CHAPTER III

MATERIALS AND METHODS

tar /4% in Bangkok, Thailand in July,
_J

Materials

1. The fruits of Garcinia m
2003) '

2. Clotrimazole (S. To lot no. 20010605)

3. Disodium hydroge y lot no. F974786 538)

4. Ethanol absolute, AR tno. K32751783 349 )

5. Ethyl acetate, AR 0. 04070073)

6. Glyceryl monooleate @Dogatgd Og 1 H; ] td., Thailand, lot no. 601)
7. Hexane, AR grade (Labdcad Asia- Thaifand) lofn0403030145)

8. Lutrol F127 (BASF, Germa £ s HY615B)

9. Methanol, HPLC grade (Lab‘ A iland, lot no. 04070120)

| istralia, lot no. H1F223)
12. Olive oil (Bertolli, @y,
13. Polyamide membrane ﬁlter 47 mm, 0. 45 (Satorlus AG, Germany, lot no. 0503

250060340ﬂ31uﬂ"] ‘Vlﬂﬂjwzjf]ﬂ{j

14. Potassium diliydrogen orthophosphate (Merck, Germany, lot no. A262673 045)

15 Scs:i ﬁﬁtﬁﬁrﬁ?m ﬁﬁralaa wmcalﬂ Thailand, lot

16. Sodium chloride, AR grade (Merck, Germany, lot no. K28555404 049)

17. Soybean oil (Thai Vegetable Oil Public Co., Ltd., Thailand, lot no. 310546)

18. Streptococcus mutans KPSK, (Department of Microbiology, F aculty of Dentistry,
Chulalongkorn University, Thailand)

19. Syringe filter cellulose acetate 13 mm, 0.45 pm (Chrom Tech Inc., USA, lot no.
100301)
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20. TLC Alumina sheet silica gel 60F 254 20 x 20 cm (Merck, Germany, lot no.
0B290814)

21. Whatman filter paper No.1, 150 mm (Whatman International Ltd., England, lot
no. A815891)

Equipment

USA)

4. CO, water jacketedinc

5. Differential scanning ca 6 822 1 Acttler Toledo, Switzerland)
6. Digital camera (Cooly 00, Ni w ¢ an)l \\

o g r £ z:'fa
7. High performance liquid ck it ogra

"

3. Cone and plate vlscoy Ookfie ommeter, Scientific Industries, Inc.,

- Auto Injector (S
- Communications bus n b odule (C] 10A, Shimadzu, Japan)
Oma - ‘LCl , Japan)

- Liquid ¢
; 857
- UV-VIS defgctor (SPD-

N
- Column (B]ﬁ Hypers 3,9 iim, 250 m4.6 mm, Thermo Electron
Corporation, England, lot n0.6596) ,

: Precﬂnu@’}gﬂlﬁ 1”1@@“ 8349 Whict Corporation, Ireland,

lot no"W2336B 1)
S QEVETIRIANEA
9. Laminar air flow (BH 2000 series, Clyde-Apac, Australia)
10. Microscope (Eclipse E200, Nikon, Japan)
11. Modified Franz diffusion cells (Crown Glass Company, USA)
12. pH Meter (Model 420A, Orion, USA)
13. Refrigerated incubator (FOC 2251, VELP Scientifica, Italy)
14. Rotary evaporator (Rotavapor RE-120, Buchi, Switzerland)
15. Ultrasonicator (Crest Ultrasonics, Malaysia)
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16. UV-visible spectrophotometer (UV-1601, Shimadzu, Japan)
17. Vacuum pump (CB169 Vacuum system, Buchi, Switzerland)
18. Vortex mixer (Vortex Genies-2, Scientific Industries, Inc., USA)

ﬂuEI’J‘VIEWI‘iWH"Iﬂ’i
ﬂﬁﬂﬁﬂﬂ‘iﬁuu‘lﬂﬂﬂmaﬂ
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Methods

A. Extraction of Active Constituents from Garcinia mangostana

The fruit hulls (2 kg) of Garcinia mangostana were cut into small pieces about

1 x 1 inch, and then dried at the temperature 45+0.5 °C in hot air oven. The dried fruit

extracted with ethyl acew eﬂ%ﬂlyl acetate extract was filtered

and evaporated using a

concentrated and crystallized. ielc ept in'a desiccator and used for further

studies (Hiranras, 200

B. Determination of Ac m Garcinia mangostana

The DSC thefm o ._. dsing differential scanning

Y
calorimeter (DSC82 0. ect the melting point. An

accurately weighed ameunt of 3-5 mg of the crude extraet was placed in an aluminum
crucible. Then m g er the pressure of the
plunger by u&ﬁaﬁ rﬂ ﬂvﬁ Wﬂnﬁﬂ inum crucible was
placed on a DS sensor in the furndce. The scamsrate was rf&thed at 10 °C/min

ovr e ol i e e ot

2. Thin Layer Chromatographic (TLC) Method

TLC is the most versatile and flexible chromatographic method. It is rapid and
gives highest sample throughput because many samples and standards can be applied

to a single plate and separated at the same time.
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The extract was dissolved with ethyl acetate and spotted on a TLC alumina
sheet, compared with standard mangostin. After that the alumina sheet was placed in
a closed chamber saturated with the vapor of mobile phase, ethyl acetate : hexane
(3:1). When the mobile phase had moved to an appropriate distance, the alumina
sheet was removed and dried. The alumina sheet was detected under UV light at the

wavelength of 254 nm (Hiranras, 2001). The basic parameter used to describe the

.,
d/dwed by solute

M\‘Fz by mobile phase front

AN

3. High Perf ' ORI Rt phic (HPLC) Method

migration is the Rf value, where

The determinati ivesconstituents from\ Garcinia mangostana was
performed by HPLC meth flisé ‘_ sec] ficity and high sensitivity. The condition
for HPLC analysis was deve {ror of Hi anita (2001).

The ILQIU C conditions for the anal 2 ostin were as follows:
Column 7 18, am 250 x 4.6 mm
Precolumn - nBondapagk C18, 10 um, 125A°
o84 £ ) B W5 3
Injection volume ; 29 pl
Ll ﬂ\“lﬂ‘iiﬂ’ﬂ‘%ﬂ’]’l\ﬂﬁl’]ﬂ t

Detector UV detector 243 nm
Temperature - ambient
Run time - 20 min
Internal standard : clotrimazole

The mobile phase was prepared by using methanol and water with the
ratio of 85:15 v/v. The solution was thoroughly mixed, filtered through 0.45 um

membrane filter and then degassed by sonication for 30 min prior to use.
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3.2 Standard Solutions for HPLC

From the preliminary study, clotrimazole was used as an internal
standard due to its appropriate retention time and optimal resolution from mangostin
peak. A stock solution of clotrimazole was prepared by accurately weighing 125 mg
of clotrimazole into a 100 ml volumetric flask. Fifty percent of ethanol was added to

dissolve and the solution was adjusted to the final volume. The final concentration of

clotrimazole was 1.25 mg/ml.

A stock solution ¢ }pmed by accurately weighing 25
mg of mangostin into a&lm@m(‘«msolu’te ethanol was added to
dissolve and the solution™Wwa e Nﬂ

final concentration of 275 m hen 5.0 ml of the S ck solution was transferred
into a 100 ml volum@trigs and ~dilute \ 7 .. 50% v/v ethanol. The final
/ : olutions of mangostin were

prepared by pipetting 1.042.04 o 0'an 0'm! of the above solution into a 25

e
with 50% v/v ethanol so that the : f stin were 5, 10, 20, 30, 40
0 _:Eﬁl} & s of mangostin were

and 50 pg/ml, respec:_(ively and 025

between concentration ﬁi peak a

3%%@@'%%‘?“5% 8 11N3

h€lsample stock solutlon was prepared by accurately weighing 25 mg

of Garci ﬁ mﬂ?fﬂaﬁ wﬂll?ﬂ‘ﬁﬂ ﬁc&fe ethanol was
added to lve tion was adju ¢ final volume. This stock

solution had a final concentration of 2.5 mg/ml. Then 1.0 ml of the stock solution was
transferred into a 25 ml volumetric flask and diluted with 50% v/v ethanol. The final
concentration of this solution was 100 pg/ml. Then 5.0 ml of the above solution was
transferred into a 25 ml volumetric flask and 5.0 ml of clotrimazole stock solution

was added into this flask. The solutions were adjusted to volume with 50% v/v
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ethanol so that the concentrations of Garcinia mangostana extract and clotrimazole

were 20 pg/ml and 0.25 mg/ml, respectively.

3.4 Validation of HPLC Method
The analytical parameters used for validation of the HPLC method

were specificity, linearity, accuracy and precision.

results obtained by thamn : he@curacy of the method was
determined from the pergentage of recovery, Five sets of three standard solutions

(low, medium, ﬁhﬂe&] ‘@’%&‘j% ﬁjzw E.}’} ﬁ\%e of recovery of each

concentration wasl calculated from tBe ratio of mversely estlmated concentration to

“°“°31W‘Tﬂ‘ﬂ‘ﬂ°§"m“lm’]’m51’]ﬂil

3.4.4 Precision

a) Within Run Precision

The within run precision was determined by analyzing five sets
of three standard solutions (low, medium, high) in the same day. Peak area ratios of
mangostin to clotrimazole were calculated and the percent coefficient of variation

(%CV) of each concentration was determined.
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b) Between Run Precision
The between run precision was determined by analyzing three
standard solutions (low, medium, high) on five different days. The percent coefficient

of variation (%CV) of mangostin of each concentration was determined.

Acceptance criteria:

For accuracyy the pérdentage of recovery should be within 98-

102% of each nominal conce 7 ), W rcent coefficient of variation for

both within run precision and between ruh precisiensshould be less than 2%.

C. Preparation of ' ] elivery System

Monoglyceride-b. £ 7 S} stem s based on the ability of mixture
of monoglyceride and triglygeride i form liquid crystals when in contact with water.
Monoglyceride-based drug de],nw—” ;

et e

monooleate, triglycerides and wat

tem were developed by using glyceryl

' is study were sesame oil,

X
stems wm prepared on a weight by

soybean oil and olive A _ .
Monoglyceride-gsed dg de
weight (w/w) basis by wéighing the three ccomponents in screw-capped tubes and

vigorously mlxﬂu%&})r% %‘x&]f%ﬁ B sangl]zs ere heated at 45+0.5

°C and occasmnaﬂy mixed for 30 mip. The samplﬁ were stored at Foom temperature

o RRTRERS T N INYA Y

2. Physical Characterization

2.1 Polarized Light Microscopy
A drop of samples was placed on a glass slide and examined for the
liquid crystalline phases under the polarized light microscope (Eclipse E200, Nikon,

Japan). Anisotropic liquid crystalline phases, such as hexagonal, lamella and reversed
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hexagonal phases, are optically birefringent. This property can be used for studying
such phases with polarizing microscopy. On the other hand, isotropic phases (e.g.
micellar and reversed micellar solutions and cubic phases) are nonbirefringent and

generate a dark background when investigated under the polarizing microscope.

2.2 Physical Stability

The samples that could reyersed hexagonal phases were evaluated

air oven at 45+0.5 °C for 48.ht, aid henj,)lacﬁngerator at 4+0.5 °C for 48 hr.

The most stable sa s from the in topic C 2.2, with the equilibrium
water content, were selected: S : ceryl monooleate and oil with
rogresses and the formulation turns

into a liquid crystallifie State w1th sco elequilibrium water content

&l se seéparation. Monoglyceride-
based drug delivery sysg'ns were prepared by v elghmgme three components and 2%

Garcinia mangostana extragt, in screw-capped tubes and then followed method as

descnbedmClﬂ uEJ ',] qﬂ ﬂﬂjw EJ’] ﬂ‘j
E C“@%‘%@'ﬁfﬂ@%ﬁ%ﬁ@%ﬂ@%ﬁ&owcmﬂe-

Based quug Delivery System

1. Determination of Physicochemical Properties

The physicochemical properties of formulations before and after incorporating

the Garcinia mangostana extract were determined as follows:
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1.1 Physical Appearances
The physical appearances of formulations such as color, clarity and

phase separation were observed.

1.2 pH Measurement

The pH of formulations was measured by using pH meter (Model

420A, Orion, USA). The measuremeft ”///1
‘4-'

one in triplicate.
1.3 Viscosi surement

The visco:

viscometer (Brookfield ¥iscomeier, $ if es, USA.). The determination of
the viscosity was perforfiedby 2 yi 2 8 bout 0.5 ample to the lower plate of
the viscometer. The cone QP-40 .. Ihe measurements were performed in
triplicate.

1.4 Polarized gh _'..‘ e
@ ynad
A drop of samples w

v sed on a glass slide and examined for the
i S

gope. The polarized light
photomicrographs were d by digital cam oipix 5400, Nikon, Japan) to
T ad&g the extract.

Do U s

=9 v s
B RTTIIR HUNA HHAR o 0 o
formulatiops could be administered by syringe into a periodontal pocket. Since the

high-viscous formulations had stiffness and could not be administered by syringe, the

liquid crystalline pha ses

compare the liquid crys

low-viscous formulations were used in this study. When they are in contact with the
fluid in the oral cavity, the formulation turns into a liquid crystalline state and

changes to a semi-solid at the injection sites.
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The water-free formulations with low viscosity were evaluated for injectability
by administering through a syringe with 23-gauge tip needle. The viscosity of

formulations was also determined by using cone and plate viscometer in triplicate.

3. In vitro Liquid Crystalline Phase Formation Study

This study was performe the formulations could form liquid

crystalline phases with hi ion with water. The study was

. J . .
modified from Scherlund A @ueted within a screw-capped
tube at the temperature i ater batl e water-free formulations 0.5
ml was added into 2 m . | formation was detected by

4. In vitro Rel

4.1 Solubility Study of

Selection of ET-QPF o0
€lection of an .a-'E_.p ,-f-";"“- I - 7
condition during the rélease study. Ethanol I

receiver fluid. Excess.Amount f}! each screw-capped tube
containing 5 ml of pHB4 phost : and ethan(ﬂn pH 7.4 phosphate buffer
ranging from 0 to 35%. Thegubes were continuously rotated at 37+0.5 °C for 48 hr to

achieve equilibﬂnuﬁaewﬁaﬂﬁm i fdeand the supematants

were withdrawn ‘and filtered through: 0.45 um cﬂulose acetate syringe filters. The

s VT L AP )3 b v

1601, Shiriadzu, Japan). All solubility determinations were carried out in triplicate.

4.2 In vitro Release Study

The in vitro release study was performed using modified Franz
diffusion cell which consists of a donor compartment and a receiver compartment
(Figure 18). The cellophane membrane was placed between two compartments of

modified Franz diffusion cell. The membrane was soaked in the medium before use.
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The receiving compartment contained 14 ml of 35% v/v ethanol in pH 7.4 phosphate
buffer which was maintained at 37+0.5 °C by a circulating water jacket. The receptor
fluid and membrane were equilibrated to the desire temperature for 1 hr before the
release study. After equilibration, 0.1 g of the sample was carefully placed into the
donor compartment using a syringe and then covered with paraffin film to prevent

evaporation. The receptor fluid was continuously mixed by magnetic stirring bar at

1 the receiver medium at certain time

intervals (1, 3, 6, 9, 12; b and' 43 hr) via the pling port of diffusion cell. The
receiver medium was réfoyéd By Sing'a syringe and receiver compartment was
replaced with the same@mot: ‘_ -._- 10 keep the constant volume during the
experiment. All receiver gol yere alyzed concentrations of mangostin

in the medium by using

uceivar

a8

Figure 18 A schematic illustration of the two compartment of Franz diffusion cell
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The amount of drug release was calculated by multiplying the drug
concentration with the receiver volume. The percentage of drug release was

calculated by the following equation:

Y% drugrelease = (A,/Ag) x 100

where A, is the cumulative relea ” drug at a particular time; A, is the

initial amount of drug. .
_J

—t N, was prepared by accurately
weighed 12 mg of mangostifi inté“a 16 ric flask. Absolute ethanol was
added to dissolve and the solutic L usted to the final volume. Then 1.0 ml of

this solution was tr: ask, diluted and adjusted to

volume with 35% v/vg ‘-J is solution had a final
concentration of 12 @m. tandaz fions™ of nﬂxgostin were prepared by
pipetting 2.0 to 8.0 ml o‘} this solution lnt 10 ml volumetric flask, diluted and

adjusted to VOI'ﬁutm% EIWLH r}ﬂ %tlons of the solution

were 2.4, 3.6, 4.846.0, 7.2, 8.4 and 9.6 ug/ml respectlvely

ﬂ tlaaﬁﬂ ophotometer
at 243 nrn¢l m o € anol in phate buffer was used as

blank. The standard curve was plotted between concentration and absorbance.

4.3.2 Validation of UV Spectrophotometric Method
The analytical parameters used for the assay validation were

specificity, linearity, accuracy and precision.
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4.3.2.1 Specificity
Under the condition selected for in vitro release study,
the absorbance of mangostin must not be interfered by the absorbance of other

components in the sample.

4.3.2.2 Linearity

_ N3 \ 1cal method is the closeness of
test results obtained by t ' he t \- be accuracy of the method was
determined from the perce of \\\ s of three standard solutions
(low, medium, high) were prgpar ;:...:::.:} . 1he percentage of recovery of each

concentration was calculated fr '-‘ : L inversely estimated concentration to

f—

7 o i

‘ a Within Run ecision

4 ?’WE‘J‘WW%’W rmined by analyzing

five sets of three §fan 1&ard solutions (low medium, hlgh) in the same day The percent

TERRTRY {efy o uebitinte

b) Between Run Precision
The between run precision was determined by analyzing
three standard solutions (low, medium, high) on five different days. The percent

coefficient of variation (%CV) of each concentration was determined.
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Acceptance criteria:
For accuracy, the percentage of recovery should be
within 98-102% of each nominal concentration, whereas the percent coefficient of

variation for both within run precision and between run precision should be less than
2%.

S. Differential Scanning C ch (DSC) Method
The DSC therm samples -lﬂrmmed by using differential
scanning calorimeter dettler i ,__H erland). A highly sensitive
i//. sed 1 \\\ - difference between the heat
.u -. \ dard type of pan for DSC

measurement is alumin icib ) surately weighed amount of

ceramic sensor in DS

flows to the sample 4

3-5 mg of the samples ucible. Then the aluminum

crucible was sealed with the plunger by using crucible

as placed on a DSC sensor in the

furnace. Samples were heated .s: 2G5oMICC ot o heating rate of 10 °C/min, All
tests were performed unde s

Yoo X

Iﬂ 2
ﬂ‘lJEJ’J‘VIEJVlﬁWEJ’]ﬂ‘i

’QW']&\‘iﬂ‘iELI UA1AINYAY



Heat shield

Silver fumace

Cooling flange
Cold finger

OO ND OB W -

-t b
-

Ory gas inlet
Purge gas inlet

- wd b
& owN

P1100 of fumace

-
o

Automatic furnace lid
Crucible on DSC sensor
Purge gas outlet with connection for pump
Flat heater between twe insulating disk
Thermal resistance for cooler
Compression spring construction

DSC raw signal for amplifier

P1100 of cooling flange
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14 15

Figure 19 A schematic dllustration of differe ding calorimeter (DSC822°,

AUEINENINYINT

AMIANTAUNNIINYIAY
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Figure 20 standard 40 pl

Figure 21 Differential scanning calorimeter (DSC822°, Mettler Toledo, Switzerland)
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6. Determination of Antimicrobial Activity of Garcinia

mangostana Extract Monoglyceride-Based Drug Delivery System

Streptococcus mutans KPSK, is a representative of bacteria in the dental
plaque. The effectiveness of formulations against Streptococcus mutans KPSK, was

evaluated using agar diffusion method. "}e efficacy was determined by the diameter

of inhibition zone. W ‘ / :
The principle of agar di me ndent upon the inhibition of the
growth of bacteria on th ‘ m@ plate, by the antimicrobial

e,

sterilization was perfos layir a121%( \ or 15 min. Each agar plate
was prepared by pouring ' ‘ ‘ ﬁ | etr1 dish with a diameter of 10 cm
and allowed to solidify at foom temperai epth of agar was approximately 4

5 mm diameter cylindrical tube

The inoculum’ywés prepare picking ifolated 48 hr colonies of
Streptococcus muta oth oculum grow for 12 hr.
cd 10 new brotlﬂlOO ml) and grown for 4 hr
to reach mid-exponential grewth phase. Thednoculum was compared for the turbidity

cuivers 1o ) YpoH FoPRB I EINF B 0 provie s

appropriate gro“% of the microorganism for tesE’Eg the antimi(‘@bial activity. The

ot B DR G 2 YIS v e b

using spéctrophotometer. The cuvette of inoculum was placed in the

Then 5 ml of the inocul:

spectrophotometer and read the absorbance at 600 nm, the absorbance of the
inoculum should be approximately 0.015. If the suspension was too dense, the
inoculum was diluted with additional sterile broth. The standardized inoculum
suspensions should be used within 15 min of preparation.

After adjusting the turbidity of the inoculum suspension, a sterile swab was

dipped into the suspension and rotated the swab several times with a firm pressure on
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the inside wall of the flask above the fluid level to remove excess inoculum from the
swab. The inoculum was swabbed over the entire agar surface in three different
directions to ensure an even distribution of the inoculum. The plate was allowed to
dry at room temperature for 5-10 min. The formulations were placed into the holes of
agar about 4-5 holes/plate. Each formulation was performed in triplicate. Then the
plates were incubated at 37+0.5 °C for 24 hr in COz water jacketed incubator (Forma

ratio of the equilibrium

concentrations of a dissolved substas " hase system consisting of two

l ' il
The partition co;lﬁment therefore is the quotient"of two concentrations and is

e I e e

flask method. In thls technique, the €andidate /ﬁ;ﬁls shaken beMEI n n-octanol and

water s om Rl i bdriana byt ) | 6)

Be?ore the partition coefficient was determined, the two solvents were

mutually saturated by shaking at the room temperature. Two stock bottles were
shaken for 24 hr on a mechanical shaker, one containing n-octanol and a sufficient
quantity of water, and the other containing water and sufficient quantity of n-octanol.
Then the two bottles were let to allow the phase separation.

The test solution was prepared in n-octanol with a concentration of 5 mg/ml of

mangostin. Five millilitres of the two solvents prepared as described above were filled
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into screw-capped tubes. The tubes were continuously rotated at room temperature for
48 hr to achieve equilibrium. Then the tubes were let to allow the phase separation.
The partition coefficient was determined by analyzing the concentrations of
mangostin in both phases by using UV spectrophotometer at 243 nm. All partition
coefficient determinations were carried out in triplicate (OECD 107, 1995).

G. Stability Study of Garci tana Extract Monoglyceride-

The stability study Nas D , . g=cooling cycle. The samples were
placed in a closed containg Lin a hot ai en at 45+0.5 °C for 48 hr, and
then placed in a refrigera r 5 for 48 br. The heating-cooling cycle was
repeated for 6 cycles. 4 NN
method as described i _
performed by HPLC metheod. f ! . ;;‘:'~ ¢s followed the method described

in B3. The amount of mang®stin-was detetr n triplicate at the initial and after

were determined in the same

i .' of amount of mangostin was

H. Statistical Anak ~:~ .

The data of visco ercenta elease icient of determination
of the release ﬂ u *ﬁj z'glt:lt ﬁmount of mangostin
remaining aﬁer e stability study were analyzeﬁby one-way amalysis of variance
(ANOVQ. w{-\} Mﬂaﬁ ﬁﬁe%dc%qolasmr%llalae%lthe data were
subjected fo multiple comparison by Fisher’s least significant difference (LSD) test to

compare the difference. The statistical package for the social sciences (SPSS)

program version 12.0 was used in this study.
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