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One of the biggest concerns regarding the use of nanomaterials for 

biological and medical applications is its toxicity. A simple way to evaluate 

nanomaterials’ toxicity is by conducting in vitro cytoxicity assays. In this 

study, the synthesis of chitosan nanoparticles (CNP) and the colorimetric 

MTT assay of CNP along with various organic and inorganic nanomaterials 

were explored. CNP were synthesised via ionic gelation routes and particle 

size distribution were analysed using dynamic light scattering (DLS) 

supplemented with field-emission scanning electron microscopy (FE-SEM) 

imaging. The 786-O human kidney cancer cell lines were established and 

treated with various concentrations of CNP, carbon nanotubes (CNT), 

layered double hydroxides (LDH), solid lipid nanoparticles (SLN), and iron 

oxide nanoparticles for MTT assay. The morphologies of cells treated with 

each nanomaterial were also observed. DLS analysis showed that 

nanoparticles with average size of 67.70 nm were obtained using a 

formulation of 600 µl of 0.5 mg/ml chitosan solution and 250 µl of 0.7 mg/ml 

tripolyphosphate (TPP) solution (CNP-F3) and was further supported by FE-
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SEM results. Results from MTT assay showed that cells treated with 1 mg/ml 

SLN and CNP-F3 gave the highest cell viability of 49.38% and 39.72%, 

respectively. Cells treated with 1 mg/ml CNT gave the lowest cell viability of 

31.54%. These results were consistent with the observations made on cell 

morphologies, implying that both organic CNP and SLN were the least toxic. 

The inorganic nanomaterials tend to be more toxic, with CNT being the most 

toxic. 

Keywords: chitosan nanoparticles, nanobiotechnology, cytotoxicity, MTT 

assay 
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Salah satu kebimbangan dalam penggunaan bahan nano bagi aplikasi 

dalam bidang biologi dan perubatan adalah ketoksikannya. Satu cara mudah 

untuk menilai ketoksikan bahan nano adalah dengan melakukan ujian 

kesitotoksikan in vitro. Dalam kajian ini, sintesis dan ujian kolorimetrik MTT 

bagi partikel nano kitosan (CNP) bersama-sama dengan pelbagai bahan 

nano organik dan tidak organik telah diteliti. CNP disintesiskan 

menggunakan kaedah penggelan ion dan distribusi ukuran partikel dianalisis 

melalui penaburan cahaya dinamik (DLS) disokong dengan analisis 

pengimejan pancaran medan mikroskopi electron pengimbasan (FE-SEM). 

Bagi ujian MTT, sel kanser buah pinggang manusia titisan sel 786-O 

ditetapkan dan dirawati dengan CNP, tiub nano karbon (CNT), hidroksida 

berganda berlapis (LDH), partikel nano pepejal lipid (SLN), dan partikel nano 

oksida besi. Morfologi sel yang dirawat dengan setiap bahan nano juga turut 

diperhatikan. Analisis DLS menunjukkan bahawa partikel nano dengan 

purata saiz 67.70 nm diperolehi menggunakan formulasi yang mengandungi 

600 µl 0.5 mg/ml larutan kitosan dan 250 µl 0.7 mg/ml larutan TPP (CNP-F3) 
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dan disokong dengan hasil FE-SEM. Hasil daripada ujian MTT menunjukkan 

bahawa sel yang dirawat dengan 1 mg/ml SLN dan CNP-F3 masing-masing 

memberikan nilai kebolehhidupan sel sebanyak 49.38% dan 39.72%. Sel 

yang dirawat dengan 1 mg/ml CNT memberikan nilai kebolehhidupan sel 

paling rendah iaitu 31.54%. Hasil kajian ini konsisten dengan pemerhatian 

yang dilakukan terhadap morfologi sel, mengimplikasikan bahawa kedua-dua 

CNP dan SLN yang organik adalah paling kurang toksik. Bahan nano 

inorganik cenderung untuk bersifat lebih toksik, dan CNT merupakan yang 

paling toksik. 

Kata kunci: partikel nano kitosan, bioteknologi nano, kesitotoksikan, ujian 

MTT. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Research background 

 

 Over the last few years, nanotechnology has started a new revolution 

with its contribution towards the development of nanomaterials with potential 

applications across the fields of science, engineering, environment, as well 

as medicine. Materials at nano scales have been characterized as having 

unique chemical and physical properties, and are highly sought due to its 

extremely small size. One method towards classifying nanomaterials is 

based on whether they are of an organic or inorganic composition. Organic 

nanomaterials are generally derived from the synthesis using natural and 

biologically available organic resources. Examples of nanomaterials that fall 

under this category include dendrimers, lipid-based nanoparticles, and 

biopolymer-based nanoparticles. In contrast, inorganic nanomaterials are 

often not derived from organic molecules, but instead from other resources 

such as metals and carbons (Dutta et al., 2013). 

 

 Many of these nanomaterials are being investigated for applications in 

biological and medical sciences mainly due to their unique characteristics 

and the ability to function as a delivery vector or carriers of other beneficial 

molecules including drugs and nucleic acids (De Jong & Borm, 2008). 

Among the various nanomaterials available, chitosan nanoparticles have 

garnered heightened interest, mostly for its organic, inert properties. Since it 

is derived from the polysaccharide polymer chitin, chitosan is readily 

biodegradable and has low toxicity (Hirano, 1999). However, studying the 

suitability of nanomaterials application for medical use is obstructed by a lot 

of uncertainties that surround the issue of nanoparticles’ toxicity. Despite the 

intensive studies being conducted, scientific research and relevant data 
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currently available are still lacking information on the accurate toxicity of 

nanomaterials. Further complications arise from the vast amount of 

nanomaterials available which are unique and distinct from each other, 

making it difficult to make a direct comparison. Therefore, to overcome this 

problem, a standardized assay is required to evaluate the toxicity of 

nanomaterials under a controlled condition. 

 

 In this study, chitosan nanoparticles were synthesized based on 

different parameters to obtain ideally optimum nano-sized particles. Then, in 

an attempt to achieve a general idea on the cytotoxicity of chitosan 

nanoparticles in comparison with other organic and inorganic nanomaterials, 

a cell viability assay was conducted. To further assess the effects of these 

nanomaterials on cells, a study on the cell morphologies were done. Chapter 

2 consists of a review on available literatures that are closely-related to this 

study. In Chapter 3, the methods used to synthesize chitosan nanoparticles 

and conduct cell viability assay were thoroughly described. Chapter 4 

discusses the results obtained throughout this study and Chapter 5 

concludes the outcome of this study and outlines the future work which may 

be directed from this study. 

 

1.2 Objectives 

 

The objectives of this study are; 

1. To synthesize chitosan nanoparticles by ionic gelation method. 

2. To evaluate the cytotoxicity of chitosan nanoparticles against different 

organic and inorganic nanomaterials in 786-O human kidney cancer 

cell line. 

3. To analyze the morphological characteristics of 786-O human kidney 

cancer cells following treatment with chitosan nanoparticles against 

different nanomaterials. 



© C
OPYRIG

HT U
PM

 

35 
 

REFERENCES 

 

Ando, Y. (2010). Carbon nanotube: the inside story. Journal of Nanoscience 

and Nanotechnology, 10(6), 3726-3738. 

Ando, Y. Zhao, X., Sugai, T., & Kumar, M. (2004). Growing carbon 

nanotubes. Materials Today, 7(10), 22-29. 

Benhabiles, M. S., Salah, R., Lounici, H., Drouiche, N., Goosen, M. F. A., & 

Mameri, N. (2012). Antibacterial activity of chitin, chitosan and its 

oligomers prepared from shrimp shell waste. Food Hydrocolloids, 29, 

48-56. 

Bhumkar, D. R. & Pokharkar, V. B. (2006). Studies on effect of pH on cross-

linking of chitosan with sodium tripolyphosphate: a technical note. 

AAPS PharmSciTech, 7(2), 1-6. 

Calvo, P., Remuñán-López, C., Vila-Jato, J. L., & Alonso, M. J. (1997). Novel 

hydrophilic chitosan-polyethylene oxide nanoparticles as protein 

carriers. Journal for Applied Polymer Science, 63, 125-132. 

Cavalli, R., Caputo, O., & Gasco, M. R. (1993). Solid lipospheres of 

doxorubicin and idarubicin. International Journal of Pharmaceutics, 89, 

9-12. 

Cavani, F., Trifirò, F., & Vaccari, A. (1991). Hydrotalcite-type anionic clays: 

preparation, properties and applications. Catalysis Today, 11, 173-

301. 

Cho, Y. W., Jang, J., Park, C. R., & Ko, S. W. (2000). Preparation and 

solubility in acid and water of partially deacetylated chitins. 

Biomacromolecules, 1(4), 609-614. 

Clift, M. J., Boyles, M. S., Brown, D. M., & Stone, V. (2010). An investigation 

into the potential for different surface-coated quantum dots to cause 

oxidative stress and affect macrophage cell signalling in vitro. 

Nanotoxicology, 4(2), 139-149. 



© C
OPYRIG

HT U
PM

 

36 
 

Cornell, R. M. & Schwertmann, U. (2003). The Iron Oxides: Structure, 

Properties, Reactions, Occurrences and Uses (2nd ed.). Weinheim, 

Germany: Wiley-VCH. 

Davoren, M., Herzog, E., Casey, A., Cottineau, B., Chambers, G., Byrne, H. 

J., & Lyng, F. M. (2007). In vitro toxicity evaluation of single walled 

carbon nanotubes on human A549 lung cells. Toxicology in Vitro, 21, 

438-448. 

De Jong, W. H. & Borm, P. J. (2008). Drug delivery and nanoparticles: 

applications and hazards. International Journal of Nanomedicine, 3(2), 

133-149. 

Dong, Y., Ng, W. K., Shen, S., Kim, S., & Tan, R. B. (2012). Solid lipid 

nanoparticles: Continuous and potential large-scale nanoprecipitation 

production in static mixers. Colloids and Surfaces B: Biointerfaces, 94, 

68-72. 

Dutta, P. K., Srivastava, R., & Dutta, J. (2013). Functionalized nanoparticles 

and chitosan-based functional nanomaterials. In Multifaceted 

Development and Application of Biopolymers for Biology, Biomedicine 

and Nanotechnology. Berlin, Heidelberg: Springer. 

Ehdaie, B. (2007). Application of nanotechnology in cancer research: review 

of progress in the National Cancer Institute’s Alliance for 

Nanotechnology. International Journal of Biological Sciences, 3(2), 

108-110. 

Elbialy, N. S., Fathy, M. M., & Mohamed Khalil, W. (2014). Preparation and 

characterization of magnetic gold nanoparticles to be used as 

doxorubicin nanocarriers. Physica Medica, 30, 843-848. 

Fan, W., Yan, W., Xu, Z., & Ni, H. (2012). Formation mechanism of 

monodisperse, low molecular weight chitosan nanoparticles by ionic 

gelation technique. Colloids and Surfaces B: Biointerfaces, 90, 21-27. 

Gastaldi, L., Battaglia, L., Peira, E., Chirio, D., Muntoni, E., Solazzi, I., 

…Dosio, F. (2014). Solid lipid nanoparticles as vehicles of drugs to the 



© C
OPYRIG

HT U
PM

 

37 
 

brain: current state of the art. European Journal of Pharmaceutics and 

Biopharmaceutics, 87, 433–444 

Goya, G. F., Berquo, T. S., & Fonseca, F. C. (2003). Static and dynamic 

magnetic properties of spherical magnetite nanoparticles. Journal of 

Applied Physics, 94(5), 3520-3528. 

Guo, Z., Chen, R., Xing, R., Liu, S., Yu, H., Wang, P., Li, C., & Li, P. (2006). 

Novel derivatives of chitosan and their antifungal activities in vitro. 

Carbohydrate Research, 341(3), 351-354. 

Hirano, S. (1999). Chitin and chitosan as novel biotechnological materials. 

Polymer International, 48, 732-734. 

Huang, M., Khor, E., & Lim, L. Y. (2004). Uptake and cytotoxicity of chitosan 

molecules and nanoparticles: effects of molecular weight and degree 

of deacetylation. Pharmaceutical Research, 21(2), 344-353. 

Hussain, S. M., Hess, K. L., Gearhart, J. M., Geiss, K. T., & Schlager, J. J. 

(2005). In vitro toxicity of nanoparticles in BRL 3A rat liver cells. 

Toxicology in Vitro, 19, 975-983. 

Iijima, S. (1991). Helical microtubules of graphitic carbon. Nature, 354, 56-58.  

Iijima, S. & Ichihashi, T. (1993). Single-shell carbon nanotubes of 1-nm 

diameter. Nature, 363, 603-605. 

Jacobsen, N. R., Møller, P., Jensen, K. A., Vogel, U., Ladefoged, O., Loft, S., 

& Wallin, H. (2009). Lung inflammation and genotoxicity following 

pulmonary exposure to nanoparticles in ApoE-/- mice. Particle and 

Fibre Toxicology, 6(2). 

Kandarova, H., & Letasiova, S. (2011). Alternative methods in toxicology: 

pre-validated and validated methods. Interdisciplinary Toxicology, 

4(3), 107-113. 

Knaapen, A. M., Borm, P. J., Albrecht, C., & Schins, R.P. (2004). Inhaled 

particles and lung cancer. Part A: Mechanisms. International Journal 

of Cancer, 109(6). 799-809. 



© C
OPYRIG

HT U
PM

 

38 
 

Lukowski, G. & Pflegel, P. (1997). Electron diffraction of solid lipid 

nanoparticles loaded with aciclovir. Pharmazie, 52, 642-643. 

Ma, P., Luo, Q., Chen, J., Gan, Y., Du, J., Ding, S., … Yang, X. (2012). 

Intraperitoneal injection of magnetic Fe3O4-nanoparticle induces 

hepatic and renal tissue injury via oxidative stress in mice. 

International Journal of Nanomedicine, 7, 4809-4818. 

Martins-Júnior, P. A., Alcântara, C. E., Resende, R. R., & Ferreira, A. J. 

(2013). Carbon nanotubes: directions and perspectives in oral 

regenerative medicine. Journal of Dental Research, 92(7), 575-583. 

Mosmann, Y. (1983). Rapid colorimetric assay for cellular growth and 

survival: application to proliferation and cytotoxicity assays. Journal of 

Immunological Methods, 65, 55-63. 

Murty, B. S., Shankar, P., Raj, B., Rath, B. B., & Murday, J. (2013). 

Applications of Nanomaterials. In Textbook of Nanoscience and 

Nanotechnology. Berlin, Heidelberg: Springer. 

Müller, R. H., Mäder, K., & Gohla, S. (2000). Solid lipid nanoparticles (SLN) 

for controlled drug delivery - a review of the state of the art. European 

Journal of Pharmaceutics and Biopharmaceutics, 50, 161–77. 

Nalawade, P., Aware, B., Kadam, V. J., & Hirlekar, R. S. (2009). Layered 

double hydroxides: a review. Journal of Scientific & Industrial 

Research, 68, 267-272. 

Nohynek, G. J., Dufour, E. K., & Roberts, M. S. (2008). Nanotechnology, 

cosmetics and the skin: is there a health risk?. Skin Pharmacology 

and Physiology, 21, 136-149 

Pankhurst, Q. A., Connolly, J., Jones, S. K., & Dobson, J. (2003). 

Applications of magnetic nanoparticles in biomedicine. Journal of 

Physics D: Applied Physics, 36, 167-181. 

Perioli, L. & Pagano, C. (2012). Inorganic matrices: an answer to low drug 

solubility problem. Expert Opinion on Drug Delivery, 9, 1559–1572. 



© C
OPYRIG

HT U
PM

 

39 
 

Pichardo, S., Gutiérrez-Praena, D., Puerto, M., Sánchez, E., Grilo, A., 

Cameán, A. M., & Jos, A. (2012). Oxidative stress responses to 

carboxylic acid functionalized single wall carbon nanotubes on the 

human intestinal cell line Caco-2. Toxicology In Vitro, 26(5), 672-677. 

Rampino, A., Borgogna, M., Blasi, P., Bellich, B., & Cesàro, A. (2013). 

Chitosan nanoparticles: preparation, size evolution and stability. 

International Journal of Pharmaceutics, 455, 219-228. 

Ramsden, J.J. (2011). Nanotechnology: An Introduction. Massachusetts, MA: 

Elsevier Inc. 

Rives, V., del Arco, M., & Martín, C. (2014). Intercalation of drugs in layered 

double hydroxides and their controlled release: a review. Applied Clay 

Science, 88–89, 239–269 

Salata, O. (2004). Applications of nanoparticles in biology and medicine. 

Journal of Nanobiotechnology, 2(3). 

Sayari, E., Dinarvand, M., Amini, M., Azhdarzadeh, M., Mollarazi, E., 

Ghasemi, Z., & Atyabi, F. (2014). MUC1 aptamer conjugated to 

chitosan nanoparticles, an efficient targeted carrier designed for 

anticancer SN38 delivery. International Journal of Pharmaceutics, 

473, 304-315. 

Shukla, S. K., Mishra, A. K., Arotiba O. A., & Mamba, B. B. (2013). Chitosan-

based nanomaterials: A state-of-the-art review. International Journal 

of Biological Macromolecules, 59, 46-58. 

Soenen, S. J., Rivera-Gil, P., Montenegro J-M., Parak, W. J., De Smedt, S. 

C., & Braeckmans, K. (2011). Cellular toxicity of inorganic 

nanoparticles: common aspects and guidelines for improved 

nanotoxicity evaluation. Nano Today, 6, 446-465. 

Tao, Y., Zhang, H., Gao, B., Guo, J., Hu, Y., & Su, Z. (2011). Water-soluble 

chitosan nanoparticles inhibit hypercholesterolemia induced by 

feeding a high-fat diet in male Sprague-Dawley rats. Journal of 

Nanomaterials, 2011, 1-5. 



© C
OPYRIG

HT U
PM

 

40 
 

Tartaj, P., Puerto Morales, M., Veintemillas-Verdaguer, S., González-

Carreño, T., & Serna, C.J. (2003). The preparation of magnetic 

nanoparticles for applications in biomedicine. Journal of Physics D: 

Applied Physics, 36, 182-197. 

Trickler, W. J., Nagvekar, A. A., & Dash, A. K. (2008). A novel nanoparticle 

formulation for sustained paclitaxel delivery. AAPS PharmSciTech, 

9(2), 486-493.  

Wilczewska, A. Z., Niemirowicz, K., Markiewicz, K. H., & Car, H. (2012). 

Nanoparticles as drug delivery systems. Pharmacological Reports, 64, 

1020-1037. 

Yang, S-T., Wang, X., Jia, G., Gu, Y., Wang, T., Nie, H., ... Liu, Y. (2008). 

Long-term accumulation and low toxicity of single-walled carbon 

nanotubes in intravenously exposed mice. Toxicology Letters, 181, 

182-189. 

Ziegler, U. & Groscurth, P. (2004). Morphological features of cell death. 

Physiology, 19, 124-128. 

Zur Mühlen, A. & Mehnert, W. (1998). Drug release and release mechanism 

of prednisolone loaded solid lipid nanoparticles, Pharmazie, 53, 552. 

 

 

 

 

 

 

 




