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1. Thesis Organization 
 

1.1. Introduction and Review of literature 

This section includes overview of breast cancer including worldwide scenario 

along with statistics in India and available treatment options. This is followed by 

importance of Complementary and Alternative Medicine (CAM) with a special 

emphasis on herbal medicine in the treatment of breast cancer. The need for novel 

drug delivery systems (NDDS) has been mentioned and the impact of nanotechnology 

on it has been described. Various nanocarriers available for herbal drugs, especially 

iron oxide nanoparticles and their uniqueness, properties and biological applications 

in breast cancer management have been discussed. 

 

1.2. Synthesis, characterization and biological studies of gold nanoparticles using 

Ficus religiosa 

In this section, we have described biological synthesis of gold nanoparticles 

using aqueous extract of bark material of Ficus religiosa (F-AuNPs) followed by 

physical characterization. The nanoparticles were studied for their anticancer activity 

in breast cancer cell lines, MCF7 and MDAMB231. Both the cell lines exhibited 

100% viability upon F-AuNPs treatment. 

 

1.3. Synthesis, characterization and biological studies of Curcumin 

functionalized iron oxide nanoparticles (CCF NPs) as drug delivery agents in 

breast cancer 

Synthesis of citric acid capped iron oxide (Fe3O4) nanoparticles conjugated to 

curcumin, a potent anticancer herbal bioactive, has been described in this section, 

followed by physical characterization of the nanoparticles. The anticancer activity of 

these nanoparticles has been studied in breast cancer cell lines, MCF7 and 

MDAMB231. CCF NPs were found to decrease the viability of breast cancer cells and 

reduced the cell growth in a dose and time dependent manner. 
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1.4. Synthesis, characterization and biological studies of Cinnamaldehyde 

functionalized iron oxide nanoparticles (CPGF NPs) as drug delivery agents in 

breast cancer 

1.4.1. Synthesis and characterization of CPGF NPs 

In this section, synthesis of iron oxide (Fe3O4) nanoparticles tagged to 

cinnamaldehyde, a potent anticancer herbal bioactive, by using pluronic and glycine 

as linkers (CPGF NPs) has been described. The nanoparticles were duly characterized 

and studied for their anticancer activity in breast cancer cell lines, MCF7 and 

MDAMB231. The NPs were highly stable and biocompatible and were 

superparamagnetic. CPGF NPs decreased the viability of breast cancer cells and 

decreased their growth kinetics in a dose and time dependent manner. 

1.4.2. Cell based assays and mechanistic studies of CPGF NPs 

In this section, CPGF NPs were studied further for anticancer mechanism.as 

they were found to be more potent as compared to CCF NPs in terms of size, drug 

loading and effect on viability of breast cancer cells. CPGF NPs altered migration, 

reduced expression of angiogenesis marker VEGF and induced apoptosis in breast 

cancer cells.  

1.4.3. Evaluation of hyperthermia potential of CPGF NPs 

Iron oxide nanoparticles have been used in hyperthermia because of their 

ability to get heated upto 42–45°C upon exposure to radiation. Since CPGF NPs could 

act as excellent anticancer drug delivery agents, we wanted to know whether the NPs 

had the potential for application in hyperthermia as well. Upon exposure to the 

radiofrequency waves, the NPs heated up to 41.6°C within 1 min, suggesting their 

promise as a magnetic hyperthermia agent. 

 

1.5. Characterization and evaluation of anticancer activity of homeopathic 

medicine Terminalia chebula  

In this part, we have studied anticancer potential of homeopathic medicine 

Terminalia chebula (Q, 3X, 6C, 30C) and evaluated its nanoparticulate nature. This 

includes physical characterization by SEM and TEM. 



 
 
 
 
 

 
 

 

 
 
 
 
 
 
 
 

2. INTRODUCTION 
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2. Introduction 

Breast cancer is the second leading cause of cancer death in women 

worldwide, and is expected to surpass heart diseases in the next few years (Torre et 

al., 2016; Siegel et al., 2015). It accounts for around 7% of global cancer burden and 

one-fifth of all the cancers in India (Boyle and Howell, 2010). According to American 

Cancer Society, an estimate of 29% incidences and 15% deaths due to breast cancer 

around the world (Siegel et al., 2014) has been predicted. In 2015, 2,31,840 new cases 

of invasive breast cancer were diagnosed that have resulted into 40,290 deaths in the 

United States (Siegel et al., 2015). In India, breast cancer was the leading cancer 

among females (24.85%) with the highest incidence and death rates being 10.53 and 

16.18 %, respectively (Jivarajani et al., 2015). It has overtaken cervical cancer to 

become the leading cancer in Indian metro cities and is expected to double in 2016 

(Swaminathan et al., 2011). It has been estimated that by 2030, the global incidence of 

breast cancer would be increased to more than 2 million new cases per year, however, 

in India it would reach up to 2 lakh per year (Ferlay et al., 2010). 

Breast cancer is a clinically heterogeneous disease with multi-factorial 

etiology, caused due to several risk factors including environmental, hormonal, 

dietary, lifestyle, and genetic factors; exposure to the ionizing radiation; as well as 

age, race, ethnicity, gender, and family history (Martin and Weber, 2000). 

Management of breast cancer is a major clinical challenge due to its heterogeneity, 

complexity, and aggressiveness (Kimbung et al., 2015). The conventional treatments 

available for breast cancer include surgery, chemotherapy, radiation therapy, 

hormonal therapy and targeted therapies (Perez et al., 2011; Howard et al., 2012). 

Even though these treatments are highly effective, yet they are associated with serious 

side effects (Binkley et al., 2012) that have shifted the global focus towards 

Complementary and Alternative Medicines (CAM). Use of CAM has become 

increasingly popular among the breast cancer patients throughout the world (Wanchai 

et al., 2010). It was estimated that the use of CAM in cancer patients varied from 7-

64% with higher use (47-83%) in breast cancer patients (Link et al., 2013). 

Herbal medicine that forms an integral part of CAM has been reported to play 

an important role in the management of breast cancer (Liao et al., 2013). Different 

medicinal plants including Taxus baccata (Pacific Yew), Podophyllum peltatum 

(Mayapple), Camptotheca acuminate (happy tree) and Vinca rosea (Periwinkle) have 
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been evaluated in clinical trials for breast cancer (Mantle et al., 2000). Medicinal 

plants are a source of a large number of bioactives that are excellent anticancer agents 

as they have the efficiency to regulate the molecular mechanisms and various 

signalling pathways involved in carcinogenesis such as oxidation, inflammation, 

apoptosis, cell proliferation, cell cycle, invasion, metastasis and angiogenesis 

(Albulescu, 2015). 

Even though medicinal plants and their bioactives have been reported to be 

highly potent anticancer agents, the widespread use of herbal bioactives has been 

restricted due to their hydrophobic nature that reduces their bioavailability and in turn 

reduces their therapeutic efficacy (Ahmad et al., 2006; Opara and Chohan, 2014). 

This problem has been overcome with the advent of nanotechnology, which has made 

a significant impact on the development of novel drug delivery systems (NDDS) 

(Bonifácio et al., 2014; Gunasekaran et al., 2014). Lots of efforts have been 

undertaken to use modern nanotechnology to deliver herbal based drugs (Bhadoriya et 

al., 2011) for safer and more effective treatment of breast cancer. 

One of the emerging strategies has been the use of plant extracts for 

synthesizing metal nanoparticles (such as gold and silver) for anticancer applications 

(Makarov et al., 2014; Kulkarni et al., 2014). Biosynthesis of gold nanoparticles has 

been reported by using extracts of hibiscus (Philip, 2010), geranium (Shankar et al., 

2003), lemon grass (Shankar et al., 2005), cinnamon (Huang et al., 2007), neem 

(Shankar et al., 2004), Aloe vera (Chandran et al., 2006), tamarind (Ankamwar et al., 

2005), oat and wheat (Armendariz et al., 2002), bengal gram (Ghule et al., 2006), tea 

(Nune et al., 2009), cumin (Katti et al., 2009), onion (Parida et al., 2011) and many 

more (Ahmed and Ikram, 2015). 

Other strategies that have been used since long time involve conjugation of 

anticancer bioactives with nanocarriers such as liposomes, micelles, polymeric 

nanoparticles, metal nanoparticles, dendrimers and solid lipid nanoparticles (SLNs) 

for obtaining enhanced therapeutic efficacy (Padmavathi, 2013; Bonifácio et al., 

2014). Various herbal bioactives such as vincristine (Abe et al., 2011), topotecan and 

quercitine (Zucker and Barenholz et al., 2010), thymoquinone (Odeh et al., 2012), 

shikonin (Kontogiannopoulos et al., 2012), berberine (Ma et al., 2013), artemisinin 

(Dadgar et al., 2013), silibinin (Ebrahimnezhad et al., 2013), paclitaxel (Dilnawaz et 

al., 2010), docetaxel (Mei et al., 2009), camptothecin (Min et al., 2008), oridonin 

(Wang et al., 2014), tryptanthrin (Fang et al., 2011) and many others have been 
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conjugated with these nanocarriers for drug delivery applications in breast cancer. The 

nanocarriers have significantly improved the bioavailability of herbal bioactives 

compared to their free counterparts at in vitro, in vivo and preclinical level (Watkins et 

al., 2015). Many of the leading pharmaceutical companies, specialized in the 

production of high quality customized botanical extracts and bioactives have launched 

standardized herbal nanoformulations (Verma et al., 2014). Various patents have been 

filed on herbal drug tagged nanoparticles having good stability, improved 

biodistribution and efficacy and decreased toxicity (Jadhav et al., 2014). 

Based on the above background, the broad aim of this thesis was to explore 

the potential of nanoparticles in delivery of herbals or their bioactives in breast cancer 

cells. The overall work in the thesis involves synthesis, characterization and biological 

studies of nanoparticles conjugated with herbals as drugs against breast cancer. In this 

study, two metal nanoparticles (gold and iron oxide nanoparticles) were synthesized.  

Gold nanoparticles were synthesized biologically by using the aqueous extract 

of Ficus religiosa (F-AuNPs) bark material. Ficus religiosa Linn. (Moraceae), has a 

plethora of phytochemicals such as phenols, tannins, steroids, alkaloids and 

flavonoids, vitamin K, methyl oleanolate, n-octacosanol, β-sitosteryl-d-glucoside, 

lanosterol, stigmasterol, and lupen-3-one, most of which are water soluble and hence 

could be easily extracted in water without losing their activity (Sonawane et al., 

2015). Such phytochemicals act as metal-reducing and capping agents, thereby 

resulting into one-step biosynthesis of metal nanoparticles.  

Iron oxide nanoparticles were chemically synthesized by co-precipitation of 

ferric and ferrous salts, followed by tagging with curcumin (CCF nanoparticles) or 

cinnamaldehyde (CPGF nanoparticles) that are the bioactive molecules present in 

turmeric (Curcuma longa) and cinnamon (Cinnamomum zeylanicum), respectively. In 

curcumin tagged iron oxide nanoparticles (CCF NPs), citric acid was used as a linker 

that is known to inhibit glycolysis, which is used by cancerous cells for their survival. 

It was hypothesized that its use could further enhance the anticancer activity of 

curcumin synergistically. In cinnamaldehyde conjugated iron oxide nanoparticles 

(CPGF NPs), glycine was used as a linker since its amine group could be used to 

functionalize the iron oxide nanoparticles. Pluronic F127 was also used for 

functionalization of NPs since it has been known to be a versatile polymer for water 

dispersibility and would generate additional hydrophilicity and stability to the CPGF 

system. 
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The synthesized nanoparticles (F-Au, CCF and CPGF NPs) were characterized 

for their shape, size, phase purity and bonding by various microscopic and 

spectroscopic techniques. Drug loading and release profiles, stability and 

biocompatibility of the nanoparticles were also studied. All the three nanoparticles 

were found to be in biological size range of 1-100 nm. The nanoparticles were further 

explored for their activity against breast cancer cell lines, MCF-7 and MDA-MB-231, 

and two non-cancerous cell lines, HEK 293 and MCF10A. Both breast cancer and 

non-cancerous cells were not affected by the treatment of F-AuNPs indicating that the 

phytoconstituents of Ficus religiosa provide a non-toxic coating onto the gold 

nanoparticles. Since F-AuNPs were not toxic to breast cancer cell lines, they were not 

taken up for further studies. The lack of any noticeable toxicity by F-AuNPs provides 

new opportunities for their possible applications in molecular imaging. CCF NPs 

decreased the survival of breast cancer cells however with similar IC50 values as that 

of pure curcumin. CPGF NPs reduced the viability of breast cancer cell lines at lower 

doses of cinnamaldehyde compared to pure cinnamaldehyde, thereby suggesting its 

increased bioavailability and in turn therapeutic efficacy. Both CCF and CPGF NPs 

were non-toxic to non-cancerous cells and were found to reduce the growth of breast 

cancer cells in a dose and time dependent manner. CPGF NPs were further studied for 

their effect on the cellular molecular mechanisms underlying their anticancer activity 

as these NPs had higher drug payload and more cytotoxicity towards breast cancer 

cells, compared to CCF NPs. CPGF NPs altered migration, reduced expression of 

angiogenesis marker and induced apoptosis in breast cancer cells. Further, upon 

exposure to the radiofrequency waves, CPGF NPs heated up to 41.6°C within 1 min, 

suggesting their promise in magnetic hyperthermia application.  

We have also analyzed the anticancer activity of homeopathic preparations of 

Terminalia chebula (Q, 3X, 6C, 30C) on breast cancer cell lines and investigated 

them for the presence of nanoparticles. Homeopathy medicines involve highly diluted 

preparations of plant extracts that are made by potentization, the process of making a 

remedy more potent by serial dilution, and succussion (agitation). This process 

consists of fine grinding of a starting-substance in water or alcohol. The end-product 

is diluted to such an extent that it becomes indistinguishable from the diluents (pure 

water, sugar or alcohol) (Vallance 1998). Recently, homeopathic medicines have been 

identified to exist as nanoformulations (Upadhyay 2011; Bell 2015). The market 

samples of extremely diluted homeopathic medicines have been examined by 
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nanotechnology tools and the physical entities in these medicines have been found to 

be in the form of nanoparticles of the starting metals and their aggregates 

(Chikramane 2010). The anticancer effect of homeopathic remedies Carcinosin 30C, 

Conium maculatum 3C, Phytolacca decandra 200C and Thuja occidentalis 30C 

(‘Banerji Protocol’ for the treatment of human breast cancer) has been established in 

breast cancer and these preparations have been found to contain nanoparticles. 

Terminalia chebula is a medicinal plant with known anticancer activity. It has been 

used as a homeopathic remedy in various conditions including cancer. In the present 

study, various potencies (MT, 3X, 6C and 30C) were studied for their activity against 

breast cancer. These were found to reduce the viability and growth kinetics of breast 

cancer cell lines. Interestingly, 6C potency of Terminalia chebula was found to be in 

the form of nanoparticles with 20 nm size.  
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3. Review of Literature 

3.1. Breast Cancer 

Breast cancer is more frequent cancer among women in both the developed 

and the developing regions with almost similar incidence rates; however, with low 

mortality rates in developed and high in underdeveloped regions (Jemal et al., 2016). 

It is a leading cause of cancer related death for women aged between 35 and 55 years 

(Brandt et al., 2015). One woman in eight is diagnosed with breast cancer in her 

lifetime and hence it is the second biggest cause of death in women worldwide (Torre 

et al., 2016; Siegel et al., 2015). Significant advances in the prevention, diagnosis and 

treatment of breast cancer have been made in recent years. However, management of 

breast cancer becomes a major clinical challenge due to its heterogeneity, complexity, 

and aggressiveness (Kimbung et al., 2015). The inclining trend of breast cancer 

invites attention for progressive treatment modalities with early detection and 

improved clinical care. 

 

3.1.1. Epidemiology of breast cancer 

According to cancer facts and figures, invasive breast cancer would be 

diagnosed in about 2,46,660 women and 2,600 men in the year 2016 (Cancer Facts & 

Figures 2016; Ward et al., 2015). According to American Cancer Society, one in eight 

women in the United States would develop breast cancer in her lifetime (Tao et al., 

2014). It has been predicted that the worldwide incidence of female breast cancer 

would reach approximately 3.2 million new cases per year by 2050 (Tao et al., 2014). 

Current predictions and statistics suggest that both worldwide incidence of breast 

cancer and related mortality are on the rise. The incidence of breast cancer in the 

world in the year 2016 has been estimated to be about 29% (higher in the developed 

countries) and deaths around 15% (higher in the developing countries) (Torre et al., 

2016).  

In India, breast cancer has overtaken cervical cancer to become the leading 

cancer in the metro cities and is expected to double in 2016 (Swaminathan et al., 

2011). The number of cases have rapidly increased from 80,000 in 2005 to 1,22,000 

new cases in 2011 and has been predicted to reach to 1,41,000 cases by 2016 (Badwe 

and Gupta, 2011). In India, the incidence is less compared to developed countries but 
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the mortality is almost 50% (Dikshit et al., 2012). With changing lifestyles in India, 

women are becoming more vulnerable to breast cancer (Reddy et al., 2005). 

According to the recent reports, India has 17% of the world's population suffering 

from breast cancer (Youlden et al., 2012). The rise in breast cancer incidence of 0.5-

2% per annum has been observed across all the regions of India (Murthy et al., 2007). 

Breast cancer burden is lower in the Indian women below 40 years of age; moderate 

in women aged between 40 and 50 years; and highest in women older than 50 (Shetty 

2012). The age-standardized incidence rates (ASR) varies between regions, ethnicity 

as well as religions and ranges from 6.2 to 39.5 per 100,000 Indian women (Agarwal 

and Ramakant, 2008). 

 

3.1.2. Etiology of breast cancer 

The occurrence of breast cancer is influenced by age, lifestyle and family 

history. The risk factors contributing towards the development of breast cancer 

include genetic and environmental factors; increased exposure to endogenous or 

exogenous hormones; socioeconomic status; reproductive, lifestyle, and behavioral 

factors that involve age, parity, age at first childbirth, body mass index (BMI), alcohol 

consumption, age at menarche, and hormonal imbalance (Tamimi et al., 2012). About 

8 out of 10 women diagnosed (80%) are over 50 years of age. Nearly half of all breast 

cancers (45%) are in women over 65 years of age. Alcohol consumption and smoking 

increase the risk of developing breast cancer (Chen et al., 2011). Obesity is also 

positively correlated with breast cancer incidence (Sinicrope et al., 2010). Previous 

cancer or other breast conditions and exposure to radiotherapy or hormone 

replacement therapy (HRT) including estrogen and progesterone increase the chances 

of breast cancer (Norman et al., 2003). Other risk factors include no/late conception, 

early menses, late menopause and consumption of contraceptive pills (Norman SA et 

al., 2003). Genetic factors such as family history and altered BRCA1 or BRCA2 gene 

also add to the risk (Pijpe et al., 2012). Many features of the urbanized lifestyle are 

responsible for this rapid increase in the incidence of breast cancer (Schottenfeld et 

al., 2013). 

The most common symptom of breast cancer is a lump or mass in the breast, 

which is often painless. Less common symptoms include persistent changes to the 

breast, such as thickening, swelling, distortion, tenderness, skin irritation, redness, 
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scaliness, nipple abnormalities, or spontaneous discharge (Hussain et al 2006). Breast 

pain is more likely to be caused by benign conditions and is not a common symptom 

of breast cancer (Shi et al., 2013).  

 

3.1.3. Types and stages of breast cancer  

Breast cancer may be invasive or noninvasive depending upon the type and the 

stage of the disease. Breast cancer has been categorized into various major classes by 

different research groups based on molecular characterization such as gene expression 

profiling or immunohistochemical characteristics (Souzaki et al., 2011). Breast cancer 

usually starts off in the inner lining of milk ducts or the lobules that supply them with 

milk. A malignant tumor can spread to other parts of the body. Breast cancer that 

starts off in the lobules is known as lobular carcinoma, while one that develops from 

the ducts is called ductal carcinoma (Kaul-Ghanekar et al., 2014). It has been divided 

into ductal carcinoma in situ (DCIS), invasive ductal carcinoma (IDC), noninvasive 

lobular carcinoma (lobular carcinoma in situ [LCIS]), and invasive lobular carcinoma 

(ILC) (Muggerud et al., 2010; Hanby et al., 2008). Additional types include 

inflammatory breast cancer (IBC), phyllodes tumor, angiosarcoma, Paget’s disease of 

the nipple, and triple-negative breast cancer (Yang et al., 2009). Breast cancer has 

been also categorized into five major classes namely normal breast-like, luminal A, 

luminal B, basal-like, and HER2+ or into three major classes namely HER2+/ER+, 

ER−/HER2−, and HER2+ (Singletary et al., 2002). The American Joint Committee on 

Cancer (AJCC) has categorized the breast tumors into stages 0, I, IIA, IIB, IIIA, IIIB, 

and IV and this has been designated TNM system (Tumor Node Metastasis) 

(Singletary et al., 2002). Table 1 describes TNM system of classification of breast 

cancer stages.  
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Table 1. Stages of breast cancer (TNM system) 

Stage Tumor 

size 

Metastasis Distant 

Metastasis 

0 No tumor - No 

I ≤ 2 cm  no spread of tumor to regional lymph nodes No 

IIA ≤ 2-5 cm metastases to 1 to 3 axillary lymph nodes, movable 

ipsilateral nodes but not to regional lymph nodes 

No 

IIB 2- ≥5 cm metastases to movable ipsilateral but not to regional 

lymph nodes 

No 

IIIA 2- ≥5 cm metastases to 4 to 9 axillary lymph nodes, movable 

ipsilateral nodes.  

No 

IIIB Any metastases to more than 10 axillary lymph nodes, 

chest wall or skin, any tumor/nodal involvement 

No 

IV Any Any tumor/nodal involvement Yes 

Source: Kaul-Ghanekar et al., 2014 

 

3.1.4. Detection of breast cancer 

 Early detection has become easy with advances in screening techniques that 

include routine mammography programs and/or palpation (either self-examination or 

by physician or nurse practitioner), digital mammography, sonogram, thermography, 

transillumination, xeromammograpy, CT scan, magnetic resonance imaging (MRI), 

ultrasound imaging, radionuclide imaging, positron emission tomography (PET-CT), 

99mTc-sestamibi scintimammography, electrical impedance tomography (EIT), 

biopsy as well as genetic testing (Vaughan et al., 2012). Prognostic and predictive 

biomarkers such as ER, PR, HER2, p53, BRCA1/2 as well as many others are 

currently being used clinically for the early diagnosis of breast cancer (Cianfrocca et 

al., 2004). 

 

3.1.5. Treatment of breast cancer 

Several treatment options are available to cure or improve the survival and 

quality of life of the patients diagnosed with breast cancer. These include surgery, 
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chemotherapy, radiation therapy, hormonal therapy and targeted therapy (Perez et al., 

2011; Howard et al., 2012). In surgery, a lump in the breast and some of the tissue 

around it is removed or whole breast along with some of the lymph nodes under the 

arm may be removed (Fisher et al., 2002). In chemotherapy, drugs are given to 

damage or kill the cancer cells. In radiation therapy, high-energy X-rays are used to 

kill cancer cells and shrink the tumors (Fisher et al., 2002). In hormonal therapy, 

hormones that might help the cancers to grow further are blocked (Lea et al., 2004). In 

targeted therapy, drugs that have the potential to identify and attack specific markers 

on cancer cells are used (Suter and Marcum, 2007). The most appropriate treatment is 

given to the patient either alone or in combination depending upon the factors such as 

tumor size, location, involvement of lymph nodes, woman’s risk profile and stage of 

the disease (Naeim et al., 2010). These treatments are highly effective; however, they 

are usually associated with serious side effects such as post-surgical pain, wound 

infection, hematoma (build-up of blood in the wound), seroma (build-up of clear fluid 

in the wound), bleeding, swelling and heaviness in the breast, sunburn-like skin 

changes in the treated area, fatigue, hot flashes, vaginal dryness or discharge, mood 

swings, hair loss, mouth sores, loss of appetite, nausea and vomiting, low blood cell 

counts, menstrual changes, neuropathy, heart damage, increased risk of leukemia, and 

increased chance of infections (Binkley et al., 2012). 

Chemotherapy is the most commonly used treatment for breast cancer. Despite 

availability of various drugs for breast cancer chemotherapy, the unmet need in the 

global market is vast as there is an upward trend of breast cancer incidence. To bridge 

the gap between available drugs and increasing breast cancer cases, pharmaceutical 

companies have established a robust pipeline that currently has about 52 drugs in 

development (http://ww2.frost.com/news/press-releases/ breast cancer targeted 

therapies offer novel treatment modalities/). However, breast cancer drugs are 

expensive, lack efficacy especially for triple negative breast cancer and are associated 

with serious side effects. The emergence of a new class of targeted therapies is likely 

to redefine the survival rates of patients with triple-negative cancers.  

 
3.2. Complementary and Alternative Medicine (CAM) in breast cancer  

Due to the serious side effects associated with current therapy options, the 

global focus has shifted towards Complementary and Alternative Medicines (CAM). 
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This includes medical interventions that are not part of conventional medicine and are 

being practiced either alone or in combination with conventional therapies (Figure 1). 

CAM has been classified into five groups namely, manipulative and body based 

therapies, mind-body interventions, energy therapy, alternative medical systems and 

biological based approaches (NCCAM, 2011). The biological based therapies include 

use of herbs, dietary supplements or vitamins as well as traditional medicine system. 

The objectives of CAM therapies are diverse that include the reduction of toxicity and 

other side-effects associated with the chemotherapy; improvement of cancer-related 

symptoms; improving the survival and quality of life of the patients and modulating 

the immune system. Such therapies help in rapid recovery as well as improvement in 

general and emotional health of the patients. Use of CAM is becoming increasingly 

popular among the breast cancer patients throughout the world. It has been estimated 

that the use of CAM in cancer patients varied from 6-84% (Metcalfe et al., 2008) with 

higher use (47-83%) in breast cancer patients (Lee et al., 2000). Among various CAM 

therapies, a great emphasis has been given towards the research on traditional and 

herbal medicines as main sources of chemopreventive drugs (Lee et al., 2014). 

Recently, the medicinal and economic benefits of these plants have been increasingly 

accepted in both developing and industrialized nations (Frass et al., 2012). About 60% 

of currently used anti-cancer drugs are derived from natural sources including plants 

(Cragg and Newman, 2005). A wide variety of naturally occurring substances from 

plant food have been shown to offer protection from carcinogenic exposure (Cragg 

and Newman, 2005). Herbal remedies have been shown to play an important role in 

the management of breast cancer. Use of herbs as an adjunct to chemotherapy not 

only exhibits therapeutic efficacy but is also cost effective.  
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Figure 1. Combination of conventional treatments and Complementary and 

Alternative Medicine (CAM) for breast cancer management 
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3.2.1. Use of medicinal plants in breast cancer 

Herbal remedies have been used in the healthcare system since ages because 

of their wide biological activities, easy accessibility, cost effectiveness and safety 

(Gatkal et al., 2012; Kamboj, 2000). Plants, vegetables, herbs and spices, used in folk 

and traditional medicine, have been shown to exhibit excellent anticancer activity (Cai 

et al., 2004). World Health Organization estimated that 80% of the world’s population 

from Asia, Latin America and Africa use herbal medicine 

(http://www.who.int/mediacentre/factsheets/2003/fs134/en/). Many medications 

currently in use to treat various diseases come from plants. As herbal medicines are 

not toxic to the normal cells at therapeutic doses, they provide a new ray of hope for 

cancer patients (Sagar et al., 2005). Herbal medicines have been shown to a) increase 

the sensitivity of chemo and radio therapeutics; b) reduce the associated side-effects 

of conventional therapies and c) improve the quality of life and survival rates of 

patients (Hsiao et al., 2010). Extracts of either whole plant or different plant parts 

(roots, bark, flowers, seeds, fruits, leaves, or branches) have been used in disease 

treatment (Tan et al 2011). Plant extracts contain more than one phytochemicals that 

may work together to treat the disease (Mukherjee et al, 2011). Plant extracts have 

been used either alone or in conjunction with conventional therapies for disease 

treatment, prevention of recurrence and for treating side effects (Hsiao et al., 2010). 

Currently, few plant extracts have been tested in clinical trials for their efficacy in 

preventing or treating breast cancer or treating symptoms of hormonal withdrawal in 

women with breast cancer (Benarba et al., 2015). A study of women being treated for 

early stage breast cancer showed that 10.6% had been using one or more herbal 

remedies at the time of diagnosis, while an additional 28.1% began using herbal 

remedies after surgery (Burstein et al., 1999). Taxus baccata (Pacific Yew), 

Podophyllum peltatum (Mayapple), Camptotheca acuminata (happy tree) and Vinca 

rosea (Periwinkle) have been evaluated in clinical trials for breast cancer (Mantle et 

al., 2000). Plant extracts exhibit their anticancer mechanisms through increase in 

antioxidant activity; regulation of cytoskeletal proteins involved in mitosis; 

modulation of expression of tumor markers; inhibition of topoisomerase enzymes I or 

II; stimulation of immune system or through anti-protease activity (Cragg et al., 

2005). Various plants that have been established as potential regulators of breast 

cancer and have been tabulated below (Table 2).   
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Table 2. Plants with anti-breast cancer activity 

Plant Common name Mode of action References 

Vernonia amygdalina Bitter Leaf 
Inhibition of proliferation, cell growth, DNA 

synthesis of breast cancer MCF7 
Yedjou et al., 2008 

Pfaffia paniculata Brazilian ginseng Antiproliferative activity in MCF-7 Nagamine et al., 2009 

Withania somnifera Ashwagandha Antiproliferative activity in MCF-7 Jayaprakasam et al., 2003 

Emblica officinalis Amla 

Antiproliferative activity in MCF7 and 

MDAMB231 
Lambertini et al., 2004 

Argemone mexicana Mexican poppy 

Oroxylum indicum Indian trumpet flower 

Aegle marmelos Indian bael 

Vernonia anthelmintica, Ironweed 

Garcinia mangostana Purple mangosteen Antiproliferative activity in SKBR3 Moongkarndi et al., 2004 

Vaccinium macrocarpon Cranberry 
Antiproliferative activity in MCF7, MDAMB231 

and MDAMB435 
Zuo et al., 2003 

Uncaria tomentosa Cat’s claw Antiproliferative activity in MCF7 Riva et al., 2001 

Ganoderma lucidum Lingzhi mushroom 
Induction of cell cycle arrest and apoptosis in 

MCF7 
Hu et al., 2002 

Syzygium aromaticum Cloves Antiproliferative activity in MCF7 Kumar et al., 2014 

Morinda citrifolia Noni Inhibition of mammary breast cancer cells Wang et al., 2009 
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Plant Common name Mode of action References 

Conopomorpha sinensis Litchi fruit 
Anticancer effect in human breast cancer (in vitro 

and in vivo) 
Wang et al., 2006 

Prunus persica Peach 

Anticancer effect in breast cancer patients Benarba et al., 2015 

Atriplex halimus Mediterranean saltbush 

Glycyrrhiza glabra Liquorice 

Nigella sativa Black-caraway 

Thymus vulgaris Common thyme 

Artemisia herba-alba White wormwood 

Anemarrhena asphodeloides Zhi mu 

Antiproliferative activity in MCF-7 and 

MCNeuA (murine breast carcinoma) 
Shoemaker et al., 2005 

Artemisia argyi Chinese mugwort 

Commiphora myrrha African myrrh 

Duchesnea indica Mock strawberry 

Gleditsia sinensis Chinese honey locust 

Ligustrum lucidum Chinese privet 

Rheum palmatum Chinese rhubarb 

Rubia cordifolia Common madder 

Scutellaria barbata Barbed skullcap 

Camellia sinensis Tea Antiproliferative activity MCF-7, ZR75, T47D Sartippour et al., 2002 
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Plant Common name Mode of action References 

Laurus nobilis Bay laurel 

Antiproliferative activity MCF7 Al-Kalaldeh et al., 2010 
Origanum syriacum Syrian Oregano 

Origanum vulgare Oregano 

Salvia triloba Greek oregano 

Cerbera odollam Suicide tree 

Antiproliferative activity MCF7 and T47D Nurhanan et al., 2008 

Macaranga pruinosa Mallotus 

Calophyllum sclerophyllum Laurel 

Cratoxylum arborscens (Vahl) Blume 

Garcinia hombroniana Seashore mangosteen 

Vismia guianensis      - 

Antiproliferative activity in MCF7 Suffredini et al., 2007 

Annona hypoglauca Fruits like custard apple 

Hymenaeae courbaril Locust 

Philodendron solimoensis Lacy tree, selloum 

Homalium racemosum Acomat 

Pentaclethra macroloba Pracaxi 

Punica granatum Pomegranate 
Antiproliferative activity in MCF7 and 

MDAMB231 
Kim et al., 2002 
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3.2.2. Herbal bioactives 

Plant extracts contain bioactive compounds that have been used as medicines 

(Kinghorn and Balandrin, 1993). In fact, the biological activity of medicinal plants is 

due to the presence of bioactives present in them. Various bioactives have been 

identified in fruits, vegetables, spices, and grains that have been reported to exhibit 

chemopreventive potential (Tan et al., 2011). Bioactive compounds found in many 

plant species have been used in Chinese, Unani, and Indian Ayurvedic medicine 

(Fabricant and Farnsworth, 2011). These have the efficiency to regulate the molecular 

mechanisms and various signalling pathways involved in carcinogenesis such as 

oxidation, inflammation, apoptosis, cell proliferation, cell cycle, invasion, metastasis 

and angiogenesis (Aggarwal 2009; Cragg and Newman, 2005). Some of the 

bioactives isolated from the respective plants include curcumin (turmeric) 

(Chattopadhyay et al., 2004), cinnamaldehyde (cinnamon) (Wang et al., 2004), 

resveratrol (red grapes, pea-nuts and berries) (Gomez et al., 2013), genistein 

(soybean) (Xie et al., 2014), S-allyl cysteine (allium) (Zhang et al., 2014), Diallyl 

disulfide (garlic) (Airo et al. 2011), lycopene (tomato) (Uppala et al., 2013), capsaicin 

(red chilli) (Shim et al., 2015), diosgenin (fenugreek) (He et al., 2014), 6-gingerol 

(ginger) (Kim et al., 2015), ellagic acid (pomegranate) (Wang et al., 2012a), ursolic 

acid (apple, pears, prunes) (Wang et al., 2012b), silymarin (milk thistle) (Kalla et al., 

2014), anethol (anise, camphor, and fennel) (Chen et al., 2012), catechins (green tea) 

(Baker and Bauer, 2015), eugenol (cloves) (Sharif et al., 2013), indole-3-carbinol 

(cruciferous vegetables) (Caruso et al., 2014), limonene (citrus fruits) (Miller et al., 

2013) and beta carotene (carrots) (Gloria et al., 2014). Various active compounds (or 

their semi-synthetic derivatives) derived from medicinal plants have been assessed for 

their efficacy and tolerability in the treatment of breast cancer (Mantle et al., 2000) 

(Table 3). For example, results from recent Phase II/III trials have established taxol 

from Taxus species as the most active single agent in the treatment (first or second-

line) of advanced metastatic breast cancer (Veldhoen et al., 2013). Various herbal 

bioactives along with synthetic chemotherapeutic drugs have been studied for their 

effect on breast cancer cells. Some combinations have proved to be successful at 

clinical level (Liao et al., 2013). Paclitaxel (Taxol) and Doxorubicin hydrochloride 

(Adriamycin) is one of the FDA approved combination of drugs for the treatment of 

metastatic breast (O'Shaughnessy et al., 1994; Sledge et al., 2003). 
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Table 3. Herbal bioactives as potential regulators of breast cancer 

Bioactive Plant source Mode of action References 

Berberine Barberry Induction of apoptosis in MCF7 Patil et al., 2010 

Shikonin Shikon Inhibition of estrogen-dependent gene transcription Yao et al., 2010 

Triterpenoids Conifer resins Chemopreventive efficacy in breast cancer mice model Bishayee et al., 2011 

Resveratrol 
Red grapes, pea-nuts 

and berries 

Decrease in viability, glucose consumption and ATP 

content in MCF7 
Gomez et al., 2013 

Genistein Soybean 
Inhibition of DNA methylation and increase in expression 

of tumor suppressor genes in MCF7 and MDAMB231 
Xie et al., 2014 

S-alkenylmercaptocysteine Allium Inhibition of apoptosis in MCF7 Zhang et al., 2014 

Lycopene Tomato Inhibition of cell proliferation in MCF7 Uppala et al., 2013 

Capsaicin Red chilli Notch pathway inhibition of breast cancer stem cell Shim et al., 2015 

Diosgenin Fenugreek 
Inhibition of migration of MDAMB231 by suppressing 

Vav2 activity 
He et al., 2014 

6-Gingerol Ginger Apoptotic Effects of in MCF7 Kim et al., 2015 

Ellagic acid Fruits and vegetables 
Inhibition of growth of MDAMB231 and P-VEGFR2 

expression, inhibited neo-vessel formation in chicken 
Wang et al., 2012a 

Ursolic acid Apple, pears, prunes 
Induction of apoptosis by suppressing the expression of 

FoxM1 in MCF7 
Wang et al., 2012b 
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Bioactive Plant source Mode of action References 

Anethole Anise, camphor, and 

fennel 

Suppression of cell survival and induces apoptotic events 

in MCF7 and MDAMB-31 

Chen et al., 2012 

Catechin Green tea Suppression of proliferation of estrogen-sensitive MCF7 Baker and Bauer, 2015 

Eugenol Cloves Induction of apoptosis in MDAMB231 through 

E2F1/survivin down-regulation in vitro and in vivo 

Sharif et al., 2013 

Limonene Citrus fruits Breast tissue disposition in women with early-stage breast 

cancer 

Miller et al., 2013 

Beta-carotene Fruits and vegetables Induction of cell-cycle arrest and apoptosis Gloria et al., 2014 

Diallyl disulfide Garlic Detoxification of carcinogens, suppression of DNA adduct 

formation, inhibition of the production of reactive oxygen 

species, regulation of cell-cycle arrest and induction of 

apoptosis 

Airo et al., 2011 

Silymarin Milk thistle Inhibition of cell proliferation and induction of apoptosis in 

MCF7 and NCI-H23 

Kalla et al., 2014 

Indole-3-carbinol Cruciferous vegetables Oxidative stress induced upregulation of ATF-3 and 

downstream BH3-only proteins in MCF7 cells 

Caruso et al., 2014 
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In the present work, we have selected curcumin (from Curcuma longa) and 

cinnamaldehyde (from Cinnamomum zeylanicum) for evaluating their activity against 

breast cancer. 

 

3.2.2.1. Curcumin 

Curcuma longa or turmeric is a member of the Zingiberacae (ginger) family of 

botanicals and is a perennial plant that is native to the Southeast Asia (Ammon et al., 

1991) (Figure 2). This species is a perennial herb that is extensively cultivated in the 

tropical areas of Asia, mainly in India, and to a lesser extent in Africa, Bangladesh, 

China, Indonesia, islands of the Caribbean, and South America (Prasad and Aggarwal, 

2011). In India, it is popularly known as haldi and is used as culinary spice for 

flavoring and coloring. The rhizomes of the plant are oblong, ovate, pyriform, often 

short branched, and a good source of turmeric (Akram et al., 2010). Turmeric has 

been used for numerous purposes since ancient times. Turmeric-based preparations 

include but are not limited to beverages, cosmetics, food preparations, and health-care 

items (Krup et al., 2013). Turmeric constituents include the three curcuminoids: 

curcumin (diferuloylmethane), demethoxycurcumin, and bisdemethoxycurcumin, as 

well as volatile oils (tumerone, atlantone, and zingiberone), sugars, proteins, and 

resins (Roth et al., 1998). 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Curcuma longa and its classification  

(Source: http://herbalsanjeevani.com/ayurveda-in-our-daily-lives-turmeric/) 

Kingdom: Plantae 

Division: Angiosperms  

Class: Monocots 

Order: Zingiberales  

Family: Zingiberaceae  

Genus: Curcuma  

Species: C. longa 
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Curcumin (diferuloylmethane), the chief component of the spice turmeric, is 

derived from the rhizome of Curcuma longa (Figure 3). It is the principal 

curcuminoid comprising 2-5% of turmeric (Prasad and Aggarwal, 2011), first 

identified in 1910 by Lampe and Milobedzka. It is responsible for the yellow color of 

the spice as well as the majority of turmeric's therapeutic effects. Curcumin has been 

widely used in medicine for its anti-oxidant, antiseptic, analgesic, antimalarial and 

anti-inflammatory properties (Krup et al., 2013). Potential of curcumin has been 

studied in multiple human carcinomas including melanoma, head and neck (Wilken et 

al., 2011), breast, colon, pancreatic, cervical, prostate and ovarian cancers (Anand et 

al., 2004). It has proven to be a modulator of intracellular signaling pathways that 

control cancer cell growth (Bar-Sela et al., 2010), inflammation (Miguel, 2008), 

invasion, apoptosis and cell death (Kunnumakkara et al., 2008) revealing its 

anticancer potential. 

 

 
Figure 3. Curcumin derived from the rhizome of turmeric 

 

Curcumin has been widely studied for its anticancer activity in breast cancer. 

It has been shown to be effective in inhibiting the proliferation of numerous breast 

cancer cell lines including BT20, SK-BR-3, MCF-7, T47D, ZR75-1 without affecting 

the viability of healthy cells (Lui and Chen, 2013). It has shown to downregulate 

inflammatory cytokines (Bachmeier et al., 2008), inhibit metastasis (Zong et al., 

2012), invasion (Kim et al., 2001), migration (Chiu et al., 2009) and angiogenesis of 

breast cancer cells (Shao et al., 2002) and has been reported to induce apoptosis 

(Choudhuri et al., 2002).  
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3.2.2.2. Cinnamaldehyde 

Cinnamon or Ceylon cinnamon tree (Cinnamomum zeylanicum, and 

Cinnamon cassia) is a small evergreen tree native to Sri Lanka belonging to the 

Lauraceae family of botanicals (Figure 4). The bark material of various cinnamon 

species has been used as an important and popular culinary spice throughout the 

world. Cinnamon is not only in cooking but also in traditional medicines 

(Balasubramanian et al., 2012). It is used as an antioxidant, anti-inflammatory, 

antidiabetic, antimicrobial, anticancer, lipid-lowering, and cardiovascular-disease-

lowering compound, and has also been reported to have activities against neurological 

disorders, such as Parkinson’s and Alzheimer’s diseases (Rao and Gan, 2014). 

Cinnamon primarily contains vital oils and other derivatives, such as cinnamaldehyde, 

cinnamic acid, and cinnamate (Rao and Gan, 2014).  

 

 
Figure 4. Cinnamomum zeylanicum and its classification  

 (Source: http://www.robinsonlibrary.com/agriculture/plant/field/cinnamon.htm) 

 

Cinnamaldehyde is the most important constituent of cinnamon that is present 

in the essential oil and contributes to the fragrance and various biological activities of 

cinnamon (Cocchiara et al., 2005). Cinnamaldehyde is an aldehyde found in 

cinnamon bark (Figure 5) and has been reported to have cytotoxic effect on human 

cancer cell lines such as oral (Kim et al., 2010) and leukemia (Zhang, 2010). We have 

also shown anticancer activity of cinnamon extract in macrophage, neuroblastoma, 

fibrosarcoma, neuroblastoma, skin carcinoma (Singh et al., 2009) and cervical cancer 

Kingdom: Plantae 

Division: Magnoliophyta  

Class: Magnoliopsida  

Order: Laurales  

Family: Lauraceae  

Genus: Cinnamomum  

Species: C. zeylanicum 
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(Choudhari et al., 2010) cell lines. It has been reported to inhibit thioredoxin reductase 

and induce Nrf2; induce apoptosis by ROS-mediated mitochondrial permeability 

transition; reduce migration; inhibit angiogenesis; and inhibit cyclin dependent kinase 

4/cyclin D1 (Cui et al., 2015). Its effect as an adjunct to chemotherapeutic agents has 

been studied in different cancers. It has been reported to be used as an adjuvant in 

combination 5-fluorouracil (5-FU) and oxaliplatin (OXA) in colorectal cancer cells 

(Yu et al., 2014), and with cisplatin in nasopharyngeal carcinoma cells (Daker et al., 

2013). 

 

  

Figure 5. Cinnamaldehyde derived from cinnamon bark 
 
Hong et al., 2016, have discussed the application of cinnamaldehyde in 

treating various types of cancer including breast, prostate, and colon cancers. 

Cinnamaldehyde has been explored for oxidative and antioxidative properties; 

induction of apoptosis as well as inhibition of invasion and metastasis in cancer 

chemotherapy (Hong et al., 2016). Cinnamaldehyde has been reported to inhibit 

invasive capabilities of human breast cancer cell line, MDA-MB-435S (Wang et al., 

2014). The over-expression of miR-27a plays an important role in the invasive 

capability of MDA-MB-435S. The inhibition of cinnamaldehyde on invasive 

capabilities of MDA-MB-435S cells was correlated with down-regulatiion of miR-

27a expression (Wang et al., 2014). Cinnamaldehyde inhibits the epithelial-

mesenchymal transition and lung metastasis in a mouse orthotopic breast cancer 

model (Ismail et al., 2013).  
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3.3. Impact of nanotechnology on herbal medicine 

Nanotechnology is defined as a science that involves design, synthesis, 

characterization and application of materials at the nanometer scale (Silva, 2004). A 

nanometer is one billionth of a meter (1 nm = 10-9m). Nanotechnology is a 

multidisciplinary science involving chemistry, physics, materials science and biology 

(Silva, 2004). Various nanoassemblies such as dendrimers, nanowires, nanotubes, 

nanocrystals, quantum dots, vesicles and micelles that come in the size range of 10-

100 nm have been used for biologicl applications (Thrall, 2004). Nanotechnology has 

made a significant impact on today’s medicine through functional and structural 

properties that are not otherwise obtained from bulk materials (Bhadoriya et al., 

2011). At the nanoscale, physicochemical, electrical, optical and magnetic properties 

of matter change, and the surface area of nanoparticles is tremendously increased, 

thus making them as ideal candidates for diagnostic or therapeutic purposes (Muqbil 

et al., 2011). For medical applications, nanomaterials could be specifically designed to 

interact with cells and tissues at molecular level with a high degree of functional 

specificity.  

It has been widely proposed to combine herbal medicine with nanotechnology, 

because nanostructured systems might be able to potentiate the action of plant extracts 

by a) reducing herbal drug dose and side effects; b) improving component solubility 

and pharmacological activity; c) enhancing bioavailability and d) achieving steady-

state therapeutic levels of drugs over an extended period compared with traditional 

herbal preparations (Bonifácio et al., 2014). Application of nanotechnology for 

effective use of herbal medicine has been studied through various approaches 

including a) Plant extracts have been used for the synthesis of nanoparticles for 

biomedical applications (Mittal et al., 2013); b) Conjugation of herbal bioactive 

molecules with nanoparticles for targeted drug delivery (Bhadoriya et al., 2011); and 

c) for scientific validation of plant based remedies such as Ayurvedic bhasmas (Sarkar 

et al., 2010) and homeopathic remedies (Satti, 2005). Various nano-herbal 

formulations as chemotherapeutic agents have been developed that could be used 

either alone or in combination (Sharma et al., 2011). Such integration of herbal 

medicines with modern nanotechnology would open up a new era of cancer 

therapeutics in near future (Figure 6).  



 

27 
 

 
Figure 6. Integration of herbal medicines with nanotechnology leading to novel 

cancer therapeutics 

 

3.3.1. Plant extracts for synthesis of nanoparticles 

Use of plant extracts for the synthesis of metal nanoparticles is the most 

extensively studied area that is being explored for various applications including 

anticancer activity. Plant extracts have been known to reduce metal ions since 1900s 

(Mittal et al., 2013). Whole plant extract or the extracts of plant parts for reduction of 

metal salts to nanoparticles have attracted considerable attention within last 30-years 

(Gan and Li, 2012). Synthesis of nanoparticles using plant extracts has been preferred 

over other methods as it is readily scalable, less expensive and non-polluting method 

and generates more stable nanoparticles with various shapes and size (Iravani et al., 

2011). Plant extracts act as both reducing and stabilizing agents in the synthesis of 

nanoparticles (Iravani et al., 2011). Extracts of various plant parts such as leaf, stem, 

fruit, bark and seed have been reported to synthesize metal nanoparticles such as 

silver, gold, copper, palladium, iron oxide and many more (Mittal et al., 2013). The 

process of plant extract-mediated synthesis of nanoparticles involves mixing of 

aqueous extract with aqueous solution of the relevant metal salt (Akhtar et al., 2013). 

The process occurs at room temperature within few minutes; thereby is referred to as 

one step synthesis. The source and nature of plant extract, its concentration, 

concentration of the metal salt, pH, temperature and contact time affect the rate of 

production and characteristics of the nanoparticles (Baker et al., 2013). The plant 

mediated nanoparticles have been used as anti-microbial, anti-cancer, anti-protozoal 
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and anti-fungal agents (Mittal et al., 2013; Akhtar et al., 2013; Iravani et al., 2011). 

Silver and gold nanoparticles synthesized by using plants have also been found to be 

effective against breast cancer cells (Table 4).  

 

Table 4. Nanoparticles synthesized by using plants having activity against breast 

cancer 

Plants Mode of action References 

Silver nanoparticles   

Solanum trilobatum 
Reduction in Bcl-2 expression and 

increase Bax expression in MCF-7 
Ramar et al., 2015 

Annona squamosa Induction of apoptosis in mCF7 Vivek et al., 2012 

Datura inoxia Antiproliferative effect in MCF7 Gajendran et al., 2014 

Tabernaemontana 

divaricata 
Antiproliferative effect in MCF7 Devaraj et al., 2014 

Couroupita guianensis Antiproliferative effect in MCF7 Devaraj et al., 2013 

Dendrophthoe falcata Antiproliferative effect in MCF7 
Sathishkumar et al., 

2014 

Potentilla fulgens Anticancer effect in MCF7 Mittal et al., 2015 

Alternanthera sessilis Anticancer effect in MCF7 Firdhouse et al., 2015 

Acalypha indica Anticancer effect in MDA MB231 Krishnaraj et al., 2014 

Gold nanoparticles   

Argemone mexicana Anticancer effect in MCF7 Varun et al., 2014 

 

Based on the advantages offered by plant mediated synthesis of nanoparticles, 

in the present work, we have selected Ficus religiosa for synthesis of gold 

nanoparticles and evaluated their activity in breast cancer. 

 

3.3.1.1. Ficus religiosa 

Ficus religiosa is a widely branched tree with long-tipped, leathery and heart 

shaped leaves and purple fruits. It has got mythological, religious and medicinal 

importance in Indian culture since ancient times (Kaur et al., 2011). Almost every part 

of this tree has been reported to exhibit variety of biological actions such as anti-

asthmatic, anti-inflammatory, antiulcer, anticonvulsant, anti-amnesic, antimicrobial, 
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anti-anxiety and anti-diabetic (Singh et al., 2011). Ficus religiosa Linn. (Moraceae), 

has been known for medicinal properties due to presence of phenols, tannins, steroids, 

alkaloids, flavonoids, vitamin K, methyl oleanolate, n-octacosanol, β-sitosteryl-d-

glucoside, lanosterol, stigmasterol and lupen-3-one (Makhija et al., 2010). Most of 

these phytochemicals are water soluble and, hence could be easily extracted in water 

without losing their properties (Makhija et al., 2010). We have previously reported the 

antioxidant and cytotoxic activity (Choudhari et al., 2011) as well as investigated the 

putative molecular mechanism underlying the antineoplastic potential of the aqueous 

extract of F. religiosa bark in cervical cancer cells (Choudhari et al., 2013). The bark 

material of F. religiosa has also been shown to exhibit anticancer activity against 

breast cancer cells (Gulecha et al., 2011). Leaf extract of Ficus religiosa in water has 

been used to synthesize silver nanoparticles and were found to be effective against 

Dalton’s ascites lymphoma (DAL) in mice model (Antony et al., 2013). 

 

 
Figure 7. Ficus religiosa and its classification 

(Source: http://www.interhomeopathy.org/ficus_religiosa_as_growth_hormone) 

 

3.3.2. Herbal bioactives conjugated to nanoparticles 

Besides plant extracts, nanotechnology has also been applied for the delivery 

of herbal bioactives as well (Bhadoriya et al., 2011; Muqbil et al., 2011). Though 

herbal bioactives have been known to have anticancer potential, their widespread use 

has been restricted due to the major problem of low bioavailability that reduces their 

efficacy (Bhattaram et al., 2002). The challenges faced by most of the anticancer 

herbal bioactives include a) nonspecific systemic distribution of antitumor agents; b) 

Kingdom: Plantae 

Division: Angiosperms  

Class: Eudicots 

Order: Rosales  

Family: Moraceae 

Genus: Ficus  

Species: F. religiosa 
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inadequate drug concentrations reaching the tumor; c) limited ability to monitor 

therapeutic responses; d) low bioavailability due to less aqueous solubility; e) 

tendency to degrade in the gastroinenstinal tract in the physiological environment; f) 

high rate of metabolism; and g) rapid systemic clearance (Abourashed et al., 2013). 

Latest research in drug discovery focuses on modification of bioactives present in 

plants by numerous approaches such as by using adjuvants and synthetic analogues; 

chelating with metals; combining with other dietary agents; and so on (Jantarat et al., 

2013). However, such preparations may not be suitable for direct delivery as these are 

bulk drugs and lack target specificity (Kesarwani et al., 2013). Nanotechnology-based 

novel strategies are being aggressively explored worldwide to enhance bioavailability 

of drugs resulting into improved cellular uptake, improved component solubility, 

excellent blood stability, controlled release functions, desirable target characteristics, 

multifunctional design, low doses and enhancement in pharmacological activities 

compared to the free drugs (Bhadoriya et al., 2011; Muqbil et al., 2011).  

For enhanced efficacy against breast cancer, various herbal bioactives have 

been used such as curcumin, cinnamaldehyde, vincristine, topotecan, quercitine, 

thymoquinone, shikonin, berberin, artemisinin, silibinin, paclitaxel, docetaxel, 

camptothecin, oridonin and tryptanthrin have been have been conjugated with 

different types of nanocarriers including liposomes, micelles, polymeric nanoparticles, 

metal nanoparticles, dendrimers and solid lipid nanoparticles (SLNs) (Figure 8) 

(Abirami et al., 2014). We have briefly described various nanocarriers that are being 

used for the delivery of herbal bioactives against breast cancer in Table 5. 

 

3.3.2.1. Liposomes 

Liposomes are composed of concentric lipid bilayers, separated by an aqueous 

medium. They have been widely studied for the delivery of various herbal bioactive 

components including curcumin (Dev et al., 2012), vincristine, topotecan, quercitine 

(Zucker and Barenholz et al., 2010 Abe et al., 2011), thymoquinone (Odeh et al., 

2012), shikonin (Kontogiannopoulos et al., 2012), berberin (Ma et al., 2013) and 

artemisinin (Dadgar et al., 2013). Hydrophobic herbal anticancer drugs get 

encapsulated in the lipid bilayer which improves delivery due to the properties like 

amphiphilicity, biocompatibility and biodegradability.  
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Figure 8. Different nanocarriers used for the delivery of herbal bioactives in breast 

cancer treatment 

 

3.3.2.2. Polymeric nanoparticles 

Polymeric nanoparticles are mostly made from natural biodegradable 

polymers and fall in the size range of 10-1000 nm in diameter. Various polymeric 

nanocarriers consisting of polyethylene glycol (PEG), poly(lactic-co-glycolic acid) 

(PLGA), polycaprolactone (PCL) and pluronic have been used for efficient delivery 

and uptake of herbal drugs by breast cancer cells. Mei et al (2009) developed a novel 

docetaxel-loaded poly (ε-caprolactone)/pluronic F68 nanoparticles to overcome 

multidrug resistance in breast cancer treatment using docetaxel-resistant human breast 

cancer cell line, MCF-7 TAX30. Bharadwaj et al (2009) used PLGA nanoparticles 

stabilized with cationic surfactant for the oral delivery of paclitaxel to treat 

chemically-induced breast cancer in Sprague Dawley rats. Camptothecin was 

combined with hydrophobically modified glycol chitosan (HGC) and its activity was 

observed in mice injected with MDA-MB-231 breast cancer cells (Min et al., 2008).  
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3.3.2.3. Micelles 

Micelles are spherical aggregates with the hydrophilic regions in contact with 

surrounding solvent and hydrophobic drug in the micelle centre. Saxena et al (2012) 

entrapped gambogic acid in micelles and analyzed its activity in breast cancer cell 

line, MCF-7.  

 

3.3.2.4. Solid lipid nanoparticles (SLNs) 

Solid lipid nanoparticles (SLNs) are lipids containing colloidal carrier system 

which offer better stability to the anticancer drugs. SLNs are made from lipids, which 

remain in solid state at room and body temperature and have a size ranging from 50-

1000 nm. Wang et al and Fang et al used SLNs for the enhanced antitumor activity of 

oridonin (Wang et al., 2014) and tryptanthrin (Fang et al., 2011) in breast cancer cell 

line, MCF-7.  

 

3.3.2.5. Dendrimers 

Dendrimers are branched macromolecules with a simple core unit. The 

branching structure allows them to be conjugated to targeting molecules, imaging 

agents, and drugs. Shikonin was attached to dendrimers and its anticancer activity was 

observed in breast cancer cell line MCF-7 (Kontogiannopoulos et al., 2012).  

 

3.3.2.6. Metal nanoparticles 

Metal nanoparticles have been widely used for biological applications (Shang 

et al., 2011). Inorganic metal nanoparticles such as magnetic and gold nanoparticles 

have been used in the diagnosis and therapeutics due to their unique properties of 

ultrasmall size, good biocompatibility, large surface area to volume ratio, high 

reactivity and excellent stability (Mieszawska et al., 2013; Mornet et al., 2004). They 

could be synthesized in different sizes and shapes that strongly influence their 

electromagnetic, optical and catalytic properties (Bhattacharya and Mukherjee, 2008). 

Their unique optical properties of enhanced semiconductor absorption via surface 

plasmon excitation make them suitable for imaging applications (Schaadt et al., 

2005). 
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Table 5. Nanocarriers used for the delivery of herbal bioactives in breast cancer 

Herbal Bioactives 

with anticancer 

activity 

Plant Source Cell line/ 

Animal models 

Nanocarriers References 

Curcumin Curcuma longa MCF-7, MDA-MB-

231, SKBR-3, Tumor 

models in mice 

Iron oxide nanoparticles, 

polymeric nanoparticles, 

liposomes 

Dev et al., 2012 

Topotecan, 

Vincristine, 

Quercitine 

Camptotheca acuminate, 

Catharanthus roseus, 

quercetum 

Tumor models in mice Liposomes Zucker and 

Barenholz et al., 

2010; Abe et al., 

2011 

Thymoquinone Nigella sativa MCF-7 and T47D Liposomes Odeh et al., 

2012 

Shikonin Lithospermum 

erythrorhizon 

MCF-7 Liposomes, dendrimers Kontogiannopo

ulos et al., 2012 

Berberin Coptidis Rhizoma Breast cancer stem cells Liposomes Ma et al., 2013 

Artemisinin Artemisia annua Breast cancer cell line Pegylated nanoliposomes Dadgar et al., 

2013 
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Herbal Bioactives 

with anticancer 

activity 

Plant Source Cell line/ 

Animal models 

Nanocarriers References 

Docetaxel Plants of the genus Taxus 

(yews) 

Docetaxel-resistant 

human breast cancer 

cell line, MCF-7 

TAX30 

Polymeric nanoparticles 

(PCL/Pluronic F68 

nanoparticle) 

Mei et al., 2009 

Paclitaxel Taxus brevifolia Sprague Dawley rats, 

mice bearing human 

breast carcinoma cells 

(MDA-MB-435) 

Poly(lactide-co-glycolide) 

(PLGA) nanoparticles 

Bhardwaj et al., 

2009 

Camptothecin Camptotheca acuminata Mice injected with 

MDA-MB-231 

Hydrophobically modified 

Glycol Chitosan (HGC) 

Min et al., 2008 

Gambogic acid Garcinia hanburyi MCF-7 Micelles Saxena et al., 

2012 

Oridonin Rabdosia rubescens MCF-7 Solid Lipid Nanoparticles 

(SLNs) 

Wang et al., 

2014 

Tryptanthrin Isatis tinctoria MCF-7 Solid Lipid Nanoparticles 
(SLNs), Nanostructured Lipid 
Carriers (NLCs), and Lipid 
Emulsions (LEs) 

Fang et al., 

2011 
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Herbal Bioactives 

with anticancer 

activity 

Plant Source Cell line/ 

Animal models 

Nanocarriers References 

Paclitaxel, 

Rapamycin, alone or 

combination 

Taxus brevifolia MCF-7 GMO-MNPs Dilnawaz et al., 

2010 

Gallic acid Gallnuts, sumac, witch 

hazel, tea leaves, oak bark, 

and other plants 

MCF-7 Iron oxide-Chitosan-Gallic 

acid (FCG) 

Dorniani et al., 

2012 

Silibinin Silybum marianum T47D PLGA-PEG-Fe3O4 Ebrahimnezhad 

et al., 2013 

Cinnamaldehyde Cinnamomum zeylanicum MCF-7, MDA-MB-231 PF127-Glycine- Fe3O4 Our work 

Noscapine Plants of the Papaveraceae 

family 

SK-BR-3 Human Serum Albumin (HSA) 

nanoparticles 

Sebak et al., 

2010 
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Gold, silver, platinum, titanium oxide and iron nanoparticles have been most 

commonly studied for therapeutic applications (Ansary et al., 2009). Metal 

nanoparticles have been extensively explored as optical, thermal and hyperthermia 

agents for breast cancer (Jin and Kyung; Yezhelyev et al., 2006).  

In this study, we have synthesized two metal nanoparticles (gold and iron 

oxide nanoparticles) that were used for anticancer studies in breast cancer. These have 

been discussed in detail in the following section. 

 

3.3.2.6.1. Gold nanoparticles (GNPs) 

Gold nanoparticles (GNPs) are the colloidal suspension of gold in nanometer 

sizes. Plasmon resonance (SPR) property of GNPs makes them most suitable 

engineered nanomaterial for bioimaging, biomedical therapeutics and biodiagnostic 

tools (Giljohann et al., 2010). Gold nanoparticles can be manufactured into a variety 

of shapes including gold nanospheres, nanorods, nanobelts, nanocages, nanoprisms, 

and nanostars. The chemical, optical, and electromagnetic properties of gold 

nanoparticles are strongly influenced by their size and shape (Daniel and Astruc, 

2004). For example, in comparison to metallic gold which is golden yellow, spherical 

gold nanoparticles have a visible red wine color while gold nanorods are blue or black 

in solution. The ease of synthesis and the unique properties of gold nanoparticles 

make them ideal candidates for cancer therapy and are being investigated as drug 

carriers, photothermal agents, contrast agents and radiosensitizers (Cai et al., 2008). 

 

3.3.2.6.1.1. Synthesis of GNPs 

GNPs could be synthesized by various chemical, physical, and biological 

methods (Khan et al, 2014). In chemical method, reduction of auric tetrachloride 

(HAuCl4) (the gold precursor) by using various reducing agents such as chitosan, 

trisodium citrate, sodium borohydride, sodium hydroxide is done among which citrate 

synthesis is the most commonly used method pioneered by Turkevitch et al., 1951. 

Physical methods include γ-irradiation, photochemical synthesis and microwave 

irradiation. Biological methods are the green synthesis routes that involve use of 

biomaterials such as honey, egg shell membrane, chitosan, bacteria, algae, fungi, 

actinomycetes and plant extracts for the generation of GNPs. 
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In the recent years, plant mediated synthesis of GNPs has become a topic of 

interest as it is environmental friendly, non-toxic and a one-step process (Ahmed et 

al., 2015). GNPs synthesized by plants are more stable, produced faster, suitable for 

large-scale biosynthesis of various shapes and sizes than those synthesized by other 

organisms. Since plants are rich in polyphenols, they serve as important materials for 

the production of metallic nanoparticles (Nune et al., 2009). By this method, the 

nanoparticles get coated with various bioactives present in the extract that endows 

them with various properties including anticancer activity (Mukherjee et al., 2012). 

Such type of synthesis using phytochemicals minimizes or eliminates chemical 

interventions, thereby resulting into truly green and non-polluting eco-friendly 

industrial process. It also reduces the cytotoxicity and increases the bioavailability of 

the nanoparticles in the cellular system. Biosynthesis of gold nanoparticles has been 

reported by using various plant materials such as hibiscus (Philip, 2010), geranium 

(Shankar et al., 2003), lemon grass (Shankar et al., 2005), cinnamon (Huang et al., 

2007), neem (Shankar et al., 2004), Aloe vera (Chandran et al., 2006), tamarind 

(Ankamwar et al., 2005), oat and wheat (Armendariz et al., 2002), alfalfa (Gardea-

Torresdey et al., 2003), bengal gram (Ghule et al., 2006), tea (Nune et al., 2009), and 

cumin (Katti et al., 2009). Among these, GNPs synthesized by using extracts of 

broccoli (Brassica oleracea) (Khoobchandani et al., 2013), onion (Allium cepa) 

(Parida et al., 2011), clove (Syzygium aromaticum) (Parida et al., 2014), Chinese yam 

(Dioscorea batatas) (Sreekanth et al., 2012) and Argemone mexicana (Varun et al., 

2014) were found to be effective against breast cancer cells. 

 

3.3.2.6.1.2. Surface modification of biosynthesized GNPs 

Nanoparticle functionalization is the subject of intense research at present, 

with rapid progress being made towards the development of biocompatible, 

multifunctional particles for use in cancer diagnosis and therapy. Plant mediated 

synthesis of GNPs help the latter to get coated with plant bioactives that act both as 

reducing and capping agents, thereby evading the need for further modification to 

stabilize the NPs. Biodegradable polymers such as chitosan (Huang et al., 2004), 

cellulose (You et al., 2013), starch (Shervani et al., 2004) and gum arabic (Kattumuri 

et al., 2007) have been used as stabilizing agents for biosynthesized GNPs. For the 

attachment of additional targeting moieties, the surface could be modified using 
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linkers that provide functional groups as a site of attachment (Sperling et al., 2010). 

Colloidal gold nanoparticles provide a surface for easy bioconjugation of a variety of 

ligands, including antibodies, which can be used for the immunotargeting of the 

nanoparticles to particular biomarkers on the cancer cells, resulting into molecular-

level specificity of the NPs (Han et al., 2007). 

 

3.3.2.6.1.3. Anticancer applications of GNPs 

GNPs have been used in cancer domain for following applications. 

Detection: Gold nanoparticles exhibit unique and tunable optical properties owing to 

the phenomenon of surface plasmon resonance (SPR). SPR-enhanced properties 

include Mie scattering, surface plasmon absorption, surface-enhanced luminescence 

and surfaceenhanced Raman scattering (SERS) from adsorbed molecules (Huang et 

al., 2010). Conventional light-scattering microscopy under dark-field illumination 

enables facile detection and distinction of cancer cells from normal cells based on the 

strongly enhanced SPR scattering of the nanoparticles bound specifically to the cancer 

cells. Anti-EGFR-conjugated gold nanorods organized on the surface of cancer cells 

have been reported to give very strong SERS, thus providing an additional 

spectroscopic diagnostic tool (Huang et al., 2010). The two-photon luminescence 

imaging of gold nanorods has also been demonstrated in vivo (Wang et al., 2013). 

The change in the shape of the gold nanoparticles from spherical to rod-shaped 

enables the optical tuning of the SPR to the near-infrared biological window region, in 

which biological tissue has high transmissivity. This enables the use of gold nanorods 

for in vivo imaging and therapy, making them highly promising for clinical 

applications. 

 

Drug delivery: Gold nanoparticles have the potential of delivering large 

biomolecules such as peptides, proteins, or nucleic acids like DNA or RNA (Ghosh et 

al., 2008). Tunable size and functionality make them a useful scaffold for efficient 

recognition and delivery of biomolecules. They have shown success in delivery of 

anticancer drugs such as doxorubicin (Patra et al., 2015), fluorouracil (Ganeshkumar 

et al., 2013), methotrexate (Bessar et al., 2016) as well as herbal anticancer agents 

such as paclitaxel (Gibson et al., 2007). 
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Hyperthermia: Hyperthermia (also called thermal therapy or thermotherapy) is a 

type of cancer treatment in which the body tissue is exposed to high temperatures (up 

to 113°F) wherein only the cancer cells get destroyed since they are thermosensitive 

than the normal cells. Traditionally, hyperthermia treatments were given by 

microwave, laser and ultrasound energy but since these techniques heat the healthy 

tissues as well, their use was disadvantageous (Terentyuk et al., 2009). Gold 

nanoparticles have characteristic extinction spectra due to plasmonic absorptions. 

GNPs could be adjusted to tune the specific plasmon absorption characteristics 

synthetically. Hyperthermia along with radiation using gold nanoshells has been 

shown to eliminate radio-resistant breast cancer stem cells (Atkinson et al., 2010). 

NPs could be made multifunctional for imaging and therapy of breast cancer. 

 

Photothermal therapy: Photothermal damage to cells is currently one of the most 

promising research avenues in the treatment of cancer and infectious diseases. GNPs 

are unique in being able to maintain their optical properties in cells for a long time 

under certain conditions. Taking advantage of their unique properties, most studies of 

GNP-based cancer therapy have used photothermal therapy for the destruction of 

cancer cells or tumor tissue, which may be potentially useful in the clinical setting. 

When irradiated with focused laser pulses of suitable wavelength, targeted gold 

nanospheres, nanorods, nanoshells, and nanocages have been shown to kill cancer 

cells (Huang et al 2006). The intense surface plasmon absorption of the gold 

nanoparticles, followed by rapid photothermal conversion, has been used for the 

selective photothermal therapy of cancer, by using a suitable immune targeting 

strategy. 

 

3.3.2.6.2. Iron oxide nanoparticles (IONPs) 

Iron oxide nanoparticles (IONPs) represent another class of metal 

nanoparticles that are used for drug delivery under the influence of a magnetic field. 

They exhibit superparamagnetism, that is, at room temperature they show magnetism 

in presence of external magnetic field and upon removal of the field they don’t show 

any magnetism. The surface area of IONPs is large and thus, could be modified using 

polymers, surfactants or inorganic metals (such as gold) or oxides (such as silica or 

alumina), which are suitable for further functionalization by attachment to various 
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biomolecules. IONPs are being actively developed for magnetic resonance imaging 

(MRI) contrast enhancement, targeted drug delivery, and hyperthermia in breast 

cancer management. 

 

3.3.2.6.2.1. Synthesis of IONPs 

IONPs could be synthesized in liquid, solid and gaseous phases (Lu et al., 

2007). Some commonly used methods for synthesis are co-precipitation, 

microemulsion, thermal decomposition, hydrothermal (also called solvothermal) 

synthesis, chemical reduction, sonochemical reactions, microwave method, chemical 

vapour condensation, arc discharge, combustion synthesis, annealing, electrochemical 

synthesis and laser pyrolysis. They could also be synthesized by using plants or 

microorganisms (especially magnetotactic and iron reducing bacteria), etc. 

 

3.3.2.6.2.2. Surface modification of IONPs 

The nanoparticle surface can be coated with polymers (synthetic or natural), 

metals, biomolecules and surfactants. Synthetic polymers include poly (ethylene-co-

vinyl acetate), polyvinylpyrrolidone (PVP), poly-lactic-co-glycolic acid (PLGA), 

polyethylene glycol (PEG) or polyvinyl alcohol (PVA) and natural polymers include 

dextran, chitosan and starch (Lu et al., 2007). Silica, gold, carbon, aluminium are the 

metals that can be successfully coated onto the surface of IONPs. Amphiphilic 

molecules such as fatty acids or phospholipids can provide a biocompatible coat. 

Various surfactants including oleic acid, sodium oleate, dodecylamine and sodium 

dodecylbenzene sulphonate can be used to prevent aggregation of the nanoparticles 

(Shah, 2010). 

The functionalization of the NPs with different targeting moieties (Figure 9) 

not only guides them towards the tumor, but also aids in the internalisation of the 

particles (Pantic, 2012). The targeting moieties that have been used include folic acid, 

antibodies [EGFRvIII, EGFR-2 (erbB2/HER2)], proteins, lectins, streptavidin, 

lipoproteins, hormones, charged molecules, polysaccharides and low-molecular-

weight ligands (Mahmoudia et al., 2010). Receptor oriented drug/carrier systems take 

advantage of the interaction between the coupling of antibodies and/or hormones to 

the cellular receptors (Peng et al., 2006). 
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Figure 9. Schematic representation of functionalized IONPs 

 

3.3.2.6.2.3. Anticancer applications of IONPs 

IONPs have been used for various applications as mentioned below: 

Imaging: Magnetic resonance imaging (MRI) is a technique that is used to get images 

of body tissues based on the contrast obtained by using imaging and contrast agents 

such as paramagnetic gadolinium or manganese ions, or superparamagnetic particles 

consisting of colloidal magnetic iron-based nanoparticles (Bakhru et al., 2012). 

Gadolinium is one of the widely accepted contrast agent in clinical use but it has 

relatively low contrast effects and a very short retention time in vivo in addition to 

uncertain toxicity and biocompatibility. Interestingly, IONPs have been found to be 

more efficient than gadolinium as target-specific MRI T2 contrast agents (Bakhru et 

al., 2012). This is due to the various properties exhibited by the IONPs such as high 

solubility and stability in aqueous solutions, biocompatibility, non-toxicity, control 

over size, large surface area available for functionalisation and prolonged blood 

circulation time. Iron oxide generates large local magnetic field gradients enabling 

single cells to be detected. Targeted tumor imaging by conjugating IONPs to 

antibodies [anti-Her2 (Herceptin) antibody and EGFR (epidermal growth factor 

receptor)] (Chen et al., 2013), tumor-homing peptides [CREKA (fibrin-binding 

peptide), chlorotoxin] (Kruse et al., 2014) and receptors (transferrin, folate, 

methotrexate, herceptin) (Xi et al., 2014) has successfully been done at both in vitro 

and in vivo levels for different types of cancers including breast cancer (Xi et al., 
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2014). Contrast agents containing IONPs have shown great potential for identifying 

metastases in the reticuloendothelial system, including the liver, spleen, bone marrow 

and lymph nodes (Bakhru et al., 2012). By conjugating early tumor markers to 

IONPs, early cancer detection could be done by MRI. For example, luteinizing 

hormone-releasing hormone (LHRH) has been conjugated for early metastatis 

detection in breast cancer (Leuschner et al., 2006). 

 

Drug delivery: Drugs conjugated to iron oxide nanoparticles could be directed 

towards the tumor site under the influence of a magnetic field, thereby overcoming 

undesirable side reactions in non-target tissues, the latter being a major drawback in 

conventional anticancer therapies. Such a system has the potential to minimize the 

drug dose as well as side effects of the drugs. IONPs have been designed to deliver 

peptides and DNA molecules as well as chemotherapeutic, radioactive and 

hyperthermic drugs (Wahajuddin and Arora, 2012). Considering the multifunctional 

properties of iron oxide nanoparticles such as small size, superparamagnetism, 

sustained drug release, large surface area and low toxicity; these have been loaded 

with different synthetic anticancer drugs including doxorubicin (Dilnawaz et al., 

2012), daunorubicin (Wang et al., 2011), anti-HER2 immunoliposomes (Kikumori et 

al., 2009). IONPs have also been loaded with herbal anticancer bioactives such as 

artesunate (Wang et al., 2011), silibinin (Ebrahimnezhad et al., 2013), gambogic acid 

(Chen et al., 2009), tetrandrine (Chen et al., 2008), wogonin (Wang et al., 2012c), 

curcumin (Dev et al., 2012) and gallic acid (Dorniani et al., 2012). IONPs have also 

been explored for delivery of herbal drugs against breast cancer (Table 5). Dilnawaz 

et al., 2010 developed aqueous based formulation of glycerol monooleate coated 

magnetic nanoparticles (GMO-MNPs) for delivery of different anticancer drugs 

(paclitaxel or rapamycin, either alone or in combination). These nanoparticles showed 

enhanced uptake in human breast carcinoma cell line (MCF-7). Dorniani et al., 2012 

prepared iron oxide chitosan-gallic acid (FCG) nanocarriers for delivery of gallic acid. 

FCG nanoparticles were not toxic to normal human fibroblast (3T3) line, however 

were toxic to the breast cancer cell line MCF7. Ebrahimnezhad et al., 2013 developed 

silibinin-loaded PLGA-PEG-Fe3O4 nanoparticles and found that these nanoparticles 

inhibited hTERT gene expression in T47D breast cancer cell line. Curcumin loaded 

iron oxide nanoparticles have been shown to be effective against various cancers 

including breast cancer (Yallapu et al., 2012). 
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Hyperthermia: IONPs have been used for hyperthermia that has prevented 

unnecessary heating of healthy tissues and thus have been safe for use. When IONPs 

are placed in an alternating magnetic field (25-50 kHz), they generate heat and 

destroy the tumors in absence of any drug (Jordan et al., 1999). IONPs have Curie 

temperatures between 42 and 60°C, thereby making them the best candidates for 

hyperthermia (Balivada et al., 2010). By combining hyperthermia with other 

conventional treatments of radiotherapy and/or chemotherapy enhanced effects could 

be obtained in cancer management (Wust et al., 2002). Various studies involving use 

of IONPs for hyperthermia have shown significant reduction in tumor size (Balivada 

et al., 2010). Hyperthermia using IONPs has been found to be effective against 

various cancers including breast and brain cancer (Khandhar et al., 2011).  

 

3.3.3. Mechanisms of drug delivery using nanoparticles 

The nanoparticles conjugated with anticancer drug may be delivered to the 

tumor site by either passive or active targeting. 

Passive targeting is based on delivery of the drug without the involvement of 

targeting moieties (Figure 10). It takes advantage of characteristic tumor-associated 

microenvironment. Tumors possess leaky blood vessels, unlike those in normal tissue, 

having gaps as large as 600-800 nm leading to the enhanced permeability and 

retention (EPR) effect (Zhang et al., 2002). Nanoparticles escape through these gaps 

into extravascular spaces and accumulate inside tumor tissues thereby resulting in 

preferential accumulation of chemotherapeutic agents in tumors as compared to 

healthy tissue (Zhang et al., 2002). In this way, cytotoxic drug is concentrated at the 

required target site, protecting healthy tissue and reducing adverse side effects.  

In Active targeting, the nanoparticles are directed towards a specific site by 

the virtue of targeting moieties (Figure 10). The nanoparticles are modified with 

chemotherapeutic agents, ligands and antibodies. These agents usually enter the target 

cells via endocytosis. Cells will endocytose nanoparticles from their extracellular 

environment through one of the following processes (i) fluid-phase endocytosis 

(capture of extracellular fluid within the lumen of the budding endocytic vesicle); (ii) 

adsorptive endocytosis, (non-specific binding of extracellular fluid) and (iii) receptor-

mediated endocytosis, (solute binds specifically to target cell through cell membrane 
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receptor and elicits ligand-stimulated internalization (Veiseh et al., 2010). The ligand–

receptor interactions allow precise targeting with enhanced accumulation at the site of 

interest that results in high selectivity (Wahajuddin et al., 2012). Active targeting can 

be combined with passive targeting to further reduce the interaction of carried drugs 

with healthy tissue.  

 
Figure 10. Diagrammatic illustration of drug delivery via active and passive targeting 

 

3.3.4. Market of nano-herbal formulations in breast cancer 

Many of the leading pharmaceutical companies specialized in the production 

of high quality customized botanical extracts and bioactives have launched 

standardized herbal nanoformulations. The nanocarriers have significantly enhanced 

the bioavailability of herbal extract/bioactives compared to their free counterparts at 

in vitro, in vivo and preclinical level.  

Taxanes are a class of herbal drugs that are mainly used for breast cancer 

management. These were originally derived from plant (Taxus brevifolia) and later 

synthetically derivatized to get paclitaxel (Taxol) and docetaxel (Taxotere) (Foulkes 

et al., 2010). Clinically, taxanes are used in combination with synthetic 

chemotherapeutic agents such as doxorubicin, capecitabine and gemcitabine to get 

better effects in terms of increase in survival, progression-free survival, response rate 

and prevention of metastasis (Safavy et al., 1999). To increase the bioavailability of 

taxanes and minimize side effects of chemotherapy, various nanoformulations of 

taxanes have gained commercial acceptance (Table 6). 
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Table 6. Marketed products of taxane based nanocarriers for metastatic breast cancer 

Nanocarrier 
Herbal 
anticancer 
agents 

Description Approval/ 
Status 

References 

Albumin 

Abraxane 
(albumin-
bound 
paclitaxel) 

Albumin-bound 
form of paclitaxel 

FDA 
approved in 
2005 

Perez, 2005 

Polymer 
micelle 

Genexol-PM 
(Methoxy-
PEG-poly[D, 
L-lactide] 
taxol) 

Copolymer miceller 
nanoparticles 
entrapped 
formulation of 
paclitaxel 

Approved in 
South Korea 
for breast 
cancer 

Lee, 2007 

Liposome 

CT-2103; 
Xyotax 
(paclitaxel 
polyglumex) 

Ester linkage 
between carboxyl 
acid moiety of 
poly-L-glutamic 
acid and hydroxyl 
group of paclitaxel 

Phase II 
clinical 
trials 

Albain et al., 
2006 

 

Abraxane (Paclitaxel bound to bio-compatible proteins like albumin) is an 

injectable nano-suspension approved for the treatment of breast cancer (Perez, 2005). 

Randomized phases III clinical trial demonstrated that patientsreceiving abraxane 

have a longer time to progression with fewer adverse events. Abraxis Bioscience filed 

patent for abraxane which was approved on Jan. 7, 2005. The recent US FDA 

approval of abraxane (ABI-007) has opened doors for the development of other 

nanoscale drug delivery devices for targeted drug delivery.  

Genexol-PM is a biodegradable cremophor EL-free polymeric micelle 

formulation of paclitaxel, consisting of poly(ethylene glycol)-poly(D,L-lactide) 

copolymer, with anticancer activity (Lee, 2007). The copolymer residue increases the 

water-solubility of paclitaxel and allows delivery of higher doses than those achieved 

with free paclitaxel. Pre-clinical in vivo studies with Genexol-PM demonstrated a 3-

fold increase in the Maximum Tolerated Dose (MTD) and a significantly increased 

antitumor efficacy compared to the free paclitaxel. In phase II clinical studies 

conducted in patients suffering from metastatic breast cancer, Genexol-PM was found 

to be effective and safe with high response rates. However, it was accompanied with 

hypersensitivity reactions to some extent. It is patented and developed by Samyang 

pharmaceuticals and is approved in India, Vietnam, Philippine and Serbia.  
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Paclitaxel poliglumex (PPX) (CT-2103; Xyotax) is a polymer–drug conjugate 

of paclitaxel and poly-L-glutamic acid that was developed as a macromolecular 

taxane with increased therapeutic index of paclitaxel (Albain et al., 2006). It is an 

ideal polymeric drug carrier as it is biodegradable, solubilizes hydrophobic agents 

even at high loading, stable in circulation, produces no immunogenic reactions and 

can be passively targeted to the tumor site. Preclinical and clinical studies 

demonstrated that PPX is more effective than free paclitaxel in terms of 

administration schedule, prolonged tumor exposure and minimum systemic exposure 

with reduced side effects such as neutropenia and alopecia. Cell Therapeutics, Inc. 

(CTI) received a patent for paclitaxel poliglumex from the Japanese Patent on Feb. 8, 

2005.  

 

3.3.5. Patents on herbal nanoparticles for breast cancer 

Liang et al., (2009) developed nano-micelles and Zale et al., (2010) developed 

polymeric nanoparticles of vinca alkaloids (vindesine, vinorelbine vincristine and 

vinblastine) using PEG for anticancer applications. These preparations have good 

stability, improved drug distribution, increased effectiveness, and decreased toxicity 

and have shown efficiency in the clinical treatment of breast cancer.  

Ringas et al., (2011) provided a method of treating breast cancer by 

administering phospho-valproic acid, phosphor-ibuprofen, phosphor-sulindac or their 

pharmaceutically acceptable salt, together with bioavailability enhancers like 

cimetidine and curcumin in the form of solid lipid nanoparticles, liposomes or 

polymer molecules.  

Einbond et al., (2013), encapsulated physiologically effective dose of 

triterpene glycoside or triterpene complex nanoparticles in liposomes or exosomes 

that exhibited preventive or therapeutic activity in breast cancer.  

 

3.4. Homeopathy as emerging nanomedicine 

Homeopathy is one of the areas of Complementary and Alternative (CAM) 

involving highly diluted preparations of a wide variety of natural products to treat 

various disease conditions including cancer. Homeopathic medicines are being used 

by many cancer patients, usually alongside conventional treatment (Frass et al., 2015) 
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and have shown to play beneficial role in improving the quality of life of the patients 

(Milazzo et al., 2006; Aust, 2016). Homeopathic practitioners suggest use of low 

doses of their formulations for drug effectiveness. In fact, many studies on herbs, 

nutraceuticals, vaccines, and drugs have suggested that doses should be 10 to 1000 

times lower than the typical bulk doses to produce direct biological effects (Ciocca et 

al., 1992; Shirali et al., 2011). Homeopathic medicines involve highly diluted 

preparations of a wide variety of herbal products that are made by potentization, the 

process of making a remedy more potent by serial dilution, and succussion (agitation). 

This process consists of fine grinding of a starting-substance in water or alcohol. The 

end-product is diluted to such an extent that it becomes indistinguishable from the 

diluents (pure water, sugar or alcohol). In medium and high potencies of homeopathic 

formulation, which are commonly used in clinical practice (Cucherat et al., 2000), the 

presence of starting material is usually negligible that could lead to the doubt of 

homeopathic preparations having placebo effect (Riley et al., 2001). Owing to this 

fact, systematic studies have been undertaken to provide scientific validation of 

homeopathic medicines that have shown them to exist in the form of nanoparticles. 

 

3.4.1. Homeopathic medicines exist as nanoformulations and exhibit anticancer 

activity 

Recently, the extremely diluted homeopathic medicines (Demangeat et al., 

2013; Elia et al., 2014; Konovalov et al., 2014; Chikramane et al, 2010; Chikramane 

et al, 2012; Bell, 2015) including various plant (Rajendran et al., 2015; Barve et al., 

2013; Bell et al., 2015) and mineral (Ghosh et al., 2015; Rajendran et al., 2015;) based 

remedies were reported to exhibit nanoparticulate nature. The market samples of 

extremely diluted homeopathic medicines have been examined by nanotechnology 

tools such as transmission electron microscopy (TEM), electron diffraction (ED) and 

inductively coupled plasma-atomic emission spectroscopy (ICP-AES) and the 

physical entities in these medicines were found to be in the form of nanoparticles of 

the starting metals and their aggregates (Chikramane et al, 2010). Few reports have 

also shown the formation of nanosized superstructures of solvents prepared through 

ultramolecular dilutions according to homeopathic method of preparation which 

suggest that homeopathic medicines may have higher activity at higher dilutions 

(Vallance, 1998). Chikramane et al have demonstrated that six different commercial 
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homeopathic metal remedies from two different manufacturers, at liquid potencies of 

6C, 30C, and 200C existed as nanoparticles. On the similar line, the same research 

group had conducted physicochemical studies of ultra-diluted solutions in 

homeopathy ascertaining the presence of the starting raw materials in nanoparticulate 

form and explaining how nanoparticles were retained even at enormous dilutions 

(Chikramane et al, 2010). Based on this literature, homeopathy could be considered as 

an overlap between traditional medicine and modern nanomedicine. 

Homeopathic medicines such as Secale cornatum 30C (Khuda-Bukhsh et al., 

2011), Gelesemium sempervirens 2C (Bhattacharyya et al., 2008), sulphur (Saha et 

al., 2015) and Calcarea carbonica (1C, 6C, 12C, 30C, 200C) (Saha et al., 2013) were 

reported to have nanoparticulate nature and were effective against skin papilloma in 

mice, cervical cancer cell line (HeLa), lung cancer cells as well as in vitro and in vivo 

model of breast cancer, respectively.  

The size of nanoparticles found in the homeopathic remedies has been 

reported to be higher in mother tinctures (MT) 50 μm (Chikramane et al., 2012) and 

decrease with increasing potency. Chakraborty et al., 2015 reported the size of 

nanoparticles seen in homeopathic preparations of Aconitum napelles to be in the 

range of 120 to 150 nm for 6C, 51 to 64 nm for 30C and 20 to 25 nm for 200C. 

Homeopathic remedies Carcinosin 30C, Conium maculatum 3C, Phytolacca 

decandra 200C and Thuja occidentalis 30C that have been shown to inhibit 

proliferation of breast cancer cells (Frenkel et al., 2010) and were found to contain 

nanoparticles (Bell et al., 2015).  

In the present work, we have selected homeopathic preparations of Terminalia 

chebula for evaluating anti-breast cancer activity and presence of nanoparticles. 

 

3.4.2. Terminalia chebula 

Terminalia chebula is a medicinal plant having potential uses in Ayurveda and 

homeopathy. Terminalia chebula is a medium to large sized tree distributed 

throughout Asia. It is commonly known as yellow- or chebulic myrobalan and 

Haritaki (Figure 11). It has been reported to exhibit variety of pharmacological 

(Suryaprakash et al., 2012) and biochemical properties (Rathinamoorthy et al., 2014) 

such as anti-inflammatory, anti-lipid peroxidative, antioxidant and membrane 

stabilizing activities (Bag et al., 2013). It has also been reported to possess 

antibacterial (Kannan et al., 2009), antifungal (Shinde, 2011), antiviral (Ahn et al., 
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2002; Ma et al., 2010), anti-stress (Debnath et al., 2011) and anti-diabetic (Rao and 

Nammi, 2006) activities. Alcoholic extract of TC fruit has been reported to be 

effective in human (MCF7) and mouse (S115) breast cancer cell lines (Saleem et al., 

2002) as well as in Ehrlich Ascites Carcinoma induced breast cancer model in mice 

(Ahuja et al., 2013).  

   

 

 

 

 

 

 

 

 

 

 

Figure 11 Terminalia chebula and its classification 

(Source: http://researchandmedia.ning.com/profiles/blogs/medicinal-soil-traditional-

entomotherapy-and-wild-mushrooms-for) 

  

Kingdom: Plantae 

Division: Angiosperms  

Class: Eudicots 

Order: Myrtales  

Family: Combretaceae  

Genus: Terminalia 

Species: T. chebula 
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4. Rationale of the Study 

 The serious adverse events associated with conventional cancer therapy have 

led to the increased acceptance of herbs as an adjunct to the conventional therapies. 

Most of the biologically active constituents of herbal extracts have low absorption 

because they are unable to cross the lipid membranes of the cells due to excessively 

high molecular size, or are poorly absorbed; resulting in loss of bioavailability and 

efficacy (Bonifácio et al., 2014). Combination of herbal medicine with 

nanotechnology has been shown to enhance the action of plant extracts and bioactives 

which include enhancement of solubility, bioavailability, protection from toxicity, 

enhancement of pharmacological activity, enhancement of stability, improved tissue 

macrophage distribution, sustained delivery, and protection from physical and 

chemical degradation. 

Based on the advantages of using nanotechnology for use of herbal 

medicine/bioactives for anticancer applications, we put forth following hypotheses: 

1. Extract of the bark material of Ficus religiosa would help in synthesizing gold 

nanoparticles, which would be effective against breast cancer cells. 

2. Curcumin and cinnamaldehyde are herbal bioactives with anticancer activity. 

However, they exhibit limited bioavailability due to hydrophobic nature. 

Therefore, we hypothesized that conjugation of the two with iron oxide 

nanoparticles would enhance their bioactivity against breast cancer cells. 

3. Since homeopathic medicines exist as nanoformulations and Terminalia 

chebula has been shown to exhibit anticancer activity, we hypothesized that 

homeopathic preparations of T. chebula would exhibit anti-breast cancer 

activity and would exist in the form of nanoparticles. 

 

Thus, based on the above rationale and hypotheses, the present work involved 

 Synthesis and characterization of gold nanoparticles using aqueous extract of 

the bark material of Ficus religiosa and evaluation of their activity against 

breast cancer 

 Synthesis, characterization and evaluation of anticancer activity of curcumin 

and cinnamaldehyde tagged iron oxide nanoparticles against breast cancer 

 Evaluation of anticancer activity and nanoparticulate nature of homeopathic 

preparations of Terminalia chebula (Q, 3X, 6C, 30C) 



 

  

 

 
 

 

 

 
 

5. STUDY DESIGN 

AND 

OBJECTIVES 
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5. Study design 

The aim of this thesis was to synthesize or apply various types of 

nanoparticles for delivery of herbal based drugs that could be targeted against breast 

cancer. The overall work involves synthesis, characterization and biological studies of 

nanoparticles conjugated with herbals/herbal bioactives against breast cancer. We 

developed gold nanoparticles using plant extract of Ficus religiosa as well as iron 

oxide nanoparticles that were conjugated to curcumin and cinnamaldehyde. We 

have also evaluated the homeopathic preparations of Terminalia chebula for their 

activity against breast cancer and evaluated the presence of nanoparticles in the 

preparations. 

 

Objectives 

1. Synthesis, characterization and biological studies of gold nanoparticles using 

Ficus religiosa extract 

2. Synthesis, characterization and biological studies of Curcumin functionalized 

iron oxide nanoparticles (CCF NPs) as drug delivery agents in breast cancer 

3. Synthesis, characterization and biological studies of Cinnamaldehyde 

functionalized iron oxide nanoparticles (CPGF NPs) as drug delivery agents in 

breast cancer 

4. Characterization and evaluation of anticancer activity and nanoparticulate 

nature of homeopathic preparations of Terminalia chebula  
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6. Materials and Methods 

6.1. Experimental materials 

The chemicals for iron oxide nanoparticles synthesis, FeSO4.7H2O, Fe(NO3)3, 

and NH4OH were procured from Merck. The capping agent citric acid was procured 

from SRL whereas glycine and pluronic F-127 were procured from Merck. Herbal 

bioactives curcumin and cinnamaldehyde were procured from Sigma-Aldrich (St. 

Louis, MO, USA). Materials for gold nanoparticles synthesis, HAuCl4 was purchased 

from Sigma-Aldrich (St. Louis, MO, USA) and bark of Ficus religiosa L. was 

collected from Pune District, Maharashtra, India. Homeopathic samples of Terminalia 

chebula were bought from Bakson’s homeopathy, Pune. 3-(4, 5-dimethylthiazol-2-

yl)-2, 5-diphenylthiazolium bromide (MTT), FCCP and JC-1 were procured from 

Sigma-Aldrich (St. Louis, MO, USA). Neutral red and potassium ferrocyanide were 

obtained from Sd Fine-Chem. Ltd. Mumbai, India. Antibodies against caspase-3, 

VEGF and tubulin were purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, 

CA, USA). All other common reagents were procured from Qualigens fine chemicals 

(Mumbai, India).  

 

6.2. Cell lines and culture 

Tissue culture plasticware was purchased from BD Biosciences (CA, USA). 

MDAMB231, MCF7 and HEK 293 cell lines were obtained from National Centre for 

Cell Science (NCCS), Pune. MCF10A cell line was a kind gift from Dr. Milind 

Vaidya, ACTREC, Mumbai. Chemicals for cell culture, Dulbecco’s Modified Eagle’s 

Medium (DMEM), Hams F12, RPMI 1640, foetal bovine serum (FBS), 

penicillin/streptomycin and L-glutamine were obtained from Sigma-Aldrich (St. 

Louis, MO, USA). MDAMB231, MCF7 and HEK 293 were grown in DMEM, 

MCF10A was grown in DMEM/Hams F12 (1:1) supplemented with horse serum, 

EGF (100 mg/ml), insulin (10 mg/ml) and hydrocortisone (1 mg/ml). All these media 

were supplemented with 10 mmol/L HEPES, 2 mM L-glutamine, 100 units/ml of 

penicillin/streptomycin and 10% fetal bovine serum. All the cells were incubated in 

humidified 5% CO2 incubator at 37°C. 
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6.3. Synthesis of Nanoparticles 

6.3.1. Synthesis of Gold nanoparticles  

6.3.1.1. Preparation of Ficus religiosa aqueous extract 

The bark material of Ficus religiosa L. was collected from Pune District, 

Maharashtra, India. A voucher specimen (MPCC 2417) of authentic plant species has 

been deposited at the herbarium of Medicinal Plants Conservation Center (MPCC), 

Pune, Maharashtra, India. Briefly, the bark was chopped into small pieces, shade dried 

at ambient temperature and ground into coarse powder in a grinder (Choudhari et al., 

2011). The aqueous extract was prepared as per standard Indian Pharmacopoeia. The 

extract so obtained, was centrifuged at 13000 rpm for 15 min and the supernatant was 

used as a reducing agent for the synthesis of gold nanoparticles. 

6.3.1.2. Synthesis of Ficus coated gold nanoparticles (F-AuNPs) 

Aqueous extract of F. religiosa was used for the biosynthesis of gold 

nanoparticles. Around 10 ml of 1 mM auric chloride salt was heated to 80°C in a 

rotamantle and stirred continuously for 20 min to which was added 600 µl of 10 

mg/ml concentration of F. religiosa aqueous extract. The reaction was carried out till 

the solution changed colour from yellow to wine red, indicating the formation of gold 

nanoparticles. The solution was further filtered through a 0.2 micron filter. As-

obtained gold nanoparticles were abbreviated as F-AuNPs and were characterized by 

UV-Vis absorption spectroscopy, XRD, TEM and FTIR, followed by biological 

experiments in cell lines. 

6.3.2. Synthesis of bare iron oxide (Fe), citric acid capped iron oxide (CA-Fe) and 

curcumin conjugated iron oxide (CCF) nanoparticles 

6.3.2.1. Synthesis of Bare Iron Oxide nanoparticles (Fe NPs) 

  Pure iron oxide nanoparticles were synthesized by co-precipitation of ferric 

and ferrous salts in oxygen free atmosphere at ambient temperature (Hasany et al., 

2012). 100 ml of water containing FeSO4.7H2O (0.556 g, 1 mM) and Fe(NO3)3 (1.636 

g, 2 mM) (1:2 molar ratio) was magnetically stirred at 800 rpm under N2 protection at 

80°C for 20 min into a three-necked, round-bottomed flask in a rotamantle (Remi, 
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India). To this solution, 50 ml of 30% ammonia was added slowly by a drop funnel 

and the speed was increased to 1200 rpm in order to uniformly precipitate magnetic 

nanoparticles. The colour of the suspension immediately turned black, indicating the 

formation of magnetite. The resulting solution was stirred for another 20 min 

followed by rapid cooling to room temperature using an ice bath to prevent further 

particle growth. The resulting black precipitate was collected with a strong magnet 

and the supernatant was removed from the precipitate by decantation. The slurry was 

washed four times with distilled water to remove excess ammonia and was monitored 

by a pH drop from 10 to 7. The nanoparticles were re-suspended in 25 ml water and 

centrifuged at 1000 rpm to remove larger aggregates. These iron oxide nanoparticles 

have been abbreviated as Fe NPs and were characterized and used for biological 

experiments. 

6.3.2.2. Synthesis of Citric Acid capped Iron Oxide nanoparticles (CA-Fe NPs) 

To enhance the solubility of curcumin in water, citric acid was introduced as a 

linker between Fe3O4 and curcumin (Racuciu et al., 2006; Sahoo et al., 2005). For 

capping Fe3O4 with citric acid, a simple chemical route was followed in which 10 ml 

citric acid solution in DDW (250 mg/ml) was introduced to the as-prepared wet Fe3O4 

slurry under vigorous stirring and the temperature kept constant at 80º C for 20 min. 

The as-prepared solution was washed with DDW to remove excess citric acid, until 

the pH reached 7. This washed slurry was used for capping with curcumin and for 

further biological analysis. The dried form of the sample was used for all physico-

chemical characterizations. The citric acid coated magnetic particles have been 

abbreviated as CA-Fe and were characterized and used for biological experiments. 

6.3.2.3. Synthesis of Citric acid capped Curcumin conjugated Iron Oxide 

nanoparticles (CCF NPs) 

For curcumin capping, the wet slurry of CA-Fe was diluted using 6 ml DDW. 

Curcumin was dissolved in 6 ml absolute ethanol at a concentration of 1mg/ml. The 

curcumin-ethanol solution was added to the diluted CA-Fe solution and vortexed for 

30 min. The mixture of curcumin-ethanol and CA-Fe was left overnight to settle. Next 

day, the solution was first washed with ethanol to remove excess curcumin and then 

with DDW, to ensure complete removal of ethanol from the sample. The resulting 
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ferrofluid was used for all biological analysis. For physico-chemical characterization, 

the particles were dried under IR lamp and analyzed. The citric acid coated curcumin 

conjugated iron oxide nanoparticles have been abbreviated as CCF and were 

characterized and used for biological experiments. 

6.3.3. Synthesis of iron oxide (F), glycine capped iron oxide (GF), Glycine and 

Pluronic stabilized iron oxide (PGF) and cinnamaldehyde tagged iron oxide 

(CPGF) nanoparticles 

6.3.3.1. Synthesis of iron oxide nanoparticles (F NPs) 

Bare iron oxide nanoparticles were synthesized as mentioned in 6.3.2.1. (Fe 

NPs). These iron oxide nanoparticles have been abbreviated as F NPs and were 

characterized and used for biological experiments. 

6.3.3.2. Synthesis of glycine capped iron oxide nanoparticles (GF NPs) 

Similar to the method described above, glycine capped iron oxide 

nanoparticles were synthesized by co-precipitation of FeSO4.7H2O (0.556 g, 1 mM), 

Fe(NO3)3 (1.636 g, 2 mM) (1:2 molar ratio) along with glycine (3 g, 0.4 M) (Shukla et 

al., 2010). The synthesis method and conditions were same as that for bare iron oxide 

nanoparticles. These glycine capped iron oxide nanoparticles have been abbreviated 

as GF NPs and were characterized and used for biological experiments. 

6.3.3.3. Synthesis of Glycine capped pluronic stabilized iron oxide nanoparticles 

(PGF NPs) 

GF NPs were further coated with pluronic by adding 500 mg pluronic to get a 

thin coating as reported previously (Yallapu et al., 2012). The mixture containing 

FeSO4.7H2O, Fe(NO3)3, glycine, ammonia and pluronic was stirred for another 20 

min followed by rapid cooling. NPs were washed with DW as described earlier. To 

ensure complete coating of glycine and pluronic over the nanoparticles, the slurry 

obtained above was further subjected to sonication for 5 min followed by stirring for 1 

h. The NPs were re-suspended in 25 ml water and centrifuged at 1000 rpm to remove 

larger aggregates. These glycine capped pluronic stabilized iron oxide nanoparticles 

have been abbreviated as PGF NPs and were characterized and used for biological 

experiments. 
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6.3.3.4. Synthesis of Cinnamaldehyde tagged iron oxide nanoparticles (CPGF 

NPs) 

Briefly, PGF NPs were suspended in 25 ml of absolute ethanol. To this 

mixture, 0.1 M cinnamaldehyde in 1 ml of ethanol was added and then it was 

vortexed for 1 h. The solution was magnetically stirred overnight at 900 rpm to 

complete the reaction. After the magnetic separation, the particles were re-suspended 

in different grades of ethanol (100%, 70%, 50%) and finally in 25 ml DDW. The 

suspension was centrifuged at 1000 rpm to remove larger aggregates. These glycine 

capped pluronic stabilized cinnamaldehyde tagged iron oxide nanoparticles have been 

abbreviated as CPGF NPs and were characterized and used for biological 

experiments. 

6.4. Physicochemical Characterization 

F-AuNPs were characterized by UV-Visible spectroscopy, X-ray diffraction 

(XRD), transmission electron microscopy (TEM) and Fourier transform infrared 

(FTIR) spectroscopy. CCF and CPGF NPs were characterized by XRD, FTIR 

spectroscopy and thermo-gravimetric analysis (TGA). CPGF NPs were also 

characterized by TEM and vibrating sample magnetometry (VSM) as well as studied 

further for drug release and stability. Homeopathic mother tincture (MT) and 6C 

potency of Terminalia chebula were evaluated for the presence of nanoparticles by 

using scanning electron microscopy (SEM) and TEM. 

6.4.1. UV-Vis spectroscopy  

  UV-Vis measurements of the F-AuNPs were carried out on BMG FLUOstar 

Omega spectrophotometer. The spectra were recorded in the wavelength range of 

450-1000 nm. In vitro stability studies of as-obtained F-AuNPs were performed by 

monitoring the UV-Vis absorbance over a period of 0 h, 24 h and 7 days; as reported 

previously (Ghodake et al., 2010). 

6.4.2. X-ray Diffraction (XRD) 

  Determination of crystallinity, phase purity, lattice properties and 

identification of F-AuNPs, Fe3O4, GF, PGF and CPGF NPs was done by XRD studies 

using powder diffractometer with Cu-Kα radiation, operating at 40 kV and a current 
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of 40 mA (X-Ray Diffractometer, Schimadzu, at Pune University, Pune). Dry powder 

of the nanoparticles was used for XRD. The crystallite size was calculated from the 

width of the XRD peaks by using Scherrer’s formula.  

D =
0.9λ

βcosθ
 

where, D is the average crystalline size, λ is the X-ray wavelength used, β is full width 

of half-maximum intensity and θ is the Bragg’s angle in degrees. 

6.4.3. Transmission Electron Microscopy (TEM) 

  TEM was performed to elucidate the morphology as well as size of F-AuNPs, 

Fe3O4, GF, PGF, CPGF NPs and homeopathic preparations of MT and 6C potency (of 

Terminalia chebula).  

  Colloidal suspensions of F-AuNPs and iron oxide nanoparticles in triple 

distilled water were ultrasonicated for 15 min and analysed using JEOL-1200EX 

TEM (Tecnai™ G2 20 U-Twin; FEI, Hillsboro, OR, USA) operating at 80 kV at 

Chemistry Department, Pune University, Pune.  

  Homeopathic samples MT and 6C of Terminalia chebula were observed on 

JEOL-1210 TEM (JEOL, Tokyo, Japan) operating at 60 kV at National Chemical 

Laboratory, Pune. The samples in ethanol were carefully placed on 200 mesh 

formvar/ carbon coated copper TEM grid (grid size: 97 mm) (Ted Pella, Inc., 

Redding, CA, USA). The excess suspension on the grid was removed using a piece of 

fine filter paper and the samples were allowed to air dry for 10 h prior to imaging the 

particles under the microscope. 

6.4.4. Scanning Electron Microscopy (SEM)  

SEM of homeopathic mother tincture (MT) of Terminalia chebula was 

performed with Zeiss EVO 50 equipment (NCL Laboratories, Pune). To prepare 

specimen, one drop of MT was air-dried on a glass cover slip and mounted on a 

holder. Since this is non-conductive solid specimen, this was coated with an ultrathin 

layer of electrically conducting gold material laid on the sample by sputter coating 

(EMITECH K550X). Such coating prevented the accumulation of static electric 

charge on the specimen during electron irradiation and also increased the signal, thus 

improving contrast and resolution. 
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6.4.5. Fourier Transform Infrared (FTIR) spectroscopy  

  FTIR studies of as-synthesized F-AuNPs and the extract of F. religiosa were 

performed on Schimadzu IR Infinity (at SP College, Pune) to analyze their 

capping/bonding with polyphenols present in the extract of F. religiosa. The samples 

of F. religiosa extract and F-AUNPs were prepared by mixing the dried F-AuNPs 

with KBR powder. The spectra were recorded between 400 to 4000 cm-1 wavelength 

range and run under controlled atmospheric conditions. 

  Bonding patterns of Fe, CA-Fe, CCF, GF, PGF and CPGF nanoparticles as 

well as peak patterns of citric acid, glycine, pluronic, curcumin and cinnamaldehyde 

were studied by FTIR (Shimadzu IR Infinity, Physics department, Pune University, 

Pune). Dried powders of nanoparticles were used for the analysis. The spectra were 

recorded between 400 to 4000 cm-1 wavelength range and run under controlled 

atmospheric conditions. 

6.4.6. Thermo-Gravimetric Analysis (TGA) 

  The percentage of curcumin or cinnamaldehyde loaded onto the CCF and 

CPGF NPs, respectively, was evaluated by TGA. TGA profiles of CA-Fe, F, GF and 

PGF were also obtained. Thermograms were recorded on Perkin- Elmer Diamond 

TGA/DTA (Physics department, Pune University, Pune) in argon atmosphere at a 

heating rate of 10oC/ min. TGA profile were taken over the temperature range of 30-

1000oC. 

6.4.7. Vibrating Sample Magnetometry (VSM) 

The magnetic property of F, GF, PGF and CPGF nanoparticles was analyzed 

using a Physical Property Measurement System (PPMS) from Quantum Design Inc., 

San Diego, California equipped with a 9 Tesla superconducting magnet. 

Magnetizations versus magnetic field (M–H) measurements were performed by a 

VSM attachment by using accurate amount of the samples packed inside a plastic 

sample holder. M–H loops were recorded at a rate of 75 Oe/s in a field sweep from - 

10 to 10 kOe at the vibrating frequency of 40 Hz at 300 K.  
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6.4.8. Drug release 

The amount of drug (cinnamaldehyde) released from the CPGF NPs at 

biological pH was analyzed by measuring the absorbance of the drug as reported 

previously (Akbarzadeh et al., 2012). The nanoparticles (50 mg) were put into a 12 

kDa cut-off dialysis bag (Sigma-Aldrich, St. Louis, MO, USA) which was immersed 

into 100 ml of 50 mM sodium acetate buffer having either pH 5.2 or pH 7.4. The 

whole assembly was stirred for 24 h. The drug release was measured by taking out 1 

ml solution at regular intervals of 1, 2, 4 and 24 h and analyzed for UV-VIS 

absorbance at the absorbance maxima of the drug (cinnamaldehyde 240 nm). 

6.4.9. Stability 

The colloidal stability of CPGF NPs in different was analyzed by measuring 

UV-VIS absorbance as earlier reported (Petri-Fink et al., 2008). The NPs were taken 

at 100 µg/ml concentration either in distilled water (DW) or in phosphate buffer saline 

(PBS) or in cell culture medium DMEM with or without 10% FBS.  

6.5. Biocompatibility 

The Institutional Ethical Committee Bharati Vidyapeeth University Medical 

College specifically approved this study. Fresh human whole blood (5 ml) was 

obtained from a healthy donor and centrifuged at 1000 rpm for 15 min to separate 

RBCs that were washed with saline and diluted to 1:4 ratio. Saline was used as a 

negative control and distilled water was used as a positive control. Different 

concentrations of CPGF NPs were mixed with 1:4 diluted blood sample and incubated 

at 37°C for 30 min. The tubes were centrifuged at 3000 rpm for 5 min, the supernatant 

was collected and optical density (OD) was determined at 545 nm.  

The hemolysis rate (HR) was calculated using the mean OD for each group as 

follows:  

HR (%) =
OD treated − OD negative control

OD positive control − OD negative control × 100 

The samples were referred to be highly hemocompatibile for HR <5%, 

hemocompatible for HR <10%, and non-hemocompatible for HR >20%. If HR was 

less than 5%, the sample would have no hemolytic reaction and thus would be 

considered as hemocompatibile (Shieh et al., 2006). 
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6.6. Response to radiofrequency waves for hyperthermia application 

Possible application of CPGF NPs as a magnetic hyperthermia agent was 

studied by analyzing the rise in temperature upon exposure to radiofrequency waves, 

as reported before (Kale et al., 2012). Radiofrequency absorption was carried out with 

a 20-MHz oscillator at a fixed nominal power of 100 W. Solutions of F, G, P, C and 

CPGF NPs (10 mg/ml) in deionized water, were subjected to 20 MHz RF radiation for 

different time periods (0–150 s), and the temperature rise was monitored. 

6.7. MTT assay 

To evaluate whether nanoparticles could affect the viability of non-cancerous 

[HEK 293 and MCF10A (for CPGF NPs)] as well as breast cancer cells 

(MDAMB231 and MCF7), cytotoxicity assays were performed using MTT dye as 

reported earlier (Choudhari et al., 2010). The cells were seeded at 1×105cells/ml 

density in 96-well plates (BD Falcon, USA). After 24 h, the cells were treated with F-

AuNPs (0-200 µM) or CCF NPs (0-640 µg/ml) or CPGF NPs (0-640mg/ml) or 

homeopathic preparations of Terminalia chebula (1:10 - 1:100 dilution). The effect of 

bare iron oxide nanoparticles (F NPs), linkers (citric acid, glycine, pluronic) and 

nanoparticles capped with linkers (CA-Fe, GF and PGF) were also tested at different 

concentrations (0-640 µg/ml). The plates were incubated overnight at 37°C in 5% 

CO2 incubator. MTT solution (5 mg/ml) was added to each well and the cells were 

cultured for another 4 h at 37°C in 5% CO2 incubator. The intensity of colored 

formazan derivative was determined by measuring optical density (OD) with the 

ELISA microplate reader (Biorad, Hercules, CA) at 570 nm (OD570–630 nm). The 

mean OD value of three wells was used for assessing the cell viability expressed as 

percentage of control. 

6.8. In vitro uptake of iron oxide nanoparticles into the breast cancer cells 

Qualitative evaluation of internalization of iron oxide nanoparticles tagged 

with curcumin or cinnamaldehyde (CCF or CPGF NPs) was done by Prussian blue 

staining as reported previously (Pradhan et al., 2007). Iron deposition within the cells 

was detected by characteristic blue color of Prussian blue. MDAMB231 and MCF7 

cells were seeded on coverslips in 6-well plates at a seeding density of 1×105 cells/ml. 

Next day, the cells were treated with 10 µg/ml CCF or CPGF NPs for 24 h. Post 
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treatment, the cells were fixed in 4% paraformaldehyde for 20 min at room 

temperature. Cells were washed twice with 1X PBS. The coverslips were immersed in 

Prussian blue stain which was prepared by mixing equal volumes of 20% aqueous 

solution of HCl and 10% aqueous solution of potassium ferrocyanide 

[K4Fe(CN)6.3H2O] for 20 min. The cells were counterstained with neutral red for 5 

min. The stained cells were photographed with Sony DSC-S75 cyber-shot camera 

under 40X objective. 

6.9. Cell growth analysis 

  Growth kinetics of breast cancer cells upon treatment with curcumin or 

cinnamaldehyde (CCF or CPGF NPs) tagged iron oxide nanoparticles and 

homeopathic preparations (MT, 3X, 6C and 30C) was monitored by cell growth assay 

as reported earlier (Choudhari et al., 2010). MCF7 and MDAMB231 were seeded at a 

density of 1×105 cells/ml in 24-well plates. Next day, the cells were treated with 

different concentrations of CCF (0-640 µg/ml) or CPGF NPs (0-80 µg/ml) or 

homeopathic preparations (MT, 3X, 6C and 30C) (1:10 - 1:100 dilution). The cells 

were harvested and counted for viability using trypan blue dye exclusion method for 

24, 48 and 72 h. 

6.10. Soft agar assay 

  Growth kinetics of breast cancer cells upon treatment with curcumin or 

cinnamaldehyde (CCF or CPGF NPs) tagged iron oxide nanoparticles were further 

studied by soft agar assay wherein cell colonies are formed in 3D. The assay was 

performed using the method reported previously as reported earlier (Choudhari et al., 

2010). MCF7 and MDAMB231 cells (5×103 cells/ml) treated with or without 

different concentrations of CCF (0-640 µg/ml)or CPGF NPs (0-40 µg/ml) were mixed 

with 0.35% agarose (DNA grade, GIBCO BRL, CA, USA) at 40°C in culture 

medium. The mixture was poured onto a previously gelled layer of 0.5% agarose in 

culture medium in 6-well plates and allowed to solidify. After incubation for 10 days 

in 5% CO2 incubator at 37°C, the colonies were counted using an Axiovert 200 M 

microscope (Carl Zeiss, Germany). 
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6.11. Wound healing assay  

Effect of CPGF NPs on the migration potential of breast cancer cells was 

analyzed by the wound healing assay as reported earlier (Choudhari et al., 2010). 

MDAMB231 and MCF7 cells were plated at a seeding density of 5×105 cells/ml in 

24-well plates and grown overnight at 37°C in 5% CO2 incubator. An artificial wound 

was made with 10 μl micropipette after 6 h serum starvation in control as well as cells 

treated with different concentrations of CPGF NPs (0-5 μg/ml for MDAMB231 and 

0-40 μg/ml for MCF7). The cells were incubated for 18 h in a humidified chamber at 

37°C and 5% CO2 atmosphere. Images of migrating cells were obtained by 10X phase 

objective of an inverted microscope using Sony DSC-S75 cyber-shot camera at 0 and 

18 h. 

6.12. Gelatin zymography 

The gelatin zymography was performed to detect the presence of extracellular 

MMP-2 upon treatment with CPGF NPs as reported earlier (Choudhari et al., 2010). 

The conditioned medium of control as well as cells treated with different 

concentrations of CPGF NPs (0-5 μg/ml for MDAMB231 and 0-40 μg/ml for MCF7) 

was collected and concentrated in Centricon YM-30 tubes (Millipore, MA). All the 

samples, containing equal amount of total proteins, were mixed with sample buffer 

(2% SDS, 25% glycerol, 0.1% bromophenol blue and 60 mM Tris- HCl pH 6.8). The 

samples were then diluted again with sample buffer in 1:2 ratio. Equal volume of the 

resulting mixture was then loaded onto 7.5% SDS-polyacrylamide gel containing 

gelatin (0.5 mg/ml). The gel was washed twice with 0.25% Triton X-100 and 

incubated overnight in incubation buffer (150 mM NaCl, 100 mM CaCl2, 50 mM 

Tris-HCl pH 7.5, 1% Triton X-100, 0.02% NaN3) at 37°C. The gel was stained with 

staining solution (0.1% Coomassie Brilliant blue R-250 in 40% isopropanol) and 

destained in 7% acetic acid. Gelatinolytic activity was detected as unstained bands 

against a blue background. The quantitation of bands in control and treated samples 

was performed by densitometric analysis using Image J gel analysis tool. 

6.13. Mitochondrial membrane potential 

The effect of CPGF NPs on the mitochondrial membrane potential of breast 

cancer cell lines was monitored as reported earlier (Choudhari et al., 2010). 
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MDAMB231 and MCF7 were seeded at a density of 1×105 cells/ml in a black 96-well 

plate and incubated at 37oC in a CO2 incubator. Next day, the cells were treated with 

different concentrations of CPGF NPs (0-5 μg/ml for MDAMB231 and 0-40 μg/ml 

for MCF7) and were incubated in a CO2 incubator at 37°C for 24 h. Following day, 

the medium was removed and the cells were washed with 1X PBS and incubated with 

2.5 μg/ml JC-1 staining solution for 1 h in the dark. Fluorescence readings were 

measured using the Fluostar Omega microplate reader (BMG Labtech) at 520 nm for 

JC-1 monomers and at 590 nm for JC-1 aggregates. 

6.14. Immunoblotting 

The effect of CPGF NPs on protein expression was evaluated by western 

blotting as reported previously (Choudhari et al., 2010). Briefly, the cells were seeded 

at a density of 5×105 cells/ml and treated next day with or without different 

concentrations of CPGF NPs (0-5 μg/ml for MDAMB231 and 0-40 μg/ml for MCF7). 

The cells were centrifuged and the pellet was resuspended in 80 μl lysis buffer 

containing 50 mM Tris (pH 7.4), 5 mM EDTA, 0.5% NP40, 50 mM NaF, 1 mM DTT, 

0.1 mM PMSF, 0.5 μg/ml leupeptin (Pro-pure Amersco, Solon, USA), 1μg/ml 

pepstatin (Amresco, Solon, USA), 150mM NaCl, 0.5μg/ml aprotinin (Amersco, 

Solon, USA) and protease inhibitor cocktail (Roche, Lewes, UK) followed by 

incubation on ice for 1 h with intermittent mixing. The cell extract was centrifuged for 

20 min at 4°C at 12000 rpm to remove the debris. The protein was estimated using 

Bradford reagent (Biorad Laboratories Inc, CA, USA). Equal amount of protein was 

loaded onto a 10% SDS-polyacrylamide gel and transferred electrophoretically to 

Amersham Hybond-P PVDF membrane (GE Healthcare, UK) in sodium phosphate 

buffer (pH 6.8). The membrane was blocked in 5% BSA in TST and incubated at 

room temperature for 30 min with rabbit polyclonal primary antibody for VEGF (sc-

507) and caspase-3 (sc-7148) whereas mouse monoclonal primary antibody for α- 

tubulin (sc-5286) (Santacruz, CA, USA), at 1:500 dilutions. The membrane was 

washed in TST and incubated with respective secondary IgG HRP conjugate at 

1:2500 dilution. Proteins were visualized using a chemilluminiscence kit (Amersham 

ECL Advance western blotting detection kit, GE Healthcare, UK) and densitometric 

analysis was performed on scanned immunoblot images using the ImageJ (NIH, USA) 

gel analysis tool. 
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6.15. Statistical analysis 

All the experiments were performed in triplicates and repeated thrice. The data 

has been presented as mean±SD. Statistical analysis was performed with the Graph 

Pad prism 4 program using one-way ANOVA. The statistical analysis for the IC50 

values was performed by KyPlot version 2.0 beta 13 (32 bit). The p values used for 

comparisons were < 0.05.  
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7.1. Synthesis, characterization and biological studies of gold nanoparticles 

prepared using Ficus religiosa extract  

In this study, plant mediated synthesis of gold nanoparticles was done by 

using aqueous extract of bark material of Ficus religiosa (F-AuNPs). The 

nanoparticles were physically characterized by UV-Vis Spectroscopy, X-ray 

Diffraction (XRD), Transmission Electron Microscopy (TEM) and Fourier 

Transformed Infra-red Spectroscopy (FTIR). The nanoparticles were evaluated for 

their anticancer activity against breast cancer cell lines, MCF7 and MDAMB231. 

 

7.1.1. Synthesis of F-AuNPs 

F-AuNPs were formed by simply mixing HAuCl4 with the aqueous extract of 

Ficus religiosa bark at 80°C. The production of gold nanoparticles was visually 

observed as the colour of gold salt changed from yellow to wine red (Figure 7.1.1). 

The as-synthesized nanoparticles exhibited uniform consistency. 

 
Figure 7.1.1. A picture showing formation of gold nanoparticles after change in 

colour of 1mM HAuCl4 gold precursor from yellow (left vial) to wine red (right vial) 

by the addition of Ficus religiosa extract 

 

7.1.2. Physical Characterization 

F-AuNPs were physically characterized by UV-Vis Spectroscopy, XRD, FTIR 

and TEM. 
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7.1.2.1. UV-Vis Spectroscopy 

The UV-Visible spectra of F-AuNPs (Figure 7.1.2) showed prominent 

absorbance maxima at 540 nm, thereby confirming the production of gold 

nanoparticles. This peak was observed due to the excitation of surface plasmon 

vibrations in the gold nanoparticles.  

 
Figure 7.1.2. UV-Vis spectra of as-obtained F-AuNPs showing absorbance of F-

AuNPs plotted against 450-1000 nm wavelength range showing prominent 

absorbance maxima at 540 nm. 

 

7.1.2.2. X-ray Diffraction (XRD) 

XRD spectra of F-AuNPs (Figure 7.1.3) exhibited diffraction peaks 

corresponding to (111), (200), (220) and (311) phases in the 2θ range of 30°-90°. This 

was in agreement with JCPDS 04-0784 data for gold nanoparticles. In the XRD 

pattern, diffraction peaks at angles of 38.1°, 40.4°, 65.3° and 77.4° could be assigned 

to face-centered cubic (fcc) metallic gold (111), (200), (220) and (311) facets of the 

gold crystals, respectively. The average crystallite size of the F-AuNPs was estimated 

from Scherrer’s formula to be ~30 nm indicating that the dispersed nanoparticles have 

uniform growth along this plane. 
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Figure 7.1.3. XRD Spectra of F-AuNps showing characteristic peaks at specific 

angles that are the signature of gold nanoparticles 

 

 7.1.2.3. Transmission Electron Microscopy (TEM) 

TEM image of F-AuNPs (Figure 7.1.4) showed mostly the presence of 

spherical nanoparticles in the range of 20-30 nm. As observed in the figure, the NPs 

showed different shapes such as triangular, pentagon or hexagonal. This size was also 

in accordance with XRD analysis. 

 

 

 

 

 

 

 

 

 

 

Figure 7.1.4. TEM Image of F-AuNPs showing polyshaped morphology such as 

spheres, triangles, pentagons and hexagons. 
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 7.1.2.4. Fourier Transformed Infra-red Spectroscopy (FTIR) 

FITR spectra of F-AuNPs in the range 400-4000 cm-1 (Figure 7.1.5) exhibited 

characteristic finger printing regions of various functional groups such as –OH, 

amide, amine and carboxylates with –C=O stretching vibrations. For example, in 

Figure 7.1.5. a of F-AuNps, the peak at 3894 cm-1 indicated the bonded –OH groups 

while the other splitted peak at 3637 cm-1 corresponded to amine linkages from β-

sitosteryl-d-glucoside that has come from the F. religiosa extract. The shift in the 

peak at 3605 cm-1 in F. religiosa extract (b) to 3497 cm-1 in (a) indicated that F-

AuNPs were functionalized with amine groups. Other facet of the spectra indicated 

that the peak at 1745 cm-1 (Figure 7.1.5. a), due to carboxylic acid functions present in 

the extract of Ficus religiosa, was shifted towards lower energy side i.e. 1658 cm-1 

(Figure 7.1.5. b) for F-AuNP’s. This shift clearly reflected the capping of Au 

naoparticles with carboxylic acid groups, which were responsible for their aqueous 

dispersion.  

 

 
 

Figure 7.1.5. FTIR spectra of F-AuNPs showing % Transmittance plotted against 

wavelength range of 400-4000nm. FTIR spectra of (a) as-obtained F-AuNPs and (b) 

Ficus religiosa extract. 
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7.1.3. Stability 

As-synthesized F-AuNPs were kept on the shelf for a period of 0 h, 24 h and 7 

days and UV absorbance was taken during these time-periods (Figure 7.1.6). Except 

for slight changes in 600-700 nm region in 7-day period, there was no major change 

in the UV absorbance of F-AuNPs at 540 nm over different time-periods. Thus, the 

nanoparticles exhibited excellent stability over the time.  

 
Figure 7.1.6. UV-Vis absorbance spectra showing graph of absorbance of F-AuNPs 

in water at different time intervals (0h, 24h and 7 days) plotted against wavelength. 

 

7.1.4. Effect of F-AuNPs on cell viability 

It was observed that F-AuNPs didn’t considerably affect the viability of non-

cancerous HEK293 (Figure 7.1.7 A), as well as breast cancer cell lines (MCF7 and 

MDAMB231) (Figure 7.1.7 B) cells.  HEK293 cells exhibited 100% viability upto 80 

µM and around 87-79% viability between 100-200 µM concentrations of the NPs. 

MCF-7 and MDA-MB-231 cells showed 100% viability at 0-200 μM concentrations 

of the NPs. 
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Figure 7.1.7. Graph showing effect of F-AuNPs on the viability of HEK 293, MCF-7 

and MDA-MB-231 cells.  
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7.2. Synthesis, characterization and biological studies of Curcumin 

functionalized Citric acid capped iron oxide nanoparticles (CCF NPs) as drug 

delivery agents in breast cancer 

In this study, we synthesized citric acid capped iron oxide (Fe3O4) 

nanoparticles that were further conjugated to curcumin (CCF NPs), a potent 

anticancer herbal bioactive of Curcuma longa. The NPs were physical characterized 

by XRD, FTIR, TGA and their anticancer activity was evaluated in breast cancer cell 

lines (MCF7 and MDAMB231). 

7.2.1. Physical characterization 

7.2.1.1. XRD 

  The diffraction pattern matched the standard data provided by JCPDS (Joint 

Committee for Powder Diffraction Standard) for Fe3O4 (Figure 7.2.1). Broad peaks 

indicated formation of smaller particles. The crystallite size was found to be ~ 9 nm 

from the X-ray peak broadening using Scherrer’s formula. The presence of standard 

signatures of d-values in the XRD data of as-synthesized sample corresponded to 

magnetite (Fe3O4) phase, which ensured absence of any other phases in the sample. 

 
Figure 7.2.1. XRD of as-synthesized Fe3O4 nanoparticles 

 

7.2.1.2. FTIR 

As-synthesized Fe3O4, citric acid capped Fe3O4 (CA-Fe) and curcumin loaded 

citric acid capped Fe3O4 (CCF) nanoparticles were further evaluated for their bonding 
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characteristics by FTIR spectroscopy. Figure 7.2.2 A shows FTIR spectrum of CA-Fe 

compared with that of neat CA and as-synthesized Fe3O4. The peak at 572 cm-1 is 

attributed to Fe-O bond stretching in Fe3O4 that confirmed the formation of Fe3O4 

(magnetite) and absence of Fe2O3 (maghamite). The C=O vibration peak in CA shifted 

from 1717 cm-1 to 1623 cm-1 when it was conjugated to Fe3O4, as observed in CA-Fe. 

 
Figure 7.2.2. (A) FTIR of as synthesized Fe3O4, CA and CA-Fe NPs. The spectrum is 

mostly featureless, but C=O frequency is recognizable in both CA and CA-Fe. (B) 

FTIR of as synthesized Fe3O4, CCF NPs and CU. Absence of the broad –OH peak 

(shown by arrow) in CCF indicates conjugation of CU via one of its –OH bonds. 

 Figure 7.2.2 B shows FTIR of as synthesized Fe3O4, CCF nanoparticles and 

CU. Disappearance of –OH group signature of CU at 3500 cm-1 (shown by the arrow), 

from the CCF indicated that CU gets attached to the CA-Fe system through one of its 
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–OH groups. The -COO- signature remained intact, indicating that the interaction 

between CA and the iron oxide nanoparticle was not disturbed during conjugation of 

CU to the nanoparticles. This confirmed the formation of CCF with CA as a linker 

between Fe3O4 and CU.  

Figure 7.2.3. shows the possible conjugation of Fe3O4 with CA and then 

further with CU to yield CCF. The inset shows the ferrofluid nature of CCF 

nanoparticles wherein a magnet has been placed on the side of the glass vial 

containing the nanoparticles to show the pulling effect of the magnet on the CCF 

ferrofluid. 

.  

 

Figure 7.2.3. Schematic illustrating CCF nanoparticles wherein Fe3O4 is coated with 

CU with CA as a linker molecule. The figure has not been drawn to scale. The inset 

shows stable aqueous CCF suspension (ferrofluid) exposed to a strong permanent 

magnet. 

 

7.2.1.3. Evaluation of Drug Loading in CCF nanoparticles 

  The amount of drug loaded onto the CCF NPs was evaluated by 

Thermogravimetric Analysis (TGA). 
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Figure 7.2.4. TGA of CA-Fe and CCF nanoparticles. Single step weight loss curves 

were observed in both CA-Fe and CCF corresponding to 6 % weight loss due to CA 

and 4% weight loss due to CU, respectively. 

 

Figure 7.2.4 shows TGA of CA-Fe and CCF nanoparticles. The weight loss at 

two stages was observed in the case of CCF. The ~6% weight loss at ~200°C could be 

probably due to desorption of CA molecules from the surface of the magnetite 

nanoparticles with tight binding at the carboxyl site. The second weight loss starts at a 

higher temperature (~400°C) that could be due to desorption of CU attached to the 

magnetic nanoparticles via CA. The 4% weight loss has been attributed to CU 

loading. 

 

7.2.2. Uptake of CCF nanoparticles by MCF7 and MDAMB231 cells 

In vitro uptake studies were conducted in MCF7 and MDAMB231 cells to 

confirm the presence of CCF nanoparticles (Figure 7.2.5.). CCF-treated cells showed 

distinct blue coloured particles, indicating the presence of iron oxide (Fe3+) in the 

cells compared to the untreated control cells. Under higher magnification (40X), the 

nanoparticles appeared to be aggregating in the cytoplasm, which is concurrent with 

the established theory of uptake of nanoparticles into the cell via endosomes. 
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Figure 7.2.5. In vitro uptake of nanoparticles into breast cancer cells. Upper panel: 

Control cells [both cytoplasm (C) and nucleus (N) are orange-red] that are not treated 

with CCF, Lower panel: Cells treated with 10 μg/ml CCF showing uptake of 

nanoparticles (blue) in cytoplasm. 

 

7.2.3. Effect of CCF nanoparticles on the viability of breast cancer cells 

The effect of CCF nanoparticles was tested in HEK 293, MCF7 and 

MDAMB231 cells by MTT assay. CCF nanoparticles decreased the viability of 

MCF7 cells to 60 % at 320 μg/ml and 50 % at 640 μg/ml whereas MDA-MB231 cells 

showed 71 and 63 % viability at 320 and 640 μg/ml concentrations of CCF NPs, 

respectively (Figure 7.2.6). At 320 and 640 μg/ml concentrations of CCF NPs, the 

amount of curcumin loaded onto the NPs (calculated from TGA data) was found to be 

~8 and 16 μg/ml, respectively. On the other hand, upon treatment of the cells with 

different concentrations (0-160 μg/ml) of free cucumin, the latter reduced the viability 

of the breast cancer cells from 10 μg/ml concentration (Figure 7.2.6. B). However, 

higher concentrations of pure curcumin reduced the viability of non-cancerous HEK 

293 cells as well. IC50 value of pure curcumin was 10 and 20 μg/ml in MCF7 in 

MDAMB231, respectively. CCF NPs showed IC50 values of 320 and >640 μg/ml in 

MCF7 and MDAMB231, respectively that corresponded to 10 and >16 μg/ml of 

loaded curcumin, respectively. Thus, curcumin loaded onto the CCF NPs showed IC50 

values similar to that of pure curcumin. 
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Figure 7.2.6. HEK 293, MCF7 and MDAMB231 cell lines were treated with (A) 

CCF NPs and (B) curcumin for 24 h and analyzed for viability by MTT assay. Lower 

panel of X-axis in (A) refers to amount of curcumin (µg/ml) present in the 

corresponding concentrations of CPGF NPs (µg/ml) (as calculated from TGA data). 
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7.2.4. Effect of CCF nanoparticles on the cell growth  

To further evaluate the anticancer activity of CCF nanoparticles, cell growth 

assays were performed. Cell growth and soft agar assays were done in control and 

CCF treated breast cancer cells. The cell growth assay results demonstrated a dose-

and time- dependent decrease in the number of cells with increasing concentration of 

the NPs compared to the untreated control cells (Figure 7.2.6 A). These results were 

supplemented with the data from soft agar assay that showed there was a dose-

dependent decrease in the number of colonies compared to the control cells. At 160 

µg/ml of CCF, 3.8 and 3.5 fold (p≤0.001) decrease in the number of colonies of 

MCF7 and MDAMB231could be observed compared to the untreated control cells 

(Figure 7.2.6 B). At 320 and 640 µg/ml, ~11 and 12-fold (in MCF7) and 20 and 19-

fold (in MDAMB231) decrease could be observed, compared to the untreated control 

cells. 
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Figure 7.2.7. Effect of CCF NPs on growth kinetics by (A) Cell growth assay and (B) 

Soft agar assay showing a dose and time dependent decrease in the number of cells 

and colonies.  
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7.3. Synthesis, characterization and biological studies of Cinnamaldehyde 

functionalized iron oxide nanoparticles (CPGF NPs) as drug delivery agents in 

breast cancer  

In this study, iron oxide (Fe3O4) nanoparticles were synthesized and tagged 

with cinnamaldehyde, a potent anticancer herbal bioactive of cinnammomum species, 

by using pluronic and glycine as linkers (CPGF NPs). The nanoparticles were duly 

characterized and studied for their anti-cancer activity in breast cancer cell lines 

MCF-7 and MDAMB231. 

7.3.1. Characterization of CPGF NPs 

CPGF NPs were characterized by different techniques such as XRD, FTIR, 

TEM and VSM.  

7.3.1.1. XRD and TEM 

  Figure 7.3.1. A indicates powder diffraction patterns of F, GF, PGF and CPGF 

NPs, which clearly suggest that iron oxide surface was sequentially modified with 

glycine, pluronic and cinnamaldehyde. These compositions exhibited characteristic 

magnetite peaks (2) at 30.1, 36.2, 42.4, 52.5, 57.5 and 62.2° corresponding to (220), 

(311), (400), (422), (511) and (440) planes, respectively (JCPDS card no. 01-088-

0315), observed for face centered cubic (fcc) lattice structure of iron oxide. It was 

significant to note that only magnetite phase was formed during the synthesis of all 

the iron oxide preparations since diffraction peaks corresponding to other phases such 

as -Fe2O3 (hematite) or γ-Fe2O3 (maghamite) were found to be absent. The average 

crystallite size of all the compositions, as calculated from Scherrer equation, was in 

the range of 10-20 nm. TEM of CPGF NPs showed the particle size to be around 20 

nm that had gradually increased from ~5 nm for bare Fe3O4 (F) by successive layering 

of the coatings onto the NPs (Figure 7.3.1. B). Increase in size of the NPs from F to 

CPGF corroborated with the observed XRD pattern. 
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Figure 7.3.1. Physical characterization of CPGF NPs.(A) XRD patterns of F, GF, 

PGF and CPGF NPs. (B) TEM image of F (a), GF (b), PGF (c) and CPGF NPs with 

SAED (d). 

7.3.1.2. FTIR 

Figure 7.3.2. A shows the FTIR spectra of F, GF, PGF and CPGF NPs. The 

basic Fe-O stretch (~719 cm-1) was invariably present in all the compositions, clearly 

reflecting the capping of organic molecules onto the nanoparticles surface.  

Upon capping of glycine, a broad peak around 3200 cm-1 appeared depicting 

the presence of hydroxyl/amino groups on the surface of Fe3O4 NPs (Figure 7.3.2. B). 

A strong absorption at 1600 cm-1 in GF originated from carboxyl stretch of glycine 

moiety. Glycine spectrum (G) showed remarkable signatures at ~3200 cm–1 for –NH2 

or –OH and that for carboxylate stretch at ~1600 cm–1. The notable difference  
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Figure 7.3.2. FTIR spectra of A) F, GF, PGF and CPGF, B) GF, glycine and F, C) 

PGF, pluronic and GF, C) CPGF, cinnamaldehyde and PGF 

 

between Fe3O4 spectrum (F) and glycine capped Fe3O4 (GF), was the appearance of a 

strong new signature at 3200 cm–1, along with 1600 cm–1. This indicated that Fe3O4 

surface was efficiently capped with glycine.The appearance of peaks at 3200 cm–1 and 

1600 cm–1 (1696 cm–1 in PGF) (Figure 7.3.2. C) for both GF and PGF suggested that 

the hydroxyl/amine and carboxylate functions of G and P are successively loaded onto 

the Fe3O4 NPs. The overall merging of peaks indicated that pluronic possessed similar 

functional groups as in glycine resulting in similar spectrum of PGF to GF. It was 

interesting to note that, in PGF, signatures at 3200 cm-1 and ~1600 cm-1 persisted even 

after the addition of pluronic. The presence of these signatures, though with a reduced 

intensity, indicated the attachment of pluronic to GF through hydrogen bond. 
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Cinnamaldehyde spectrum (C) showed prominent peaks at 1696, 1634, 1140, 

960 and 764 cm–1 arising due to bonds specified by aldehyde structure (Figure 7.3.2. 

D). The remarkable shift of –C=C– and –C=O signatures from 1696 cm-1 and 1634 

cm-1 in PGF towards higher energy side at 1709 and 1695 cm-1, respectively, in 

CPGF, indicated binding of cinnamaldehyde to PGF. The invariable presence of other 

peaks in cinnamaldehyde such as 1140, 960 and 764 cm–1 in CPGF spectrum 

suggested that cinnamaldehyde was electrostatically bound to PGF. Thus, after 

binding to the hydrophobic end of pluronic, cinnamaldehyde formed a stable 

electrostatic interaction as is evident from the near merging of the peaks.  

7.3.1.3. TGA 

TGA was performed to quantify the amount of different coatings onto the 

surface of Fe3O4 NPs. Figure 7.3.3 shows the stepwise weight loss for all the NPs. 

Negligible weight loss of ~3.8% in F NPs corresponded to the adsorbed moisture 

between 100 and 200°C. GF NPs showed weight loss of ~5% starting from 100-

300°C that confirmed efficient glycine capping. Due to the addition of pluronic in GF, 

a two-step weight loss corresponding to ~9.1% was observed in the temperature range 

of 150-400°C. A pronounced weight loss of ~27.2% was observed in CPGF NPs that 

occurred in three-steps in the temperature range from 100-400°C. It could be due to 

the removal of glycine, pluronic and cinnamaldehyde successfully from the CPGF 

NPs. Thus, the amount of cinnamaldehyde loaded onto the Fe3O4 nanoparticles was 

found to be about 18.1%.  

 
Figure 7.3.3. Thermogravimetric analysis of F, GF, PGF and CPGF NPs. 
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7.3.1.4. Drug release 

Figure 7.3.4 shows release kinetics of cinnamaldehyde in sodium acetate 

buffer at pH 5.2 and 7.4 that was analyzed by UV-vis spectroscopy. The drug release 

kinetics of the NPs was studied to analyze the fate of cinnamaldehyde in a) acidic pH 

(5.2), usually present in the tumor microenvironment and b) physiological pH (7.4), 

corresponding to the body fluids. At both pH values, CPGF NPs showed a short burst 

release of cinnamaldehyde during initial 4 h, followed by a sustained release profile 

with increased time periods. Due to electrostatic interaction of cinnamaldehyde with 

PGF system, it could get easily detached from the CPGF NPs resulting into faster 

release.  

 
Figure 7.3.4. Release profile of cinnamaldehyde from CPGF NPs at different pH 

values at different time points. 

7.3.1.5. VSM 

Figure 7.3.5. depicts the hysteresis loops of F, GF, PGF and CPGF NPs 

showing zero remanence and coercivity, indicating that the nanoparticles were 

superparamagnetic in nature. The magnetization reached a saturation point at about 10 

kOe, which was found to be strongly dependent upon the organic coating. The MS 

value of F NPs was found to be 59.12 emu/g which was less than the reported value of 

bulk magnetite (92 emu/g) and could be attributed to the small particle size. The MS 

value was found to decrease from 59.12 emu/g to 50.97 emu/g (CPGF NPs) with the 

increase in coatings onto the magnetic core. The NPs capped with glycine (GF) had 
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MS value of 55.7 emu/g that further decreased to 53.99 emu/g with an addition of 

pluronic (PGF) on it. The inset of Fig. 5C shows uniform suspension of CPGF NPs 

(i); upon exposure to the external magnet, the NPs got attracted towards the side of 

the glass vial, leaving behind a clear suspension (ii). Upon removal of the magnetic 

field, the NPs got re-dispersed into the clear solution, suggesting their magnetic 

nature. The magnetic properties of CPGF NPs were further analyzed by VSM at 300 

K.  

 
Figure 7.3.5. VSM data showing the magnetic behavior of all the NPs. Inset shows 

uniform suspension of CPGF NPs (i) and (ii) response of the NPs to the externally 

placed magnet.  

7.3.1.6. Stability and biocompatibility studies 

The agglomeration of the NPs was examined in different fluids such as DW, 

PBS, FBS and DMEM (with or without FBS) by measuring their turbidity at 540 nm 

(Figure 7.3.6 A). CPGF NPs showed excellent hydrophilicity and were stable in all 

the tested solutions for 2 h. Interestingly, the NPs showed high colloidal stability in 

FBS and DMEM supplemented with FBS (Figure 7.3.6 A) that could be attributed to 

the adsorption of negatively charged serum proteins onto the Fe3O4 core. The NPs 

were found to be biocompatible with no detectable hemolysis activity (<5%) at 

concentrations ranging from 0.5-10 mg/ml. Hemolysis rates at 0.5, 1, 5 and 10 mg/ml 
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concentrations of CPGF NPs were found to be 3.36, 3.46, 3.57 and 4.64%, 

respectively, compared to the DW positive control (100%) and saline negative control 

(2.91%) (Figure 7.3.6 B). 

 
Figure 7.3.6. Stability, biocompatibility and uptake of CPGF NPs. (A) Stability of 

CPGF NPs in different solutions was monitored by UV-vis spectroscopy. The data is 

presented as mean±SD of three independent experiments at p<0.0001, indicating 

statistically significant differences between different solutions. (B) Biocompatibility 

of CPGF NPs performed in freshly prepared human blood. DW and saline were used 

as positive and negative controls, respectively. The data is presented as mean±SD of 

three independent experiments at p<0.001, indicating statistically significant 

differences compared to positive control group.  
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7.3.2. Uptake 

Figure 7.3.7. shows the uptake of CPGF NPs in the breast cancer cells. The 

blue coloured cytoplasm indicated the presence of Fe3+ inside the cells (observed at 

40X magnification) whereas the untreated control cells, having no NPs, appeared 

orange-red in colour. Thus, CPGF NPs depicted a highly stable and biocompatible 

system.  

 
Figure 7.3.7. In vitro uptake of CPGF NPs in MDAMB231 and MCF7, shown by 

Prussian blue staining, and compared with their respective untreated control cells. The 

stained cells were photographed with Sony DSC-S75 cyber-shot camera. 

7.3.3. Effect of CPGF NPs on the viability of breast cancer cells 

Initially, the effect of F, G and P on MDAMB231 and MCF7 was analyzed by 

MTT assay (Figure 7.3.8). The cells were treated with 0-640 µg/ml of F, G and P. 

Uncoated Fe3O4 nanoparticles were non-toxic to all the cell lines. Both the cell lines 

showed ≥100% viability post-treatment with glycine and pluronic used to coat Fe3O4 

nanoparticles. Therefore, these coating materials were non-toxic and safe. 

To evaluate whether CPGF system enhanced the bioavailability of 

cinnamaldehyde in the cancer cells, effect of the NPs on the viability of breast cancer 

cells was tested (Figure 7.3.9). CPGF NPs were found to significantly decrease 

(p<0.0001) the survival of breast cancer cells from 10 and 80 μg/ml concentrations 

(corresponding to ~0.014 and 0.1 μM concentrations of the cinnamaldehyde, 

respectively, loaded onto the NPs) in MDAMB231 and MCF7, respectively (Figure 

7.3.9 A). 
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Figure 7.3.8. Effect of F, G and P on the viability of breast cancer cell lines 

Interestingly, the NPs were not toxic to the non-cancerous MCF10A and HEK 

293 cells upto 640 μg/ml (containing ~0.9 μM of cinnamaldehyde) (Figure 7.3.9 A). 

On the other hand, upon treatment of the cells with different concentrations (0-160 

μM) of free cinnamaldehyde, it induced killing from 40 and 80 μM concentration 

onwards in MDAMB231 and MCF7, respectively (Figure 7.3.9 B). Such higher 

concentrations of cinnamaldehyde were also deleterious to the non-cancerous cells, 

MCF10A and HEK 293. Thus, free cinnamaldehyde was toxic to both the breast 

cancer as well as the non-cancerous cells at higher doses. However, upon tagging with 

magnetic nanoparticles, the therapeutic index of cinnamaldehyde was drastically 

reduced reflecting its increased bioavailability. In MDAMB231 and MCF7 cells, 

CPGF NPs exhibited IC50 of 0.363 and 0.368 μM, respectively. On the other hand, the 

free cinnamaldehyde exhibited IC50 of 69.81 and 284.7 μM for MDAMB231 and 
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MCF7, respectively. These findings clearly demonstrated that functionalization of 

MNPs with cinnamaldehyde increased its bioavailability at lower doses, thereby 

increasing its therapeutic efficacy. 

 

Figure 7.3.9. Effect of CPGF NPs and cinnamaldehyde on the cell viability. The 

breast cancer (MDAMB231 and MCF7) and non-cancerous (MCF10A and HEK293) 

cells were treated with different concentrations of (A) CPGF NPs and (B) 

cinnamaldehyde for 24 h and analyzed for viability by MTT assay. Lower panel of X-

axis in (A) refers to amount of cinnamaldehyde (µM) present in the corresponding 

concentrations of CPGF NPs (µg/ml) (as calculated from TGA data). All the data are 

presented as mean±SD of five independent experiments at p<0.0001, indicating 

statistically significant differences compared to the control untreated group. 



 

89 
 

Based on the cytotoxicity data, we used non-killing doses of CPGF NPs, (0-10 

μg/ml for MDAMB231 and 0-40 μg/ml for MCF7) for further biological assays. The 

effect of different concentrations of CPGF NPs was analyzed on the growth of breast 

cancer cells for 24-72 h.  

7.3.4. Growth kinetics of breast cancer cells treated with CPGF NPs  

  Figure 7.3.10. shows a dose-dependent decrease in the growth kinetics of 

MDAMB231 and MCF7 cells (p ≤0.0001) at 24-72 h upon treatment with CPGF NPs.  

 
 

Figure 7.3.10. Effect of CPGF NPs on the growth kinetics of breast cancer cells. The 

NPs decreased the number of cells in MDAMB231 and MCF7, indicated by cell 

growth assay. Cells were counted from the four quadrants and the average of each has 

been plotted. The data represents mean±SD of three independent experiments at 

p<0.0001 indicating statistically significant differences compared to the control 

untreated group.  
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  This was supported by a dose-dependent decrease in the number of soft agar 

colonies in both the cell lines (Figure 7.3.11). Thus CPGF NPs significantly restricted 

the growth of breast cancer cells in vitro.  

 
Figure 7.3.11. Effect of CPGF NPs on the growth kinetics of breast cancer cells. 

Reduction in the number of soft agar colonies was observed in MDAMB231 and 

MCF7 after treatment with CPGF NPs. Colonies were counted from at least 10 

different areas and the average of each has been plotted. The data represents 

mean±SD of three independent experiments at p<0.0001 indicating statistically 

significant differences compared to the control untreated group. 

7.3.5. Mechanism of anticancer potential of CPGF NPs 

7.3.5.1. Effect of CPGF NPs on cell migration 

To examine the effect of CPGF NPs on cell migration, we performed wound 

healing assay on confluent monolayers of breast cancer cell lines (Figure 7.3.12). 
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After 18 h, the untreated control cells covered up ~85% of the wound, whereas at 5 

and 40 μg/ml concentrations of CPGF NPs, MDAMB231 and MCF7 cells covered up 

the wound by ~47 and 32%, respectively (p=0.0005) (Figure 7.3.12 A and B). Thus, 

the NPs were found to decrease the migration of breast cancer cells in a dose- and 

time-dependent manner.  

 
Figure 7.3.12. Effect of CPGF NPs on cellular mechanism. (A) The NPs reduced 

migration of MDAMB231 and MCF7 cells. The upper panel of each figure shows the 

wound made at 0 h and the lower panel shows the migration of cells after 18 h. (B) 

Graphical representation of wound closure in MDAMB231 and MCF7 at 18 h after 

CPGF NPs treatment. Values are represented as mean±SD of three independent 

experiments at p<0.01 for MDAMB231 and p<0.0005 for MCF7, indicating 

statistically significant differences compared to the untreated control cells.  
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  The expression of MMP-2 at protein level was found to be significantly down-

regulated (p≤0.001) in both (MDAMB231 and MCF7) (Figure 7.3.13), thereby 

suggesting that the NPs inhibited the migration of breast cancer cells through 

reduction in MMP-2 expression. 

 
Figure 7.3.13. Effect of CPGF NPs on cellular mechanism. Gelatin zymography 

shows downregulation of MMP-2 expression in MDAMB231 and MCF7 after 

treatment with CPGF NPs with their corresponding densitometric analysis. The values 

are represented as mean±SD of three independent experiments at p<0.001, indicating 

statistically significant differences compared to the untreated control cells. 

7.3.5.2. Effect of CPGF NPs on angiogenesis marker 

 We found that CPGF NPs significantly down-regulated (p<0.0001) the 

expression of VEGF (Vascular Endothelial Growth Factor) in both the breast cancer 

cell lines MDAMB231 and MCF7 in a dose-dependent manner compared to the 

untreated control cells (Figure 7.3.14). 
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Figure 7.3.14. Effect of CPGF NPs on VEGF expression in MDAMB231 and MCF7 

with corresponding densitometric analysis. Values are represented as mean±SD of 

three independent experiments with p<0.0001, indicating statistically significant 

differences compared to the untreated control cells. 

7.3.5.3. Effect of CPGF NPs on apoptosis 

Since CPGF NPs altered the growth kinetics of breast cancer cells, we 

examined the effect of CPGF NPs on the mitochondrial membrane potential of both 

the breast cancer cell lines. Interestingly, CPGF NPs treatment resulted into the 

disruption of the mitochondrial membrane potential (Dym) that was observed by a 

dose-dependent decrease (p<0.0001) in red fluorescence intensity, after staining the 

cells with JC-1 dye (Figure 7.3.15 A). This was supported by a corresponding 

increase (p<0.0001) in the expression of caspase-3 in cells treated with CPGF NPs as 

compared to the untreated control cells (Figure 7.3.15 B). These results indicated that 

cinnamaldehyde-Fe3O4 induced apoptosis in breast cancer cells through mitochondria 

dependent pathway.  
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Figure 7.3.15. CPGF NPs induce apoptosis in breast cancer cells. (A) CPGF NPs 

decreased the mitochondrial membrane potential of the breast cancer cell lines as 

observed by JC-1 staining. The data was analyzed by the MARS data analysis 

software 2.10R3 (BMG Labtech). All data are presented as means±SD of three 

independent experiments. p<0.0001 indicate statistically significant differences 

compared to the control untreated group. (B) Western blot data shows increase in 

caspase-3 expressions in both MDAMB231 and MCF7. α-Tubulin was used as a 

loading control. The histogram depicts densitometric analysis of western blots of 

caspase-3. Values are represented as mean±SD of three independent experiments. 

p<0.001 indicate statistically significant differences compared to the untreated control 

cells. 
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7.3.6. Hyperthermia potential of CPGF NPs  

  Since CPGF NPs showed enhanced anticancer activity in both ER/PR 

positive/Her2 negative (MCF7) and ER/PR negative/Her2 negative (MDAMB231) 

breast cancer cells, we wanted to know whether the NPs had the potential for 

application in cancer hyperthermia as well. Thus, solutions (10 mg/ml) of F, G, P, C 

and CPGF NPs in deionized water, were subjected to 20 MHz RF radiation for 

different time periods (0-150 s), and the temperature rise was monitored (Figure 

7.3.16). CPGF NPs showed a significant rise in the temperature to 41.6°C within a 

time span of 1 min. 

 

 
Figure 7.3.16. Response of CPGF NPs to the radiofrequency waves for hyperthermia 

application. CPGF NPs exhibited hyperthermia potential. Response of Fe3O4 (F), 

Glycine (G), Pluronic (P), Cinnamaldehyde (C) and CPGF NPs to the radiofrequency 

waves have been depicted. The NPs showed a significant rise in the temperature to 

41.6°C within a time span of 1 min. 
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7.4. Characterization and evaluation of anticancer activity of homeopathic 

preparations of Terminalia chebula 

In the present study, we have evaluated the anticancer activity and 

nanoparticulate nature of homeopathic preparations of Terminalia chebula (Q, 3X, 6C, 

30C). 

7.4.1. Effect of homeopathic preparations of TC on the viability of breast cancer 

cells 

Initially, we wanted to test whether the commercially available homeopathic 

preparations of TC (MT, 3X, 6C and 30C) could reduce the viability of breast cancer 

cells (MCF7 and MDAMB231). Since MT, 3X, 6C and 30C contained 59, 91.4, 91 

and 91% v/v ethanol, respectively (as mentioned on the manufacturer’s bottles), we 

v6v\on-cancerous (HEK 293) cells. The cells were treated with different dilutions of 

pure ethanol (1:2.5, 1:5, 1:10 and 1:20 that contained 40, 20, 10 and 5% ethanol, 

respectively). Interestingly, ethanol was found to be safe to the cells at 1:10 and 1:20 

dilutions while it reduced the cell viability at 1:5 and 1:2.5 dilutions (Figure 7.4.1).  

 

 

Figure 7.4.1. Effect of ethanol on the cell viability. Values are represented as 

mean±SD of three independent experiments with p<0.0001, indicating statistically 

significant differences compared to the untreated control cells. 
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To test the effect of homeopathic preparations of TC on the viability of breast 

cancer and non-cancerous cell lines (Figure 7.4.2.), each potency (MT, 3X, 6C and 

30C) was diluted in DMEM as 1:10, 1:25, 1:50, 1:75 and 1:100 where dilutions of 

MT were calculated to have 6% ethanol and that of 3X, 6C and 30C had 9.1% 

ethanol. Mother tincture (MT) decreased the viability of both the cancerous and non-

cancerous cells significantly at 1:10 dilution compared to the untreated control cells or 

other dilutions (Figure 7.4.2 A). It reduced the viability of the cells upto 1:75 dilution. 

Interestingly, other homeopathic potencies (3X, 6C and 30C) did not reduce the 

viability of HEK 293 cells at any of the dilutions indicating their safety for non-

cancerous cells. However, at 1:10 dilution, 3X (Figure 7.4.2 B), 6C (Figure 7.4.2 C) 

and 30C (Figure 7.4.2 D) potencies of TC significantly reduced the viability of both 

MDAMB231 and MCF7 compared to other higher dilutions as well as untreated 

control cells. Thus homeopathic preparations, 3X, 6C and 30C, exhibited anticancer 

activity against breast cancer cells without affecting the viability of non-cancerous 

cell line HEK 293. 
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Figure 7.4.2. Effect of homeopathic preparations of TC on cell viability. Viability of 

HEK 293, MDAMB231 and MCF7 cells upon treatment with MT (A) 3X (B), 6C (C) 

and 30C (D).  
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7.4.2. Effect of homeopathic preparations of TC on the growth kinetics of breast 

cancer cells 

Since TC potencies exhibited cytotoxicity against breast cancer cells, we 

wanted to observe their effect on the growth kinetics of the cells. MDAMB231 

(Figure 7.4.3 A-D) and MCF7 (Figure 7.4.4 A-D) cells were treated with 1:10-1:100 

dilutions of MT, 3X, 6C and 30C potencies of TC for 24, 48 and 72 h. It was observed 

that at 24, 48 and 72 h, all the potencies significantly reduced the growth kinetics, 

more specifically at 1:10 dilution compared to either untreated control cells or with 

other dilutions. The growth reduction of breast cancer cells by TC potencies 

corroborated with the cell viability data. 
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Figure 7.4.3. Effect of MT (A) 3X (B), 6C (C) and 30C (D) on growth kinetics of 

MDAMB231. p<0001 indicate statistically significant differences compared to the 

control untreated group. 
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Figure 7.4.4. Effect of MT (A) 3X (B), 6C (C) and 30C (D) on growth kinetics of 

MCF7. p<0001 indicate statistically significant differences compared to the control 

untreated group. 



 

102 
 

 

7.4.3. Characterization of homeopathic preparations of T. chebula by microscopy  

In cell viability and growth kinetics assay, 3X, 6C and 30C potencies of TC 

reduced the viability and growth kinetics of breast cancer cells at 1:10 dilution. 

Therefore, we tested only 6C for SEM and TEM studies. Since MT was the original 

source for other potencies and it reduced the viability of both the non-cancerous and 

cancerous cells upto 1:75 dilution, we also tested it for the presence of nanoparticles. 

MT showed a mesh-like structure under SEM on a scale bar of 20 µm (Figure 7.4.5. 

A). However, under TEM, MT demonstrated the presence of nanoclusters (Figure 

7.4.5.B) that were not clear in SEM (Figure 7.4.5.A) due to the latter’s limited 

resolution. On the other hand, 6C showed presence of distinctly separated 

nanoparticles having ~20 nm size (Figure 7.4.5.C). 

 
Figure 7.4.5. Microscopic analysis of homeopathic preparations of TC (A) SEM 

image of MT, TEM images of MT (B) and 6C (C) 
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8. Discussion 

The present study involves synthesis, characterization and biological studies of 

nanoparticles conjugated with herbals for their use against breast cancer. Two metal 

nanoparticles have been used in the study, gold and iron oxide nanoparticles. Each 

result has been discussed in detail below corresponding to their headings. 

 

8.1. Synthesis and further studies of gold nanoparticles using Ficus religiosa 

extract 

Diagnostic and therapeutic applications of GNPs synthesized by various 

methods are well established. Biological method for the synthesis of non-toxic GNPs 

has attracted considerable attention as it is a single step procedure suitable for large 

scale production. It is simple, faster, cost effective, environmentally friendly and safe 

for clinical applications. GNPs have been synthesized by using various plant extracts 

including hibiscus (Philip, 2010), geranium (Shankar et al., 2003), lemon grass 

(Shankar et al., 2005), cinnamon (Huang et al., 2007), neem (Shankar et al., 2004), 

Aloe vera (Chandran et al., 2006), tamarind (Ankamwar et al., 2005), oat and wheat 

(Armendariz et al., 2002), alfalfa (Gardea-Torresdey et al., 2003), bengal gram (Ghule 

et al., 2006), tea (Nune et al., 2009), and cumin (Katti et al., 2009). The present work 

has for the first time has reported the biogenic synthesis of gold nanoparticles from 

aqueous extract of Ficus religiosa bark (F-AuNPs). 

Various spectroscopic and microscopic techniques have been used to confirm 

the synthesis of plant derived GNPs. The characterization of as-synthesized F-AuNPs 

demonstrated synthesis of polyshaped, uniformly coated highly stable gold 

nanoparticles. The components in F. religiosa extract such as carboxylates, amides, 

hydroxylates might have acted as a trigger wherein functional groups in these 

components reduced HAuCl4 resulting into the formation of gold nanoparticles. 

Moreover, binding of the functional groups present in the aqueous extract to the 

nanoparticles, directed their morphology, thereby, resulting into synthesis of different 

shapes, with predominantly spherical NPs. Thus, the formation of the NPs was 

dependent on the initial nucleation process that was governed by the spherical 

morphology. The chloride ions (generated from gold chloride) also influenced the 

shape and size of the nanoparticles (Grzelczak et al., 2008). FTIR data suggested that 
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the polyphenols and aldehydes/ketones present in F. religiosa extract were not only 

responsible for the biosynthesis of F-AuNPs but also governed their size due to their 

binding ability, resulting into capping of the nanoparticles (Ahmed et al., 2015; Mittal 

et al., 2013). 

The anticancer activity of gold NPs has been evaluated against a variety of 

human cancer cells. However, limited data exists regarding cytotoxic effects of 

biologically synthesized gold nanoparticles against human breast cancer cells. Various 

Gold (I) and Gold (III) compounds have been reported to exhibit varying degrees of 

cytotoxicity in a variety of cells (Casini et al., 2008). Phytogenic GNPs synthesized 

by using ethanolic extract of clove (Syzygium aromaticum) (Parida et al., 2014) and 

rhizome extract of Dioscorea batatas have been shown to reduce the viability of 

lymphoma cell lines SUDHL-4 and B16/F10 melanoma cells (Sreekanth et al., 2014). 

One report has shown that biogenic gold nanoparticles synthesized from Argemone 

mexicana leaf extract enhanced apoptosis in MCF-7 human breast cancer cells (Varun 

et al., 2014).  

However, few reports have also described non-toxic activity of GNPs 

synthesized by using plant extracts. GNPs synthesized by using root extract of Panax 

ginseng could not affect the viability of cervical cells lines (Caski and SiHa) upto 100 

µM (Leonard et al., 2011). We also got similar results with our as-synthesized F-

AuNPs. They did not affect the viability of non-cancerous as well as breast cancer cell 

lines. The safe and non-toxic nature of AuNPs has been attributed to the non toxic 

coating on the surface of AuNPs provided by the phytochemicals present in the plant 

extract. Such biocompatible and safe AuNPs could be used as carriers for the delivery 

of anticancer drugs. Researchers have fabricated a drug delivery system containing 

green synthesized AuNPs and FDA approved anticancer drugs such as doxorubicin. 

Patra et al., 2015 synthesized AuNPs by using Butea monosperma leaf extract which 

were biocompatible for normal endothelial cells (HUVEC, ECV-304) as well as 

cancer cell lines (B16F10, MCF-7, HNGC2 and A549). However, upon doxorubicin 

conjugation, these NPs inhibited proliferation of B16F10 (skin melanoma) and MCF-

7 (breast cancer) cell lines compared to pristine drug. Ganeshkumar et al., 2013 

prepared AuNPs using fruit peel extract of Punica granutum for targeted delivery of 

fluorouracil (5-Fu) which is a chemotherapeutic drug used for breast cancer. These 

NPs were effective against breast cancer cells MCF-7 and IC50 value of 5-Fu loaded 

AuNPs was much lower than free 5-Fu. Mukherjee et al., 2012 synthesized 
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biocompatible gold nanoparticles using water extract of Eclipta alba leaves that did 

not affect the viability of MCF-7 and MDA-MB-231 cells up to 114:2 µM gold 

concentration. However, there was significant increase in the inhibition of cell 

proliferation when doxorubicin was attached to AuNPs compared to free doxorubicin. 

Biosynthesized gold nanoparticles exhibit enhanced Raman spectral intensity 

due to particle growth and aggregation (Lahr et al., 2014). Further, these have the 

ability to quench fluorescence that can be combined with the enhancement effect 

allowed SERS signals to be visible for cells incubated with them (Haynes et al., 

2005). Haynes et al. biosynthesized GNPs by using green algae Pseudokirchneriella 

subcapitata for cellular imaging. Biosynthesized GNPs could be conjugated  with 

antibody against cancer specific marker for detection. Chauhan et al. biosynthesized 

GNPs by using fungus Candida albicans gold  nanoparticles  conjugated with liver 

cancer cell  surface-specific  (LCCS) for detection of liver cancer (Chauhan et al., 

2011). 

Since our as synthesized F-AuNPs were not toxic to breast cancer cell lines, 

they could be used to deliver anticancer drugs or could be used in imaging. 

8.2. Synthesis and further studies of curcumin and cinnamaldehyde conjugated 

iron oxide nanoparticles 

Iron oxide nanoparticles (IONPs) represent an important class of drug delivery 

vehicles having an exceptional property of response to magnetic field. IONPs have 

been conjugated with herbal drugs and proved effective against breast cancer cells. 

Dilnawaz et al., 2010 developed aqueous based formulation of glycerol monooleate 

coated magnetic nanoparticles (GMO-MNPs) for delivery of different anticancer 

drugs (paclitaxel, rapamycin, alone or combination). These nanoparticles showed 

enhanced uptake in human breast carcinoma cell line (MCF-7). Dorniani et al., 2012 

prepared iron oxide chitosan-gallic acid (FCG) nanocarriers for delivery of gallic acid. 

FCG nanoparticles were not toxic to normal human fibroblast (3T3) line, however 

were toxic to the breast cancer cell line MCF7. Ebrahimnezhad et al., 2013 developed 

silibinin-loaded PLGA-PEG-Fe3O4 nanoparticles and found that these nanoparticles 

inhibited hTERT gene expression in T47D breast cancer cell line.  

We synthesized IONPs by co-precipitation of ferric and ferrous salts followed 

by either curcumin (Curcumin-Citric acid-Fe3O4: CCF nanoparticles) or 
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cinnamaldehyde (Cinnamaldehyde-Pluronic-Glycine- Fe3O4: CPGF nanoparticles) 

tagging. Both CCF and CPGF NPs were characterized for their shape, size, phase 

purity and bonding by various microscopic and spectroscopic techniques and their 

effect on non-cancer and breast cancer cells were studied. 

8.2.1. Synthesis, characterization and biological studies of curcumin conjugated 

iron oxide nanoparticles 

In case of CCF NPs, citric acid was used for the first time as a linker between 

curcumin and iron oxide nanoparticles. Citric acid was used to enhance bioavailability 

of curcumin and impart ferrofluid property to the nanoparticles. Citric acid has three 

carboxyl and one hydroxyl group sites; and the carboxyl group could have played a 

vital role in capping of IONPs. Citric acid might have conjugated with Fe3O4 

nanoparticles by using either one or both the carboxyl sites (per citric acid molecule). 

This was concurrent with the results obtained by Racuciu et al., 2006 and Sahoo et al., 

2005. They have explained that citric acid may bind chemically to the magnetite 

surface by carboxylate chemisorption, that is by formation of citrate ions. Further, 

citric acid could have conjugated with curcumin, in a lateral fashion. In such case, the 

loading percentage of citric acid as well as curcumin could be expected to be quite 

low on Fe3O4 nanoparticles. Hence additional studies were done using TGA analysis 

to confirm the loading percentage of curcumin onto the iron oxide nanoparticles, 

which was found to be quite low depicting that the molecular assembly of these 

nanoparticles could be in a lateral manner. Owing to the fact that the signatures of 

citric acid remained intact, one could justify the role of citric acid molecule as a linker 

between Fe3O4 and curcumin.  

Curcumin has been shown to exhibit anticancer activity against variety of 

cancer cell lines including breast cancer cells, however, at higher doses, with IC50 

values of 30 μM in MCF7 and 45 μM in MDAMB231 (Singh et al., 2013). Yallapu et 

al., 2011-12, have reported increased bioavailability of curcumin upon conjugation 

with iron oxide nanoparticles using polymers such as cyclodextrin (CD) or CD-F68 

polymer, β-cyclodextrin and pluronic polymer (F127), and F127-CUR exhibited IC50 

value of ~11.9 μM in MDAMB231 cells. We obtained IC50 of pure curcumin 

(dissolved in ethanol) at 20 μg/ml in MDAMB231 and 10 μg/ml in MCF7. CCF NPs 

showed IC50 values of 320 and >640 μg/ml in MCF7 and MDAMB231, respectively, 
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which  corresponded to 10 and >16 μg/ml concentrations of loaded curcumin, 

respectively. Thus, functionalization of IONPs with curcumin did not further increase 

the bioavailability of curcumin, which could be due to low amount of curcumin 

loaded onto the iron oxide nanoparticles as observed by FTIR and TGA data. We had 

used only 1 mg/ml of pure curcumin for 400 mg of iron oxide nanoparticles during 

synthesis that corresponded to loading of 25 µg curcumin per mg of nanoparticles. On 

the other hand, other reports (Yallapu et al., 2012) have used 5 mg/ml of pure 

curcumin for 10 mg of nanoparticles that corresponded to loading of 94.2 µg 

curcumin per mg of nanoparticles. This could be the reason of not getting enhanced 

bioavailability of curcumin in CCF NPs. In future, different concentrations of 

curcumin could be conjugated with the NPs to obtain higher loading and such NPs 

could be further tested in cell lines for their enhanced efficacy. 

The interesting feature of CCF NPs was their non-toxic nature towards non-

cancerous HEK293 cells. CCF NPs reduced the growth kinetics of breast cancer cells, 

thereby confirming their anticancer potential. The novelty of our study lies in the use 

of citric acid as a capping agent which did not mask the activity of curcumin and 

infact increased their stability.  

 

8.2.2. Synthesis, characterization and biological studies of cinnamaldehyde 

conjugated iron oxide nanoparticles 

In CPGF NPs, iron oxide nanoparticles were coated with glycine and pluronic 

F127. Glycine provided amine functionality to iron oxide nanoparticles. The capping 

of glycine to Fe3O4 NPs occurred due to electrostatic interaction between positively 

charged Fe3O4 and negatively charged glycine. Pluronic F127 has been known to be a 

versatile polymer for water dispersibility (Gonzales et al., 2007). F127 consists of a 

hydrophobic (polypropylene, PPO) chain that has a strong electrostatic interaction 

with the hydrophobic cinnamaldehyde whereas the hydrophilic (polyethylene glycol, 

PEO) end binds to glycine through electrostatic association between –OH end of F127 

and -NH2 end of glycine. This generated additional hydrophilicity and stability to the 

CPGF system.  

Schematic presentation depicting the synthesis of CPGF NPs and their release 

in breast cancer cell has been given below. Iron oxide surface was successively coated 
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with glycine, pluronic F 127 and cinnamaldehyde to form a CPGF system. These 

CPGF NPs after internalization in the breast cancer cells released cinnamaldehyde. 

 
Scheme 1: Schematic illustration of synthesis of CPGF NPs and their release in 

breast cancer cell. 

Cinnamaldehyde has been reported to exhibit anticancer activity against 

variety of cancer cell lines including breast cancer cells, however, at higher doses 

(Singh et al., 2011). IC50 values of 2′-benzoyloxy cinnamaldehyde in MDAMB231 

and MCF7 were previously reported to be 27.7 and 57.2 μM, respectively (Ismail et 

al., 2012). We have obtained IC50 of pure cinnamaldehyde at 69.81 μM in 

MDAMB231 and 284.7 μM in MCF7. Interestingly, upon conjugation with IONPs, 

IC50 values were significantly reduced to 0.363 μM in MDAMB231 and 0.368 μM in 

MCF7.  These significant results suggested that functionalization of IONPs with 

cinnamaldehyde increased the latters bioavailability at lower doses, thereby increasing 

its therapeutic efficacy. Moreover, CPGF NPs were non-toxic to the non-cancerous 

cells (MCF10A, HEK293) whereas free cinnamaldehyde was cytotoxic to the non-

cancerous cells, thereby showing the safety of CPGF NPs.  

Further, it was interesting to note that compared to MCF7 cells, MDAMB231 

showed susceptibility to killing by the NPs at much lower doses (low MIC values) of 

cinnamaldehyde. It has been reported earlier that 2-benzoyloxycinnamaldehyde 

(BCA), a derivative of 2-hydroxycinnamaldehyde, showed more effective 

antiproliferation in MDAMB231 than in MCF7 due to increase in the expression of 

DJ-1 protein in the latter (Ismail et al., 2012). This protein is known to protect the 

cancer cells from oxidative stress via translocalizing into mitochondria and stabilizing 

mitochondrial permeability and thus increase in its expression in MCF7 cells could 

explain their resistance to BCA treatment. The same reason could explain the 

observed difference in sensitivity of MCF7 and MDAMB231 towards CPGF NPs. 
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Cinnamaldehyde could have been released from the CPGF system at both 

physiological and acidic pH. The rate of release was found to be slightly more at 

lower pH that could be attributed to ionic interaction of free aldehyde group of 

cinnamaldehyde with the liberated protons under acidic conditions. The higher rate of 

payload release in acidic pH is a good indicator of the efficacy of the system to 

deliver the drug at the tumor site.  

CPGF NPs were studied for magnetization that depicted decrease in saturation 

magnetization (MS) upon coating with glycine and pluronic F127. It is well-known 

that MS decreases with the particle size and also depends on the presence of organic 

coating on the iron oxide nanoparticles (Poddar et al., 2002). This decrease in the MS 

value could be attributed to the presence of non-magnetic coatings onto the surface of 

Fe3O4 NPs. The role of glycine and cinnamaldehyde coating was significant as the 

decrease in MS value for these two materials was almost similar. Interestingly, after 

addition of pluronic, there was no significant difference in MS value, implying that it 

played a major role in conjugation of cinnamaldehyde with glycine capped iron oxide 

NPs. CPGF NPs exhibited excellent stability in serum and were highly 

biocompatibile, since these are important pre-requisites for their application in 

biological domain.  

Cinnamaldehyde has been reported to control various processes involved in 

the malignant transformation of cells, such as cell proliferation, invasion and 

migration that are the key steps in metastasis, one of the major causes of mortality in 

cancer (Aggarwal et al., 2009). Wound healing and gelatin zymography assays 

demonstrated that CPGF NPs altered the migration of breast cancer cells through 

reduction in MMP-2 expression. MMPs, a family of zinc and calcium-dependent 

enzymes, are known to degrade extracellular matrix proteins resulting into basement 

membrane degradation that ultimately leads to metastasis (Overall et al., 2002). Since 

MMP-2 significantly contributes towards the invasive property of the cancer cells, we 

evaluated its expression in the cells treated with CPGF NPs. These NPs also 

decreased the expression of VEGF, an important oncomarker of angiogenesis in 

cancer cells which plays an important role in tumor metastasis by mediating the 

formation of lymphatic vessels (Hoeben et al., 2004). VEGF and MMP2 proteins have 

been reported to be positively correlated with each other in various cancers, including 

breast cancer and have been proposed to be potential tumor markers (Quaranta et al., 

2007). VEGF has been known to not only stimulate the proliferation and migration of 
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endothelial cells, but also to activate the inactive pro-MMPs to active MMPs 

(Unemori et al., 1992). The latter in turn degrade the vascular basal membrane and 

ECM proteins, resulting into the migration of endothelial cells and formation of new 

blood vessels (Overall et al., 2002). 

CPGF NPs induced apoptosis in breast cancer cells through loss of 

mitochondrial membrane potential and activation of caspase-3. The loss of 

mitochondrial membrane potential is the hallmark of apoptosis. Cinnamaldehyde has 

been reported to induce apoptosis via caspase-3 activation (Banjerdpongchai et al., 

2011). The mechanistic studies confirmed the potential of CPGF NPs to restrict the 

growth of breast cancer cells through inhibition of migration, invasion and induction 

of apoptosis. Therefore, PF127-Glycine-Fe3O4 could be an appropriate carrier for 

hydrophobic agents such as cinnamaldehyde to improve their bioavailability in cancer 

therapy. 

Iron oxide nanoparticles have been used in hyperthermia (Hilger et al., 2012) 

because of their ability to get heated upto 42-45ºC upon exposure to radiation. 

Although the use of hyperthermia with radiofrequency ablation for breast cancer has 

achieved complete ablation rates of 76–100% however some studies have reported 

side effects such as pain, bleeding, infection, and skin burns (Cherukuri et al., 2010). 

Therefore, IONPs have been used to overcome these side effects. The magnetite NPs 

tagged with different anticancer drugs such as doxorubicin (Sadeghi-Aliabadi et al., 

2013) or anti-Her2 immunoliposomes (Kikumori et al., 2009) have been extensively 

explored for combined effects of targeted delivery and hyperthermia in breast cancer. 

CPGF NPs got heated up to 41.6 °C within 1 min upon exposure to the 

radiofrequency waves, therefore, suggesting their promise as a magnetic hyperthermia 

agent. Such rise in temperature upon radiofrequency exposure has been reported to be 

dependent upon the magnetic nature, polar/non-polar nature as well as the 

concentration of the nanoparticles (Kong et al., 2000; Asin et al., 2012). The results 

appeared to be quite encouraging since the tumors get ablated at 41.6°C while the 

normal cells are known to withstand higher temperatures (Song, 1984). The novelty of 

CPGF NPs lied in the use of iron oxide nanoparticles for delivery of cinnamaldehyde 

in the breast cancer cells. This system increased the bioavailability and in turn its 

therapeutic efficacy in breast cancer cells. Thus, CPGF NPs served as a vehicle for 

targeted delivery of cinnamaldehyde and exhibited anticancer and hyperthermia 

potential in breast cancer. 
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8.3. Anticancer activity and nanoparticulate nature of homeopathic preparations 

of Terminalia chebula 

Homeopathic medicines as an adjunct to conventional cancer treatments have 

shown to play beneficial role in improving the quality of life of breast cancer patients 

(Frass et al., 2015). However, due to indistinguishable amount of drug material 

present in extremely diluted homeopathic remedies, it has been believed to have 

placebo effect (Riley et al., 2001). Therefore, to ascertain the activity of homeopathic 

remedies due to drug material, scientific validation of homeopathic remedies using 

nanotechnology tools has been widely proposed (Satti, 2005). Homeopathic 

medicines such as Secale cornatum 30C (Khuda-Bukhsh et al., 2011), Gelesemium 

sempervirens 2C (Bhattacharyya et al., 2008), sulphur (Saha et al., 2015) and Calcarea 

carbonica (1C, 6C, 12C, 30C, 200C) (Saha et al., 2013) were reported to have 

nanoparticulate nature and were effective against skin papilloma in mice, cervical 

cancer cell line (HeLa), lung cancer cells as well as in vitro and in vivo model of 

breast cancer, respectively. Banerji et al. have designed a protocol for homeopathic 

treatment of various cancers including breast cancer (Banerji et al., 2012). Banerji 

protocol for the treatment of human breast cancer comprises of five homeopathic 

remedies namely Carcinosin 30C, Conium maculatum 3C, Phytolacca decandra 

200C and Thuja occidentalis 30C for first, second and third line of treatment with 

Psorinum 100C, Antimonium  crudum 200C and Arsenicum album 200C for 

symptomatic treatment (Banerji et al., 2012). Frenkel et al. tested these remedies 

against two human breast adenocarcinoma cell lines (MCF7 and MDAMB231) and it 

was found that they exerted cytotoxic effects, causing cell cycle delay/arrest and 

apoptosis (Frenkel et al., 2010). Bell et al. further studied these remedies and found 

that they contained nanoparticles (Bell et al., 2015).  

In our work, we have focused on anticancer activity of commercial 

homeopathic preparations of Terminalia chebula (MT, 3X, 6C, 30C) in breast cancer 

cells and evaluated their nanoparticulate nature. Since MT, 3X, 6C and 30C potencies 

contained ethanol, it was important first to evaluate the effect of ethanol on cell 

viability. Interestingly, ethanol was found to be safe for the cells at 1:10 and 1:20 

dilutions. In spite of dilutions (in DMEM), the potencies 3X, 6C and 30C, were 

significantly effective against breast cancer cells at 1:10 dilution and non-toxic to the 

non-cancerous cells, except for MT, which decreased the viability of the non-
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cancerous cells as well. Thus whatever effect of the potencies was observed on the 

breast cancer cells was purely due to the active principle present in them. 

Interestingly, MT, upon dilutions (in DMEM), contained less ethanol than other 

potencies and was toxic to all the cells thereby suggesting that its active principle was 

in higher amounts that could not be tolerated by either cancerous or non-cancerous 

cells. These data reflected the effects of the homeopathic verum material and not the 

solvent ethanol in the remedy. The higher dilutions (1:25-1:100) of the potencies in 

DMEM, did not show appreciable anticancer effect since these were simple dilutions 

in culture medium and not potentized, resulting into loss of the active principle. 

Another important finding of the study was that these drugs targeted both MCF7 

(ER+/PR+) and MDAMB231 (ER-/PR-) cells latter being insensitive to most of the 

chemotherapeutic drugs. 

In microscopic studies, we found that MT and 6C existed as nanoparticles. In 

SEM, MT showed a mesh-like structure. Since MT is a highly concentrated 

homeopathic preparation, it contains all the plant components (polyphenols, terpenes, 

anthocyanins, flavonoids, alkaloids, glycosides, etc.) in highly concentrated form that 

may have contributed towards its mesh-like appearance in SEM image. However, 

under TEM, MT showed the presence of nanoclusters that were not observed under 

SEM that could be due to latter’s low resolution. Further succussions of MT to 6C 

may have dispersed the mesh like structure (in MT) to distinctly separated 

nanoparticles (in 6C). The size of homeopathic remedies have been reported to 

decrease with increasing potency from 50 μm for MT (Chikramane et al., 2012) to 20 

nm for 200 C (Bell et al., 2015). The size of nanoparticles in 6C of Aconitum  napelles 

was reported to fall between 120 nm to 150 nm (Chakraborty et al., 2015). 

Interestingly, in our study, 6C potency of Terminalia chebula showed nanoparticles of 

~20 nm size which is the least reported size compared to other potencies. The 

formation of nanoparticles from larger particles highlights the importance of the 

trituration process in the generation of nanoparticles that could be attributed to the 

preparation method of the potentized drug (Pinjari et al., 2010; Zheng et al., 2010). 

These preliminary results suggested that homeopathic potencies of T. chebula hold 

potential as nanomedicine and their anticancer activity could be further explored 

against breast cancer in vivo. 

Thus, the overall thesis emphasizes hand in hand applications of 

nanotechnology and herbal drugs for effectiveness against breast cancer. The 
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important aspect of the study was CCF NPs, CPGF NPs and homeopathic TC could 

target both both ER/PR positive/Her2 negative (MCF7) and ER/PR negative/Her2 

negative (MDAMB231) breast cancer cells, the latter being insensitive to most of the 

chemotherapeutic drugs (Paone et al., 1981). The lack of ER and PR receptor 

expression in breast cancer is usually associated with increased visceral metastases, 

poor prognosis (Rose et al., 2009; Mauri et al., 1999; Bentzon et al., 2008; Clark et 

al., 1983) and relatively short relapse-free and overall survival times (Dent et al., 

2007; Haffty et al., 2006). Thus, these nanoparticles could be studied further at in vivo 

and clinical level for the treatment of triple negative breast cancers. Such integration 

of nanotechnology with herbal drugs would open up a new era for breast cancer 

management/treatment. 
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AND  
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SUMMARY 

In the present study, we have synthesized gold nanoparticles using aqueous 

extract of the bark material of Ficus religiosa; conjugated curcumin and 

cinnamaldehyde with iron oxide nanoparticles; and evaluated existence of 

nanoparticles in homeopathic preparations of Terminalia chebula (Q, 3X, 6C, 30C). 

The activity of all these nano-formulations against breast cancer cells was explored. 

Highlights of the study: 

 Biosynthesis of gold nanoparticles using aqueous extract of bark material 

of Ficus religiosa (F-AuNPs) 

 Gold nanoparticles using aqueous extract of bark material of Ficus religiosa 

were synthesized and found to be ~20 nm in size 

 Components of Ficus religiosa stabilized the NPs through uniform capping 

and governed polyshaped morphology 

 F-AuNPs did not affect the viability of cells which could be due to the coating 

of the NPs by the phytochemicals present within the extract, thereby rendering 

them non-toxic 

 

 Conjugation of curcumin with magnetic iron oxide nanoparticles (CCF 

NPs) 

 Aqueous nano-formulation of curcumin was developed using iron oxide 

nanoparticles and citric acid as a linker 

 Citric acid was capped on Fe3O4 through carboxyl group and curcumin was 

attached to citric acid via hydroxyl group in a lateral manner 

 Fe3O4 capping using citric acid improved stability of curcumin  

 CCF NPs were non-toxic to non-cancerous cells and exhibited significant 

cytotoxicity against breast cancer cells  

 The NPs reduced growth kinetics of breast cancer cells in a dose and time 

dependent manner 
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 Conjugation of cinnamaldehyde with magnetic iron oxide nanoparticles 

(CPGF NPs) 

 Cinnamaldehyde conjugated iron oxide nanoparticles using glycine and 

pluronic linkers were synthesized and characterized 

 CPGF NPs reduced viability and growth kinetics of breast cancer cells in a 

dose and time dependent manner without being toxic to the non-cancerous 

cells  

 CPGF NPs highly enhanced the bioavailability of cinnamaldehyde (IC50 value 

0.3 µM) and were more potent than pure cinnamaldehyde (IC50 value >60 µM) 

 CPGF NPs altered migration, reduced expression of angiogenesis marker and 

induced apoptosis in breast cancer cells 

 Upon exposure to the radiofrequency waves, the NPs heated up to 41.6°C 

within 1 min, suggesting their promise as a magnetic hyperthermia agent 

 

 Evaluation of homeopathic preparations of Terminalia chebula (Q, 3X, 6C, 

30C) for anti-breast cancer activity and existence as nanoparticles 

 Homeopathic preparations of Terminalia chebula exhibited cytotoxic activity 

against breast cancer cells  

 The preparations reduced the growth kinetics of breast cancer cells in a dose 

and time dependent manner  

 6C potency contained distinctly separated nanoparticles  

 

CONCLUSIONS 

 Biosynthesis of gold nanoparticles (F-AuNPs) using aqueous extract of Ficus 

religiosa bark was undertaken that yielded non-toxic gold nanoparticles 

providing new opportunities for the safe delivery and applications in 

molecular imaging. 

 Chemically synthesized magnetic iron oxide nanoparticles were used for the 

delivery and bioavailability enhancement of curcumin and cinnamaldehyde 

that are the potent anticancer drugs of herbal origin. 

 Anticancer activity and nanoparticulate nature of homeopathic preparations of 

Terminalia chebula in breast cancer cells was demonstrated. 
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Limitations of the study 

 As-synthesized gold nanoparticles did not exhibit anticancer activity against 

breast cancer cells. They were not studied for other applications such as drug 

delivery and imaging.  

 Different concentrations of curcumin were not conjugated with iron oxide 

nanoparticles to obtain higher loading so that they could be  further tested in 

cell lines for their enhanced efficacy. 

 CPGF NPs couldn’t be studied at in vivo. 

 Homeopathic preparations of T chebula couldn’t be explored at mechanistic or 

in vivo level. 

 
Future prospects 

 Conjugation of as bio-synthesized F-AuNPs with synthetic anticancer drugs 

for drug delivery or exploring their potential as imaging agent 

 CCF NPs could be explored for regulation of anticancer mechanisms and in 

vivo efficacy 

 Cinnamaldehyde conjugated iron oxide nanoparticles could be further tagged 

with tracking dyes and targeting moieties for theranostic (therapeutic and 

diagnostic) applications. These nanoparticles could be further analyzed for in 

vivo efficacy followed by pre-clinical and clinical studies 

 Higher potencies of homeopathic medicine T. chebula could be explored for 

presence of nanoparticles and further studied for molecular mechanisms and in 

vivo efficacy 
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