
CHAPTER 2

GENESIS OF WORK & OBJECTIVES

This chapter deals reviews the problems associated with synthesis of gold nanoparticles. The 

issues & challenges associated with delivery of anticancer drug, doxorubicin hydrochloride, & how 

nanoparticulate delivery system can provide effective solution to overcome the problems are 

highlighted. The objectives of the present investigation are described in this chapter which 

highlights our strategies to overcome the existing shortcomings.
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GENESIS OF WORK AND OBJECTIVES

2.1 The status and strategy for delivery of doxorubicin hydrochloride

Cancer is one of the major causes of mortality worldwide and the incidence of cancer 

continues to rise. In 2007 alone, it claimed 7.9 million lives worldwide, which was 13% of 

all deaths.111 In contrast to other diseases, cancer is a highly heterogeneous disease with 

diverse phenotypic expressions at different organ sites. Lack of effective diagnostic 

methods to detect cancer at its early onset, as well as a lack of efficacious therapy with 

minimal toxicity, remains the major limitation for complete eradication of the disease.121

The most widely studied anticancer drug till date is doxorubicin hydrochloride. It is an 

anthracyeline antibiotic, which intercalates DNA. It has been used in the treatment of a 

wide variety of cancers, such as acute lymphoblastic leukemia, multiple myeloma, 

carcinomas of the head and neck, breast, pancreas, stomach, liver, ovary, lung, prostate, 

uterus and neuroblastomas.131 Despite being widely used, when doxorubicin is 

administered directly, lacks tumor targeting ability leading to narrow therapeutic effect and 

also its clinical use is hampered due to several undesirable side effects such as 

cardiotoxicity and myelosuppression.141 Moreover, as doxorubicin is a hydrophilic molecule, 

restricted transport is observed through the cellular membrane leading to minimal drug 

internalization and its ability to overcome biological barriers, such as the blood brain 

barrier, is rather negligible. Due to this fact, free doxorubicin cannot successfully be used 

for the treatment of brain tumors.

Over the past several decades, with great development in the field of nanotechnology, 

various nanoparticles in different structures, shapes and composites provides good 

potential for their applications in cancer diagnostics and therapy. These nanoplatforms 

include polymer-drug conjugates, liposomes, polymeric micelles, polymersomes, etc.15,6! 

In this regard, doxorubicin also has been exclusively incorporated into a number of 

nanocomposite platforms such as polymer-drug conjugates,117,81 liposomes191 and polymeric 

micelles.110,111 Among all the nanomedicine platforms, liposomes have demonstrated the 

most clinical success with several FDA-approved formulations for cancer treatment.16,121 A 

representative example is Doxil® (Ortho Biotech), a Polyethylene glycol)-liposome 

containing the drug doxorubicin. Doxil® was originally approved for the treatment of AIDS- 

related Kaposi's sarcoma and is now approved for use in ovarian cancer and multiple 

myeloma.1131 It circulates in the body as nanoparticles and has a half life -100 times longer 

than free doxorubicin. Its advantages over free doxorubicin are greater efficacy and lower 

cardiotoxicity. These advantages are attributed to passive targeting of tumours due to 

leaky tumour vasculature1141 and to lower concentrations of free doxorubicin at healthy

Ph.b. Thesis; Suresh Kamath B Pharmacy Department, The M.S University of Baroda 39



Chapter 2 genesis Of Work And Objectives

tissue sites. However, such nanoscaled systems have also shown that unwanted 

attributes can manifest themselves. Undoubtedly, pegylated doxorubicin liposomes have 

demonstrated a significant pharmacological efficacy in the treatment of Kaposi's sarcoma. 

However the polyethylene glycol coating results in preferential concentration of 

doxorubicin in the skin, which results in a side effect called palmar plantar 

erythrodysesthesia (PPE), more commonly known as hand-foot syndrome that is not 

observed with free doxorubicin.1151

By design, a particle delivery system is required that is capable of sequestering a cancer 

drug solely within a tumor thus reducing the accumulation of the drug in healthy cells. 

While many approaches are being developed for nanotechnology enabled cancer 

diagnostics and therapeutics, a remarkably promising strategy involves the combination of 

noble metal nanoparticles especially gold nanoparticles and anticancer drugs, The unique 

chemical and physical properties of gold nanoparticles make them well suited for 

transporting and unloading the pharmaceuticals. The gold core is inert, non-toxic and 

biocompatible, making it an ideal starting point for carrier construction.1161 A second 

advantage is their ease of synthesis; monodisperse nanoparticles can be formed with core 

sizes ranging from 2 nm to 150 nm, whereas polymer based carriers can be 

heterogeneous in structure due to high polydispersity. For biomedical applications, the 

versatility is imparted by their ready functionalization with various ligands which are 

essential in order to target them to specific disease areas and allow them to selectively 

interact with cells or biomolecules. Additionally, for systemic applications, long circulating 

nanoparticles are desired for targeting the tumors sites. Functionalized gold nanoparticles 

with an outer Polyethylene glycol) shell can offer excellent stability in physiological 

conditions because Po!y(ethylene glycol) has excellent solubility in water. The 

PoIy(ethylene glycol) shell can greatly minimize the uptake of the gold nanoparticles by 

the reticuloendothelial system (RES), which can lead to a much longer circulation time in 

the bloodstream. This will allow the gold nanoparticles to preferentially accumulate in the 

tumor sites through the leaky tumor vasculature and provide flexibility to the attached 

ligand for efficient interaction with its target.1171 Although various methods for synthesis of 

gold nanoparticles have been reported, the most common synthesis route in aqueous 
solution involves Turkevitch process of reduction of gold (III) Cl3 with trisodium citrate.1181 

The two-phase Brust-Schiffrin method usually involves use of organic solvents,1191 

however, the organic solvents render them unsuitable for biological application. Although 

numerous synthesis methods have been employed to fabricate gold nanoparticles, lack of 

sufficient stability has impeded the applications of gold nanoparticles. It is necessary to 

have a system which is water soluble, aggregation resistant, and biocompatible, does not 

include toxic chemicals in the synthesis protocol and introduce functionality to the particle 

surface for the conjugation of biomolecules for medical applications.
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The prevalent methods for synthesis lack one or the other aforementioned properties. With

this background the principal objectives of the present study comprised of the following:

1. To explore a natural, biocompatible polysaccharide gellan gum as reducing and 

stabilizing agent for the synthesis of gold nanoparticles.

2. To study the cellular uptake and in vivo oral toxicity of gellan gum reduced gold 

nanoparticles!

3. To obtain doxorubicin hydrochloride loaded gellan gum reduced gold nanoparticles 

and to evaluate its cytotoxicity against human glioma cell lines.

4. To study the functionalization of gellan gum reduced gold nanoparticles with 

biosurfactant sophorolipid and Polyethylene glycol).

5. To study the cytotoxicity of sophorolipid and Polyethylene glycol)-sophorolipid 

conjugated gold nanoparticles and their doxorubicin hydrochloride loaded derivatives 

towards human glioma and human glioma stem cell lines.

6. In-vivo tumor microvessel density evaluation-Tumor angiogenesis inhibition study

Ph.D. Thesis: Suresh Kamath B Pharmacy Department, The M.S University of Baroda 41



Chapter 2 Senes is Of Work And Objectives

References:
1. WHO, Cancer, www.who.int, 2008.

2. R.A. Smith, V. Cokkinides, H.J. Eyre. American cancer society guidelines for the 

early detection of cancer. Cancer J. Clin., 2005, 55; 31-44.

3. R.S. Benjamin, C.E. Riggs, N.R. Bachur. Pharmacokinetics and metabolism of 

doxorubicin in man. Clin. Pharmacol. Ther., 1973,14; 592-600.

4. S. Aryal, J.J. Grailer, S. Pilla, D.A. Steeberb, S. Gong. Doxorubicin conjugated gold 

nanoparticles as water-soluble and pH-responsive anticancer drug nanocarriers, J. 

Mater. Chem., 2009,19; 7879-7884.

5. M.E. Davis, Z. Chen, D.M. Shin. Nanoparticle therapeutics: An emerging treatment 

modality for cancer. Nat Rev. Drug Discov., 2008, 7; 771-782.

6. D. Peer, J.M. Karp, S. Hong, O.C. Farokhzad, R. Margalit, R. Langer. Nanocarriers 

as an emerging platform for cancer therapy. Nat. Nanotechnol., 2007, 2; 751-760.

7. R. Duncan. The dawning era of polymer therapeutics. Nat. Rev. Drug Discov., 

2003, 2; 347-360.

8. A. Nori, J. Kopecek. Intracellular targeting of polymer bound drugs for cancer 

chemotherapy. Adv. Drug. Deliv. Rev., 2005, 57; 609-636.

9. A. Gabizon, H. Shmeeda, Y. Barenholz. Pharmacokinetics of pegylated liposomal 

doxorubicin: Review of animal and human studies. Clin. Pharmacokinet., 2003, 42; 

419-436.

10. E.V. Batrakova, S. Li, Y.L. Li, V.Y. Alakhov, W.F. Elmquist, A.V. Kabanov. 

Distribution kinetics of a micelle forming block copolymer pluronic P85. J. Control. 

Rel., 2004,100; 389-397.

11. K. Kataoka, T. Matsumoto, M. Yokoyama, T. Okano, Y. Sakurai, S. Fukushima, K. 

Okamoto, G.S. Kwon. Doxorubicin loaded polyethylene glycol)-poly((3-benzyl-L- 

aspartate) copolymermicelles: Their pharmaceutical characteristics and biological 

significance. J. Control. Rel., 2000, 64; 143-153.

12. V.P. Torchiiin. Recent advances with liposomes as pharmaceutical carriers. Nat. 

Rev. Drug Discov., 2005, 4; 145-160.

13. Y.M. Ning, K. He, R. Dagher, R. Sridhara, A. Farrell, R. Justice, R. Padzur. 

Liposomal doxorubicin in combination with bortezomib for relapsed or refractory 

multiple myeloma. Oncology 2007, 21; 1503-1508.

14. E. Ogawara, K. Un, K. Minato, K. Tanaka, K. Higaki, T. Kimura. Determinants for in 

vivo anti-tumor effects of PEG liposomal doxorubicin: Importance of vascular 

permeability within tumors. Int. J. Pharm., 2008, 359; 234-240.

Ph.D. Thesis: Suresh Kamath B Pharmacy Department, The M.S University of Baroda 42



Chapter 2 Genesis Of Work And Objectives

15. s B. Uziely, S. Jeffers, R. Isacson, K. Kutsch, D.W. Tsao, Z. Yehoshua, E. Libson, F.M.

Muggia, A. Gabizon. Liposomal doxorubicin: Antitumor activity and unique toxicities 

during two complementary phase I studies. J. Clin. Oncol., 1995,13; 1777-1785.

16. R. Shukla, V. Bansal, M. Chaudhary, A. Basu, R.R. Bhonde, M. Sastry. 

Biocompatibility of gold nanoparticles and their endocytotic fate inside the cellular 

compartment: A microscopic overview. Langmuir 2005, 21; 10644-10654.

17. D. Shenoy, W. Fu, J. Li, C. Crasto, G. Jones, C. Dimarzio, S. Sridhar, M. Amiji. 

Surface functionalization of gold nanoparticles using hetero- bifunctional 

polyethylene glycol) spacer for intracellular tracking and delivery, Int. J. Nanomed., 

2006,1; 51-57.

18. M.C. Daniel, D. Astruc. Gold nanoparticles: Assembly, supramolecular chemistry, 

quantum size related properties, and applications toward biology, catalysis and 

nanotechnology. Chem. Rev., 2004,104; 293-346.

19. M. Brust, M. Walker, D. Bethell, D.J. Schiffrin, R. Whyman. Synthesis of thiol- 

derivatised gold nanoparticles in a two-phase liquid-liquid system. J. Chem. Soc. 

Chem. Commun., 1994, 7; 810-812.

20. S.V. Kyriacou, W.J. Brownlow, N.X.N. Xu. Using nanoparticle optics assay for direct 

obsetvation of the function of antimicrobial agents in single live bacterial cells. 

Biochemistry 2004, 43; 140-147.

21. I. Sondi, B.S. Sondi. Silver nanoparticles as antimicrobial agent: A case study on E. 

coli as a model for Gram-negative bacteria. J. Colloids Interf. Sci., 2004, 275; 177- 

182.

22. R. Holladay, W. Moeller, D. Mehta, J. Brooks, R, Roy, M. Mortenson. European 

patent application no. W02005US47699 20051230, 2006.

23. Q.L. Feng, J. Wu, G.Q. Chen, F.Z. Cui, T.N. Kim, J.O. Kim. A mechanistic study of 

the antibacterial effect of silver ions on Escherichia coli and Staphylococcus aureu. 

J. Biomed. Mater. Res., 2000, 52; 662- 668.

24. S.P. Chen, G.Z. Wu, H.Y. Zeng. Preparation of high antimicrobial activity thiourea 

chitosan-Ag+ complex. Carbohydr. Polym., 2005, 60; 33-38.

25. (a). P.L. Taylor, A.L. Ussher, R.E, Burrell. Impact of heat on nanocrystalline silver 

dressings: Part I: Chemical and biological properties. Biomaterials 2005, 26; 7221- 

7229. (b). S.J. Park, Y.S. Jang. Preparation and characterization of activated carbon 

fibers supported with silver metal for antibacterial behavior. J. Colloid Interface ScL, 

2003, 261; 238-243.

Ph.D. Thesis: Suresh Kamath B Pharmacy Department, The M.S University of Baroda 43



Chapter 2 genesis Of Work And Objectives

26. R.W.Y. Sun, R. Chen, N.P. Chung, C.M. Ho, C.L.S. Lin, C.M. Che. Silver 

nanoparticles fabricated in Hepes buffer exhibit cytoprotective activities toward HIV-1 

infected cells. Chem. Commun., 2005,40; 5059-5061.

27. R. Vaidyanathan, K. Kalishwaralal, S. Gopalram, S. Gurunathan. Nanosilver: The 

burgeoning therapeutic molecule and its green synthesis. Biotechnol. Adv., 2009, 

27; 924-937.

28. M.B. Kasture, P. Patel, A.A. Prabhune, C.V. Ramana, A.A Kulkarna, B.L.V. Prasad. 

Synthesis of silver nanoparticles by sophorolipids: Effect of temperature and 

sophorolipid structure on the size of particles. J. Chem. Sci., 2008, 120; 2008, 515- 

520.

Ph.D. Thesis: Suresh Kamath B Pharmacy Department, The M.S University of Baroda 44


