-(3-methyl-2-
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Figure 2 Chemical structures of a-mangostin and y-mangostin



3. Pharmacological Activities and Toxicities of Garcinia

mangostana

3.1 Pharmacological Activities
There are many investigations on pharmacological activities of

xanthones from Garcinia mangostana.

m’///@_

mangostana were in

(MRSA), it was found A

fant Staphylococcus aureus
inhibitory concentration

ere also examined their anti-

[rom Garcinﬂ mangostana was tested the
activity against Streptoco€cus mutans, bacteria causing dental caries, and exhibited
'

significant antxlﬁt Hﬂ@ﬁﬁ &Lﬂé}ﬁ w E}) E]_]gapanthu etal., 2002).

Moreover, the activity against dysenteric bagteria and diarrheal
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Salmonella typhimurium, Salmonella stanley, Salmonella virchow, Salmonella
welterverden, Shigella boydii, Shigella dysenteriae, Shigella flexneri, Shigella
sonnei, Vibrio cholerae and Vibrio parahaemolyticus have been reported (Sindermsuk

and Deekijsermphong, 1989).



3.1.2 Antimycobacterial Activity

Prenylated xantnones isolated from the fruit hulls, edible arils
and seeds of Garcinia mangostana were tested for their antituberculosis potential. a-
mangostin, B-mangostin and garcinone B exhibited strong inhibitory effect against
Mycobacterium tuberculosis with the MIC value of 6.25 pg/ml (Suksamrarn et al.,
2003).

ill derivativess showed the activity against

Trichophyton menta eum and Epidermophyton
floccosum at a concen a e compounds had no effect on
Candida albicans (Mal Wiriyachitra, 1983; Sundaram
et al., 1983). Moreovr vathogenic fungi, Fusarium
oxysporum vasinfectum,

(Gopalakrishnan, Banuma

2ka oryzae, have been reported

for various pharmac q*.:m
produced CNS depressﬁx

potentiation of pentobarl;ataljh sleeping tlmetgnd ether anesthesia in mice and rats.

None of the cﬁ%ﬂe@%ﬁ‘g wﬂz)JrQ‘cﬂ-n anticonvulsant effects

(Shankaranarayail) Gopalakrishnan agd Kameswaran 1979).
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ffect

s1s, seda@n, decreased motor activity,

Mangostin-3,6-di-O-glucoside produced significant effects on
the cardiovascular system of frogs and dogs. It produced myocardial stimulation and
increased in blood pressure which was partially blocked by propranolol
(Shankaranarayan et al., 1979).



3.1.6 Anti-inflammatory Activity

Mangostin, 1-isomangostin and mangostin triacetate produced
anti-inflammatory activity both by intraperitoneal and oral routes in rats when tested
by carrageenin-induced hind paw edema, cotton pellet implantation and granuloma
pouch techniques. These compounds did not produce any mast cell membrane
stabilizing effect and the degranulation effect of polymyxin B, diazoxide and Triton
X-100 on rat peritoneal mast cellsy y ot prevented. These compounds did
not alter the prothrombin tg & mangostin produced significant

anti-ulcer activity in rats (S

prostaglandin E, (PGE, study. Ty , that the extracts potently
inhibited A23187-in din 4B, | sy R in C6 rat glioma cells
(Nakatani, Atsumi et : 2 gostin was isolated and
examined the effect on 0. rat glioma cells. The results
indicated that y-mangost of prostaglandin E, release
induced by A23187, a Ca’ P ympetitively inhibited the activities of
both constitutive cyclooxygena;':,cz::@x d inducible cyclooxygenase (COX-2)
(Nakatani, Nakahata :i alg 2005)/, f;le‘; 1 estgthat y-mangostin is a new

3.1 "k tihistamine v1ty

ﬂ uﬁjﬂnﬁﬁ%ﬁ Wrﬂ@cﬂ ‘§mtracuons d¥inelaed

thoracic rabbit 4drta induced by hlstamme and serotonm The extract has been

fraction lﬁsﬁrﬁﬁﬂ pgg ﬁ g ﬁx%je a-mangostin
and y-r:i esults “sugges ar-lgaj?gts G‘T -mangostin are a

histaminergic and a serotonergic receptor blocking agent, respectively. Further study
found that in the presence of chlorpheniramine, a histamine H, receptor antagonist, o-
mangostin did not affect the relaxation of the rabbit aorta induced by histamine. It is
suggested that a-mangostin is novel competitive histamine H, receptor antagonist

(Chairungsrilerd, Furukawa et al., 1996a, 1996b).
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3.1.8 Anti-tumor Activity
The xanthone compounds from Garcinia mangostana were
tested the cytotoxic effects on a panel of 14 different human cancer cell lines. The
results have shown that garcinone E has potent cytotoxic effect on hepatocellular
carcinoma cell lines and suggest that garcinone E may be potential useful for the
treatment of certain types of cancer (Ho, Huang and Chen, 2002).
ind were investigated the in vitro
%\h inhibition of human leukemia

cell line HL60 were examined by oechst mlear stalmng and nucleosomal

antileukemic activity. The e

apoptosis (Matsumot In other researchy, the cytotoxic effect against

ated by the colorimetric XTT

4 E ";’ j ‘_ £
determined of the anfgrohferatlvef apoptic

that the methanolic eﬂ'ac ha

induction of apoptosis. Tbus it indicates theJthls substance has potential for cancer
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(Moongkarndi, Kigsem, Kaslungka et al., 2004, Moongkamdl Kosem Luanratana et

al., 20043 W"] aﬁn?m ﬁJ‘lﬂTﬂ Vi E‘lrlgs ch short-term

€ a-mangostm was examine

eralﬂ potent antioxidation and

chemoprevennve effects on putative preneoplastic lesions involved in rat colon
carcinogenesis. This finding showed that crude a-mangostin has potent
chemopreventive effects in short-term colon carcinogenesis bioassay system and
suggests that longer exposure might result in suppression of tumor development
(Nabandith et al., 2004).
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3.1.9 Anti-HIV Activity

The ethanol extract of Garcinia mangostana showed potent
inhibitory activity against HIV-1 protease. The activity-guided purification of the
extract resulted in the isolation of two active, known compounds. The isolated
compounds were mangostin and y-mangostin with the ICs, values of 5.12+0.41

microM and 4.81+0.32 microM, respectively (Chen, Wan and Loh, 1996).

3.1.10

The&extﬂct cﬁn hulls was found to exhibit a
potent radical scavengi
xanthones, o-mangosti he antioxidative activity of
these two xanthones anate method. It was found that

ity.than BHA and a-tocopherol

dependent (C {ac oxylradicals) oxidation of human low

density lipoprotein (LDL). Maﬁéﬁxr sed the lag time to both metal ion
—-"j'.i""l‘ b—‘.-',

dependent and mdepﬁlent oxidation ¢ of L. dependent manner. Formation

inhibited with 100 mlBO 2) ostirﬂlOO microM) significantly
inhibited the consumption ‘&f alpha-tocophe}ol in the LDL during Cu** initiated

oxidation. Frorﬂ.hw Elsd% wrﬁl}lﬂ@t %s’t}ﬁ ‘§ting as a free radical

scavenger to prétect the LDL from oxidative damage which 1s a critical role in

N 131 PR (12 32
mangosﬂ odification mangostin were tested the antioxidant

activity on an isolates LDL and plasma assay. The results of this study show that
structural modification of mangostin can have a profound effect on antioxidant
activity. Derivatisation of C-3 and C-6 with aminoethyl derivatives enhances
antioxidant activity, which may be related to changes in solubility (Mahabusarakam,
et al., 2000).
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3.1.11 Other Activity

Polysaccharides from the pericarps of Garcinia mangostana
were composed of mainly D-galacturonic acid and a small amount of neutral sugar
(L-arabinose as the major one and L-rhamnose and D-galactose as the minor ones).
The extract of polysaccharides was studied for immunopharmacological activities by

phagocytic test to intracellular bacteria (Salmonella enteritidis) and superoxide

generation tests. The results sho umber of S. enteritidis in cultured
monocyte with extract of peg p ' roxide generation test was also

done by color reduction ¢

ome' C. ﬂct was stimulating superoxide
production. This Stud ‘ ; “in the extract can stimulate
phagocytic cells and kill'intza€e -/ . . enteri, ;, is) (Chanarat et al., 1997).

‘;P'é’—' PR el
by intraperitoneal intiﬁtion. The acfivities of

epzymes were increased and
X2

es of enzymes were dose

dependent. Another e)@rim t i _
forced fed to rats was c%n&ared with para&?’tamol in the same dose (1.5g/kg body

weight). It wasﬁuﬁ E%WGE% E}’é}tﬂt@ of SGOT and SGPT

much more thanjmangostin and the amounts of total liver protein of paracetamol

the eﬁ‘% of mangostin which were

- ¢ o LY
treated ras mﬁﬂ HWﬂ ﬂTmaow ﬂﬂ t§ did not change
total liver, in. results cate that mangostin has lower hepatotoxicicty than

paracetamol.

Hepatotoxic effects of xanthones extracted from fruit rind of Garcinia
mangostana were studied in isolated rat hepatocytes using the release of cellular
transaminase (SGOT and SGPT) as the criteria for loss of cell membrane integrity.
Malondialdehyde (MDA) formation, glutathione (GSH) content and aminopyvrine N-

demethylase activity were investigated for the preliminary information of xanthones
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hepatotoxic mechanism. Carbon tetrachloride (CCL,) was selected as the reference
hepatotoxin. Xanthones demonstrated the dose-related hepatotoxic effect, at 200
pg/ml, by increasing the release of cellular transaminases, decreasing MDA formation
and GSH content with no change in aminopyrine N-demethylase activity. CCL,
(0.08mM) showed different result, especially the increase in MDA formation,
illustrating its different hepatotoxic mechanism. Coadministration of xanthones and
CCL, exhibited no additive c
mg/kg/day, p.o., 5 days) prior

transaminase activities

. Pretreatment of xanthones (100
atocytes, caused no changes in
Wilhethesincrease in GSH content, In the
mcen (as the solvent used to
dissolve xanthones) tréatedfats " ' ated highe .‘Qroduction of MDA than the

control hepatocytes. lOwegihg/o

presence of CCL,, hepatt

4+ was also observed, with
similar reduction in hepato€yi “thie Tween treated groups. In
xanthone treated hepatog¥ytes. similar to control level after

incubation with CCL, In ¢ 3 ';' iepatotoxic mechanisms of xanthones may

Garcinia mangostang, has traditionally been used for a long time for treatment

of wounds and %ﬁh’&%ﬁélﬁ‘ﬁ%ﬁ BIoH 19

. Root may be given to treat‘,lrregular menstruatlon

A e g e

3. dleaves are useful for treatment of dysentery.

4. Fruit rind is an astringent and has been used for treatment of both normal
and infected wounds including chronic ulcers. It was also used for diarrhea
and dysentery.

As the traditional recipes of Garcinia mangostana in treatment of diarrhea, the

dried fruit rind was boiled with water then the extract was taken. The dose for
children is 1-2 teaspoonfuls every 4 hr and the adult dose is 1 tablespoonful every 4
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hr. For treatment of wounds, the dried fruit rind was rubbed with a special stone using
saturated calcium hydroxide solution as a solvent. The suspension was applied over

the wound areas (Perry and Metzger, 1980; Farnsworth and Bunyapraphatsara, 1992).

Considering information received from the pharmacological activities of

Garcinia mangostana, this medicinal plant exhibits many interesting activities. The

extracts from this plant can be d
treatment of the diseases. Howe

the pharmaceutical dosage forms for
ies have been developed from this

eduthe buseabmucoadhesive films for treatment
| lfiism and stability study. The

plant such as Hiranras (
of aphthous ulcers and
release mechanism tusion-controlled model. All

formulations were sta 5% relative humidity for 3

months. Panchinda (1 , .5% mangostin cream for
chronic wound treatmen it was effective for wound healing and no
serious side effect. Kumj the healing of foot ulcers in diabetic
patients by dressing with ormal saline wet dressing. The

results showed that patients who re: 5
G

higher healing rate§ :xv c:)mpar'éd ’(VT aline dressing treatment and

_ ve dressing for promoting
B Dl b PR £ 7]
AT RN N e

and the major cause of tooth loss in population worldwide. Dental caries and

wound healing.

periodontal diseases are infectious diseases, caused by dental plaque. Bacteria in
dental plaque ferment dietary sugars and release acids, which remove minerals from
the tooth structure and result in dental caries. The further accumulation of plaque
around the gingival margin and subgingival region shifts its microbial composition
from Streptococcus-dominated to a larger number of Actinomyces spp. and

subsequently spirochete and gram-negative bacilli. These changes are associated with
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the development of periodontal diseases including gingivitis and periodontitis (Rosan
and Lamont, 2000).

1. Dental Caries

1.1 Etiology

Dental caries, whi alled tooth decay, is the gradual

destruction of enamel of a ath for bacteria to reach the pulp
(Figure 3). Dental carie S 1 “to involve three major factors:
dental plaque, carbohydra sceptible urface. The essential process

w\\\\

C \: ctary carbohydrate (Cawson

2h concentration of organic acid
produced by specific
and Odell, 2002; Fejer.

Normal tooth Tooth with cavlty

@ﬁﬂ‘im URIINYIAY

normal tooth and tooth with cavity

a‘m

igur
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1.2 Microbiology

Although dental plaque is composed of a variety of microorganisms,
the primary microorganism appears to be Streptococcus mutans. Streptococcus
mutans possess the ability to synthesize extracellular polysaccharides including
insoluble-glucans and fructans from dietary sucrose by using glucosyltransferase.

This process may increase cariogenicity by enhancing plaque mass, promoting the

bacterial colonization on the tooth ging the diffusion properties of the

plaque matrix. Streptococcu and aciduric. It is able to form
acids by fermenting dle ar metabolism under extreme
acidic environment suc on. ‘The arlogemmty of Streptococcus
mutans depends on its"ability ' '_ e extracellular glucans and ability to
produce acid. Glucans ere ta tooth surface, probably via

specific receptors. In

Table 1 Essential property of cariog:
e

e Acidogenic
e Ableto produce[q pH oW 5 5 Sﬂ) decalcify tooth substance
e Able to survive anq,cglltmue to produ&g,amd at low levels of pH

+ ross A 1 441 g o

e Able to prdduce adhesive, mso}uble plaque polysaccharlde ('E ucans)

AN AN

que

Dental plaque is a soft deposit that accumulates on the tooth surfaces.
Plaque can be defined as a complex microbial community, it has been estimated that
as many as 400 distinct bacterial species may be found in plaque. In addition to the
bacterial cells, plaque contains a small number of epithelial cells, leukocytes, and
macrophages. The cells are contained within an extracellular polysaccharide matrix,

which is formed from bacterial products and saliva. Inorganic components are also
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found in dental plaque; largely calcium and phosphorus which are primarily derived
from saliva. The inorganic content of plaque is greatly increased with the
development of calculus. The process of calculus formation involves the calcification
of dental plaque. The practical consequences of calculus formation are that the
deposit is significantly more difficult to remove once calcified, and it leaves a rough

surface on the root which is easily colonized by plaque. The calculus on the tooth

'. calculus

\ L ~ plaque

\'

bu left has now
culus which you
ove yourself

efooth surface
| X

After the initial colonization of ¢ e toot}murface plaque increases by
two distinct mechanismss’ 1), the multiplication of bacteria already attached to the

tooth surface aﬂ 2)4n bubeqlat hathmentiagd mulfiblichtion of new bacterial

species to cells%f bacteria already present in Ale plaque mass. The secondary

o OTPTHEE B8 39 | HMBn o

Prevotelld| intermedia, and Capnocytophaga species. A key property of these

microorganisms appears to be the ability to adhere to gram-positive species already
present in the existing plaque mass. These organisms would typically be found in
plaque after 1 to 3 days of accumulation.

After one week of plaque accumulation, other gram-negative species
may also be present in plaque. These species represent what is considered to be the

"tertiary colonizers" include Porphyromonas gingivalis, Eikenella corrodens,
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Actinobacillus  actinomycetemcomitans, Campylobacter species and the oral
spirochetes (7reponema species). The structural characteristics of dental plaque in
this time period reveal complex patterns of bacterial cells of cocci, rods, fusiform,
filaments, and spirochetes. The structural interactions of the bacteria probably are a
reflection of the complex metabolic interactions that are known to occur between

different plaque microorganisms. One example of this is the production of succinic

acid from Campylobacter speciesithat is K to be used as a growth factor by

Porphyromonas gingivalis. Streptococeus’ dn Linomyces species produce formate,

growth. The metabol v gturd it between different plaque
microorganisms are a ré il of this ecological niche.
The ovegall patigfn/obs rvet in\ ¢ ital plaque development is a very
characteristic shift from" tk ! L DreC minanee f gram-positive facultative
microorganisms to the : Sredominance gram-negative  anaerobic
microorganisms, as the plague . d matures. This developmental
progression is also reflected in the a predominant microorganisms that are

observed in the transiilﬁn,_,, calth to and Lamont, 2000).

¢a Facultative Y, 7 Anaerobic
- Streptococc;ys sanguis
'lmn'm Y MEE
Gram-n:gt:W tinobacillu cetemcomitans orphyromonas gingivalis
Capnocytophaga species Fusobacterium nucleatum
Eikenella corrodens Prevotella intermedia

Bacteroides forsythus
Campylobacter species

Spirochetes Treponema denticola
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2. Periodontal Diseases

2.1 Etiology
Periodontal disease is the general description applied to the
inflammatory response of the gingiva and surrounding connective tissue to the

bacterial or plaque accumulations on the teeth. These inflammatory responses are

divided into two general groupin i periodontitis. Gingivitis is extremely
common, and is manifestedsclini a of the gingival or gum tissues
without evidence of bomn 7 “pockets. Pocketing is the term

given to the pathologic 1o tooth and the gingiva, creating

spaces that are filled by d . Periodonti 7 0 urs when the plaque-induced
inflammatory respons al
tooth to the bone, to lo

inflammation. Neutrophils “periodontal pocket because of
attracting molecules, . ia, called chemotactic peptides
Furthermore, as bacttya damage the ?y, cause epithelial cells to

neutrophils within theg'evice and cﬂest bacteria and therefore,

remove these bacteria from the pocket. The peutrophil defense may in some instances

Rl L AN e ——

preventing the gitigivitis lesion fron} becoming estabhshed If, Uever there is an
overloaﬂ oﬂbﬁ ﬁnm% q t % pithelial cells
will not bg sufficient t?;flrol the 1nfecmn 31?1‘] mg‘ltances thg}g:mglval tissue
will become inflammation and alteration in the blood vessel network and many
capillary beds are open. Serum transudate and proteins from the blood cause swelling
and there is an influx of inflammatory cells into the tissue. The inflammatory cells
include lymphocytes, macrophages and neutrophils. Macrophages and neutrophils are

phagocytic cells that engulf and digest bacteria, whereas lymphocytes are more
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involved in mounting an immune response the microbes (Kinane, 2001; Wilson and
Kornman, 2003).

of destructive periodont: , olxﬁi in periodontal disease are

largely gram-negative an'gerobic bacilli with some anaerobic cocci and a largely
-9

@
quantity of anaﬂlﬂsﬁo?ew Wﬁ _ s\l ﬁwith deep destructive
orphy

periodontal lesions are romonas gingivalis, Prevotella intermedia, Bacteroides

Sforsythu inepagil ti ¢ 17 fé ‘ .~ gingivalis is
more frmﬁﬂ ﬂjemgjﬂ;[ﬂmg}laﬂd in numbers
in successfully treated sites but are seen in sites with recurrence of disease after
therapy. It has been shown that Porphyromonas gingivalis induced elevated systemic
and local antibody responses in subjects with various forms of periodontitis.
Bacteroides forsythus has been found in higher numbers in sites exhibiting destructive

periodontal disease than in gingivitis or healthy sites. Actinobacillus

actinomycetemcomitans appears to be the predominant periodontal pathogen. The
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above mentioned putative pathogens are always part of a large and varied microflora
found in the subgingival plaque. Some are not detected in certain sites with
periodontitis and can even be completely absent in cultures (Haffajee and Socransky,
1994; Kinane, 2001; Wilson and Kornman, 2003).

Table 3 Microbial species associated with various clinical forms of periodontitis

Spedies Adult Refractory
periodontitis periodontitis

Actinobacillus ++ +to ++
actinomycetemcomitans
Porphyromonas gingivalis ++ ++
Prevotella intermedia -+ -+
Fusobacterium nucleatum ++ ++
Eikenella corrodens +H+
Bacteroides forsythus . +H+ ++
+ occasionally isolated; + less tha f the.patien @ ; #+ less than 50% of the patients positive;
+++ more than 50% of the patients pos % )4 \

]

.

AULINENTNEINS
PRI TUUMINYAE



Inflammation and Bone Loss are Severe.

The teeth become loose.

Figure 6 The progression of periodontal disease
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3. Methods in Dental Plaque Control

Both dental caries and periodontal diseases are infectious diseases, caused by
dental plaque. Therefore, elimination of bacteria in dental plaque is an essential factor
in prevention and treatment of the diseases. Therapeutic approaches are mechanical
scaling and root planing to remove subgingival plaque and calculus. As a result of

treatment, there is a decrease of : gthogens and inflammation (Kaldahl,

stances, the complex anatomy of

the root and periodonta I nd difficult to eradicated all

pathogens. In addition, con ingiv e 1s essential in order to prevent

root planing, in combifiati timal orz : results in an alteration of the
subgingival plaque whi :
1971). Thus, oral hygi

However, severe forms

destruction (Suomi et al.,

outcome of the treatment.

treatment alone. A
Systemically applied ar:_t;_%b-

severe forms of perigdontitis. Hoviey i

including hypersensitivity,

:‘h orial resistance have been

gastrointestinal intolérance and the deve
described (Bollen and @irynen,
the active product could mot,achieve an adequate concentration at the site of action

and the inabilitﬁf% E}l\% p%]ig %eﬁewﬁj@lﬂtﬁ a sufficient period of

time (VandekercKhove, Quirynen an%. Steenberghss.l 997). These kej to use of locally

ik QAREYETR A AR 5 1840 o

incorporating the active agent into controlled release delivery systems and placed

udies algreported poor results due to

directly in the periodontal pocket. Sustained local delivery systems might also be
recommended for sites considered as difficult to instrument because of depth or an
anatomical complexity (Kornman, 1993). Many studies suggest that the controlled
delivery devices are a useful adjunct to conventional treatments but are no substitute

for these treatments (Schwach-Abdellaoui, Vivien-Castioni and Gurny, 2000).
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C. Drug Delivery Devices in Periodontics

Local delivery of antimicrobial agents by controlled delivery systems has been
attractive for pharmaceutical development. In recent years, there have been introduce
new commercial products available in United States and Europe such as Actisite®

(25% tetracycline in ethylene vinyl acetate fibers), PerioChip® (33% chlorhexidine in

ole in glyceryl monooleate and
/‘poly(DL-lactide) dissolved in a

e attractiveness of treating

sesame oil) and Atridox®
biocompatible solvent

periodontal disease by the si case of antimicrobial agents in the periodontal

clinical benefits of a e 1. de )t reduction and bleeding on
- should have a high patient
acceptance and a method
and Godowski, 1998).

Table 4 Advantagqs"_\]and dlsadva;ltage& livery systems for the
treatment of periodo
. Disadvantages
e Maintenance of drugev@ls in a xicity or lack of biocompatibility of
oo bl )13 T B g
e Reduction of elimination of harmi}ll ° Pam caused by tlvresence of the
AR N0
° Pﬂeﬁﬁoﬁﬂaﬁij ogyﬁgs oduction of harmful by-products
with short in vivo half-life from a polymer if it is biodegradable
e Elimination of patient discomfort e Need of surgical procedure to implant
compared to parenteral administration the device in the appropriate location
e Improved patient compliance e Expense of a particular polymer-drug

formulation
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1. Fiber

1.1 Hollow Fiber

The reservoirs without rate control delivery devices such as hollow
fibers filled with a therapeutic agent in which the agent is released simply by
diffusion through the reservoir wall (Kornman, 1993).

The first delivery -‘-,» 2s velved hollow fibers of cellulose acetate

filled with tetracycline. Alih Cr f tetracycline remained in the

; ——- @chetes were reported. These
fibers released tetracycline cr rate. 95% of the drug released in the

al. (1983) evaluated the deli Y. 9 el porated into different polymers.
Ethylene vinyl acetate fiber, a o.e. s e copolymer, was found to be flexible

cycline hy al ized under the trademark
Actisite® were placed}rcum ¢ 0 the poc@s with an applicator, and
secured with cyanoacrylatg adhesive.

iy E}ﬁ%ﬁi B H AR T iy s

efficacy of tetraBycline fibers applied for 10 days after scaling and root planing.
A &J"

Analysi fﬁtd‘}n&qﬁ ﬁm’ﬁ% darf}sﬂng@'@dgh and gain in

attachmeng were present at all follow-up visits. The proportion of bleeding pockets

was reduced from 77 to 27 percent during the experimental period (Vandekerckhove,
Quirynen and Steenberghe, 1997). In a study enrolling 122 patients from three dental
centers, ten adverse events related to the fiber treatment were reported including three
cases of oral candidiasis and among the seven remaining, severe gingival redness,

tongue pigmentation and glossitis (Drisko et al., 1995).
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2. Strip

Strips  containing 25% tetracycline hydrochloride or metronidazole in
poly(hydroxybutyric acid) as a biodegradable polymer matrix showed sustained
release over 4-5 days with a significant burst effect at first day. A favorable alteration
occurred in the microbial flora of pockets treated with strips containing metronidazole

compared to those treated by root planing he clinical improvement was a short

duration as the results were ot maintaine C Labi e once the active treatment was

S

of poly(methacrylic acid) and

<

terminated (Deasy et al., .
A controlled rel ed P

hydroxypropylcellulose contfinihg 10% © Xacin een reported by Kimura et al.
. p 4

(1991). Data showed that ofloxagiy ;g d be fou \ er concentrations than the
MIC of most periodont@pathfic Hage " ' CF ove ays by a single application of
PT-01. Although the wegkly@ap 1catﬁx_1_ PT-0] ays 0-35 showed some further
shift in the proportlon andfreg dﬁd‘;‘ el icroorganisms, statistically no
significant differences in the ” 5 : tesults between the strip group and the

control groups were found. g T
So far, no pro}xct hasr

improvements after treatme

e only temporary clinical

3. Film

AUYANENTNYNS

Films baSed on synthetic laiodegradablenpolymers, poly(lactide/glycolide)
(PLGA)Qleﬁqga@tﬁﬁcm I%r%{(;lic’% %E}&]@dgd evaluated in
vitro and €linical study. In vitro study showed an incomplete release of tetracycline,
only 30-60% of total tetracycline was released. This result was explained by the
presence of drug particles entrapped within the hydrophobic, PLGA matrix.
Preliminary results from 8 patients indicate that the films were effective in decreasing
the bacterial count in GCF and demonstrated a significant microbial inhibition for two

weeks over the control placebo film (Agarwal et al., 1993).
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Ethyl cellulose films containing either 20% metronidazole or 20%
chlorhexidine were compared to short-term use of systemic antibiotic in patients with
advanced forms of periodontal disease in order to prevent the surgery. All teeth
treated with the ethyl cellulose films were scaled just before the insert of the films.
There was 93% reduction in the need for periodontal surgery for individual teeth and

81% reduction in the need for tooth extractions (Loesche et al., 1996).

initial peak concentratioft c exiding inhe GCE at2 hr after chip insertion with

slightly lower concentra aintdine % - next 4 days. The chlorhexidine
concentration then progre . fint conclusion after 10 days. The
mean concentration of chlor ywas 2007 pg/ml at 2 hr and remained
in the range of 1400-1900 pg/ %t 70 hr. Chlorhexidine remained at

The meta-analysg indicate ed clm@l trials of the chlorhexidine
chip have been shown to enhance effects of; scaling and root planing. Chlorhexidine

cipn conjmcﬁuﬁ TpSRSHYVT A PRt o ssing and s

planmg alone, hd$/shown significant i émprovement in probing pocU depth reduction,
i QAN AUTE N PRI B o i
combinatign with scaling and root planing, has also resulted in significantly more
probing depth reductions of 2 mm or more. The system is safe and effective.
Placement of the chip is usually done in less than 1 min and the chip is completely

degraded by enzymes within 7 to 10 days and does not need to be removing (Killoy,
1998).



«Chiorhexidine Conc.
b, ®

iy

R4l
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Figure 8 PerioChip® (chlorhexidine gluconate)
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The most frequently observed adverse events in the clinical trials of the
chlorhexidine chip were transient toothache, upper respiratory tract infection and
headache. Toothache was the only adverse reaction that was significantly higher in
the treatment group when compared to placebo (P=0.042). Most oral pain or
sensitivity occurred within the first week of the initial chip placement, was mild to

moderate in nature, and spontaneously resolved within days (Jeffcoat et al., 1998).

‘ \?

Injectable systems

agents into the periodont

out, without pain, by e therapy is considerably

reduced comparing to . Moreover, an injectable

delivery system should ' the ty, th aching a large proportion of
pathogens. -
Two types of mjecta been assessed in the treatment

of periodontal diseases, --=”.,,

yr R
""‘J"ﬁ

Minocycge de@loped by incorporating
mmocyclme into poly(lactide/glycolide) @LGA), a bioresorbable polymer and

iz 6 58) ) W) Y1504 ) Pl vits ot

advanced perioddhtitis were enrolleg, and randomlzed tolof 3 atment arms: 1)
e QAT GRTIA AP 8,
and rooinmg plus minocycline microspheres. The results showed that minocycline
microspheres plus scaling and root planing provided substantially more probing depth
reduction than other two groups. The difference reached statistical significance after
the first month and was maintained throughout the 9 months trial. There was no

difference in the incidence of adverse effects among treatment groups (Williams et
al., 2001).
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Minocycline microspheres were also evaluated the efficacy in smokers
with chronic periodontitis. Significantly greater pocket depth reductions with scaling
and root planing plus adjunctive minocycline microspheres treatment were observed
at 1, 6 and 9 months (P<0.05) versus control treatments. The data indicated that
locally delivered minocycline microspheres was more effective than scaling and root

planing alone in reducing pocket depths in smokers with chronic periodontitis
(Paquette et al., 2003). '

U.S. Food and Drug Adiminisiration déﬁlemark Arestin® and will be

available in the market S a dry powder, packaged in a

unit-dose cartridge (Fi se product, dependent on the

\! duration of dosage is 3-month

-513 & "\\\\

size, shape and num

intervals. Arestin® doe resorbable.

a‘m@ NINUN NN

Arestin” (minocycline hydrochloride)
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5.2 Gel

Mucoadhesive, metronidazole-containing gel systems designed for
periodontal treatment, based on hydroxyethylcellulose, carbopol 974P and
polycarbophil have been described. In vitro drug release was significantly decreased
as the concentration of each polymeric component was increased, due to both the

concomitant increased viscosity of the formulation and additionally, the swelling

kinetics of polycarbophil follow tywith dissolution fluid. Increasing the
concentrations of each polymer: S _compohé ignificantly increased formulation
hardness, compressibility adhesiven ess«dnd ﬂty due to polymeric effects on
formulation viscosity. ’(’ choice ioadhesive formulation for use in
periodontal disease v ¢tween achieving the necessary
release rate of the dru; ical eharacteristics of the formulation (Jones et
al., 1997). |

o-catalyzed poly(ortho esters)
(POEs) containing tetracy ed and studied for in vitro drug
release and preliminary trial ing the proportion of lactic acid in
the polymer, viscous or solid m erials different degradation rate can be

“”-

base ﬁ"as"rreg_. ed in 40-14 days depending on

produced. Tetracyclai free b

mulations containing 10% or
20% tetracycline were Bra] ated in ‘ patients with severe and recurrent
periodontitis. In the ﬁrst‘tnal including 6 tlents were treated immediately after

scaling and rocﬂﬂ% QI% ﬂ%@)w %jm'qlﬂ%well experienced no

pain during appli¢ation and showed no signs of 1rr1tat10n or dlscomfort during the

observa ﬂI ﬁ(ﬁe gw %%ﬂzjvﬁsﬁuﬂal in this first
study. Aﬂ‘lﬁ cﬂ ocol followed in the second study (stopping bleeding

after scaling and root planing) prolonged the retention of the formulations in the
inflamed periodontal pockets. For up to 11 days, tetracycline concentrations in the
GCF were higher than the MIC of tetracycline against most periodontal pathogens
(Schwach-Abdellaoui et al., 2002).

An injectable lipid-like based on glyceryl monooleate and sesame oil

containing 25% metronidazole (Elyzol®) has become available with supportive
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evidence of efficacy (Figure 10). This system is based on the ability of mixtures of
monoglycerides and triglycerides to form liquid crystals in contact with water. It is
formulated as a suspension, which transforms to a controlled release, semi-solid on
contact with GCF (Norling et al., 1992). As a gel is made from monoglycerides and
triglycerides which are subject to lipolysis and other types of esterase activity. The

dental gel will be rapidly eliminated from the periodontal pocket (Stoltze, 1995). The

periopathogens 24 hr af:ﬁ etromdazole gel. Therapeutic
levels were maintained for a ' \ \5%11992) The clinical trial was
1 scaling wi

metronidazole concentration was GCF after one application of a 25%

dental gel. The concentratio lly above MICs, for susceptible

designed to compare application of 3 different

preparations/dose fre in the treatment of adult

periodontitis. The 4 tre vafe: X ' Z % dental gel applied 1 x a
week for 2 weeks; (B) ' applied 1 x a week for 2 weeks
(C) metronidazole 15% d for 2 weeks; (D) subgingival
scaling, performed 1 x only antibiotic treatments (A, B, C)

reduced the symptoms of perio -
P "'.--‘" 1r" ‘f

(D). When using a totﬂcal drug therapy it seems afit to use a preparation that
requires as few applicafions as possibie. 1he idate for drug therapy would
therefore be treatment (@ metronida applied laa week for 2 weeks (Klinge
et al., 1992). Many clinigalgt;rials were dev&lpped to compare the effects of topical

application of rﬂ%&lﬂ@}fﬂ ﬁt%‘gaws&lg’];ﬂl‘janng in the treatment

of periodontitis.4Data indicated th%; both treatments were effectlve in reducing

probmg Wm rE’ﬂ-; w to be slightly
better than scaling during the study period (Ainamo et al., 1992; Pedrazzoli, Kilian

and Karring; 1992). Local metronidazole in combination with scaling and root

planing seems to be more effective in both clinical and microbiological improvements
(Noyan et al., 1997). Another study showed that local metronidazole in combination
with scaling and root planing was statistical significantly better (P<0.001) than
scaling and root planing alone, and these improvements were maintained for 9 months
of the study (Griffiths et al., 2000).
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D Dentalgel

Two di S ations based on poly(oxyethylene)
poly(oxypropylene) blo ym ﬂ peloxamer ‘ and monoglycerides were
designed for administr i yel : . \These two formulations were
7 ~hecoR emi-solid once in the periodontal
pocket. In the case of mono _ des -"l‘,» stracycline release was slower than

poloxamer gel. AfteP)\7.40ir, the released tetray s 18% and 65% of the

resy ectively. In vivo retention
results reported that thé]yersiste c of monoglycerides gl was more prolonged than
poloxamer gel. Poloxamer gel disappeared after 1 hr while monoglycerides gel was

at e ] BRI D PRI Gones ot

with scaling and”root planing produced a s1gn£cantly 1mproE;.nent outcome in
R ERSRIHNTIIH 0 ¢

Another injectable biodegradable delivery system (Atrigel®) containing
10% doxycyclme hyclate in poly(DL-lactide) dissolved in a biocompatible solvent N-
methyl-2-pyrrolidone was widely studied. In this system, a water insoluble
biodegradable polymer is dissolved in a biocompatible water soluble solvent. Upon
injection into an aqueous environment, the solvent diffuses into the surrounding
aqueous environment while water diffuses into the polymer matrix. This leads to

precipitation or coagulation of polymer to form an in situ implant (Hatefi and
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Amsden, 2002). Pharmacokinetic data of controlled delivery system were obtained
from GCF, saliva and serum of adult periodontitis patients. Results showed the high
concentration of drug available at the treated sites coupled with the relatively low
levels in the saliva and almost non existent levels in the serum indicating that this
biodegradable controlled release delivery system displayed an appropriate

pharmacokinetic profile for the delivery of doxycycline into periodontal pockets

(Stoller et al., 1998). The cllmcal and safety of doxycycline hyclate delivered
subgingivally in a biodegr gompared to placebo control, oral
hygiene and scaling and ing ind2 mﬁ studies. Results demonstrated

that treatment of period ingivally-de 1vered doxycycline was equally
effective as scaling and'to 1 effect to placebo control and oral
hygiene in reducing i adult perio tis over a 9-month period.

Safety data demonstratgs n safety pre with use of this product (Garrett et al.,
1999). Another study shibw, ‘ doxycycline hyclate without
concomitant mechanical s qﬁally effective in periodontal
maintenance patients over a ett et al., 2000)

mixing system. SyringﬂA co At 1gelﬂlehvery system. Syringe B
contains doxycychne hycbte which is equ1v lent to 42.5 mg doxycycline (Flgure 11)

e a4 ) I e ot e e

product solidifiesland then allows for ‘pontrolled release of drug for a perlod of 7 days.

Howev Llwpfjj q igﬁ jgm ﬁmtamed in the
pocket by over pocket with either Coe- perlodontal dressing or Octyldent®

dental adhesive which may suffer the patients.
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ATRIDOX:

Figure | 1'Atridox® (doxyeycline hyglite)

In"cor@luSiof)the publications Wéalifig with &fficacy stulliesPshggest that the
controlledgdelivery devices are a useful adjunct to conventional treatments. Despite
the large number of studies, there are insufficient comparative data to support any one
of the local delivery systems as superior to another. Variability from site to site has
been repeatedly noted that the same system could not work equally in all sites and in
all patients. Answer to this question should allow an optimal treatment for each case

of periodontal disease in the future.
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D. Liquid Crystalline Phases as Drug Delivery Systems

Liquid crystals, also called mesomorphs or mesophases, are states of matter
intermediate between crystalline solids and isotropic liquids (Figure 12). It may be
prepared either by heating the crystalline solid (thermotropic mesomorphism) or by
addition of controlled amounts of polar solvents, generally water, to certain organic
compounds (lyotropic mesomorphi Vf phiphilic compounds, such as soaps
and surfactants, exhibit a te to OU&\C mesophases on the addition of

ult-from i @of the molecule with both a
) es of liquid crystalline phases

water. These structures
hydrophobic and a hydrop

Figure 12 Arrangemegt of molecules in so, 1d crystal, liquid crystal and liquid

ﬂ‘MEJ’WlEJ‘V]’ﬁWEJ’]ﬂi

Liquid crystalline phases offer a number of useful propertles for drug delivery.

First, W Wﬁm ?{rm \?Tﬁjlﬁlcaoﬁelf-assoclatlon
structure water soluble o1l solu gs may be incorporated also in rather

high concentrations. This offers possibilities to increase the drug solubility, decrease
drug degradation and control and sustain the drug release rate. Second, liquid
crystalline phases frequently display a rather high viscosity, which may also offer
opportunities when the drug formulation needs to be localized such as intramuscular

injection or application in the oral cavity (Malmsten, 2002).
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Due to their frequently high viscosity and stiffness, liquid crystalline phases
are often difficult to prepare and handle from a practical perspective. For example,
mixing is difficult and administration is complicated, of limited patient compliance or
inefficient. Therefore, the in situ transition from a low-viscous state to the required
high-viscous liquid crystalline phase after administration is of major importance for

the use of liquid crystalline phases for drug delivery. There are several parameters

’/ymsmon in situ after administration

than the storage temperature)

in._contact with excess water after

be used to change the &le fic..interactions in the formulation after

admmlstr?ggn)

Polar amphiphitie Tipids su | monool ste (GMO) or monoolein is
a mixture of the glycer@s of ol atty %ds consisting mainly of the
monooleate. The acyl chqm oleic acid) is Attached to the glycerol backbone by an

ester bond (Flﬁ uaEJTﬁg §¢b freritdining drbons oF 1) lycerol have active

hydroxyl groupsq.lglvmg polar char%pterlstlcs to thlS portion of the molecule. The

glycero W ﬁﬁr?w m Elwronment and
is commonly referre to as the head group ocarbon chain gives hydrophobic

characteristics to glyceryl monooleate and is often termed the tail (Ganem-Quintanar,

Quintanar-Guerrero and Buri, 2000).



38

Head Tail

/7

, ryl monooleate
"' —
|

n water. reorganizes into lipid bilayers

Glyceryl monooleate

forming a reversed mice ) ‘\x of liquid crystalline phases

(lamellar, reversed hexagg .~ upon the temperature and

water content. The lam€llafphiasé (1)) h: ong-rangc order in one dimension. Its

structure consists of a dine sment of alternat ng lipid bilayers and water

channels. The reversed hexagg af'\ se-(Hip) consis s of infinite water rods arranged
e

in a two-dimensional lattice/® pid bilayers. The cubic phase (C) is

usually observed between the lameiiar and the féversed hexagonal phases as the water
- l"‘—’ip"" 4 ¢ S T

content is increased, Th ‘of two phases with similar

gyroid and the cubic phase D

or diamond, although tm structural similarity of these p ses is such that in practice

structures, the cubic :\

the two are usually considesed to be equivalent. As seen from phase diagram of

glyceryl monoﬂ%&&@%ﬂmﬁlm &:}-maﬁd hydrocarbon chain

disorder, obtainéﬂ either by heating or increas"gg the water gontent, there is a

s AT 5 5 R G 4 B T e B, e o

Sadhale afid Chilukuri, 2001).
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Temperature °C

Cubithmondcg, . 'Cubie Gyroid* Cg
1PMS 1PMS

Figure 15 Schematic illustrations of a reversed micellar phase and liquid crystalline

phases of glyceryl monooleate
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The liquid crystalline phases formed by glyceryl monooleate in excess water
have the potential of acting as an in situ forming biodegradable drug delivery system.
The biodegradability arises from the fact that glyceryl monooleate is subject to
lipolysis due to different kinds of esterase activity in different tissues. Moreover,
glyceryl monooleate is a nontoxic and biocompatible material classified as GRAS

(generally recognized as safe) and it is included in the FDA Inactive Ingredients

Guide and in nonparenteral medigit | in the United Kingdom (Ganem-

Quintanar, Quintanar-Guerre dT
The glyceryl mon&aten’sysﬁv been described its use as a
sustained release carrier ior de or protein drugs (Leslie et

al., 1996; Chang and

dispersed in monogly

the cubic phase upon

1le d then transformed in situ into
al bedy fluids (Wyatt and Dorschel,

enhancers. For vaginal dehvery

2 BN T o E 2

vaginal delivery of arﬂnuscanmc drugs‘( Mi aContinence. Geraghty et al.

and followed square rox tmo e kinetics, ind ating ithat the rate of release was
diffusion controlled. For p%gnteral delivervhe high viscosity and stiffness of the

cubic phase gelﬁuimnw %}‘ﬁt@ (WVB’ q;f-]niy itself. However, the

ability of the lessWiscous lamellar phgse to form cublc phase gel uggn absorbing more

water h; m ;ub eT ﬁ’?ﬂ‘ngjat cubic phase
can be id intramuscularly and” subcutaneous elivery system for peptide

drugs such as somatostatin, desmopressin and insulin (Sadhale and Shah, 1999; Shah
et al., 2001). Another interesting application of an in situ forming was for periodontal
delivery of antibiotics for the treatment of infections. Norling et al. (1992) suggested
that addition of triglyceride (sesame oil) into glyceryl monooleate could be lowering

the melting point which was improved the flow properties of glyceryl monooleate and
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could be administered with a syringe into a periodontal pocket. Moreover, the liquid
crystal structure of the gel would be the reversed hexagonal phase instead of the cubic
phase. The in vitro release data showed that the reversed hexagonal form gave slower
released of metronidazole benzoate when compared with the cubic form. Since the

diffusion pathway is more obstructed in the reversed hexagonal form than in the cubic

one, which has connected water channels. The closed water channels of the reversed
hexagonal phase slow down the -\1\ ! f_dissolved drug through the matrix.
Komwatchara (1996) devele sed '-. . _lyceryl monooleate and various

vegetable oils containing g a extract for treatment of adult

periodontitis. Upon con ith"th€ gingival erevicular fluid, the reversed hexagonal
matrix were formed and"Showedlebis slease of the extract. The results suggested
that soybean oil was g fdlatic since i : owed the most drug release and
antimicrobial activity. Lafadditis ean’oil we expensive, easily available and

formulations undergo a t ; administration resulting in local
W

drug delivery. While polox IEE=] thermoreversible gelling, glyceryl
i .,J' ,A" 5 i T

monooleate formed t’lﬁ viscous cublc phas i absorption of water. The

MONoC T release of the drug when
compared with poloxamjr (Esposito e 0). The s@cessful results of the above
studies demonstrate an ‘mterestlng appllc&gon of liquid crystalline phases for

penodontald:uﬁe%xﬂ ’g Vi ﬂﬂ'ﬁw g1N?
. C"a‘aﬂi"!tﬂ'\?ﬂ G P ) 7] 1

There are several ways to investigate liquid crystalline systems in order to
identify the phases and to map the phase diagram, and for investigating the
microstructure of the phases formed. Below, only a couple of these methods are

discussed in brief.
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1. Small Angle X-Ray Diffraction

Small angle X-ray diffraction is a useful method in studying liquid crystalline
phases. The crystal structure is built up of unit cells which are the smallest building
units of a crystal, describing the three-dimensional relationship between the
molecules in the crystal lattice. Both the symmetry and the dimensions of the unit cell

can be studied by X-ray diffracti i crystals possess long-range structural

order, interaction with elec a suitable wavelength may result

.‘
in the generation of diffr rns"l‘he%ﬁxed and sealed between two
mica windows and place f monechromatic X-rays. The scattered
radiation satisfying Bragg \

where n is the order of thefdif; radiation wavelength, d is the
distance between planes the scattering angle, giving a
diffraction pattern. This technig itensively used for investigating the

used to extract inforgti : arac eristid]_]dimensions in the liquid
crystalline structure (Scherlynd, 2000; Malmsten, 2002).

AULINENINGNT

Table 5 Relation between the first retlﬁctlons for d1fferent liquid ca/;tallme phases

‘Qq%ﬂc’r}@'%ﬂs‘im_ﬁﬂ VIt £

Cubic 1:1/32:1/43:1/44:1/4/5:1/J6 :1/+/8 - ...

Lamellar 1:1/2:1/3:1/4:...
Hexagonal 1:1/B3:1/4:1/47 ;...
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2. Nuclear Magnetic Resonance (NMR)

NMR offers a range of possibilities for investigating liquid crystalline phases.
Deuterium (*H) NMR spectroscopy offers a powerful technique for investigating
phase equilibria, since the occurrence of different phases can be straightforwardly
identified with this method. The basis for this method is that isotropic phases yield a

lar nuclei such as *H, where as

anisotropic phases result in so=¢ itting, thereby yielding a doublet

From this, not only the nagfire/o§'tHe’ ' ‘ e case of a single-phase system, but

also the composition offfy As€ sysfems$ niay, be determined (Malmsten, 2002).

(d)

1

Figure 16 Typicﬁ-le-Nl\'IR spectra of liquid crys&lline phases; @ isotropic phases

(e.g., mialwqcﬁqm mlﬁﬂﬁ@ﬁ}w H&?}@e gase, where the

magnitudefof the splitting increases with the degree of anisotropy, and therefore being

(a) (b)
AULANENTNYNS

larger for a lamellar phase than for a hexagonal one; (c) a two-phase sample
consisting of the phases present in samples (a) and (b); and (d) a two-phase system
containing two anisotropic phases (e.g., a lamellar phase and a hexagonal phase)
(Malmsten, 2002)
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3. Polarizing Microscopy

As a result of their molecular ordering, anisotropic liquid crystalline phases,
such as the hexagonal, the lamellar, and the reversed hexagonal phases, are optically
birefringent (Figure 17). This property can be used for studying such phases with
polarizing microscopy. The lamellar phase usually yields mosaic patterns under the

polarizing microscope, whereas the hexag phases normally show nongeometric

textures. The occurrence of erystals mq 4 gvidentified by this method. On the
other hand, isotropic phz — - A a@micellar solutions and cubic

phases) are nonbirefringen g kground when investigated under

chemical properties of mate q:‘:-,_ fung perature by measuring the heat
changes associated with such 7j'_- sample and reference are placed in a

temperature controlledchar

the reference at the same “! Its in either absorption of

exothermc reaction). DSC has been
described for studying afphase transition awhich retl; es the input of additional

thermal energyﬂ utﬁjas’.} wlﬂr% Mﬂ nﬁ ‘§owever DSC cannot

identify the type a liquid crystalling phase, only &at a phase tragsition has occurred

com@ W RINTUNNING AL

heat (endothermic reacgn) or relez
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Figure 17 P&lﬁri’zing;miCroscopic texﬁkes 6f'anisou:opic liquid: c&sta]line phases; (a)
and (b) lamellar phases; (c) and (d) hexagonal phases; and (e) and (f) reversed
hexagonal phase (Geraghty et al., 1996, Schwarzwilder and Meier, 1997; Makai et
al., 2003; Goldmann et al., 2004; Barauskas et al., 2005)
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