CHAPTER IV

RESULTS AND DISSCUSSION

A. Extraction of Active Constituents from Garcinia mangostana

as prepared by macerating two

e T polar substances.

After removal of the he( urther extracted with ethyl acetate.

The ethyl acetate e 7 s\\‘\ﬁ
concentrated by usin

yellow crystal and grouad i PO \\\ \

of final yield was 57.65

viscous liquid which was
ract was crystallized into
ies (Figure 22). The weight
s 28 \ yield.
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B. Determmatlon of Active Constituents from Garcinia mangostana

1. Differential Scanning Calorimetric (DSC) Method

Differential scanning calorimetric method was used in this study to detect the

melting point of the extract. The weight of 3.14 mg of the extract was placed into an
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aluminum pan and the run was performed at the heating rate 10 °C/min in the
temperature range of 0-250 °C. The DSC thermogram of the extract showed an
endothermic melting peak at 179.69 °C (Figure 23). This melting point was
conformed to the melting point of mangostin which was reported as 181.6-182.6 °C
(Budavari, 2001).

Aexo

&mangostin 0-250c 10¢/min
mangostin 0-250c 10c/min, 3.1400 mg

\

10 Integral -316.48 mJ
mw normalized -100.79 Jg*-1

Onset 176.48 °C

Peak 179.69 °C

Endset 180.26 °C
I 1 T T T | E—
0 20 40 200 220 240 °C
Lab: Pharma TOLEDO STAR® SW 7.00

Figure 23 DQC ermogram of rcinia mangostana extract

ﬂ‘lJEﬂ’J‘VIEJV]ﬁWEJ']ﬂ‘i

2. Thin Layer Chromatog:aphlc (TLC) Method
The isolated compound from dried frult hulls extract was identified by TLC.
The chromatogram of the compound was compared to the standard mangostin as
shown in Figure 24. In this chromatogram, the Rf value of the extract was equal to the
standard mangostin at the value of 0.60. Based on this data, the extract corresponded

to mangostin.
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Figure 24 TLC chromafbgfnd 4 \L

mangostana extract

angostin and (b) Garcinia

3. High Performance Ligui 7 matographic (HPLC) Method
The v'__'ff"""""""_“"i—'y the extract from dried
fruit hulls of Garcin angc nd ith'= the extract had similar

[ i
chromatogram to the s 'a%dard mangostin. However, in the same concentration the

extract gave mﬂwftj) WE}QH@%(JWBW mangostin.
QRIS ve0dY ..

established that the performance characteristics of the method meet the requirements
for the intended analytical applications. The performance characteristics are expressed
in terms of analytical parameters. For HPLC assay validation, these include

specificity, linearity, accuracy and precision.
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3.1.1 Specificity

The specificity of an analytical method is its ability to measure
the analyte accurately and with specificity in the presence of other components in the
sample.

The internal standard technique was performed by determining
the peak area ratio of mangostin to clotrimazole (internal standard) to give the

complete separation, appropriate

\\ ’ }u and sharp peaks of all components. The
methanol-water mixture of 8 'r lume’was"Used as the mobile phase. The typical

chromatograms of blank..selutios mt‘nal-un“ solution, mangostin standard

solution and Garcinia mang Xtract solu are shown in Figures 25-30.

mangostin standard soltionfand G éncinia imar ana €Xtract solution were around

3.054, 6.037, 14.557 ) min;Prespectively. JIn addition, there was no

linearity is usually eersse d analﬁ around the slope of the
regression line calculated "lccordmg toane llshed mathematical relationship from

test results obﬂ%ﬂq %ﬂﬂ%ﬂvﬂx ﬂ@ng concentrations of

analyte. The calibration curve data ‘pf mangostm standard solutlons are shown in

Table GS]TW Wm ﬂTISJ aairuea ratios of
mangostingand its internal standard (Figure illustrated the hnear correlation in the

concentration range studied of 5-50 ug/ml. The coefficient of determination (R?) of
this line was 0.9998. These results indicated that HPLC method was acceptable for

quantitative analysis of mangostin in the range studied.
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Table 6 Data for calibration curve of mangostin by HPLC method

73

Concentration Peak area ratio
l Mean SD %CV
(hg/ml) Set 1 Set 2 Set 3
5 0.4261 0.4301 0.4295 0.4286 0.0022 0.50
10 0.8168 0.8112 0.8154 0.8145 0.0029 0.36
20 1.6615 1.6690 6725 1.6677 0.0056 0.34
30 2.5721 5 2.5760 0.0041 0.16
40 1] 3.4163 0.0047 0.14
50 ; 500 502 0.0043 0.10
R’ ; = s
////‘%\\\
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= =0.0857x - 0.021

§ R” =0.9998
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Figure 31 Calibration curve of mangostin by HPLC method
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3.1.3 Accuracy

The determination of accuracy was performed by analyzing five
sets of three standard solutions (low, medium, high). The inversely estimated
concentrations and percentages of analytical recovery of each drug concentration are
shown in Table 7 and Table 8, respectively. All percentages of analytical recovery
were in the range of 99.79-101.21%, which indicated that this method could be used

));died with high accuracy.

for analysis of mangostin in all co

Table 7 The inversely esti enﬁtioﬁostin by HPLC method
Concentration R?\\& on (pg/ml) M §D
(pgml) Set 1 v \ \ | Sets
5 . . 3 0 5.0380 5.0530+0.02
25 25.18% 7 I\ 24766 253148 25.301540.11
50 49.9987  49.8958+0.07

Table 8 The percentage of an angostin by HPLC method

Concentration

N y Mean + SD
(ng/ml) oty Set2 ') Sets

5 100.90]  10¢ 01.79] 100.76  101.06+0.45
25 10073 10110 10103 10191 10126  10121+044

50 ﬂmwm ﬂ q) .00 99.79+0.13
3 w1 AYINANEIAE, oo

agreement among individual test results when the method 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) of a series of measurements.
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Table 9 and Table 10 illustrate the data of within run precision
and between run precision, respectively. All coefficient of variation values were
small, 0.13-0.45% and 0.20-1.13%, respectively. The coefficient of variation of an
analytical method should generally be less than 2%. Therefore, the HPLC method was

precise for quantitative analysis of mangostin in the range studied.

Concentration

(ng/ml)  —go

Mean SD %CV

5 0.4221 0.4228 0.0019 0.45
25 2.1403 2.1504 0.0093 043

50 42471 o f561=1 \ 575 42487 0.0056  0.13

Concentration

Mean SD %CV
(ug/ml) Set 1

> 04304 24 014272 10:4344~ 04281 00048 1.13
25 2.1541= 2—2:4652—2:1460=2:1406 | 2.1522 0.0094 0.44
50 4.2470 T4.2455 12601 42519 0.0087 020

In concl ﬁi?}ﬂ?od developed in this
study showed ifici 11near1ty accuracy and precision. Thus this method

=4 memm‘mwmgﬂ YRy

C. Preparatlon of Monoglyceride-Based Drug Delivery System
1. Monoglyceride-Based Drug Delivery System

Monoglyceride-based drug delivery systems were developed by the ability of

glyceryl monooleate and triglycerides to form liquid crystals in contact with water.
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Liquid crystalline phases were formed under the conditions used in this study. Partial
phase diagrams of these liquid crystalline systems are displayed in Figures 32-34. In
this study, partial phase diagrams were used because the outer area could not give the
1-phase liquid crystals. The ternary phase diagram of glyceryl monooleate-sesame
oil-water system gave the area of one-phase liquid crystalline more than other two
systems using soybean oil and olive oil. Although the differences in phase behavior
were found by using various oils, thes {f/ ces were generally small. The phase
behavior of these systems g similz &m (monoolein-sesame oil-water)
studied by Norling et a e

.""‘i' H*Jevwise locations Of the phase

boundaries in the diagrai differéd€lichtly VT

’
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eae-sesame oil-water system;

(0) lamellar phFT ﬁiﬁﬁﬂmﬁm ?) reversed hexagonal
¢

i
Figure 32 Ternary phJ diagram of glyceryl monool

phase (Hy) + aquepus; phase; and (A ) isotropic, 2-phase
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soy bean oil

Figure 33 Ternary phas ytery : -soybean oil-water system;
(0) lamellar phase (L,); ' w"); (m) reversed hexagonal

% wiw
olive oil

_ 40 - , o
ﬂumwwwwﬂw
% wiw glyceryl moncgleate
ARIAINTUNRIINYINY
Figure 34 ql‘ernary phase diagram of glyceryl monooleate-olive oil-water system; (0)

lamellar phase (L,); (O) reversed hexagonal phase (Hy); (M) reversed hexagonal

phase (Hy;) + aqueous; (A) isotropic, 1-phase; and (A ) isotropic, 2-phase
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2. Physical Characterization

2.1 Polarized Light Microscopy
The formation and structure of liquid crystalline phases were identified
under polarized light microscopy. Liquid crystals formed by glyceryl monooleate,
water and triglycerides content not more than 4% had liquid crystal structures
Establifhéd, by Makai et al. (2003) as shown in

t from 6% to 15%, liquid crystal
._J

conformable to a lamellar struc

structures were change

observed by Geraghty ¢ ' igi e difference in triglycerides,

amount of triglyceri d o glyceryl \m eate which was the main

component and had the ; ‘ ls.
dark background under ized 1‘,« ;‘ cope which could not be identified to

structure of liquid crystalline ph 555

compounds and the r@’@ of the compo«

2.2 Physju Stab
The samples that could form geversed hexagonal phases were selected

for this study d\ﬂ ﬁeﬂa@ %ﬂsﬂﬁ Wlﬂgﬁt al., 1992). Under the

heating-cooling ¢¥cle, the samples w‘;th water content lower than‘J()% did not show

o GRS A VY o 2

showed phase separation after the stress condition. The reason is that i increasing water

content, it tends to be two-phase separation according to the phase diagram.
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contammg sesame oil; (b) system containing soybean oil; and (c) system containing

olive oil, as observed at x100 magnification
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system co%taining sesame oil; (b) system containing soybean oil; and (c) system

containing olive oil, as observed at x100 magnification
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D. Formulation of Garcinia mangostana Extract Monoglyceride-Based

Drug Delivery System

The monoglyceride-based drug delivery systems were composed of mixtures
of monoglyceride, triglycerides from vegetable oils and water. The relative amount of

monoglyceride and vegetable oil in the composition for formulation of the reversed
hexagonal liquid crystalline phase m /l a considerable range. Generally, the
vegetable oil is present in an @mve the flow characteristics of

the composition upon rehw

stable reversed hexagona

d induce the formation of a
n contact with an aqueous
liquid. Generally, the ve L gly
of 1:99 to 30:70 vegetabl " ride, me eferably from 5:95 to 15:85,
based upon the combin€d wei of the ponogl ;' d vegetable oil (Lading et
al., 1992). il

In this present 7
constructed in the ratio of 8; :3
Two percent of mangostin e)_(_trw_s} ihcorporated into the samples. These
ratios were chosen g& to the water cont
content and a separate.water p.
While the ratio of trlglgende between 8¢
reversed hexagonal phases! &,

e ardfpld §he) A SRS IEBINVE T o compee

effect of trlglyceﬂdes on the physicechemical properties and ingvitro drug release.

The forful s iy f i S 48 3 1 T ] Frplfibns 110 3 ang
formulatidhs 4 to 6 contained triglyceride: mondglyceride: water in the ratio of
8:62:30 and 12:58:30, respectively.

falline phase was not found.

m1ted in the formation of the

12% re
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Table 11 Formulation of monoglyceride-based drug delivery system

Composition Formulation

(% wiw) 1 2 3 4 5 6
GMO 60.76 60.76 60.76 56.84 56.84 56.84
Sesame oil 7.84 - - 11.76 - -
Soybean oil - 7.84 - - 11.76 -
Olive oil - ' : 11.76
Water 29.40 w 29.40 29.40
Mangostin 2.00 2.00
E. Characterizati tract Monoglyceride-

The phys1cochem1cal pr: _QQBET ;{

ions before and after incorporating
the Garcinia mangosta ‘

1.1 Physml Appearances

s1c'(laq) earances_of“formulations such as color, clarity and
phase separatloﬂvﬁ se e '&Ln mﬁ-based drug delivery
systems was h yellow, according to the coler of glycerylgmonooleate. After
incorporQoWﬂaaoalﬂxﬁm ulwof}gahw&'lsq-n&&o dark yellow
due to the deep yellow color of mangostin. The formulations before and after
incorporation of mangostin extract were clear with some air bubbles due to the
process of mixing, which disappeared when left to stand overnight. Phase separation

and precipitation were not observed after incorporation of the mangostin extract.

Different formulations showed the similar physical appearances.



83

1.2 pH Measurement

The pH of monoglyceride-based drug delivery systems before and after
incorporation of mangostin extract was in the range of 5.42-5.60 and 5.68-5.84,
respectively (Table 12). These results indicated that after incorporation of mangostin
extract the pH values were slightly increased. The reason could not be clearly

explained. Formulations 1 to 6 had the pH values in the same range.

With mangostin

p—

5.84+0.00
5.79+0.01
5.68+0.01
5.84+0.00
5.82+0.00
5.73+0.01

A L B W DN

13V ent N
Thev 1-‘

I

oration of mangostin extract A in the range of 4758.94-

5160.06 and 4824.34-5325:4 cps, respéoti vely ’;T}:lﬁ The viscosity of
formulations w1ﬁ1nw ’J EJ!Mljm er| t without the extract.
The formulatlonsqéwth 8% triglyceride content (formulation 1-3) had higher viscosity

than 12%riglycetide|cobnt Qoulalidn 416)) Aalygor dbtéindidated that there

was statlst!cally significant difference between two groups (P<0.05). However, all of

d drug delivery systems

before and after incorp

the formulations are high-viscous enough to sustain release of drug at the injection

sites.
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Table 13 Viscosity of formulation before and after incorporation of mangostin extract

) Viscosity (cps)
Formulation

Base With mangostin

5160.06+49.38 5236.36+29.49
5140.44+23.58 5325.74+54.46
4979.12+46.40 5075.04+63.07
4918.08+47.16
4887.56+49.52
4824.34+38.32

AN B W -

1.4 Polari

Photomicrogfaphs/ of monoglyceri ed drug delivery systems
before and after incorporatibn o fimang X shown in Figures 37-38. The
polarizing microscopic ' ' of liquid crystalline phases

which indicated that mangg he liquid crystal structure of the
formulations. Different formtilaticris a ks similar patterns of liquid crystalline

phases.

U

ﬂUEJ’JVIEJVI‘iWEJ’]ﬂ’i
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(@) i (b)

Figure 37 ?glarizigg microscopic images, of fofmulation. 1,3,"before and after
incorporéfion"é'f mangosﬁn extfact; (@) @nd (b) forritulation-1; (c)'and~(d) formulation

2; and (e) and (f) formulation 3, as observed at x 100 magnification
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Figure 38 Polarizing microscopic images, of, fofmulation-4-6, before and after
incorporation' of m‘arfgosﬁn extfact} (@) and (b) forrhulation4; (c)’and~(d) formulation

5; and (e) and (f) formulation 6, as observed at x 100 magnification
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2. Determination of Injectability through the Syringe

Due to their high viscosity and stiffness, liquid crystalline phases are difficult
to administer through a syringe. Therefore, the low-viscous states are used and
triggered to the high-viscous states by dilution with fluid in the oral cavity.

In this study, the injectabili

of low-viscous state formulations was

values of the formulations a iglycerides have been reported to

lower the melting point perties of glyceryl monooleate
(Norling et al., 1992; OKkonggi . 2004). As aresult, the formulations with 12%
triglyceride content co iSCOSi : ve the flow properties of the
cont s of data indicated that there
was statistically signi 1 23 : i '. sity Walues between two groups

(P<0.05). However, thesg'Vi ies were-all loy eho to be administered through

Viscosity (cps)

xd

178.22+1.82
m 165.14+2.91

A umwamwmﬁ%ﬂi

5 140.9941,52

QW?ﬁ\ﬂﬂjéLﬂm’]’mﬂ'}@H

w
'lh

2
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3. In vitro Liquid Crystalline Phase Formation Study

The in situ transition from a low-viscous state to the required high-viscous
liquid crystalline phase after administration is important to the use of liquid
crystalline phases for drug delivery. There are several parameters which may be used
for triggering a transition in situ after administration. For glyceryl monooleate, the
high-viscous liquid crystalline p | d upon contact with excess water.

This study was conducted %iscous state formulations. After
addition of the formulaexcds g‘_—:— “liquid crystalline phase was

J ‘ W t, all formulations could be

within 15 min after additig larized light microscope showed
the liquid crystals werg ned an. ] 'be detec e 15 min (Figure 39). These
results agreed with Scheglund e al. (; 001) g e was a difference in liquid

crystalline phase drug deli }’St 5 .‘, herliind et 2 suggested that in presence of
a large amount of water, ”_}“- - e water immediately and form
optically anisotropic phase, 30‘.’ 50) i horm the most of this phase

The water uptﬁe study of mono{gla cer Jhang and Bodmeier (1997)

showed that the watgffuptake initially increased rap dly and then leveled off and
approached the equilibri ' rapid s@lling of the monoglyceride
matrices indicated that the formation of the liquid crystalline phase was the fast

process. These ﬂ;&H Eré} ‘}Q] E}t‘w @p‘w Ejs'%ﬂ 'ﬁeraghty et al. (1996)

suggested that thérate of water uptakg was mverscz proportional to &Jthelr initial water

content. n;rq:vﬁyu d*u esom gﬂetwﬂrﬁgl% ﬁﬁﬁvﬁjr content was

observed n the first min while the samples formulated with 40% water

content did not hydrate or swell significantly as they already contained their
equilibrium water content.

In conclusion, the in vitro study showed that low-viscous state formulations
could be transformed to high-viscous liquid crystalline states upon dilution with

water. Therefore it is possible to form this state after in vivo application.
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(a) (b)

Figure 39 Polarizing microscopic images of in vitre liquid crystalline phase formation
after dilutionAwith water; (a) formulation 1; (b) formulation 2; (€) formulation 3; (d)
formulation 4; (e) formulation 5; and (f) formulation 6, as observed at x 100

magnification
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4. In Vitro Release Study

4.1 Solubility Study of the Receiver Fluid

Although the pH of gingival crevice and periodontal pocket were
reported in the mean of 6.92+0.03 (Eggert et al., 1991), the most of in vitro release
studies of drugs used in periodontal pocket used pH 7.4 phosphate buffer for the

medium (Roskos et al., 1995; Espos \\ }l 96; Jones et al., 1997; Sendil et al.,
1999; Schwach-Abdellaoui et al., \ - refore, pH 7.4 phosphate buffer

was used in this study. se 0 oL or%f mangostin in this medium,
ethanol was added into the med / / e drug solubility. In this present work,
d

N

ethanol ranging from e \
solubility of mangostifi. The sestilts s OWEC \ solubility of mangostin was

ver fluid and examined the

increased as a functig [ ole 15). The solubility of
mangostin in pH 7.4 phogpha 023 Kt 30 mg/ml and in the present of
35% ethanol the solublhty A 886 mg/ml, which was able to

Wubility (mg/m))

hatMer ﬁiﬁi&omo
7 epvonfll WE G ASIN TN N S 00m
pH 7.4 phospha buffer+20% ethangl o 0.1008+0:0109

pH 74 3hGpitaie bt 23%edandi | 11 7)) V) Bishplo3sh

pH 7.4 phosphate buffer+30% ethanol 0.4550+0.0568
pH 7.4 phosphate buffer+35% ethanol 1.127740.0886
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4.2 In vitro Release Study

In vitro drug release methods are frequently used to gain information
about the release profiles of active ingredients in the formulation development. In the
present work, two compartment Franz diffusion cells were used for the experiments.

The amounts of drug release were analyzed using UV spectrophotometer. The

validation methods are shown in the following part.
| d between the cumulative amounts of

The release data are presented in

Appendix B. All formulati

The release proﬁles,\ ‘
drug release versus time as sg n in

These results were consi

the reversed hexagonal ha. 'drl;g delivery system could give
a sustained release of the cubic form showed a
complete release in 24 way is more obstructed in the

reversed hexagonal form ibicik hich has connected water channels.

The closed water channels phase slow down the diffusion

of dissolved drug through 3 Its from Esposito et al. (1996)
e

h 4 . ;

showed that monoglyceride ba§tf:{_1i‘%’jrv:§lr é system was persistent in the

periodontal pockets w:sh 80% of’th'é'ﬁntﬁl 8.hr of application.

there was a slight dlﬂ} dr@ release. The highest drug

release was obtained fronkthe formulations wth sesame oil, followed by soybean oil

and olive oil, ﬁ)ﬁ\g}' ’g%ﬁ ‘ﬁ@ W%LQ] ﬁ%ed that there was no

statistically significant difference (P>O 05) in overall percentages of drug release. The

formula mlt&@ vnﬁmrymwl é‘l\tﬁ g‘ld.rug release at
the begﬁﬁ rele ofiles ormulations 7o triglycerides

content but overall percentages of drug release were similar in the range of 91.97-
94.46%. In addition, the formulations with 8% triglycerides content did not show
more prolonged release over a period of study. These data indicated that increasing
triglycerides content of the formulations could improve the flow properties and
injectability of the formulation into the periodontal pockets but did not affect the
release-controlling mechanism of the drug delivery system.
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Several mathematical models have been used to describe the release of
the drug. The release data obtained from this study were plotted according to the
following models to describe the mechanism of drug release: zero-order kinetics,

first-order kinetics, and Higuchi diffusion model where the cumulative amount of

drug release per unit surface area is directly proportional to the square root of time.

I\-IJ. /J’ i =
plot, the first-order ptﬁ and the ﬁlguchif : ) infFigures 40-41, Figures 42-

Higuchi model rather @m he otk els eca- the highest coefficient of
determination (R?) was optalned with the Hi uch1 model. Analysis of data showed

that there waﬂ %%Jalq %ﬂ ?fweﬁ ’Qfﬂ 6§') in coefficients of

determination befeen the three models Moreover, analys1s of varlance by regression

showed w ﬂﬁ?lr?ﬁﬁ fVTrEI ﬁ glnatlon of the
Higuchiﬂo which indicated the correlation of % cumulatlve release and square

root of time. The highest Higuchi release rate constant was obtained from the
formulations with olive oil. Analysis of data indicated that the Higuchi release rate
constant of the formulations with olive oil was statistically significant difference
(P<0.05) than the formulations with sesame oil and soybean oil but there was no
statistically significant difference (P>0.05) in the release rate constant between the

formulations with sesame oil and soybean oil.
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The mechanism of diffusion controlled release (Higuchi, 1961, 1963)
was dominated by the penetration of the medium into the drug matrix through the
channels of the liquid crystalline phase, and then the drug was presumed to leach out
by gradually dissolving into the permeating medium and diffusing from the matrix

along the channels filled with the extracting medium. Thus, the release behavior of

drug in the liquid crystalline phasel ' W
equation as follows: _ é

* _J

3

drug was expected to be governed by the solubility and diffusion coefficient of the
chanism was explained by Higuchi’s

unit exposed area, D is the

diffusion coefficient of th thel matrik, & s\t L\ orosity of the matrix, T is the
tortuosity factor of the he to 10 drug in the matrix per unit
volume, and C; is the solubili 1, 'lf‘ atri

fed to many reports which suggested
that the release mechanism 1] glyce; ,4 rbased drug delivery system followed
ting : was diffusion controlled
(Geraghty et al., 1996; s—omsri, 1997; Helledi and
Schubert, 2001). Ho |I er, other studies showed that monoglyceride-based drug

delivery syste ‘?l { r kinetics (Burrows,
Collett and A ﬁﬂi). Tﬂ,ﬂﬂn 'ﬂﬁaﬁﬁiilar liquid crystalline
system could demonstrate different felease profilés» These depen several factors
et Pl POV S U e o 0 £

substance.

rporated drug
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Table 16 Kinetic parameters of mangostin release from monoglyceride-based drug

delivery system
Zero-order plot First-order plot Higuchi plot
Formulation
R* ki R* ku R’
1 2.5407 0.8806 0.0488 0.7528 16.1968 0.9791
2 2.6269 0.8845 0.0541 0.7572 16.6843 0.9761
3 2.8727 0.8570, % 10 56 0.6816 18.4496 0.9671
4 26607 09046 04 07977 167773 0.9840
5 27437 09068 172936  0.9856
6 3.0679 19.4843 0.9748

AU INENTNEYINS
PRI TUAMINYAE
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Figure 41 Release profiles of mangostin from monoglyceride-based drug delivery

system containing triglyceride: monoglyceride: water in the ratio of 12:58:30
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Figure 42 First-order p of 1 / ] lyceride-based drug delivery
system containing trig c e monog @- ide: the ratio of 8:62:30
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Figure 43 First-order plot of mangostin from monoglyceride-based drug delivery

system containing triglyceride: monoglyceride: water in the ratio of 12:58:30
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Figure 45 Higuchi plot of mangostin from monoglyceride-based drug delivery system

containing triglyceride: monoglyceride: water in the ratio of 12:58:30
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4.3 Validation of UV Spectrophotometric Method

The validation of analytical method is the process for evaluation that
the method is suitable and reliable for the intended analytical applications. The
analytical parameters used for the UV spectrophotometric assay validation were

specificity, linearity, accuracy and precision.

4.3.1 Specifici
The

46. The maximum absorb

f mangostin is shown in Figure

at ﬁ)gth of 243 nm. Therefore, the
gth. Furthermore, under the
\\\Y:

of other components in the
\\ NN

detection of mangostin
condition selected for

formulations was no angostin (Figure 47). This

validation was made itom UV spectrophotometer

between the receptor fluig nulations without incorporated

mangostin with the peak o

( Bg
AULINIRSHETAS
260.8nm ¢ 50701 400.0n

ammmmumma“é’a

Figure 46 UV spectrum of mangostin in 35% ethanol in pH 7.4 phosphate buffer
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Figure 47 UV spectra of the receptor fluid taken from non-drug formulations; (a)

sample with sesame oil; (b) sample with soybean oil; and (c) sample with olive oil
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4.3.2 Linearity

The calibration curve of mangostin in 35% ethanol in pH 7.4
phosphate buffer was shown in Figure 48. Linear regression analysis of the
absorbances versus the corresponding concentrations was performed and the

coefficient of determination (R?) was calculated as 0.9999. The calibration data were

found to be linear with excellent coefficient of determination. These results indicated
that UV spectrophotometric me ' acceptable for quantitative analysis of

mangostin in the range studi

Table 17 Data for calibr

et me i&\\ pectrophotometric method
l - » e :

Concentration hsOLba
j SD %CV
(ng/ml)

2.40 0206 & 0. 0.001 0.49
3.60 0.31 0.002 0.67
4.80 0.420 0.421 0.002 0.55
6.00 0.529 ' 0.530 0.002 0.39
7.20 0.632 ZEIN 0.001 0.16
8.40 0739 0740 0%y  0.002 0.28
9.60 ) 82 0.002 027
R 09999 09999 09999 099 s =

ﬂ‘UEJ’J‘VIEM?WEI’]ﬂ‘i
Q‘W'mﬁﬂ‘iﬂd UA1AINYAY
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1.00 -
0.90 -
0.80 -
0.70 -
0.60 -
0.50 -
0.40 -
0.30 - y = 0.0889x - 0.0067
0.20 - {\‘\\ ’,/ R? = 0.9999
0.10 -

0.00 -

0.0 : 4.0 80 100 120

Absorbance

T 1

! for g/ml)
Figure 48 Calibratio / '-_‘ n by ctrophotometric method

7 cpared at the concentration of 2.40,
6.00, and 9.60 pg/ml in

spectrophotometer. The inversely  estima

T e
S )

analytical recovery of kach drug cc

idual sample was analyzed by UV
ncentrations and percentages of
) ' Table 18 and Table 19,
respectively. All pe! cén ‘ -‘ in the range of 99.02-
100.19%, which mdlcam the high accuracy of this melﬂ! Thus, it could be used for
analysis of mangostin in all.eencentrations studied

ﬂ‘LJEJ’JVIEJﬂﬁWEJ’]ﬂ‘i

Table 18 The inversely estimated conce ntrations of mangostin by UV

e 5007 3 1) 41913 712118 8

Concentraalon Inversely estimated concentration (ug/ml)
Mean + SD
(hg/ml) Setl  Set2  Set3  Setd  Sets
2.40 2.3583 24150 23697 2.3583  2.3810 2.3764+0.02
6.00 6.0048  6.0728 59822 59709  6.0275 6.0116+0.04

9.60 9.5607  9.5834  9.6513  9.5154  9.5720 9.576610.05
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Table 19 The percentage of analytical recovery of mangostin by UV

spectrophotometric method
Concentration % Analytical recovery
Mean + SD
gl Setl  Set2  Set3  Setd  Sets
2.40 98.26 100.62 98.74 98.26 99.21 99.02+0.98
6.00 100.08  101.21 99.51 100.46 100.19+0.68
9.60 99.59 83 99.12 99.71 99.76+0.51

4347

50! in ana yzed by UV spectrophotometric
method were determine and between run precision as
illustrated in Tables 20-2 Sefficient ¢ "\ ion values were very low, as 0.52-
1.01% and 0.76-1.24%, rgépabiiliely.( The doefficienit of variation of an analytical
method should generally bg lgss tha 29 re, the UV spectrophotometric

X

method was precise for quantifati Si postin in the range studied.

Concentration - Absorbance
Va YJ) Mean SD  %CV
(kg/mh)  —go7 mse '

2.40 0203 9208 0.204 0203 0.205 0205 0.002 1.01

Ay Wﬁm’ﬁ H0 '?Ziﬁ o, 72

o ARSI A TN INEDAL,

Concentration Absorbance
Mean SD %CV

(ng/ml) Set1  Set2 Set3  Setd  Sets

2.40 0.204 0.199 0.201 0.205 0.204 0.203 0.002 1.24
6.00 0.523 0517 0.525 0.530 0.522 0.523 0.004 0.90
9.60 0.848 0.831 0.841 0.845 0.842 0.841 0.006 0.76
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In conclusion, the analysis of mangostin in 35% ethanol in pH 7.4 phosphate
buffer by UV spectrophotometric method developed in this study showed good
specificity, linearity, accuracy and precision. Thus this method was used for the

determination of the content of mangostin in the in vitro release study.

S. Differential Scanning Calorimetric (DSC) Method

‘w tectmg changes in physical or
: x@ture The hydrocarbon chains

a transformation from an order

DSC is a thermal
chemical properties of m.
of amphiphilic molecules are.s
(gel) state to a more e. These changes have been

characterized by DSC Which'requirés thetifput o itional thermal energy show up

pattern of the peaks and temperattﬁ

et "/ s s

within the studied tep’merature range;Tlé : hege peaks was possible that a

peaks which might beg;orres' d 0 liq@ crystal transition and the

pretransition peaks, whigh was due to a gearrangement of the molecules in the

structure (Koyaﬂ %%Jl @%lﬁ%@%ﬂ ’] ﬁsﬁeported that the phase

transitions of gly8éryl monooleate- w%ter mixtures were below room temperature This
suggest tﬁ ﬂ] m %} \ﬂg )ﬂ: stable in the
studied ﬂlperat:rlre ranw;l without phaseﬁfslormﬂr?j Ti!refox?i they could be
stored at room temperature. In addition, the study showed the transition temperature
decreased from 25 °C to 7 °C when the water content increased from 0% to 30%.
Helledi and Schubert (2001) reported that no phase transition of the liquid crystalline
phase from glyceryl monooleate was detected in the temperature range of 20 to 70 °C
both samples with and without addition of drug. These results demonstrated that the
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drug can be incorporated into the liquid crystalline phase without causing phase
transition.

In the temperature range of -20 to 250 °C, the DSC thermograms of liquid
crystalline state both formulations with and without mangostin showed endothermic
peaks at temperature range of 123.94 to 133.45 °C (Figures 52-57), while the DSC
thermogram of pure compounds used in this study (Figure 49) did not present the

containing mangostin, the.i Tingpe m the temperature range of 179
to 180 °C as described i '

mangostin was incorporatg

._\h possible explanation is that
s ctures and could not be
detected.

In conclusion, ained physically stable in the

studied temperature rangg iony In addition, mangostin does
not influence the transitid be . incorporated into the liquid

crystalline phase without cauging ;- {rar

FY]

ﬂUEJ’J‘/lEJVlﬁWEJ’]ﬂ‘i
Q‘W']Mﬂ‘iiu UA1AINYAY
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N R ltd’ﬂf".;w\\ NN R T

Lab: Pharma .lh, \\ TTLER TOLEDO STAR® SW 7.00
Figure 49 DSC thermogram i'-'—-’-f"‘T* in'the temperature range of -20 to

250 °C; (a) glyceryl monoole 5 ) _‘. 4.36 mg); (b) sesame oil (sample

weight 3.76 mg); (c) soybean oil (sam| ght 3.34 mg); jand (d) olive oil (sample
h‘»ﬁﬂ'

weight 3.58 mg) Y A

|
Fi‘LlEJ’JVIEJVIﬁWEJ’]ﬂi
ammﬂimumwmaa
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‘exo

’

5
f/\\

/A’ﬁ’ N

2 oy Jﬁ: .A
Lab: Pharma ; g \\ LER TOLEDO STAR' SWT. oo
Figure 50 DSC thermogram/of 6 rmulatior e temperature range of -20 to 60

°C; (a) formulation 1 with ma _ eight 4.00 mg); (b) formulation 1
without mangostin (sample weight 4.04 mg); (c) f sriaulation 2 with mangostin
(sample weight 4.12™n y

mg) (e) formulation 3 with mangostin (sample weight 408 mg); and (f) formulation

“‘”gﬁ“uﬁﬁ”ﬁ’ﬂ ¥ weng
PRI TUAMINYAE

3 )
angostin (sample weight 4.11
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“exo

(a)

2 AN
| L r / | | ’\N\ T s s s |
: o l ¥y 2&: AR % ~c'
Lab: Pharma ‘g‘ - \\ . LERTOLEDO STAR® SW 7.00

Figure 51 DSC thermogram'of f6rmulatior n the temperature range of -20 to 60
°C; (a) formulation 4 with mangosti ; Sicight 4.04 mg); (b) formulation 4
without mangostin - _g;;;;huf,j_;-;z;;::;::;: .... alation 5 with mangostin
(sample weight 4.17 y

mg) (e) formulation 6 th mangostin (sample weight

1‘“ gostin (sample weight 4.12
‘JO mg); and (f) formulation

i ﬁw ENyINg
ammmmumawmaﬂ
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“exo
? 1
13 ]
(a) Integral -1182.91 mJ
normalized -297.21 Jg*-1
Onset 131.22°C
7] Peak 131.73°C
Endset 13298 °C
1
(b)
Integral -1025.63 mJ
20 normalized -273.50 Jg"-1
Wgh-1 Onset 132.15°C
Peak 13345°C
Endset 13547 °C

2 0o 20 4 l[ﬂ""'\\\\\ 20 20°C
Lab: Pharma ‘ ' \\ LER 'rousoo STAR' SW 7.00

Figure 52 DSC thermogram/of **" ‘1. o the temperature range of -20 to 250

°C; (a) formulation 1 with mangostin vhra ght 4.00 mg); and (b) formulation 1

without mangostin ( ...................... v)

X

|
I
iF |

ﬂUEJ’JVlEJVﬁWEJ’mi
QW]MTI‘?&JNVI']’J‘WEHQH
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Aexo
. Cras
(a) ( Integral -1109.90 mJ
normalized -291.31 Jg*-1
= Onset 124.90 °C
Peak 125.00 °C
Endset 125,51 °C
» 4
» 4
(b) Integral -1114.90 mJ
normalized -285.14 Jg*-1
Onset 125.06 °C
20 Peak 125.75 °C
Wgr1 127.02°C
0 o 2 ‘\\I‘ \l\ U
20 0 20 “ 4 160 180 200 240°C
Lab: Phamrma

‘ \\ LER TOLEDO STAR‘ SW 7.00

Figure 53 DSC thermogram/of formulaiio the temperature range of -20 to 250
o (a) formulation 2 w1th mangostin (sam ght 3.81 mg); and (b) formulation 2

Fi‘LJEJ’JVIEJVIﬁWEJ’]ﬂi
amaﬁﬂmumwmaﬂ
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Agx0
= 3 ¥
(a) Integral -1134.78 mJ
normalized -291.71 Jg*-1°
Onset 129.32°C
b Peak 130.74 °C
Endset 131.28 °C
= i
(b)
Integral -1203.63 mJ
20 normalized -312.63 Jg*-1
w1 Onset 127.85 °C
Peak 129.15°C
Endset 131.76 °C

: L

T T T T T
200 220 240 °C

¢ temperature range of -20 to 250

°C; (a) formulation 3 with mangostiiy (samj ight 3.89 mg); and (b) formulation 3

without mangostin (sathy ght3.85mg) T L
d

\7 .

.,I ‘
! ']

AU ININTNEINS
RIANTAUNNINGAE
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exo
{ VI I3 1
(a) Integral -1163.55 mJ
normalized -292.35 Jgh-1
Onset 12846 °C
Peak 130.26 °C
Endset 131.59 °C
(b)
Integral -1134.13mJ
normalized -305.69 Jg*-1
20 Onset 126.84 °C
Wgh-1 Peak 128.09 °C
Endset 131.17°C
I N Y ln:l"f \m o o &  ae<
Lab: Phama .;u... ‘ N R TOLEDO STAR® SW 7.00

Figure 55 DSC thermogra

¢ temperature range of -20 to 250
°C; (a) formulation 4 with ma

g L,“%%%: ight 3.71 mg); and (b) formulation 4
without mangostin (safa

k
ﬂuﬂqwﬂﬂﬁWHﬂni
IR TN TN
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U 12 1
@ > Integral -1116.60 mJ
normalized -257.28 Jg*-1
Onset 122,00 °C
Peak 12384 °C
Endset 12541°C
[ 1S— [ L1
®
F integral -1238.24 mJ
" normalized -308.79 Jg*-1
' Onset 124.58 °C
2 Peak 126.07 :C
Wit | v Endset 128.62 °C
/ L
llllllll i - " T T T T T T T T 1
20 0 20 40 e - 160 180 200 220 240 °C
Lab: Phama G TTLER TOLEDO STAR® SW 7.00
Figure 56 DSC thermogr ati emperature range of -20 to 250

°C; (a) formulation 5 with man, ight 3.90 mg); and (b) formulation 5
without mangostin (s

AU ININTNEINS
RIANTAUNNINGAE
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“exo
— 2 1
() Integral -1086.70 mJ
normalized -260.60 Jg*-1
Onset 127.63°C
= Peak 128.88 °C
Endset 129.07 °C
& 1
(b)
Integral -1131.43 mJ
20 normalized -272.63 Jg*-1
Wgr-1 Onset 128.31°C
Peak 130.02 °C
132.38 °C
i
18 T ‘ ) ¥ 1 ¥ 1] 1 ] L T [ = I 1
-20 0 20 180 200 220 240 °C
Lab: Phamma LER TOLEDO STAR® SW 7.00

Figure 57 DSC thermogram/of f he temperature range of -20 to 250

°C; (a) formulation 6 with mangosti ight 4.17 mg); and (b) formulation 6
without mangostin (safy |

5

) )
AU ININTNEINS
RIANTAUNNINGAE
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6. Determination of Antimicrobial Activity of Garcinia

mangostana Extract Monoglyceride-Based Drug Delivery System

It is well documented that dental caries and the progression to periodontal
diseases begin with an accumulation of bacteria in dental plaque. The main
microorganism linked with dental plaqu seems to be Streptococcus mutans.

From previous unpublished ed by Torrungruang, K., and

ulty of Dentistry, Chulalongkorn
University, it was founcw ] xtract derived from this study

exhibited antimicrobial : occus mutans KPSK, and

KPSK,; and Porphyromonas gm_gnﬁ,}"

e‘.’,ag';-

Types of bacteniz MIC (ug/m)y /- MBC (pg/ml)

Streptococcus mutans KPS’ 1.250

40

Porphyromonas gingiva W50

The agaﬂ Mﬁ.l g %LEJ TQ\ 2 “ &Jrli]m‘;ung the antimicrobial

susceptibility attem of a bacterial sfrain. A filte r disk, a hélé, a porous cup or
e oAy P FOND e SUA A Bl St n i
medium t%at has been heavily seeded with the test organisms. In this study, the
antimicrobial activity against Streptococcus mutans KPSK, was examined by using a
hole for placed the samples. When bacterial multiplication proceeds more rapidly than
the drug can diffuse, the bacterial cells that are not inhibited by the antimicrobial will
continue to multiply until a lawn of growth is visible and no zone of inhibition
appears around the hole. When the antimicrobial is present in inhibitory

concentrations, no growth will appear in the zone around the hole.
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As a result, all formulations with and without mangostin showed no inhibition
zone. The result obtained was quite unexpected. The question was whether mangostin
extract had lost the antimicrobial activity or mangostin extract could not release from
the formulation. Therefore, mangostin extract was tested for antimicrobial activity

against Streptococcus mutans KPSK, by agar diffusion method using the same

condition. Two percent of mangostin extract in 95% ethanol, equivalent to the

formulations, was used in this s

o, x’\‘-

gesult showed that mangostin had an
inhibition zone with a diam , which indicated that mangostin

st :ﬁrepﬁmutans KPSK,. From visual
could not diffuse into the

had an antimicrobial acti
inspection, all formulat
surrounding medium, 1 i in the hole. In Contrast, mangostin extract in
95% ethanol diffused 4

zone. The probable ex

mpty hole with inhibition

e oily semi-solid, which is

immiscible to aqueous s n extract is lipophilicity (from
the following study) there ilic region and does not diffuse
into the medium. To solve lation with more hydrophilicity
should be prepared. Increasing t 1n the formulation can increase the

hydrophilicity. Howe:ir the result the dy indicated that the higher

. iquid crystalline phase, it
appears to be two-phasgep ration. T er aﬂxeous formulation preparing

from poloxamer 407 was Rsed in this study

Poloxa.nﬁ Am EJ{}% Eﬂ %? WH ‘B]oﬂ fgpolymers of ethylene

oxide and propyl€he oxide. Poloxamer 407 dlsplays a temperature-lnduced thlckemng

o WM 7 DI 1
was 1nc‘(ﬁo ated into polo evalu or icrobial activity against

Streptococcus mutans KPSK, comparing to blank formulation, mangostin extract,
95% ethanol and 0.2% chlorhexidine.

After incubation, areas of inhibition zone were presented in all tested
compounds except blank formulation. The diameters of inhibition zone are shown in
Table 23. It was found that 0.2% chlorhexidine had the most inhibitory effect on
Streptococcus mutans KPSK, and mangostin extract had a slightly higher effect than
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the formulation. While 95% ethanol had a little effect on the antimicrobial activity
which indicated that the inhibitory effect of mangostin came from itself. Blank
formulation did not show zone of inhibition which meant there was no antimicrobial
activity of poloxamer 407. These results indicated that mangostin incorporated into
the formulation can diffuse into the medium at sufficient concentration for inhibition

of the bacterial growth.

Table 23 Inhibition zone d1 0

_ OR ounds on Streptococcus mutans
KPSK,

Test comp0 MN\. 1 ition zone diameter (mm)

Monoglyceride-based drug g

with mangostin v e
Monoglyceride-based drug dg

without mangostin : \ =
Poloxamer 407 formulation withma 905 ’ e ’ 13.33+0.29
Poloxamer 407 formulation without#fiansost no
Mangostin extract in 95% ethano 15.33+0.29
0.2% chlorhexidine o “ & 24.00+0.00
95% ethanol V‘———; ] 6.75£025

7
ﬂUEJ’JVIEJVI’ﬁWEJ’]ﬂ‘a'
ammmm UA1INYA Y
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Figure 58 Agar diffusiof tes onogly C‘Q' ide-based drug delivery system; (a) and
(b) monoglyceride-basgd v , very S te;‘n with mangostin; (c) and (d)
monoglyceride-based drug'd -

Figure 59 Agar diffusion test of various compounds; (a) poloxamer 407 formulation
without mangostin; (b) poloxamer 407 formulation with mangostin; (c) mangostin

extract; (d) 95% ethanol; and (e) 0.2% chlorhexidine
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F. Determination of Partition Coefficient of Garcinia mangostana

Extract

The lipophilicity of an organic compound is usually described in terms of a
partition coefficient (P), which can be defined as the ratio of the equilibrium

concentrations of a dissolved substance between organic and aqueous phases. There

Wed to solve this problem. The most

are many different techniques w
common method is the sh ‘ rough mixing of the two phases
followed by their separaw wquilibrium concentration for
the substance being exam -octanol-wate stem has been widely adopted
as a model of the lipid phas€. ilid SRR MRbLve in the aliphatic regions of
the octanol, whilst hydro egies ate’drawn to the polar regions. The partition
coefficient is usually ; arit cjscale, t sercfore, a log P = 0 means that

the compound is equa partitioning solvent. If the

compound has a log P = g'@' 000 times more soluble in the
b
partitioning solvent. A log P -2 means thatthe,compound is 100 times more soluble

in water, i.e., it is quite hydropllj%ﬁ

=

In this study, the determination

shake flask method. Garcinia mang

ient was performed by the

haken between n-octanol and
was w1thdra@1 and analyzed by using UV
spectrophotometry. As agresult, the concentrations of mangostin in n-octanol and

water phases wﬂ usﬁ ﬂ?ﬁlﬂﬁﬂl@&ﬂ@ﬂ ﬂ(ﬁs mg/ml, respectively.

The partition coeﬁicient is the quotient of two concentrations and is.given in the form
p quotien nge S8

o G 5 )R P i ot o

mangostirf] were 1251.24 and 3.10, respectively. These data indicated that the

water layers, and then tg adequate v

compound was 1251.24 times more soluble in n-octanol than in water and it was quite
lipophilic.

From the high partition coefficient of mangostin obtained from this study, it
confirmed the result of the agar diffusion method (topic E6). Mangostin is highly
lipophilic that the diffusion into the aqueous solid medium is negligible. Thus, the
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antimicrobial activity of monoglyceride-based drug delivery system with mangostin

could not be demonstrated.

G. Stability Study of Garcinia mangostana Extract Monoglyceride-
Based Drug Delivery System

The stability study of G. | na extract in monoglyceride-based
' % ss condition using the heating-

e amount of mangostin were

drug delivery systems was
cooling cycle. The physi
determined at the initi pe"2ad afier the sta " study. The analytical method
which employed in this inyestigation wvasithe H . od as previously described.
As a result by vi 4:. inst . ‘ ¢ ange, phase separation and
‘ -the heating-cooling cycle.
The pH of formulations #foge ahd after th g-cooling cycle were similar in the
J scosity values of formulations
were slightly decreased cqg jec ho efore the heat-cooling cycle. The

polarizing microscopic images g (he initial time and after the stability study were not
’ -t ¢ o el §

“

Table 24 pH and viscosify of fortmulatie .nd after stability study
S Bcfg stablllty studm : | Aer stability study
D ; ¥y | Viscosity (cps)
W58 5203. il 583 5055.42
5007.46
’Q RN I }ﬂ?ﬂ'g e a 1 Sy
4 5.85 4937.70 5.83 4796.00
5 581 493334 5.81 4743.68
6 5.64 4830.88 5.74 4691.36
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Gl (e) 0 u -
. |J

Figure 60 Polarlzmg mlcroscoplc nnages of formulation 1-3 dbefore and after the

stability ¢ d{ud&ij ($ ;and Jb:) fox;m@xlixt% ;l 1] *(c) and!(d |formulat~gqn 2§ and (e) and (f)

formulation 3, as observed at X100 magnification

F,. o | a2 T - >(f)

S onelIan & A
| '|"'I ] W {
o I - g rh 0
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(a) (b)

Figure 61 Polarjzing' micrdscopicimages“of formulation 46 before and after the
stability study, (a) and (b) formulatlon 4 (c) and* (d) formulatlon 5; and (e) and (f)
formulatlan 6 as observed at x400 magmﬁcatlon
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Since these formulations were expected to act as an in sifu forming drug
delivery system, therefore the low-viscous state formulations should be considered. In
this study, the formulations both low-viscous state and high-viscous liquid crystalline
phase were analyzed the amount of mangostin and calculated the percent remaining
and percent loss of mangostin in monoglyceride-based drug delivery systems (Tables

25-26). Analysis of data indicated that the amount of mangostin in the formulations

in amount of mangostii ) between six [ormulations both low-viscous state

and high-viscous liqui¢

Table 25 Amount of m; i i oW 1S state formulation before and after
stability study

Bl Amount g0 : ercent remaining  Percent loss
Before ~— Afig of mangostin of mangostin

I : | ' 93:80+1.39 120

2 19.9 L 1.35

3 .81+0.82 1.19

4 19.85+0. ‘29 19. 65+0 21 99.00+1.07 1.00

5 NN

6 anﬂ@ +0.2 0.82

’Q‘W']Mﬂ‘im UA1AINYA
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Table 26 Amount of mangostin in high-viscous liquid crystalline phase formulation
before and after stability study

. Amount of mangostin (mg) Percent remaining  Percent loss
Formulation
Before After of mangostin of mangostin
1 20.01+0.17 19.73+0.19 98.59+0.95 1.41
2 19.93+0.24 19.68+0.35 98.73+1.76 127
3 19.98+020 ., 1916740 98.45+2.48 1.55
4 19.97+0.30 8 ' 98.54+2.33 1.46
5 —1933+ 99.1242.77 0.88
6

K. O‘C\\ \ p7.81+2.33 2:19
L\

ﬂUEJ’JVIEJﬂ‘ﬁWEJ’]ﬂ?
QW']Mﬂ‘iﬂJlIW]’mEI’]ﬂEI
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