CHAPTER III

MATERIALS AND METHODS
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1. Ammonium molybdate (Fluk. d, Lot no. 232685)
. Antibiotic-antimycotic &\ cm sulfate, amphotericin B)

(Hyclone, USA, Lo 15&4) ___—l'
Calcein (Sigma, US4
Chloroform, AR gra
Cholesterol (Siggll

Dulbecco’s Modified Eagle’s Medium (Gi . USA, Lot no. 1105635)
ot no. 4374, 633A, 634A, and

Fiske-Subbarrow redugg‘.gﬁgna,} ) ot no. 107H6249)
HEPES (N-[2-Hydroxyethyl|pipe >sulfonic acid]) (Sigma,

ot no. K28735787)

USA, Lot no: 5f_1_46)
L-Glutamine (Hyclone, USA, Lot nogAMB15523)

Hydrogen peroz&e (Merc
ol WSS W GRS

Multlweﬂdplates (Nunc, Dennaark)
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Cologne, Germany, Lot no. 770991)
Phosphatidylglycerol (Sigma, USA, Lot no. 21K5202)
Phosphatidylserine (Sigma, USA, Lot no. 69H7015)
Polycarbonate membranes 100 and 200 nm (Avestin, Canada)
Potassium chloride (Merck, Germany, Lot no. 036TA915536)
Potassium dihydrogen phosphate (Merck, Germany, Lot no. 3M633293M)
Propylthiouracil (supplied by Sriprasit Pharma Co., Ltd., Lot no. 9220747)



23. RPMI 1640 medium (GibcoBRL, USA, Lot no. 1106055)

24. Sephadex G-50 (Sigma, USA, Lot no. 115H0876)

25. Sodium bicarbonate, tissue culture grade (Sigma, USA, Lot no. 90K0818)

26. Sodium chloride (Fluka, Switzerland, Lot no. 71379)

27. Sodium hydroxide (Merck, Germany, Lot no. B870498625)

28. Sterilization filtration membranes 0.22 pm (cellulose acetate membrane)
(Iwaki, Japan)

29. Sulfuric acid (Analar, England, 0. K2361283165112)

30. Tissue culture flasks (Nu ‘&]

31. Trypan blue (4% so

32. E@i@

33. ' M53H0444)

=|l" ,..-__A",‘

Flex-column (}sontes USA)

Hand-held extrugl:r (Tipose
Hot air oven (UL59 Memmert, Ge
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Inverted microscope (CK2, Ol mpus Japan)
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12. pH meter (Beckman, USA)

13. Rotary evaporator (RE120, Buchi, Switzerland)

14. Shaking incubator (Innova 4230, New Brunswick Scientific, USA)
15. Ultracentrifuge (.80, Beckman, USA)

16. UV spectrophotometer (Model 7800, Jasco Corporation, Japan)

17. Vortex mixer (G-560E, Scientific industries, USA)

2 e N oS

27



28

Methods

1. Preparation of liposomes

1.1 Blank liposomes

i bs wdration method at total lipid concentration
of 5 mg/mL. The composition ¢ * Jipos 4& rised phosphatidylcholine (PC),
cholesterol, and a charge ice b ﬁ), phosphatidylserine (PS), or
phosphatidylglycerol (P a-tocopherol (0.1 mol%) was
used as an antioxida > lipids were dissolved in

chloroform in a round-shapeg rated to a thin film under

.....

lipesomal vesicles.

Scientific, USA) to allow comp]&}m{ s formation of 1i
(A

1.2 PTU-loadeq}'bOS ﬂ
‘a w
PTU 1i@ouaegpma§lm ﬁ"ﬁ“’t&]ﬂxﬂj 3. both aqueous (L1

mg/mL PTU in EEPES buffer) and Jipid (0.53 PTU/ 100 mg &pxd) phases. The
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routinely ‘éxamined under a light microscope to ascertain that the product was devoid

of PTU crystals.
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1.3 Calcein-loaded liposomes

Calcein was used as a water-soluble fluorescent marker at its self-quenching
concentration (approximately 80 mM). Calcein (0.05 g) was dissolved in 0.3 N sodium
hydroxide (1 mL). The pH of the solution was adjusted to 7 and the solution was used
as the aqueous phase for liposome preparation. Liposomes were prepared by the

method described above. Liposomal suspensions was extruded through two-stacked
0.2 pm polycarbonate membranes Wﬂ‘ll !l -held extruder. The extrusion process
was repeated through 0. lpm ‘m@mbr f} r reduce liposome size. Non-
encapsulated calcein wasm from calﬂ;d liposomes by gel filtration

using Sephadex G-50 (O.-Hﬂf"- ensi ,loa?!?dq:(:l cm gel bed). After gel
RibeGeiow

filtration, lipid contents' Section 2.2. The calcein-

loaded liposomal sus in 1 e same day of preparation to avoid

liposome leakage and bl chi | Jrescent marker.
2. Determination of PTU

The liposome fuspensioﬁm&;%?pér%the__superpatant containing the free
drug and the pellet c{zn&inin the entra ) ntrifugation (60,000 rpm, 4
°C for 6 hours). The"PTU content in the lip '
calculate the encapsulalﬁt)n efﬁéi_eic_)I. The PTU in the s‘a’al)ematant was also assayed

for routine monﬁ;rlc[j of peféent angéréﬁl %ﬁﬁiyﬂ ’] ﬂ i
AR “ﬁ“‘s‘{ﬁﬂ”ﬂ”‘ﬂ“ﬁ*ﬂﬁﬁ ]

An aliquot of liposomal suspension was centrifuged at 60,000 rpm at 4°C for 6

as assayed and used to

hours in an ultracentrifuge. A known amount of saturated solution of PTU in HEPES
buffer was added to the aliquot to aid the process of centrifugation. The PTU content
in the supernatant and in the pellet was assayed according to the following assay

protocol.
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2.1.1 Determination of PTU in the liposomal pellet

The pellet separated from 1 mL of liposomal suspension was dissolved
in methanol:chloroform (8:2) in a 10-mL volumetric flask, and the solution was
adjusted to volume. The solution was further diluted until the concentration was within
the desired range. This final solution was assayed by UV spectrophotometry at 275

nm. The presence of lipid components did not interfere with the assay

(Rattanatraiphop, 2000). \ \' / '
W2
é.;ﬂ ;é
2.1.2 De@ofP Ui@tam

dilute

ith methanol and analyzed

<

(Bartlett, 1959). In

inorganic phosphate

\iﬂ& method, phospho ' ...... 1s- was acid hydrolyzed to

and converted to ph dic“acid by the addition of

ammonium molybdate-The phospho moydlc acid waﬂreduced to a blue-colored

compound by ino-na lﬁsulfomc aci {ske -Subbarrow reducer). The intensity

of the blue meﬂm M&J@ﬂﬁ 800 nm, and the

concentration was determlned from aealibration curye of phosphate,standard solutions

S PRSI B4 fein o

liposomeS contain one mole of phosphorus per mole of phospholipids.
2.2.1 Preparation of phosphate standard solutions

The anhydrous potassium dihydrogen phosphate was dried at 105 °C

for 4 hours in a hot air oven. A stock solution of phosphate standard was prepared by
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accurately weighing 43.55 mg of dried anhydrous potassium phosphate into a 100-mL
volumetric flask. The content in the flask was dissolved in double-distilled water and
adjusted to volume. The final concentration of phosphorus was 3.2 umol/mL. Aliquots
of phosphate stock solution (2, 3, 4, 5, 6, 7, and 8 mL, respectively) was transferred to
seven 100-mL volumetric flasks. The solutions were adjusted to volume with double-
distilled water. The final concentrations of phosphorus were 0.064, 0.096, 0.128,
0.160, 0.192, and 0.224 umol/mL, respectively.

2.2.2 Preparation of sample»éﬁﬁb s

— < —
— -
The lipoW hension was diluted with double-distilled water to

give a concentration of r

ly 1 mg/mL of pilospholipid(s) before being
subjected to further assay ' .

=44
O

2.2.3 Treat

,
i

4
ntof the samples,.

The procedure fgr;_txégting the?é.ﬁ-jﬂss was as follows:

b L)
o — ——— o S
Fifty hijéroliters of diluied liposome Suspension was added to empty

test tubes. The sample Ef'as dried down and resuspended E 0.5 mL of double-distilled
water. A calibration curve-was set up by pipetting of 0.5 mL of the standard solutions
into separate tiibes; togethér with @ blank“(0.5/'mL of distilled water). Each of the
resuspended saniples and the standard solutidns was added with 0.4 ml of 5 M sulfuric
acid and the_n incubated at480200 G forjan hour ima het ainovenmpreheated at 200 °C
for 30 minutes. 'After ‘the tubes ‘were" cooled down 'by” standing “them at room
temperature, 0.1 mL of the freshly diluted hydrogen peroxide (10% v/v) was added.
The tubes were then incubated at 180-200 °C for another 30 minutes in the hot air
oven until colorless solutions were obtained. The solutions were cooled down to room
temperature. Acid-molybdate solution (4.6 mL) was added to each tube, and the
content of the tube was mixed well by vortexing. The solutions were reduced with 0.2
mL of Fiske-Subbarrow reducer. The tubes were then covered and placed in a boiling

water bath for 7 minutes. After the tubes were cooled down, the absorbances of the
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blue-colored solutions were measured at 800 nm against distilled water. The

phosphorus content of liposomal suspension was calculated as follows:

Phosphorus content (ug/mL) =AxBxC

A = concentration (umol of phosphorus/ml) calculated from the absorbance

B = dilution factor

C = molecular wei

2.3 Calculatio

action of PTU found in the

Encapsulation \
10le of lipid.

liposomal pellet and exp

Encapsulation efficiency = Amount of PTU in b o/mL) / MW of PTU
Amount of ph 'pf -7~ o/mL) / MW of phospholipids

When other lipids were | he ¢ “was modified so that the
peﬂnole of total lipid.

AuINENINYINg
e ANNTAUHIINEA

3.1 Preparation of PTU solutions

encapsulation efﬁciencﬂepres

PTU was dissolved in RPMI 1640 supplemented with 10% (v/v) heat-
inactivated fetal bovine serum (FBS) and sterilized by filtration through 0.22 pm

cellulose acetate membrane filtration units (Iwaki, Japan).
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3.2 Preparation of liposomal formulations

3.2.1 Preparation of blank and PTU-loaded liposomes

Liposomes with various lipid compositions (PC, PC/CH, PC/DCP,
PC/DCP/CH, PC/PS, PC/PS/CH, PC/PG, and PC/PG/CH) were prepared as described
in Sections 1.1 and 1.2. The liposo ellets harvested by centrifugation were
redispersed with sterile RPMI 16 7

liposomal suspensions wer ial two-stacked 0.2 um and 0.1

1 bovine serum (FBS). The resultant

um polycarbonate membrane er After extrusion, liposomal

preparations were then sterilizéd. 2 _um sterile membrane.

sterilized by filtration throu e. The liposomal preparations
were used as such without furtherw or calcien or lipid contents.
) TR i |
mr .-r';"".-" g g

ﬁ‘ﬁ’ﬂ"’?“ﬂ"ﬁl‘ﬁ?ﬂﬂ"’f“ﬂﬁ”""“ge

U-937 cell line

AW ANNIUNAINYINY

The human histiocyte/macrophage U-937 cells were grown in RPMI
1640 enriched with 10% FBS as a suspension. Cells were routinely seeded in 25 cm?
tissue culture flasks and passed every 3 days with a passage ratio of 1:5 (v/v). Cultures
were maintained in a CO, incubator at 95% humidity, 5% CO,, at 37 °C. Doubling

time of the U-937 was approximately 48 hours under these conditions.
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3.3.2 Maintenance of the fibroblast BALB/c 3T3 cell line

BALB/c3T3 fibroblast cells were routinely seeded in 25 cm’ tissue
culture flasks at a concentration of 2 x 10° cells in 5 mL. BALB/c 3T3 cells were
grown in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 8% (v/v)

heat-inactivated fetal bovine serum (r ), 100 U/ml penicillin, 100 pg/ml

streptomycin, 100 U/ml ampho N glutamine (DMEM+). The cells

were routinely passed at n _P 70% . Briefly, the cell monolayers
- - . '“.. 4

were washed with 2 mL phc

ffered sal S) and incubated for 2 minutes
with 0.05% (w/v) trypsi . vere redispersed with fresh medium after
. fibrobla

trypsin-EDTA was disca blasts were reseeded in the 25-cm?

[+). Cultures were maintained in

ALULT NUNITNEAN T e rorn

concentration range for further expefiments. Five.concentrations ©f PTU in RPMI
o W SIS T DLV} < i i e -
937 (ﬁnaﬁseeding density = 1x10° cells/mL, final volume = 2 mL/well) for 24 hours
under the culture conditions described above. At the end of incubation, cells were
stained with 0.4% trypan blue solution for 1-2 min and counted. The total cell count
was compared with that of the control, and the percentage calculated. The results were
assessed in terms of the antiproliferative effect and the toxicity of PTU to the U-937
cells. Percentage of viable cells compared to that of the control was used to determine

toxicity to the cells.
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3.4.2 Effects of PC on cell growth

Empty liposomes containing PC at various lipid concentrations were
prepared by the method described in Section 1.1. The antiproliferative activity and
toxicity in the U-937 macrophages were evaluated to select the lipid concentration at

which antiproliferative activity of the lipid was sufficiently low and toxicity to the

Briefly, the e ’/Z&were incubated with the U-937

(final seeding density = %@L)* va%oncentrations (7,3.5, 1,03,

urs. The final volume was 2

cells was not evident.

mL/well. The cultures were maintained i ‘incubator at 95% humidity, 5% CO,,

N
at 37 °C. At the end of'the incuba eriod, ¢ stained by 0.4% trypan blue
solution for 1-2 min andwerg ed-for oth viable ce d dead cells. The criteria

for antiproliferative effect icitysto cel > same as in Section 3.4.1. The

e B AN & DD comprnti 10 i

described in Secﬁ%ns 3.4.1-2. The U-937 cells at th: tartmg den51ty of 1x10° cells/mL

et AR R e W’H@af@}’“

a) Blank liposomes
b) PTU liposomes
¢) PTU liposomes with additional PTU solution

d) Blank liposomes with additional PTU solution
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e) PTU solution
f) Control (culture medium)

The amount of liposomal suspension used was calculated from the lipid
assay to give the final concentration of 0.075 mg of total lipid/mL in the incubation
medium in all cases. Except for Treatments a, b, and f, PTU concentration was kept at
5.5 ug/mL in the incubation medium. The amount of PTU in Treatment b was varied

according to difference in the encaps fﬁc1ency between formulations. Thus, in

Treatment ¢, the amount of P%
tested to keep PTU concenﬂm_ 5 p‘tg/m

aried according to the formulation

according to the cell cg T ‘ ake the final ¢ density of cells in the incubation

medium 1x10° cell/mL. Swith b_ ?. S ility were used in all cases.

wells were assigned for eac tient. Culfife s were maintained in a CO, incubator
@ i ’ A
at 95% humidity, 5% CO», at 37'*"-6?01' 24 hours, At the end of incubation, an aliquot
A LA 2 A
i 0.4% trypan blue. Cells

of the content of eacﬁ well'was coﬂ'ectc‘d and Stained

quadruplicate (4 wellg) ith fi ch liposomal preparation.

Percentage of total treatment/control cells and percentage of viable cells were

detmmedasfﬂ“tzﬂ'msm‘ﬁwmni
’ﬁ“‘ﬁ‘“ﬁﬁfﬂ‘ﬂﬁmﬂ%ﬁ% NPT Y—

Percentage of Vlablllty [V/ (V+d)]Treatment el nmmbern X 100

where v =no. of viable cells and d = no. of dead cells.
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3.6 Uptake of calcein-loaded PC liposomes by the U-937 and

the BALB/c¢ 3T3 cell lines

The calcein-loaded liposomes were incubated with the two different cell lines,
the U-937 and the BALB/c 3T3. The cell density and the liposome concentration were
specified at 1x10° cells/mL and 0.15 mg

total lipid/mL, respectively.

The calcein-loaded liposo were with each cell preparation for 5,
12, and 24 hours in 6 well plates Cul 1 1ed in a CO; incubator at 95%

humidity, 5% CO», at 3

with PBS to remove

:nt of each well was washed
ed in fresh medium and
tion wavelength and 509
at 80 mM was performed

observed under a fluor
nm emission wavelength
and served as a control uorescent dye to the cell

surface.

4. Statistical analysis

A

Data analysisiwas performed on S Imogorov-Smirnov normality

test on pooled samplesgas used 1o jus the va assu&tions for parametric tests.
If the normality test showed.that the distribuéi_gn of data did not significantly deviate

from normalityﬁ Haﬁ@fﬁﬂem\w E‘hﬂqﬂy‘ﬁ Honestly Significant

Difference (HSD) was used. The datéi‘ were transformed using a sme-log function as

RN TRART INYAY
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