
R E F E R E N C E S

Aboul-Enein, H. Y. 1977. Analytical Profile of Drug Substances and Excipients (vol 12). 
Academic Press Inc. pp. 456-486.

Addicks, พ . J., et al. 1990. Drug delivery from topical formulations: Theoretical 
prediction and experimental assessment. In, Osborne, D. พ ., and Amann, A. 
H., eds. Topical drug delivery formulations. New York: Marcel Dekker.

Alpar, H. O., et al. 1990. Estimation by FACS of the dilivery of liposome encapsulated 
macromolecules into myeloid cells. Int. J. Pharm. 62: 133-141.

American Type Culture Collection. 1999. Available FTP: http://www.atcc.org/
Bajoria, R., Sooranna, ร. R., and Contractor, ร. F. 1997. Endocytotic uptake of small 

unilamellar liposomes by human trophoblast cells in culture. Human 
Reproduction 12 (6): 1343-1348.

Barker, J. N. พ . N. 1991. The pathophysiology of psoriasis. Lancet. 338: 227-230.
Barry, B. พ ., ed. 1983. Dermatological formulations. New York: Marcel Dekker.
Beissert, ร. and Luger, T. A. 1999. Future developments of antipsoriatic therapy. 

Dermatologic Therapy 11: 104-117.
Betageri, G. V., Jenkins, ร. A., and Parsons, D. L., eds. 1993. Liposome drug delivery 

systems. USA: Technomic publishing.
Blumenthal, R., et al. 1977. Liposome-lymphocyte interaction: saturable sites for transfer 

and intracellular release of liposome contents. Proc. Natl. Acad. Sci. USA. 74: 
5603-5607.

Bonina, F. P., Nontenegro, L., Scrofani, N., et al. 1995. Effects of phospholipid based 
formulations on in vitro and in vivo percutaneous absorption of methyl 
nicotinate. J. Controlled. Release. 34: 53-63.

Cevc, G., ed. 1993. Phospholipids handbook. New York: Marcel Dekker.
Cevc, G. and Blume, G. 1991. Lipid vesicles penetrate into intact skin owing to the 

transdermal osmotic gradients and hydration force. Biochim. Biophys. Acta. 
1104:226-232.

Duzhunes, N. and Nir, ร. 1999. Mechanisms and kinetics of liposome-cell interactions. 
Advanced Drug Delivery Reviews. 40: 3-18.

http://www.atcc.org/


78

Elias, M. D., et al. 1993. PTU in psoriasis: Results of an open trial. J. Am. Acad. 
Dermatol. 29 (ทะ 78-81.

Elias, A. N., et al 1994. A controlled trial of topical PTU in the treatment of patients with 
psoriasis. J, Am. Acad. Dermatol. 31 ะ 455-458.

Elias, A. N., Goodman, M. M., and Rohan, M. K. 1993a. Effect of PTU and MMI on 
serum levels of interleukin-2 receptor in protein ร with psoriasis. Int. J. 
Dermatol. 32 (7): 537-540.

Elias, A. N., Goodman, M. M., and Rohan, M. K. 1993b. Serum ICAM-1 concentration in 
patients with psoriasis treated with antithyroid thioureylenes. Clin. Exp. 
Dermatol. 18: 526-529.

Foldvari, M. 1994. In vitro cutaneous and percutaneous delivery and in vivo efficacy of 
tetracaine from liposomal and conventional vehicles. Pharm. Res. 11(11): 
1593-1598.

Fresta, M., et al. 1995. Intracellular accumulation of ofloxacin-loaded liposomes in 
human synovial fibroblasts. Antimicrob. Agents. Chemother. 39 (6): 1372- 
1375.

Frezard, F. and Gamier-Suillerot, A. 1998. Permeability of lipid bilayer to anthracycline 
derivatives: Role of the bilayer composition and of the temperature. Biochim. 
Biophys. Acta. 1389: 13-22.

Friberg, ร. E. and Kayali, I. 1989. Water evaporation rates from a model of stratum 
comeum lipids. J. Pharm. Sci. 78(8): 639-643.

Ganesan, M. G., et al. 1984. Influence of liposomal drug entrapment on percutaneous 
absorption. Int. J. Pharm. 20: 139-154.

Gennaro, A. R., ed. 1995. Remington: The science and practice of pharmacy. 19th edition. 
USA: MACK Publishing.

Gregoriadis, G., ed. 1993. Liposome technology: Interactions of liposomes with the 
biological milieu. USA: CRC Press.

Gummer, c. L. 1989. The in vitro evaluation of transdermal delivery. In, Hadgraft, J., and 
Guy, R. H., eds. Transdermal drug delivery. USA: Marcel Dekker.

Hatfield, R. M. and Fung, L. พ . M. 1999. A new model system for lipid interactions in 
stratum comeum vesicles: Effects of lipid composition, calcium, and H. 
Biochemistry 38:784-791.



79

Haywood, A. M. and Boyer, B. p. 1984. Effect of lipid composition up on fusion of 
liposomes with Sendai virus membranes. Biochemistry 23: 4161.

Henseler, T. and Christophers, E. 1985. Psoriasis of early and late onset: characterization 
of two types of psoriasis vulgaris. J. Am. Acad. Dermatol. 13: 450-456.

Ho, N. F. H., et al. 1985. Mechanisms of topical delivery of liposomally entrapped drug. 
J. Controlled. Release. 2: 61-65.

Hsu, M. c., Scheid, A., and Choppin, p. พ . 1983. Fusion of Sendai virus with liposomes: 
Dependent on the viral fusion protein (F) and the lipid composition of 
liposomes. Virology. 126: 361.

Imbert, D. and Wickett, R. R. 1995. Topical delivery with liposomes. Cosmet. Toiletries. 
110: 32-45.

Kirjavainen, M., et al. 1996. Interaction of liposomes with human skin in vitro-the 
influence of lipid composition and structure. Biochim. Biophys. Acta. 1304: 
179-189.

Kirjavainen, M., et al. 1999. Liposome-skin interactions and their effects on the skin 
permeation of drugs. Eur. J. Pharm. Sci. 7: 279-286.

Klang, ร. H., et al. 1994. Physicochemical characterization and acute toxicity evaluation 
of a positively-charged submicron emulsion vehicle. J. Pharm. Phamacol. 46: 
986-993.

Knepp, V. M., et al. 1988. Controlled drug release from a novel liposomal system. I. 
Investigation of transdermalpotential. J. Controlled. Release. 5: 211-221.

Knepp, V. M., Szoka, F. c., and Guy, R. H. 1990. Controlled drug release from a novel 
liposomal delivery system. II. Transdermal delivery characteristics. J. 
Controlled. Relase. 12: 25-30.

Komatsu, H. 1986. Preservative activity and in vivo percutaneous penetration of butyl 
paraben entrapped in liposomes. Chem. Pharm. Bull. 34: 3415-3422.

Kriwet, K. and Muller-Goymann, c . c . 1995. Diclofenac release from phospholipid drug 
systems and permeation through excised human stratum comeum. Int. J. 
Pharm. 125:231-242.

Krueger, G. G. 1987. Experimantal systems to study the etiopathogenesis of psoriasis. In, 
Farber, B. M., et al., eds. Psoriasis: Proceedings of the fourth international 
symposium. Stanford University. July 6-1L 1986. New York: Elsevier Science 
Publishing.



80

Li, Y. P. and Mitra, A. K. 1996. Effects of phospholipid chain length, concentration, 
charge, and vesicle size on pulmonary insulin absorption. Pharm. Res. 13 (1): 
76-79.

Magee, พ . E., et al. 1974. The interaction of cationic liposomes containing entrapped 
horseradish peroxidase with cells in culture. J. Cell Biol. 63: 492-504.

Martin, F. J. and MacDonald, R. c . 1976. Lipid vesicle-cell interactions. II. Induction of 
cell fusion. J. Cell Biol. 70: 506-514.

Mende, ร., et al. 1992. Influence of cholesterol on membrane potential, proliferation and 
migration of cultured endothelial cells. Pharmazie. 47:930-933.

Mezei, M., assigned to Mezei Associates Limited. 1990. US Patent 4.897.269. 
Administration of drugs with multiphase liposomal delivery system.

Mezei, M. and Getsztes, A., assigned to Mezei Associates Limited. 1990. US Patent 
4.937.078. Liposomal local anesthetic and analgesic products.

Mier, P. D. and Kerkhof, P. c. M., eds. 1986. Textbook of psoriasis. Edinburgh: 
Churchill Livingstone.

Miller, c . R., et al. 1998. Liposome-cell interactions in vitro: Effect of liposome surface 
charge on the binding and endocytosis of conventional and sterically stabilized 
liposomes. Biochemistry 37 (37): 12875-12883.

Monkkonen, J., et al. 1993. Liposome-mediated delivery of gallium to macrophage-like 
cells in vitro: Demonstration of a transferrin-independent route for intracellular 
delivery of metal ions. Pharm. Res. 10(8): 1130-1135.

Monkkonen, J., et al. 1994. The effects of liposome surface charge and size on the 
intracellular delivery of clodronate and gallium ๒ vitro. Int. J. Pharm. 107: 
189-197.

Montenegro, L., et al. In vitro retinoic acid release and skin permeation from different 
liposome formulations. Int. J. Pharm. 133 (1, 2): 89-96.

National Institute of Arthritis and Musculoskeletal and Skin Diseases. 1997, Jan. 
Questions and answers about psoriasis. Available FTP: 
http://www.nih.gov/niams/healthinfo/psoriafs.htm.

New, R. R. c. 1990. Liposomes: A practical approach. New York: Oxford University 
Press.

Orawan Niyompattamah. 1997. Preparation and evaluation of lactic acid liposomes. 
Master’s Thesis. Chulalongkom University.

http://www.nih.gov/niams/healthinfo/psoriafs.htm


81

Pagano, R. E. and Takeichi, M. Adhesion of phospholipid vesicles to Chinese hamster 
fibroblasts. Role of cell surface proteins. J. Cell Biol. 74: 531-546.

Papahadjopoulos, D., Poste, G., and Mayhew, E. 1974. Cellular uptake of cyclic AMP 
captured within phospholipid vesicles and effect on cell-growth behavior. 
Biochim. Biophvs. Acta. 363: 404-418.

Papahadjopoulos, D., Poste, G., and Schaeffer, B. E. 1973. Fusion of mammalian cells by 
unilamellar lipid vesicles: influence of lipid surface charge, fluidity and 
cholesterol. Biochim. Biophvs. Acta. 323: 23-42.

Philippot, J. R. and Schuber, F., eds. 1995. Liposomes as tools in basic research and 
industry. USA: CRC Press Inc.

Pitto, M., et al. 1999. Interaction of liposomes composed of phospholipids, GM1 
ganglioside and cholesterol with human kératinocytes in culture. Arch. 
Dermatol. Res. 291 (4): 232-237.

Plessis, J. du., Egbaria, K., and Weiner, N. 1992. Influence of formulation factors on the 
deposition of liposomal components into the different strata of the skin. J. Soc. 
Cosmet. Chem. 43: 93-100.

Plessis, J. du., Weiner, N., and Muller, D. G. 1994. The influence of in vivo treatment of 
skin with liposomes อท the topical absorption of a hydrophilic and a 
hydrophobic drug in vitro. Int. J. Pharm. 103: R1-R5.

Poste, G. and Papahadjopoulos, D. 1976. Lipid vesicles as carriers for introducing 
materials into cultured cells: Influence of vesicle lipid composition on 
mechanism(s) of vesicle incorporation into cells. Proc, Natl. Acad. Sci. USA. 
73 (5): 1603-1607.

Priestley, G. c. and Adams, L. พ . 1983. Hyperactivity of fibroblasts cultured from 
psoriatic skin: I. Faster proliferation and effect of serum withdrawal. Br. J, 
Dermatol. 109: 149-156.

Priestley, G. c. 1983. Hyperactivity of fibroblasts cultured from psoriatic skin: II. 
Synthesis of macromolecules. Br. J. Dermatol. 109: 157-164.

Reynolds, J. E. F., ed. 1993. Martindale: The extra Pharmacopoeia. London: The
Pharmaceutical Press.



82

Roberts, M. ร. and Walters, K. A. 1998. The relationship between structure and barrier 
function of skin. In, Roberts, M. ร., and Walter, K. A., eds. Dermal absorption 
and toxicity assessment. Drug and pharmaceutical sciences vol. 91. New York: 
Marcel Dekker.

Schaffer, F. L. and Touitou, E. 1991. Xanthines inhibit 3T3 fibroblast proliferation. Skin 
Pharmacol. 4 (4): 286-290.

Schmitt, พ . H. 1992. Skin-care product. In, William, D. F., and Schmitt, พ . H., eds.
Chemistry and technology of the cosmetic and toiletries industry. London: 
Chapman and Hall.

Schreier, H. and Bouwstra, J. 1994. Liposomes and niosomes as topical drug carriers: 
dermal and transdermal drug delivery. J. Controlled. Release. 30: 1-15.

Sharma, A. and Sharma, บ. ร. 1997. Liposomes in drug delivery progress and limitations. 
Int. J. Pharm. 154: 123-140.

Sharma, A. and Straubinger, R. M. 1994. Novel taxol formulations: preparation and 
characterization of taxol-containing liposomes. Pharm. Res. 11 ะ 889-896.

Singh, R. and Vyas, ร. p. 1996. Selective drug delivery through and within skin using 
liposomes. Indian J. Pharm. Sci. 58(1): 9-17.

Stamp, D. and Juliano, R. L. 1979. Factors affecting the encapsulation of drugs within 
liposomes. Can. J. Physiol. Pharmacol. 57: 535-539.

Stanzl, K.1999. Liposomes. In; Magdassi, ร., and Touitou, E., eds. Novel cosmetic 
delivery systems. New York: Marcel Dekker.

Straubinger, R. M., et al. 1983. Endocytosis of liposomes and intracellular fate of 
encapsulated molecules: Encounter with a low pH compartment after 
internalization in coated vesicles. Cell. 32: 1069-1079.

Supawadee Archawakom. 1998. Factors affecting formation and properties of liquid 
crystals from surfactants and lecithin. Master’s Thesis. Chulalongkom 
University.

Suzuki, K. and Sakon, K. 1990. The applications of liposomes to cosmetics. Cosmet. 
Toiletries. 105 (5): 65-78.

Szoka, F. c . and Papahadjopoulos, D. 1978. Procedure for preparation of liposomes with 
large internal aqueous space and high capture by reverse-phase evaporation. 
Proc. Natl. Acad.Sci. USA. 75: 4194-4198.



83

Szoka, F. c . and Papahadjopoulos, D. 1980. Comparative properties and methods of 
preparation of lipid visicles (liposomes). Ann. Rev. Bioeng. 9: 467-508.

Touitou, E., et al. 1991. Enhanced permeation of theophylline through the skin and its 
effect on fibroblast proliferation. Int. J. Pharm. 70: 159-166.

Touitou, E., et aL 1994a. Liposomes as carriers for topical and transdermal delivery. J. 
Pharm. Sci. 83 (9): 1189-1203.

Touitou, E., et al. 1994b. Modulation of caffeine skin delivery by carrier design: 
Liposomes versus permeation enhancers. Int. J. Pharm. 103 (2): 131-136.

Vrhovnik, K., et al. 1998. Influence of liposome bilayer fluidity on the transport of 
encapsulated substances into the skin as evaluated by EPR. Pharm. Res. 15(4): 
525-530.

Weiner, N., Martin, F., and Riaz, M. 1989. Liposomes as a drug delivery system. Drug 
Dev. Ind. Pharm. 15 (10): 1523-1554.

Weinstein, G. D. and Krueger, J. G. 1993. An overview of psoriasis. In, Weinstein, G. D., 
and Gottlieb, A. B., eds. Therapy of moderate-to-severe psoriasis. Stanford CT: 
Haber and Flora Inc.

Weller, p. A. 1996. Psoriasis. Med. J. Aust. 165: 216-221.
Werner, M. c., et al. 1989. Adverse effects related to thionamide drugs and their dose 

regimen. Am. J. Med. Sci. 294 (4): 216-219.
Wester, R. c. and Maibach, H. I. 1990. In vitro testing of topical pharmaceutical 

formulations. In, Osborne, E. พ ., and Amann, A. H., eds. Topical drug delivery 
formulations. New York: Marcel Dekker.

Yu, H. Y. and Liao, H. M. 1996. Triamcinolone permeation from different liposome 
formulations through rat skin in vitro. Int. J. Pharm. 127(1): 1-7.



APPENDIX A

Molecular structure and physical properties of propylthiouracil (PTU)
(Aboul-Enein, 1977)



85

1. Molecular structure

1.1 Empirical ะ C7H10N2OS
1.2 Structural ะ

1.3 Molecular weight ะ 170.23

2. Physical properties

2.1 Melting range ะ 219-221 °c
2.2 Solubility ะ

PTU is sparingly soluble in water (1:900 at 20 °C); soluble in 100 parts boiling 
water, in 60 parts of ethanol; in 60 parts of acetone. Practically insoluble in ether, 
chloroform, benzene. Freely soluble in aqueous solutions of ammonia and alkali 
hydroxide. A saturated aqueous solution is neutral or slightly acidic to litmus.
2.3 Ultraviolet spectrum ะ

PTU in neutral methanol absorbs ultraviolet radiation at 275 nm (am 15800) and at 
214 nm (am 15600). In alkaline medium, it shows 3 maxima at 315.5 nm (am 10900), 
260 nm (am 10700) and at 207.5 nm (am 15400).
2.4 Stability ะ

PTU is a relatively stable compound at room temperature. It is recommended that 
it should be kept in a well-closed containers protected from light.



APPENDIX B

BALB/c 3T3 fibroblast cell lines
(American Type Culture Collection, 1999)
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Organism: M us m usculus (mouse)
Designation: BALB/3T3 clone A31 
Depositors: ร. Aaronson 
Strain: BALB/c 
Tissue: embryo; fibroblast 
Tumorigenic: no 
Morphology: fibroblast
Comments: Never allow cultures to become completely confluent before subculture. The 
serum used is calf serum, not fetal calf serum. The depositor recommends calf serum 
because fetal calf serum causes transformation and loss of contact inhibition. The serum 
initially employed and found satisfactory was from the Colorado Serum Co. Tested and 
found negative for ectromelia virus (mousepox).
Age stage: embryo; 14 to 17 day gestation 
Reverse transcriptase: negative 
Growth properties: adherent
Virus susceptibility: herpes simplex; vesicular stomatitis (Indiana)
Subculturing: Remove medium, add fresh 0.25% trypsin for 2 to 3 minutes, remove 
trypsin and allow the culture to sit for 10 to 15 minutes at 37 °c. Add fresh medium, 
aspirate and dispense into new flasks. For 60mm plates, use an inoculum of 3x l05 cells 
per plate and subculture every 3 days.
Split ratio: A subcultivation ratio of 1:3 is recommended 
Fluid renewal: Twice per week
Propagation: ATCC medium: Dulbecco’s modified Eagle’s medium with 4 mM L- 
glutamine adjusted to contain 1.5 g/L sodium bicarbonate, 4.5 g/L glucose and 1.0 mM 
sodium pyruvate, 90%; bovine calf serum, 10%
Passage submitted to the ATCC: 50 
Virus resist: poliovirus 1 
RioSafety level: 1



APPENDIX c
Solubility data of propylthiouracil (PTU)



The saturation solubility of PTU at 4-8 °c

a) Citrate buffer pH 5.5

Time
(day)

Absorbance PTU concentration (mg/ml Mean SD
1 2 3 1 2 3

3 0.112 0.116 0.118 0.78 0.80 0.81 0.80 0.02
6 0.126 0.126 0.127 0.82 0.82 0.82 0.82 0.00
9 0.122 0.125 0.124 0.84 0.86 0.85 0.85 0.01
12 0.134 0.135 0.138 0.79 0.80 0.81 0.80 0.01

b) HEPES buffer pH 7.4

Time
(day)

Absorbance PTU concentration (mg/ml Mean SD
1 2 3 1 2 3

3 0.166 0.163 0.166 1.09 1.07 1.09 1.08 0.01
6 0.165 0.169 0.165 1.04 1.06 1.04 1.05 0.01
9 0.192 0.173 0.200 1.25 1.14 1.29 1.22 0.08
12 0.193 0.195 0.191 1.12 1.13 1.11 1.12 0.01

c) Borate buffer pH 9.0

Time
(day)

Absorbance PTU concentration (mg/ml Mean SD
1 2 3 1 2 3

3 0.286 0.324 0.339 1.78 1.99 2.08 1.95 0.15
6 0.314 0.302 0.316 1.90 1.83 1.91 1.88 0.04
9 0.293 0.277 0.304 1.83 1.74 1.90 1.82 0.08
12 0.334 0.320 0.323 1.91 1.83 1.85 1.86 0.04



APPENDIX D

Encapsulation efficiency data of PTU in liposomes 
(Effects of preparation method, lipid concentration, and equilibrating time)



Effects of preparation method, lipid concentration, and equilibrating time on entrapment of PTU in liposomes
a) Immediately after preparation (PC 10 mg/ml)

P r e p a r a t io n
m e th o d

ท P T U  in  sy s tem  
(m g )

A b s o rb a n c e P T U  a m o u n t  (m g ) T o ta l  P T U  
(m g )

“/« R eco v e ry “/« E n tr a p m e n t P C  a m o u n t  
(m g )

m m o l P T U /m o l P C
fre e  d r u g p e lle t f re e  d r u g p e lle t

1 1.1 0.892 0.133 0.90 0.13 1.03 93.64 12.98 8.91 66.39
Organic PTU 2 11 0.679 0.137 0 76 0.15 091 8273 1679 8.24 81 62

method 3 1.1 0748 0.159 0.83 0.18 1.01 91 82 1753 8.88 87.90
Mean 0.98 89.40 15.77 8.68 78.64

SD 006 5.84 2.44 0.38 11.06
1 1.5 0.990 0.111 1.27 0.14 1 41 94.00 10.08 8.56 73.34

Organic-Aqueou: 2 15 0.935 0 116 1 20 0 15 1.35 90.00 11.04 8.98 73 13
PTU method 3 1.5 0.899 0 114 1 15 0.15 1.30 8667 11.25 9.77 66.00

Mean 1.35 90 22 10.79 9.10 70 82
SD 0.06 3.67 0.62 061 4.18
1 1.1 0.744 0.110 0.96 0.14 1.10 100.00 12.88 9.56 65.11

Aqueous PTU 2 11 0.702 0 108 0.90 0.14 1.04 94.54 13.33 9.16 66.71
method 3 11 0.803 0 087 1.03 0.11 1.14 103.64 9.78 964 51.04

Mean 1.09 99.39 12.00 945 6095
SD 005 4.58 1.93 0.26 8.62



b) Immediately after preparation (PC 100 mg/ml)

P r e p a r a t io n
m e th o d

ท P T U  in  sy s tem  
(m g )

A b s o rb a n c e P T U  a m o u n t  (m g ) T o ta l  P T U  
(m g )

%  R e c o v e ry % E n t r a p m e n t P C  a m o u n t  
(m g )

m m o l P T U /m o l P C
fre e  d r u g p e lle t f re e  d r u g p e lle t

1 1.1 0.321 0.310 0.32 0.78 1.11 100.91 70.71 109.29 31.54
Organic PTU 2 11 0.244 0.325 0.25 0.82 1.07 97.27 76.90 91’. 35 39.56

method 3 1.1 0.277 0 333 0.31 0.93 1 24 112.73 7503 9967 40.99
Mean 1.14 103.64 7421 100.10 37 36

SD 0.09 8.08 3.17 8.98 5.09
1 2.5 0.591 0.689 0.60 1.74 234 93.60 74.45 100.64 76.13

Organic-Aqueou; 2 2.5 0 536 0726 0.54 1.83 2.37 94.80 77.20 92.31 87.46
PTU method 3 2.5 0.528 0.735 0 59 1 86 2.44 97.60 75.92 87.83 93 06

Mean 2.38 95.33 75 86 93 59 85 55
SD 005 2.05 1.38 6.50 8.62
1 1.1 0.186 0.251 0.24 0.80 1 04 94.54 77.14 89.05 39.87

Aqueous PTU 2 11 0.165 0.256 0.21 0.82 1.04 94 54 79 50 89 48 40.47
method 3 1.1 0.177 0 271 023 0.87 1.10 100.00 79 29 91 05 42 11

Mean 1 06 96.36 78.64 89 86 40.82
SD 0.03 3.15 1.31 1.05 1.16



c) After one week of storage (PC 10 mg/ml)

P r e p a ra t io n
m e th o d

ท P T U  in  sy s te m  
(m g )

A b s o rb a n c e P T U  a m o u n t  (m g ) T o ta l  P T U  
(m g )

•/«(Recovery " /« (E n trapm en t P C  a m o u n t  
(m g )

m m o l P T U /m o l P C
fre e  d r u g pellet f re e  d r u g p e lle t

1 1.1 0.878 0.126 0.96 0.14 1.10 100.00 12.55 10.35 58.65
Organic PTU 2 1.1 0.696 0.121 0.85 0.15 1 00 90.91 14.81 9.17 71.00

method 3 1.1 0663 0.118 0 81 0 14 0.95 86.36 15.11 8.75 72 54
Mean 1 02 9242 14.16 9.42 67.40

SD 0.08 6.94 1.40 0 83 7.61
1 1.5 0.233 0.169 1.35 0.20 1 55 103.33 12.67 10.41 82.97

Drganic-Aqueou; 2 1.5 0.236 0.172 1.29 0.19 1.47 98.00 12 72 9.74 84.90
PTU method 3 1.5 0210 0.180 1 22 0.21 1.43 95.33 14.63 9.46 97.25

Mean 1.48 98 89 13.34 9.87 88.37
SD 006 4.07 1.12 0.49 7.75
1 1.1 0.831 0.132 0.96 0.15 1 12 101.82 13.71 8.33 81.04

Aqueous PTU 2 1.1 0.840 0.145 0.92 0.16 1.07 97.27 14.72 8.79 79.32
method 3 11 0.876 0.151 1 02 0.18 1 19 108.18 14.70 952 81.06

Mean 1.13 102.42 14.38 8.88 80.47
SD 0.06 5.48 0.58 0.60 1.00



d) After one week of storage (PC 100 mg/ml)

P r e p a ra t io n
m e th o d

ท P T U  in  sy s tem
(m g )

A b s o rb a n c e P T U  a m o u n t  (m g ) T o ta l  P T U  
(m g )

" /•R eco v e ry " /•E n tr a p m e n t P C  a m o u n t  
(m g )

m m o l P T U /m o l P C
fre e  d r u g pellet f re e  d r u g p e lle t

1 น 0.205 0.303 0.22 0.83 1.05 95.45 78.70 100.64 36.27
Organic PTU 2 11 0.199 0 303 0.22 0.83 1.05 9545 79 19 99.04 36 86

method 3 11 0 215 0.311 0.26 095 1 21 110.00 78.34 9007 46.43
Mean 1 10 100.30 78.74 96.58 39 85

SD 0.09 8.40 0.43 5.70 5.70
1 2.5 0.491 0.687 0.54 1.88 242 96.80 77.77 102.56 80.70

Organic-Aqueou: 2 25 0.444 0697 048 1 91 239 95.60 79.69 89.11 9423
PTU method 3 2.5 0300 0629 0.37 1 92 2.29 91.60 83.98 91.35 92.60

Mean 237 94.67 8048 94.34 89.17
SD 0.07 2.72 3.18 7.21 7.39
1 1.1 0.223 0.297 0.26 0.86 1 12 101.82 76.90 89.40 42.46

Aqueous PTU 2 1.1 0.214 0.323 0.23 0 88 111 100.91 79.05 8878 43.71
method 3 11 0.217 0338 0.25 0.98 1.23 111.82 79.57 87.86 49.16

Mean 1 15 104.85 78.51 88.68 45 11
SD 0.07 6.05 1.42 0.77 3.56
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Phosphorus content

a) Immediately after preparation (PC 0 mg/ml)
P r e p a r a t io n

m e th o d
Abs. Abs. -  B la n k  Abs. P C  a m o u n t  (m g /m l)

1 2 ' 3 1 2 3 1 2 3
Organic PTU _ 

method
0.502 0.481 0.501 0.322 0.301 0.321 8.91 8.24 8.88

Organic-Aqueous 
PTU method

0.872 0.901 0.957 0.504 0.533 0.589 8.56 8.98 9.77

Aqueous PTU 
method

0.942 0.914 0.948 0.574 0.546 0.580 9.56 9.16 9.64

b) Immediately after preparation (PC 100 mg/ml)
P r e p a ra t io n

m e th o d
A b s. A b s. - B la n k  A b s. P C  a m o u n t  (m g /m l)

1 2 3 1 2 3 1 2 3
Organic PTU 

method
0.565 0.509 0.535 0.385 0.329 0.355 109.29 91.35 99.68

Organic-Aqueous 
PTU method

0.538 0.512 0.498 0.358 0.332 0.318 100.64 92.31 87.83

Aqueous PTU 
method

0.896 0.899 0.910 0.528 0.531 0.542 89.05 89.48 91.05

Calibration curve
: for PC 10 mg/ml organic-aqueous PTU method and aqueous PTU method 
: and for 100 mg/ml aqueous PTU method

C o n c e n tr a t io n  (u m o l/m l) 0.064 0.096 0.128 0.224
A b s. 0601 0779 0952 1.447

A b s. - B la n k  A b s. 0233 0411 0.584 1.079

y = 5.2679X-0.0975 ; R2 = 0.9997

Calibration curve
: for PC 10 mg/ml organic PTU method
: and for 100 mg/ml organic PTU method and organic-aqueous PTU method

C o n c e n tr a t io n  (u m o l/m l) 0.064 0.096 0.128 0.160 0.192 0.224 0.256
A b s. 0389 0436 0.520 0 587 0.686 0.742 0.829

A b s. - B la n k  A b s. 0209 0.256 0 340 0.407 0 506 0.562 0649

y = 2.3415X-0.0438 ;R 2 = 0.9951
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c) After one week of storage (PC 10 mg/ml)
Preparation

method
A b s. A b s. -  B la n k  A b s . PC  amount (mg/ml)

1 2 3 1 2 3 1 2 3
Organic PTU. 

method
0.547 0.510 0.497 0.367 0.330 0.317 10.35 9.17 8.75

Organic-Aqueous 
PTU method

0.602 0.580 0.571 0.339 0.317 0.308 10.41 9.74 9.46

Aqueous PTU 
method

0.534 0.549 0.573 0.271 0.286 0.310 8.33 8.79 9.52

d) After one week of storage (PC 100 mg/ml)
P r e p a r a t io n

m e th o d
A b s. A b s. -  B la n k  A b s . P C  a m o u n t  (m g /m l)

1 2 3 1 2 3 1 2 3
Organic PTU 

method
0.538 0.533 0.505 0.358 0.353 0.325 100.64 99.04 90.07

Organic-Aqueous 
PTU method

0.544 0.502 0.509 0.364 0.322 0.329 102.56 89.11 91.35

Aqueous PTU 
method

0.554 0.552 0.549 0.291 0.289 0.286 89.40 88.78 87.86

Calibration curve
: for PC 10 mg/ml organic-aqueous PTU method and aqueous PTU method 
: and for 100 mg/mi aqueous PTU method

C o n c e n t r a t io n  (u m o l/m l) 0.064 0.096 0.160 0.192 0.224 0.256

A b s. 0 4 0 6 0 5 1 2 0.657 0.731 0.814 0 882

A b s. -  B la n k  A b s. 0.142 0.249 0 3 9 4 0.468 0.551 0 6 1 9

y = 2.4447X-0.0004 ; R2 = 0.9971

Calibration curve
: for PC 10 mg/ml organic PTU method

C o n c e n tr a t io n  (u m o l/m l) 0.064 0.096 0.128 0.160 0.192 0.224 0.256

A b s. 0 389 0.436 0 520 0.587 0 6 8 6 0.742 0.829

A b s. -  B la n k  A b s. 0.209 0 2 5 6 0.340 0 4 0 7 0.506 0 5 6 2 0 6 4 9

y = 2.3415X-0.0438 ; R2 = 0.9951



APPENDIX E

Encapsulation efficiency data of PTU in liposomes 
(Effects of liposomal surface charge, pH, and cholesterol content)



Effect of liposomal composition on entrapment of PTU in liposomes
a) Neutral liposomes without cholesterol

p H P T U  in  sy stem  
(m g )

A b s o rb a n c e P T U  a m o u n t  
(m g )

P C
(m m o l)

C h o i
(m m o l)

C h a r g e
(m m o l)

to ta l  lip id  
(m m o l)

m m o l P T U /m o l lip id

5.5 2.2 0.242 1.40 0.12 0.00 0.00 0.12 71.40
5.5 2.2 0.260 1.43 0.10 000 000 0.10 81.98
5.5 2.2 0.246 1.58 0.12 0.00 0.00 0  1 2 77.84

Mean 77.07
SD 5.33
7.4 2.5 0.689 1.74 0.13 0.00 0.00 0.13 76.13
7.4 2.5 0.726 1.83 0.12 000 000 0.12 87 46
7.4 2.5 0.735 1 86 0.12 000 0.00 0.12 93.06

Mean 85 55
รอ 8.62
9 3.2 0.114 1.32 0.11 0.00 0.00 0.11 68.43
9 3 2 0 287 1 38 o i l 0.00 0.00 0.11 73 17
9 3.2 0298 1.68 0.12 000 0 00 0.12 83.55

Mean 75.05
รอ 7.73



b) Neutral liposomes with cholesterol

p H P T U  in sy stem  
(m g )

A b s o rb a n c e P T U  a m o u n t  
(m g )

P C
(m m o l)

C h o i
(m m o l)

C h a r g e
(m m o l)

to ta l  lip id  
(m m o l)

m m o l P T U /m o l l ip id

5.5 1.4 0.154 0.80 0.10 0.08 0.00 0.18 26.39
5 5 14 0.123 0 81 0.08 0.07 000 0.15 30.84
5.5 1.4 0 131 0.86 0.10 008 0.00 0.18 28 31

Mean 28.51
SD 2.23
7.4 1.9 0.145 0.79 0.08 0.07 0.00 0.15 31.62
7.4 19 0.153 0.84 0.09 0 07 0.00 0 16 30.99
7.4 1.9 0.106 0.70 0.10 008 0.00 0.18 2320

Mean 28.60
SD 4.69
9 3.2 0.211 1.14 0.08 0.06 0.00 0.14 48.14
9 3.2 0.220 1.19 007 006 000 0 13 51.51
9 32 0.190 1.23 009 008 0.00 0.17 4324

Mean 47.63
SD 4.16



c) Positive liposomes without cholesterol

p H P T U  in  sy s tem  
(m g )

A b s o rb a n c e P T U  a m o u n t  
(m g )

P C
(m m o l)

C h o i
(m m o l)

C h a r g e
(m m o l)

to ta l  l ip id  
(m m o l)

m m o l P T U /m o l lip id

5.5 2.2 0.226 1.31 0.12 0.00 0.01 0.13 58.99
5.5 2.2 0.212 1.14 0.10 0.00 0.01 0.11 62.19
5.5 2.2 0 188 1.22 0.11 000 0.01 0.12 58.03

Mean 5974
SD 2.18
7.4 2.5 0.319 1.57 0.11 0.00 0.01 0.12 77.54
7.4 25 0.105 070 0.10 0.00 0.01 0.11 37 68
74 2.5 0.206 1.33 0.11 0.00 0.01 0.12 66.00

Mean 60.41
SD 20 51
9 3.2 0.182 2.10 0.12 0.00 0.01 0.13 92.31
9 3.2 0436 2.52 0.13 0.00 0.01 0.14 105.87
9 32 0368 2.34 0 14 000 0.01 0.15 93.06

Mean 97.08
รอ 7.62
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d) Positive liposomes with cholesterol

p H P T U  in  sy stem
(m g )

A b s o rb a n c e P T U  a m o u n t  
(m g )

P C
(m m o l)

C h o i
(m m o l)

C h a r g e
(m m o l)

to ta l  lip id  
(m m o l)

m m o l P T U /m o l lip id

5.5 1.8 0.200 1.07 0.09 0.08 0.01 0.18 34.29
5 5 1.8 0 133 087 008 0.07 0.01 0.16 30.87
5.5 1.8 0.145 0.95 0.08 0.08 0.01 0.17 32 12

Mean 32.43
SD 1.73
7.4 2.5 0.239 1.08 0.07 0.06 0.01 0.14 43.15
7.4 2.5 0.250 1 40 009 0.08 0.01 0.18 46.38
7.4 2.5 0237 1.52 0.09 0.08 0.01 0.18 49.04

Mean 46 19
SD 2.95
9 3.2 0.371 1.89 0.09 0.07 0.01 0.17 63.77
9 3.2 0.349 1 98 0.10 008 0.01 0 19 59.32
9 3.2 0.271 1 74 0.08 007 0.01 0.16 62.20

Mean 61.76
SD 2.25



e) Negative liposomes without cholesterol

p H P T U  in  sy stem  
(m g )

A b s o rb a n c e P T U  a m o u n t  
(m g )

P C
(m m o l)

C h o i
(m m o l)

C h a r g e
(m m o l)

to ta l  l ip id  
(m m o l)

m m o l P T U /m o l l ip id

5.5 2.2 0.247 1.43 0.11 0.00 0.01 0.12 68.85
5.5 2.2 0.201 1.08 0.12 000 001 0.13 ’ 50.46
5.5 2.2 0.233 1.50 o i l 0.00 0.01 0.12 74.68

Mean 64.66
SD 1264
7.4 2.5 0.328 1.63 0.08 0.00 0.01 0.09 109.82
7.4 25 0.389 2.21 0.12 0.00 001 0.13 102 70
74 2.5 0.268 1 72 0.11 0.00 001 0.12 82.66

Mean 98.40
SD 14.08
9 3.2 0.296 1.43 0.11 0.00 0.01 0.12 71 64
9 32 0.234 1.50 0.11 0.00 0.01 0.12 73.65
9 3.2 0.214 1.38 0.11 000 0.01 0.12 67.94

Mean 71.07
SD 2.90
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f) Negative liposomes with cholesterol

p H P T U  in  sy stem
(m g )

A b s o rb a n c e P T U  a m o u n t  
(m g )

P C
(m m o l)

C h o i
(m m o l)

C h a rg e
(m m o l)

to ta l  lip id  
(m m o l)

m m o l P T U /m o l lip id

5.5 2.2 0.151 0.54 0.07 0.06 0.01 0.14 22.00
5.5 2.2 0 106 0.71 007 006 0.01 0 14 ’ 2922
5 5 2.2 0 122 0.80 008 007 0.01 0 16 29.60

Mean 26.94
SD 4.28
7.4 1.9 0.225 1.00 0.07 0.07 0.01 0.15 37.92
7.4 1.9 0.143 0.78 0.07 0.06 0.01 0.14 31.68
7.4 19 0072 0.49 005 0.04 001 0.10 30.02

Mean 33.21
SD 4.16
9 2.6 0.188 1.05 0.08 0.07 0.01 0.06 39.22
9 26 0 162 1.05 008 0.07 0.01 0.16 38.75
9 2.6 0.206 1 33 0.08 0.07 001 0.16 4875

Mean 67.94
SD 5.64
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Phosphorus content

a) Without cholesterol
C h a rg e p H A b s. A b s. -  B la n k  A b s. P C  a m o u n t  (m m o l/rn l)

1 2 3 1 2 3 1 2 3
5.5 0.696* 0.658* 0.951 0.356 0.318 0.648 0.12 0.10 0.12

Neutral 7.4 0.538 0.512 0.498 0.358 0.332 0.318 0.13 0.12 0.12
9 0.691* 0.684* 0.946 0.350 0.343 0.643 0.11 0.11 0.12

5.5 0.710* 0.650* 0.612 0.370 0.310 0.310 0.12 0.10 0.11
Positive 7.4 0.681* 0.576 0.600 0.340 0.273 0.297 0.11 0.10 0.11

9 0.721* 0.654 1.043 0.380 0.350 0.740 0.12 0.13 0.14
5.5 0.716* 0.728* 0.624 0.376 0.388 0.322 0.11 0.12 0.11

Negative 7.4 0.614* 0.648 0.636 0.273 0.344 0.332 0.08 0.12 0.11
9 0.704* 0.630 0.628 0364 0.327 0.325 0.11 0.11 0.11

b) With cholesterol
C h a rg e p H A b s. A b s. -  B la n k  A b s. P C  a m o u n t  (m m o l/m l)

1 2 3 1 2 3 1 2 3
5.5 0.645* 0.533 0.833 0.305 0.230 0.530 0.10 0.08 0.10

Neutral 7.4 0.523 0.540 0.832 0.220 0.238 0.529 0.08 0.09 0.10
9 0.580* 0.575* 0.799 0.240 0.234 0.496 0.08 0.07 0.09

5.5 0.629* 0.530 0.776 0.288 0.228 0.473 0.09 0.08 0.08
Positive 7.4 0.574* 0.546 0.801 0.234 0.244 0.498 0.07 0.09 0.09

9 0.614* 0.571 0.752 0.274 0.268 0.448 0.09 0.10 0.08
5.5 0.594* 0.518 0.780 0.253 0.214 0.478 0.07 0.07 0.08

Negative 7.4 0.608* 0.522 0.448 0.268 0.219 0.146 0.07 0.07 0.05
9 0.540 0.544 0.785 0.237 0.241 0.482 0.08 0.08 0.08



Calibration curve : for neutral liposomes without cholesterol, pH 7.4

Concentration (umol/ml) 0.064 0.096 0.128 0.160 0.192 0.224 0.256

A b s. 0.389 0.436 0.520 0.587 0.686 0.742 0.829

A b s. -  B la n k  A b s. 0.209 0.256 0.340 0.407 0.506 0.562 0.649

y = 2.3415X-0.0438 ; R2 = 0.9951

Calibration curve : for unmarked data

Concentration (umol/inl) 0.064 0.096 0.128 0.160 0.192 0.224 0.256

A b s. 0.486 0.566 0.649 0.728 0.816 0.922 1.003

A b s. - B la n k  A b s. 0.183 0.263 0.346 0.425 0.513 0.619 0.700

y = 2.7109X-0.0017 ; R2 = 0.9982

Calibration curve : for marked data (*)

Concentration (umol/ml) 0.064 0.096 0.128 0.160 0.192 0.224 0.256

A b s. 0.561 0.637 0.718 0.842 0.909 1.006 1.141

A b s. - B la n k  A b s. 0.221 0.297 0.377 0.502 0.568 0.665 0.801

y = 2.9777X-0.0134 ; R2 = 0.9927
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Thé ü v  spectra of non-drug containing liposomal pellet analysed by the method 
used in quantitative analysis of PTU in liposomal pellet

PC PC/CH
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APPENDIX F

Release data of PTU



Drug release studies

a) Release of PTU from saturated solution

time (hr) Absorbance PTU amount (ug) % Released Mean SD
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

0.5 0.249 0.279 0.274 0.259 0.302 580.26 619.35 614.93 578.87 656.14 32.24 34.41 34.16 32.16 36.45 33.88 1.78
1 0.310 0.338 0.298 0.319 0.380 985.54 1003.08 957.67 986.59 1099.46 54.75 55.73 53.20 54.81 61.08 55.91 3.03
2 0.409 0.358 0.343 0.441 0.536 1544.78 1353.26 1373.34 1597.60 1784.29 85.82 75.18 76.30 88.76 99.13 85.04 9.83
4 0.292 0.389 0.317 0.326 0.340 1701.58 1746.21 1676.23 1804.18 1841.07 94.53 97.01 93.12 100.23 102.28 97.44 3.82
6 0.161 0.265 0.190 0.196 0.199 1701.41 1820.77 1723.20 1855.00 1839.95 94.52 101.15 95.73 103.06 102.22 99.34 3.92
8 0.850 0.155 0.240 0.231 0.219 1695.73 1813.91 1766.61 1881.69 1825.48 94.21 100.77 98.14 104.54 101.42 99.82 3.87
12 0.428 0.915 0.636 0.577 0.683 1686.53 1815.05 1767.12 1874.74 1835.76 93.70 100.84 98.17 104.15 101.99 99.77 4.02
16 0.223 0.488 0.370 0.342 0.408 1683.55 1802.57 1774.23 1882.79 1837.52 93.53 100.14 98.57 104.60 102.08 99.79 4.16
20 0.048 0.344 0.221 0.234 0.267 1665.88 1814.56 1779.57 1894.53 1843.60 92.55 100.81 98.87 105.25 102.42 99.98 4.77

receptor 

volume (ml) 15.505 14.757 14.921 14.866 14.435



b) Release of PTU from liposomes composed of PC, pH 7.4 (PTU content = 2.55 mg)

Time Absorbance PTU amount (ug) %Released Mean SD
(hr) 1 2 3 1 2 3 1 2 3
0.5 0.841 0.287 0.239 149.47 237.95 202.00 5.86 9.33 7.92 7.70 1.75 '
1 0.985 0.210 0.313 224.23 249.73 334.86 8.79 9.79 13.13 10.57 2.27
2 0.266 0.336 0.395 331.55 417.76 496.85 13.00 16.38 19.48 16.29 3.24
4 0.365 0.505 0.512 494.81 660.88 714.90 19.40 25.92 28.04 24.45 4.50
6 0.389 0.512 0.528 619.27 811.06 875.54 24.29 31.81 34.33 30.14 5.23
8 0.267 0.492 0.492 723.75 939.50 993.56 28.38 36.84 38.96 34.73 5.60
12 0.351 0.548 0.575 873.71 1129.04 1209.29 34.26 44.28 47.42 41.99 6.87
16 0.439 0.598 0.542 1052.09 1329.83 1343.92 41.26 52.15 52.70 48.70 6.45
20 0.421 0.536 0.506 1160.29 1446.62 1466.08 45.50 56.73 57.49 53.24 6.71
24 0.399 0.452 0.455 1259.55 1525.72 1563.95 49.39 59.83 61.33 56.85 6.50
48 0.667 0.726 0.607 1615.37 1895.66 1836.74 63.35 74.34 72.03 69.91 5.80

rece p to r  vo lum e (m l) 15.366 14.935 15.421



c) Release of PTU from liposomes composed of PC:DCP, pH 7.4 (PTU content = 3.135 mg)

Time Absorbance PTU amount (ug) % Released Mean SD
(hr) 1 2 3 1 2 3 1 2 3
0.5 0.231 0.234 0.201 213.14 205.95 177.36 6.80 6.57 5.66 6.34 0.60 ’
1 0.253 0.262 0.256 301.04 299.30 286.21 9.60 9.55 9.13 9.43 0.26
2 0.327 0.319 0.350 445.98 427.92 448.11 14.23 13.65 14.29 14.06 0.35
4 0.437 0.450 0.430 648.19 642.12 625.39 20.68 20.48 19.95 20.37 0.38
6 0.453 0.423 0.485 792.63 1130.55 803.54 25.28 36.06 25.63 28.99 6.13
8 0.493 0.556 0.566 911.65 1525.86 965.23 29.08 48.67 30.79 36.18 10.85
12 0.711 0.735 0.700 1210.38 1385.78 1191.11 38.61 44.20 37.99 40.27 3.42
16 0.395 0.819 0.684 1403.38 1594.83 1301.29 44.76 50.87 41.51 45.72 4.75
20 0.354 0.409 0.402 1463.40 1730.48 1525.26 46.68 55.20 48.65 50.18 4.46
24 0.360 0.422 0.402 1599.61 1899.05 1667.27 51.02 60.58 53.18 54.93 5.01
48 0.545 0.634 0.584 2084.83 2439.90 2149.06 66.50 77.83 68.55 70.96 6.04

re c e p to r  vo lu m e (m l) 16.005 15.257 15.421



d) Release of PTU from liposomes composed of PC:CH:DCP, pH 7.4 (PTU content = 2.04 mg)

Time Absorbance PTU amount (ug) %Released Mean SD
(hr) 1 2 3 1 2 3 1 2 3
0.5 0.200 0.209 0.170 175.80 179.00 148.42 8.62 8.77 7.28 8.22 0.82 ’

1 0.259 0.293 0.202 287.88 314.87 226.42 14.11 15.43 11.10 13.55 2.22
2 0.339 0.382 0.342 437.35 480.68 414.91 21.44 23.56 20.34 21.78 1.64
4 0.460 0.477 0.454 649.17 678.86 619.64 31.82 33.28 30.37 31.82 1.45
6 0.458 0.198 0.453 783.21 736.72 752.79 38.39 36.11 36.90 37.14 1.16
8 0.503 0.254 0.541 906.24 905.90 915.20 44.42 44.41 44.86 44.56 0.26
12 0.633 0.511 0.614 1116.50 1006.81 1079.59 54.73 49.35 52.92 52.34 2.74
16 0.357 0.265 0.625 1294.57 1104.84 1199.36 63.46 54.16 58.79 58.80 4.65
20 0.312 0.254 0.323 1336.52 1177.20 1320.20 65.52 57.71 64.72 62.65 4.30
24 0.314 0.214 0.286 1449.56 1193.14 1364.44 71.06 58.49 66.88 65.48 6.40
48 0.316 0.216 0.253 1563.33 1270.48 1402.71 76.63 62.28 68.76 69.22 7.19

receptor volume (ml) 15.366 14.935 15.421



e) Release of PTU from liposomes composed of PC:SA, pH 9.0 (PTU content = 3.7 mg)

Time Absorbance PTU amount (ug) %Released Mean SD
(hr) 1 2 3 1 2 3 1 2 3
0.5 0.235 0.286 0.221 282.51 328.26 255.85 7.64 8.87 6.91 7.81 0.99 '
1 0.272 0.344 0.274 415.63 502.87 400.72 11.23 13.59 10.83 11.88 1.49
2 0.379 0.462 0.378 647.64 768.80 625.25 17.50 20.78 16.90 18.39 2.09
4 0.458 0.602 0.421 886.23 1104.86 817.91 23.95 29.86 22.11 25.31 4.05
6 0.547 0.614 0.460 1166.87 1346.01 1022.18 31.54 36.38 27.63 31.85 4.38
8 0.513 0.611 0.470 1332.09 1574.36 1207.35 36.00 42.55 32.63 37.06 5.04
12 0.602 0.669 0.528 1633.56 1872.08 1452.38 44.15 50.60 39.25 44.67 5.69
16 0.577 0.704 0.550 1830.52 2165.18 1677.33 49.47 58.52 45.33 51.11 6.74
20 0.552 0.698 0.539 2018.01 2424.16 1872.05 54.54 65.52 50.60 56.88 7.73
24 0.514 0.598 0.544 2180.27 2572.21 2081.30 58.93 69.52 56.25 61.57 7.02
48 0.731 0.695 0.674 2637.32 2910.08 2438.48 71.28 78.65 65.90 71.94 6.40

receptor volume (ml) 16.005 15.257 15.421



Calibration data for PTU saturated solution and PTU liposomes composed of PC:SA, pH 9.0

Concentration (ug/ml) 1.4 2.8 4.2 5.6 7.0 8.4 9.8
Absorbance at 261 nm 0.095 0.189 0.279 0.371 0.459 0.553 0.651

y = 0.066X+0.002 ; R2 = 0.9999 

Calibration data for PTU liposomes composed of PC, pH 7.4

Concentration (ug/ml) 1.4 2.8 4.2 5.6 7.0 8.4 9.8
Absorbance at 275 nm 0.129 0.254 0.376 0.497 0.618 0.727 0.840

y = 0.0847X+0.0171 ; R2 = 0.9995

Calibration data for PTU liposomes composed of PC:DCP and PC:CH:DCP, pH 7.4

Concentration (ug/ml) 1.4 2.8 4.2 5.6 7.0 8.4 9.8
Absorbance at 275 nm 0.117 0.241 0.363 0.484 0.596 0.704 0.810

y = 0.0826x+0.011 ; R2 = 0.999
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APPENDIX G

W ater evaporation data



Water evaporation studies
a) Water evaporation from saturated solution of PTU
t im e ( m in ) w e ig h t  (m g ) w e ig h t  lo s s  (m g ) c u m u la t iv e  w e ig h t OSS (m g ) %  c u m u la t iv e  w e i g h t lo s s m e a n SD

1 2 3 1 2 3 1 2 3 1 2 3
0 50.89 47.84 50.61 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 45.60 43.22 46.14 5.29 4.62 4.47 5.29 4.62 4.47 13.99 13.25 11.97 13.07 1.02
10 40.74 38.35 40.03 4.86 4.87 6.11 10.15 9.49 10.58 26.85 27.22 28.33 27.47 0.77
15 36.94 34.79 35.86 3.80 3.56 4.17 13.95 13.05 14.75 36.90 37.44 39.49 37.94 1.37
20 33.23 30.96 32.51 3.71 3.83 3.35 17.66 16.88 18.10 46.72 48.42 48.46 47.87 0.99
25 29.58 27.65 28.68 3.65 3.31 3.83 21.31 20.19 21.93 56.38 57.92 58.71 57.67 1.18
30 25.97 24.32 25.71 3.61 3.33 2.97 24.92 23.52 24.90 65.93 67.47 66.67 66.69 0.77
35 22.75 21.06 22.62 3.22 3.26 3.09 28.14 26.78 27.99 74.44 76.82 74.94 75.40 1.25
40 19.91 18.30 20.07 2.84 2.76 2.55 30.98 29.54 30.54 81.96 84.74 81.77 82.82 1.66
45 17.42 16.11 17.40 2.49 2.19 2.67 33.47 31.73 33.21 88.54 91.02 88.92 89.49 1.34
50 15.40 14.52 15.79 2.02 1.59 1.61 35.49 33.32 34.82 93.89 95.58 93.23 94.23 1.21
55 14.45 13.83 14.64 0.95 0.69 1.15 36.44 34.01 35.97 96.40 97.56 96.30 96.75 0.70
60 14.11 13.78 14.25 0.34 0.05 0.39 36.78 34.06 36.36 97.30 97.70 97.35 97.45 0.22
65 14.09 13.77 14.23 0.02 0.01 0.02 36.80 34.07 36.38 97.35 97.73 97.40 97.49 0.21
70 14.09 13.77 14.23 0.00 0.00 0.00 36.80 34.07 36.38 97.35 97.73 97.40 97.49 0.21
75 14.09 13.77 14.23 0.00 0.00 0.00 36.80 34.07 36.38 97.35 97.73 97.40 97.49 0.21
80 14.09 13.77 14.23 0.00 0.00 0.00 36.80 34.07 36.38 97.35 97.73 97.40 97.49 0.21
85 14.09 13.77 14.23 0.00 0.00 0.00 36.80 34.07 36.38 97.35 97.73 97.40 97.49 0.21
90 14.09 13.77 14.23 0.00 0.00 0.00 36.80 34.07 36.38 97.35 97.73 97.40 97.49 0.21



b) Water evaporation from PTU liposomes composed of PC, pH 7.4

time(min) _________ weight (mg)_________ weight loss (mg) cumulative weight OSS (m g) % cumulative wei ght loss mean SD
1 2 3 1 2 3 1 2 3 1 2 3

0 53.65 60.27 50.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 50.08 56.80 47.60 3.57 3.47 2.80 3.57 3.47 2.80 8.84 7.44 7.53 7.94 0.78

10 46.84 54.44 45.41 3.24 2.36 2.19 6.81 5.83 4.99 16.87 12.50 13.43 14.27 2.30
15 44.53 52.18 43.60 2.31 2.26 1.81 9.12 8.09 6.80 22.60 17.35 18.30 19.42 2.80
20 42.78 50.14 41.94 1.75 2.04 1.66 10.87 10.13 8.46 22.93 21.72 22.77 22.47 0.66
25 41.15 48.42 40.52 1.63 1.72 1.42 12.50 11.85 9.88 30.97 25.41 26.59 27.66 2.93
3 0 39.50 46.83 39.19 1.65 1.59 1.33 14.15 13.44 11.21 35.06 28.82 30.17 31.35 3.28
35 37.82 45.45 37.93 1.68 1.38 1.26 15.83 14.82 12.47 39.22 31.78 33.56 34.85 3.88
40 36.25 44.12 36.60 1.57 1.33 1.33 17.40 16.15 13.80 43.11 34.63 37.14 38.29 4.36
45 34.88 42.89 35.75 1.37 1.23 0.85 18.77 17.38 14.65 46.51 37.27 39.42 41.07 4.84
50 33.77 41.65 34.73 1.11 1.24 1.02 19.88 18.62 15.67 49.26 39.93 42.17 43.79 4.87
55 32.64 40.60 33.65 1.13 1.05 1.08 21.01 19.67 16.75 52.06 42.18 45.08 46.44 5.08
60 31.60 39.58 32.81 1.04 1.02 0.84 22.05 20.69 17.59 54.63 44.37 47.34 48.78 5.28
65 30.67 38.59 31.95 0.93 0.99 0.86 22.98 21.68 18.45 56.94 46.49 49.65 51.03 5.36
70 29.87 37.65 31.07 0.80 0.94 0.88 23.78 22.62 19.33 58.92 48.51 52.02 53.15 5.30
75 29.17 36.78 30.20 0.70 0.87 0.87 24.48 23.49 20.20 60.65 50.38 54.36 55.13 5.18
80 28.45 35.94 29.21 0.72 0.84 0.99 25.20 24.33 21.19 62.44 52.18 57.02 57.21 5.13
85 27.81 35.02 28.17 0.64 0.92 1.04 25.84 25.25 22.23 64.02 54.15 59.82 59.33 4.95
9 0 27.23 34.00 27.48 0.58 1.02 0.69 26.42 26.27 22.92 65.46 56.34 61.68 61.16 4.58



c) Water evaporation from PTU liposomes composed of PCrDCP, pH 7.4

time(min) weight (mg) weight loss (mg) cumulative weight loss (mg) % cumulative wei ght loss mean SD
1 2 3 1 2 3 1 2 3 1 2 3

0 5 5 .8 0 5 3 .8 9 5 3 .8 2 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
5 5 3 .0 9 5 1 .4 4 50 .01 2 .71 2 .45 3.81 2 .71 2 .45 3.81 6 .3 2 6 .0 4 9 .4 0 7 .25 1.86

10 5 1 .5 9 4 9 .9 6 4 7 .5 0 1.50 1.48 2.51 4.21 3 .93 6 .3 2 9.81 9 .6 8 15 .60 11.70 3 .3 8
15 50 .43 4 8 .8 8 4 6 .6 7 1.16 1.08 0 .83 5 .3 7 5.01 7 .15 12.51 12.35 17.65 14 .17 3.01
20 4 9 .5 2 4 7 .9 8 4 4 .4 6 0.91 0 .9 0 2.21 6 .2 8 5.91 9 .3 6 14.64 14 .56 2 3 .1 0 17.43 4 .91
25 4 8 .8 0 4 7 .2 6 42 .81 0 .7 2 0 .7 2 1.65 7 .0 0 6 .63 11.01 16.31 16 .34 17 .18 16.61 0 .4 9
3 0 4 7 .6 8 4 6 .6 0 4 1 .7 7 1.12 0 .6 6 1.04 8 .12 7 .2 9 12.05 18 .92 17 .96 2 9 .7 5 22 .21 6 .55
35 4 6 .8 8 4 5 .9 7 4 1 .1 3 0 .8 0 0 .63 0 .6 4 8 .92 7 .92 12.69 2 0 .7 9 19.52 3 1 .3 2 2 3 .8 8 6 .4 8
40 4 6 .2 3 4 5 .4 0 4 0 .4 4 0 .65 0 .5 7 0 .6 9 9 .5 7 8 .49 13 .38 2 2 .3 0 2 0 .9 2 3 3 .0 3 2 5 .4 2 6 .63
45 4 5 .6 2 4 4 .8 8 3 9 .8 5 0.61 0 .5 2 0 .5 9 10.18 9.01 13 .97 2 3 .7 2 2 2 .2 0 3 4 .4 8 2 6 .8 0 6 .6 9
50 4 5 .0 8 4 4 .3 6 3 9 .2 2 0 .5 4 0 .5 2 0 .63 10.72 9 .53 14 .60 2 4 .9 8 2 3 .4 8 3 6 .0 4 2 8 .1 7 6 .8 6
55 4 4 .5 5 4 3 .8 7 3 8 .5 6 0 .53 0 .4 9 0 .6 6 11.25 10.02 15.26 2 6 .2 2 2 4 .6 9 3 7 .6 7 2 9 .5 3 7 .0 9
6 0 4 4 .0 4 4 3 .4 2 3 8 .0 3 0.51 0 .45 0 .53 11 .76 10 .47 15 .79 27 .41 2 5 .8 0 3 8 .9 8 3 0 .7 3 7 .1 9
65 4 3 .5 7 4 2 .9 7 3 7 .5 4 0 .4 7 0 .45 0 .4 9 12.23 10.92 16 .28 2 8 .5 0 26 .91 4 0 .1 9 3 1 .8 7 7 .25
70 43.11 4 2 .5 3 3 6 .6 8 0 .4 6 0 .44 0 .8 6 12.69 11.36 17.14 2 9 .5 7 2 7 .9 9 42 .31 3 3 .2 9 7 .85
75 4 2 .6 6 4 2 .1 0 3 6 .1 2 0 .45 0 .43 0 .5 6 13.14 11.79 17 .70 3 0 .6 2 2 9 .0 5 4 3 .6 9 3 4 .4 5 8 .04
80 42.21 4 1 .6 8 35.61 0 .45 0 .4 2 0.51 13 .59 12.21 18.21 3 1 .6 7 3 0 .0 9 4 4 .9 5 3 5 .5 7 8 .1 6
85 4 1 .8 0 4 1 .2 7 3 5 .1 0 0.41 0.41 0.51 14 .00 12.62 18.72 32 .63 3 1 .1 0 46 .21 3 6 .6 5 8 .32
90 41.41 4 1 .2 4 3 4 .5 8 0 .3 9 0 .03 0 .52 14.39 12.65 19 .24 3 3 .5 4 3 1 .1 7 4 7 .4 9 3 7 .4 0 8 .82



d) Water evaporation from PTU liposomes composed of PC:CH:DCP, pH 7.4

t im ep n in ) __________ w e ig h t (m g)__________ w e ig h t loss (m g ) cu m u la tiv e  w e ig h t OSS (m g) %  cu m u la tiv e  w ei ght loss m ean SD
1 2 3 1 2 3 1 2 3 1 2 3

0 4 5 .1 0 5 1 .9 8 58 .01 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
5 4 2 .6 8 4 9 .3 8 5 5 .3 2 2 .4 2 2 .6 0 2 .6 9 2 .42 2 .6 0 2 .6 9 7.51 6 .6 5 5 .9 7 6 .71 0 .7 7

10 4 1 .1 6 47 .81 5 3 .5 8 1.52 1.57 1.74 3 .9 4 4 .1 7 4 .43 12.22 10 .66 9 .8 4 10.91 1.21
15 3 9 .7 7 46 .51 52 .31 1.39 1.30 1.27 5 .33 5 .4 7 5 .7 0 16.54 13 .99 12.66 14.39 1.97
2 0 3 8 .4 9 45 .31 5 1 .0 3 1.28 1.20 1.28 6.61 6 .6 7 6 .9 8 20 .51 17.05 15 .50 17 .69 2 .5 6
25 3 7 .3 4 4 4 .2 0 49 .91 1.15 1.11 1.12 7 .76 7 .7 8 8 .10 2 4 .0 8 19 .89 17.99 2 0 .6 5 3.11
3 0 3 6 .1 7 4 3 .2 3 4 8 .8 9 1.17 0 .9 7 1.02 8.93 8 .75 9 .1 2 27 .71 2 2 .3 7 2 0 .2 5 2 3 .4 4 3 .8 4
35 3 5 .0 2 4 2 .2 6 4 7 .9 5 1.15 0 .9 7 0 .9 4 10.08 9 .7 2 10 .06 3 1 .2 8 2 4 .8 5 2 2 .3 4 2 6 .1 6 4 .61
40 3 4 .0 0 4 1 .4 0 4 7 .1 8 1.02 0 .8 6 0 .7 7 11.10 10.58 10.83 3 4 .4 4 2 7 .0 5 2 4 .0 5 28 .51 5 .35
45 3 2 .9 5 4 0 .5 5 4 6 .3 9 1.05 0 .8 5 0 .7 9 12.15 11.43 11.62 3 7 .7 0 2 9 .2 3 25 .81 30 .91 6 .1 2
50 32.11 3 9 .8 0 4 5 .6 6 0 .8 4 0 .75 0 .73 12.99 12 .18 12.35 4 0 .3 0 3 1 .1 4 2 7 .4 3 3 2 .9 6 6 .6 3
55 3 1 .2 9 3 9 .0 6 45 .01 0 .8 2 0 .7 4 0 .6 5 13.81 12 .92 13 .00 4 2 .8 5 3 3 .0 4 2 8 .8 7 3 4 .9 2 7 .1 8
6 0 3 0 .5 2 3 8 .3 6 4 4 .3 8 0 .7 7 0 .7 0 0 .63 14.58 13 .62 13.63 4 5 .2 4 3 4 .8 2 3 0 .2 7 3 6 .7 8 7 .6 7
65 2 9 .7 8 3 7 .7 2 4 3 .8 0 0 .7 4 0 .6 4 0 .5 8 15.32 14 .26 14.21 4 7 .5 3 3 6 .4 6 3 1 .5 6 3 8 .5 2 8 .18
70 2 9 .1 4 3 7 .1 0 4 3 .2 4 0 .6 4 0 .6 2 0 .5 6 15.96 14 .88 14 .77 4 9 .5 2 3 8 .0 5 3 2 .8 0 4 0 .1 2 8.55
75 2 8 .5 4 36.51 4 2 .7 3 0 .6 0 0 .5 9 0.51 16.56 15 .47 15 .28 5 1 .3 8 3 9 .5 6 3 3 .93 4 1 .6 2 8.91
80 2 8 .0 6 3 5 .95 4 2 .2 4 0 .4 8 0 .5 6 0 .4 9 17.04 16.03 15 .77 5 2 .8 7 4 0 .9 9 3 5 .0 2 4 2 .9 6 9 .0 9
85 2 7 .5 6 3 5 .4 2 4 1 .7 9 0 .5 0 0 .53 0 .45 17.54 16.56 16.22 5 4 .4 2 4 2 .3 4 3 6 .0 2 4 4 .2 6 9 .3 5
90 2 7 .1 0 3 4 .9 0 4 1 .3 3 0 .4 6 0 .52 0 .4 6 18.00 17.08 16.68 5 5 .8 5 4 3 .6 7 3 7 .0 4 4 5 .5 2 9 .5 4



e) Water evaporation from FTU liposomes composed of PC:SA, pH 9.0

time(min) weight (mg) weight loss (mg) cumulative weight loss (mg) % cumulative wei ght loss mean SD
1 2 3 1 2 3 1 2 3 1 2 3

0 5 7 .3 0 6 3 .5 2 4 9 .6 6 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
5 5 3 .8 6 6 0 .4 2 4 6 .6 2 3 .4 4 3 .1 0 3 .0 4 3 .4 4 3 .1 0 3 .0 4 7 .75 6 .1 7 8 .27 7 .4 0 1.09

10 51 .93 58.41 4 4 .7 0 1.93 2.01 1.92 5 .3 7 5.11 4 .9 6 12 .09 10 .18 13 .49 11 .92 1.66
15 50.11 5 6 .5 9 4 3 .2 0 1.82 1.82 1.50 7 .1 9 6 .93 6 .4 6 16 .19 13 .80 17 .56 15.85 1.90
2 0 4 8 .6 4 5 4 .8 8 4 2 .0 8 1.47 1.71 1.12 8 .66 8 .64 7 .5 8 19 .50 17.21 20 .61 19.11 1.73
25 4 7 .2 7 5 3 .3 4 4 0 .8 4 1.37 1.54 1.24 10.03 10.18 8 .82 2 2 .5 9 2 0 .2 7 2 3 .9 8 2 2 .2 8 1.87
3 0 4 6 .0 5 52.21 3 9 .7 6 1.22 1.13 1.08 11.25 11.31 9 .9 0 2 5 .3 3 2 2 .5 3 2 6 .9 2 2 4 .9 2 2 .2 2
35 4 4 .9 2 5 1 .1 9 3 8 .7 2 1.13 1.02 1.04 12.38 12.33 10.94 2 7 .8 8 2 4 .5 6 2 9 .7 4 2 7 .3 9 2 .63
40 4 3 .8 5 5 0 .2 4 37 .71 1.07 0 .95 1.01 13.45 13.28 11.95 3 0 .2 9 2 6 .4 5 3 2 .4 9 2 9 .7 4 3 .0 6
45 4 2 .8 3 4 9 .3 5 36 .51 1.02 0 .8 9 1.20 14 .47 14 .17 13.15 3 2 .5 8 2 8 .2 2 3 5 .7 5 3 2 .1 9 3 .7 8
5 0 4 1 .7 8 4 8 .5 5 3 5 .7 6 1.05 0 .8 0 0 .75 15.52 14.97 13.90 3 4 .9 5 29 .81 3 7 .7 9 3 4 .1 8 4 .0 4
55 4 0 .8 0 4 7 .7 7 3 4 .4 3 0 .9 8 0 .7 8 1.33 16.50 15.75 15.23 3 7 .1 5 3 1 .3 7 41 .41 3 6 .6 4 5 .0 4
60 39.91 4 7 .0 5 3 3 .3 6 0 .8 9 0 .7 2 1.07 17.39 16 .47 16 .30 3 9 .1 6 3 2 .8 0 4 4 .3 2 3 8 .7 6 5 .7 7
65 3 8 .9 4 4 6 .2 9 3 2 .1 9 0 .9 7 0 .7 6 1.17 18 .36 17.23 17 .47 4 1 .3 4 3 4 .3 2 4 7 .5 0 4 1 .0 5 6 .6 0
70 3 8 .0 0 4 5 .5 4 3 1 .1 0 0 .9 4 0 .75 1.09 19 .30 17 .98 18.56 4 3 .4 6 35 .81 5 0 .4 6 4 3 .2 4 7 .33
75 3 7 .1 9 4 4 .9 0 3 0 .0 4 0.81 0 .6 4 1.06 20 .11 18.62 19.62 4 5 .2 8 3 7 .0 8 5 3 .3 4 4 5 .2 4 8.13
80 3 6 .25 4 4 .1 7 2 9 .0 4 0 .9 4 0 .7 3 1.00 2 1 .0 5 19.35 2 0 .6 2 4 7 .4 0 3 8 .5 4 5 6 .0 6 4 7 .3 3 8 .76
85 3 5 .3 9 4 3 .4 5 28 .11 0 .8 6 0 .7 2 0 .93 21 .91 2 0 .0 7 2 1 .5 5 4 9 .3 4 3 9 .9 7 5 8 .5 9 4 9 .3 0 9.31
9 0 3 4 .53 4 2 .7 5 2 7 .2 7 0 .8 6 0 .7 0 0 .8 4 2 2 .7 7 2 0 .7 7 2 2 .3 9 5 1 .2 7 4 1 .3 7 6 0 .8 8 5 1 .1 7 9 .75



APPENDIX H

Biological activities of PTU liposomes



Biological activities

a) Effect of incubation time

Incubation time PTU cone. Viable cells Viable cells ะ Control cells Meàn SD
(day) (ug/ml) 1 2 3 1 2 3

0 (control) 892800 834667 962667 100 100 100 100 0
1.1 406400 760000 842667 45.52 91.05 87.53 74.70 25.33

1 11 366400 658667 770667 41.04 78.91 80.06 66.67 22.20
110 216000 541333 602667 24.19 64.86 62.60 50.55 22.85
1100 86400 212000 160000 9.68 25.40 16.62 17.23 7.88

0 (control) 82400 277200 836000 100 100 100 100 0
1.1 48800 246400 771000 59.22 88.89 92.22 80.11 18.17

3 11 36800 229600 396667 44.66 82.83 47.45 58.31 21.28
110 20800 114800 338667 25.24 41.41 40.51 35.72 9.09

1100 3200 22400 128800 3.88 8.08 15.41 9.12 5.83



b) Antiproliferative effect of caffeine and PTU

Tested solution Viable cells Viable cells ะ Control cells Mean SD
1 2 3 1 2 3

DMEM+ (control) 354000 645333 809333 100.00 100.00 100.00 100.00 0.00
PTU 66000 188000 190667 18.64 29.13 23.56 23.78 5.25

Caffeine 172000 272000 305333 48.59 42.15 37.73 42.82 5.46



c) Antiproliferative effect of PTU solution in the presence and absence of cs in DMEM+

DMEM+ PTU cone. Viable cells Viable cells ะ Control cells Mean SD
(ug/ml) 1 2 3 1 2 3

control 2200000 1514667 1341333 100 100 100
1

100 0
1.1 1744000 1138667 1146667 79.27 75.18 85.49 79.98 5.19

without CS 11 1428000 1053333 1080000 64.91 69.54 80.52 71.66 8.02
110 1172000 736000 794667 53.27 48.59 59.24 53.70 5.34

1100 677333 666667 666667 30.79 44.01 49.70 41.50 9.70

control 892800 834667 962667 100 100 100 100 0
1.1 406400 760000 842667 45.52 91.05 87.53 74.70 25.33

with CS 11 366400 658667 770667 41.04 78.91 80.06 66.67 22.20
110 216000 541333 602667 24.19 64.86 62.60 50.55 22.85

1100 86400 212000 160000 9.68 25.40 16.62 17.23 7.88



d) Antiproliferative effect of PTU liposomes ( 1 day incubation; PTU amount = 0.22 mg/well)

Formulations Viable cells Viable cells ะ Control cells Mean SD
1 2 3 1 2 3

solution (control) 938667 851333 1048000 100.00 100.00 100.00
t

100.00 0.00
PC:DCP without PTU 837333 1096000 821333 89.20 116.76 87.50 97.82 16.42

PC:CH:DCP 452000 410667 620000 53.09 48.24 72.83 58.05 13.02
PC:CH 1213333 957333 1042667 115.78 91.35 99.49 102.21 12.44

solution 1172000 736000 794667 53.27 48.59 59.24 53.70 5.34
PC:DCP with PTU 741333 864000 693333 78.98 92.05 73.86 81.63 9.38

PC:CH:DCP 546667 408000 424000 64.21 47.92 49.80 53.98 8.91
PC:CH 826667 736000 752000 78.88 70.23 71.76 73.62 4.62



e) Antiproliferative effect of PTU liposomes (3 days incubation; PTU amount = 0.22 mg/well)

Formulations Viable cells Viable cells ะ Control cells Mean SD
1 2 3 1 2 3

solution (control) 
PC:DCP

without PTU 369333
361333

418667
316000

374667
378667

95.30
93.23

108.03
81.54

96.67
97.71

t
100.00
90.83

6.99
8.35

solution
PC:DCP

with PTU 269333
248000

133333
209333

224000
164000

69.50
63.99

34.40
54.01

57.80
42.32

53.90
53.44

17.87
10.85



APPENDIX I

Stability data of PTU liposomes



Stability data of PTU liposomes

a) Immediately a ter preparation
L ip id

com p o sition
ท PT U  in  system  

(m g )
A b so rb a n ce P T U  a m o u n t (m g ) T ota l P T U  

(m g)
% R ecovery T ota l lip id  

(m m ol)
m m ol P T U /m ol P C

free d ru g pellet free d ru g pellet
1 9.1 0.240 0.309 6.90 1.78 8.68 95.43 0.12 86.34
2 9.1 0.242 0.344 6.96 1.98 894 98.26 0.14 84.04

P C / pH  7.4 3 9.1 0.269 0251 728 1.36 8.64 94.94 0.08 101.60
Mean 8.76 9621 o i l 90.66

SD 0.16 1.79 0.03 9.54
1 9.1 0.263 0.217 7.57 1.25 882 96.88 0.06 117.91
2 9.1 0.234 0.289 673 1.66 8.39 92.21 0.09 109 14

P C :D C P / p H  7.4 3 9.1 0.255 0340 6.90 1 84 8.74 9605 0 10 112.48
Mean 8.65 95.05 0.08 113.18

SD 0.23 2.49 002 4.43
1 8.5 0.239 0.198 6.88 1.14 8.02 94.30 0.13 51.40
2 8 5 0217 0350 624 2.01 8.25 97.09 0.18 66 22

P C :C H :D C P / pH  ๆ A 3 8.5 0.267 0.171 723 092 8 15 95.83 0.13 41.46
Mean 8.14 95 74 0 15 53.03

SD 0 12 1.40 0.03 1246
1 14 0.342 0.436 9.84 2.51 12.35 88.20 0.16 94 97
2 14 0.367 0.459 10.56 2.64 13.20 94.27 0 13 122.67

P C :S A /  pH  9 .0 3 14 0.404 0.424 1093 229 13.22 94.45 0.12 115.38
Mean 12.92 92.31 0.14 111.01

SD 0.50 3.56 0.02 14.36



b) Week 4

L ip id
co m p ositio n

ท PT U  in  system
(m g)

A b so rb a n ce P T U  a m o u n t (m g ) T ota l lip id  
(m m ol)

m m ol P T U /m o l PC

1 2.5 0.337 1.94 0.14 82.49
2 2.5 0.234 1 34 0 10 78 93 -

P C / p H  7.4 3 2.5 0.305 1.65 0.11 88.46
Mean 0.12 83 29

SD 0.02 4.82
1 2.5 0.333 1.92 0.10 112.10
2 2.5 0.324 1.86 0.10 109.71

P C :D C P / p H  7.4 3 2.5 0.374 202 o i l 107 89
Mean 0.10 109.90

SD 001 2.11
1 1.9 0.220 1.27 o i l 67.62
2 19 0.247 1.42 0.14 61.60

P C :C H :D C P / p H  ๆ.A 3 1.9 0.203 1.10 0 14 45.03
Mean 0 13 58.08

SD 002 11.70
1 3.2 0.465 2.68 0.14 112.82
2 3.2 0.378 2 17 0.12 102.36

P C :S A / pH  9.0 3 3.2 0.414 224 0.12 109 19
Mean 0.13 108.12

SD 0.01 5.31



c) Week 8

L ip id
com p o sition

ท P T U  in system  
(m g )

A b so rb a n ce P T U  a m o u n t (m g ) T o ta l P T U  
(m g)

% R ecovery T ota l lip id  
(m m ol)

m m ol P T U /m o l P C
free  d ru g pellet free  d ru g pellet

1 9.1 0.280 0.306 7.78 1.69 9.47 104.04 0.12 78.93
2 9.1 0.267 0252 742 1.38 8.80 96.67 0.10 78.80

P C / p H  7.4 3 9.1 0.281 0261 7 81 1.43 9.24 101.49 0.09 96.01
Mean 9 17 100.73 0.10 8458

SD 0.34 3.75 0.02 9.90
1 9.1 0.272 0.306 7.56 1.69 9.25 101.60 0.10 96.68
2 9.1 0.280 0281 7.78 1 54 9.32 102 39 0.09 102.94

P C :D C P /p H  7.4 3 9.1 0296 0.272 822 1.49 9.71 106.73 009 97.78
Mean 9.43 103 57 0.09 99.13

SD 0.25 2.76 001 3.34
1 8.5 0.263 0.220 7.31 1.20 8.51 100.07 0.11 62.41
2 8 5 0.281 0.198 7.81 1.08 8.89 104 54 0.12 50.87

P C :C H :D C P / p H  7.4 3 8 5 0.276 0.247 767 1.35 902 106.08 0.13 59.88
Mean 8.80 103.56 0.12 57 72

SD 027 3.12 001 6.07
1 14 0.409 0.392 11.36 2.17 13.53 96.65 0.15 85.45
2 14 0.415 0375 11.53 2.08 13.61 97 20 0.13 95.73

PC : S A / p H  9.0 3 14 0.406 0.360 11 28 1.99 13.27 94.77 0.10 117.15
Mean 1347 96 21 0.13 99.44

SD 0.18 1.27 0.03 16.17



Phosphorus content
a) Immediately after preparation

L ip id  com p o sition A b s. A b s. - B la n k  A b s. p  c o n ten t (m m ol) P C  (m m o l) C H  (m m ol) C h a rg e  (m m o l)
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

P C / p H  7.4 0.635 0.685 0.513 0.349 0.399 0.227 0.121 0.138 0.079 0.121 0.138 0.079 0.000 0.000 0.000 0.000 0.000 0.000
P C :D C P / p H  7.4 0.466 0.544 0.563 0.180 0.258 0277 0.062 0089 0096 0.058 0.083 0090 0000 0.000 0.000 0^004 0.006 0006

P C :C H :D C P / p H  7.4 0.494 0.571 0.495 0.208 0285 0.209 0.072 0.099 0.072 0.065 0089 0066 0058 0.080 0.586 0007 0.009 0.007
P C : S A / pH  9.0 0698 0622 0.596 0.412 0.336 0310 0.143 0 116 0.108 0.143 0.116 0.108 0.000 0.000 0000 0012 0010 0009

Calibration curve
C o n cen tra tio n  (u m ol/m l) 0.064 0.096 0.128 0.160 0.192 0.224 0.256

A b s. 0.454 0 578 0663 0743 0.847 0.924 1.021
A b s. - B la n k  A b s. 0.168 0292 0.377 0.457 0.561 0.638 0.735

y = 2.8761X+0.0006 ; R2 = 0.997

b) Week 4
L ip id  co m p o sitio n A b s. A b s. - B la n k  A b s. p  co n ten t (m m ol) PC  (m m ol) C H  (m m ol) C h a rg e  (m m o l)

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
P C / pH  7.4 0.611 0.515 0.539 0.339 0.243 0.267 0.138 0.100 0.110 0.138 0.100 0.110 0.000 0.000 0.000 0.000 0.000 0.000

P C :D C P / pH  7.4 0.515 0.514 0.540 0243 0.242 0.268 0.100 0.100 0.110 0094 0.093 0 103 0000 0000 0000 0007 0.007 0.007
P C :C H :D C P / pH  7.4 0.414 0.450 0.461 0.142 0.178 0.189 0.061 0.075 0.079 0.055 0.068 0.072 0.049 0.061 0.064 0 006 0.007 0.008

P C tS A / pH  9.0 0.586 0.552 0 542 0.314 0 280 0.270 0.128 0.115 0.111 0.128 0 115 0 111 0.000 0.000 0.000 0 o il 0.010 0010
Calibration curve

C o n cen tra tio n  (u m ol/m l) 0.064 0.096 0.128 0.160 0.192 0.224
A b s. 0.430 0499 0.585 0660 0.747 0.837

A b s. -  B la n k  A bs. 0 158 0.227 0.313 0.388 0475 0565
y = 2.5478X-0.0128 ; R2 = 0.9984



c) Week 8
L ip id  co m p ositio n A bs. A b s. - B la n k  A b s. p  co n ten t (m m ol) P C  (m m ol) C H  (m m ol) C h a rg e  (m m o l)

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
P C / pH  7 .4 0.585 0.522 0.479 0.336 0.273 0.230 0.125 0.103 0.088 0.125 0.103 0.088 0.000 0.000 0.000 0.000 0.000 0.000

P C :D C P / p H  7.4 0 520 0.480 0485 0272 0.232 0.236 0.102 0.088 0.090 0.096 0.082 0 084 0 000 0000 0.000 0.007 0.006 0.006
P C :C H :D C P / pH  7.4 0.408 0426 0439 0.160 0.177 0.190 0.062 0.069 0.073 0057 0.062 0.066 0.051 0.056 0.059 0.006 0.007 0.007

P C :S A / p H  9.0 0618 0 562 0491 0.370 0.313 0.242 0.137 0 117 0092 0.137 0.117 0.092 0.000 0.000 0.000 0.012 0010 0.008
Calibration curve

C o n cen tra tio n  (u m ol/m l) 0.064 0.096 0.128 0.192 0.224 0.256
A b s. 0415 0.503 0592 0767 0.853 0.959

A b s. - B la n k  A b s. 0 166 0254 0.343 0.519 0604 0.711

y = 2.8002X-0.0154 ; R2 = 0.9993
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