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                                                                                ABSTRACT 
 

Breast cancer is a heterogenous disease and differs greatly among different patients and even within 

each individual. This change in heterogeneity significantly changes the efficacy of cancer therapy 

and therefore, requires the designing of a novel formulation that can deliver therapeutics more 

efficiently to the cancer cells and can be directed even after the administration of the formulation. 

Over the last couple of decades, cancer diagnosis and treatment has improved drastically through the 

expansion of development in novel technologies used in diagnostic, surgical, and therapeutic 

treatments. However, due to the complexity and diversity of cancers, it is still a challenge to cure 

cancer using conventional therapies. The development of treatment strategy in cancer is one of the 

most difficult part because of cancer heterogeneity and challenges in selectively targeting cancer 

cells without affecting any healthy tissue. The conventional chemotherapy suffers from the 

limitations of imparting higher degree of toxicity to the body and losing its efficacy because of drug 

resistance. To circumvent these problems development of nanofromulation and nanomedicine has 

become one of the important area of research for strategizing cancer therapy.  

In present study, different nanoformulations of 5-Fluorouracil were prepared with the aim of 

improving therapeutic potential of the drug for breast cancer. The thesis comprises of five chapters 

(1-5), dealing with the synthesis of nanoformulations of 5-Fluorouracil which targets the drug to the 

desired site by use of a magnetic nanocarrier system.  

Chapter 1 (Introduction and Literature Review), this chapter reveals both the conventional as 

well as the novel technologies now being used for the treatment of cancer. It highlights the 

development of different treatment strategies and their mechanism of action in cancer treatment. The 

chapter also highlights the profile of 5-Fluorouracil (5FU) and various excipients used in the study. 

Beside this it includes the different commercially available nanoparticulate products for cancer 

treatment and their mechanism of action has also been summarized 

Chapter 2 deals with synthesis and characterization of magnetic nanoparticles, the work 

presented elaborates the synthesis and characterization of magnetic nanoparticles which are the 

carrier species used for targeting the drug on to the tumor cells.  Superparamagnetic nanoparticles 

were synthesized with the help of a co-precipitation method using a 2:1 molar ratio of ferric nitrite 

and ferrous sulphate with liquid ammonia. The prepared nanoparticle was in the size range of 15-25 
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nm when analyzed using field emission scanning electron microscopy (FESEM) and possess 

superparamagnetic behavior which was reflected in the vibrating sample magnetometer (VSM) 

analysis. 

Chapter 3 focuses on the synthesis and characterization of HTCC-5FU-Magnetic 

nanoparticles, this chapter elaborates the formulation of HTCC-5FU magnetic nanoparticles using 

the bottom up approach. In this approach nanoparticles were prepared using encapsulation of 5FU 

along with magnetic nanoparticles to form N-(2-hydroxy) propyl-3-trimethyl ammonium chitosan 

chloride nanoparticles (HTCC-5FU magnetic nanoparticles). The optimization study was conducted 

on the developed HTCC-5FU magnetic nanoparticles for the selection of a suitable polymer 

concentration used for encapsulation of 5FU which provides the best encapsulation efficiency and 

stability to the system. The detailed physiochemical characterization of optimized formulations was 

also conducted using different biophysical techniques. Differential scanning calorimetry revealed 

that there were no physical and chemical incompatibilities between the drug and excipients. The size 

of nanoformulation was measured using transmission electron microscopy (TEM) and FESEM and 

found to be 180 nm.   Infrared spectroscopy of the formulation was also performed to investigate the 

ionic gelation taking place between HTCC and sodium tripolyphosphate (STP) during the 

formulation of nanoparticles. The magnetic behaviour of the formulation was accessed using VSM 

analysis. Further the in vitro release kinetics of drug from the formulations were also conducted 

which indicated a diffusion release form the formulation showing the best fit in Korsmeyer-Peppa’s  

(R2  = 0.9798, n = 0.239).  

Chapter 4 describes the synthesis and characterization of 5FU gold magnetic nanoparticles, 

This chapter defines the approach used for formulation of 5FU gold magnetic nanoparticles. The 

formulation of a 5FU gold magnetic nanoparticles was achieved in two steps (i) the direct coating of 

gold on the synthesised magnetic nanoparticles to form a gold nanoparticles encapsulating magnetic 

particles and (ii) Conjugating 5FU with the gold magnetic nanoparticles. The formulation was 

characterized using the UV-spectrophotometric study revealing a consistent peak at 550 nm 

indicating a stable gold nanoparticles being formed. Further the characterization by TEM and zeta 

potential were carried out to ensure the size and stability of nanoformulations. IR spectrophotometric 

study of the formulations was also conducted to evaluate the mechanism of formation of 5FU on 
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gold nanoparticles. It was noticed that there was a decrease in the magnetic property of gold 5FU 

magnetic nanoparticles as compared the bare magnetic nanoparticles.  

Chapter 5 deals with the cytotoxicity and in vivo anticancer activity, The chapter investigates 

the cytotoxicity of  HTCC-5FU magnetic nanoparticles and gold 5FU magnetic nanoparticles on 

MCF-7 cell lines using MTT assay and in vivo anticancer activity for measuring the targeting 

efficacy of magnetic nanoformulation (HTCC-5FU-Magnetic nanoparticles and 5FU gold magnetic 

nanoparticles ) in treating breast cancer. Allograft model was used to evaluate the anticancer activity 

of developed magnetic nanoparticles. Healthy Female Balb/c mice of 5-6 weeks of age were used 

for study. Tumors were generated by an orthotopic injection of 4T1 breast cancer cell lines and tumor 

generated mice were treated with the different formulations. Further,  a constant monitoring of 

animal body weight and tumor volume during the course of treatment reflected a significant effect 

of formulations in controlling the tumor volume. Histopathological examination was performed to 

confirm the accumulation of magnetic nanoparticle in tumors and the therapeutic efficacy of 

magnetic nanoparticles was also evaluated. 
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CHAPTER 1                                                                                 
 

1. INTRODUCTION 

1.1 Breast Cancer 

Breast cancer is among the highest ranked cancer found among the Indian females with a rate as 

high as 25.8 in every 100,000 women and a mortality rate of 12.7 in every 100,000 women. There 

is a big difference in the cancer cases reported and breast cancer-specific mortality, when 

considered globally. In United states the survival rate of cancer continues to increase attributing 

to the advances in early detection and treatment. Further, the American Cancer Society (ACS) 

and the National Cancer Institute (NCI) have collaboratively initiated different programs to 

impart the knowledge with regard to the disease and its management to help the patients for a 

better life. According to the latest epidemiological data there were almost 15.5 million cancer 

patients who managed to survive because of this collaborative initiation as on January 2016, and 

this figure is expected to reach approximately 20 million by January 2026 [1]. 

Generally, a greater incidence rate of breast cancer is reported in the developed nations where as 

higher mortality rate for breast cancer is seen in the developing nations. The similar pattern is 

observed within India where the incidence of mortality in comparison to incidence of occurrence 

was found to be 66 % in rural areas whereas as this value was merely 8 %  in urban areas [2]. 

This is attributed to a complex combination of factors including factors related to lifestyle, 

limitations of data and dissimilarity in the methods of breast cancer diagnosis and treatment [3]. 

In India, incidence rate of breast cancer was found to be highest for Delhi with 41 per 100,000 

women reported with the disease, followed by Chennai, Bangalore and Thiruvananthapuram 

districts where the incidence rate reported are of 37.9 %, 34.4 %, and 33.7 % respectively. 

Projected figures for patients suffering from breast cancer in India by 2020 indicates an alarming 

high of 1797900 patients [2]. A better awareness, screening programmes, and treatment facilities 

would favour a positive clinical picture in the country. 

1.2 Development of Novel Strategies to Cure Cancer  

Over the last couple of decades, cancer diagnosis and treatment have improved drastically 

through the expansion of development in novel drug delivery technologies used in diagnostic, 

surgical, and therapeutic treatments. However, due to the complexity and diversity of cancers, it 

is still a challenge to cure cancer [4,5]. The development of treatment strategies in cancer is one 
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of the most difficult parts because of cancer heterogeneity and challenges in selectively targeting 

cancer cells without affecting healthy tissue. The limitations of conventional cancer drug therapy 

include higher degree of associated toxicity and drug resistance. To circumvent these problems, 

use of nanofromulation (NF) and nanomedicine has become one of the choice for development 

of cancer therapy.  In recent years, nanoformulations has proved as a rapidly evolving field with 

aims of improving therapeutic potential of already existing drugs in cancer treatments by the 

virtue of properties like high surface to mass ratio, better drug absorption and high drug payload.  

Nanoformulation is referred to the formulation which is designed using nanoscale materials with 

an aim to increase their uptake by the targeted cells along with their reduced systemic toxicity 

[6].  

1.3 Desirable Characteristics Required by Nanoformulation 

One of the advantage of nanoformulation is the ability to ‘protect’ the drug from either rapid 

degradation or clearance. The shielded drug in the nanoformulation has an altered 

pharmacokinetic pattern i.e., a changed absorption, distribution, metabolism, and excretion 

profile and similarly a different pharmacodynamic profile i.e., effects of drug on the body 

compared to free drug. Nanoparticles can have a significantly prolonged circulation time for 

therapeutic agents encapsulated in them leading to increased extravasation into tumors [7]. These 

properties of nanoformulation gives further advantage of less frequent doses, a lower toxicity, 

and improved patient compliance [8]. The parameters that critically influence drug delivery 

through nanoformulation are targeting, particle size and shape, surface charge, lipophilicity of 

the nanoparticle. These physical properties can be easily manipulated as per the choice of route 

of administration and targeting site to optimize their use in diagnostic and therapeutic. 

1.4 Different Approaches for Drug Targeting in Cancer Cells 

Nanoformulations are systems which are designed and structured with dimensions in nanometer 

(nm) size. Nanoparticles can usually have a dimension that is designed based on their  intended 

clinical use. One of the purpose of these constructed nanoformulations (NFs) is to  accumulate 

inside the cancerous tissue. A naoparticle as compared to a bulk product of higher dimension 

carries an advantage of passing through the leaky junction of cancer endothelium to reach the 

cancer cells which causes a preferential accumulation of the NFs at tumor sites. These tumor 

cells have a deficient lymphatic system, resulting in enhanced permeation and retention effect 

(EPR) of the drug. Nanoparticle targeting to tumors can be achieved passively thorough the 

enhanced permeability and retention (EPR) effect. The pores in the tumor vasculature ranges 
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from some 100 to 600 nm in size, which allows nanoformulation with a maximum size of ~400 

nm to extravasate into the tumor tissue [9,10]. This mechanism of drug targeting has also been 

explored for drug delivery in cancer by cancer nanotubes [11]. 

1.4.1 Dendrimers  

Dendrimers are class of nanoparticles which forms a branched macromolecular three 

dimensional structure (Figure 1.1). They can be prepared using either a divergent or a convergent 

technique. They have a well-defined structure with  branches coming out of the central core 

resulting from polymerization in the central core [12]. Resulting branches may vary in length 

due to steric limitations and dendrimer attains a spherical shape [13]. Drug moieties may be 

incorporated with help of bonding of drug with the chemical groups present on the surface of 

dendrimer or encapsulation of drug inside the dendrimer [14,15]. These dendrimers are found 

suitable in carrying different nature of carrier molecules, both lipophilic and hydrophilic in 

nature, and may act as a potential system for drug and gene delivery. These nanoparticles are 

reported to have a potential targeting against tumor cells where  h-foliate receptor have been 

designed using dendrimers. 

 

 

 

 

 

 

Figure 1.1 Diagrammatic Representation of a Dendrimers 

 

1.4.2 Micelles  

Micelles are self-assembled, nano-sized (5–100 nm), bilayer spherical structure, that consist of 

amphiphilic polymers, which form spontaneously in an aqueous environment (Figure 1.2) [12]. 

The mechanism of formation involves the clumping of hydrophobic end of the molecules to form 
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the central core of the sphere and the hydrophilic ends are then aligned with the surrounding 

aqueous medium and form the outer shell. Inner core is used as reservoir of drugs which is 

responsible for protection of the drug till the time it is delivered  at the desired site whereas the 

outer shell defines the properties like stability and hydrophilicity of the micellar structure. 

Moreover, outer shells can also be structurally modified for providing the specificity to the 

interaction of micelles with the biocomponents [14,16]. These systems are therefore a potential 

carrier  for delivery of drugs such as paclitaxel [17], Doxorubicin [18], Epirubicin [19]. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2 Diagrammatic Representation of a Micelle 
 

1.4.3 Nanospheres  

Nanospheres are more often a matrix system and forms a spherical structure in which drug may 

be either entrapped, attached, or encapsulated (Figure 1.3). They can be used in targeted drug 

delivery by functionalizing the surface and attaching the relevant polymers or biological 

materials such as ligands or antibodies on their surface. A hollow mesoporous silica nanoparticles 

is one such example which have been utilized for controlled and targeted drug delivery of 

doxorubicin [20,21], antibiotics [22] and analgesics [23]. 

Hydrophilic end 

Hydrophobic end 

Encapsulated drug molecules  



5 

 

 

 

 

 

 

 

 

 

Figure 1.3 Diagrammatic Representation of a Nanosphere 
 

1.4.4 Nanocapsules  

These are vesicular systems with a central core in which the drug is encapsulated or entrapped 

and a polymeric membrane surrounding  the core to which targeting ligands such as an antibodies 

or protein may be attached (Figure 1.4). Nanocapsule can encapsulate a core product which may 

be either liquid or a solid. Nanocapsules are found suitable for various applications related to 

drug delivery. They have potential application in the field of oral delivery of drugs, as vehicle 

for oral administration of acid labile products like proteins and  peptide, such as poly 

(isobutylcyanoacrylate) nanocapsules [24,25] or  in targeted therapy for cancer such as 

nanocapsules encapsulating siRNAs [26], cisplatin [27] and doxorubicin [28]. 

 

 

 

 

 

 

 

 

 

 

Figure 1.4 Diagrammatic Representation of a Nanocapsule 
 

1.4.5 Liposomes  

Liposomes are carriers which can encapsulate both hydrophilic and hydrophobic drug within its 

core [29]. They are vesicular in nature and are composed of lipid layers (Figure 1.5) [12]. They 

Encapsulated drug 

molecules  

Ligands attached 

for targeting  

Encapsulated drug 

molecules  
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are defined according to the number of lipid bilayer. Unilamellar liposome is a system having a 

single lamellar structure with an aqueous core and hence are more suitable for entrapment of 

hydrophilic drugs; in contrary to multilamellar liposomes which entraps lipophilic drugs. 

Although there are many novel drug delivery systems for treatment of cancer in clinical trials or 

approved,  liposomes is one of the most extensively researched vehicle for drug delivery [30,31]  

Doxil, is the first liposomal formulation approved by the Food & Drug Administration (FDA) 

for the treatment of Kaposi's sarcoma [32,33]. DaunoXome, is another liposomal formulation of 

daunorubicin  which is approved for the treatment of Acquired Immune Deficiency Syndrome 

(AIDS) related Kaposi's sarcoma [34,35]. Marqibo, is another liposomal formulation of 

vincristine made for the treatment of acute lymphoblastic leukemia [36,37]. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.5 Diagrammatic Representation of a Liposome 
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1.5 Drug and Excipients Related Literature Survey 

1.5.1 5-Fluorouracil (5FU) 

Fluorouracil (5FU) is chemically an analogue of pyrimidine which clinically lies in the category 

of  anticancer drug (Figure 1.6). It is among the few first line drug recommended for the treatment 

of  multiple solid tumors including colon, rectal and breast. It is also a part of conjugate therapy 

in case of  gastric, pancreatic, ovarian, bladder and liver cancer.  

 Chemical Structure:  

IUPAC Name: 5-fluoro-1H-

pyrimidine-2,4-dione 

Molecular formula:  C4H3FN2O2 

Molecular weight: 130.078 g/mol 

Half-life: 10-20 min 

Physical state: 5FU is a solid white to nearly white crystalline powder; practically odorless. 

pKa: 8.02 

Log P: -0.89 

Log S: -1.07 

Log Kow:  -0.89 

Melting point: 282-283C 

Solubility: Solubility varies based on type of solvent, it is found to be sparingly soluble 

in water (< 1mg/ml at 77F) and slightly soluble in alcohol. 

Protein binding: 8-12% 

Routes of administration: Parentral (IV), topical , oral 

Brand available: Adrucil, Adria; Fluorouracil Injection, Goldline, Lyphomed 

 
 
 
 
 
 
 
Figure 1.6: Chemical structure of 5 Fluorouracil 

https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C4H3FN2O2&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/compound/water
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Dosage form and dosage: Parenteral Injection, for iv use, 50 mg/mL, Topical Cream, 1% (w/w) 

Toxicity:  

Hepatotoxicity is reported as the major effect of 5FU affecting more than 70 % of patients under 

chemotherapy because of 5FU. It seems that 5FUcause an elevation in serum aminotransferase 

level in treated patients. Other reported toxicity are mucositis and myelosuppression [38].  

 

Mechanism:   

5 Fluorouracil is an analogue of uracil, a pyriminde base and structurally differs by having a 

fluorine atom at carbon-5 instead of a hydrogen atom present in uracil. Being an analogue of 

uracil its uptake is quite rapid and in the similar manner as of uracil. Inside the cell, it gets 

metabolized to various active metabolites such as fluorodeoxyuridine monophosphate (FdUMP), 

fluorodeoxyuridine triphosphate (FdUTP) and fluorouridine triphosphate (FUTP). These 

metabolites are responsible for inhibiting the synthesis of deoxy ribonucleic acid (DNA) and 

ribose nucleic acid (RNA) by covalently binding with thymidylate synthetase (TS) and thus 

causing cell death [39]. 

Table 1.1 Some 5FU Loaded Nanoparticulate Carrier Based Drug Delivery System 

SNo                 Formulation type Inference Reference(s) 

1 Solid lipid 

nanoparticles 

Enhanced anticancer effect was 

observed using 5FU loaded SLN as 

compared to pure 5FU. 

[40] 

2 Chitosan-based 

nanoparticles 

Chitosan-loaded 5FU nanoformulation 

provided with improved localization of 

drug at colon region, a sustained release 

action for 24h and decreased drug 

induced toxicity. 

[41] 

3 Chitosan-based 

nanoparticles  

 

Nanoparticles formed using chitosan 

were found to have a pH-responsive 

drug delivery for cancer treatments.   

[42] 

4 PLGA nanoparticles 

 

The prepared 5FU nanoparticles of 

PLGA were investigated on HT-29 cell 

[43] 
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lines using MTT assay method and the 

results revealed that the 

nanoformulation prominently exhibited 

an effect on the cancer cells.  

5 Folic acid and 

PLGA conjugates  

 

5FU loaded PLGA nanoparticles were 

found to possess significant cytotoxicity 

which was found proportional to the 

folic acid conjugated with the 

nanoparticles. 

[44] 

6 5FU encapsulated 

pectin based 

nanoparticles 

5FUloaded in pectin based magnetic 

nanocarriers were synthesized and on 

were found to be effective against cell 

lines for colon cancer,  liver cancer, and 

pancreatic cancer. 

[45] 

7 Silica nanoparticles  

 

Conjugation of 5FU loaded hyaluronic 

acid (HA) was done with silica 

nanoparticles (SiNPs) and the result 

revealed that HA-conjugated NP was 

more effective in inducing apoptosis in 

cancer cells than non-targeted NP 

[46] 

     

1.5.2 Polymers 

Polymers are formed by a chemical reaction involving a sequential joining of number of 

monomer units to form a large polymeric unit. These polymers have become an integral part of 

the advancement in drug delivery technology. They provide a sustained as well as controlled 

release when used in the delivery of therapeutic agents both of hydrophilic and hydrophobic 

nature [47].  

Smart polymers are the now a days a choice of excipient to be used in pharmaceuticals. These  

polymers show a stimuli responsive change in their properties in response to the change in 

biological conditions. These stimuli may be generated by changes in temperature, pH,  pressure, 

magnetic field, electric field, light or a change in concentration, ionic strength, and redox 

potential etc. [48]. 
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1.5.2.1 N-(2-hydroxyl) propyl-3-trimethyl ammonium chitosan chloride (HTCC)  

Chemical Structure: 

N-(2-hydroxyl) propyl-3-trimethyl ammonium chitosan 

chloride (HTCC) (Figure 1.7) is a novel polymer that is 

biocompatible, biodegradable and economical in 

production. It can be prepared by a single pot and easy 

chemical reaction of Chitosan and epoxy propyl trimethyl 

ammonium chloride (EPTAC).  Moreover in comparison 

to chitosan the parent polymeric system, HTCC has a 

methyl group instead of amino group making it as a 

polymer with an excellent water solubility not only in acidic but basic pH also. HTCC therefore,  

dissolves in neutral and alkaline conditions also as compared to chitosan [49]. Besides, HTCC 

also has a great potential to be used as an agent to enhance  absorption  across epithelial due to 

its mucoadhesive and permeability enhancing property [50,51]. HTCC has become a choice for 

making nanoparticles based on ionic gelation process of HTCC and sodium tripolyphosphate 

(TPP).  

Table 1.2 Some HTCC encapsulated nanoparticulate system 

S.No. Drug Inference Reference 

1. Ribavirin The results revealed that HTCC is a promising 

CS derivative for the encapsulation of 

hydrophilic drugs with sustained action.  

 

[52] 

2.  Parathyroid 

Hormone  

 

The study showed that HTCC/PTHrP1–34 

nanoparticles were  successfully formulated 

using ionic gelation technique and is useful for 

the treatment of osteoporosis, because of 

sustained action. 

 

[53] 

3.  Bovine 

Serum 

Albumin 

(BSA) 

The study concluded with the fact that HTCC 

by means of ionic gelation technique is a 

suitable polymer to form nanoparticulate 

system with a sustained drug delivery. 

[54] 

 
 
 
 
 
 
Figure 1.7: Chemical structure 
for N-(2-hydroxyl) propyl-3-
trimethyl ammonium chitosan 
chloride (HTCC) 
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4. Methotrexate

(MTX) 

The formulated nanoparticle were found to be 

suitable for delivery of anticancer drug MTX 

to the targeted cells. 

[55] 

5. pGL3 

luciferase 

plasmid 

The results revealed that HTCC may work as 

a means of carrying a non-viral vector for safe 

and efficient DNA delivery. 

[56] 

 

1.6 Nanoparticles in Pharmaceuticals 

The purpose of any drug formulation is to deliver its payload i.e., drug to the site of action without 

any loss in the stability and efficacy of drug. The most common approach for treatment of cancer 

includes surgery, radiotherapy, chemotherapy, and hormonal therapy. But all of these approaches 

carries a major disadvantage of being non-specific in delivery of drug towards cancer cells 

making them non-effective in number of patients. Moreover, non-specific targeting of drug leads 

to a higher doses of drug required to reach the tumor region. Therefore, the prerequisite in 

designing of any novel drug delivery system for cancer are  firstly, targeting of drug delivery to 

cancer cells only  and secondly, minimum distribution of  drug in healthy cells. Nanoformulations 

(NFs) or nanoparticles (NPs) are one of the promising new tools which can assist in drug delivery 

directly into the tumor cells with a minimum drug distribution in the healthy cells. [57]. Different 

US-FDA approved nanoparticulate system is shown in Figure 1.8 [58] 

 

Figure 1.8  : Types of US-FDA approved nanoparticles available for clinical use  
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Table 1.3 Commercially Approved Nanodrugs Available for Clinical applications 

SNo Brand Name Generic Name Indication Category  

1.  Abelcet  Liposomal 

amphotericin B lipid 

complex 

Fungal infections Liposome 

2.  Abraxane  Albumin-bound 

paclitaxel 

Breast cancer,  

pancreatic cancer 

Albumin 

nanoparticle/Protein 

NPs 

3.  Adagen  Pegademase bovine Immunodefficiency Polymeric 

Nanoparticles 

4.  Adynovate  Recombinant 

Antihemophilic factor, 

pegylated 

Hemophilia Polymeric 

Nanoparticles 

5.  AmBIsome  Liposomal 

amphotericin B 

Fungal infections Liposome 

6.  Avinza  Morphine sulfate Psychostimulant Nanocrystal 

7.  Cimzia Certolizumab pegol Rheumatoid arthritis, 

psoriatic arthritis 

Polymeric 

Nanoparticles 

8.  Copaxone Glatimer acetate Multiple sclerosis Polymeric 

Nanoparticles 

9.  Curosurf  Poractant alfa Respiratory disease Liposome 

10.  DepoCyt  Liposomal cytarabine Meningitis Liposome 

11.  DepoDur Liposomal morphine 

sulphate 

Postoperative 

analgesia 

Liposome 

12.  Dexferrum  Iron dextran Iron deficiency  Inorganic NPs 

13.  Doxil  Doxorubicin HCl 

liposome injection 

Cancer Liposome 

14.  Eligard  Leuprolide acetate and 

polymer 

Cancer Polymeric 

Nanoparticles 

15.  Emend Aprepitant Antiemetic Nanocrystal 

16.  EquivaBone Hydroxyapatite Bone substitute Nanocrystal 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5720487/table/t1-ptj4212742/?report=objectonly#tfn1-ptj4212742
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5720487/table/t1-ptj4212742/?report=objectonly#tfn2-ptj4212742
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17.  Estrasorb  Micellar estradiol Vasomotor 

symptoms in 

menopause 

Micelles 

18.  Feraheme  Ferumoxytol Iron deficiency  Inorganic NPs 

19.  Ferrlecit  Sodiumferric gluconate  Irondeficiency  Inorganic NPs 

20.  Focalin Dexamethylphenidate 

HCl 

Psychostimulant Nanocrystal 

21.  Infed  Iron dextran Iron deficiency  Inorganic NPs 

22.  Invega Sustenna  Paliperidone palmitate Schizophrenia, 

schizoaffective 

disorder 

Nanocrystal 

23.  Krystexxa  Pegloticase Chronic gout Polymeric 

Nanoparticles 

24.  Macugen Pegaptinib Neovascular AMD Polymeric 

Nanoparticles 

25.  Marqibo  Liposomal vincristine Cancer Liposome 

26.  Megace ES Megestrol acetate Antianorexic Nanocrystal 

27.  Mircera  Beta form of methoxy 

polyethylene glycol-

epoetin  

Anemia Polymer 

Nanoparticles 

28.  NanOss Hydroxyapatite Bone substitute Nanocrystal 

29.  Neulasta Pegfilgrastim Chemotherapy-

induced neutropenia 

Polymeric 

Nanoparticles 

30.  Oncaspar  Pegaspargase Cancer Polymeric 

Nanoparticles 

31.  Onivyde  Liposomal irinotecan Cancer Liposome 

32.  Ontak  Denileukin diftitox Cancer Targeted T-cell 

specificity, 

lysosomal escape 

33.  OsSatura Hydroxyapatite Bone substitute Nanocrystal 

34.  Ostim  Hydroxyapatite Bone substitute Nanocrystal 

35.  Pegasys  Pegylated form of IFN 

alpha-2a 

Hepatitis B,& C Polymeric 

Nanoparticles 
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36.  PegIntron Pegylated form of  IFN 

alpha-2b 

Hepatitis C only Polymeric 

Nanoparticles 

37.  Plegridy Pegylated IFN beta-1a Multiple sclerosis Polymeric 

Nanoparticles 

38.  Rapamune  Sirolimus Immunosuppressant Nanocrystal 

39.  Rebinyn  Coagulation factor IX 

(recombinant), 

glycopegylated 

Hemophilia B Polymeric 

Nanoparticles 

40.  Renvela and 

Renagel  

Sevelamer carbonate; 

and Sevelamer HCl 

kidney disease Polymeric 

Nanoparticles 

41.  Ritalin LA  Methylphenidate HCl Psychostimulant Nanocrystal 

42.  Ryanodex  Dantrolene sodium Malignant 

hypothermia 

Nanocrystal 

43.  Somavert  Pegvisomant Acromegaly Polymeric 

Nanoparticles 

44.  Tricor  Fenofibrate Hyperlipidemia Nanocrystal 

45.  Venofer  Iron sucrose Iron deficiency  Inorganic NPs 

46.  Visudyne  Liposomal verteporfin Ocular 

histoplasmosis, 

myopia 

Liposome 

47.  Vitoss  Calcium phosphate Bone substitute Nanocrystal 

48.  Vyxeos Liposomal 

daunorubicin and 

cytarabine 

Cancer Liposome 

49.  Zanaflex Tizanidine HCl Muscle relaxant Nanocrystal 

50.  Zilretta  Triamcinolone 

acetonide ER injectable 

suspension 

Osteoarthritis knee 

pain 

Polymeric 

Nanoparticles 
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CHAPTER 2 

PREFORMULATION STUDIES OF 5 FLUOROURACIL AND SYNTHESIS OF 

MAGNETIC NANOPARTICLES 
                                                                                 

 

2.1 Introduction 

Every drug has certain chemical and physical properties which needs to be evaluated before 

development of a pharmaceutical formulation. The preformulation  study is the first step in the 

rational development of a dosage form,  which involves a series of studies that entirely focus on 

the physicochemical properties of the drug [59]. The properties such as solubility, partition 

coefficient, melting point, organoleptic properties and spectroscopic studies  could affect the 

drug performance in the physiological system. The prefromulation study therefore provide with 

some important information regarding the design and development of the formulation and 

support the need for any changes required during the development of the new formulation. These 

physiochemical properties provides the framework for drugs combination with pharmaceutical 

excipients in the fabrication of dosage form. Objective of preformulation study is to develop the 

elegant, stable, efficacious and safe dosage form by establishing drug’s physiochemical 

characteristics, and compatibility with the other formulation additives.  Preformulation studies 

includes (i)  identification of the physiochemical parameters for new and existing drug substances 

and (ii) investigation of  compatibility of the drug with the formulation additives. 

Magnetic nanoparticles have physical and chemical properties that are unique and are 

characteristic of neither the atom nor the bulk counterparts [60]. The large surface area and 

quantum effect of magnetic nanoparticles drastically change their magnetic properties and 

exhibit superparamagnetic phenomena, as each nanoparticle can be considered as a single 

magnetic domain [61]. Due to their unique properties, superparamagnetic nanoparticles have 

been widely used in the fields of biotechnology and ferrofluid technology. 

These magnetic nanoparticle can be easily directed towards the target tissue by the application 

of an external magnetic field. Superparamagnetic nanoparticles are considered as safe and 

effective as a targeting as well as a contrasting agent in magnetic resonance imaging. The 

magnetic nanoparticles are derived from different inorganic core of iron oxide, such as magnetite 

(Fe3O4), maghemite (γ-Fe2O), or other insoluble ferrites [62]. These are used for various 

applications by means of coating with polymers such as dextran, chitosan, polyethylene glycols 
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(PEGs), or pectin [63]. In recent years, magnetite an important type of superparamagnetic 

material has gained an increasing attention for its wide application in catalyst development, and 

biomedical applications, such as contrast agent in magnetic resonance imaging, bio separation 

by manipulation of magnitude of magnetic field, magnetic drug targeting,  and in therapeutics as 

hyperthermia [64,65].  Magnetic nanoparticles of iron oxide have been extensively studied for 

their biomedical applications, not only in the controlled magnetic transportation for the delivery 

of anticancer drugs but also in the generation of hyperthermia at a localized area [66,67]. 

2.2  Materials and Methods 

2.2.1 Materials 

5-Fluorouracil (5FU), ferric nitrite (Fe(NO3)3. 9H2O), ferrous sulphate (FeSO4. 7H2O), liquid 

ammonia, and all other reagents used were of analytical grade and were purchased from Sigma 

Aldrich. Millipore water was used in all the experiments. 

2.2.2 Preformulation Studies of 5FU 

2.2.2.1 Physical Properties 

The morphological characterization of 5FU is required firstly, for identification of drug and 

secondly, for comparing the initially received drug with that of the formulated drug in different 

batches. The physical properties of 5FU like colour, odour, and physical appearance were 

analysed. 

2.2.2.2 Identification of 5FU by UV-Visible spectroscopy 

UV spectrophotometric studies using 0.001%w/v 5FU were carried out in acetate buffer (pH 4.7) 

in a scanning range of 200-400 nm and values obtained were compared with those reported in 

Indian pharmacopeia (Indian Pharmacopoeia, 1996). 

2.2.2.3 Fourier transform infrared (FTIR) analysis  

5 FU was mixed with IR grade potassium bromide in a proportion of 1:50 and converted to 

pellets. The FTIR (Perkin Elmer Spectrophotometer) spectrum of pellets was recorded in the 

range of 400 to 4000 cm-1. The peaks of 5FU were compared with the standard IR spectrum 

reported in Indian pharmacopoeia for evaluation of its purity [68].  
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2.2.2.4 Preparation of Standard Plot 

5FU (10mg) was dissolved in 100 ml of millipore water to get a stock solution of 100 μg/ml. 

Further, using this stock solution different concentrations of dilutions in the range of 2-12 μg/ml 

were prepared and analyzed at 263 nm to get the calibration curve. The data recorded was 

subjected to linear regression analysis [69].  

2.2.2.4.1 Preparation of Phosphate Buffer (PBS) pH 7.4 

The preparation of PBS pH 7.4 was carried out by dissolving 2.83 g of dihydrogen phosphate 

and 0.19 g of potassium dihydrogen phosphate in millipore water and then 8.0 g of sodium 

chloride was added to the above solution. The volume of buffer solution was then adjusted to 

1000 ml with millipore water (Indian Pharmacopoeia, 1996). 

2.2.2.4.2 Preparation of Stock solution of 5FU 

To prepare 5FU stock solution, 5FU (10 mg)  was weighed and transferred to 100 ml volumetric 

flask. 5FU was then dissolved in 10 ml of PBS (pH 7.4) and volume was later made up to the 

100 ml mark using PBS, with a final strength of stock solution as 100 μg/ml. Stock solution was 

than diluted with millipore water  to obtain working solutions in the concentration range of 2-12 

μg/ml. 

2.2.2.5 Equilibrium solubility determination 

To determine the equilibrium solubility known amount of 5FU was suspended in distilled water 

(10 ml) and phosphate buffer pH 4.8, pH 6.8, pH 7.4, pH 7.8 and pH 8.2 at a temperature 

maintained at 37°C ± 0.5°C. The flasks were then shaken for a minimum of 24 h in water bath 

shaker. The suspension was then filtered, analyzed spectrophotometrically at 263 nm and further 

the equilibrium solubility was determined [70]. 

2.2.3 Synthesis of magnetic nanoparticles (MNPs) 

For the synthesis of  MNPs, a mixture of ferric nitrite and ferrous sulphate (molar ratio of 2:1) 

was prepared to which liquid ammonia solution was rapidly added, until pH 10  of the solution 

is attained. The mixture was then stirred vigorously for 45 min. Nanoparticles were maintained 

in a uniformly dispersed form by addition of surfactant (Tween 80). The excess surfactant was 

removed using magnetic decantation and resulted MNPs were washed with Millipore water [71]. 
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Synthesised magnetic nanoparticles were then lyophilized before subjecting them to any further 

application. 

2.2.4 Characterization of Magnetics Nanoparticles 

The magnetic properties of MNPs were recorded by analysing the sample of synthesised 

magnetic nanoparticles using vibrating sample magnetometer (VSM). The measurements such 

as analysis of saturated magnetization level and identification of superparamagnetic behaviour 

were recorded using VSM, from the hysteresis loop of M–H curve in the range ±10 kOe at room 

temperature [72]. 

2.3 Results and Discussion 

2.3.1 Physical Observations 

The first part of preformulation study is identification of the drug and asserting its purity. 

Physical properties like colour, odour, and physical appearance can be used as the first clue of 

drug’s purity. They may not provide with a detailed information of level of impurity or the 

reason(s) of contamination but still are an important property for investigation of drug’s 

physiochemical behaviour. The following parameters were analysed as a  part of physical 

observation of drug for its identification: 

Table 2.1 Physical properties observed in the sample of  5FU  

Colour White 

Odour Odourless 

Physical appearance White crystalline powder 

All these characteristics were in compliance with the standard of 5FU as reported in Indian 

Pharmacopoeia.  

2.3.2 UV spectrophotometric study 

Every drug investigated under UV spectrophotometer provides a specific wavelength at which 

the drug absorbs the maximum energy, which is also referred as absorption maxima (λmax ) of 

that drug. This absorption maxima (λmax ) is an intrinsic property of every molecule and can be 

used to establish the purity of the drug. UV spectrophotometric study of 5FU was carried out in 

an acetate buffer (pH 4.7) in a scanning range of 200-400 nm. The λmax obtained were recorded 

in and compared with literature value authenticated the study. (Table 2.2, Figure 2.1) 



19 

 

Table 2.2 Comparative λmax of 5 Fluorouracil in acetate buffer pH 4.7 with literature as 

well as experimental λmax  

 

 

The experimental value and the literature value of 5FU were found to be same indicating a high 

level of purity in the procured drug sample.  

 

Figure 2.1 UV Spectra of 5FU solution (0.001% w/v)  in acetate buffer (pH-4.7)  

2.3.3 Equilibrium Solubility of 5FU 

The solubility of 5FU was measured in different medium phosphate buffer (pH 4.8, pH 6.8, pH 

7.4, pH 7.8 and pH 8.2). The results clearly depicts that the solubility of 5FU increases with an 

Solvent 

 

 

λmax 

 

Experimental 

 

As per Indian Pharmacopoeia 

 

 Acetate Buffer (pH 4.7) 

 

 

 

266 266 
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increase in the pH of medium (Figure 2.2). These results can be attributed to the fact that 5FU is 

an acidic drug and its ionisation is promoted in a basic medium thereby increasing the solubility 

of the drug [73,74]. Solubility of 5FU is investigated during the preformulation studies to predict 

the amount of drug which can be dissolved in a specific pH of solvent during the development 

of formulation. 

 

  

Figure 2.2 Effect of pH of medium on solubility of 5FU  

 

2.3.4 Fourier Transform Infrared (FTIR) Analysis 

The IR absorption spectrum of 5FU was found to be concordant when compared with the 

reference spectrum of 5FU (Figure 2.3). The typical peaks of the analyzed drug sample were also 

interpreted (Table 2.3).  The peak of C-F bond was observed at 1181 cm-1, presence of aromatic 

ring produced a peak between 500-600 cm-1 and also between 2500-3000 cm-1. There were C=C 

stretching peak at 1346 cm-1 and 1554 cm-1. The spectra did not reveal any shift or any new peak 

thus confirming the purity of the sample [75].  
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 Table 2.3 IR spectral peaks with their respective stretching 

 
 

 

 

Figure 2.3 FTIR spectra of  5FU showing different characteristic peaks 

 

2.3.5 Preparation of calibration curve 

The quantitative estimation of amount of drug present in any formulation requires the accurate 

estimation of its calibration curve. The absorbance of standard concentrations of 5FU (2-12 

µg/ml) were plotted (Figure 2.4) and linearity was observed with an r2=0.9995 and r2 =0.9997 in 

millipore water and phosphate buffer pH 7.4 respectively (Table 2.3). Solutions of 5FU in 2-12 

µg/ml range also exhibited linearity with regression equations y=0.0621x + 0.0054 and y= 0.089x 

+ 0.0063 in phosphate buffer pH 7.4 and distilled water when analyzed at λmax of 263 nm [45]. 

Wave number (cm-1) Vibration mode 

993.6 C-F bond 

500-600 and 2500-3000 Aromatic ring region 

1300-1550 C=C and CN stretching 

2868 N-H stretching 

1181 C-N and C-O vibration 
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These regression value obtained in water and buffer suggest that 5FU can be accurately 

quantified in the range of 2-12 µg/ml. 

 

 

     Figure 2.4 (A) 

 

 

     Figure 2.4 (B) 

Figure 2.4 Standard plot of (A) 5FU in (PBS) pH-7.4 and (B) distilled water 
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2.3.6 Characterization of magnetic nanoparticle 

Fourier transform infrared spectroscopy (FTIR) of the as-synthesised magnetite nanoparticle was 

performed and spectra revealed the peaks at around 648 cm-1 which is the characteristic peak of 

magnetite, related to Fe-O bond [76]. Another peak observed in spectra at 3405 cm-1 relates to 

the -OH group (Figure 2.5). 

 

 

Figure 2.5 Fourier transform infrared (FTIR) spectra of  synthesized magnetite 

                    nanoparticles 

 

Further synthesized MNPs were characterized for particle size analysis using FE-SEM. 

Magnetic nanoparticles showed discrete, homogenous and spherical particles in the size 

range of 15-25 nm (Figure 2.6). The particle size of synthesized magnetic nanoparticles 

was optimal as it can easily be used for further application in designing of a targeted 

therapy for cancer. Also, the surface morphology of the magnetic nanoparticle was 

visualized under 100KX magnification and was found to be spherical in shape with a 

smooth surface. A smooth, spherical structure accounts for a high surface area which is 

essentially required for coating of these particles further for their use in designing of new 

nanoformulation. 
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(A)                                                                          (B) 

Figure 2.6 FE-SEM of magnetics nanoparticles at 50 KX(A) and 100 KX(B) 
 

After the analysis of the structure and shape of the system, magnetic property of 

nanoparticles was also investigated. For this, the visual examination using an external 

magnetic source was done, which clearly illustrated that the synthesized magnetite 

nanoparticle holds the magnetic property and can be directed to any particular area by 

means of application of external magnetic field (Figure 2.7). 

 

 

Figure 2.7 Deviation of magnetic nanoparticles under the influence of external  

                   magnetic field 
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These magnetic nanoparticles were further analyzed for quantifying its magnetic strength 

using vibrating sample magnetometer (VSM). The saturation magnetization of the 

magnetic nanoparticles was found to be 43 emu/g, which suggest that magnetic 

nanoparticles holds a strong magnetic property that can be utilized for directing it in in 

vivo conditions also (Figure 2.8). According to VSM results the sample also possess a 

superparamagnetic character which is quite evident by the nature of hysteresis loop 

obtained [77]. 

 

 

                 Figure 2.8 Magnetization plot of synthesized magnetic nanoparticles 
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CHAPTER 3 

 SYNTHESIS AND CHARACTERIZATION OF HTCC 5FU MAGNETIC 

NANOPARTICLES 

                                                                                 

 

3.1 Introduction 

Development of pharmaceutical therapeutics often involves different categories of polymers for 

their application in improvement of shelf life of drugs, bioavailability and imparting physical and 

chemical stability [78]. In recent years, the polymers of biological origin are widely explored 

because of their unique properties such as better biocompatibility and easy to design [79]. One 

of the most promising application of biopolymer is in the development of nanoparticulate drug 

delivery system which is not only used for imparting protection to drugs by preventing 

degradation but also has a role in controlled release properties to encapsulated drug [80]. 

Chitosan and its derivative N-(2-hydroxy) propyl-3-trimethyl ammonium chitosan chloride 

(HTCC) are among the most extensively explored carbohydrate biopolymers. These polymers  

possess favourable properties like biodegradability, biocompatibility and non-toxicity [81]. 

Although Chitosan is a well-established polymer with a wide range of applications e.g., as 

carriers for therapeutic molecules and as non-viral gene carrying vector, but it still have certain 

limitations when it comes to application in different pH values. Chitosan is poorly soluble above 

pH-6.5 which makes it unsuitable candidate for drug delivery in parts of body which have neutral 

to alkaline pH. The replacement of the amino group by methyl group in chitosan which is done 

using the reaction between and epoxy propyl trimethyl ammonium chloride (EPTAC) results in 

formation of N-(2-hydroxy) propyl-3-trimethyl ammonium chitosan chloride (HTCC), which 

possess an excellent solubility over a wide pH range. Besides this, HTCC also holds the property 

of working as absorption and permeation enhancer. It also has been used in controlling the release 

of bovine serum albumin (BSA) and parathyroid hormone by forming an encapsulated 

nanoparticulate system [51].  

Different tumour-targeted nanotherapies have been developed and investigated over the years, 

and a substantial improvement in the therapeutic index of anticancer agents was observed by the 

use of chitosan [42]. Different studies are reported where novel hyaluronidase enzyme core-5-

fluorouracil-loaded chitosan-polyethylene glycol-gelatin polymer nanocomposites have been 

successfully evaluated for their role in targeted and controlled drug delivery [82]. Targeting 
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nanoparticles based on magnetic effect were also investigated in 5-Fluorouracil encapsulated 

pectin nanoformulation [45].  

5FU has been extensively used for the treatment of solid tumors of colon, rectum and breast. 

However, like other chemotherapeutic agents used for cancer therapy, it also aff ects the growth 

of normal healthy cells and often precipitates side eff ects such as diarrhea, nausea, vomiting, 

hair loss, fatigue, birth defects and liver disease [42]. Thus, it has been suggested that HTCC 

nanoparticles might help in localizing 5FU only in the cancerous tissues by means of EPR effect 

and prevent the side eff ects induced by 5FU. Moreover, magnetically targeted system provides 

with an additional benefit of targeting the drug to the site of action in addition to the passive 

targeting (Enhanced Permeability and retention effect). In the present study, we prepared 5FU 

encapsulated HTCC magnetic nanoparticles and investigated the conditions  optimal for 

production of tumor-localized drug delivery applications. The release of 5FU from chitosan 

nanoparticles were evaluated by further mathematical models and the effectiveness of 

magnetically targeted system was evaluated.  

3.2 Materials and Methods 

3.2.1 Materials 

Chitosan (CS) and 5-Fluorouracil (5FU), glycidyl-trimethyl-ammonium chloride (GTMAC), and 

sodium tripolyphosphate (TPP) were purchased from Sigma Aldrich U.S.A. Ferric nitrite, ferrous 

sulphate, and liquid ammonia, were procured from Rankem. All the chemicals used in the study 

were of analytical of grade. 

3.2.2 Synthesis of Chitosan Based Magnetic Nanocarriers  

Coprecipitation of 2:1 molar ratio of ferric nitrite (2.9 g) and ferrous sulphate (1 g) with liquid 

ammonia was used for preparation of superparamagnetic nanoparticles. Briefly, Liquid ammonia 

was added to a mixture of  ferric nitrite and ferrous sulphate (molar ratio 2:1) until the pH of the 

solution reaches 10  0.1. Mixture was continuously stirred for another 45 min. Magnetic 

nanoparticles (MNPs)  thus formed were magnetically separated and washed with Millipore 

water and lyophilized for further use [71].  
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3.2.3 Deacetylation of chitosan 

HTCC synthesis was carried out by dispersing chitosan (1g) in a basic medium (pH-8-9), 10mL 

of 10% (w/w) sodium hydroxide (NaOH) solution containing (sodium borohydride) NaBH4 (1 

g) as an antioxidant [83]. After 5 h of continuous stirring at  a temperature of 110 C, the mixture 

obtained was filtered over a glass filter and washed repeatedly with distilled water until pH turned 

neutral. The chitosan was then washed using methanol and acetone and dried overnight at 70 C 

under vacuum. 

3.2.4 Synthesis of HTCC 

The HTCC was prepared by a method of Lim & Hudson, 2004. The deacetylated chitosan (1 g) 

was dispersed in distilled water (10 ml) at 85 C. Glycidyl-trimethyl-ammonium chloride 

GTMAC (3.45 ml) was added to the deacetylated chitosan in three equal portions of 1.15 ml 

each, at 2 h intervals. After the reaction time of 10 h, the solution was poured into cold acetone 

(30 ml) while continuous stirring and kept at a temperature between 2-8 C overnight. Acetone 

was then decanted, and the left over product was dissolved in methanol (20 ml). The solution 

was precipitated in 4:1 acetone–ethanol (40 ml). The final product was dried at 70 C overnight 

[52]. . 

3.2.5 Preparation of HTCC 5FU Magnetic Nanoparticles  

HTCC solution of varied concentration (0.5-3.0 mg/ml) were prepared in distilled water and 5FU 

(1mg/ml) was dissolved in it with constant stirring at room temperature. Magnetic nanoparticles 

(0.2 g ) were than dispersed in this solution. Further,  TPP aqueous solution (0.6 ml) with various 

concentrations (0.6, 0.8, 1.0, and 1.2 mg/ml) was then added to 1 ml of HTCC mixture. Three 

different type of formations in the form of solution, aggregates and opalescent suspension were 

observed. The compositions producing opalescent suspension were chosen for further 

examination [84]. 

3.2.6 Physicochemical Characterization of HTCC 5FU Magnetic Nanoparticles 

The size and structure of the prepared HTCC 5FU magnetic nanoparticles were performed by 

TEM-100CXII. Briefly, TEM(FEI Tecnai G2 operated at 200 kV) analysis was done using 

samples prepared by transferring a drop of  nanoparticles on carbon-coated copper grid and air 

dried before analysis. Particle size distribution of 20 particles (HTCC 5FU magnetic 

nanoparticles) were calculated using ‘Image J 1.49’ software (NIH, USA). Further, the magnetic 
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properties of MNPs were recorded by analysing the sample of synthesised magnetic 

nanoparticles using vibrating sample magnetometer (VSM). The measurements such as analysis 

of saturated magnetization level and identification of superparamagnetic behaviour were 

recorded using VSM, from the hysteresis loop of M–H curve in the range ±10 kOe at room 

temperature. 

3.2.7 Optimization Study of Nanoparticles 

The size and zeta potential of the nanoparticles are important parameters which dictate the 

conditions for selection of the optimized formulation. The study design was based on the 

nanoparticle prepared by mixing HTCC solution of various concentrations (0.5, 1.0, 1.5, 2.0, 2.5 

and 3.0 mg/ml), with TPP aqueous solution of concentrations (0.6, 0.8, 1.0, and 1.2 mg/ml) [51]. 

3.2.8 Infrared Spectroscopy 

Potassium bromide pellet method was utilized for identification of modified functionality in the 

parent structure of chitosan while the conversion into HTCC took place. The sample under study 

was mixed with IR grade potassium bromide in the proportion of 1:50 and converted to pellets 

by application of ten metric ton of pressure. The formed pellets were then scanned over the range 

of 400 to 4000 cm-1. The peaks obtained in the spectra were used for structure elucidation of the 

formed polymer [85]. 

3.2.9 Determination of Surface Potential 

Measurement of surface charge is important for predicting the interaction capability of 

nanoformulation with the biological system and also for analyzing the colloidal property and 

physical stability of the formulation during storage. For the stability of any disperse system the 

value of zeta potential must lie either above +30 mv or below -30 mv.  

The surface potential of HTCC 5FU magnetic nanoparticles was measured using zeta sizer 

(Malvern Zeta Sizer ZS90). Briefly, a uniformly dispersed nanoformulation of 5FU was placed 

in the capillary cell of in the instrument and loaded into the sample holder of zeta potential 

analyser [68,86]. 

3.2.10 Determination of Entrapment Efficiency  

Any drug when incorporated into a polymeric coat has a tendency of getting attached either on 

the surface of polymeric system or may be entrapped within the polymeric coat. In both the cases 
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the drug is bonded with the formulation and the amount of drug bonded needs to be calculated. 

This property is known as drug entrapment efficiency and is an important aspect of polymeric 

formulation which is required to be calculated for further calculation of drug release or during 

the invitro and in vivo studies [87]. 

The entrapment efficiency is expressed as: 

% 𝐸𝐸 =  
𝑇𝑜𝑡𝑎𝑙 𝐷𝑟𝑢𝑔 𝑢𝑠𝑒𝑑 𝑓𝑜𝑟 𝑓𝑜𝑟𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 − 𝑓𝑟𝑒𝑒 𝑑𝑟𝑢𝑔 𝑖𝑛 𝑆𝑢𝑝𝑒𝑟𝑛𝑎𝑡𝑎𝑛𝑡 𝑙𝑎𝑦𝑒𝑟

𝑇𝑜𝑡𝑎𝑙 𝐷𝑟𝑢𝑔 𝑢𝑠𝑒𝑑 𝑓𝑜𝑟 𝑓𝑜𝑟𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛
  𝑋 100 

 

Briefly, a known amount of nanoformulation was added in to phosphate buffer solution and 

centrifuged at 15,000 X g for 30 min, the amount of free 5FU was determined in the clear 

supernatant liquid using UV spectrophotometer at 263 nm. Encapsulation efficiency was then 

calculated using the above formula [88,89]. 

3.2.11 Drug-Excipient Compatibility Study 

Differential scanning calorimetric (DSC) is widely used to technique to investigate and predict 

any physiochemical interaction between drug and excipients [90]. Differential scanning 

calorimetric (DSC) curves were measures using a scanning calorimeter (Pyris Diamond, Perkin 

Elmer, USA). A small amount of HTCC 5FU magnetic nanoparticles and sample of pure 5FU 

was placed in the aluminium pan and heated from 0°C to 700°C at a heat flow rate of 10 °C/min 

under nitrogen spurge [91]. 

3.2.12 Evaluation of In Vitro Drug Release  

In vitro drug release of 5FU from HTCC 5FU magnetic nanoparticles was measured by dialysis 

bag diffusion technique. Briefly, nanoparticles carrying 5 mg equivalent of 5FU was weighed 

and dispersed in 5 ml PBS 7.4 and transferred in a dialysis bag (molecular cut-off between 12-

14KDa). The dialysis bag was then suspended in a receptor compartment containing 95 ml PBS 

7.4 with continuous stirring at 100 rpm. For the estimation of drug release, at specific time 

intervals sample (equivalent to 1.5 ml) were withdrawn from the receptor compartment and 

replaced with the same amount of fresh PBS 7.4. The samples were centrifuged at 15,000 rpm 

for 15 min to separate the free 5FU and was analysed using LI 2800 (lasnay international) UV 

visible spectrophotometer against appropriate blank [45,92- 93]. 
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3.2.13 Stability Studies 

The stability of pharmaceutical product is an essential requirement which need to be attained by 

all the products before they can be accepted for scaleup. Stability study ensures that the product 

quality is retained in the formulation for a desire period of time [94]. Briefly, the freshly prepared 

nanoformulation were packed in glass vials and placed at 40  2C, 75  5% relative humidity 

(RH) as per ICH guidelines for a period of 6 months. Nanoformultion was re-dispersed in PBS 

pH-7.4 and analysed for its percentage entrapment during the course of study. 

3.3 Results and Discussion 

3.3.1 Synthesis of HTCC from chitosan 

One of the important step before the formulation of HTCC 5FU magnetic nanoparticle could 

actually take place is the conversion of chitosan to HTCC. The derivatisation of chitosan to 

HTCC is carried out by the replacing the amino group of chitosan by a methyl group. This makes 

the polymer ionizable even at pH value that is towards the basic value, thus making it a suitable 

candidate for nanoparticle formation even with those system which involves basic medium 

(Figure 3.1). After the synthesis of HTCC from chitosan it was evaluated for its conversion. 

Initially, it is predicted by checking its solubility in water and in phosphate buffer pH 7.4, but for 

confirmation of the same it was investigated using infrared (IR) spectroscopy. The analysis of IR 

spectra of HTCC was compared to that of parent polymer that is chitosan and it was found that 

the peak of -NH2 disappeared which is normally at around 1600 cm-1 because of N-H bending, 

in HTCC while it was present in chitosan. This amino group is replaced by methyl group there 

is an additional peak around 1416 cm-1 observed in Figure 3.2. 
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Figure 3.1 Synthesis of HTCC from chitosan 

 

 
 

      (A) 

N-(2-hydroxyl) propyl-3-trimethyl ammonium chitosan chloride  

Chitosan 

2,3-Epoxypropyl) 

trimethylammonium 

chloride  
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      (B) 

Figure 3.2 IR spectra of (A) chitosan and  (B) N-(2-hydroxyl) propyl-3-trimethyl 

ammonium chitosan chloride (HTCC) 
 

3.3.2 Physiochemical characterization of nanoparticles 

5FU encapsulated nanoparticles were formulated using ionic gelation techniques at room 

temperature, which involves the interaction between the positively charged HTCC and negatively 

charged STP resulting in the spontaneous formation of nanoparticles. Particle size measurement 

may reveal some information about the entrapment of drug, their clearance from body and even 

the targeting mechanism. 

Generally, a larger particle may have a large centric core and will allow for more efficient drug 

entrapment and a slow diffusion of drug from them. Further, a nanoparticle of size less than 10 

nm may be rapidly cleared by kidney whereas more than 100 nm may be phagocytosed by cells 

of reticuloendothelial system (RES). The size of particle again dictates the mechanism of 

targeting attained by them, particle size between 100-400 nm are probably a better choice for 

passive targeting and shows an enhanced permeability and retention (EPR) effect. TEM analysis 

of the formulated nanoparticles indicate that the nanosystem exhibit a smooth surface and fine 

morphology, with a mean diameter of ~180 nm (Figure 3.3). TEM analysis of nanoparticles also 

revealed the encapsulation of magnetic nanoparticles in the nanocarrier system which is evident 

with the formation of concentric rings due to the presence of polycrystalline magnetite 

nanoparticles as seen using selected area electron diffraction (SAED) measurement [95]. The 
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observed zeta potential values were above +37.8 mV (Figure 3.4), confirming the stability of 

prepared nanocarrier.  

 

 

 

  

 

 

 

 

 

 

 

Figure 3.3 Transmission electron microscopy and SAED images showing encapsulated  

                   5FU and magnetite nanoparticles  

 

Figure 3.4 Zeta potential of the samples measured to be +37.8 mV 

3.3.3 Optimization of the nanoformulation 

Nanoformulation were prepared using a different combination of HTCC concentrations (0.5 -3.0 

mg/ml) and STP concentration (0.6 - 1.2 mg/ml) (Table 3.1). These different combination of 

polymers results in different property of the formulated system. To identify the best possible 

combination which can further be evaluated for the invitro and in vivo activity % encapsulation 

efficiency of each combination was extensively evaluated. It was observed that the best 
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combination to give the maximum encapsulation efficiency is one with HTCC concentration of 

0.5 mg/ml and STP concentration of 0.8 mg/ml which showed a percentage encapsulation of  

95.83 (Figure 3.5). It was evident from the data of encapsulation efficiency that an increase in 

the STP concentration in all the combination of HTCC lead to aggregate formation or sometime 

very large particle size. To have a particle size in the optimal range and to avoid any chances of 

aggregation the composition used for nanoparticle played an important role. Again from the 

Table 3.1 it was concluded that aggregate formation was observed when the concentration of 

HTCC was comparatively higher than the STP concentration, which may be attributed to 

crosslinking of multiple chains of HTCC in the presence of high concentration of STP. This best 

combination of HTCC and STP was therefore, used further for the evaluation of invitro drug 

release and in vivo anticancer activity. 

 

Table 3.1 Influence of HTCC concentration and STP concentration on encapsulation  

                 efficiency of nanoformulation 
 

 

 

HTCC Concentration 

(mg/ml) 

STP Concentration 

(mg/ml) 

Appearance Encapsulation 

Efficiency (%) 

0.5 0.6 

0.8 

1.0 

1.2 

Turbid 

Turbid 

Aggregate 

Aggregate 

89.78 

95.83 

95.08 

94.52 

1.0 0.6 

0.8 

1.0 

1.2 

Turbid 

Turbid 

Turbid 

Aggregate 

94.52 

94.05 

93.95 

93.36 

1.5 0.6 

0.8 

1.0 

1.2 

Turbid 

Turbid 

Turbid 

Turbid 

92.22 

91.35 

91.70 

91.13 

2.0 0.6 

0.8 

1.0 

1.2 

Turbid 

Turbid 

Turbid 

Turbid 

91.32 

90.40 

90.80 

90.68 

2.5 0.6 

0.8 

1.0 

1.2 

Clear solution 

Clear solution 

Turbid 

Turbid 

89.60 

90.25 

89.42 

89.69 

3.0 0.6 

0.8 

1.0 

1.2 

Clear Solution 

Clear solution 

Turbid 

Turbid 

89.83 

89.91 

89.46 

89.35 
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Figure 3.5 Influence of HTCC concentration and STP concentration on encapsulation  

                  efficiency of nanoformulation 

 

3.3.4 Magnetic Properties of Targeting MNPs 

Magnetic behaviour of the MNPs was investigated by measuring magnetization (M) against 

applied magnetic field (H) at room temperature using vibrating sample magnetometer by the 

alignment of dispersed magnetic particles towards the externally placed magnet (Figure 3.6 (A) 

and Figure 3.6 (B). The curve obtained indicates a typical superparamagnetic behaviour in both 

the curves which is attributed to magnetite nanoparticles. In the curve obtained after VSM 

analysis of naked magnetic nanoparticles and HTCC 5FU magnetic nanoparticles it was observed 

that the saturation magnetization level in naked magnetic nanoparticles was higher 45 emu/g 

(blue curve) which reduced to 30 emu/g (red curve) in case of HTCC 5FU magnetic 

nanoparticles. This decrease in the magnetic behaviour of magnetic nanoparticles may be 

attributed to the phenomenon of encapsulation. 
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(A)                                                                             (B) 

                               

Figure 3.6 (A) Dispersion of the HTCC 5FU magnetic NPs attracted to the externally placed 

magnetic and (B) Magnetization Vs field (M-H) curve of naked magnetic nanocarrier (blue 

curve) and HTCC 5FU Magnetic NPs (red curve) measured using VSM. 

 

 

3.3.5 Drug-Excipient Compatibility Study 

Comparing the physiochemical property of drug alone and in the formulation along with 

excipients is one the means of evaluating the kind and extent of interaction between the drug and 

excipients. Here in this study the thermal behavior of pure 5FU and in mixture was investigated 

by heating the respective samples at 10°C/min (Figure 3.7). For the first sample (pure 5FU) an 

endothermic peak was observed at 284°C. The second sample (HTCC 5FU magnetic 

nanoparticles) also retained  the same endothermic peak. This clearly showed that there was no 

interaction between the drug and other excipients used in the study. Further, the formulation 

retained as a white coloured product after the completion of the study which reveals that there 

was no physical interaction between the drug and the excipients. 
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Figure 3.7 DSC of 5FU (green curve) and Nanoformulation containing 5FU (blue curve) 

 

3.3.6 In vitro Drug Release 

A first initial burst release of 25.6%, due to the drug desorption from the particles surface was 

observed as shown in Figure 3.8. Then, a slower sustained release followed for the period of         

120 h. A sustained release of the drug for 3 days from the polymer matrix was observed over the 

period of study. Generally, there might be diffusion of the drug through the polymer matrix or 

an erosion of the coated polymer for releasing the drug through the nanoformulation into the 

external environment. The dissolution data was therefore subjected to different mathematical 

kinetic models to understand the mechanism of drug release from the nanoformulation and it was 

found that the best fit model for the HTCC 5FU magnetic nanoparticles was Korsmeyer-Peppa’s 

with the R2 value of 0.9798 and n value of 0.239 (Table 3.2) suggesting the release mechanism 

to be diffusion from the formulation [96]. 
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Figure 3.8 5FU release profile from HTCC 5FU magnetic nanoparticles (HTCC 0.5 

                   mg/ml, TPP 0.8 mg/ml) (blue curve) and 5FU dispersion (red curve) 

 

Table 3.2: Determination of R2 value for various mathematical models for the 

                  nanoformulation 

 

 

 

3.3.7 Stability Studies 

The investigation on the stability of nanoparticles over a period of six months indicated no 

stability issues with the prepared nanoparticles. In all the samples of nanoparticles which were 

analysed at the fixed time point (0, 2, 4, and 6 months) the changes in percentage drug entrapment 

efficiency was found to be statistically insignificant (Table 3.3). Moreover, no signs of physical 

incompatibility or degradation of the product were observed. This study further comply with the 

result observed during the drug-excipient compatibility study. 
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Table 3.3 Stability study data of the HTCC 5FU magnetic nanoparticles 

 

 

 

 

 

 

 

 

 

 

 

 

 

Time (months) Appearance Encapsulation efficiency (%) 

0 White coloured powder 94 .6  2.2 

2 White coloured powder 93.2  1.6 

4 White coloured powder 94.8  1.8 

6 White coloured powder 93.6  2.4 
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CHAPTER 4 

SYNTHESIS AND EVALUATION OF 5FU GOLD MAGNETIC NANOPARTICLES 
                                                                                 

 

4.1 Introduction 

Combinational therapy has always been the better approach than having a single independent 

drugs acting against cancer [97]. There are different studies which investigated the effect of using 

multiple drug in a single formulation against cancer. A similar kind of study revealed that a 

combination of  10-hydroxycamptothecin (HCPT) and doxorubicin (DOX) in a nanoparticulate 

system not only enhance the retention of the drugs in drug resistant cancer cells but also enhance 

the efficacy of the drug against tumor cells [97]. A combination of HCPT integrated with 

methotrexate (MTX)–chitosan conjugate also helped in increasing the cellular uptake and 

sustained effect of the drug against HeLa cells [98]. The similar study was conducted for 

improving vaccines by a synergistic effect between biodegradable polymeric nanoparticles and 

aluminum based adjuvant [99]. An important aspect of designing any formulation for cancer 

involves the use of a  specific targeting approach which in most of the cases is passive targeting 

(EPR effect) by virtue of the size of the particles in the formulation. However, it suffers from the 

limitation of missing out the targets in highly perfused area. Moreover, they do not have any 

ligand for binding with the targets and therefore, can also accumulate into the healthy cells. An 

active targeting approach therefore is a better choice for targeting the drug to the affected cells 

[100]. An active targeting approach has been designed by use of ligand targeting the drug to the 

site, chemical modification of drug itself or otherwise using some physical means of magnetic 

targeting or pH controlled drug delivery [101]. Chemical modification for targeting of drug may 

cause changes to the drug’s  therapeutic potential or even make it toxic, a physical targeting can 

therefore be a used as  preferential  approach  towards the development of targeted drug delivery 

system. In the current study, a combinational therapy of 5FU and gold, using magnetic 

nanoparticles was developed. 5FU has been a well-established first line drug for solid tumors of 

colon, liver, and breast [102,103]. Gold is also reported to have potential antitumor activity 

[104,105]. It was expected that using both the agents in combination is not only going to generate 

a synergistic effect but will also have a reduced toxicity. Magnetite nanoparticles are considered 

to be very useful in active targeting due to their unique superparamagnetic properties and finds 

potential application in areas such as magnetically guided drug delivery systems, imaging of 

cancer cells for diagnostics, and providing treatment of solid tumors by hyperthermia [106]. 
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Magnetic resonance imaging (MRI) is an important diagnostic tools which involves the 

application of magnetic nanoparticles by functioning as magnetic probes with significant 

increase of signal-enhancing capabilities. However, a lack of stability is one of the major barrier 

in the use of these MNPs for clinical applications. Coating MNPs within a polymers shell, or 

inorganic shell, can eliminate such problems associated with the bare MNPs and enhance its 

stability and functionality. The coating of MNPs with polymers or silica shell has been studied 

revealing some promising results [107]. Also, some research investigated the use of gold and 

silver as coating materials and found them as an ideal material for biomedical applications with 

low reactivity, high stability, and  better biocompatibility properties [108]. Gold  coatings 

promotes surface customization and can have further functionalization for medical applications. 

MNPs can therefore become stable in biological conditions and their surface can be altered using 

different attachment after coating with gold [109]. 

4.2 Materials and Methods 

4.2.1 Materials 

Chloroauric acid(HAuCl4), trisodium citrate and 5 fluorouracil (5FU) were procured from 

Sigma-Aldrich, ferric nitrite (Fe(NO3)3. 9H2O), ferrous sulphate (FeSO4. 7H2O), liquid 

ammonia, and all the other reagents used in the study were of analytical grade and purchased 

from Rankem, India. 

 4.2.2 Synthesis of Magnetic Nanoparticles (MNPs) 

For the synthesis of  MNPs, a mixture of ferric nitrite and ferrous sulphate (molar ratio of 2:1) 

was prepared to which liquid ammonia solution was rapidly added, until pH 10  of the solution 

is attained. The mixture was then stirred vigorously for 45 min. Nanoparticles were maintained 

in a uniformly dispersed form by addition of surfactant (Tween 80). The excess surfactant was 

removed using magnetic decantation and resulted MNPs were washed with Millipore water [71] 

. Synthesised magnetic nanoparticles were then lyophilized before subjecting them to any further 

application. 

4.2.3 Synthesis of Gold Coated Magnetic Nanoparticles 

The synthesis of gold coated magnetic nanoparticles was carried out using the earlier reported 

protocol [110]. An aqueous solution of 15 ml chloroauric acid solution (2.0 mg/ml)  was added 

to 105 ml of water and then boiled for 20 min. To this 5 ml of as-synthesised magnetic  
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nanoparticles solution was added, followed by the addition of 5 ml of 80 mM sodium citrate 

dihydrate, under stirring condition. The mixture was boiled for 10-20 min with constant stirring 

at 500 rpm. The gold-coated magnetic nanoparticles were well dispersed in water [111]. 

4.2.4 Preparation of 5FU coated magnetic gold nanoparticles 

For the preparation of 5FU coated gold magnetic nanoparticles, 50 cm3 of the as-synthesized 

gold magnetic nanoparticles were dispersed along with 5FU (5 mM) in water (25 cm3) and stirred 

effectively for 12 h until the colour change from wine red to blue is observed [112]. The 5FU 

gold magnetic nanoparticles were then subjected to further studies for its characterization. 

4.2.5 Characterization of 5FU gold magnetic nanoparticles 

4.2.5.1 UV-visible spectroscopic studies of 5FU gold magnetic nanoparticles 

The UV-visible spectroscopic study was conducted for analysing the effect of time on the 

formulation of 5FU gold magnetic nanoparticles. The samples of 5FU gold magnetic 

nanoparticles were drawn at an interval of 6 h and analysed using uv-visible spectroscopy [113]. 

4.2.5.2 Infrared spectroscopic studies of 5FU gold magnetic nanoparticles 

5FU gold magnetic nanoparticles were mixed with IR grade potassium bromide in a proportion 

of 1:50 and converted to pellets. The FTIR (Perkin Elmer Spectrophotometer) spectrum of pellets 

was recorded in the range of 625 to 4000 cm-1. The infrared spectra were used for characterization 

of the formulation. 

4.2.5.3 Particle size and surface morphology 

TEM (FEI Tecnai G2 operated at 200 kV) analysis was done using samples prepared by 

transferring a drop of 5FU gold magnetic nanoparticles on carbon-coated copper grid and air 

dried before analysis. Particle size distribution of 20 particles (5FU gold magnetic nanoparticles) 

were calculated using ‘Image J 1.49’ software (NIH, USA).  

4.2.6 Drug encapsulation efficiency 

The 5FU loaded gold magnetic nanoparticles were separated from free 5FU by centrifugation at 

14,000 rpm for 1 h at 25 C. Concentration of  5FU in the supernatant was determined from its 

UV absorbance at 263 nm. Entrapment efficiency was calculated using the following formula 

[114]: 
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% 𝐸𝐸 =  
𝑇𝑜𝑡𝑎𝑙 𝐷𝑟𝑢𝑔 𝑢𝑠𝑒𝑑 𝑓𝑜𝑟 𝑓𝑜𝑟𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 − 𝑓𝑟𝑒𝑒 𝑑𝑟𝑢𝑔 𝑖𝑛 𝑆𝑢𝑝𝑒𝑟𝑛𝑎𝑡𝑎𝑛𝑡 𝑙𝑎𝑦𝑒𝑟

𝑇𝑜𝑡𝑎𝑙 𝐷𝑟𝑢𝑔 𝑢𝑠𝑒𝑑 𝑓𝑜𝑟 𝑓𝑜𝑟𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛
  𝑋 100 

 

4.2.7 Magnetic Behaviour of 5FU Gold Magnetic Nanoparticles 

The magnetic properties of 5FU gold magnetic nanoparticles were compared with bare magnetic 

nanoparticles recorded by vibrating sample magnetometer (VSM). The magnetization 

measurements using VSM were recorded from the hysteresis loop of M–H curve in the range 

±10 kOe at room temperature [115]. 

4.2.8 Evaluation of in vitro Drug Release  

In vitro release of 5FU was performed to understand the kinetics as well as mechanism of  its 

release from the formulation (5FU gold magnetic nanoparticles). In brief, nanoparticle equivalent 

to 5 mg  was placed in a dialysis bag (molecular cutoff between 12-14KDa). The dialysis bag 

containing 5FU gold magnetic nanoparticles was then suspended in a phosphate buffer solution 

at pH 7.4 (receptor compartment) and stirred continuously at 50 rpm. A 1.5 ml sample form 

receptor compartment was then withdrawn at specific time intervals and was replaced back with 

equal volume of fresh medium. The samples were further centrifuged at 15,000  rpm for 15 min, 

and the percentage (%) cumulative release of 5FU from 5FU gold magnetic nanoparticles was 

determined by analysing the supernatant liquid using LI 2800 (Lasnay International) UV visible 

spectrophotometer against appropriate blank. The release data was also subjected to 

mathematical modelling to understand the mechanism of drug release.  

4.3 Results and Discussion 

4.3.1 UV spectroscopic studies of 5FU gold magnetic nanoparticles 

Gold nanoparticles are characterized using their plasmon band measured using UV-visible 

spectrum which is generally observed around 520 nm. Similarly the characterization of pure 5FU 

indicated a absorption maxima at 265 nm. While 5FU is added to gold colloid it was observed 

that the intensity of 5FU decreased and apart from the peak of gold nanoparticles observed at 

520 nm there is an emergence of additional peak at 620 nm observed after 12h of reaction time, 

which is a result of nanoparticles aggregation (Figure 4.1).  This aggregation of nanoparticles 

may have resulted because of the replacement of citrate molecules present on surface of gold 

nanoparticles by 5FU molecules. The 5FU molecules is having a greater electrostatic attraction 
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with gold nanoparticles than the citrate groups, later therefore is replaced easily by 5FU resulting 

in an additional plasmon band at higher wavelength [116]. 

 

 

Figure 4.1 Comparative UV-visible spectra of 5FU gold magnetic nanoparticles at 6 h and  

                  12 h of synthesis 

4.3.2 Infrared spectroscopic studies of 5FU gold magnetic nanoparticles 

The investigation of interaction of 5FU with gold nanoparticles were evaluated by subjecting the 

samples to infrared spectroscopy. Infrared spectra of pure 5FU (Figure 4.2 A) was compared 

with that of 5FU gold magnetic nanoparticles (Figure 4.2 B) and it was observed that the 

characteristic peak of -NH group present in 5FU at around 2868 cm-1 shifted to 3434 cm-1 and is 

broader than compared to the sample of pure drug. This also suggested that there is an interaction 

between the -NH group of 5FU and gold nanoparticles [117]. 
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Figure 4.2 (A) 

 

Figure 4.2 (B) 

Figure 4.2 (A)  Infrared spectra of Sample of 5FU and (B) synthesised 5FU gold 

                   magnetic nanoparticle 

4.3.3 Magnetic behaviour of 5FU gold magnetic nanoparticles 

Magnetic behaviour of the 5FU gold magnetic nanoparticles was studied by measuring the 

intensity of magnetization (M) of nanoparticles with the corresponding change in applied 

--
-3

4
34
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magnetic field (H) at room temperature using vibrating sample magnetometer (VSM) and also 

through the alignment of dispersed magnetic particles towards the externally placed magnet 

(Figure 4.3). The curve obtained indicates a typical superparamagnetic behaviour in both the 

curves which is attributed to magnetite nanoparticles. In the curve obtained after VSM analysis 

of naked magnetic nanoparticles and 5FU gold magnetic nanoparticles it was observed that the 

saturation magnetization level in naked magnetic nanoparticles was higher 45 emu/g (blue curve) 

which reduced to 28 emu/g (red curve) in case of 5FU gold magnetic nanoparticles. This decrease 

in the magnetic behaviour of magnetic nanoparticles may be attributed to the phenomenon of 

encapsulation. 

 

Figure 4.3 Magnetization Vs field (M-H) curve of naked magnetic nanocarrier  

                  (blue curve) and 5FU gold magnetic nanoparticles (red curve) measured using  

                   VSM 

  

4.3.4 Particle Size and Drug Entrapment Efficiency (%) 

5FU magnetic nanoparticles were found to have spherical structures and have a mean diameter 

of 42.5 nm as compared to bare magnetic nanoparticles which have a mean size of particles as 

18 nm (Figure 4.4). The increase in the particle size of 5FU gold magnetic nanoparticles may be 
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attributed to the encapsulation of the bare magnetic nanoparticles by gold and then by 5FU which 

may result in increment in the size. 

 

 

    Figure 4.4 (A)                           Figure 4.4 (B) 

         Figure 4.4 TEM images of (A) Magnetic nanoparticles (B) 5FU gold magnetic  

                            nanoparticles  

Entrapment efficiency of the formulated 5FU gold magnetic nanoparticles were used for 

optimizing the time period required for incubation of 5FU with gold coated magnetic 

nanoparticles. It was observed on increasing the time of incubation the entrapment efficiency of 

5FU also increased but this only reached a maximum percentage of 60.2 at  12 h of incubation 

time beyond which there was no further increase in entrapment of 5FU (Figure 4.5) This may be 

because 5FU is bound to gold coated magnetic nanoparticles by replacement of citrate group on 

the surface of gold surface, as more of 5FU gets attached the gold surface becomes saturated and 

hence, there is no further attachment of 5FU.    
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Figure 4.5 Effect of time on the encapsulation efficiency of 5FU 

 

4.3.5 Invitro Drug Release Studies 

A burst release of 24 %, due to the drug desorption from the particles surface was observed as 

shown in Figure 4.6, followed by a slower sustained release for the period of 60 h. A constant 

sustained release of the 5FU from 5FU gold magnetic nanoparticles was observed over the period 

of 60 h of dissolution study. Generally, there might be diffusion of the drug through the 

formulation or an erosion of the drug through the nanoformulation into the external environment. 

The dissolution data was therefore subjected to different mathematical kinetic models to 

understand the mechanism of drug release from the nanoformulation and it was found that the 

best fit model for the 5FU gold magnetic nanoparticles was Korsmeyer-Peppa’s with the R2 value 

of 0.9889 and n value of 0.534 (Table 4.1) suggesting the release mechanism to be non-fickian 

diffusion from the formulation [118]. 
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 Table 4.1 Determination of R2 value for various mathematical models for the 

                  nanoformulation 

 

 

 

 

 

Figure 4.6 5FU release profile from 5FU gold magnetic nanoparticles (blue curve)  

                 and pure 5FU (red curve) 
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CHAPTER 5 

CYTOTOXICITY AND IN VIVO ANTICANCER ACTIVITY OF HTCC 5FU 

MAGNETIC NANOPARTICLES AND 5FU GOLD MAGNETIC NANOPARTICLES 

                                                                                 

 

5.1 Introduction 

Cancer is a disease of unpredictable remission and relapse with multiple aetiologies including 

genetic, immunological and environmental factors. Being a dreaded disorder effective treatment 

of cancer is a major challenge for health professionals at the present time. Different treatment 

strategies such as chemotherapy, immunotherapy, radiation therapy, hormonal therapy, stem cell 

therapy and surgical interventions are available for the treatment of cancer but their associated 

and post-treatment side effects are the major challenges which affects the physical and 

psychosocial life of patient. Although a large group of scientist and health professionals are 

actively engage in the search of cost effective and safe drug for the treatment of cancer, drug 

discovery for the cancer is still a challenge [119]. 

In recent years, significant efforts in the development of novel targeted and therapeutic strategies 

have been made for the treatment of chronic cancer but they failed to prove their commercial 

applications due to the lack of efficacy [120]. The major reason behind this failure was the lack 

of efficient and reproducible animal model with advanced stage of cancer progression 

(resistance, metastasis and relapse) for the preclinical and clinical evaluation of the drugs under 

pipeline [6]. Currently, majority of in vivo models of cancer are cell line based, more advanced 

in vivo model such as xenograft model and genetically engineered mice model which are 

considered as a cornerstones of translational cancer research are not cost-effective, required 

extreme technical expertise and last but not least their availability is always dependent on the 

tumour type [121,122]. 

For a comprehensive and cost effective drug screening there is a need of an in vivo animal model 

with high efficiency of metastasis with in short time duration. Transplantation model such as 

allograft model can fulfil these pitfalls. These allograft cancer models can help the researchers 

to understand the mechanisms of clinical drug action along with their potential side effects, which 

is critical before taking a drug candidate to clinical trials. Allograft model generally consist of 

tumor tissue originated from the same background as a given mouse strain. In this model 

cancerous cells are normally transplanted into the host mouse. Due to the ancestry similarity 

between the recipient and host, transplant is effectively accepted by the host immune system for 
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further tumor development [123]. Subsequently, the tumor growth and metastasis, survival rate 

and efficacy of given formulation can be assessed by monitoring the animals. One of the 

advantages of the allograft model is the normal condition of host immune system which can 

mimic the actual tumor microenvironment [124]. 

In the present study, we investigated the in vivo anticancer efficacy of developed formulations 

i.e., HTCC 5FU magnetic nanoparticles and gold 5FU magnetic nanoparticles in female Balb/c 

mice by continuous monitoring of tumor volume, body surface area and body temperature of 

animals. Further, to access the localization of magnetic nanoparticles into the tumor tissue 

histopathological studies were also conducted. 

5.2 Cytotoxicity studies 

5.2.1 Materials 

Michigan Cancer Foundation-7 (MCF-7) cell lines were procured from National Center for Cell 

Science (NCCS), Pune, India. N,N-dimethylform- amide (DMF), 3-(4,5-dimethylthiazol -2-yl)-

2,5-diphenyl- tetrazolium bromide (MTT), cell culture-grade dimethyl sulfoxide (DMSO), 

phosphate buffer saline (PBS), Roswell Park Memorial Institute (RPMI) and Dulbecco’s 

modified Eagle (DMEM)  medium were procured from Himedia, India. All the solvents and 

chemicals used in the study were of analytical grade. 

5.2.2 Methods  

5.2.2.1 In vitro cytotoxicity of HTCC 5FU magnetic nanoparticles and gold 5FU magnetic 

nanoparticles 

In vitro cytotoxicity of HTCC 5FU magnetic nanoparticles and gold 5FU magnetic nanoparticles 

was assayed against MCF-7 cancer cell lines (breast cancer cells) using MTT assay [125]. HTCC 

5FU magnetic nanoparticles and gold 5FU magnetic nanoparticles of different concentrations (1, 

5, 10, 25, and 50 mg/ml) were placed in 24-well microtiter plates individually followed by the 

addition of MCF-7 cells (5X105 cells/ml) along with DMEM supplemented with 10% fetal 

bovine serum (FBS). The plates were then incubated in humidified atmosphere containing 5% 

CO2 at 37°C for 48 h. MCF-7 cells grown in presence of culture medium only were used as 

negative control, whereas the MCF-7 cells cultured in presence of sterilized solution of 5FU only 

were used as a positive control. Subsequently, the MTT solution (60 µl of 5 mg/ml stock) was 

added to each sample containing well and incubated at 37°C for 4 h. Then, the solution in the 

wells was removed carefully and 400 µl of DMSO was added to dissolve the MTT formazan 
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crystals. After that, 100 µl of the dissolved formazan solution of each test sample was transferred 

to individual wells of 96-well plate to determine the absorbance at 570 nm using micro-plate 

reader  (Fluostar optima, BMG labtech, Germany) [126]. 

5.2.2.2 Acute toxicity study 

The acute toxicity study of developed formulations was evaluated as per the earlier reported 

method by Barcelona et al.1984, on healthy female Balb/c mice (4-6 weeks old, 15-25 g). Before 

the experiment, animals were fasted overnight with water ad libitum. Three animals administered 

with a single dose of 200 mg/kg, body weight of developed formulations. Animals were then 

observed for any sign of toxicity, behavioural changes and mortality after dosing, with special 

attention given during the first 24 h, and thereafter, for a total time period of seven days 

[127,128]. 

5.2.2.3 In vivo anticancer activity of HTCC 5FU magnetic nanoparticles and gold 5FU 

magnetic nanoparticles 
 

5.2.2.3.1 Animal model 

The experiment was carried out on healthy, female Balb/c mice (4-6 weeks old, 15-25 g). 

Animals were procured from the National Institute of Biologicals, Noida, Uttar Pradesh India. 

The animals were acclimatized at least for seven days before the start of study to the laboratory 

conditions (25±2°C, relative humidity 44-56%, and light and dark cycles of 12:12 h ) in the cross-

ventilated animal house. The study protocol was approved by the Institutional Animal Ethics 

Committee (IAEC)  as per committee for the Purpose of Control and Supervision of Experiments 

on Animals (CPCSEA) guidelines, India (approval no. 1413/PO/E/S/11/CPCSEA) and 

experimental proposal number SBRL/IAEC/Dec 2016/12. 

 

5.2.2.3.2 4T1 induced breast cancer 
 

Healthy female Balb/c mice were divided into six groups containing 4 animals in each group as 

follows, Group: I as control (saline); Group: II as standard (treated with 5FU, 10 mg/kg); Group-

III treated with blank HTCC magnetic nanoparticles; Group-IV treated with HTCC 5FU 

magnetic nanoparticles (equivalent to 10 mg/kg of 5FU); Group-V treated with blank gold 

magnetic nanoparticles and Group-VI treated with gold 5FU magnetic nanoparticles (equivalent 

to 10 mg/kg of 5FU). Murine breast cancer 4T1 cells (2 × 106 cells in 30 μl of serum-free RPMI 

media) were subcutaneously injected into the mammary pad of female Balb/c mice. Tumor size 

(length and width) was recorded using the vernier calliper for the assessment of tumor volume 
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after every 2 days and body weight was recorded once in a week. Once the tumor volume reached 

100 mm3 (about one week after tumor cell inoculation) mice were treated as per their treatment 

schedule once daily via the tail vein for two weeks.  

5.2.2.3.3 Magnetic targeting of HTCC 5FU magnetic nanoparticles and gold 5FU magnetic 

nanoparticles in mouse model of breast cancer 

Magnetic targeting of developed nanoformulations have been achieved by applying external 

magnetic field to the tumor site using a magnet (250 mT). Immediately after treating the animals 

(group IV and group VI) with different nanoformulations (HTCC 5FU magnetic nanoparticles 

and gold 5FU magnetic nanoparticles) a magnet was fixed with its face attached to the tumor of 

the each mice for 2 h. The other animal groups (group III and group V) treated with blank HTCC 

magnetic nanoparticles and blank gold magnetic nanoparticles were also observed in the presence 

of external magnetic field to compare the efficacy of developed nanoformulations under external 

magnetic field [129]. Daily application of external magnetic field was chosen as a routine practice 

after the drug treatment for next 14 days. Subsequently, tumor size was measured using a vernier 

calliper after every 2 days, and the tumor volume (V) was calculated using the following equation 

[130]: 

Tumor volume (V) =
Width2

2
 X length 

At the end of study, i.e., on day 21, animals were sacrificed under light anaesthesia; tumor 

samples were collected, stained with Prussian blue and examined under the light microscope to 

confirm the accumulation of magnetic nanoparticles in tumors.  

5.2.2.3.4 Statistical Analysis 

Results were finally tabulated as mean ± SEM (standard error of mean) and examined using One-

way Analysis of Variance (ANOVA) by Tukey-Kramer Multiple Comparisons test by GraphPad 

InStat 3 software (San Diego, CA, USA). A value of P < 0.05 was considered to be statistically 

significant in all the cases. 

5.3 Results and Discussion 

5.3.1 Cytotoxicity study 
 

Breast cancer is among the highest ranked cancer found among the Indian females with a rate as 

high as 25.8 in every 100,000 women and a mortality rate of 12.7 in every 100,000 women [2]. 

In spite of advances in early detection and treatment, the inherent resistance of breast cancer cells 
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toward the anticancer agents is the major hurdle for effective chemotherapeutic treatments. 

Hence, the development of new and effective drug delivery systems  is the requisite for treatment 

of drug-resistant breast cancers. 

Efficacy of the developed nanoformulations (HTCC 5FU magnetic nanoparticles and gold 5FU 

magnetic nanoparticles) were evaluated by analysing their cytotoxic effect against the MCF-7 

cells. MCF-7 cells were subjected to different concentration of pure 5FU (1, 5, 10, 25, and 50 

mg/ml) and developed nanoformulations (1, 5, 10, 25, and 50 mg/ml).  

Growth inhibitions studies revealed a 50% growth inhibition (GI50) at 12.1 mg/ml, 10.6 mg/ml, 

and 4.7 mg/ml exhibited by pure 5FU, HTCC 5FU magnetic nanoparticles and gold 5FU 

magnetic nanoparticles respectively. A significant decrease in percentage (%) cell viability has 

been observed for gold 5FU magnetic nanoparticles. Percentage cell viability at a concentration 

range of 5 mg/ml for different formulations has been observed 61.6  5.3 % (pure 5FU), 52.8  

4.5% (HTCC 5FU magnetic nanoparticles) and 50.1  4.6% (gold 5FU magnetic nanoparticles) 

(Figure 5.1). Observed cytotoxic effect exhibited by nanoformulations is attributed to sustained 

effect exerted by the formulations through the release of the encapsulated drug. Further studies 

over a period of 48 h it was observed that gold 5FU magnetic nanoparticles were consistently 

effective than the pure 5FU in terms of cell viability. Following this light microscopic studies of 

treated MCF-7 cell lines have also been conducted to evaluate the effect of nanoformulations on 

cell morphology. The light microscopic analysis showed the significant cell death in the case of 

nanoformulations which is evident by the changing pattern of normal bilateral symmetric 

morphology of the MCF-7 cells to non-symmetric spherical disc (Figure 5.2). 

 

Figure 5.1 Cytotoxic studies using MCF-7 cell line 
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Figure 5.2 Microscopic images of MCF-7 cells treated with different formulations (A): 5FU, 

(B): HTCC 5FU magnetic nanoparticles, and (C): Gold 5FU magnetic nanoparticles 

 

In recent years, nanomedicine extensively utilizes gold nanoparticles as a drug carrier for the 

treatment of different chronic disorders. Gold nanoparticles posses’ several advantages over 

conventional drug delivery strategies systems such biologically safe for clinical application, 

diverse optical properties owing to surface plasmon response and ease of synthesis[131,132]. 

Enhanced permeability and retention effect leads to easily permeation and localisation of gold 

nanoparticles in the leaky and disordered tumor vasculature. As the tumors are deficient of 
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lymphatic clearance, prolong circulation time and increased concentration of gold nanoparticles 

has been observed in the tumor tissue [133]. Gold coated magnetic nanoparticles has a wide 

biomedical applications due to their low reactivity, biocompatibility and chemical stability. 

These systems had numerous applications such as drug targeting  by virtue of magnetic property 

of the core and it may also work as a vehicle for many drugs by virtue of an easily modified gold 

surface. [111] 

In the present study body weight, tumor volume and body surface temperature were recorded 

and compared with control and various treatment groups. Treatment of tumor bearing mice with 

nanoformulations (HTCC 5FU magnetic nanoparticles and gold 5FU magnetic nanoparticles) 

significantly decreases the body weight and tumor volume (Figure 5.4 and Figure 5.5). In case 

of control group (GI) the percentage change in body weight of animals was found to be 18.2% 

whereas in case of HTCC 5FU magnetic nanoparticles (GIV) and gold 5FU magnetic 

nanoparticles treated animals (GVI) it was found to be 9.94 % and 9.52 % respectively. The 

change in body weight of animals treated with the developed magnetic nanoparticles (GIV and 

GVI) were significantly (P < 0.001) comparable with that of the control group animals (GI). For 

the growth of cancer cells ascitic fluid is essential nutritional requirement and a rapid increase in 

ascitic fluid with tumor growth would be a means to meet the nutritional requirement of tumor 

cells. The administered nanoformulations may interfere in production of the cell physiological 

function and thereby reducing the production of ascitic fluid. The similar results were seen in the 

earlier reports on in vivo studies where the change in body weight of tumor bearing mice was 

increased due to increase in ascitic fluid volume subsequently the increase in the body weight 

and ascitic fluid also increased the tumor volume. Similarly the tumor size in terms of relative 

tumor volume was observed continuously and at the end of study i.e., day 21, it was found to be 

significantly increased (6.2) in the case of control group animals (GI), whereas it was found to 

be 3.4 and 2.7 for HTCC 5FU magnetic nanoparticles (GIV) and gold 5FU magnetic 

nanoparticles (GVI) respectively (Figure 5.6). This effect may be attributed to enhanced 

permeability and retention effect which leads to easily permeation and localisation of gold 5FU 

magnetic nanoparticles in the leaky and disordered tumor vasculature. As the tumors are deficient 

of lymphatic clearance, prolong circulation time and increased concentration of gold 

nanoparticles has been observed in the tumor tissue [133] . Histopathological studies (Figure 5.7) 

also inferred the accumulation of magnetic nanoparticles in the tumor tissue of treated animals. 

Here, the external magnetic field restricted the movement of magnetic nanoparticles which than 

results in accumulation of these particles in tumor tissue which is evident by blue stained 

magnetic nanoparticles visible in histopathological images of tumor tissues.[134] 
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These results conclusively infer that the formulation containing 5FU and gold exerted a 

synergistic effect for the treatment of tumor which may be a result of multiple factors and 

moreover, as the release of 5FU from the gold 5FU magnetic nanoparticles was faster as 

compared to HTCC 5FU magnetic nanoparticles making it more effective. 

 
 

Figure 5.3 Change in body temperature for Group: I as control (saline); Group: II as 

standard (treated with 5FU, 10 mg/kg); Group-III treated with blank HTCC magnetic 

nanoparticles; Group-IV treated with HTCC 5FU magnetic nanoparticles (equivalent to 

10 mg/kg of 5FU); Group-V treated with blank gold magnetic nanoparticles and Group-VI 

treated with gold 5FU magnetic nanoparticles. 

All values are represented as mean±SD, n=4 animals in each group, data were analyzed by one-

way ANOVA, followed by Tukey-Kramer Multiple Comparisons Test, a-significant difference 

as compared to control group (Group I), b-significant difference as compared to standard group 

(Group II) and *P < 0.05, **P < 0.01, ***P < 0.001, ANOVA (Analysis of variance), 

SD=Standard Deviation. 

 

 

 



61 

 

 
 

Figure 5.4 Percentage change in body weight for Group: I as control (saline); Group: II as 

standard (treated with 5FU, 10 mg/kg); Group-III treated with blank HTCC magnetic 

nanoparticles; Group-IV treated with HTCC 5FU magnetic nanoparticles (equivalent to 

10 mg/kg of 5FU); Group-V treated with blank gold magnetic nanoparticles and Group-VI 

treated with gold 5FU magnetic nanoparticles. 

All values are represented as mean±SD, n=4 animals in each group, data were analyzed by one-

way ANOVA, followed by Tukey-Kramer Multiple Comparisons Test, a-significant difference 

as compared to control group (Group I), b-significant difference as compared to standard group 

(Group II) and *P < 0.05, **P < 0.01, ***P < 0.001, ANOVA (Analysis of variance), 

SD=Standard Deviation. 

 

 

Table 5.1 Tumor volume observed for different nanoformulations 

 

 

Group 
Tumor volume (mm3) 

Day 7 Day 14 Day 21 

GI 103.719.8 391.158.9 642.142.3 

GII 104.86.7 201.112.1 a*** 410.942.3 a*** 

GIII 102.913.3 347.547.9 b*** 555.535.5 a**, b*** 

GIV 101.29.6 192.614.8 a*** 339.34.8 a***, b* 

GV 102.19.7 192.943.8 a*** 343.542.3 a***, b* 

GVI 107.89.6 169.723.2 a*** 290.437.9 a***, b*** 
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All values are represented as mean±SD, n=4 animals in each group, data were analyzed by one-

way ANOVA, followed by Tukey-Kramer Multiple Comparisons Test, a-significant difference 

as compared to control group (Group I), b-significant difference as compared to standard group 

(Group II) and *P < 0.05, **P < 0.01, ***P < 0.001, ANOVA (Analysis of variance), 

SD=Standard Deviation. 
 

 

 
 

Figure 5.5 Relative tumor volume observed for Group: I as control (saline); Group: II as 

standard (treated with 5FU, 10 mg/kg); Group-III treated with blank HTCC magnetic 

nanoparticles; Group-IV treated with HTCC 5FU magnetic nanoparticles (equivalent to 

10 mg/kg of 5FU); Group-V treated with blank gold magnetic nanoparticles and Group-VI 

treated with gold 5FU magnetic nanoparticles 
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Figure 5.6 Examination of tumor tissue for Group: I as control (saline); Group: II as 

standard (treated with 5FU, 10 mg/kg); Group-III treated with blank HTCC magnetic 

nanoparticles; Group-IV treated with HTCC 5FU magnetic nanoparticles (equivalent to 

10 mg/kg of 5FU); Group-V treated with blank gold magnetic nanoparticles and Group-VI 

treated with gold 5FU magnetic nanoparticles 



64 

 

 

(A)                                                                                  (B) 

Figure 5.7 Histopathological examination of tumor tissue in the treated Balb/c under light 

microscope at 10X (A) un-exposed and (B) under external magnetic field 
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CHAPTER 6 
                                                                                 

 
 

Conclusion and Future Prospects 

In the present study, a novel nanoparticulate drug delivery system was used for treatment against 

breast cancer. The objective behind the work was to limit the distribution of chemotherapy and 

achieve targeted therapy. Conclusively, the present work elucidates the designing, optimization, 

and characterization of 5FU based magnetic nanoparticulate drug delivery system. In the present 

investigation two different formulation of 5FU, HTCC 5FU magnetic nanoparticles and gold 

5FU magnetic nanoparticles were designed. Formulation of 5FU nanoparticles was carried out 

using the bottom up approach for the nanoparticles synthesis and were prepared using separate 

techniques (i) encapsulation of 5FU with magnetic nanoparticles to form N-(2-hydroxy) propyl-

3-trimethyl ammonium chitosan chloride nanoparticles (HTCC 5FU magnetic nanoparicles) and 

(ii) conjugating 5FU on the gold coated magnetic nanoparticles (gold 5FU magnetic 

nanoparticles). 

The formulations not only demonstrated the targeted effect of drug on to the tumor site but also 

improved the efficacy of the drug by reducing the toxicity associated with the conventional 

chemotherapy. The optimization study conducted on the formulation for the selection of a 

suitable polymer concentration revealed a concentration of 0.5% mg/ml HTCC and 0.8% mg/ml 

sodium tripolyphosphate (STP) to be optimal for encapsulation of 5FU. The assessed range of 

particle size, zeta potential, and entrapment efficiency were found to be in the desired range. 

Further, the morphological studies revealed nanoparticles of spherical shape without any sign of 

aggregation. Magnetic property of the formulation was also evaluated using vibrating sample 

magnetometer (VSM) which confirms a superparamagnetic behavior of magnetic nanoparticles 

with a saturated magnetization of 43 emu/g in bare state which decreased to a value of 30 emu/g 

and 28 emu/g in HTCC 5FU magnetic nanoparticles and gold 5FU magnetic nanoparticles, 

respectively.  Drug release studies from the formulation suggest the release mechanism to be 

fickian diffusion in case of HTCC 5FU magnetic nanoparticles (n= 0.239) and non-fickian 

diffusion in case of gold 5FU magnetic nanoparticles (n=0.534).  The results of in vitro 

cytotoxicity conducted using MCF-7 cell line confirmed a significant reduction in the percentage 

cell viability on administration of nanoformulation when compared with control. Growth 

inhibition 50% (GI50) of 5FU, HTCC 5FU magnetic nanoparticles, and gold 5FU magnetic 

nanoparticles were found to be 12.1 mg/ml, 10.6 mg/ml and 4.7 mg/ml, respectively. In vivo 

studies conducted on Balb/c mice using an allograft model demonstrated an increased efficacy 
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and targeting efficiency of nanoformulations as compared to the control with a relative tumor 

volume of 3.4 and 2.7 for HTCC 5FU magnetic nanoparticles and gold 5FU magnetic 

nanoparticles whereas the value was much higher 6.7 for the control group. The results of the 

investigation demonstrate a huge potential of designed formulations in tumor targeting with an 

improved efficacy. 

As, the designed formulations contains gold coated magnetic nanoparticles which were only 

tested for the therapeutic activity they can further be explored for their potential in diagnosis of 

tumor in the body and function as a theranostic agent. The present formulation works by 

regulating the direction and magnitude of external magnetic field which is suitable for surface 

tumors and can be further investigated for tumor site inside the body.  
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