References

Agnihotri, S. A., Mallikarjuna, N. N., and Aminabhavi, T. M. Recent advanced on chitosan-
based micro- and nanoparticles in drug delivery. Journal of Controlled Release. 100
(2004): 5-28.

Aiba, S. Studies on chitosan: 4. lysozymic hydrolysis of partially N-acetylated chitosans.
International Journal of Biological Macromolecules. 14 (1992): 225-228.

Alcamo, I. E. DNA technology: The awesome skill. 2" ed. San Diego: Harcourt Academic
Press, 2001.

Anchordoquy, T. J., Carpenter, J. F., and Kroll, D. J. Maintenance of transfection rates and
physical characterization of lipid/DNA complexes after freeze-drying and rehydration.

A rchives of Biochemistry and Biophysics. 348 (1997): 199-206.

Aspden, T., Illum, L., and Skaugrad, @. The effect of chronic nasal application of chitosan
solutions on cilia beat freq;.xency in guinea pigs. International Journal of Pharmaceutics.
153 (1997): 137-146.

Aspden, T. J., Adler, J., Davis, S. S., Skaugrud, 9., and Illum, L. Chitosan as a nasal delivery
system: Evaluation of the effect of chitosan on mucociliary clearance rate in the frog
palate model. International Journal of Pharmaceutics. 122 (1995): 69-78.

Aspden, T. J., Illum, L., and Skaugrad, @. Chitosan as a nasal delivery system: Evaluation of
insulin absorption enhancement and effect on nasal membrane integrit}-' using rat models.
European Journal of Pharmaceutical Sciences. 4 (1996): 23-31.

Berscht, P. C., Nies, B., Liebendorfer, A., and Kreuter, J. Incorporation of basic fibroblast
growth factor into methylpyrrolidinone chitosan fleeces and determination of the in vitro
release characteristics. Biomaterials. 15 (1994): 593-600. |

Borchard, G. Chitosans for gene delivery. Advanced Drug Delivery Reviews. 52 (2001): 145-
150.

Bouquet, C., et al. Suppression of angiogenesis, tumor growth, and metastasis by adenovirus-
mediated gene transfer of human angiotensinogen. Molec.ular Therapy. 14 (2006): 175-
182.

Bowman, B. J., Ofner, C. M., and Schott, H. Colloidal dispersions. In Troy, D. B. (ed.),

Remington, 21" ed., pp-293-318. Philadelphia: Lippincott William&Wilkins, 2006.



67
Bramson, J. L., and Parks, R. J. Adenoviral vectors for gene delivery. In A. Rolland, and S.

M. Sullivan (eds.), Pharmaceutical gene delivery systems, pp.183-213. New York:
Marcel Dekker, 2003.
Bullock, G., Blazer, V., Tsukuda, S., and Summerfelt, S. Toxicity of acidified chitosan for
cultured rainbow trout (Oncorrhynchus mykiss). Aquaculture. 185 (2000): 273-280.
Carrefio-Gémez, B., and Duncan, R. Evaluation of the biological properties of soluble chitosan

and chitosan microspheres. International Journal of Pharmaceutics. 148 (1997): 231-240.

Carter, B. J. Gene delivery technology: Adeno-associated virus. In A. Rolland, and S. M.
Sullivan (eds.), Pharmaceutical gene delivery systems, pp-149-182. New York: Marcel
Dekker, 2003.

Chan, P., Kurisawa, M., Chung, J. E., and Yang, Y. Synthesis and characterization of chitosan-g-
poly(ethylene glycol)-folate as a non-viral carrier for tumor-targeted gene delivery.
Biomaterials. 28 (2007): 540-549.

Chandy, T., and Sharma, C. P. Chitosan as a biomaterial. Biomaterials and Artificial Organs. 18
(1990): 1-24.

Choi, J. S., Ko, K. S., Park, J. S., Kim, Y., Kim, S. W., and Lee, M. Dexamethasone conjugated
poly(amidoamine) dendrimers as a gene carrier for efficient nuclear translocation.
International Journal of Pharmaceutics. 320 (2006): 171-178.

Corsi, K., Chellat, F., Yahia, L., and Fernandes, J. C. Mesenchymal stem cells, MG63 and
HEK293 transfection using chitosan-DNA nanoparticles. Biomaterials. 24 (2003): 1255-
1264.

Crcareva, A., et al. Hematopoietic stem cells expanded by fibroblast growth factor-1 are
excellent targets for retrovirus-mediated gene delivery. Experimental Hematology. 33
(2005): 1459-1469.

de Jong, G., Telenius, A., Vanderbyl, S., Meitz, A., and Drayer, J. Efficient in-vitro transfer of a
60-Mb mammalian artificial chromosome into murine and hamster cells using cationic
lipids and dendrimers. Chromosome Research. 9 (2001): 475-485.

De Smedt, S. C., Demeester, J., and Hennink, W. E. Cationic polymer based gene delivery
systems. Pharmaceutical Research. 17 (2000): 13-126.



68
Ding, X., Alani, A. WG., and Robinson, J. R. Extended-release and targeted drug delivery

systems. In Troy, D. B. (ed.), Remington, 21" ed., pp.939-964. Philadelphia: Lippincott
William&Wilkins, 2006.

Dodane, V., and Vilivalam, V. D. Pharmaceutical applications of chitosan. Pharmaceutical
Science and Technology Today. 1 (1998): 246-253.

Dokka, S., Toledo, D., Shi, X., Castranova, V., and Rojanasakul, Y. Oxygen radical-mediated
pulmonary toxicity induced by some cationic liposomes. Pharmaceutical Research. 17
(2000): 521-525.

Erbacher, P., Zou, S., Bettinger, T., Steffan, A., and Remy, J. Chitosan-based vector/DNA
complexes for gene delivery: Biophysical characteristics and transfection ability.
Pharmaceutical Research. 15 (1998): 1332-1339.

Favre, D., et al. Immediated and long-term safety of recombinant adeno-associated virus
injection into the nonhuman primate muscle. Molecular Therapy. 4 (2001): 559-566.

Fillion, M. C., and Phillips, N. C. Toxicity and immunomodulatory activity of liposomal vectors
formulated with cationic lipids toward immune effector cells. Biochimica et Biophysica
Acta. 1329 (1997): 345-356.

Florea, B. I., Meaney, C., Junginger, H. E., and Borchard, G. Transfection efficiency and toxicity
of polyethyleneimine in differentiated Calu-3 and non-differentiated COS-1 cell cultures.
AAPS PharmSci. 4 (2002): E12.

Freier, T., Koh, H. S., Kazazian, K., and Shoichet, M. S. Controlling cell adhesion and
degradation of chitosan film by N-acetylation. Biomaterials. 26 (2005): 5872-5878.

Guliyeva, U., Oner, F., Ozsoy, S., and Haziroglu, R. Chitosan microparticles containing plasmid
DNA as potential oral gene delivery system. European Journal of Pharmaceutics and
Biopharmaceutics. 62 (2006): 17-25.

Hejazi, R., and Amiji, M. Chitosan-based gastrointestinal delivery systems. Journal of
Controlled Release. 89 (2003): 151-165

Huang, M., Fong, C., Khor, E., and Lim, L. Transfection efficiency of chitosan vectors: Effect of
polymer molecular weight and degree of deacetylation. Journal of Controlled Release.
106 (2005): 391-406.

[lum, L. Chitosan and its use as a pharmaceutical excipient. Pharmaceutical Research. 15 (1998):

1326-1331.



69
Illum,.L., Farraj, N.F., and Davis, S. S. Chitosan as a novel nasal delivery system for peptide

drugs. Pharmaceutical Research. 11 (1994): 1186-1189.
Imai, T., Shiraishi, S., Saito, H., and Otagiri, M. Interaction of indomethacin with low molecular
weight chitosan, and improvements of some pharmaceutical properties of indomethacin

by low molecular weight chitosans. International Journal of Pharmaceutics. 67 (1991):

11-20.
Imeri, A. G., and Knorr, D. Effects of chitosan on yield and compositional data of carrot and

apple juice. Journal of Food Science. 53 (1988): 1707-1709.

Ishihara, M., et al. Photocrosslinkable chitosan as a dressing for wound occlusion and accelerator
in healing process. Biomaterials. 23 (2002): 833-840.
Issa, M. M., et al. Targeted gene delivery with trisaccharide-substituted chitosan oligomers irn

vitro and after lung administration in vivo. Journal of Controlled Release. 115 (2006):

103-112.
Jiang, H., et al. Chitosan-graft-polyethyleneimine as a gene carrier. Journal of Controlled

Release. 117 (2007): 273-280.

Kamiya, H., Tsuchiya, H., Yamazaki, J ., and Harashima, H. Intracellular trafficking and
transgene expression of viral and non-viral gene vectors. Advanced Drug Delivery
Reviews. 52 (2001): 153-164. '

Kay M. A., Glorioso, J. C., and Naldini, L. Viral vectors for gene therapy: The art of turning
infectious agents into vehicles of therapeutics. Nature Medicine. 7 (2001): 33-40.

Khor, E., and Lim, L. Y. Implantable applications of chitin and chitosan. Biomaterials. 24
(2003): 2339-2349.

Kim, T. H., Park, I. K., Nah, J. W., Choi, Y. J., and Cho, C. S. Galactosylated chitosan/DNA
nanoparticles prepared from water-soluble chitosan as a gene carrier. Biomaterials. 25
(2004): 3783-3792.

Koping-Hoggard, M., et al. Chitosan as a non-viral gene delivery system: Structure-property
relationships and characteristics compared with polyethyleneimine in vitro and after lung
administration in vivo. Gene Therapy. 8 (2001): 1108-1121

Kreiss, P., et al. Plasmid DNA size does not affect the physicochemical properties of lipoplexes

but modulates gene transfer efficiency. Nucleic Acids Research. 27 (1999): 3792-3798.



70
Kreuter, J. Nanoparticles. In J. Swarbrick, and J. C. Boylan (eds.), Encyclopedia of

pharmaceutical technology, vol. 10, pp.165-i90. New York: Marcel Dekker, 1994.
Kwok, K. Y., Adami, R. C., Hester, K. C., Park, Y., Thomas, S., and Rice, K. G. Strategies for
maintaining the particle size of peptide DNA condensates following freeze-drying.

International Journal of Pharmaceutics. 203 (2000): 81-88.

Lappalainen, K., Jaiskeldinen, I., Syrjanen, K., Urtti A., and Syrjanen, S. Comparison of cell

proliferation and toxicity assays using two cationic liposomes. Pharmaceutical Research.
11 (1994): 1127-1131.

Lavertu, M., Méthot, S., Tran-Khanh, N., Buschmann, M. D. High efficiency gene transfer using
chitosan/DNA nanoparticles with specific combinations of molecular weight and degree
of deacetylation. Biomaterials. 27 (2006): 4815-4824.

Lee, H., Williams, S. K., Allison, S. D., and Anchordoquy, T. J. Analysis of self-assembled
cationic lipid-DNA gene carrier complexes using flow field-flow fractionation and light
scattering. Analytical Chemistry. 73 (2001): 837-843.

Lehr, C., Bouwstra, J. A., Schacht, E. H., and Junginger, H. E. In vitro evaluation of
mucoadhesive properties of chitosan and some other natural polymers. International
Journal of Pharmaceutics. 78 (1992): 43-48.

Liu, X., Brandt, C. R., Gabelt, B. T., Bryar, P. J., Smith, M. E., and Kaufman, P. L. Herpes
simplex virus mediated gene transfer to primate ocular tissues. Experimental Eye
Research. 69 (1999): 385-395.

Liu, F., Qi, H., Huang, L., and Liu, D. Factors controlling the efficiency of cationic lipid-
mediated transfection in vivo via intravenous administration. Gene Therapy. 4 (1997):
517-523.

Luefen, H. L., Lehr C. -M., Rentel, C. -O., Noach, A. B., de Boer, A .G., Verhoef, J.C., and

Junginger, H. E. Bioadhesive polymers for the peroral delivery of peptide drugs. Journal

of Controlled Release. 29 (1994): 329-338.
Luo, D., and Saltzman, W .M. Synthetic DNA delivery systems. Nature Biotechnology. 18

(2000): 33-37.

Lv, H., Zhang, S., Wang, B., Cui, S., and Yan, J. Toxicity of cationic lipids and cationic

polymers in gene delivery. Journal of Controlled Release. 114 (2006): 100-109.



71
MacLaughlin, F. C., et al. Chitosan and depolymerized chitosan oligomers as condensing

carriers for in vivo plasmid delivery. Jgumél of Controlled Release. 56 (1998): 259-272.

Mao, H. Q., et al. Chitoan-DNA nanoparticles as gene carriers: Synthesis, characterization and
transfection efficiency. Journal of Controlled Release. 70 (2001): 399-421.

Mao, S., Shuai, X., Unger, F., Wittmar, M., Xie, X., and Kissel, T. Synthesis, characterization
and cytotoxicity of poly(ethylene glycol)-graft-trimethyl chitosan block copolymers.
Biomaterials. 26 (2005): 6343-6356.

Martin, K. R., Klein, R. L., Quigley, H. A. Gene delivery to the eye using adeno-associated viral
vectors. Methods. 28 (2002): 267-275.

Martino, A. D., Sittinger, M., and Risbud, M. V. Chitosan: A versatile biopolymer for
orthopaedic tissue-engineering. Biomaterials. 26 (2005): 5983-5990.

McAllister, D. V., Allen, M. G., and Prausnitz, M. R. Microfabricated microneedles for gene and
drug delivery. Annual Review of Biomedical Engineering. 2 (2000): 289-313.

McTaggart, S., and Al-Rubeai, M. Retroviral vectors for human gene delivery. Biotechnology
Advanced. 20 (2002): 1-31.

Merdan, T., Kopecek, J., and Kissel, T. Prospects for cationic polymers in gene and

oligonucleotide therapy against cancer. Advanced Drug Delivery Reviews. 54 (2002):

715-758.
Moseley, A. B., and Caskey, C. T. Human genetic disease and the medical need for somatic gene

therapy. Advanced Drud Delivery Reviews. 12 (1993): 131-142.

Miiller, O.J., et al. Improved cardiac gene transfer by transcriptional and transductional targeting
of adeno-associated viral vectors. Cardiovascular Research. 70 (2006): 70-78.

Oh, T. K., Li, M. Z., and Kim, S. T. Gene therapy for diabetes mellitus in rats by intramuscular
injection of lentivirus containing insulin gene. Diabetes Research and Clinical Practice.
71 (2006): 233-240.

Onishi, H., and Machida, Y. Biodegradation and distribution of water-soluble chitosan in mice.
Biomaterials. 20 (1999): 175-182.

Oyewumi, M. O., and Rice, K. G. DNA nanoparticle gene delivery systems. In R. B. Gupta, and

U. B. Kompella (eds.), Nanoparticle technology of drug delivery, pp.361-379. New
York: Marcel Dekker, 2006.



72
Park, Y. K., Park, Y. H., Shin, B. a., Choi, E. S., Park, Y. R., Akaike, T., and Cho, C. S.

Galactosylated chitosan-graft-dextran as hepétocyte-targeting DNA carrier. Journal of
Controlled Release. 69 (2000): 97-108.

Patil, S. D., Rhodes, D. G., and Burgess, D. J. Anionic liposomal delivery system for DNA
transfection. AAPS PharmSci. 6 (2004): E29.

Patil, S. D., Rhodes, D. G., and Burgess, D. J. DNA-based therapeutics and DNA delivery
systems: A comprehensive review. AAPS PharmSci. 7 (2005): E61-E77.

Pouton, C. W., and Seymour, L. W. Key issues in non-viral gene delivery. Advanced Drug
Delivery Reviews. 34 (1998): 3-19.

Rao, S. B., and Sharma, C. P. Use of chitosan as a biomaterial: Studies on its safety and
hemostatic potential. Journal of Biomedical Materials Research. 34 (1997): 21-28.

Raper, S. E., et al. Fatal systemic inflammatory response syndrome in a ornithine
transcarbamylase deficient patient following adenoviral gene transfer. Molecular
Genetics and Metabolism. 80 (2003): 148-158.

Regnier, V., Tahiri, A., André, N., Lemaitre, M., Le Doan, T., and Préat, V. Electroporation-
mediated delivery of 3’-protected phosphodiester oligonucleotides to the skin. Journal of
Controlled Release. 67 (2000): 337-346.

Richardson, S. C., Kolbe, H. V., and Duncan, R. Potential of low molecular mass chitosan as a
DNA delivery system: Biocompatibility, body distribution and ability to complex and
protect DNA. International Journal of Pharmaceutics. 178 (1999): 231-243.

Roy, K., Mao, H. Q., Huang, S. K., and Leong, K. W. Oral gene delivery with chitosan-DNA
nanoparticles generates immunologic protection in a murine model of peanut allergy.
Nature Medicine. 5 (1999): 387-391.

Romoren, K., Pedersen, S., Smistad, G., Evensen, @., and Thu, B. J. The influence of
formulation variables on in vitro transfection efficiency and physicochemical properties
of chitosan-based polyplexes. International Journal of Pharmaceutics. 261 (2003): 115-
127.

Sambrook, J., and Russell, D. W. Molecular cloning: A laboratory manual. 3" ed. New York:
Cold Spring Harbor Laboratory Press, 2001.

Schmid, R. A., et al. Adenovirus mediated gene transfer into rat lung grafts at the time of harvest.

European Journal of Cardio-Thoracic Surgery. 11 (1997): 1023-1028.




73
Seino, H., Tsukuda, K., and Shimasue, Y. Properties and action pattern of a chitosanase from

Bacillus sp. PI-7S. Agricultural and Biologiéal Chemistry. 55 (1991): 2421-2423.

Selvam, S., et al. Current status of gene delivery and gene therapy in lacrimal gland using viral
vectors. Advanced Drug Delivery Reviews. 58 (2006): 1243-1257.

Shi, C., Zhu, Y., Ran, X., Wang, M., Su, Y., and Cheng, T. Therapeutic potential of chitosan and
its derivatives in regenerative medicine. Journal of Surgical Research. 133 (2006): 185-
192.

Shi, C. X., Long, M. A., Liu, L., Graham, F. L., Gauldie, J., and Hitt, M. M. The human
SCGB2A2 (Mammablobin-1) promoter/enhancer in a helper-dependent adenovirus vector
directs high levels of transgene expression in mammary carcinoma cells but not in

normal nonmammary cells. Molecular Therapy. 10 (2004): 758-767.

Simon, R. H., et al. Adenovirus-mediated gene transfer of the CFTR gene to the lung of non-
human primates: Toxicity study. Human Gene Therapy. 4 (1993): 771-780.

Steinrauf, L. K., Shiuan, D., Yang, W., Chiang, M. Y. Lysozyme association with nucleic acids.
Biochemical and Biophysical Research Communication. 266 (1999): 366-370.

Sugano, M., Fujikawa, T., Hiratsuji, Y., Nakashima, K., Fukuda, N., and Hasegawa, Y. A novel
use of chitosan as a hypocholesterolemic agent in rats. The American Journal of Clinical
Nutrition. 33 (1980): 787-793.

Sullivan, S. M. Introduction to gene therapy and guidelines to pharmaceutical development. In
A. Rolland, and S. M. Sullivan (eds.), Pharmaceutical gene delivery systems, pp.l;16.
New York: Marcel Dekker, 2003.

Takahashi, Y., Geller, D. A., Gambotto, A., Watkins, S. C., Fung, J. J., and Murase, N.
Adenovirus-mediated gene therapy to liver grafts: Successful gene transfer by donor
pretreatment. Surgery. 128 (2000): 345-352.

Tang, M. X., and Szoka, F. C. The influence of polymer structure on the interactions of cationic
polymers with DNA and morphology of the resulting complexes. Gene Therapy. 4
(1997): 823-832.

Timme, T. L., Hall, S. J., Barrios, R., Woo, S. L., Aguilar-Cordova, E., Thompson, T. C. Local
inflammatory response and vector spread after direct intraprostatic injection of a
recombinant adenovirus containing the herpes simplex virus thymidine kinase gene and

ganciclovir therapy in mice. Cancer Gene Therapy. 5 (1998): 74-82.



74
Uchegbu, et al. Quaternary ammonium palmitoyl glycol chitosan: A new polysoap for drug

delivery. International Journal of Pharmaceutics. 224 (2001): 185-199.

Ueno, H., etal. Accelerating effects of chitosan for healing at early phase of experimental open
wound in dogs. Biomaterials. 20 (1999): 1407-1414.

Xu, W., Shen, Y., Jiang, Z., Wang, Y., Chu, Y., and Xiong, S. Intranasal delivery of chitosan-
DNA vaccine generates mucosal SIgA anti-CVB3 protection. Vaccine. 22 (2004): 3603-

3612.

Weecharangsan, W., et al. Evaluation of chitosan salts as non-viral gene vectors in CHO-K 1
cells. International Journal of Pharmaceutics. 348 (2008): 161-168.

Weiss, S. 1., et al. Uronic acids functionalized polyethyleneimine (PEI)-polyethyleneglycol
(PEG)-graft-copolymers as novel synthetic gene carriers. Biomaterials. 27 (2006): 2302-
2312.

Wightman, L., Kircheis, R., and Wagner, E. Polymer-based gene delivery systems. In A.
Rolland, and S. M. Sullivan (eds.), Pharmaceutical gene delivery systems, pp.109-135.
New York: Marcel Dekker, 2003.

Wu, Z., Asokan, A., and Samulski, R. J. Adeno-associated virus serotypes: Vector toolkit for
human gene therapy. Molecular Therapy. 14 (2006): 316-327.

Yamagata, M., Kawano, T., Shiba, K., Mori, T., Katayama, Y., and Niidome, T. Structural
advantage of dendritic poly (L-lysine) for gene delivery into cells.
Bioorganic&Medicinal Chemistry. 15 (2007): 526-532.

Zhao, X., Yu, S., Wu, F., Mao, Z., and Yu, C. Transfection of primary chondrocytes using
chitosan-pEGFP nanoparticles. Journal of Controlled Release. 112 (2006): 223-228.



APPENDICES



APPENDIX A

In vitro transfection in HeLa cells
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Sample Percentage of positive cells
1 pDNA in sodium sulfate 0.88+2.27
2 pDNA in sodium chloride 0.60+1.66
3 pDNA in water 0.65+2.20
4 2:1 CSA/DNA S nanoparticles 5.29+3.53
5  2:1 CSA/DNA C nanoparticles 5.96+2.94
6  2:1 CSA/DNA W nanoparticles 10.45+6.77
7 2:1 CSL/DNA S nanoparticles 5.06+1.80
8  2:1 CSL/DNA C nanoparticles 6.8443.64
9  2:1 CSL/DNA W nanoparticles 9.47+£5.53
10 2:1 CSG/DNA S nanoparticles 9.17£5.97
11 2:1 CSG/DNA C nanoparticles 6.34+6.80
12 2:1 CSG/DNA W nanoparticles 10.82+7.61
13 3:1 CSA/DNA S nanoparticles 8.69+4.80
14 5:1 CSA/DNA S nanoparticles 13.07£7.12
15 7:1 CSA/DNA S nanoparticles 8.90+5.36
16  Lipofectamine " -pDNA complexes 14.60+5.95
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Descriptives
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percentage
95% Confidence Interval for Mean

N Mean | Std. Deviation | Std. Error | | swer Bound Upper Bound Minimum | Maximum
1 3 .8800 2.27007| 1.31062 -4.7592 6.5192 -.50 3.50
2 3 .6033 1.66100 .95898 -3.5228 4.7295 -.53 2.51
3 3 .6500 2.20027| 1.27033 -4.8158 6.1158 -.89 3.17
4 3| 5.2900 3.53106| 2.03866 -3.4816 14.0616 2.1 9.09
5 3| 5.9633 2.93517| 1.69462 -1.3280 13.2547 2.85 8.68
6 3| 10.4467 6.77329| 3.91056 -6.3791 27.2724 5.89 18.23
7 3] 5.0567 1.79879| 1.03853 .5882 9.5251 3.40 6.97
8 3| 6.8433 3.64452| 2.10417 -2.2102 15.8968 3.93 10.93
9 3] 9.4700 5.563387| 3.19496 -4.2769 23.2169 5.35 15.76
10 3] 9.1667 5.97004| 3.44681 -5.6637 23.9971 3.06 14.99
11 3] 6.3367 6.79799| 3.92482 -10.5505 23.2238 1.35 14.08
12 3] 10.8200 7.61236] 4.39500 -8.0902 29.7302 6.42 19.61
13 3| 8.6867 4.80072| 2.77170 -3.2390 20.6123 ‘ 4.82 14.06
14 3] 13.0700 7.12154| 4.11162 -4.6209 30.7609 4.85 17.38
15 3| 8.9033 5.35961| 3.09437 -4.4107 222173 4.98 15.01
16 3| 14.6000 5.95097| 3.43580 -.1830 29.3830 10.61 21.44
Total 48| 7.2992 5.83578 .84232 5.6046 8.9937 -.89 21.44

Test of Homogeneity of Variances
percentage
Levene Statistic df1 df2 Sig.
1.978 15 32 .052
ANOVA
percentage
Sum of Squares df Mean Square F Sig.
Between Groups 791.525 15 52.768 2.087 .040
Within Groups 809.122 32 25.285
Total 1600.648 47




Multiple Comparisons

percentage

LSD

() ) 95% Confidence Interval

formulat formulat| Mean Difference

ion ion (-J) Std. Error Sig. Lower Bound | Upper Bound

1 2 .27667 4.10569 .947 -8.0864 8.6397
3 .23000 4.10569 .956 -8.1330 8.56930
4 -4.41000 4.10569 .291 -12.7730 3.9530
5 -5.08333 4.10569 225 -13.4464 3.2797
6 -9.56667" 4.10569 *.026 -17.9297 -1.2036
7 -4.17667 4.10569 317 -12.5397 4.1864
8 -5.96333 4.10569 .156 -14.3264 2.3997
9 -8.59000  4.10569 *.044 -16.9530 -.2270
10 -8.28667 4.10569 .0562 -16.6497 .0764
11 -5.45667 4.10569 193 -13.8197 2.9064
12 -9.94000° 4.10569 *.021 -18.3030 -1.5770
13 -7.80667 4.10569 .066 -16.1697 .5564
14 -12.19000° 4.10569 *.006 -20.5530 -3.8270
15 -8.02333 4.10569 .059 -16.3864 .3397
16 -13.72000° 4.10569 *.002 -22.0830 -5.3570

2 3 -.04667 4.10569 .991 -8.4097 8.3164
4 -4.68667 4.10569 .262 -13.0497 3.6764
5 -5.36000 4.10569 .201 -13.7230 3.0030
6 -9.84333 4.10569 *.023 -18.2064 -1.4803
7 -4.45333 4.10569 .286 -12.8164 3.9097
8 -6.24000 4.10569 .138 -14.6030 2.1230
9 -8.86667 4.10569 *.038 -17.2297 -.5036
10 -8.56333" 4.10569 .045 -16.9264 -.2003
11 -5.73333 4.10569 72 -14.0964 2.6297
12 -10.21667 4.10569 *.018 -18.5797 -1.8536
13 -8.08333 4.10569 .058 -16.4464 12797
14 -12.46667 4.10569 *.005 -20.8297 -4.1036
15 -8.30000 4.10569 .0562 -16.6630 .0630
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16 -13.99667 4.10569 *.002 -22.3597 -5.6336
4 -4.64000 4.10569 267 -13.0030 3.7230
5 -5.31333 4.10569 .205 -13.6764 3.0497
6 -9.79667 4.10569 *.023 -18.1597 -1.4336
7 -4.40667 4.10569 291 -12.7697 3.9564
8 -6.19333 4.10569 141 -14.5564 2.1697
9 -8.82000° 4.10569 *.039 -17.1830 -.4570
10 -8.51667 4.10569 .046 -16.8797 -.1636
11 -5.68667 4.10569 176 -14.0497 2.6764
12 -10.17000° 4.10569 *.019 -18.5330 -1.8070
13 -8.03667 4.10569 .059 -16.3997 .3264
14 -12.42000° 4.10569 *.005 -20.7830 -4.0570
15 -8.25333 4.10569 .053 -16.6164 1097
16 -13.95000° 4.10569 *.002 -22.3130 -5.6870
5 -.67333 4.10569 .871 -9.0364 7.6897
6 -5.15667 4.10569 218 -13.5197 3.2064
7 .23333 4.10569 .955 -8.1297 8.5964
8 -1.65333 4.10569 .708 -9.9164 6.8097
9 -4.18000 4.10569 316 -12.5430 4.1830
10 -3.87667 4.10569 .352 -12.2397 4.4864
11 -1.04667 4.10569 .800 -9.4097 7.3164
12 -5.563000 4.10569 187 -13.8930 2.8330
13 -3.39667 4.10569 414 -11.7597 4.9664
14 -7.78000 4.10569 .067 -16.1430 .5830
15 -3.61333 4.10569 .385 -11.9764 4.7497
16 -9.31000° 4.10569 *.030 -17.6730 -.9470
6 -4.48333 4.10569 .283 -12.8464 3.8797
7 .90667 4.10569 .827 -7.4564 9.2697
8 -.88000 4.10569 .832 -9.2430 7.4830
9 -3.50667 4.10569 .399 -11.8697 4.8564
10 -3.20333 4.10569 441 -11.5664 5.1697
11 -.37333 4.10569 .928 -8.7364 7.9897
12 -4.85667 4.10569 .246 -13.2197 3.5064
13 -2.72333 4.10569 512 -11.0864 5.6397
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14 -7.10667|  4.10569 .093 -15.4697 1.2564
15 -2.94000|  4.10569 479 -11.3030 5.4230
16 -8.63667°|  4.10569 *043 -16.9997 -.2736
7 5.39000[  4.10569 199 -2.9730 13.7530
8 3.60333|  4.10569 .387 -4.7597 11.9664
9 97667  4.10569 813 -7.3864 9.3397
10 1.28000[  4.10569 757 -7.0830 9.6430
11 4.11000|  4.10569 324 -4.2530 12.4730
12 -37333|  4.10569 928 -8.7364 7.9897
13 1.76000]  4.10569 671 -6.6030 10.1230
14 -2.62333|  4.10569 527 -10.9864 5.7397
15 1.54333[  4.10569 709 -6.8197 9.9064
16 -4.15333|  4.10569 319 -12.5164 4.2097
8 -1.78667|  4.10569 666 -10.1497 6.5764
9 -4.41333|  4.10569 290 -12.7764 3.9497
10 -4.11000|  4.10569 324 -12.4730 4.2530
11 -1.28000|  4.10569 757 -9.6430 7.0830
12 -5.76333|  4.10569 170 -14.1264 2.5997
13 -3.63000|  4.10569 383 -11.9930 4.7330
14 -8.01333|  4.10569 .060 -16.3764 3497
15 -3.84667|  4.10569 356 -12.2097 45164
16 -9.54333"|  4.10569 *.027 -17.9064 -1.1803
9 -2.62667|  4.10569 527 -10.9897 5.7364
10 -2.32333|  4.10569 575 -10.6864 6.0397
11 50667|  4.10569 903 -7.8564 8.8697
12 -3.97667|  4.10569 340 -12.3397 4.3864
13 -1.84333|  4.10569 656 -10.2064 6.5197
14 -6.22667|  4.10569 139 -14.5897 2.1364
15 -2.06000|  4.10569 619 -10.4230 6.3030
16 -7.75667|  4.10569 .068 -16.1197 6064
10 .30333]  4.10569 942 -8.0597 8.6664
11 3.13333|  4.10569 451 -5.2297 11.4964
12 -1.35000]  4.10569 744 -9.7130 7.0130
13 78333  4.10569 850 -7.5797 9.1464
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14 -3.60000 4.10569 .387 -11.9630 4.7630
15 .56667 4.10569 .891 -7.7964 8.9297
16 -5.13000 4.10569 .221 -13.4930 3.2330
10 11 2.83000 4.10569 496 -5.5330 11.1930
12 -1.65333 4.10569 .690 -10.0164 6.7097
13 .48000 4.10569 .908 -7.8830 8.8430
14 -3.90333 4.10569 .349 -12.2664 4.4597
15 .26333 4.10569 .949 -8.0997 8.6264
16 -5.43333 4.10569 195 -13.7964 2.9297
1 12 -4.48333 4.10569 .283 -12.8464 3.8797
13 -2.35000 4.10569 571 -10.7130 6.0130
14 -6.73333 4.10569 A1 -15.0964 1.6297
15 -2.56667 4.10569 .536 -10.9297 5.7964
16 -8.26333 4.10569 .053 -16.6264 .0997
12 13 2.13333 4.10569 .607 -6.2297 10.4964
14 -2.25000 4.10569 .587 -10.6130 6.1130
15 1.91667 4.10569 .644 -6.4464 10.2797
16 -3.78000 4.10569 .364 -12.1430 4.5830
13 14 -4.38333 4.10569 .294 -12.7464 3.9797
15 -.21667 4.10569 .958 -8.5797 8.1464
16 -5.91333 4.10569 .160 -14.2764 2.4497
14 15 4.16667 4.10569 .318 -4.1964 12.5297
16 -1.53000 4.10569 712 -9.8930 6.8330
15 16 -5.69667 4.10569 175 -14.0597 2.6664

*. The mean difference is significant at the 0.05 level.
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Tests of Normality

Kolmogorov-Smirnov® Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
percentage 167 48 .002 .930 48 .007
a. Lilliefors Significance Correction
Histogram

Frequency

percentage
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APPENDIX B
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Cell viability of HeLa cells incubated with various concentration of chitosan and

LipofectamineTM Reagent

Polymer cell viability (%)
1 2 pg/ml chitosan in acetic acid 107.40+4.48
2 4 pg/ml chitosan in acetic acid 104.62+3.65
3 6 pg/ml chitosan in acetic acid 104.94+5.97
4 8 pg/ml chitosan in acetic acid 108.05+4.61
5 10 pg/ml chitosan in acetic acid 108.61+3.93
6 25 pg/ml chitosan in acetic acid 103.32+3.94
7 2 pg/ml chitosan in lactic acid 101.91+5.70
8 4 pg/ml chitosan in lactic acid 102.22+5.24
9 6 pg/ml chitosan in lactic acid 103.40+7.14
10 8 pg/ml chitosan in lactic acid 103.61+4.25
11 10 pg/ml chitosan in lactic acid 102.72+3.98
12 25 pg/ml chitosan in lactic acid 105.15+5.94
13 2 pg/ml chitosan in glycolic acid 104.96+4.65
14 4 pug/ml chitosan in glycolic acid 103.78+5.91
15 6 pg/ml chitosan in glycolic acid 102.02+4.13
16 8 pg/ml chitosan in glycolic acid 100.39+6.76
17 10 pg/ml chitosan in glycolic acid 107.05+5.70
18 25 pg/ml chitosan in glycolic acid 106.96+3.63
19 4 pUml Lipofectamine™™ Reagent 70.12+6.41




Descriptives
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viability
95% Confidence Interval for Mean
N Mean Std. Deviation | Std. Error | | ower Bound Upper Bound Minimum| Maximum

1 3| 1.0740E2 4.48411] 2.58890 96.2608 118.56392| 102.47 111.24
2 3| 1.0462E2 3.65040( 2.10756 95.5552 113.6914| 101.85 108.76
3 3| 1.0494E2 597276 3.44837 90.1035 119.7778 98.08 108.99
4 3| 1.0805E2 4.61074| 2.66201 96.5989 119.5064| 102.95 111.91
5 3| 1.0861E2 3.93167| 2.26995 98.8449 118.3785| 106.07 113.14
6 3| 1.0332E2 3.94423| 227720 93.5260 113.1220 99.50 107.38
7 3| 1.0191E2 5.69890( 3.29026 87.7498 116.0635 98.03 108.45
8 3] 1.0221E2 5123612 3.02307 89.2061 115.2206 98.78 108.24
9 3| 1.0340E2 7.13838| 4.12134 85.6640 121.1294 98.94 111.63
10 3| 1.0361E2 4.24625| 2.45157 93.0584 114.1549 99.55 108.02
11 3] 1.0273E2 3.98421 2.30028 92.8277 112.6223 98.14 105.34
12 3| 1.0515E2 5.93903| 3.42890 90.3933 119.9000| 100.12 111.70
13 3| 1.0496E2 4.65142| 2.68550 93.4096 116.5191| 101.97 110.32
14 3| 1.0378E2 5.90801| 3.41099 89.1057 118.4583| 100.00 110.59
15 3] 1.0201E2 4.13204| 2.38563 91.7488 112.2779 97.28 104.90
16 3| 1.0039E2 6.76209] 3.90410 83.5967 117.1926 93.97 107.45
17 3| 1.0705E2 5.69990| 3.29084 92.8920 121.2107| 100.47 110.40
18 3| 1.0696E2 3.63379( 2.09797 97.9342 115.9878| 102.84 109.69
19 3 70.1247 6.40489| 3.69786 54.2140 86.0353 62.82 74.77
Total] 57| 1.0270E2 9.11708 1.20759 100.2777 105.1159 62.82 113.14

Test of Homogeneity of Variances

viability

Levene Statistic

df1

df2 Sig.

.528

18 38 .926




ANOVA

viability
Sum of Squares df Mean Square F Sig.
Between Groups 3639.854 18 202.214 7.571 .000]
Within Groups 1014.927 38 26.709
Total 4654.782 56
Multiple Comparisons
viability
LSD
() ) Mean Difference 95% Confidence Interval
polymer polymer (1-J) Std. Error Sig. Lower Bound | Upper Bound
1 2 2.77667 4.21969 514 -5.7656 11.3190
3 2.45933 4.21969 .563 -6.0830 11.0016
4 -.65267 4.21969 878 -9.1950 7.8896
5 -1.21167 4.21969 776 -9.7540 7.3306
6 4.07600 4.21969 .340 -4.4663 12.6183
7 5.49333 4.21969 .201 -3.0490 14.0356
8 5.18667 4.21969 227 -3.3556 13.7290
9 4.00333 4.21969 .349 -4.5390 12.5456
10 3.79333 4.21969 .374 -4.7490 12.3356
11 4.67500 4.21969 275 -3.8673 13.2173
12 2.25333 4.21969 .596 -6.2890 10.7956
13 2.43567 4.21969 .567 -6.1066 10.9780
14 3.61800 4.21969 .397 -4.9243 12.1603
15 5.38667 4.21969 210 -3.1556 13.9290
16 7.00533 4.21969 .105 -1.5370 15.5476
17 .34867 4.21969 .935 -8.1936 8.8910
18 43900 4.21969 .918 -8.1033 8.9813
19 37.27533 4.21969 .000 28.7330 45.8176




3 -.31733 4.21969 .940 -8.8596 8.2250
4 -3.42933 4.21969 421 -11.9716 5.1130
5 -3.98833 4.21969 .351 -12.5306 4.5540
6 1.29933 4.21969 .760 -7.2430 9.8416
7 2.71667 4.21969 524 -5.8256 11.2590
8 2.41000 4.21969 571 -6.1323 10.9523
9 1.22667 4.21969 773 -7.3156 9.7690
10 1.01667 4.21969 .811 -7.5256 9.5590
11 1.89833 4.21969 .655 -6.6440 10.4406
12 -.52333 4.21969 .902 -9.0656 8.0190
13 -.34100 4.21969 .936 -8.8833 8.2013
14 .84133 4.21969 .843 -7.7010 9.3836
15 2.61000 4.21969 .540 -5.9323 11.1623
16 4.22867 4.21969 .323 -4.3136 12.7710
17 -2.42800 4.21969 .568 -10.9703 6.1143
18 -2.33767 4.21969 .583 -10.8800 6.2046
19 34.49867 4.21969 .000 25.9564 43.0410
4 -3.11200 4.21969 465 -11.6543 5.4303
5 -3.67100 4.21969 .390 -12.2133 4.8713
6 1.61667 4.21969 .704 -6.9256 10.1590
7 3.03400 4.21969 477 -5.5083 11.5763
8 2.72733 4.21969 522 -5.8150 11.2696
9 1.54400 4.21969 .716 -6.9983 10.0863
10 1.33400 4.21969 .754 -7.2083 9.8763
11 2.21567 4.21969 .603 -6.3266 10.7580
12 -.20600 4.21969 .961 -8.7483 8.3363
13 -.02367 4.21969 .996 -8.5660 8.5186
14 1.15867 4.21969 .785 -7.3836 9.7010
15 2.92733 4.21969 492 -5.6150 11.4696
16 4.54600 4.21969 .288 -3.9963 13.0883
17 -2.11067 4.21969 .620 -10.6530 6.4316
18 -2.02033 4.21969 635 -10.5626 6.5220
19 34.81600° 4.21969 .000 26.2737 43.3583
5 -.55900 4.21969 .895 -9.1013 7.9833
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6 4.72867 4.21969 .269 -3.8136 13.2710
7 6.14600 4.21969 153 -2.3963 14.6883
8 5.83933 4.21969 174 -2.7030 14.3816
9 4.65600 4.21969 277 -3.8863 13.1983
10 4.44600 4.21969 299 -4.0963 12.9883
11 5.32767 4.21969 214 -3.2146 13.8700
12 2.90600 4.21969 495 -5.6363 11.4483
13 3.08833 4.21969 469 -5.4540 11.6306
14 4.27067 4.21969 318 -4.2716 12.8130
15 6.03933 4.21969 161 -2.5030 14.5816
16 7.65800 4.21969 077 -.8843 16.2003
17 1.00133 4.21969 .814 -7.5410 9.5436
18 1.09167 4.21969 797 -7.4506 9.6340
19 37.92800° 4.21969 .000 29.3857 46.4703
6 5.28767 4.21969 218 -3.2546 13.8300
7 . 6.70500 4.21969 120 -1.8373 156.2473
8 6.39833 4.21969 138 -2.1440 14.9406
9 5.21500 4.21969 224 -3.3273 13.7573
10 5.00500 4.21969 .243 -3.6373 13.5473
11 5.88667 4.21969 A71 -2.6556 14.4290
12 3.46500 4.21969 417 -5.0773 12.0073
13 3.64733 4.21969 .393 -4.8950 12.1896
14 4.82967 4.21969| .260 -3.7126 13.3720
15 6.59833 4.21969 126 -1.9440 15.1406
16 8.21700 4.21969 .059 -.3253 16.7593
17 1.56033 4.21969 714 -6.9820 10.1026
18 1.65067 4.21969 .698 -6.8916 10.1930
19 38.48700° 4.21969 .000 29.9447 47.0293
7 ‘ 1.41733 4.21969 739 -7.1250 9.9596
8 1.11067 4.21969 794 -7.4316 9.6530
9 -.07267 4.21969 .986 -8.6150 8.4696
10 -.28267 4.21969 .947 -8.8250 8.2596
11 .59900 4.21969 .888 -7.9433 9.1413
12 -1.82267 4.21969 .668 -10.3650 6.7196
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13 -1.64033 4.21969 .700 -10.1826 6.9020
14 -.45800 4.21969 .914 -9.0003 8.0843
15 1.31067 4.21969 .758 -7.2316 9.8530
16 2.92933 4.21969 492 -5.6130 11.4716
17 -3.72733 4.21969 .383 -12.2696 4.8150
18 -3.63700 4.21969 .394 -12.1793 4.9053
19 33.19933° 4.21969 .000 24.6570 41.7416
8 -.30667 4.21969 .942 -8.8490 8.2356
9 -1.49000 4.21969 .726 -10.0323 7.0523
10 -1.70000 4.21969 .689 -10.2423 6.8423
11 -.81833 4.21969 .847 -9.3606 7.7240
12 -3.24000 4.21969 447 -11.7823 5.3023
13 -3.05767 4.21969 473 -11.6000 5.4846
14 -1.87533 4.21969 .659 -10.4176 6.6670
15 -.10667 4.21969 .980 -8.6490 8.4356
16 1.51200 4.21969 722 -7.0303 10.0543
17 -5.14467 4.21969 .230 -13.6870 3.3976
18 -5.05433 4.21969 .238 -13.5966 3.4880
19 31.78200° 4.21969 .000 23.2397 40.3243
9 -1.18333 4.21969 .781 -0.7256 7.3590
10 -1.39333 4.21969 .743 -9.9356 7.1490
11 -.51167 4.21969 .904 -9.0540 8.0306
12 -2.93333 4.21969 491 -11.4756 5.6090
13 -2.75100 4.21969 518 -11.2933 5.7913
14 -1.56867 4.21969 712 -10.1110 6.9736
15 .20000 4.21969 .962 -8.3423 8.7423
16 1.81867 4.21969 .669 -6.7236 10.361 01
17 -4.83800 4.21969 .259 -13.3803 3.7043
18 ‘ -4.74767 4.21969 .268 -13.2900 3.7946
19 32.08867 4.21969 .000 23.5464 40.6310
10 -.21000 4.21969 .961 -8.7523 8.3323
11 67167 4.21969 .874 -7.8706 9.2140
12 -1.75000 4.21969 .681 -10.2923 6.7923
13 -1.56767 4.21969 712 -10.1100 6.9746




14 -.38533 4.21969 .928 -8.9276 8.1570
15 1.38333 4.21969 .745 -7.1590 9.9256
16 3.00200 4.21969 481 -5.5403 11.5443
17 -3.65467 4.21969 .392 -12.1970 4.8876
18 -3.56433 4.21969 404 -12.1066 4.9780
19 33.27200° 4.21969 .000 24.7297 41.8143
10 11 .88167 4.21969 .836 -7.6606 9.4240W
12 -1.54000 4.21969 717 -10.0823 7.0023
13 -1.35767 4.21969 .749 -9.9000 7.1846
14 -.17533 4.21969 .967 -8.7176 8.3670
15 1.59333 4.21969 .708 -6.9490 10.1356
16 3.21200 4.21969 451 -5.3303 11.7543
17 -3.44467 4.21969 419 -11.9870 5.0976
18 -3.35433 4.21969 432 -11.8966 5.1880
19 33.48200° 4.21969 .000 24.9397 42.0243
11 12 -2.42167 4.21969 .569 -10.9640 6.1206
13 -2.23933 4.21969 .599 -10.7816 6.3030
14 -1.05700 4.21969 .804 -9.5993 7.4853
15 71167 4.21969 .867 -7.8306 9.2540]
16 2.33033 4.21969 .584 -6.2120 10.8726
17 -4.32633 4.21969 312 -12.8686 4.2160
18 -4.23600 4.21969 322 -12.7783 4.3063
19 32.60033 4.21969 .000 24.0580 41.1426
12 13 .18233 4.21969 .966 -8.3600 8.7246
14 1.36467 4.21969 .748 -71776 9.9070
15 3.13333 4.21969 462 -5.4090 11.6756
16 4.75200 4.21969 .267 -3.7903 13.2943
17 -1.90467 4.21969 .654 -10.4470 6.6376
18 -1.81433 4.21969 .670 -10.3566 6.7280
19 35.02200 4.21969 .000 26.4797 43.5643
13 14 1.18233 4.21969 .781 -7.3600 9.7246
15 2.95100 4.21969 489 -5.5913 11.4933
16 4.56967 4.21969 .286 -3.9726 13.1120]
17 -2.08700 4.21969 .624 -10.6293 6.4553
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18 -1.99667 4.21969 .639 -10.5390 6.5456
19 34.83967 4.21969 .000 26.2974 43.3820
14 15 1.76867 4.21969 677 -6.7736 10.3110
16 3.38733 4.21969 427 -5.1550 11.9296
17 -3.26933 4.21969 443 -11.8116 5.2730
18 -3.17900 4.21969 .456 -11.7213 5.3633
19 33.65733 4.21969 .000 25.1150 42.1996
15 16 1.61867 4.21969 .703 -6.9236 10.1610
17 -5.03800 4.21969 .240 -13.5803 3.5043
18 -4.94767 4.21969 .248 -13.4900 3.5946
19 31.88867 4.21969 .000 23.3464 40.4310
16 17 -6.65667 4.21969 123 -15.1990 1.8856
18 -6.56633 4.21969 128 -15.1086 1.9760
19 30.27000° >4.21 969 .000 21.7277 38.8123
17 18 .09033 4.21969 .983 -8.4520 8.6326
19 36.92667 4.21969 .000 28.3844 45.4690
18 19 36.83633" 4.21969 .000 28.2940 45.3786

*. The mean difference is significant at the 0.05 level.
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Tests of Normality

Kolmogorov-Smirnov® Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
viability 217 57 .000 734 57 -000]
a. Lilliefors Significance Correction
Histogram
Rl | R Mean =102.70
Std. Dev. =917
N =57
157
=
c
@
3
§1o~
w

viability
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APPENDIX C

Cell viability of HeLa cells incubated with the medium of selected formulations

Sample cell viability (%)
1 naked pDNA 106.63+4.45
2 A/S medium 104.68+5.61
3 A/C medium 109.08+2.25
4 A/W medium 104.13+£2.94
5 L/S medium 101.73+5.19
6 L/C medium , 106.37+5.72
7 L/W medium 105.57+5.17
8 G/S medium 106.51+5.76
9 G/C medium 106.86+4.40

10 G/W medium 101.12+3.99




Descriptives

95

viability
95% Confidence Interval for Mean
N Mean Std. Deviation | Std. Error Lower Bound Upper Bound Minimum | Maximum
1 3| 1.0663E2 4.44929| 2.56880 95.5817 117.6870 101.53 109.70
2 3| 1.0468E2 5.61342( 3.24091 90.7321 118.6212 99.15 110.37
3 3| 1.0908E2 2.24656| 1.29705 103.4979 114.6594 106.74 111.22
4 3| 1.0413E2 2.93587|  1.69503 96.8322 111.4184 100.74 105.91
5 3| 1.0173E2 5.18546] 2.99383 88.8456 114.6084 96.40 106.76
6 3| 1.0637E2 5.72471| 3.30516 92.1477 120.5896 102.14 112.88
7 3| 1.0557E2 5.17380] 2.98709 92.7172 118.4221 100.97 111.17
8 3| 1.0651E2 5.75829] 3.32455 92.2039 120.8127 102.60 113.12
9 3| 1.0686E2 440189 2.54143 95.9251 117.7949 104.15 111.94
10 3 1.0112E2 3.98524| 2.30088 91.2161 111.0159 98.03 105.62
Total 30[ 1.0527E2 4.54566 .82992 103.5691 106.9638 96.40 113.12
Test of Homogeneity of Variances
viability
Levene Statistic df1 df2 Sig.
.563 9 20 .811
ANOVA
viability
Sum of Squares df Mean Square F Sig.

Between Groups 1569.590 9 17.732 .807 .616

Within Groups 439.638 20 21.982

Total 599.228 29




Tests of Normality

Kolmogorov-Smirnov® Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
viability .094 30 200" .972 30 .597

a. Lilliefors Significance Correction

*. This is a lower bound of the true significance.

Histogram

61

51

S
1

Frequency
Lf

viability

96



APPENDIX D

Cell viability of HeLa cells incubated with the nanoparticles of the selected

formulations and LipofectamineTM-pDNA complexes

Sample cell viability (%)
1 naked pDNA 106.63+4.45
2 2:1 CSA/DNA S nanoparticles 102.50+5.09
3 2:1 CSA/DNA C nanoparticles 109.51+8.13
4 2:1 CSA/DNA W nanoparticles 103.724+6.77
5 2:1 CSL/DNA S nanoparticles 109.15+3.37
6 2:1 CSL/DNA C nanoparticles 104.71+5.21
7 2:1 CSL/DNA W nanoparticles 108.37+5.24
8 2:1 CSG/DNA S nanoparticles 101.07+4.36
9 2:1 CSG/DNA C nanoparticles 107.67+3.04
10 2:1 CSG/DNA W nanoparticles 102.90+3.73
11 3:1 CSA/DNA S nanoparticles 103.20+3.91
12 5:1 CSA/DNA S nanoparticles 102.3245.60
13 7:1 CSA/DNA S nanoparticles 106.00+7.62
14 Lipofectaminem-DNA complexes 73.9243.40




Descriptives

98

viability
95% Confidence Interval for Mean

N Mean Std. Deviation | Std. Error Lower Bound Upper Bound Minimum | Maximum
1 3| 1.0663E2 4.44929 2.56880 95.5817 117.6870 101.53] 109.70
2 3| 1.0250E2 5.09230] 2.94004 89.8487 115.1486 98.13 108.09
3 3| 1.0903E2 8.81978| 5.09210 87.1211 130.9402 100.42) 118.05
4 3] 1.0373E2 6.76559 3.90611 86.9183 120.5317 99.32] 111.52
5 3| 1.0915E2 3.36537| 1.94300 100.7896 117.5097 105.46) 112.06
6 3| 1.0471E2 5.20653| 3.00599 91.7759 117.6434 101.24] 110.70
7 3| 1.0837E2 5.23828| 3.02432 95.3581 121.3833 103.01 113.48
8 3] 1.0107E2 4.35725| 2.51566 90.2507 111.8987 97.43] 105.90
9 3| 1.0767E2 3.03919 1.75468 100.1179 115.2174 104.56 110.64
10 3] 1.0290E2 3.72984| 2.15342 93.6379 112.1688 99.29 106.74
11 3| 1.0320E2 3.90812| 2.25635 93.4870 112.9036 99.27 107.09
12 3| 1.0232E2 5.60062( 3.23352 88.4073 116.2327 96.20 107.19
13 3| 1.0600E2 7.61841| 4.39849 87.0748 124.9252 97.51 112.24
14 3 73.9173 3.40150[ 1.96386 65.4675 82.3671 71.49 77.80
Total 42| 1.0294E2 9.61350 1.48339 99.9469 105.9384 71.49( 118.05

Test of Homogeneity of Variances

viability

Levene Statistic

df1

df2

Sig.

770

13

28

.683




ANOVA
viability
Sum of Squares df Mean Square F Sig.
Between Groups 3002.097 13 230.931 8.215 .OOOH
Within Groups 787.095 28 28.111
Total 3789.192 41
Multiple Comparisons
viability
LSD
() W) 95% Confidence Interval
formulat formulat| Mean Difference
ion ion ) Std. Error Sig. Lower Bound | Upper Bound
1 2 4.13567 4.32901 .348 -4.7319 13.0032
3 -2.39633 4.32901 .584 -11.2639 6.4712
4 2.90933 4.32901 .507 -5.9582 11.7769
5 -2.51533 4.32901 .566 -11.3829 6.3522
6 1.92467 4.32901 .660 -6.9429 10.7922
7 -1.73633 4.32901 691 -10.6039 7.1312
8 5.55967 4.32901 .210 -3.3079 14.4272
9 -1.03333 4.32901 .813 -9.9009 7.8342
10 3.73100 4.32901 .396 -5.1366 12.5986
11 3.43900 4.32901 434 -5.4286 12.3066
12 4.31433 4.32901 327 -4.5532 13.1819
13 .63433 4.32901 .885 -8.2332 9.5019
14 - 32.71700°|  4.32901 .000 23.8494 41.5846
2 3 -6.53200 4.32901 .143 -15.3996 2.3356
4 -1.22633 4.32901 779 -10.0939 7.6412
5 -6.65100 4.32901 136 -15.5186 2.2166
6 -2.21100 4.32901 614 -11.0786 6.6566
7 -5.87200 4.32901 .186 -14.7396 2.9956

99



100

8 1.42400 4.32901 .745 -7.4436 10.2916
9 -5.16900 4.32901 242 -14.0366 3.6986
10 -.40467 4.32901 .926 -9.2722 8.4629
11 -.69667 4.32901 .873 -9.5642 8.1709
12 17867 4.32901 .967 -8.6889 9.0462
13 -3.50133 4.32901 425 -12.3689 5.3662
14 28.58133" 4.32901 .000 19.7138 37.4489
4 5.30567 4.32901 231 -3.5619 14.1732
5 -.11900 4.32901 .978 -8.9866 8.7486
6 4.32100 4.32901 327 -4.5466 13.1886
7 .66000 4.32901 .880 -8.2076 9.5276
8 7.95600 4.32901 .077 -.9116 16.8236
9 1.36300 4.32901 .755 -7.5046 10.2306
10 6.12733 4.32901 .168 -2.7402 14.9949
11 5.83533 4.32901 .188 -3.0322 14.7029
12 6.710€7 4.32901 132 -2.1569 15.5782
13 3.03067 4.32901 490 -5.8369 11.8982
14 35.11333 4.32901 .000 26.2458 43.9809
5 -5.42467 4.32901 221 -14.2922 3.4429
6 -.98467 4.32901 .822 -9.8522 7.8829
7 -4.64567 4.32901 .292 -13.5132 4.2219
8 2.65033 4.32901 .545 -6.2172 11.5179
9 -3.94267 4.32901 370 -12.8102 4.9249
10 .82167 4.32901 .851 -8.0459 9.6892
11 52967 4.32901 .903 -8.3379 9.3972
12 1.40500 4.32901 .748 -7.4626 10.2726
13 -2.27500 4.32901 .603 -11.1426 6.5926
14 29.80767 4.32901 .000 20.9401 38.6752
6 4.44000 4.32901 314 -4.4276 13.3076
7 77900 4.32901 .858 -8.0886 9.6466
8 8.07500 4.32901 .073 -.7926 16.9426
9 1.48200 4.32901 .735 -7.3856 10.3496
10 6.24633 4.32901 .160 -2.6212 15.1139)
11 5.95433 4.32901 .180 -2.9132 14.8219




01
12 6.82967 4.32901 126 -2.0379 15.6972ﬂ
13 3.14967 4.32901 473 -5.7179 12.0172
14 35.23233 4.32901 .000 26.3648 44.0999
6 7 -3.66100 4.32901 .405 -12.5286 5.2066
8 3.63500 4.32901 .408 -5.2326 12.5026
9 -2.95800 4.32901 .500 -11.8256 5.9096
10 1.80633 4.32901 .680 -7.0612 10.6739
11 1.51433 4.32901 729 -7.3532 10.3819
12 2.38967 4.32901 .585 -6.4779 11.2572
13 -1.29033 4.32901 .768 -10.1579 7.5772
14 30.79233° 4.32901 .000 21.9248 39.6599
7 8 7.29600 4.32901 .103 -1.5716 16.1636
9 .70300 4.32901 872 -8.1646 9.5706
10 5.46733 4.32901 217 -3.4002 14.3349
11 5.17533 4.32901 .242 -3.6922 14.0429
12 6.05067 4.32901 A% -2.8169 14.9182
13 2.37067 4.32901 .588 -6.4969 11.2382
14 34.45333 4.32901 .000 25.5858 43.3209
8 9 -6.59300 4.32901 139 -15.4606 2.2746
10 -1.82867 4.32901 .676 -10.6962 7.0389
1 -2.12067 4.32901 .628 -10.9882 6.7469
12 -1.24533 4.32901 776 -10.1129 7.6222
13 -4.92533 4.32901 .265 -13.7929 3.9422
14 27.15733° 4.32901 .000 18.2898 36.0249
9 10 4.76433 4.32901 .280 -4.1032 13.6319
1 4.47233 4.32901 310 -4.3952 13.3399
12 5.34767 4.32901 227 -3.5199 14.2152
13 1.66767 4.32901 .703 -7.1999 10.5352
14 V 33.75033" 4.32901 .000 24.8828 42.6179]
10 11 -.29200 4.32901 .947 -9.1596 8.5756
12 .58333 4.32901 .894 -8.2842 9.4509
13 -3.09667 4.32901 .480 -11.9642 5.7709
14 28.98600° 4.32901 .000 20.1184 37.8536
11 12 .87533 4.32901 .841 -7.9922 9.7429




13 -2.80467 4.32901 522 -11.6722 6.0629
14 29.27800° 4.32901 .000 20.4104 38.1456
12 13 -3.68000 4.32901 402 -12.5476 5.1876
14 28.40267 4.32901 .000 19.5351 37.2702
13 14 32.08267 4.32901 .000 23.2151 40.9502
*. The mean difference is significant at the 0.05 level.
Tests of Normality
Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
viability .188 42 .001 .802 42 .000
a. Lilliefors Significance Correction
Histogram
St Dev. 3013
N =42

12.54

10.07

Frequency
~
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