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1. INTRODUCTION 

1.1 Breast Cancer 

Cancer is generally named after the part of the body into which it originated; thus, breast cancer 

refers to the irregular growth and proliferation of cells that originate in the breast tissue (1). 

Breast cancer refers to cancers that arise from breast tissue, most commonly from the milk 

ducts (inner lining) or the lobules that provide the ducts with milk (2). The breast consists of 

two main tissue types i.e., glandular tissues and stromal (supporting) tissues. Glandular tissues 

contain the milk-producing glands (lobules) and the ducts (milk passages) while stromal tissues 

include fatty and fibrous breast connective tissues (3-5). It also consists of tissue-immune 

lymphatic system tissue that extracts cellular fluids and waste. Multiple types of tumours can 

grow in different breast areas. (Fig 1.1) 

Breast cancer is the most diagnosed cancer among women and the second leading cause of 

cancer-related deaths among women affecting about 2.2 million women worldwide (6). 

Globally, the burden and incidence rates of breast cancer are enormously increasing than the 

other cancers (7). As estimated by World Health Organization (WHO), by 2050, it is expected 

that 27 million new breast cancer cases and 17.5 million breast cancer deaths will occur per 

annum (8). Breast cancer remains a major health issue and currently constitutes a top priority 

for biomedical research (9). The aggressive nature, early recurrence, rapid metastasis (to 

secondary sites such as the lung and brain), and poor breast tumour prognosis make the disease 

enigmatic and incurable (10). 

Most cancers arise from benign (non-cancerous) changes in the breast (11). Fibrocystic change, 

for example, a non-cancerous condition where development of cysts (fluid packets 

accumulation), fibrosis (scar-like connective tissue formation), and thickening areas with 

lumpiness, breast pain or tenderness occurs in women (12, 13). Most breast cancers are in the 

cells which line up the ducts. Most originate in the lobules (lobular cancers) cells, whereas (14) 

the other tissues start with a small number (15). Most of these tumors are initially dependent 

upon activation of ERαand Erβ nuclear receptors promotes proliferation and survival of both 

normal and cancerous breast tissues through transcription of pro-survival genes and activation 

of cellular signalling (16, 17). Owing to the strong dependency of breast tumorigenesis on the 

estrogen-ER axis, estrogen suppression and ER antagonists have remained main stay of ER+ 

breast cancer treatment for several years (7). 
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Traditional breast cancer treatments include radiation therapy- chemotherapy and endocrine 

therapy, which has improved the therapeutic effect, but the risks and side effects associated 

with these therapies inhibit the clinical usefulness (18). Most of the commonly used cytotoxic 

medications are chemotherapeutics that are delivered into systemic circulation (19). The 

administration of chemotherapeutics of low molecular weight into systemic circulation exhibits 

rapid clearance, low pharmacokinetic profile, and sub-optimal tissue distribution and only a 

small fraction reaches the tumour/tumour cell. Hydrophobic polymer loaded chemotherapeutic 

agents exhibits large volumes of delivery leading to increased accumulation at healthy tissue 

sites (20). 

Endocrine therapies such as selective ER modulators (SERMs), selective estrogen down 

regulators (SERDs) and aromatase inhibitors are approved as an adjunct therapy for patients 

with ER+ breast cancer (15). Aromatase Inhibitors deplete the levels of systemic estrogen by 

blocking the conversion of androgens to estrogen (21). SERMs compete with estrogen for 

binding to ER and have mixed agonist/antagonist capacities and are first line of treatment for 

pre-menopausal women. SERDs such as fulvestrant are said to work by suppressing ER activity 

by impairing intra-nuclear ER mobility. 

1.2 Fulvestrant 

Fulvestrant (FLV), a newer anticancer agent is utilized in management of progressive breast 

cancer. The action of drug includes binding, blocking and degradation of estrogen receptors, 

leading to cessation of estrogen signalling through receptors in body (22). It acts as complete 

antagonist unlike SERMs like tamoxifen, it doesn’t show any agonist activity, which in turn 

leads to blockage of estrogen activity completely (23). The formulation is available in pre-

filled intramuscular injection which is well tolerable. But due to being non-targeted, it presents 

various side effects, that are related to estrogen deficiencies such as weight gain, 

thromboembolic problems, neutropenia, leukaemia, anaemia. Some fewer common side-

effects observed are vulvovaginal dryness, pelvic pain, and vaginitis (24). This negative aspects 

of fulvestrant is the major hindrance for its efficiency against breast cancer and therefore it 

demands the development of new formulation which is targeted and have control release 

efficiency (25).  
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1.3 Exemestane  

Aromatase inhibitor drugs presently employed in clinic settings for breast cancer treatment 

(hormone dependent) are more effective with minimal side effects than tamoxifen (26). 

Exemestane (EXE) is approved by the USFDA for hormone dependent breast cancer treatment 

in postmenopausal females and marketed as Aromasin® tablet formulation at a dose of 25 mg, 

consumed once in a day after meal (27). It is orally active potent irreversible steroidal 

aromatase inactivator which behaves as a false substrate for the aromatase enzyme and is 

converted into an intermediate, which causes enzyme inactivation by binding to its active site, 

also called as suicide inhibition (28, 29). However, oral clinical applications of Exemestane is 

limited because of its low aqueous solubility (80 μg/mL), high lipophilicity, poor oral 

bioavailability (5%) and rapid first pass metabolism (30). Therefore, to improve the clinical 

effectiveness of Exemestane, higher solubility increased bioavailability and prolonged 

circulation of Exemestane are highly desired (31).  

1.4 Quercetin 

It is naturally occurring dietary flavonoid which has been found to have anticancer activity and 

application in the treatment of breast cancer. Quercetin shows a wide range of biological and 

pharmacological effects including antioxidative, anticancer, anti-inflammatory, antidiabetic, 

hepatoprotective and anti-obesity activities. Among polyphenols, quercetin has been shown as 

one of the most potent antioxidants. It can inhibit several enzymes that produce oxidative 

species such as xanthine oxidase, NADP and phosphate oxidase. It has been shown that 

quercetin inhibits cell proliferation as it may induce apoptosis and/or cell cycle arrest (either 

G2/M arrest or G1 arrest. In fact, the ability of this polyphenol to interfere with various target 

molecules identified as hallmarks of cancer, renders it as a multi-target key molecule in 

different types of tumours. Despite its health benefits, poor bioavailability of quercetin limited 

its therapeutic approach so far. The bioavailability of quercetin is low mainly because of its 

limited absorption (due to its poor water solubility, low stability, and short half-life) and rapid 

elimination (32). 

1.5 Role of Nanocarriers in Cancer therapy 

Nanotechnology appears an excellent approach for improving the efficacy of drugs by means 

of targeted delivery and has gained more attention due to their unique accumulation 

behaviour(33). Hence, to achieve targeted delivery, accumulation and decrease the side effects 
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of Fulvestrant and Exemestane, nanotechnology holds promising potential by employing 

targeted drug delivery approach. Past 2–3 decades have seen rigorous research on 

nanomedicine for cancer treatment. Over the last two decades, many nanoparticle delivery 

systems have been developed for cancer therapy, including organic and inorganic materials 

(34). Nanoscale drug delivery vehicles have shown the ability to encapsulate a variety of 

therapeutic agents such as small molecules (hydrophilic and/or hydrophobic), peptides, 

protein-based drugs, and nucleic acids (35). Encapsulated molecules can be released from 

nanocarriers in a controlled manner over time to maintain the drug concentration within its 

therapeutic window or the release can be triggered by some stimulus unique to the delivery site 

(36). Advances in cancer proteomics and bioinformatics have allowed the development of 

targeted therapies, which were referred to as a “magic bullet”. Nanocarriers may be surface 

functionalized to increase the blood circulation half-life and influence the biodistribution as 

well as to facilitate the attachment of biomolecules to achieve active tumor targeting (37). 

Surface ligands include antibodies, aptamers, peptides, or small molecules which recognize 

tumor specific or tumor-associated antigens in the tumor microenvironment (38). In general, 

ligands such as peptides, sugars, and small molecules are more attractive than antibodies due 

to higher stability, higher purity, ease of production through synthetic routes, and non-

immunogenicity (39). The active targeting mechanism takes advantage of highly specific 

interactions between the targeting ligand and certain tissues or cell surface antigens to increase 

cellular uptake and increase tumor retention. The net result of these properties is to lower the 

systemic toxicity of the therapeutic agent while increasing the concentration of the agent 

around interest, resulting in a higher therapeutic index for the therapeutic agent (40-43). These 

nanocarriers include polymeric nanoparticles, dendrimers, nano shells, liposomes, 

inorganic/metallic nanoparticles, hybrid nanoparticles, micelles, and magnetic and bacterial 

nanoparticles.  

Nanotechnology provides an innovative and promising alternative to conventional small 

molecule chemotherapeutics, circumventing multi drug resistance by encapsulating, attaching, 

and conjugating drugs or therapeutic biological products to nanocarriers. Nanocarriers can 

include small molecules such as lipids or polymer nanoparticles that target the therapeutic 

payload to tumors or tumor cells (44-46). Simultaneously, multifunctional drug-loaded 

nanocarriers can also enhance particle penetration of physiological barriers and protect the 

labile drugs or therapeutic biological products. 
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1.6 Polymer Lipid Hybrid Nanocarriers (PLHNCs) 

Among all the nanocarriers, liposomes and polymeric nanoparticles have been most 

widely researched as novel strategy for delivery of variety of therapeutics including genetic 

materials due to their biocompatibility and in-vivo drug targeting (47, 48). Polymeric 

nanoparticles possess key attributes i.e., long- term stability and tunability but generally lacking 

in inherent biocompatibility and potential toxicity of long-term accumulation of synthetic 

molecules in the body (49). On contrary, liposome is biocompatible, non-denaturing interface 

of liposomal capsules but unfortunately, the lack of long-term stability (50). Polymer lipid 

hybrid nanocarriers (PLHNCs) has advantages of both liposomes and polymeric nanoparticles 

(51). Some extraordinary advantage provided by PLHNCs are listed here. The solid core made 

up of polymer acts as a cytoskeleton that provides mechanical stability, controlled released 

morphology, narrow size distribution, and higher availability of specific surface area. The outer 

lipid coat that encapsulates the polymeric core is biocompatible in nature and mimics the 

characteristic of cellular membranes. The lipid shell can interact with a huge variety of drugs 

and indigenous molecules and surface can be modified for efficient targeting (52-54). 

Briefly, to create a potentially superior delivery system, the biomimetic properties of lipids and 

the architectural benefit of the polymer structure are combined. PLHNCs are solid, submicron-

sized particles composed of minimum two components: the polymer and the lipid. In the 

developed hybrid system, various bioactive molecules such as drugs, genes, proteins, and 

targeting ligands may be entangled, adsorbed, or covalently bound. Polylactic-co-glycolic acid 

(PLGA), polycaprolactone (PCL), dextran, or albumin are likely choices for biodegradable 

polymers because of their biocompatibility, biodegradability, non-toxicity, and prior use in 

licensed products. Zwitterionic, cationic, anionic, and neutral phospholipids such as lecithin, 

1,2-dipalmitoyl-sn-glycero-3- (DPPC), 1,2-dipalmitoyl-3-trimethylammonium-propane 

(DPTAP), 1,2- dipalmitoyl-3-trimethylammonium-propane (DOTAP), or 1,2-dipalmitoyl-sn 

glycero-3-phosphoethanolamine (DOPE) are commonly used lipids (55, 56). 

1.7 Mesoporous Silica Nanoparticles (MSNs) 

Inorganic nanomaterials have special structures and physicochemical properties. Various 

metal-based nanoparticles have shown great prospect as antibacterial agents, in medicine, 

imaging and drug delivery. In addition to these applications, metal nanoparticles are considered 

to interfere with different other biological processes such as autophagy induction and 

angiogenesis (57, 58). 
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Among inorganic nanomaterials, mesoporous silica nanoparticles are centre of focus because 

of their unique properties. Since the first report using MCM-41 type mesoporous silica 

nanoparticles (MSNs) as drug delivery system in 2001, the few years have witnessed an 

exponential increase in research on biomedical applications of MSNs. It has been one of the 

hottest areas in nanobiotechnology and nanomedicine for designing biocompatible MSNs and 

multifunctional counterparts in disease diagnosis and therapy. Mesoporous silica nanoparticles 

(MSNs) have some unique advantages including high surface area and large pore volume, 

tuneable particle size (10-1000 nm) and pore diameter (2-30 nm), uniform mesoporosity, 

flexible morphology, facile surface functionalization and excellent biocompatibility and 

biodegradation. Textural properties of MSNs provide the possibility to load high amount of 

drugs within MSNs. On the other hand, there are abundant silanol groups on the surfaces of 

mesoporous channels and the outer surfaces of MSNs, which facilitate their surface 

functionalization. As nanocarriers, mesoporous silica nanoparticles with unique mesoporous 

structure have been explored as effective drug delivery systems for a variety of therapeutic 

agents to fight against various kinds of diseases including bone/tendon tissue engineering, 

diabetes, inflammation, and cancer (59-61). 

The biggest challenge in application of MSN for cancer treatment is to obtain "zero premature 

drug release". Variety of biocompatible and biodegradable polymers such as polyethylene 

glycol (PEG), poly (acrylic acid), natural polymers like gelatin36 etc can be used for surface 

capping of mesoporous silica based nanosystems. These polymer end cappers possessing 

significant diffusion barrier properties can act as a gatekeeper to provide the intracellular drug 

release from mesoporous silica nanoparticles (62, 63). Moreover, some of these polymeric 

materials are capable of responding to some stimulus due to their intrinsic ability to alter their 

physical or chemical properties and by using such polymers, nanoparticulate drug delivery 

systems can be engineered in such a way as to selectively change their properties/functions (for 

example, facilitate drug release or cellular uptake) in response to specific internal or external 

stimuli/triggering mechanisms, i.e. behave as smart stimuli-sensitive preparations (64-66). 

Such nano-preparations are designed to behave dynamically in response to various internal 

cues in the microenvironment of the pathological area or to certain external stimuli. Internal 

stimuli that are characteristic for the pathological areas, such as tumors, infarcts, sites of 

infection, etc., include local changes (compared to normal physiological values) in pH, 

temperature (local hyperthermia that accompanies inflammation), redox conditions (such as 

high intracellular glutathione levels), and the expression of certain molecules, including those 
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with enzymatic activity. External stimuli or stimuli that could be artificially applied from 

outside of the body include heat, magnetic fields, light, and ultrasound, and can be employed 

to facilitate “on-demand” changes of certain functions of nanomedicine. Among the different 

endogenous and exogenous stimuli, redox potential has recently appeared as the most unique, 

fascinating, promising and clinically applicable trigger for ‘‘active’’ intracellular drug and gene 

release. As compared to various stimuli such as light and magnetic field that are applied 

externally and require sophisticated devices, redox is a ubiquitous internal stimulus existing 

naturally in tumor tissues as well as in cancer cells (67). 

1.8 Aim of the work  

The present work was aimed to develop targeted delivery systems namely Polymer Lipid 

Hybrid Nanocarriers and Mesoporous Silica Nanoparticles with surface modifications to target 

the formulation to breast cancer cells. 

1.9 Objectives 

For PLHNCs 

1. Selection of suitable polymers for synthesis of PLHNCs.  

2. Development of PLHNCs. 

3. Optimization of prepared formulation using Response surface methodology. 

4. Evaluation of the prepared PLHNCs for their physicochemical properties.  

5. Selection of suitable ligand for surface modification. 

6. Attachment of ligand and evaluation of the product for cell cycle and cytotoxicity studies.  

For MSNs  

1. Selection of excipients and method of synthesis of MSN using OFAT analysis.  

2. Synthesis of MSN with required characteristics such as surface area pore size and pore 

volume. 

3. Optimization of prepared MSN using Response Surface Methodology. 

4. Functionalization of prepared MSN surface. 

5. Loading of FLV and EXE into functionalized MSN. 

Overall objectives: 

1. Preparation and optimization of nanocarriers for FLV and EXE. 

2. Attachment of suitable ligand for active targeting of drugs to cancer cells. 
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3. Evaluation of prepared nano-carriers for their safety and efficacy profile by in-vitro and in-

vivo studies. 

4. Cell uptake and cell cytotoxicity studies using suitable cell lines. 

5. Pharmacokinetic profile studies of developed nanocarriers. 

6. In vivo anticancer study for developed nanocarriers 

7. Stability study of developed nanocarriers 

 

1.10 Rationale:  

The rationale of the present work was to develop novel drug delivery systems for anti-

neoplastic drugs for targeted delivery and improvement of both cellular uptake and efficacy of 

drug for the treatment of breast cancer. The existing formulation of Fulvestrant is depot 

formulation, which has some significant problems such as its inability to reach steady state 

plasma concentration, its route of administration, its termination of therapy and its metabolism. 

Similarly, for Exemestane its low solubility and bioavailability is matter of concern.  Targeted, 

biodegradable polymer-based nanoparticles in the treatment of cancer can show selective 

accumulation of drug at tumor site and increase the drug concentration due to their nano 

dimension and thus lead to a reduction in the incidence of side effects of the anti-cancer agents. 

The addition of quercetin in MSNs can provide synergistic effect by pro-oxidation and pro-

apoptosis of tumor cells. The addition of targeting moieties such as Folic acid can improve 

the specificity of the nanoparticles towards target, resulting in increase in intratumoral 

concentration of drug and decreasing its side effects. 

1.11 Hypothesis: 

It was hypothesized that prepared nanoparticulate formulation in association with attached 

ligands will achieve targeting of the nanocarriers to tumor cells which will facilitate enhanced 

cellular uptake and hence greater drug localization in cancer cells. 

1.12 Envisaged outcomes 

The formulations of drug loaded folate conjugated polymer lipid hybrid nanocarriers and 

mesoporous silica nanoparticles prepared for fulvestrant and exemestane.  

✓ The formulated nanocarriers will have size less than that of 150 nm, which is the primary 

requirement for nanocarriers to perfuse through tumor vessels and perfuse into tumor cells.  
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✓ The efficacy of nanocarriers will be compared to the drug suspension for its efficacy in 

terms of in vitro release, cell cytotoxicity, in vivo pharmacokinetics, and anticancer 

activity. 

✓ The attachment of folic acid will target the drug reducing the release of in blood and reduce 

the wastage of drugs. 

✓ The addition of quercetin to MSNs will increase the oxidative stress in cancer cell and bring 

about apoptosis in the tumor cells. 

1.13 Plan of Work  

 

 

 

 

Months 

0- 3 3 – 6 6 -12 12 -18 18 – 24 24 -30 30 – 36 

Literature 

Review 

      

 Preliminary 

Screening 

     

 Analytical 

Studies of 

API and 

Polymers 

     

  Formulation 

Development 

    

   Optimization of 

Formulation 

   

   Characterization 

of Formulation 

   

    In-vitro 

Cell Line 

Study 

  

     In-

vivo 

animal 

study 

 

      Paper 

Publication 

and Thesis 

Writing 



Chapter 1                                                                                                             Introduction 

 

 

10 Parth J. Thakkar, Faculty of Pharmacy, The M.S. University of Baroda 

References: 

1. Bhattacharya SJJoEN. Methotrexate-loaded polymeric lipid hybrid nanoparticles 

(PLHNPs): a reliable drug delivery system for the treatment of glioblastoma. 2021;16(1):344-

367. 

2. Wadhawan A, Singh J, Sharma H, Handa S, Singh G, Kumar R, et al. Anticancer 

Biosurfactant-Loaded PLA–PEG Nanoparticles Induce Apoptosis in Human MDA-MB-231 

Breast Cancer Cells. ACS Omega. 2022;7(6):5231-5241. 

3. Guo Z, Sui J, Ma M, Hu J, Sun Y, Yang L, et al. pH-Responsive charge switchable 

PEGylated ε-poly-l-lysine polymeric nanoparticles-assisted combination therapy for 

improving breast cancer treatment. 2020;326:350-364. 

4. Gogoi P, Dutta A, Ramteke A, Maji TK. Preparation, characterization and cytotoxic 

applications of curcumin-(±) α-lipoic acid coloaded phosphorylated chitosan nanoparticles in 

MDA MB 231 breast cancer cell line. Polymers for Advanced Technologies. 

2020;31(11):2827-2841. 

5. Cheng Y-A, Wu T-H, Wang Y-M, Cheng T-L, Chen I-J, Lu Y-C, et al. Humanized 

bispecific antibody (mPEG× HER2) rapidly confers PEGylated nanoparticles tumor specificity 

for multimodality imaging in breast cancer. 2020;18(1):1-12. 

6. DeSantis CE, Ma J, Gaudet MM, Newman LA, Miller KD, Goding Sauer A, et al. 

Breast cancer statistics, 2019. CA: A Cancer Journal for Clinicians. 2019;69(6):438-51. 

7. Pan H, Gray R, Braybrooke J, Davies C, Taylor C, McGale P, et al. 20-Year Risks of 

Breast-Cancer Recurrence after Stopping Endocrine Therapy at 5 Years. New England Journal 

of Medicine. 2017;377(19):1836-1846. 

8. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA: A Cancer Journal for 

Clinicians. 2020;70(1):7-30. 

9. Misra R, Patra B, Varadharaj S, Verma RS. Establishing the promising role of novel 

combination of triple therapeutics delivery using polymeric nanoparticles for Triple negative 

breast cancer therapy. Bioimpacts. 2021;11(3):199-207. 

10. Zukancic D, Suys EJ, Pilkington EH, Algarni A, Al-Wassiti H, Truong NPJP. The 

importance of poly (Ethylene glycol) and lipid structure in targeted gene delivery to lymph 

nodes by lipid nanoparticles. 2020;12(11):1068. 

11. Ghadi R, Dand N. BCS class IV drugs: Highly notorious candidates for formulation 

development. Journal of Controlled Release. 2017;248:71-95. 

12. Huang Y, Cole SPC, Cai T, Cai YU. Applications of nanoparticle drug delivery systems 

for the reversal of multidrug resistance in cancer. Oncol Lett. 2016;12(1):11-25. 

13. Duo Y, Yang M, Du Z, Feng C, Xing C, Wu Y, et al. CX-5461-loaded nucleolus-

targeting nanoplatform for cancer therapy through induction of pro-death autophagy. Acta 

Biomaterialia. 2018;79:317-330. 

14. Fanning SW, Greene GL. Next-Generation ERα Inhibitors for Endocrine-Resistant 

ER+ Breast Cancer. Endocrinology. 2019;160(4):759-769. 

15. Aggelis V, Johnston SRD. Advances in Endocrine-Based Therapies for Estrogen 

Receptor-Positive Metastatic Breast Cancer. Drugs. 2019;79(17):1849-1866. 

16. Oyeniyi JY, Biswajit MJNJoPR. Formulation and In-vitro Characterisation of 

Fulvestrant loaded liposomes for breast cancer therapy. 2017;13(1):1-11. 



Chapter 1                                                                                                             Introduction 

 

 

11 Parth J. Thakkar, Faculty of Pharmacy, The M.S. University of Baroda 

17. Boér K. Fulvestrant in advanced breast cancer: evidence to date and place in therapy. 

Ther Adv Med Oncol. 2017;9(7):465-479. 

18. Liu Y, Xie X, Chen H, Hou X, He Y, Shen J, et al. Advances in next-generation lipid-

polymer hybrid nanocarriers with emphasis on polymer-modified functional liposomes and 

cell-based-biomimetic nanocarriers for active ingredients and fractions from Chinese medicine 

delivery. Nanomedicine: Nanotechnology, Biology and Medicine. 2020;29:102237. 

19. Thakuria A, Kataria B, Gupta D. Nanoparticle-based methodologies for targeted drug 

delivery—an insight. Journal of Nanoparticle Research. 2021;23(4):87. 

20. Soares DCF, Domingues SC, Viana DB, Tebaldi ML. Polymer-hybrid nanoparticles: 

Current advances in biomedical applications. Biomedicine & Pharmacotherapy. 

2020;131:110695. 

21. Li S, Wu Y, Ding F, Yang J, Li J, Gao X, et al. Engineering macrophage-derived 

exosomes for targeted chemotherapy of triple-negative breast cancer. Nanoscale. 

2020;12(19):10854-10862. 

22. Vergote I, Robertson JF. Fulvestrant is an effective and well-tolerated endocrine 

therapy for postmenopausal women with advanced breast cancer: results from clinical trials. 

(0007-0920 (Print)). 

23. Cortes J, Cescon DW, Rugo HS, Nowecki Z, Im S-A, Yusof MM, et al. Pembrolizumab 

plus chemotherapy versus placebo plus chemotherapy for previously untreated locally 

recurrent inoperable or metastatic triple-negative breast cancer (KEYNOTE-355): a 

randomised, placebo-controlled, double-blind, phase 3 clinical trial. The Lancet. 

2020;396(10265):1817-1828. 

24. Nilsson S, Mäkelä S, Treuter E, Tujague M, Thomsen J, Andersson G, et al. 

Mechanisms of Estrogen Action. Physiological Reviews. 2001;81(4):1535-1565. 

25. Wardell SE, Marks JR, McDonnell DP. The turnover of estrogen receptor α by the 

selective estrogen receptor degrader (SERD) fulvestrant is a saturable process that is not 

required for antagonist efficacy. Biochemical Pharmacology. 2011;82(2):122-130. 

26. Hao M, Weng X, Wang Y, Sun X, Yan T, Li Y, et al. Targeting CXCR7 improves the 

efficacy of breast cancer patients with tamoxifen therapy. Biochemical Pharmacology. 

2018;147:128-140. 

27. Wang Y, Jing F, Wang H. Role of Exemestane in the Treatment of Estrogen-Receptor-

Positive Breast Cancer: A Narrative Review of Recent Evidence. Advances in Therapy. 

2022;39(2):862-891. 

28. Lombardi P. Exemestane, a new steroidal aromatase inhibitor of clinical relevance. 

Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease. 2002;1587(2):326-337. 

29. Goss PE, Qi S, Josse RG, Pritzker KPH, Mendes M, Hu H, et al. The steroidal 

aromatase inhibitor exemestane prevents bone loss in ovariectomized rats. Bone. 

2004;34(3):384-392. 

30. Singh A, Neupane YR, Mangla B, Kohli K. Nanostructured Lipid Carriers for Oral 

Bioavailability Enhancement of Exemestane: Formulation Design, In Vitro, Ex Vivo, and 

In Vivo Studies. Journal of Pharmaceutical Sciences. 2019;108(10):3382-3395. 

31. Kaur S, Jena SK, Samal SK, Saini V, Sangamwar AT. Freeze dried solid dispersion of 

exemestane: A way to negate an aqueous solubility and oral bioavailability problems. European 

Journal of Pharmaceutical Sciences. 2017;107:54-61. 



Chapter 1                                                                                                             Introduction 

 

 

12 Parth J. Thakkar, Faculty of Pharmacy, The M.S. University of Baroda 

32. Sarkar A, Ghosh S, Chowdhury S, Pandey B, Sil PC. Targeted delivery of quercetin 

loaded mesoporous silica nanoparticles to the breast cancer cells. Biochimica et Biophysica 

Acta (BBA) - General Subjects. 2016;1860(10):2065-2075. 

33. Xu L, Zhao M, Gao W, Yang Y, Zhang J, Pu Y, et al. Polymeric nanoparticles 

responsive to intracellular ROS for anticancer drug delivery. Colloids and Surfaces B: 

Biointerfaces. 2019;181:252-260. 

34. Núñez C, Estévez SV, del Pilar Chantada M. Inorganic nanoparticles in diagnosis and 

treatment of breast cancer. JBIC Journal of Biological Inorganic Chemistry. 2018;23(3):331-

345. 

35. Zhou Q, Zhang L, Yang T, Wu H. Stimuli-responsive polymeric micelles for drug 

delivery and cancer therapy. Int J Nanomedicine. 2018;13:2921-2942. 

36. Wu L, Cai X, Zhu H, Li J, Shi D, Su D, et al. PDT-Driven Highly Efficient Intracellular 

Delivery and Controlled Release of CO in Combination with Sufficient Singlet Oxygen 

Production for Synergistic Anticancer Therapy. Advanced Functional Materials. 

2018;28(41):1804324. 

37. Xie J, Mei L, Huang K, Sun Y, Iris A, Ma B, et al. A photo-inducible protein–inorganic 

nanoparticle assembly for active targeted tumour theranostics. Nanoscale. 2019;11(13):6136-

6144. 

38. Hossein-Nejad-Ariani H, Althagafi E, Kaur K. Small Peptide Ligands for Targeting 

EGFR in Triple Negative Breast Cancer Cells. Scientific Reports. 2019;9(1):2723. 

39. Prabhuraj RS, Bomb K, Srivastava R, Bandyopadhyaya R. Selection of superior 

targeting ligands using PEGylated PLGA nanoparticles for delivery of curcumin in the 

treatment of triple-negative breast cancer cells. Journal of Drug Delivery Science and 

Technology. 2020;57:101722. 

40. Lieser RM, Chen W, Sullivan MO. Controlled Epidermal Growth Factor Receptor 

Ligand Display on Cancer Suicide Enzymes via Unnatural Amino Acid Engineering for 

Enhanced Intracellular Delivery in Breast Cancer Cells. Bioconjugate Chemistry. 

2019;30(2):432-442. 

41. Yu D, Li W, Zhang Y, Zhang B. Anti-tumor efficiency of paclitaxel and DNA when 

co-delivered by pH responsive ligand modified nanocarriers for breast cancer treatment. 

Biomedicine & Pharmacotherapy. 2016;83:1428-1435. 

42. Bedi D, Musacchio T, Fagbohun OA, Gillespie JW, Deinnocentes P, Bird RC, et al. 

Delivery of siRNA into breast cancer cells via phage fusion protein-targeted liposomes. 

Nanomedicine: Nanotechnology, Biology and Medicine. 2011;7(3):315-323. 

43. Suga T, Fuchigami Y, Hagimori M, Kawakami S. Ligand peptide-grafted PEGylated 

liposomes using HER2 targeted peptide-lipid derivatives for targeted delivery in breast cancer 

cells: The effect of serine-glycine repeated peptides as a spacer. International Journal of 

Pharmaceutics. 2017;521(1):361-374. 

44. Liu M, Fu M, Yang X, Jia G, Shi X, Ji J, et al. Paclitaxel and quercetin co-loaded 

functional mesoporous silica nanoparticles overcoming multidrug resistance in breast cancer. 

Colloids and Surfaces B: Biointerfaces. 2020;196:111284. 

45. Pan Y, Zhou S, Li Y, Parshad B, Li W, Haag R. Novel dendritic polyglycerol-

conjugated, mesoporous silica-based targeting nanocarriers for co-delivery of doxorubicin and 



Chapter 1                                                                                                             Introduction 

 

 

13 Parth J. Thakkar, Faculty of Pharmacy, The M.S. University of Baroda 

tariquidar to overcome multidrug resistance in breast cancer stem cells. Journal of Controlled 

Release. 2021;330:1106-1117. 

46. Cheng X, Li D, Sun M, He L, Zheng Y, Wang X, et al. Co-delivery of DOX and PDTC 

by pH-sensitive nanoparticles to overcome multidrug resistance in breast cancer. Colloids and 

Surfaces B: Biointerfaces. 2019;181:185-197. 

47. Li M, Shi K, Tang X, Wei J, Cun X, Long Y, et al. Synergistic tumor microenvironment 

targeting and blood–brain barrier penetration via a pH-responsive dual-ligand strategy for 

enhanced breast cancer and brain metastasis therapy. Nanomedicine: Nanotechnology, Biology 

and Medicine. 2018;14(6):1833-1843. 

48. Gupta B, Poudel BK, Ruttala HB, Regmi S, Pathak S, Gautam M, et al. Hyaluronic 

acid-capped compact silica-supported mesoporous titania nanoparticles for ligand-directed 

delivery of doxorubicin. Acta Biomaterialia. 2018;80:364-377. 

49. R.S P, Bomb K, Srivastava R, Bandyopadhyaya R. Dual drug delivery of curcumin and 

niclosamide using PLGA nanoparticles for improved therapeutic effect on breast cancer cells. 

Journal of Polymer Research. 2020;27(5):133. 

50. Lujan H, Griffin WC, Taube JH, Sayes CM. Synthesis and characterization of 

nanometer-sized liposomes for encapsulation and microRNA transfer to breast cancer cells. Int 

J Nanomedicine. 2019;14:5159-5173. 

51. Du M, Ouyang Y, Meng F, Zhang X, Ma Q, Zhuang Y, et al. Polymer-lipid hybrid 

nanoparticles: A novel drug delivery system for enhancing the activity of Psoralen against 

breast cancer. International Journal of Pharmaceutics. 2019;561:274-282. 

52. Jadon RS, Sharma M. Docetaxel-loaded lipid-polymer hybrid nanoparticles for breast 

cancer therapeutics. Journal of Drug Delivery Science and Technology. 2019;51:475-484. 

53. Massadeh S, Omer ME, Alterawi A, Ali R, Alanazi FH, Almutairi F, et al. Optimized 

Polyethylene Glycolylated Polymer–Lipid Hybrid Nanoparticles as a Potential Breast Cancer 

Treatment. Pharmaceutics. 2020;12(7), 1-11. 

54. Yalcin TE, Ilbasmis-Tamer S, Takka S. Antitumor activity of gemcitabine 

hydrochloride loaded lipid polymer hybrid nanoparticles (LPHNs): In vitro and in vivo. 

International Journal of Pharmaceutics. 2020;580:119246. 

55. Sivadasan D, Sultan MH, Madkhali O, Almoshari Y, Thangavel N. Polymeric Lipid 

Hybrid Nanoparticles (PLNs) as Emerging Drug Delivery Platform—A Comprehensive 

Review of Their Properties, Preparation Methods, and Therapeutic Applications. 

Pharmaceutics. 2021;13(8), 38-51. 

56. Sadaquat H, Akhtar M, Nazir M, Ahmad R, Alvi Z, Akhtar N. Biodegradable and 

biocompatible polymeric nanoparticles for enhanced solubility and safe oral delivery of 

docetaxel: In vivo toxicity evaluation. International Journal of Pharmaceutics. 

2021;598:120363. 

57. Akram Z, Daood U, Aati S, Ngo H, Fawzy AS. Formulation of pH-sensitive 

chlorhexidine-loaded/mesoporous silica nanoparticles modified experimental dentin adhesive. 

Materials Science and Engineering: C. 2021;122:111894. 

58. Tsai P-H, Wang M-L, Chang J-H, Yarmishyn AA, Nhi Nguyen PN, Chen W, et al. 

Dual Delivery of HNF4α and Cisplatin by Mesoporous Silica Nanoparticles Inhibits Cancer 

Pluripotency and Tumorigenicity in Hepatoma-Derived CD133-Expressing Stem Cells. ACS 

Applied Materials & Interfaces. 2019;11(22):19808-19818. 



Chapter 1                                                                                                             Introduction 

 

 

14 Parth J. Thakkar, Faculty of Pharmacy, The M.S. University of Baroda 

59. Zhou Y, Quan G, Wu Q, Zhang X, Niu B, Wu B, et al. Mesoporous Silica Nanoparticles 

for Drug and Gene Delivery. Acta Pharm Sin B. 2018;8:165. 

60. Farjadian F, Roointan A, Mohammadi-Samani S, Hosseini M. Mesoporous silica 

nanoparticles: Synthesis, pharmaceutical applications, biodistribution, and biosafety 

assessment. Chemical Engineering Journal. 2019;359:684-705. 

61. Fang J, Zhang S, Xue X, Zhu X, Song S, Wang B, et al. Quercetin and doxorubicin co-

delivery using mesoporous silica nanoparticles enhance the efficacy of gastric carcinoma 

chemotherapy. International journal of nanomedicine. 2018;13:5113-5126. 

62. Chen C, Sun W, Wang X, Wang Y, Wang P. pH-responsive nanoreservoirs based on 

hyaluronic acid end-capped mesoporous silica nanoparticles for targeted drug delivery. 

International Journal of Biological Macromolecules. 2018;111:1106-1115. 

63. Castillo RR, Colilla M, Vallet-Regí M. Advances in Mesoporous Silica-Based 

Nanocarriers for Co-delivery and Combination Therapy Against Cancer. Expert Opin Drug 

Delivery. 2017;14:229. 

64. Castillo RR, Baeza A, Vallet-Regí M. Recent Applications of the Combination of 

Mesoporous Silica Nanoparticles with Nucleic Acids: Development of Bioresponsive Devices, 

Carriers and Sensors. Biomater Sci. 2017;5:353. 

65. Chang JH, Tsai PH, Chen W, Chiou SH, Mou CY. Dual Delivery of siRNA and Plasmid 

DNA Using Mesoporous Silica Nanoparticles to Differentiate Induced Pluripotent Stem Cells 

into Dopaminergic Neurons. J Mater Chem B. 2017;5:3012. 

66. Li J, Wang Y, Zhu Y, Oupický D. Recent Advances in Delivery of Drug-Nucleic Acid 

Combinations for Cancer Treatment. J Controlled Release. 2013;172:589. 

67. Vivero-Escoto JL, Huxford-Phillips RC, Lin W. Silica-Based Nanoprobes for 

Biomedical Imaging and Theranostic Applications. Chem Soc Rev. 2012;41:2673. 

 


