CHAPTER 1V
RESULTS AND DISCUSSIONS

1. Extraction, isolation identification and solubility

determination of mangostin

/7
man inn. was obtained by macerating
wi@n the marc was extract with

310.86 g. The extragt® w ' , " »  i and recrystallized in ethyl

1.1 Extraction

The crude extract
the dried fruit rind powdem 3 '“ colato
ethyl acetate. The ethyl a '

acetate/hexane (3:1) the ygl! ‘ edle shaped erystalline powder of mangostin
were obtained the phé h¢ micrograp f mangostin are shown in

Figure39.

Iee oht at 254 nm, then the
fraction giving the saijL-.: - mbmﬁ. The fractions eluted with

20% ethyl acetate/hexang were combmed were evaporated. The yellow needle
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showed that the spectra (Appendix B) were identical and conformed with the structure
of mangostin that reported by Mahabusarakam and Wiriyachitra (1987).

The melting point of mangostin crystalline was obtained by Gallenkamp
melting point apparatus was in the narrow range of 180.9-182.0 °C and conformed

with the melting point of mangostin (181.6-182.6 °C) (Budavari ed, 1996).
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In addition, the molecular weight of mangostin crystals was obtained from

mass spectrometry (Appendix B) was 410 nearly equal to the molecular weight of
mangostin (410.47) (Budavari ed, 1996).
All data from the identification of the extracted compound contributed that the

yellow needle crystalline powders obtained from isolated fractions were mangostin.

1.4 Solubility

The solubility of puri in deionized water and pH 6.0

o .Od\s mg/ml and 0.020 + 0.0031

in the present of 35% v/v

isotonic phosphate buffer.at 75

ethanol was 1.0225 + 0.2 o/l The solubility values expressed were the mean +

SD of four determins he! ingrease in the solubility of purified extract was

the medium and it was closely
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Figure 39: Photograph and photomicrograph of mangostin.
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2. Antimicrobial activities of purified extract from

Garcinia mangostana Linn.

2.1 Disk diffusion method
The paper disks containing purified extract of 12.5, 25, 50 and 100 pg/disk
were placed on the surface of agar plates, which were inoculated with Staphylococcus

aureus ATCC 25923, Streptococcg ;t‘ CC KPSK; and Streptococcus sanguis

(a clinical isolate). After in rs of the inhibition zones were

examined (Appendix B)

vigre M as the minimum amount of the

purified extract in the d e (Table 4).

Table 4 The minim of orified XU hich presented antimicrobial

activity on various type

Types of bacteriz » _ ‘ im amount of purified extract
Y (ng/disk)
Staphylococcus aureus ATCG259; J-I: f 50
Streptococcus mutans ATCC KPS‘ﬁ:ﬁ 25

R W

Streptococcus sanguis (a chmca!l" 'ﬁté') f 25

)

It was found hlgher activity against

Streptococcus mut is ATCC KPSz and Streptococcus sanguis (a clinical isolate)

r AN NeNS

22 Broth dilution method
Wi G el U Ta VX TR
having the concentration range of 256-0.063 pg/ml. After incubation the MIC was
determined visually as the lowest concentration that inhibited bacterial growth, which
was demonstrated by the absence of turbidity. The result was found to be 1 pg/ml for
Staphylococcus aureus ATCC 25923 and 0.5 pg/ml for Streptococcus mutans ATCC

KPSK,; and Streptococcus sanguis (a clinical isolate).
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Then the experiment for studying MIC and MBC was intensively carried out
with the concentration ranged 307.2-0.075 pg/ml for Staphylococcus aureus ATCC
25923 and 192-0.09375 pg/ml for Streptococcus mutans ATCC KPSK; and
Streptococcus sanguis (a clinical isolate). The study was performed in triplicate. The
résﬁlts including MIC, MBC of the purified extract and inhibitory effect of‘ethanol are

presented in Table 5.

Table 5 The MIC and MBC of purified extract and minimum concentration of ethanol

with inhibitory effect on various t

8.
— HMC —MBC MIC of 95% ETOH (%v/v)

_ I,:.Hlk

Types of bacteri

Staphylococcus aureus ATCE 1 D8, . 0.7813
Streptococcus mutans ATCC i ' -~ N 2‘& ’ 1.5625
ol A o,
Streptococcus sanguis (a clinica 4 'ﬁ O, 1.5625
P guis ( | \\‘i‘i

' that Garcinia mangostana
us mutans ATCC KPSK, and
coccus aureus ATCC 25923.

Due to the lower J

extract had a higher activit

Streptococcus sanguis (a clini€a

F o = E,' ——
Tk 2 A

Since, the mininun concentration of 95% ethanol ;.at showed the inhibitory
effect was found to be-0:7813 %/ ag @¢oeens qureus ATCC 25923 and
1.5625 %v/v against Sifapfo oCccus |

PSK and Streptococcus sanguis

(a clinical isolate) (Appendix B), whereas, the concentration of 95% ethanol in the
¢
=

system was as 1 9? ﬂ 4 ﬁ rﬁs ATCC 25923 and
0.1953 % v/v q"‘jgpﬁoiocc"us mﬂnﬁgﬁgz and Streptococcus sanguis (a
clinical iso t v inhibi id ect the MIC
e RSO TI T TR

3. Preparation of mucodhesive free films

3.1 Preparation of cellulose derivatives free films

From the preliminary studies, appropriate type and concentration of polymers

were investigated to obtain buccal films with satisfactory appearance. good integrity,
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and which were easily detached from the plate after drying with flexibility and no
brittleness or breakage. Consequently, six formulations of the mucoadhesive polymers
were employed for the study including SCMC, HPMC and either SCMC and HPMC
in combination with 10 and 20% w/w of CP 934. The higher concentration of CP 934
over 20% w/w clearly produced more brittleness and less integrity while the film
containing only CP 934 gave unsatisfactory film characteristics, brittleness and easy

breakage.

* i “.2 O N .
foe T \ |
Formulas WNESS Pranspatency” Mean pH Mean viscosity
<8 (m Pas)

LAl 124.30
LA2 143.84
LL1 155.29
LL2 167.65
MA1 325.19
MA2 354.98
MLI oE 435.32
INIED, .ﬂ.& 467.97
HA1 : 44 13.96 420.92
(-3 v/
a AUEINBMINEITS
HL1 Q + 1 13 716.35
HL2 - g Tt o 2.65 'y, 746.64
* yellownéss ‘ - means colorless ® transparency + means almost clear
+ means yellowish ++ means clear
++ means pale yellow ++ means transparent

All Chitosan solutions were clear and viscous. The viscosity varied in a wide
range depending on the molecular weight of chitosan. The higher molecular weight,

the higher viscosity resulted. The viscosity also depended on type and concentration
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of the solubilizing acid. Lactic acid produced more viscous solution than acetic acid.
Additionally, it was found that the chitosan solution prepared with 2% acid had a
higher viscosity than that with 1% acid.

It was obvious that the viscosity of chitosan solutions is a function of type and
concentration of acid. This finding agrees with previous studies by i3egin ,and
Calsteren (1999) and Leffler ,and Muller (2000).

The reason was that in acid medium, the protonation of amino groups by

olecular chain, causing the chain to
: : r, the protonated groups were
reactive with water molecule, thcieforey mn of chitosan occurred (Lim,

Regarding the

ions caused the differ b i tv ounter ions and chitosan

oure: d that the rheograms of the 1%
| 41
sacetic and 1% lactic acid followed@Newtonian flow.

plotted as depicted in

chitosan solution in 19

¢ o ARAN ISR
WARIRI UM INYINY

The physical properties of films including color, transparency, flexibility
glossiness, stickiness, integrity, ease of detachment and mean thickness are illustrated
in Table 7.
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Figure 41 The rheogram of chitosan medium molecular weight solution.
prepared from 1% lactic acid.
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Table 7 Physical properties of free films.

Formulas yellowness transparency Flexibility Glossiness Stickiness Integrity Detachability Mean Thickness

(pm)
SO - + - ++ - ++ ++ 65.67
SC1 - + - otz - ++ Heh . 6520
: sbz - + - ++ - ++ ++ 66.67
HO 2 +++ - +++ = +++ +++ 66.53
HC1 - +++ + +++ 4 +++ +++ 66.60
HC2 = +++ + +++ - +++ ++ 67.73
LAl ++ + +++ 66.13
LA2 ++ + +++ 67.13
LL] ++ + % | +++ 66.80
LL2 e ' s 71.67
MALl + +++ 65.13
MA2 + otk 63.67
MLI 2k +++ 67.93
ML2 ++ + 73:217
HAI - +++ 65.13
HA2 - st 65.73
HLI - +4 67.53
HL2 ik + 71.80
The symbols of (+) and no appearance respectively, and the
number of symbols of (+) means a degree of the specified property
Most of free fili d SC2 were relatlvely

translucent. Chitosan t &

ast, chitosan lactate films

and ease of detachmen : an chitosan lactate films. In cor

exhibited higer ﬁ(%:ﬁ mﬁ an chitosan acetate
films. The hi ﬁ age @and yellowness were
found in chltosanq'actate films which p‘repared fronﬁ/ lactic acid. y
charactenstlcs of hard and slight ﬂexnbllty were found in HO, HC1, HC2
and chitosan acetate films, while soft and highly flexible ones were found in chitosan

lactate films. This maybe due to the plasticizing effect of lactic acid. The free films of
S0, SC1 and SC2 were hard and brittle films.

The inclusion of CP934 did not produce the marked differences in the above
physical properties in comparison with single films of SCMC and HPMC
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Figure 42 The photomi€rographsof surface morphology of chitosan low
molecular weight filmis-prepared from 1 and 2 % acid,
(a) 1 % acetic acid ( bf) 2 % atetic acid (¢) 1 % lactic acid (d) 2 % lactic acid

— ks F1 L0l
STREL 10KV .-X3,000 16mm

———
STREC 18KV
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Figure 43 The photomicrographs of surface morphology of chitosan medium
molecular weight films prepared from 1 and 2 % acid.
(a) 1 % acetic acid ( b ) 2 % acetic acid (¢) 1 % lactic acid (d ) 2 % lactic acid
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Figure 44 The photomicrographsof surfacemorphology of chitosan high molecular
weight films'prepared froma-| and 2 % acid. .
(a) 1 % acetic acid (b ) Z 9 deeticiacid (€ )4

% lactic acid (d ) 2 % lactic acid
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Figure 45 The Photomicrographs of cross section of chitosan low molecular
weight films prepared from 1 and 2 % acid.

(a)1 % acetic acid (b) 2 9 acetic acid (¢ ) 1 % lactic acid (d ) 2 % lactic acid
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Figure 46 The Photomicrographs of ¢rass sect_i:on_.of chitosan medium molecular
weight films prepared from 1-and 2 % acid.
(a) 1 % acetic acid ( b)) 2 % agétigacid (c ) 1 % lg:ctic acid (d ) 2 % lactic acid
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Figure 47 The Photomicrographs of cross section of chitosan high molecular
weight films prepared from 1 and 2 % acid.
(a) 1 % acetic acid (b ) 2 % acetic acid ( ¢ ) 1 % lactic acid (d ) 2 % lactic acid
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4.3 Mechanical properties
An ideal buccal film should be flexible, elastic, durable and adequately strong
to withstand breakage due to stress from oral activities. Consequently, mechanical

properties are critical and essential to be evaluated.

The ultimate tensile strength, elongation at break point are the parameters
commonly used to define mechanical properties and demonstrate tensile characteristic
of films. For mechanical propertied evaluation, the free films with uniformity of
thickness were selected. The ultiq{m% : gth and percentage of elongation at

a

break of prepared films are illu d Figures 48-53.

(SC2) exhibited the highest walue he chi san (L ) films with 2% lactic acid
(LL2) presented the lowe L ent ngation at break was obtained
from chitosan (MM W) fillms/wifh/2%-lacti 2), while SCMC films without

‘.;.A

elongation. It was found that mcreasmg the t (;f carbopol tended to increase the
tensile strength and el_gngatlon'a's-iﬂusﬁa' d in Fig s 48 and 49. This result might be
due to the interactioir :
contribution to enhancejle strength an

and moderate nt erved to produce the
reduction in tensﬂe strength and eloﬁgatlon as 1llm}rated in Figures 50.and 51 This

v e GO AR V1) B 4o o

carbopolqreduced the strength and flexibility of HPMC film. It is probable that the

crosslinking between carbopol and HPMC which may related to its conformation and

configuration made HPMC film less flexible and weaker.

For chitosan films, increasing in the molecular weight of chitosan caused a

raising of tensile strength in both acetate and lactate film (Figures 52-53). This agreed
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with a previous study by Nunthanid et al. (2001) who found that the tensile strength
increased with the increasing molecular weight of chitosan. The reason may be high
molecular weight chitosan can produces a considerable entanglement network which is
important for applicable tensile strength. A reverse order was obtained from
eidngation data of chitosan acetate which indicated that the increasing in molecular
weight decreased the stretching of chitosan acetate films. This may be due to the
increasing of inter and intramolecular bondings of each chitosan chain which, resulted

in the films having more ability to withstand higher stress but less flexibility.

elongation was obtained from MMW

W

Concerning chitosan lactate film,

chitosan followed by LMW and HM\

Comparison of ctate f 'Ww lactate films, chitosan
le str

acetate films were hard"anc 16 ith hi - \iens\llr\‘ and moderate elongation,
whereas, the latters we : ctile with low tensile strength and high elongation.

cfx_ls‘ld;sable higher tensile strength

but comparatively lower vation thar ' e films. This is consistent to

It was found that chitosa

their appearance that chitosa: e more exible and softer than chitosan
acetate film. Similar résul previous studies of Begin, and
Calsteren (1999) and Peh, ;and - (2000). The reason was that the tensile
strength and elongatign of eacb-‘ﬁ”aj!?im;m@gt depending on the difference in
counter ions from eefﬁ vpe of acid. the of the counter ions could

"' ular and tions which related to

mechanical properties of film (Begin ,and

influence the intra

Calsteren, 199&*
There w. ignifieant difference invthe ultimate tensile strength and percent
li rm

q e endelfbsi] dkad plobate ool 1 dnd 2 % acetc acid (o

<0.05, Appendix E). However, thespercent elongation at break of 1% acetate films

= RRIFAN IR ANINE1RE

Regarding chitosan lactate films, it was found that LL1, ML1 and HLI

elongation at

produced significantly higher tensile strength than LL2, ML2 and HL2, respectively (p
<0.05, Appendix E). A reverse order was obtained from elongation data of chitosan
lactate films, percent elongation at break of 2% lactate films were marked higher than
1% films. This result might be due to the difference in ionic strength from two

concentrations of acid. Increasing the ionic strength resulted in a higher association
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Table 8 The rank order of ultimate tensile strength of prepared films.

ultimate tensile strength (N/mm2)

Formulas Mean* SD %CV

SC2 68.35 1.33 1:95

HO 60.42 111 1.84
HA1 57.80 0.83 1.44
SC1 56.84 1.41 2.48

LL2

*averaged from 5 J dies

AUt INgnInens
ARIANTAUNM TN
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Table 9 The rank order of percentage of elongation at break of prepared films.

Percentage of elongation at break

Formulas = Mean* SD %CV %
ML2 35.997 4218 1.17
LL2 32.615 5.616 1.72
HL2 29.967 7.568 2,53
MLI 26.939 1.08

2:12

SO

¥ .
*averaged from 5 studies

AULINININEINT
ARIAATUAMINYAE
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Figure 49 Percentage elongation at break of SCMC films combined with

varied concentrations of CP934.
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Figure 53 Elengation at break of chitosan films of different molecular weights

with 1 and 2 % of acetic acid and lactic acid .
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between the polyelectrolyte and the counter ions. Moreover, an increase in the
shielding effect of the counter ions might caused the interfering effect on crystalite
formation, which related to mechanical properties of chitosan films (Begin, and

Calsteren, 1999).

These observations obviously showed that type and concentration of acid had

an influence on the mechanical properties of chitosan films.

When comparing 18 formula{ﬂ oadhesive films by one way analysis
A
of variance, significant diffr &gg\ ¢ f‘ bserved in the ultimate tensile

S
strength as illustrated in Table 1E: VR (@67.&9) and percent elongation at

, ”.»1Men, the average tensile
19 »m ey honestly significant
i i e3E

break as shown in Tabl

strength and percent el

diffrence (HSD) and th 4E.

934 in two different films,
properties of films both in
tensile str‘ehgth and elongatio 4 increased the tensile strength

upto 68 N/mm? and elongati = w@ MC, it slightly decreased the

4.4 Swelling : perty of
Swelling of films is the hydration of the polymer chain due to absorption of

[ 4 :
water. The hy ¥ — m mﬁ? due to encouraging
entanglement ‘ lﬂ m c /hic tribute'the intimate contact for
VO SRR E N EREE
g

After immersed in a medium (deionized water or artificial saliva) for at least

one hour, all membranes could be classified into two groups. The first group, which
the swelling index value could not be evaluated due to the rupture or unsatisfactory
appearance of the films into small pieces of gel and the difficulty in retrieving for
weight measurements. This group included SO, HO, HC1 and HC2, all of which were
regarded as very hydrophilic polymers. It was possible that these films had lower
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water resistance and higher ability to dissolve in water. The lower water resistance
may be due to the uncounterbalance between the elastic forces in the network structure

acting to hold them together and the ability of the solvent to move the chains apart.

The second group consisted of SC1, SC2 and chitosan films. The data of film
swelling determined by weight difference on immersion with media are compiled in

Table 10 and illustrated in Figure 54, respectively.

Regarding the films prepared g bination of SCMC and CP 934, the

higher proportion of CP 934 (s%

ing swelling index value both in

water and art1ﬁ_p1al saliva. . This resuit is @mpma previous study of Peh and
Wong (1999). It was prob ir cn&r\ ng between SCMC and
CP934 blending resulte f \ydrogan\b ing with water molecules

opposed the expansion 'ucedhfﬁcnency of the film to

equilibrium degree of sw ifn £t al 1092 Li \ aqd Wan, 1995).
From the swelling pr re 54), it could be observed
that the swellmg index value of SC ﬁﬁx& €re rather er in distilled water than in

artificial saliva. These results als&fc‘é:ﬁ'orm@%h and Wong (1999). This might
be due to the viscosity effect of-ﬂ:e;fnedlg mwer it was possible that artificial
saliva was composted‘x} _many k kmds of ions, wh d iuterfere the swelling of
film. These ions penetrated thq_ﬁlm, 0 atet-and swelled, then cross-

linked at ammonium g chi Mnlting in the screening
electrostatic attractions and the"dense S %ﬁ qd ced volumes (Nanthanid et al.,
2001). ﬁﬁ%ﬁﬁg&ﬁ Elglﬂj
qJ ¢ o o/
1 S A A A € bl i o

chitosan acetate and lactate films in both media (F igures 55-60). HMW films swelled
extensively with the highest swelling index value and the maximum increasing in the
film area followed by MMW and LMW films, respectively whereas, LMW the latter
had a considerably lower swelling index and area changing but higher disintegration
and dissolution. The explanation might be that chitosan molecules formed salts during
film formation in aqueous acid solution. After immersed in the medium, the residual

acid in the film protonated amino groups and formed ammonium ions. This caused the



106

increasing in the repulsion of charged groups resulting in chitosan molecules unfold,
more elongated. Consequently, chitosan of higher molecular weight compromised the
accessibility of reactive groups and promoted chain entanglement, had higher degree
of swelling. In addition, the amonium ions on chitosan molecules are reactive for the
"interaction with water thus, after swelling chitosan film disintegrated into small
fragments and dissolved in water (Kim et al.,.1992; Lim , and Wan, 1995; Yan, Khor
,and Lim, 2001).

The effects of acid concentrg?q\; o films were investigated (HA, MA
and LA groups), HA1, MAI 3 ~exhi i ly higher swelling index value
than HA2, MA2 and LA2, rm, inboth @us, for chitosan acetate film,
the concentration of ace » | two. “did not produce a marked
difference in swelling in: ‘ 1
found that HL1, ML1

HL2, ML2, LL2, respectiyé

_ property between chitosan
acetate and lactate films. For W filisis, ib ighest swelling index value
followed by LAL, LA2 and LL2 fespectively. Iicontrast, MMW and HMW films,
MAL1 and HAI showed higher-swelling in than ML1 and HL1 in both
showec gher swelling }ﬂ%@ an an in

al sM‘r cross section view of

chitosan acetate films shio| inside the ﬁln'm It was possible that the
porosity of chitﬁn acetdte~films might prémiote the rate of water sorption and
e ik ln&ﬁ

1 deulring i higherddbarbe 0f selibg. | Thbse results indicated

that ionic strength%arboxyl, hydroxyl and alkyl groups in the acid nlﬂ,ecules affected

o R S 1603 L4 s

produced the difference in swelling index value (Ritthidej, Phaechamud and Koizumi,
2002).

media, respectively. Tn—_}', = £

Moreover, the

wed the por01ty'

interaction with
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Table 10 Swelling index value in deionized water (DI) and artificial saliva (AS) of SCMC films

combined with CP934.

Swelling index

== -

Formulas 2min Smin 10min 15min 30min 60min

SC1(DI) mean*  11.5597 12.5879 154227 17.6844 18.6558 20.3186
SD 0.4426 0.2602 0.2035 0.1887 0.1522 0.5109

%CV 3.83 2.07 1.07 0.82 251

SCI1(AS) mean* 104206 11.6 143707 15.6376  16.9205

SD 0.1797 0.2400 0.1964

%CV 1.72 1.53 1.16

SC2(DI) mean* 10.2573  13.3218

SD 0.1155 0.1974

%CV 1.1261 1.4814

SC2(AS) mean* 7.7189 8.5258

SD 0.1506 0.1079

%CV 1.95 127

g

* averaged from triplicate studie

G
AU ININTNYINS
RIAINIUNRINYIAY
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Table 11 Swelling index value in deionized water (DI) and artiﬁcia) saliva (AS) of chitosan

(low molecular weight) films prepared withl and 2% acetic and lactic acid.

Swelling index

Formulas 2min Smin 10min 15min 30min 60min

LA1(DI) mean* 6.8495 8.4375 9.8411 11.1850 12.6490  18.0044
SD 0.0672 0.2270 0.2198 0.1876 0.2279 0.1026

%CV 0.98 2.69 203 1.68 1.80 0.57
LAI(AS) mean* 6.6420 4456 9.7769  10.5011 12.9079
SD 0.0928 " 0.4466 % 582 0.2645 0.2674

252 2.07

%CV- 1.446

LA2(DI) mean* 12.6109  16.6641

SD 0.3086 0.1924

%CV 2.45 1:15

LA2(AS)  mean* ‘7‘\ 111381 13.7370

SD 49 02300  0.2885

ey ‘ | 2.06 2.10
LLI(DI)  mean*  9.3553 0 10.7506 | 181885 19.9255 20.5149
s oz Gap L 58 01749 00476 02436

%CV _ 243 g 089~ 0.96 024 1.19

LLI1(AS)  mean* 2D 3 13.50602 13 14.9232
SD 0161 12 0.0566

%CV 171 245~ 0.38

LL2(DI) ﬁﬁ %4 5.9801
N ﬂﬂﬂ Mﬁﬁﬂi o

%cv 3.39 378 303 @278 137g, 074

03721 02744 02229 00665 01492 03286

%CV 8.50 6.26 4.65 1.34 2.90 5.90

* averaged+B12 from triplicate studies
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Table 12 Swelling index value in deionized water (DI) and artificial saliva (AS) of chitosan

(medium molecular weight) films prepared with 1 and 2% acetic and lactic acid.

Swelling index

-

Formulas 2min Smin 10min 15min 30min 60min

MA1(DI) mean*  10.8552 12.7061 21.3911 24.4873 303269  50.3249
SD 0.2115 0.4604 0.4242 0.2628 0.7661 2.0771

%CV 1:95 3.62 1.07 2:53 4.13

MAI(AS) mean*  12.0447 270677 - :37.5037

SD 0.3443 0.6290 0.4958

%CV 2.32 1.32

MA2(DI) mean* 28.0440 46.0558

SD 02528  0.2507
%CV 0.90 0.54

MA2(AS)  mean* 35.3859
SD 0.3942
%CV ‘ 794 52 0.57 111

MLl(DI)’-' mean*  10.0692 [11.5679" 43 188054 262582  39.0661
SD 04431 01658 03171 0.1930
%CV 440 121 0.49

o =

MLI(AS) ~mean* \EAB3L 101031 121831 16€ 10034 312517
SD ; : 31 03172 03459
%CV g JD 1.51 111

e ?1 uéi m AENEANE o

%C 2.30 161 ¢ 093 A 0.83 o/ 0.75

% s : 0.2183 0.0976 0.0474  0.1782 0.1581  0.1494

%CV 5.05 2.05 0.96 3.37 277 2.45

* averaged from triplicate studies
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Table 13 Swelling index value in deionized water (DI) and artificial saliva (AS) of chitosan

(high molecular weight) films prepared with 1 and 2% acetic and lactic acid.

Swelling index

Formulas 2min Smin 10min 15min 30min 60min
HAI(DI)  medn* 12.0531 149064 214715 253959 37.1322 55.9931
SD 0.0474  0.0411 03732 03805 0.1165 0.1241

%CV 0.39 0.28 1.50 031 0.22
HAI(AS)  mean*  10.9510 21.9850 30.5409 49.1521
SD 0.1008 ‘ 03182  0.1980

%CV 1.04 0.40
HA2(DI)  mean* 11. 333243 49.7738
SD 03425 02522

%CV 1.03 0.51
HA2(AS)  mean* 215418 % 293133  42.4100
SD | 03629  0.4680

%CV 497 g8l 0884 14 124 1.10
HLI(DD)  mean* 13.1878 [14.6728° 204776 22939 292054 45.1593
SD 03163" 0485 '. 4970 ! 02237 01908 02068

%CV 2.40 ‘ 065 0.46
HL1(AS)  mean* ' 0211474 5950833  39.1047
SD ). 1848 02003 02152

%CV 0o 228 1.16 087 m 0.80 0.55

HL2(DI) 541065% 59283 68088 73551 7.9445  8.1556
ﬁ WHA NI NINGAND: orass

%c 1.89 166 ¢ 186 ‘goz 063 o, 1.74

SD 01822 00999  0.1002 0.0630‘ 00864 0.0696

%CV 3.82 191 1.68 1.01 132 1.00

* averaged from triplicate studies
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55
—e—MAI(DI) —e—MA2(DI)

—a—MLI(DI) ——ML2(DI)

50 -
45 -
40

Swelling index

70

molecular weight

chitosan films prgpared fir , ‘7 2% 2 id and lactic acid.

—+—MAI(AS) —e—MA2(AS)
—&—MLI(AS) —e—ML2(AS

Swelling index
N
L%

v

’JVIEJﬂ‘i'WEJ'm‘

10 Y,
5 W HWN E]’jaﬂ
0 ; .
0 10 20 30 40
Time (min)

Figure 58 Swelling profiles in artificial saliva (AS) of medium molecular weight
chitosan films prepared from 1 and 2 % acetic acid and lactic acid.

113



Swelling index

Swelling index

114

60
ss| —*HAIDD —=—HA2DD

—a—HLI1(DI) —e—HL2(DI)
50 -

40 1
354
30 -
235
204
155
10 -

0 10 70

Figure 59 Swelling profiles i 1igh molecular weight

chitosan films pzep acid and lactic acid.

55
50 -
45 -
40 -
35 -
30 -
25 -
20 1
15 -

P NG AN IRY

Time (min)

Figure 60 Swelling profiles in artificial saliva (AS) of high molecular weight
chitosan films prepared from 1 and 2 % acetic acid and lactic acid.
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4.5 In Vitro mucoadhesion test

4.5.1 Mucoadhesive force
Determination of the mucoadhesion strength is important in the development
of mucoadhesive dosage form due to satisfactory mucoadhesion is essential for
A successful application of a buccal mucoadhesive drug delivery. An ideal buccal film
should be flexible, elastic, durable and possesses high mucoadhesive strength so that it
can be retained in the oral cavity for a desired duration. Several methods have been

developed for measuring mucoadhesive@r , however, there is still no universal test

Z en, and Peh, 1999). In this study
determined ime was investigated using rat
intestinal mucosa as a m-:)Wrane.- ﬂﬂmblologlcal membrane was

commonly used and ach /) e‘Q\M study of Rao, and Buri
(1989), Smart (1991) and | 1994)

-

For films obtained from t‘:'é;*é_ﬁiﬁh ez~
with CP934, it was fouqd that SC2 exhibit st
SC1 and SO. This result-indicated-that-inereasing-oaibopol composition led to a
of HPMC alone and

HPMC combined with carbopol, incasing concentratio of carbopol caused an

increase in muc i fg’ ce. m i e ith Peh and Wong

(1999), who fom}ﬂgrgrﬁe in bioa eﬂﬂilﬁwrﬁﬂobsewed with an

increase in carbopol content. It is posﬁble that SCME. and HPMC may form complex
th

or crossi it ebonb ShiHas an| kel micpahesvg prorerty due (o

containing large numbers of carboxylic acid groups that promote mucoadhesion.

MC alone and SCMC combined

hesive force followed by

significant increase in i

Thus, the inclusion of carbopol produced the additive effects which caused
enhancement of the mucoadhesive force. Moreover, the mucoadhesive force increased
proportionally to the content of carbopol. This indicated that the adhesive strength
depended on ionizable groups and charge density on the polymer chain. Regarding the

tensile strength an increase in carbopol content caused SCMC film to become stronger
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to withstand the more tensile stress. This showed the correspondent effect of carbopol
on the mucoadhesive strength and the tensile strength of SCMC films. Incontrast, the
unrelated effect of carbopol on these values of HPMC films was found. The increase

of carbopol content decreased the tensile strength of HPMC films.

From Table 14, S0, SC1 and SC2 exhibited higher mucoadhesive strength than
HO, HC1 and HC2, respectively. This finding is consistent with previous studies of
Sam, Heuij and Tukker (1992) ; Smart, Kellaway and Worthington (1984) ; Peh and

Wong (1999) and Wong, Yuen and\wv . In addition, these support the
hypothesis that polyanionic moh\c\’dgs seem }ore effective bioadhesion than

neutral polymers like HPmm be aﬁﬁmthe ionizable groups which

harge%the polymer chains (Park

were reactive for mucoad
and Robinson, 1984).

The mucoadhesiv, increging molecular weight of
thh theory that high molecular

(Leung, and Robinson, 1990, Rath'Bone ed@) Furthermore, high molecular
weight chitosan offers numerous.mﬁmmpﬁmm reactxve ionized groups for
mucin attachment th?'elower molec ight,
mucoadhesive bond (Math ow1tz, 1999) he result was in agfeement with Henriksen
et al (1996) ; Lehr et au (1992) ananqulshand Am1jﬂl999) In addition, this
finding also co @i:‘ed with“altimate tensile ﬁh tendency which represents the

higher abilty to Fop b e @i it Qo b vl dr] e
U8 A PR B8] st

higher adhesive force than HA2 and MA2, respectively, whereas, LAl exhibited
slightly higher adhesive strength than LA2. Similar result, appeared in HL, ML and

s to develop intense

LL groups. Concurring with swelling data of chitosan lactate prepared from 2% acid,
which had a considerable lower degree of swelling than other chitosan films, also
presented lower mucoadhesive strength. This finding may be due to the low degree of

swelling led to insufficient intimate contact and interpenetration.
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This result indicated that concentration of acid used affected mucoadhesive
force of chitosan films. It is probable that ionic strength in film preparation may affect
mucoadhesive force. There was an evidence stated that, as ionic strength increased,
mucoadhesive strength decreased due to a reduction in expanded nature of the polymer
" network and decreases in the mobility of the polymer chain, resulting in a decrease of

the interdiffusion process and extent of entanglement (Leung, and Robinson, 1990).
There was no significant difference (p<0.05) between LMW chitosan films,
which were prepared from acetic au&ig w cid. For MMW and HMW films,
chitosan acetate films exhibit esive force than lactate films.
Similar result was obtained .ﬁmtlmde t data that chitosan acetate
films showed higher tensi

In general, chit
higher adhesive strengt G&oth single and combined

study of Lehr et al. (1992)

eﬂjs one way analysis of

variance between 18 fo ulatlons of mﬁcoadheswe filmss VR (1032.02) > F(1.79).

Therefore, significant di eﬁ ﬁ if € ﬁ]( bsoeen mucoadhesive
films (p<0.05) w gii % ‘E; f average adhesive
force between ISE)rmulatlons is depicted in Table 7E)

e et O AR A RIS Gy o

molecularqwelght, configuration, complexation or crosslinking density, charge and

According to ’

t‘D

degree of ionzation and extent of hydration or swelling of mucoadhesive polymer. In

addition, condition and method of film preparation are also important factors.
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Table 14 The rank order of mucoadhesive forces of prepared free films

in artificial saliva.

Mucoadhesive force (N/cmz)

Formulation Mean* SD %CV

HAI 9.418 0dss
HL1 8.920 0284  3.18
MAI B990 o 0376 A8
MLI
sC2
HC2
sCl
HCI

LA2 ' 0.373 0.059

a”ﬁ“ﬁ“f:]ﬁ?“?‘i’wsw 5N
AR TUUMINYAE
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4.5.2 Mucoadhesive time

When formulating a mucoadhesive dosage form, it is important to evaluate not
only the adhesive strength but also the duration of adhesion, due to the mucoadhesive
dosage should be retained in the oral cavity for a desired duration for effectiveness of
treatment. In this study, the duration of adhesion of 18 formulations was evaluated by
the same apparatus as mucoadhesive force with applying a constant tensile force of
0.373 N (38 g loading weight) to the adhesive bond and leaving until the bond had
been broken, then the duration of adhesion was recorded automatically. The data of

the mean mucoadhesive time w1th ka}/watmn are illustrated in Table 15

and Figures 62, 64 and 66.

_—

The rank order o
found to adhere with
obtained from LL2.

, mted i Table 15 MAT. wis

film, which led to less adhesive ;;Eﬁ‘@y @ease in duration of adhesion.

il
...-"'d"'_,.-' /.

l\...-

|

increasing of carbopol Content as followg : HC ) _ 0 (p<0.05). This finding
was in agreement with pe and Wong (1999),

content caused ﬁﬁﬂrﬁe% ﬁ ﬁh %"W‘ﬂ ;]oaﬁxe‘%ve strength.

In comblnatlon with carbopol, HC films exhibited longer duration of adhesion

oSG A 9 5 s s

combined ‘With carbopol films had shorter residence time than the HPMC combined

who foundlaat increasing in carbopol

with carbopol films.

Regarding chitosan acetate and lactate films, the longest duration of adhesion
was found in the films prepared from of chitosan of MMW followed by HMW and
LMW, respectively.
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Although the hydration of the mucoadhesive polymer was essential to initiate
the mucoadhesive bonding process, excess of increasing level of hydration was found
to reduce adhesive force and duration of adhesion. Since mucoadhesive bonds became
over extended, thus, over swelling of the polymer led to a reduction in mucoadhesive
* properties (Rathbone ed., 1996; Smart, 1991). e
Therefore, the adhesion was maximum at a certain degree of swelling and the

duration time required optimal swelling. This might be the reason why high molecular

weight chitosan film had shorter dura(&\r*&fj}n medium molecular weight films.
Concermng HA, Mm:LA Jouﬁ MA1 and LAl _presented

substantial longer adhesi M‘W respectively. Similar
[/an Lat‘, may be closely related to

ited in Table 14. It was clearly seen

results could be observed

their unsatisfactory mucea
that concentration of acid_ifif N
Atime than chitosan lactate
films. The insignificant LL2(p<0.05). The result
indicated that type of acid used nmﬁwsm -gad a significant effect on adhesive
time. J;_';/’ ey T“
a .

In general, chilk‘én acetate and chx cf ns

presented longer adhesitiime than SCTTEAN

Chitosan acetate f

carbopol. It was possible that-when ex sed td.water, SO, HO and HC films swollen to

torm gels snd @y b sigo Pl Db a1 P ) T Yehase in the aesive

force and duratlogjtlme. Furthermorethe swelling gld deformatloanf films resulted
e 0 05 S 3 ol s
3 :

According to Table 5E, which shows one way analysis of variance between 18
formulations of mucoadhesive films, VR (501.822) > F (1.79). Thereby, significant
differences of adhesive time were shown between mucoadhesive films (P <70.05).
John Tukey's honestly significant diffrence (HSD) of average adhesive time between

18 formulations is presented in Table 6E .
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Table 15 The rank order of mucoadhesive time of prepared free films

in artificial saliva. A

Mucoadhesive Time (hour)

Formulas Mean SD %CV

MAI 9.369 0.271 2.90
MLI1 7.252 0.127 175

LL2 : 0.018 i 320

‘“““ﬁ*ilii"’?ﬁﬂmwmn's
ARIAINTAUNIINGIAY




Mucoadhesive force (N/cmz)

Mucoadhesive time (hr)

Figure 61 The mucodahesiyé fofcd « S
withvariedcce p

% Carbopol

Figure 62 The mucodahesive time of SCMC films combined

with varied concentrations of CP934.
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Mucoadhesive time (hr)

Mucoadhesive force (N/cm?)

¢ o
0 ¢ 10 0
% Carbopol

Figure 64 The mucoadhesive time of HPMC films combined

with varied concentrations of CP934.
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Figure 65 The m Ve f ' e san films of different molecular weights
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Figure 66 The mucoadhesive time of chitosan films of different molecular weight

with 1 and 2 % acetic acid and lactic acid.
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In summary, the duration of adhesion is influenced by type and degree of

swelling of mucoadhesive polymer, condition and preparation method.

5 Formulation of Garcinia. mangostana extract buccal

mucoadhesive films

5.1 Monolayer films (mucoadhesive layer)

From the results of the ev: ee film, the optimal formulas wich
appropriate properties such as tenstlcs suitable mechanical
properties, proper hydratlon]!;:)&e ler.lsm e performance, were selected

""‘amu-a..MAl MLI1 and HC2 were
Eiqm\mbgystana Linn. extracts. The

ions was 0.2133 mg/cm’.

to formulate of buccal filins
selected in preparation o,

concentration of purified

Asa result, all formitlatio .‘ car) ir colors were yellow due to the

ces of each formulation were

unchanged.

Moreover, the incorporation withg the purified extract also decrease

o oA W e
e QAR AP OF ST e ==

buccal mucoadhesive fil

Formulas Yellowness Transparency Glossiness Stickiness Flexibility Integrity Ease of
detachment from plate
MA, +4+++ +++ ++++ 3 + +++ ++ +
ML, +++ ++ ++ ++ 4 ++ 4
HC, ++ + +4+ . + Ak + 44

The symbols of (+) and (-) showed the appearance and no appearance respectively, and the number of
the symbols of (+) showed a degree of the appearance
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5.2 Bilayered films (mucoadhesive and backing layered)

From preliminary study of backing layer preparation, the optimal backing
layers were obtained from 15 ml of 1% w/v ethylcellulose. As the casting technique
was performed to prepare bilaminated films, it was found that a complete binding
' between the mucoadhesive and the backing layers without defect or bre;k::;ge was

achieved.

Thus the three formulations of Garcinia mangostana mucoadhesive films were
prepared according to the process a¥ w% i previously. All bilayered films
exhibited good physical appeam% The d akage was absent. Moreover, a

"%-‘._
perfect binding between ﬂwgand the mueeadhnwe layers was obtained:

. . \"“
6. Determination a z)ua mangostana  extract

-

'f: r. ‘

mucoadhesive fi

6.1 Surface a 0 secﬁbn
The surface morp

condition as described previ slyp Fbr MA@I]&IOH as compared to its free film,
it was found that MA1 fonnulatmﬁéplay%ar smooth nonporous structure. In

addition, no crystals‘\oé mangostin on the surface of filn ~£Jlld be observed (Figure
67) Z s X

Comparison of MLiformulation with its free film, it indicated that the

incorporaton oA LR e P E WA b A ) incrase of sueace

roughness and a }j ew small particles were observed g‘gure 69).
QW’]@\?ﬂ'ﬁMﬁJW’]’WH’]QH u
Régarding HC2 formulation in comparison with its free film, the increasing in

surface roughness without the crystals of mangostin was observed (Figure 71).

The cross section photomicrographs of the three formulations were examined
under the same condition as described previously. There was no crystal of mangostin
observed in all film formulations. For MA; and ML, as compared to their free film,

there was no marked difference in cross section morphology (Figures 68 and 70.).
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Figure 67 The photomicrographs of surface morphology of (a) MA, free film and
( b) MA, film containing Garcinia mangostana extract.



4
» S
s

e s,
NS IP TN S
4

)

-

Figure 68 The photomicrographs of cross section morphology of
(a) MAI free film and ( b ) MA1 film containing Garcinia

mangostana extract.
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Figure 69 The Photomicrographs of surface morphology of (a)ML1
free film and ( b ) ML1 film containing Garcinia mangostana extract.
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Figure 70 The photomicrographs of cross section morphology of
(a)MLI1 free film and ( b ) ML1 film containing Garcinia
mangostana extract.
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Figure 71 The Photomicrographs of surface morphology of (a) HC2
free film and ( b ) HC2 film containing Garcinia mangostana extract.
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Figure 72 The photomicrographs of cross section morphology of
(a) HC2 free film and ( b ) HC2 film containing Garcinia
mangostana extract.
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The comparison of HC2 containing purified extract with HC2 free film, it was
indicated that addition of purified extract in HC2 film resulted in a slight increase in

roughness and porosity of HC2 film (Figure70).

6.2 The x-ray diffractograms

The x-ray diffraction patterns of chitosan and mangostin powders, three
formulations and free films of MA1, ML1 and HC2 are illustrated in Figures 74-75.

ngostin showed crystalline presented

ﬁ.y (26). The substantially high

Powder x-ray diffraction.
diffraction peaks at approximat

intensity of peak at 5.9° ( ofwicharacteristic indicated that

mangostin was in a crystalli

The x-ray patterns
Appendix D, showed

Similar pattern was obtai

were observed. The x-ray pattern
: : A == . .
state to partially crywme' state. This : a previous study of Lim and

enhanced the crystalliniﬁé

o (¥
For Mﬂ ﬁ Wﬁnm ﬁtﬂ']ﬂ mall intensity was
observed at approximately 11.7°, 20.8°, 26.7°, 28.7° and doublet peak at 29° (26)
(Apper\a( i ‘} 1 i eFy ;S ié’t at of MA1,
however,qtmﬁ:aﬁzlm mh]p nﬂj‘]‘l .SEr:nd 19° (26)

(Figure 74).

Regarding HC, free film, its x-ray diffractograms indicated that it was partially
in amorphous form, however, some small intensity peaks were observed at

approximately 9.5°, 20.8°, 26.6° and 28.7° (26). The rather high intensity peak was

found at approximately 29° (20) (Figure 75).
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For MAL1 loaded with purified extract (Appendix E) the small intensity peaks
compared with MA1 free film were observed. No diffraction park dul to mangosstin
was clearly observed at 5.9°, 8.8°, 9.4°, 13.5°, 15°, 16° and 19° (20). This revealed
that mangostin may dissolved into molecular level in this film. Concerning ML1
fonﬁulation, its diffractogram displayed the substaintially higher int::ns_ity of
mangostin peak at approximately 5.8° (20) than of MAI formulation. The other
diffraction peaks occurred near the same position at that of its free film (Appendix E).

act is shown in Figure 75 As
compared to HC2 free film, the similar pait W and the peak at 59°(20)
was absent, indicating an a o : nangostin-in th sﬁlm

ﬂ‘lJEJ’J'VIEm‘SWEﬂﬂ‘ﬁ
Q‘Wﬂﬂﬂﬂ‘iﬁu UAIAINYAY
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o

Figure 74 : The overlay x-ray diffractograms of chitosan flake and chitosan films
(A) means chitosan flake, (B) means MA1 free film (C) means MA1 film
containing Garcinia mangostana extract. (D) means MLI free film and
(E) means ML1 containing Garcinia mangostana extract.



136

CH-25t¢

ﬂumwﬂﬁswmm

Figure 75 The x—ray dxffractograms of (a) HC2 free ﬁlm and (b )HC2 film
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6.3 Water repellent and mucoadhesion properties of Garcinia

managostana bilayered film

In the development of mucodhesive buccal film, application of a water
impermeable backing layer has been considerated to restrict the access of saliva to the
drug matrices, prevent drug loss from saiivary flow, enhance the efficacy of the device
by ensuring unidirectional drug release and prolong the residence time of buccal film
as a result of the ability to withstand salivary wash off. Furthermore, the device may
be conveniently and accurately applied. ' ‘

\ /

,‘.5. h ! L |
Ethylcellulose, a hyw poly -has been reported to be an excellent
backing material due to @ permea m an moderate flexibility (Guo, and

Cooklock, 1996). In this l'lulose Wa&&lected to be prepared as the
backing layer. It showe Wlth some hydrophoblc films after the

drying process.
ol
In this study, w f ; esion properties wer evaluated by
the comparison of the duratio ‘. ¢ i @ resented the ability to withstand
artificial saliva wash off and dbg:; ith: inal mucosa, respectively. The result

were illustrated in Table17.

In comparisiﬁ"'r ------ een monoiayer fiims-and b 1 -ﬁlms it was found that
ML1 and HC2 bilayer films exhibited : :
corresponding monolayer ﬁlms 51gmﬁcantly It obviously indicated that the backlng

bt 1t oL U
Bk el il mhum;g DAL e e

observed in MA,, folllowed by ML1 and HC2 from both mono layer and bilayer films

(Table 17). This result corresponded with the result from the mucoadhesive test of

r duration time than their

free film in Tables 14-15. This revealed that the mucoadhesive performance was
related to the ability to withstand salivary wash off of the films.

Regarding HC2 showed the lowest adhesion time, it is possible that the low
water resistance of the film may be attributable to high water affinity of HPMC.



Table 17 The water repellent and mucoadhesive properties of monolayered and bilayered
films of MA1 ,ML1 and HC2 containing Garcinia mangostana extract.

Water repellent time (hr) )
Formulas Mean** SD %CV 4
Monolayered MAL1 o 0 0
film MLI 8.051 0.14 1:79
HC2 4S8
Bilayered MAI 0
film MLI 0.34 = T
HC2 3.69

* means more than 24 hr

* *averaged form 6 determination

AU INENINYINS
AN TUNMIINGA Y
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For ML1, it could be observed that under the saliva flow, it absorbed water and
gradually eroded. Simulatancously, it formed a slippery gel and resulted in a decrease

in mucoadhesion property.

Although the difference in adhesion time between the monolayer and bilayer of
MA1 could not be determined completely due to their duration time was longer than
24 hr This might be the resulted from the ability to maintain the original shape of the
device throughout the experiment of MAI1 film. It could be concluded that the
inclusion of a impermeable backing

W in the significant increase of the
duration of adhesion (p<0.05) (Appendi

-

7. In vitro release~ of Garcinin mangostana extract

mg/ml.
For in vitro release study, the results are presented“in Table 24D-26D . The
example of chro ﬁﬁ glﬁ 5 ;il Appendix C. The
drug (punﬁed W\‘g ﬁi to the following
equations to elucé!ite the mechanism of drug release-,
Zefo order equation Q; = kot+b

First order equation Q; = Qo (1-e~ G

Higuchi equation Qi = kt'® +C
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where Q; = amount of drug release at time t, ko = drug release rate constant, k; = first

order rate constant, k, = diffusion rate constant, b and C = constant.

It was found that the coefficients of determination (R?) as plotted of drug
 release profile according to the first order equation was relatively low for all formulas.
It indicated that the drug release mechanism of all formulations was not the first order
process.

The release profiles were plotted between the cumulative amount of drug
release versus time and the sq Y{ cording to the Higuchi equation.
The coefficients of determin: @ w e 77) obtained were found

highest among all plots.-Mre wthe mhavmr of drug _from the

mucoadhesive films tended to bethcdiffusion _ ease (Higuchi model).
The mechanism , 1963) was dominated
"ﬁ:\_
by the penetration of th ﬁ%e through microchannels

.p...-.-..-

extracting medium. Thus, the reiéﬁé‘bch sior of drug was expected to be governed

by the solubility and diffusion ce:%ém* '. " the drug in the polymer film and by the

solubility in the relea.ﬁf"}n jum. This mechanism was expid 1 >d by Higuchi equation

as follows : ’ j S
I

ﬂuﬂﬁﬂ 1913 W%ﬂﬂi
where Qa Wﬁrﬂqﬂdﬂ ?m ?;crtor O:I::iamamx 1:@ Elthe porosity

factor of the matrix; t is the tortuosity total amount of

drug in the matrix per unit volume; and Cs is the solubility of the drug.

The highest drug release was obtained from MLI1 followed by HC2 and MA1,
respectively (Figure 77).

Regarding ML, the initial drug release was found immediately high due to the
burst effect. As presented by the x-ray diffractogram of ML1. It appeared the sharp
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and intense peak of drug (mangostin) at 5.84°(20). This result could be explained that
the drug dispersed in ML1 film in crystalline form at film surface. On exposure to the
medium the release occurred immediately. After that, the release was slow, which was
consistent to the SEM of the surface and cross section photomlcrographs of MLI,
which showed the smooth, compact and nonporous structure. :

As compared with MA1, the initial release with a very slightly burst effect also
observed. This might be attributed to the enhancing property of chitosan salt itself to

the dissolution and release of drugs as reported in many investigation .This was

supported by the x-ray diffractogr . the drug dispersed in the chitosan

film in an amorphous form. v the surface and cross section

photomicrographs of MAI Lfla pdousmhlch resulted in. the faster
C rresponded to the swelling
and resulted in the faster

esearched by Panomsuk

Regarding HC2 ﬁlms”-ﬁ;’vfiﬁﬁ prm he lowest drug release and

amount of drug release v:jy be due to tl n Or CIG sslmkmg effect between

HPMC and Carbopol ch led to a-decrease in dlffusmn efficient of mangostin in
the tight matri reov { controlled release
characteristics o m’; ﬁpﬁlm ﬂgi\ﬁ ﬂiyc, Adusumilli and
Bolton (1990).

AR1AINITUNNING A Y

After exposed to the release medium, all formulas swelled. The initial erosion
of HC2 and ML1 was observed at the third and fourth hour of the release,
respectively. However, it was notable that the erosion could not be observed in MA1.
The erosion and partial dissolution of the polymer might cause the changé and

complexity in the drug release mechanism.
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Table 18  The release rate constants of zero order (ko) , first order (k,) and Higuchi
model (kh) and the coefficients of determination (R of three formulations

of Garcinia mangostana mucoadhesive films.

Zero order plot First order plot Higuchi plot

2 2
Formulas  Sample No. (ko) R (k1) R (k) (R?)
MA1 1 0.0750 0.8273 0.0010 0.7135 1.9748 0.9337

2 0.0840 0.8549 0.0011 0.7251 2.2023 0.9554
3 ' 2.4272 0.9573
4 2.7568 0.9517
Mean 23403 = 0.9495
MLI 1 4.4804 0.9543
2 1.4838 0.7609
3 6.8457 0.9927
4 3.7816 0.9842
Mean 4.1479 0.9230
HC2 1 2.5544 0.9934
2 2.5751 0.9864
3 2.6180 0.9926
4 ).949¢ 2.5423 0.9877
Mean 0863 1930100037 GEoE ) 25725 0.9900

AULINENINYINS
AN TUNNINGA Y
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Figure 77 The release profiles of mangostin from mucoadhesive films containing

Garcinia mangostana extract prepared from HPMC combine with 20%

CP934 (HC2) and chitosan medium molecular weight prepared from
1% acetic acid (MA1) and1% lactic acid (ML1) plotted between cumulative

percent release versus square root time.
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8. Development of quantitative analysis of mangostin in

mucoadhesive films by HPLC methed

8.1 HPLC method validation -

The validation of an analytical method is the process by which performance
characteristics of the method are established to meet the requirements for the intended
analytical applications. The performance characteristics are expressed in terms of

analytical parameters. For HPLC assq\)\WfE/) these include specificity, precision,

accuracy and linearity.
\_

—

8.1.1 Spe ; \“
The speci ' 1 etl}oki;; ability to measure the
analyte accurately and .

ce of cted components in the

sample matrix.

purified extract. The internal l@vas performed by determining the
area ratio of mangostm to clom@ale ((m‘—standard) to give the complete

separation, appropria

water mixture of 80%" 'y ol " w maobile phase. The typical
chromatograms of man ostin standard so ution, internal &Lndard solution, extracted
free films and syst m suita 5 data are showii.in Figure 4C-10C.

m Enm‘ﬁaw &L’l’qlalgvere at 4.5 and 9.0

min, respectivel .q'*n addition, there was no interference from other nents in the
p Y as CRC Qppo

e @RIRNNIUNAINE1AE

8.1.2 Precision

The precision of an analytical method is the degree of agreement among
individual test results when the procedure is applied repeatedly to multiple samplings
of a homogeneous sample. The precision of an analytical method is usually expressed

as the standard deviation or relative standard deviation (coefficient of variation).
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Tables 19 and 20 illustrated the data of within-run and between-run
precision, respectively. All coefficient of variation values were small, as 0.06-0.84%
and 0.17-1.08%, respectively, indicating that the HPLC method used were precise for

quantitation of mangostin concentrations in the range studied at any time.

8.1.3 Accuracy
The accuracy of an analytical method is the closeness of test results
obtained by that method to the true valu
percent recovery by the assay of known, 2 Ide s of analyte. The determination
is agOstir 9 method was performed by

analyzing the pementage;?c ‘wof eight standard- solutions.

Accuracy may often be expressed as

The percentages of analytic ntration are shown in Table

21. All percentages of an all drug co entrations with the mean of

il ey ]
ne& matt ical_transformation, proportional to the
= _';:"'4‘15""!-..'

concentration of the ?ﬁlyte in samplés v 14 given ran ge.~ The linearity is usually

are directly, or by a well-defi

expressed in terms ol the varianc >-around the stope of the reg ession line calculated

according to an establis - ont test results obtained by the

analysis of samples with varying concentrations of analyte. The calibration curve data

: Can o7 .
of mangostin cﬁl ﬂllﬁﬂmﬁlﬁ éj.msplot of mangostin
concentrations S p atio sti internal standard
(Figure ﬁ) ﬁﬁtéth&lﬁﬁ(ﬂtion in the céficentration raﬁ’studied of 5-40
pg/ml. qe fficients erthi !u%f’tﬂlgnnﬂa EI
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Table19 The within-run precision data of mangostin by HPLC method.

Conc Peak area ratio of mangostin

(mcg/ml) Set no.l Set no.2 Set no.3 Mean SD . %CV
0.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.00
5.00 0.4977 0.5053 0.5049 0.5026 0.0042 0.84
10.00 0.9585 0.9578 0.9593 0.9585 0.0007 0.08
20.00 1.8931 1.8974 1.8978 0.0048 0.25
30.00 2.8495 2.8461 0.0055 0.19
40.00 3.7945 0.0024 0.06
50.00 4.7403 0.0038 = 0.08

Table20 The between-run pi d: A O 7 *-\\\l\\\- [PLC method.

e _ 'll Z

(mcg/ml)  Dayl 5 J\\ Mean SD  %CV

0.00 0.0000 0.0 O ~-- ‘f = ‘ - 0.0000 0.0000 0.00

500  0.5049 4977 0.4992 0.0051  1.03
10.00 09593 053t 09 : 0.9540 0.0049 051
2000 19028 Toiiti——— kil S 0.0145  0.77
30.00  2.8398 m 2.87. 0.0305  1.08
40.00  3.7951 3.7996 3.8075 38 0.0063  0.17
50.00 ‘ 0.0248  0.52

ARIANTUNNINGINY



Table21 ’l‘hé percentage analytical recovery of mangostin by HPLC method,

(mcg/ml) % Analytical recovery

Mangostin concentration
(mcg/ml) (mcg/ml)
©5.00 5.13 102.65
10.00 9.98 99.82
20.00 19.97 99.87
30.00 30.06 - . 7 100.21
40.00 100.35
50.00 100.51
100.57
1.05

1.05

AU INENTNYINS

ARIAATUUMINYAE
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Table 22 Data for calibration curve of mangostin by HPLC method.

Conc Peak area ratio of mangostin
(mcg/ml) Set No.1 Set No.2 Set No.3 Mean SD %CV
0 0.0000 0.0000 0.0000 0.0000 0.0000 0.00
5 0.4977 0.5053 0.5049 0.5026 0.0042 0.84
10 0.9585 0.9578 0.9593 0.9585 0.0007 0.08
15 1.4327 1.4367 1.4383 1.4359 0.0029 0.20
20 1.8931 1.8974 19 : 1.8978 0.0048 0.25
25 23918 2.3929 y/ 3927 0.0008 0.03
30 2.8495 2.8490 " 2.8 98 0.0055  0.19
35 3.3324 0.0085 0.25
40 3.7945 0.0024 0.06
5.00
450 -
4.00 -
3.50 -
2
£ 3.00 4
(]
£ 250 -
§ 2.00 - — e 0.0202
: Vi ol e
1.50 -
1.00 1
0.50 -

15 ¢ 20

QW’Wﬂﬂﬂimﬁ‘W’]’mmﬂﬂ

Flgure78 Calibration curve of mangostin assayed by HPLC method.
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9. Stability study of Garcinia mangostana extract buccal

mucoadhesive films

The stability study of Garcinia mangostana Linn. extract buccal mucoadhesive
films was performed by triplicate samples of three formulations, placed into amber
glass vials which tighly sealed with rubber closures and aluminium caps. The storage

condition is accelerated at 40°C and 75%/RH (Cartensen, 1990). It was claimed that

.“w}/eaccelerated condition should possess 2

the product which showed good s

years of shelf-life.

The analytical his investigation was HPLC
method as previous]

mucoadhesive films we : i me, the {irst, the second and the third
n T IRSE

angostin containing in

As a result, all m cared to be stable due to their

percentage loss after storage qu',l’é Ihanf f the initial value. It was found that
MA, degraded with tbé_ghest extent, fo lowed by _showed a slightly higher

percentage loss thaneHC2. During A1 exhibited a relatively
greater difference of l& between 1
8.48% at the end of the storage.

AUYINENINYINT

Since theu has never been ma(estlganon on degradatlon kmetlcs of mangostin

o QAR 1 C S PRI Ry e

have nevér been reported.

owever, @ percentage loss was only

Therefore, it might be postulated from the obtained data that pH, ionic strength
" and counter ions of the various acids using in the film preparation might influence on
the stability of mangostin. Moreover, the crystalline state of mangostin in the film and

the interaction between mangostin and chitosan salt molecule might play a certain role.
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However, films produced from chitosan are more stable in high humidity than other
polymers (Skaugrud, 1989).

As regarding to HC2 formula, the interaction between HPMC and carbopol and
the interaction between mangostin molecule and these polymers might affect the
degradation of mangostin, which resulting in the most stable formulation of HC2 film.
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