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Abstract 

Cancer has been a deadly disease so far with millions of 

deaths annually. There are enormous trails going on towards the 

prevention and cure of this disease, developing various kinds of 

therapies. Due to adverse side effects in all the current therapies of 

cancer, specifically with synthetic chemotherapeutic drugs, the 

current research is more towards phytochemicals due to their 

antioxidant, anti-inflammatory and anti-cancer properties. In the 

recent studies various phytochemicals have shown considerable 

cytotoxicity towards different kinds of cancer but they also face 

some problems with their poor solubility, specificity and 

bioavailability. In this case nanotechnology comes into effect 

which is proven for the various modification of the nanoparticles 

leading to more improved drug delivery. PLGA and MNP have 

been used since long for drug delivery leading to more sustained 

and specific drug bioavailability protecting from degradation to its 

target site. This thesis aims to investigate the use of piperine and 

camptothecin-loaded PLGA and MNP-based drug delivery systems 

for cancer therapy, with a focus on their mechanisms of action and 

potential clinical applications. The current state of cancer therapy, 

the properties and applications of the compounds and delivery 

systems, and their potential for cancer treatment will be discussed. 

  



x 
 

 

  



xi 
 

LIST OF PUBLICATIONS 

 

• From thesis: 

1. Piperine-loaded PLGA-magnetic nanohybrid as an effective 

theranostic against cancer (Manuscript under preparation) 

 

• Apart from thesis:  

 

1. Singh, Y., Meena, T., V S, Sharan Rathnam, Vyas, T., Joshi, A., 

Sonawane, A. Emerging applications of nanotechnology in human 

welfare, 2022. (Manuscript submitted) 

 

2. Shanmuga, S. R., Deepak, T., Sahoo, B., Meena T., Singh, Y., and 

Joshi, A. Metallic nanocarriers for therapeutic peptides: Emerging 

solutions addressing the delivery challenges in brain ailments 

(Manuscript submitted) 

  



xii 
 

 

  



xiii 
 

TABLE OF CONTENTS 

 

LIST OF FIGURES ......................................................................................... xvii 

LIST OF TABLES ............................................................................................. xix 

NOMENCLATURE.......................................................................................... xxi 

ACRONYMS .................................................................................................... xxii 

Chapter 1 .............................................................................................................. 1 

Introduction and  Literature Review ................................................................. 1 

1.1 Introduction .................................................................................................... 1 

1.2 Literature Review .......................................................................................... 3 

1.2.1 Cancer .......................................................................................................... 3 

1.2.2 Current treatment strategies and  associated issues ................................ 4 

1.2.2.1 Surgical Methods ..................................................................................... 4 

1.2.2.2 Chemotherapy .......................................................................................... 4 

1.2.2.3 Radiation Therapy ................................................................................... 5 

1.2.2.4 Photodynamic Therapy ........................................................................... 6 

1.2.2.4 (a) Mechanism of Action and Challenges .............................................. 6 

1.3 .......................................................................................................................... 9 

Phytochemicals ..................................................................................................... 9 

1.3.1 Piperine ........................................................................................................ 9 

1.3.2 Mode of action ........................................................................................... 10 

1.4 Camptothecin ............................................................................................... 12 

1.4.1 Mode of action ........................................................................................... 13 

1.4.2 Drawbacks ................................................................................................. 13 

1.5 Nanotechnology in medicine ....................................................................... 14 

1.6 PLGA Nanoparticles .................................................................................... 15 

1.7 Magnetic NP ................................................................................................. 17 

1.8 Objective and Scope ..................................................................................... 18 

Chapter 2 ............................................................................................................ 19 

Material and Methods ....................................................................................... 19 

2.1 Materials ....................................................................................................... 19 

n2.1.1 Cell Lines: ................................................................................................ 19 



xiv 
 

2.1.2 Chemicals: ................................................................................................. 19 

2.2 Methods ......................................................................................................... 19 

2.2.1 Synthesis of unloaded PLGA nanoparticles ........................................... 19 

2.2.2 Synthesis of Magnetic NPs ....................................................................... 21 

2.2.3 Synthesis of PF (PLGA-Fe3O4) nanoparticles ........................................ 21 

2.2.4 Synthesis of Pip-PLGA-Magnetic (PFP) Nanohybrid ........................... 22 

2.2.5 Encapsulation efficiency ........................................................................... 23 

2.2.6 In vitro drug release study ........................................................................ 24 

2.2.7 Study of In vitro cytotoxicity though MTT assay ................................... 24 

2.2.8 Estimation of ROS production and nuclear organization ..................... 25 

2.2.9 Dual staining of GF-AFC and propidium iodide (PI) for the assessment 

of live/dead cell population ................................................................................ 25 

2.2.10 Dual staining of Calcein AM and propidium iodide (PI) for the 

assessment of live/dead cell population ............................................................ 26 

Chapter 3 ............................................................................................................ 27 

Results and Discussion of Applications of PFP ............................................... 27 

3.1 Preparation of UV-spectra of Piperine ...................................................... 27 

3.2 Preparation of calibration curves of Pip .................................................... 27 

3.3 Characterization of MNP ............................................................................ 28 

3.3.1 Dynamic Light Scattering ........................................................................ 28 

3.3.2 Morphological analysis ............................................................................. 29 

3.3.3 Confirmation of functional groups .......................................................... 30 

3.3.4 Crystal characterization by XRD ............................................................ 31 

3.4 Characterization of PF: ............................................................................... 32 

3.5 Characterization of PFP .............................................................................. 35 

3.6 Encapsulation efficiency determination ..................................................... 37 

3.7 In vitro Pip release study ............................................................................. 39 

3.8 Live-dead cell imaging though GF-AFC and PI staining ......................... 40 

3.9 In vitro cytotoxicity assay ............................................................................ 41 

3.10 ROS production ......................................................................................... 43 

3.10.1 Nuclear organization study .................................................................... 43 

3.11 Live and dead imaging ............................................................................... 46 

3.12  Conclusion and future aspects ................................................................. 47 



xv 
 

Chapter 4 ............................................................................................................ 49 

Characterization and Application of PFC nanohybrids ................................ 49 

4.1 Characterization of CPT: ............................................................................ 49 

4.2 Characterization of PFC nanohybrids: ..................................................... 50 

4.3 Encapsulation efficiency calculation: ......................................................... 51 

4.4 In vitro drug release ..................................................................................... 52 

4.5 Conclusion and future aspects .................................................................... 53 

APPENDIX ......................................................................................................... 54 

REFERENCES................................................................................................... 59 



xvi 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xvii 
 

LIST OF FIGURES 
 

Figure 1.1: Structure of piperine ................................................................ 9 

Figure 1. 2: Molecular mechanism of piperine inside cell showing how it 

leads to the activation of cascade pathway and  further apoptosis. Also it 

can be seen that somehow it leads to ROS production which ultimately 

cause cell death. (Banerjee et al., 2021). ................................................... 11 

Figure 1.3: Structure of Camptothecin .................................................... 12 

Figure 1. 4: Mechanism of CPT............................................................... 13 

Figure 1. 5: Physicochemical properties of PLGA NP that can be tuned 

with the surface modifications (adapted). ................................................. 16 

 

Figure 3. 1: UV spectra of piperine showing their specific peaks at 344 

nm in DMSO ............................................................................................. 27 

Figure 3. 2:  Calibration curve of pip in DMSO prepared at 344nm ....... 28 

Figure 3. 3: DLS analysis of magnetic NPs showcasing average size 

around 250nm with PI of 0.165 which tells about the uniformity of the NP 

in the solution form ................................................................................... 29 

Figure 3.4: FESEM images of MNPs showing spherical entities. ........... 30 

Figure 3.5: The FTIR spectra of magnetic NP having characteristic 

stretches..................................................................................................... 31 

Figure 3.6: XRD spectra of magnetic NP showing characteristic peaks. 32 

Figure 3. 7: DLS analysis of PF nanohybrid showcasing average size 

around 137 nm with PI of 0.181 which tells about the uniformity of the NP 

in the solution form. .................................................................................. 33 

Figure 3. 8: SEM images of PF nanohybrid showing uniformity in size 

and  shape. ................................................................................................. 34 

Figure 3. 9: EDX spectra of PF single nanohybrid confirming the 

incorporation of PLGA-iron oxide nanoparticles. The spike of Fe can be 

seen in the figure in between 0 and 2 of x-axis......................................... 34 



xviii 
 

Figure 3. 10: The XRD spectra proving incorporation of PLGA and  

magnetic NPs. ........................................................................................... 35 

Figure 3. 11: a) SEM images of PFP nanohybrid system. b) DLS analysis 

of nanohybrids. ......................................................................................... 36 

Figure 3. 12: a) calibration curve of pip/DMSO prepared by using HPLC

................................................................................................................... 38 

Figure 3. 13: In vitro drug release study from PFP nanohybrids ............. 39 

Figure 3. 14: CLSM images of HT 29 cells stained with GF AFC and PI 

dyes showing live and dead cells in blue and red color respectively (A)  

for 48 h and. (B) for 72 h. V, pfv 50 ,100,200 and PFP 50, 100, 200 

represents the concentration of PF and PFP in respective µg/ml. pip 50 

represents concentration of pip in 50 µg/ml taken as positive control. .... 41 

Figure 3. 15: MTT results of (A) and (B) free pip on HT cells after 48 h 

and 72 h respectively. (C) MTT of treatment of PFP on HT 29 cells after 

72 h............................................................................................................ 42 

Figure 3. 16:- CLSM images of MDAMB 231 showing ROS & nuclear 

organization in green & blue color respectively. V 50, 100, 200 and PFP 

50, 100, 200 represents the concentration of PF and PFP in respective 

µg/ml. ........................................................................................................ 44 

Figure 3. 17:  CLSM images of HT 29 cells showing ROS in green color. 

V 50, 100, 200 and PFP 50, 100, 200 represents the concentration of PF 

and PFP in respective µg/ml. .................................................................... 45 

Figure 3. 18: CLSM images of MDAMB 231 cells stained with calcein 

am and PI dyes showing live and dead cells in green and red color 

respectively. V 50 ,100,200 and PFP 50, 100, 200 represents the 

concentration of PF and PFP in respective µg/ml. pip 50 represents 

concentration of pip in 50 µg/ml taken as positive control. ...................... 46 

Figure 4. 1: (a) UV spectra of CPT/DMSO (b) calibration curve 49 

Figure 4. 3 : (a) : DLS analysis of PFC nanohybrids with PDI of 0.278. 50 

Figure 4. 4:  (b): FESEM images of PFC nanohybrids ............................ 51 

Figure 4. 5: in vitro drug release of CPT out of PFC nanohybrids .......... 52 



xix 
 

LIST OF TABLES 

 

Title            Page No. 

Table 1. 1: The current statistics of cancer, causing death worldwide as per 

WHO ........................................................................................................... 3 

Table 1. 2: The various research studies on phyto-chemicals, PLGA, MNP 

NPs based drug delivery in cancer. ............................................................. 8 

 



xx 
 

  



xxi 
 

NOMENCLATURE 

 

Acronym Expansion 

CPT   Camptothecin 

CLSM    Confocal laser scanning microscopy  

DMSO   Dimethyl sulphoxide  

DLS   Dynamic light scattering 

EDX   Energy dispersive X-ray 

FESEM  Field emission scanning electron microscopy 

FTIR   Fourier transform Infrared 

GF-AFC  Glycylphenylalanyl-aminofluoroumarin 

HPLC   High performance liquid chomatography 

MNP   Magnetic nanoparticles 

MTT   (3-(4,5-dimethylthiazol-2-yl)-2,5-   

   diphenyltetrazolium bromide dye) 

NP   Nanoparticles 

PF   PLGA- magnetic nanohybrids 

PFC   CPT-PLGA-magnetic nanohybrids 

PFP   Pip- PLGA-magnetic nanohybrids 

PI   Propidium iodide 

Pip   Piperine 

PLGA   Poly (Lactide co-glycolide) 

PVA   Polyvinyl alcohol 

UV-vis   Ultraviolet visible  

XRD   X-ray Diffraction 

  



xxii 
 

ACRONYMS 

 

Sign  Meaning 

λ  Wavelength  

μ  Micron  

°C  Degree centigrade  

°  Degree  

μl  Microliter  

ml  Millilitre  

L  Litre 

nm  Nanometre 

nM Nanomolar  

μg/ml Microgram per millilitre 

mbar  Millibar  

s  Seconds  

mins  Minutes  

h  Hour  

R2  Regression coefficient  

 

 

 

 

 



1 
 

 





1 
 

Chapter 1 

Introduction and  Literature Review 
 

1.1 Introduction 

Cancer remains the major global health problem and is responsible 

for approximately 9.6 million deaths in 2018, accounting for around one in 

six deaths worldwide (WHO, 2018). It is a complex disease characterized 

by uncontrolled cell growth that can invade and spread to other parts of 

the body. The development of cancer can be influenced by genetic 

mutations or exposure to carcinogenic agents, such as radiation, 

chemicals, and tobacco smoke (Blackadar, 2016). While treatment options 

such as surgery, chemotherapy, radiation therapy, and targeted therapy 

exist, they are often associated with adverse effects and may not be 

effective in all patients (Gharat et al., 2016). Phytochemicals are naturally 

occurring compounds found in plants that possess antioxidant, anti-

inflammatory, and anticancer properties. They have shown promise in 

cancer prevention and treatment, as they can target various molecular 

pathways involved in cancer development and progression (Khan et al., 

2022). Piperine, a phytochemical found in black pepper, has been shown 

to inhibit tumor growth, induce ROS (Reactive Oxygen Species) mediated 

apoptosis, and suppress metastasis, demonstrating its potential as an 

anticancer agent (Stojanović-Radić et al., 2019). Camptothecin, a natural 

compound, has been shown to induce ROS-mediated apoptosis and inhibit 

topoisomerase I, a crucial enzyme involved in DNA replication in S phase. 

Thus, it has been proved its potential against various cancers. The issue 

with these drugs remains their poor water solubility, poor bioavailability 

and low specificity.  

In this regards encapsulation them with that of nanoparticles to 

enhance their impact has been tried in various studies & shown 
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remarkable results (Kaur et al., 2021). Poly(lactic-co-glycolic acid) 

(PLGA) is FDA approved completely biodegradable and biocompatible 

polymer which has been used in drug delivery systems. PLGA 

nanoparticles, in particular, are attractive as drug delivery vehicles for 

tumor therapy because of their ability to enhance drug solubility, protect 

drugs from degradation, and target tumors though the enhanced 

permeability and retention (EPR) effect (Mir et al., 2017). MNP (Magnetic 

Nanoparticles) possess unique magnetic properties that make them an 

attractive option for targeted drug delivery (Joshi and Joshi, 2022). They 

can be directed to specific tissues using magnetic fields and can enhance 

drug uptake by cells though magnetic guidance and also can be used as 

potential contrast enhancer in magnetic resonance imaging (MRI) 

(Mohapatra et al., 2023). MNPs have been explored as drug delivery 

vehicles for cancer therapy and have shown promising results. By 

combining phytochemicals, such as piperine, CPT and drug delivery 

systems, such as PLGA and magnetic NPs, the efficacy of cancer therapy 

can be improved while reducing adverse effects.  

This thesis aims to explore the use of piperine and camptothecin-

loaded PLGA and magnetic NP-based drug delivery systems for cancer 

therapy, with an emphasis on their mechanisms of action and potential 

clinical applications. The subsequent sections will discuss the current state 

of cancer therapy, the properties and applications of piperine, 

camptothecin, PLGA, and magnetic NPs in drug delivery systems, and the 

potential of these systems for cancer therapy. 
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1.2 Literature Review 

1.2.1 Cancer 

Cancer is a set of disorders that are identified by the unregulated 

proliferation and metastasis of abnormal cells within the body. In contrast, 

healthy cells within the body undergo cell division and growth in an 

organized manner, which is due to a property of normal cells that is 

contact inhibition but cancer cells divide and grow uncontrollably due to 

the loss of this property leading to the formation of a mass of tissue called 

a tumor. Cancer can arise in any part of the body and can spread to other 

parts though the bloodstream or lymphatic system. The process of cancer 

spread is called metastasis. Metastasis is one of the deadliest properties of 

cancer as it leads to the development of secondary tumors in different 

parts of the body. According to various estimates, the worldwide incidence 

of cancer has increased up to 18.1 million new cases and around 9.6 

million deaths in 2018 alone. It is reported that one out of every five men 

and one out of every six women globally develop cancer at some point in 

their lives. 

Table 1.1: The current statistics of cancer, causing death worldwide as per 

WHO 

Cancer 

Type 

Number of New 

Cases (2018) 

% of Total 

Cancer 

Incidence 

Number 

of Deaths 

(2018) 

% of Total 

Cancer 

Deaths 

Lung 2.1 million 11.6% 1.8 

million 

18.4% 

Female 

Breast 

2.1 million 11.6% 627,000 6.6% 

Colorectal 1.8 million 10.2% 881,000 9.2% 

Prostate 1.3 million 7.1% - - 

Stomach 1.0 million 5.7% 783,000 8.2% 

Liver - - 782,000 8.2% 



4 
 

lives, with one out of every eight men and one out of every eleven women 

dying from the disease. Additionally, the 5-year prevalence, which refers 

to the total number of individuals alive within five years of a cancer 

diagnosis worldwide, is estimated to be 43.8 million. The estimates and  

reported cases of the prevalent cancer cases in 2018 by WHO worldwide 

are figured out in Table 1.1 (WHO, 2018).  

1.2.2 Current treatment strategies and  associated issues 

Based on the type and  stage of cancer there are various treatment 

strategies available surgery, chemotherapy, radiation therapy, targeted 

therapy, and immunotherapy. 

1.2.2.1 Surgical Methods  

Surgery is a common method of cancer treatment that involves 

removing the cancerous tumor and surrounding tissues from the body. 

Surgery can be a highly effective method of cancer treatment, particularly 

when the cancer is localized and is static to that particular part only. 

However, surgery can also be associated with risks and potential 

complications, such as bleeding, infection, or damage to nearby organs or 

tissues. 

1.2.2.2 Chemotherapy 

Cancer chemoimmunotherapy has emerged as a promising strategy 

for enhancing the effectiveness of cancer treatment and has been 

extensively investigated in both preclinical and clinical studies. 

Chemotherapy is a commonly used cancer therapy that offers a ray of 

hope for cancer patients. This treatment works by utilizing toxic agents 

that inhibit the rapid growth and proliferation of cancer cells. However, 

this approach also has some drawbacks as it may inhibit the growth of 

other fast-growing cells in the body such as bone marrow cells, hair 

follicles and gastrointestinal tract cells, leading to several toxic side effects 

like severe nausea, hair loss and bowel problems. Furthermore, the success 
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rate of chemotherapy is often limited by issues like poor 

pharmacokinetics, wide distribution in vivo, non-specific delivery, and 

multiple drug resistance (MDR) (Zhang et al., 2017).  

In the present times, the combination therapy approach has 

emerged as an enhanced curative approach along with surgery, radiation 

therapy, photothermal therapy and  others (Mu et al., 2020). 

1.2.2.3 Radiation Therapy 

 Radiation therapy is a commonly used cancer treatment that 

utilizes high-energy radiation to destroy cancer cells. As per various 

studies radiation therapy has demonstrated effectiveness in treating 

various types of cancer, including breast, prostate, lung, and head and 

neck cancers. A linear accelerator is typically used to administer this 

treatment, which delivers high-energy X-rays or electrons to the cancer 

site, causing damage to the cancer cell’s DNA and inhibiting its ability to 

grow and divide (Baumann et al., 2016). 

Radiation therapy can be administered alone or in combination 

with other treatments, such as chemotherapy and surgery, depending on 

the type and stage of cancer. Internal radiation therapy may involve the 

use of radioactive implants or injections to directly target cancer cells. It is 

essential to carefully evaluate the patient's condition and determine the 

appropriate radiation dosage to minimize the risk of side effects while 

maximizing the treatment's efficacy. However, radiation therapy can also 

cause some side effects, such as fatigue, skin irritation, and 

gastrointestinal issues. Therefore, it is crucial to take into account the 

potential risks and benefits of this treatment for each patient's specific 

case. 

 



6 
 

1.2.2.4 Photodynamic Therapy 

Photodynamic therapy (PDT) is a promising and emerging 

treatment strategy for tumor that involves the use of photosensitizing 

agents, light, and oxygen to selectively destroy cancerous cells. The 

process of PDT involves the administration of a photosensitizer, which is 

then activated with a specific wavelength radiation to produce reactive 

oxygen species (ROS) that can cause cell death (Dougherty et al., 1998). 

While PDT has been studied for several decades, recent advancements in 

imaging technology, light sources, and photosensitizers have significantly 

improved its effectiveness as a cancer treatment. PDT has been shown to 

be effective in the treatment of various types of cancer, including skin, 

lung, esophageal, and bladder cancer (Dougherty et al., 1998). One of the 

recent advancements in PDT is the development of new photosensitizers 

with improved efficacy and specificity. For example, nanoparticles such as 

gold and silica can be loaded with photosensitizers and targeted to specific 

cancer cells or tissues, improving their selectivity and efficacy. Another 

recent development in PDT is the use of combination therapies. PDT can 

be combined with other therapies such as chemotherapy, radiation therapy, 

and immunotherapy to improve treatment outcomes (Josefsen and Boyle, 

2008). 

 

1.2.2.4 (a) Mechanism of Action and Challenges 

The mechanism of PDT involves the use of a photosensitizer that 

is selectively taken up by cancerous cells. Once the photosensitizer is 

activated with a specific wavelength, it produces ROS, such as singlet 

oxygen, which can damage cellular components and lead to cell death  

(Castano et al., 2004). Despite the potential benefits of PDT, there are 

several challenges and limitations to its use. One of the main limitations is 

the depth of tissue penetration, as the effectiveness of PDT decreases with 

increasing tissue depth (Henderson and Dougherty, 1992). Additionally, 
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PDT can cause photosensitivity, which can limit patient mobility and 

require special precautions (Gharat et al., 2016). Furthermore, the cost of 

PDT is often higher than other cancer treatments, which can be a barrier to 

its widespread use. 

 

We went though various literature articles for finding the ongoing 

treatment strategies for such deadly disease. Some of them are listed in the 

Table 1.2 below showing the role of natural compounds as an alternate of 

synthetic compounds which causes various adverse side effects and  other 

health problems discussed above. In the recent times, the role of 

nanotechnology in medicines has emerged as fruitful solution to enhance 

overall drug efficacy in various kinds of treatments leading to fewer side-

effects and  enhanced bioavailability of enormous compounds whether 

these are natural or synthetic. 
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Table 1. 2: The various research studies on phyto-chemicals, PLGA, MNP 

NPs based drug delivery in cancer. 

 

Author(s) Drug and Carrier Objective 

(Kaur et al., 

2021) 

Piperine – loaded 

PLGA 

To test efficiency of PLGA as 

cancer drug carriers 

(Banerjee et 

al., 2021) 

Piperine To observe anticancer effects in 

leukemia cell line 

(Jabalera et 

al., 2019) 

PLGA To check cytotoxic effect of PLGA-

loaded DOXO with magnetic 

hyperthermia and photothermia 

(Khan et al., 

2022) 

Natural compounds Role of phytochemicals in Cancer 

Treatment and Their Mechanisms of 

Action 

(Bao et al., 

2019) 

Camptothecin The impact of camptothecin-

encapsulated poly(lactic-co-glycolic 

acid) nanoparticles on the activity of 

cytochome P450 in vitro 

(Almeida et 

al., 2022) 

Chitosan and  

Camptothecin 

Oral delivery of camptothecin-

loaded multifunctional chitosan-

based micelles is effective in reduce 

colorectal cancer 

(Jannah and 

Onggo, 2019) 

Fe3O4  NPs Synthesis of MNP 

Pablo 

Guardia et al. 

Iron oxide 

nanocubes 

To observe the increased efficacy of 

magnetic NPs via hyperthermia in 

KB cells 

(Mir et al., 

2017) 

Review Recent applications of PLGA based 

nanostructures in drug delivery 
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1.3 Phytochemicals 

There has been a very fast progress for prevention and  treatment 

of cancer, but still huge gaps exist demanding multiple improvements. The 

modern synthetic chemotherapeutic drugs and  even other curing methods 

which are in use in the present times causing various side effects and  

serious health issues. Since long plant-based drugs/compounds have been 

used in treatment of various diseases. Many Researches have confirmed 

the effectiveness of these plant-based medications leading to the discovery 

and  development of these natural compounds. These phytochemicals are 

generally secondary metabolites (Catalano, 2016) used in various 

applications having considerable therapeutic potential along with very few 

side effects in lower costs (Khan et al., 2022). Consuming a diet high in 

fruits and vegetables, which are rich in phytochemicals, has been 

associated with a reduced risk of several types of cancer. Despite this, a 

significant proportion of cancer-related deaths could be prevented by 

adopting a "healthy" lifestyle, including proper nutrition. Various 

phytochemicals, such as carotenoids, antioxidants, phenolic compounds, 

terpenoids, steroids, indoles, and fibers, are believed to contribute to this 

risk reduction (Catalano, 2016). 

 

1.3.1 Piperine 

 

Figure 1.1: Structure of piperine 
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Piperine, which imparts the characteristic pungent taste to black 

pepper (Piper nigrum L.), is the primary bioactive constituent present in it. 

Chemically it belongs to alkaloid category. Pepper has been widely used 

as a culinary spice in numerous countries, but it has also been traditionally 

employed as a medicinal herb. According to Ayurvedic medicine, pepper 

is a constituent of 'trikatu,' which includes long pepper, black pepper and 

ginger in equal amounts, and is the foundation for 210 of the 370 remedies 

listed in the Handbook of Domestic Medicine and Common Ayurvedic 

Remedies. Traditionally, piperine has been used to cure various diseases 

like gastrointestinal conditions, asthma, bronchitis, fever. In Chinese 

medicine also, piperine has been vastly used to cure headaches, muscular 

pain, rheumatism, thoat infection and  for enhancing blood flow as well 

(Stojanović-Radić et al., 2019). Piperine shows higher permeation rate due 

to its lipophilic nature and  non-saturable absorption kinetics. And also it 

has been seen inhibiting p-glycoprotein efflux leading to enhanced 

penetration of other drug molecules along with it(Chaudhari et al., 2021). 

There are various articles providing the information about the anti-

cancerous properties of piperine inhibiting the further proliferation of 

tumor i.e. piperine inhibited tumor proliferation due to activation of 

caspase-3, ROS production leading to cellular apoptosis in KB 

cells(Siddiqui et al., 2017), free pip and  chitosan coated liposomes 

showed inhibitory effect on MCF7 cells proliferation (Imam et al., 2021). 

 

1.3.2 Mode of action 

It exerts its anti-tumor effects though various mechanisms, such as 

induction of cell cycle arrest, apoptosis, and inhibition of angiogenesis. 

Piperine has been found to increase the expression of pro-apoptotic 

proteins, such as Bax and caspase-3, while diminishing the expression of  
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Bcl-2 like anti-apoptotic proteins. Briefly piperine after entering to the cell 

inhibits the BCl-2 (antiapoptotic protein) activating further the apoptotic 

gene Bax due to which Cyt C comes out of the mitochondrial membrane 

leading to the activation of caspase activity which further activate the 

caspase 3 and  caspase 9 leading to apoptosis of the cells. Also piperine 

leads to ROS production which ultimately lead to cell death(Banerjee et 

al., 2021). One of the major limitations of free drugs is their lower water 

solubility, which can lead to difficulties in their delivery and efficacy.  

Figure 1. 2: Molecular mechanism of piperine inside cell showing how it 

leads to the activation of cascade pathway and  further apoptosis. Also it 

can be seen that somehow it leads to ROS production which ultimately 

cause cell death. (Banerjee et al., 2021). 

 

Additionally, they may have poor bioavailability and 

pharmacokinetics, meaning that they may not be efficiently absorbed and 

distributed thoughout the body. Another limitation is poor photostability, 

which can cause isomerization when exposed to UV rays, resulting in 
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changes to the drug's structure and potentially reducing its effectiveness. 

(Salsabila et al., 2021). 

 

1.4 Camptothecin 

 

Figure 1.3: Structure of Camptothecin 

Camptothecins have emerged as crucial alkaloids for combating 

cancer in the 21st century, as their clinical applications testify. In 1966, 

Wall and Wani discovered and purified 20-(S)-Camptothecin (CPT) 

during a plant screening aimed at identifying novel steroids, from the bark 

of Camptotheca acuminata Decne., commonly known as the Chinese 

Happy Tree(Martino et al., 2017). Structurally and  chemically, it is a 

quinoline alkaloid compound. It has been tested and  showed positive 

results when given to the various cancer cell lines i.e. When treated to 

HCT 116 colon cancer cell line, it showed tremendous cytotoxicity (in free 

as well as loaded in chitosan NP) to the cells even at very low 

concentrations (nM) (Almeida et al., 2022), it inhibited the metastatic 

proliferation of breast cancer when applied using with silicon NPs in 

MDAMB-231 cell lines (Landgraf et al., 2020), when applied to HepG2 

cells, in free as well as loaded in PLGA NP CPT showed considerable 

cytotoxicity inhibiting the further cellular proliferation(Bao et al., 2019). 
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1.4.1 Mode of action 

CPT is known to be the poison of DNA Top 1enzyme which is 

very crucial in cellular information flow machinery like replication, 

transcription, various recombination and  repair processes (Martino et al., 

2017). The anticancer properties of CPTs rely on the creation of a non-

covalent bond between CPT and the covalent binary complex generated by 

DNA and TOP 1. Typically, the equilibrium between free TOP I and the 

TOP I-DNA complex favors the unbound enzyme. While, in the presence 

of CPT, the equilibrium quickly shifts towards the formation of ternary 

complex, leading to the inhibition of TOP 1. The consistent presence of 

the ternary complex during DNA replication procedures results in 

alterations to the DNA sequence, which ultimately lead to cell death in 

CPT-treated cells (Pizzolato and Saltz, 2003).  

 

Figure 1. 4: Mechanism of CPT 

 

1.4.2 Drawbacks 

CPT failed due its dose limiting toxicities, poor efficacy(Bao et al., 

2019) Its very poor water solubility, bioavailability and  lower stability 

leads to limited use of this much potent drug molecule to a few(McCarron 

et al., 2008). Another major concern with its activity is when in its lactone 

form, CPT displays high activity, but under physiological conditions, it 

readily converts to a less active carboxylate form. This conversion leads to 

rapid clearance after binding with plasma proteins and   elevated side 

effects (Hertzberg et al., 1989). 
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1.5 Nanotechnology in medicine 

In 1959, Richard Feynman, an American physicist, and Nobel 

Prize laureate, introduced this new concept of nanotechnology. He 

delivered a lecture titled "There's Plenty of Room at the Bottom" during 

the annual meeting of the American Physical Society at the California 

Institute of Technology (Caltech). During this lecture, Feynman proposed 

a hypothesis that questioned the limits of miniaturization: "Why can't we 

condense the entire 24 volumes of the Encyclopedia Britannica onto the 

head of a pin?" He also described his vision of using machines to build 

progressively smaller machines, ultimately achieving molecular-scale 

construction (Bayda, et al., 2019). Over the last seventy years, research in 

this field has yielded remarkable outcomes in enhancing long-term care 

for various diseases, leading to an increase in life expectancy. However, 

translating and implementing drug delivery systems from the clinical stage 

to the product level requires deliberate efforts. Drug formulations, 

including tablets, ointments, capsules, and solution phases, have evolved 

over time to incorporate controlled-release formulations. Several recent 

studies have underscored the vast potential of nanotechnologies in the 

field of biomedicine, particularly for diagnosing and treating a range of 

human diseases.  

Bio-nanotechnology is widely regarded as one of the most 

captivating areas of study in the field of nanoscience due to its ability to 

address the crucial issue of drug bioavailability at the desired site of 

action, which is influenced by the delivery approach employed. Although 

the pharmacokinetic and dynamic profile of a therapeutic agent is 

important, successful medical therapy relies heavily on its ability to 

achieve the desired outcomes though effective delivery (Mir et al., 2017).  

Achieving controlled release of toxic drugs exclusively at target sites can 

result in fewer side effects, lower doses, improved compliance, and 

ultimately, enhanced quality of life for patients. Over the past few 

decades, researchers have intensively studied and achieved excellent 
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results in the use of nanotechnology in various biology-related areas, 

including diagnosis, drug delivery, and molecular imaging. Significant 

advancements have also been achieved in the field of nano-oncology, 

specifically in enhancing the effectiveness of conventional chemotherapy 

drugs for various aggressive human cancers. This progress has been made 

possible by utilizing functional molecules such as nanoparticles, 

antibodies, and cytotoxic agents that target the tumor site (Yan Lee and 

K.Y. Wong, 2011). A diverse array of submicron materials has been 

developed and designed to combat cancer. These materials have facilitated 

the development of contrast agents, therapeutics, drug delivery vehicles, 

and theranostics. For drug delivery purposes, nanoparticles (NPs) have 

been created using biodegradable and biocompatible polymers derived 

from natural and/or synthetic materials. Both naturally derived and 

synthetic polymers, such as polysaccharides, polycaprolactone (PCL), 

poly(lactic acid) (PLA), poly(glycolic acid) (PGA), and polyethylene 

glycol (PEG), are suitable biomaterials for producing polymeric 

nanoparticles using techniques such as nanoprecipitation, emulsification, 

and self-assembly.(Zhang et al., 2020). 

 

1.6 PLGA Nanoparticles 

PLGA (Poly (D,L-lactide-co-glycolide)) is a type of synthetic 

polymer having monomers in the ratio of 1:1 that is both biodegradable 

and biocompatible. It has been approved by FDA (U.S Food and  Drug 

Administration) and  EMA (European Medical Agency) and  is used in 

drug delivery technology. This polymer is particularly useful in 

nanomedicine because it has minimal systemic toxicity and breaks down 

into biodegradable metabolite monomers (lactic acid and glycolic acid) 

that are consumed in metabolic pathways such as the TCA (Krebs’) 

cycle(Kaur et al., 2021). PLGA is able to deliver drug-loaded 

nanoparticles intravenously, allowing for controlled release and site-

specific targeting. It is used to prepare a desired dosage form of drugs to 
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maintain an appropriate drug concentration in the bloodstream, resulting in 

a controlled release profile. 

 

Figure 1. 5: Physicochemical properties of PLGA NP that can be tuned 

with the surface modifications (adapted from Mir et al., 2017). 

 

PLGA nanoparticles can incorporate various types of drugs, 

including hydrophobic and hydrophilic molecules, vaccines, proteins, and 

biological components, either though encapsulation or surface conjugation 

that can be seen the figure 1.4 (Mir et al., 2017). Nano-encapsulation 

facilitates cell entry, protects against early degradation, enhances 

solubility, and can even facilitate crossing the blood-brain barrier (BBB) 

(Yasaswi et al., 2021). The surface modification of PLGA NPs is crucial 

in determining their targeting strategy, biocompatibility, and blood half-

life, in addition to their intrinsic properties. Combining PLGA with other 

polymers, such as polyethylene glycol (PEG), polyvinyl alcohol (PVA), 

and d-a-tocopheryl PEG 1000 succinate (TPGS), can increase their blood 
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half-life, among other benefits. PEGylation, which is a surface 

modification technique using PEG, enhances the hydrophilicity of the 

formulation, resulting in a stealth particle that has improved 

pharmacokinetics and longer blood circulation time. This is achieved by 

providing protection from opsonization and intake by various phagocytic 

cells (Rezvantalab et al., 2018). 

 

1.7 Magnetic NP 

In the recent times magnetic NPs (Fe3O4:
 -Iron oxide NP) have 

been emerged as a great tool in drug delivery due to their various 

properties. To prevent agglomeration, these are coated with biodegradable 

compounds. Moreover, they can be conjugated with various targeting 

moieties to enable site-specific drug delivery (Palanisamy and Wang, 

2019). Specifically magnetic NPs have been designed and used in cancer 

therapeutics due to their unique properties. One important characteristic is 

stability, as they must remain intact in physiological environments. They 

also need to be biocompatible and non-toxic to cells to avoid any potential 

harm. Another significant property is biodegradability, as they can be 

metabolized and utilized as iron stores for RBCs and hemoglobin 

formation. MNP are also relatively easy to synthesize, using methods such 

as hydrothermal or coprecipitation(Joshi and Joshi, 2022). Additionally, 

they have numerous applications in healthcare, such as bio-magnetic 

separation, magnetic hyperthermia, and bioimaging, where they act as a 

contrasting agent enhancer in magnetic resonance imaging (MRI) (Ibarra 

et al., 2015) . These emerging technologies have the potential to be a 

promising approach for curing tumor-like diseases, making MNP an 

exciting area of research in the biomedical field. 
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1.8 Objective and Scope 

The objective of the thesis is to synthesize and evaluate nano-hybrid 

carriers for controlled drug delivery, with the aim of providing sustained 

and controlled release of therapeutic molecules against cancer cell lines. 

The thesis also aims to evaluate the benefits of dual-purpose using PF 

nanohybrids as a theranostic approach for bioimaging and  therapeutic 

both. 

The main focus points of this thesis are: 

1. Synthesis of PF nanohybrids using ultrasonic atomizer and  further 

encapsulating with drug molecules. 

2. Characterization of morphology of these nanohybrids with various 

techniques. 

3. Evaluation of in vitro drug release to obtain controlled and  

sustained drug release at physiological pH. 

4. Exploring the efficacy of synthesized nanohybrids as anticancer 

drug carriers on in vitro cellular studies minimizing cytotoxicity 

further enhancing their therapeutic efficacy along with acting as a 

suitable contrasting agent for bioimaging though MRI. 
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Chapter 2 

Material and Methods 

2.1 Materials 

2.1.1 Cell Lines: HT 29, MDAMB 231  

2.1.2 Chemicals: Poly (D, L-lactide-co-glycolic acid) (PLGA) (1:1)   

(MW = 30 000–60 000), poly (vinyl alcohol) (PVA) (MW = 30 000–70 

000), piperine (Pip.), and camptothecin(CPT) were purchased from Sigma 

Aldrich, India. FeCl3 and  FeSO4 were bought form RANKEM 

Chemicals. Dimethyl sulphoxide (DMSO) and  Acetone (HPLC grade, 

97%) were bought from LOBA chemicals. Dulbecco’s Modified Eagle 

Media (DMEM), Fetal Bovine Serum (FBS), Antibiotic/antimycotic, 

Trypsin-EDTA solution, Dulbecco’s phosphate buffered saline (DPBS) 

and 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetrazolium bromide dye 

(MTT), were procured from Himedia. Human colorectal carcinoma (HT 

29 cells) was kindly gifted by the Infection Bioengineering Lab and 

MDAMB 231 was kind gift from Dr Amit Kumar lab, Department of 

Biosciences and  Biomedical Engineering at IIT Indore. GF-AFC 

(glycylphenylalanyl-aminofluoroumarin) was purchased from Promega. 

Propidium Iodide and calcein am was purchased from Thermofisher, 

India. 

 

2.2 Methods 

 

2.2.1 Synthesis of unloaded PLGA nanoparticles 

PLGA nanoparticles were synthesized by Ultrasonic atomizer 

following modified emulsification and  solvent evaporation method using 

an ultrasonic atomizer is a simple and reproducible method for preparing 
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polymeric nano/hybrid carriers. It is also a cost-effective and innovative 

technique for producing nanoparticles. This approach utilizes ultrasound 

resonance and vibration to generate fine particles at room temperature 

without any additional side effects. Compared to traditional methods that 

require multiple steps, the ultrasonic atomizer can incorporate drugs into 

polymeric carriers in a single step. Additionally, this technique employs a 

spraying method that enables continuous particle production, making it 

more commercially and industrially relevant than batch processes. By 

using an atomizer, drug-containing polymeric nano/hybrid carriers can be 

efficiently prepared and controlled in terms of particle size, drug loading 

efficiency, dispersity, and drug release behavior. In this PLGA dissolved 

in Acetone sprayed in PVA worked as a surfactant which further stabilizes 

the droplets. 0.5% (w/v) PLGA dissolved in acetone (organic phase) total 

volume 2ml and  then we sprayed it using a syringe pump (Multi-Phaser, 

NE-300, New Era Pump Systems, NY) keeping flow rate at 0.3 ml/min 

and  ultrasonic atomizer (Sonozap, 2005) power, the frequency at 3.5Watt, 

130kHz respectively. The droplets of PLGA were sprayed into 1% 

PVA(50ml) acting as an aqueous phase and  left for magnetic stirring at 

1500 rpm. After completion of spraying, the residual acetone was 

evaporated by heating at 50-55°C for 10-15min on a magnetic stirrer 

under 300-400rpm. Then this formulation was centrifuged using 

ultracentrifuge (Optima XPN-80 Beckmann Coulter, Inc.) at 70000-

80000g for a 25-30 min cycle and  further washing was done with the 

distilled water thee times in a row. Then after washing the pellet was 

lyophilized for further drying up overnight until it becomes dry 

completely. The dried NPs were then kept at 4°C for further analysis and  

characterization (Kaur et al., 2021). 
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2.2.2 Synthesis of Magnetic NPs 

These were synthesized by coprecipitation method by taking FeCl3 

(1%) 120 ml mixed with FeSO4 (1%) 60 ml in a 2:1 ratio. After mixing it 

was kept in a magnetic stirrer at 500-700 RPM and  then 5M NaOH was 

poured into it drop by drop to maintain its pH at 12.0 keeping it on a 

magnetic stirrer. Then maintaining its pH at 12.0 it was kept on a 

Magnetic stirrer at 80-90 °C for about 2 hs. The solution was then 

centrifuged (Kubota centrifuge) at 3500 rpm for 15 min and  it was 

washed thice with absolute ethanol during centrifuging. After washing, the 

pellet was kept for further getting da dried in a microwave oven at 55 °C 

overnight to get dried completely. After getting dried, it was crushed and  

converted into powder form and  stored for further analysis (Joshi and 

Joshi, 2022). 

 

2.2.3 Synthesis of PF (PLGA-Fe3O4) nanoparticles 

PF nanoparticles were prepared using ultrasonic atomization, a 

modified emulsification solvent evaporation method. This approach offers 

advantages over conventional methods, such as batch-to-batch consistency 

and scalability. The resulting nanoparticles exhibit a more uniform 

distribution of small-sized particles, making it a feasible option for large-

scale production without the need for filtration or centrifugation methods 

because the nozzle of ultrasonic atomizer works on a combination of 

resonance and vibrational energy generated by the atomizer due to which 

it gets able to produce very fine nano or micro sized particles in a very 

controlled manner enhancing the overall efficacy. 

PF nanoparticles were synthesized by Ultrasonic atomizer by 

above mentioned method in which PLGA dissolved in Acetone sprayed in 

PVA worked as a surfactant which further stabilizes the droplets. 20 mg of 

PLGA was dissolved in acetone making the organic phase, and 50 ml of 

1% PVA with 5mg ferrite nanoparticles made the aqueous phase. Ferrite 
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NPS were sonicated for 20 minutes to get a uniform size. Then we sprayed 

PLGA/acetone using a syringe pump (Multi-Phaser, NE-300, New Era 

Pump Systems, NY) keeping a flow rate at 0.3 ml/min and ultrasonic 

atomizer (Sonozap,2005) power, frequency at 3.5Watt, 130 kHz 

respectively. The droplets of PLGA were sprayed into 1% PVA (50ml) 

having 20 mg of ferrite NPs in it acting as an aqueous phase for 

encapsulation and left for magnetic stirring at 1500 rpm. Then after 

completion of spraying, the residual acetone was evaporated by heating at 

50-55 °C for 10-15min on a magnetic stirrer under 600-800rpm. Then this 

formulation was centrifuged using ultracentrifuge (Optima XPN-80 

Beckmann Coulter, Inc.) at 70,000-80,000g for a 25-30 min cycle and 

further washing was done with the distilled water thee times in a row. 

Then after washing the pellet was lyophilized for further drying up 

overnight until it becomes dry completely. The dried NPs were then 

placed at 4 °C for future analysis and characterization. 

 

2.2.4 Synthesis of Pip-PLGA-Magnetic (PFP) Nanohybrid 

PFP nanohybrid system was synthesized by Ultrasonic atomizer 

with similar mentioned above method in which PLGA dissolved in 

Acetone sprayed in PVA worked as a surfactant which further stabilizes 

the droplets. 10 mg of Piperine (0.25% w/w) and 20mg of PLGA (0.5% 

w/w) was dissolved in acetone making the organic phase, and 1% PVA 

with 20mg ferrite nanoparticles made the aqueous phase. Ferrite NPS were 

sonicated for 20min to get a uniform size. Then we sprayed Pip-

PLGA/acetone using a syringe pump (Multi-Phaser, NE-300, New Era 

Pump Systems, NY) keeping a flow rate at 0.3ml/min and ultrasonic 

atomizer (Sonozap,2005) power, frequency at 3.5Watt, 130 kHz 

respectively. The droplets of PLGA were sprayed into 1% PVA (50ml) 

having 20 mg of ferrite NPS in it acting as an aqueous phase for 

encapsulation and kept under magnetic stirring at 1000rpm. After 

completion of spraying, the residual acetone was evaporated by heating at 
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50-55 °C for 10-15 min on a magnetic stirrer under 600-800 rpm. Then 

this formulation was centrifuged using ultracentrifuge (Optima XPN-80 

Beckmann Coulter, Inc.) at 70000-80000g for a 25-30 min cycle and   

further washing was done with the distilled water thee times in a row. 

Then after washing the pellet was lyophilized for further drying up 

overnight until it becomes dry completely. The dried NPs were then 

placed at 4 °C for future analysis and characterization. 

 

2.2.5 Encapsulation efficiency 

The drug encapsulated inside nanoparticles per drug taken initially 

is termed as encapsulation efficiency and it is usually calculated by using 

two different approaches as follows: 

 

1) Direct method- In this method, the amount of drug is directly calculated 

by taking reading using UV vis spectroscopy and then further comparing it 

with that of the calibration curve of piperine using the y = mx + C.  

EE (%) = A1/A0 × 100 

 

2) Indirect method- In this method, the reading of supernatant is usually 

subtracted from the concentration of the initial drug taken.  

 

EE (%) = [(A0 − A2)/A0 × 100] 

 

A1 = amount of drug loaded in the NPS; A2= amount of drug found in the 

supernatant; A0 = amount of drug taken initially.  

 

 drug loaded in NPs per dry weight of the initial drug taken is 

known as encapsulation efficiency. It was calculated by using the Indirect 

method in which the reading was taken of supernatant and  subtracted 

from the initial drug concentration to find out the encapsulation efficiency 

(Kaur et al., 2021). 
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The loading efficiency is drug loaded in the NPs per dry weight of 

nanoparticles formed. 

 

2.2.6 In vitro drug release study 

The in vitro drug release study was performed with the help of a 

dialysis membrane (10 – 14 kDa). Pip-encapsulated NPs have suspended 

again in PBS buffer (pH 7.4) having a concentration of 1mg/ml, in a 

dialysis bag and kept in a beaker having 60 ml PBS on a magnetic stirrer 

at 200rpm and a temperature of 37 °C. Then the periodic reading was 

taken for 7 days using a UV spectrophotometer. Every time 1ml of the 

solution was taken out for reading and the fresh PBS solution was added  

to maintain the entire volume. Then the comparison of the calibration 

curve which we plotted of piperine by making 10 different concentrations 

reading on a UV spectrophotometer was carried out to calculate the 

percentage release of the drug. 

 

2.2.7 Study of In vitro cytotoxicity though MTT assay 

The cytotoxicity of nanohybrids was calculated by performing 

MTT assay. Briefly breast cancer (MDAMB 231) cells were seeded in a 

96 well plate in triplicate manner (8000 cells per well) and  were left to 

grow in complete DMEM medium containing 10% FBS and  1% 

antibiotic. Cells were treated with nanohybrids for 48 h at 37° C, 5% CO2. 

After incubation and adding 100 μl of MTT, (500 𝜇g/ml in media) solution 

to each well, the plate was further incubated for 3 hours at 37°C to enable 

the intracellular reduction of the soluble yellow MTT to insoluble purple 

formazan crystals. The formazan crystals were dissolved by adding 100 μl 

of DMSO, and the absorbance was measured at 570 nm using a microplate 

reader. (Synergy™ H1 multi-mode microplate reader).  Relative or 

percentage cell viability was calculated by normalizing the absorbance 

with respect to that of control.  
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2.2.8 Estimation of ROS production and nuclear organization 

The HT29 and MDAMB 231 cells were seeded at similar densities 

and  left overnight for adhesion. The nanohybrids were added at desired 

concentrations and incubated for 48 h. The cells were washed with DPBS. 

Then cells were stained with DCFDA (10 𝜇g/ml) & incubated for 15 to 20 

min at 37°C. The cells were also counterstained with Hoescht (5 𝜇g/ml) 

for 10 min. Cells were visualized using confocal microscope (Olympus, 

model no. FV1200MPE, IX-83). The DCFDA was excited at 488nm and 

corresponding ROS was detected at 530nm. For Hoescht the excitation 

was 405 nm, and emission at 460 nm. 

 

2.2.9 Dual staining of GF-AFC and propidium iodide (PI) for the 

assessment of live/dead cell population 

The HT-29 cells were seeded at similar densities and left overnight 

for adhesion. The nanoparticles were added at desired concentration (50 

μg/ml and  100 μg/ml) and  incubated for 72 hs. The protocol for the 

live/dead staining was performed by following the mentioned instructions. 

Briefly, the GF-AFC stock was added to the assay buffer at 1/1000 

dilution and supplemented to the cells. The spent media which supposedly 

contain the floating dead cells were collected and stained with 10 µg/ml 

PI. Both the cell populations were mixed and incubated for 20 min in dark. 

The fluorescent cells were visualized using a confocal microscope 

(Olympus, model no. FV1200MPE, IX-83), by exciting at 405 nm and 588 

nm for GF-AFC and PI respectively.  
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2.2.10 Dual staining of Calcein AM and propidium iodide (PI) for the 

assessment of live/dead cell population 

The MDAMB 231 cells were seeded at similar densities and left 

overnight for adhesion. The nanoparticles were added at desired 

concentration and  incubated for 48 h. The protocol for the live/dead 

staining was performed by following the mentioned instructions. Briefly, 

the Calcein AM (1mg/ml) was added to the DPBS making final 

concentration of 1 µg/ml and supplemented to the cells. The spent media 

which supposedly contain the floating dead cells were collected and 

stained with 10 µg/ml PI. Both the cell populations were mixed and 

incubated for 20 min in dark. The fluorescent cells were visualized using a 

confocal microscope (Olympus, model no. FV1200MPE, IX-83), by 

exciting at 405 nm and 588 nm for calcein am and PI respectively. 
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Chapter 3  

Results and Discussion of Applications of 

PFP 

3.1 Preparation of UV-spectra of Piperine 

The UV spectra works on the principle of Beer - Lambert law 

which states that the concentration and  absorbance are directly 

proportional to each other. Using it we had a spectrum of Pip and CPT to 

check their specific absorbance peak and  it was found to be significant. 

 

  

Figure 3. 1: UV spectra of piperine showing their specific peaks at 344 

nm in DMSO  

 

3.2 Preparation of calibration curves of Pip 

Calibration curves were prepared using the principle of UV 

spectrophotometer by making 8-10 different concentrations in duplicate 

manner in DMSO and  their absorbance were noted. Calibration curve 

provides the linearity coefficient and regression equation. These 

calibration curve shows that, the linearity co-efficient is near to 1 and  
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Figure 3. 2:  Calibration curve of pip in DMSO prepared at 344nm 

the drug obeys the Beer-lambert’s law. The calibration curves were further 

used to calculate the encapsulation efficiency of drug encapsulated in 

nanohybrid system. 

 

3.3 Characterization of MNP 

3.3.1 Dynamic Light Scattering 

The synthesized nanoparticles (NPs) exhibited desirable 

morphological traits, such as nano-size range, spherical shape, surface 

charge, and homogeneous dispersion, which facilitate effective 

biodistribution and pharmacokinetics studies. The particle size and 

polydispersity index were evaluated primarily though dynamic light 

scattering (DLS) using a Nano plus instrument, which is a widely adopted 

technique that enables the sizing of particles as small as 1 nm in diameter 

(Zürich, n.d.). 
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Figure 3. 3: DLS analysis of magnetic NPs showcasing average size 

around 250nm with PI of 0.165 which tells about the uniformity of the NP 

in the solution form 

DLS data showed the particle size distribution of average size of around 

250nm that can be seen in the above figure 3.3 comprising polydispersity 

index of 0.165 showing uniformity in the sample. 

 

3.3.2 Morphological analysis 

The morphology (size, shape) study was done by FESEM. The 

morphology of magnetic NPs was found to be spherical and  uniform in 

size that can be seen in the figure 3.4. MNPs have hydrophobic surfaces 

with larger surface area to volume ratio when present without any coating 

on its surface developing higher hydrophobic interactions due to which it 

agglomerates leading to increase in the particle size (Ali et al., 2016). The 

magnetic properties were confirmed by applying external magnetic field to 

the NP which showed considerable magnetization. 
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Figure 3.4: FESEM images of MNPs showing spherical entities. 

b) The magnetization of MNPs when applied external magnetic field. 

 

3.3.3 Confirmation of functional groups 

To analyze the exact composition of magnetic NPs, we used FTIR 

spectrum (figure 3.5) which works on the IR light beam with various 

wavelengths is split into two equal parts using a beam splitter. (Butterfly, 

2019). In this spectrum, Fe-O stretch appeared at around 600-700 cm-1, O-

H stretch was observed at 3200-3600 cm-1 , Fe-OH stretch at around 550-

600 cm-1 respectively confirming the synthesis of magnetic NP as per 

various literature studies have noted the same (Sodipo and Abdul Aziz, 
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2014). 

    

Figure 3.5: The FTIR spectra of magnetic NP having characteristic 

stretches. 

 

3.3.4 Crystal characterization by XRD 

The crystal structure of magnetic NP was confirmed with p-XRD. 

The XRD spectra of Fe3O4 nanoparticles typically show distinct 

diffraction peaks that correspond to the different crystal planes of the 

Fe3O4 lattice. The most prominent peaks are located at 2θ values of 30.1° 

(220), 35.5° (311), 43.3° (400), 53.5° (422), 57.1° (511), and 62.9°(440) 

(Bertolucci et al., 2015).There could be some shifts in the peaks of these 

NPs due to different orientation of magnetic domains in the crystal lattice. 

The peak broadening in the XRD spectra of Fe3O4 nanoparticles is 

typically due to the finite size of the nanoparticles. 

 

 

Fe-O 

stretch 

O-H 

stretch 
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Figure 3.6: XRD spectra of magnetic NP showing characteristic peaks. 

 

3.4 Characterization of PF: 

The PF nanohybrids were used as vehicle control for the cellular 

studies. The synthesized NPs having morphological characteristics such as 

nano-size range, spherical shape, surface charge, homogeneous dispersion 

etc., helps conjointly in biodistribution and pharmacokinetics studies. 

Particles average size and dispersion (polydispersity index) was primarily 

characterized using DLS (Nano plus) as particle size analysis. The 

particles size was found to be quite uniform with the average size of 

137nm that can be seen in the figure 3.7.  
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Figure 3. 7: DLS analysis of PF nanohybrid showcasing average size 

around 137 nm with PI of 0.181 which tells about the uniformity of the NP 

in the solution form. 

 

The morphological analysis was done though FESEM showing 

uniform shape and  size of the nanohybrids which can be seen in the figure 

3.8. EDX analysis was also performed simultaneously with SEM. During 

EDX measurement, different areas were analyzed to check the 

homogeneity and elemental distribution of synthesized structure. The 

presence of iron can be seen in the corresponding peaks confirming 

incorporation of iron in the PLGA nanoparticles. Details of the EDX 

spectra of the PF nanohybrids values show the weight percentage and  

atomic percentage (figure 3.9). As per morphological studies, it was found 

to be uniform and  consistent, suitable to be used in further studies.   
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Figure 3. 8: SEM images of PF nanohybrid showing uniformity in size 

and  shape. 

 

Figure 3. 9: EDX spectra of PF single nanohybrid confirming the 

incorporation of PLGA-iron oxide nanoparticles. The spike of Fe can be 

seen in the figure in between 0 and 2 of x-axis. 

 

Further confirmation of PF incorporation was done though XRD 

spectroscopy showing the little amorphous nature of PLGA while 

representing the presence of crystal moiety inside the nanohybrids due to 

magnetic NP which can be seen in the figure 3.10. The larger peak in 

between 10- 30° showing the presence of PLGA previously reported 

(Khanal et al., 2016) while the later peaks are of magnetic NP that can be 

matched with that of plain magnetic NPs discussed above confirming the 

incorporation of MNP with that of PLGA NPs. 
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Figure 3. 10: The XRD spectra proving incorporation of PLGA and  

magnetic NPs. 

 

3.5 Characterization of PFP 

The morphological analysis was done though FESEM showing 

uniform shape and  size of the nanohybrids which can be seen in the figure 

(3.11 a). These were found to suitable for the cellular uptake crossing the 

various kinds of barriers in our circulatory system. The size of these 

nanohybrids was found to be little larger when checked using DLS than 

that of SEM. The possible reason behind it could the agglutination or 

aggregation of the nanohybrids in aqueous phase leading to showing larger 

average size. 

The synthesized NPs having morphological characteristics such as 

nano-size range, spherical shape, surface charge, homogeneous dispersion 

etc., helps conjointly in biodistribution and pharmacokinetics studies. 

Particles average size and dispersion (polydispersity index) was primarily 

characterized using DLS (Nano plus) as particle size analysis. The 

particles size were found to be quite uniform with the average size of 

247nm that can be seen in the figure 3.11b.  
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(A) 

 

 

(B) 

Figure 3. 11: a) SEM images of PFP nanohybrid system. b) DLS analysis 

of nanohybrids. 

 

 



37 
 

3.6 Encapsulation efficiency determination 

The encapsulation efficiency of synthesized PFP nanohybrids was 

calculated using indirect method which includes comparison of the 

supernatant reading with that of calibration curve of piperine prepared  

earlier during which we got the straight-line equation. The encapsulation 

efficiency of the same was also calculated using HPLC having retention 

time (RT) of around 11.5min. The standards were prepared in DMSO with 

multiple concentrations and  then HPLC was performed to calculate the 

accurate amount of the drug encapsulated inside nanohybrid system. After 

evaluating the average encapsulation efficiency was found to be around 82 

± 5% in all the synthesis with the average loading efficiency of 25±5%. 
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Figure 3. 12: a) calibration curve of pip/DMSO prepared by using HPLC 

b) HPLC graph of one of the standard runs to compare the retention time 

of pip 

c) HPLC graph of first and  second supernatant after centrifuge washing 

showing the peak intensity at similar retention time (the various smaller 

peaks in the supernatant could be of  PVA, unsettled PLGA, magnetic 

materials.) 
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3.7 In vitro Pip release study 

The release study of drug was done using the dialysis bag at pH 7.2 

in PBS buffer for 7 days. There was initial burst out of drug was found out 

in initial 12-15h and  it was very sustained release of drug later on leading 

to almost equilibrium stage after 72 h. The initial burst out was of around 

9% in 12 h and  then around 12% after 72 h. Sudden burst shows an 

approximate amount of drug tagged on the surface of the nanohybrid 

system leading to the release of it in very less amount of time. Because 

there was very sustained and  controlled  release of drug even after 4 days 

makes it suitable drug delivery vehicle for various studies enhancing 

bioavailability and  further stability. 

 

 

Figure 3. 13: In vitro drug release study from PFP nanohybrids 
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3.8 Live-dead cell imaging though GF-AFC and PI staining 

Live and  dead assay was performed to analyze the 

cytocompatibility and  cytotoxicity of PF and  PFP nanohybrids 

respectively on HT 29 cells using GF-AFC and  PI staining dyes. This 

resulted in the cytocompatibility of vehicle (V/pfv) while drug loaded 

nanohybrids (PFP) were found to be toxic leading to the cellular deaths 

after 48 h and 72 h when analyzed using confocal microscopy that is 

visible in the figure 3.14.  Blue color-stained cells are showing the live 

viable cells while red color-stained cells represent the dead cells. At higher 

concentration of drug loaded NP the red color-stained cells are higher in 

comparison to the control or lower concentration nanohybrid. In fact after 

72 h even vehicle also showed considerable cellular deaths that can be 

seen in the respective figure 3.14 b. 

 

(A) 
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(B) 

Figure 3. 14: CLSM images of HT 29 cells stained with GF AFC and PI 

dyes showing live and dead cells in blue and red color respectively (A)  

for 48 h and. (B) for 72 h. V, pfv 50 ,100,200 and PFP 50, 100, 200 

represents the concentration of PF and PFP in respective µg/ml. pip 50 

represents concentration of pip in 50 µg/ml taken as positive control. 

 

3.9 In vitro cytotoxicity assay 

The cytotoxicity effect of free pip and  nanohybrids was calculated 

by performing MTT assay. It was performed for a  time of incubation of 

48 h and 72 h having the dose concentration in µg/ml for free and  

encapsulated inside nanohybrids as well. As a control all the 

concentrations of unloaded nanohybrids were taken to check their 

cytocompatibility with the HT-29 cancer cells (attached in appendix) 

while drug loaded nanohybrids were also treated to the cancer cells. The 

MTT of free drug showed comparable results with IC50 value around 19 

µg/ml (Yaffe et al., 2015). The MTT of PFP at 48 h showed some 

discrepancies which is attached with appendix.  The MTT studies showed 

around 80% of cell viability with unloaded NP while the cell viability 

considerably decreased with that of drug loaded nanohybrids. At 100 

Pfv 50µg/ml 

50µ

m 

Pfp 50µg/ml Pfp 100µg/ml 

50µ

m 

Control 0 µg/ml Pfv 100µg/ml 
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µg/ml concentration of PFP, the cells viability was about 50% that can be 

seen in figure 3.15(C). 

(A)  

    (B)  

 (C)  

Figure 3. 15: MTT results of (A) and (B) free pip on HT cells after 48 h 

and 72 h respectively. (C) MTT of treatment of PFP on HT 29 cells after 

72 h.  
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3.10 ROS production  

The excessive ROS production leads to oxidation of major 

biomolecules causing cell damage in various cancer cell lines. Piperine 

also leads to production of ROS inside the cells in a increasing way as per 

the concentration of the drug treated increases (Siddiqui et al., 2017). This 

ROS production is detected with the increasing intensity of DCFDA 

fluorescence due to oxidation of it by oxygen free radicals. PFP 

nanohybrids also showed considerable increase in ROS production as per 

the treatment of drug loaded nanohybrids increased in comparison to that 

of control. This further leads to the initiation of early apoptosis activated 

by ROS production. The increased ROS production can easily be seen in 

the figure 3.16 and 3.17 as the concentration of drug loaded nanohybrids 

increased the green colour intensity further increased respectively when 

treated to MDAMB 231 and HT 29 cells respectively. 

 

3.10.1 Nuclear organization study 

Pip also leads to fragmentation of nuclear bodies inside the cells 

which further leads to apoptosis(Siddiqui et al., 2017). As per the CLSM 

images (figure 3.16) it was clearly visible that as the concentration of drug 

loaded nanohybrids increase, the integrity of the nucleus inside is 

declining consistently when treated with drug loaded nanohybrids on 

MDAMB 231 cells. The gradual release of drug from the nanohybrids 

showed considerable effect on nuclear organization as well. 

 

 

 

 

 



44 
 

 

Figure 3. 16:- CLSM images of MDAMB 231 showing ROS & nuclear 

organization in green & blue color respectively. V 50, 100, 200 and PFP 

50, 100, 200 represents the concentration of PF and PFP in respective 

µg/ml. 
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Figure 3. 17:  CLSM images of HT 29 cells showing ROS in green color. 

V 50, 100, 200 and PFP 50, 100, 200 represents the concentration of PF 

and PFP in respective µg/ml. 
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3.11 Live and dead imaging  

Live and dead assay was performed to analyze the 

cytocompatibility and cytotoxicity of PF and PFP nanohybrids 

respectively on MDAMB 231 cells using Calcein am and PI staining dyes. 

This resulted in the cytocompatibility of vehicle (PF) while drug loaded 

nanohybrids were found to be toxic leading to the cellular deaths after 48 

hours when analyzed using confocal microscopy that is visible in the 

figure 3.16.  Green color-stained cells are showing the live viable cells 

while red color-stained cells represent the dead cells proportions. As the 

concentration of drug loaded NP increased the increasing PI-stained cells 

was observed showing the cytotoxicity of pip. Pip was taken as positive 

control. 

 

Figure 3. 18: CLSM images of MDAMB 231 cells stained with calcein 

am and PI dyes showing live and dead cells in green and red color 

respectively. V 50 ,100,200 and PFP 50, 100, 200 represents the 

concentration of PF and PFP in respective µg/ml. pip 50 represents 

concentration of pip in 50 µg/ml taken as positive control. 

  



47 
 

3.12  Conclusion and future aspects 

PLGA-magnetic-piperine nanohybrids have emerged as a 

promising drug delivery system for cancer therapy. The combination of 

biodegradable and biocompatible PLGA polymer, magnetic nanoparticles, 

and piperine offers several advantages over traditional chemotherapy, 

including sustained drug release, enhanced targeting and responsivity  

minimizes, agglomeration with good yield, leading to combinational 

theranostic approach with enhanced therapeutic efficacy. The 

incorporation of magnetic nanoparticles enables site-specific delivery of 

drugs to cancer cells on applying magnetic field and bioimaging, while the 

sustained release of the drug from the PLGA matrix ensures a prolonged 

therapeutic effect. This dual property comprising PF nanohybrid system 

was synthesized by ultrasonic atomizer using double emulsification and 

solvent evaporation method which was further characterized by using 

various techniques. DLS showed uniformity and consistency in its size 

(240 nm), FESEM showed uniformity in overall spherical morphology, 

XRD confirmed the incorporation of both of these NPs comprising its 

characteristics peaks. The drug encapsulation and loading was quite good 

with around 80% of encapsulation and 25% of loading efficiency. 

Sustained drug release profile was observed with around 12% in first 72 h 

and gradual and slow release of it later on. The unloaded nanohybrids also 

showed considerable cytocompatibility till a certain concentration of 

300µg/ml and 500µg/ml respectively when tested on different cancer cell 

lines (HT 29 and MDAMB 231) using MTT assay. The drug (pip) loaded  

nanohybrids showed considerable cytotoxicity towards cancer cells when 

tested in different time intervals. CLSM studies confirmed the ROS 

production and nuclear disintegration in a dose dependent manner when 

tested by staining the cells with their respective dyes. The unloaded 

nanohybrids also showed some significant ROS production in a dose 

dependent manner. Some cytotoxicity assays on HT 29 and MDAMB cells 

are still undergoing to check the overall efficacy of these nanohybrids. 
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 In conclusion, PLGA-magnetic-piperine nanohybrids hold great 

potential as a novel and effective drug delivery system for cancer therapy. 

And further research in this area can lead to the development of more 

potent drug carriers which would be holding good efficacy and potential to 

improve the overall cancer treatment strategies. 
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Chapter 4 

Characterization and Application of PFC 

nanohybrids 
 

4.1 Characterization of CPT: 

The UV spectra was noted by using UV spectrophotometer and  

the standard peak was obtained at 366nm wavelength by dissolving it in 

DMSO figure(4.1a). This peak was further used to prepare a standard 

curve figure (4.1b) of multiple different concentrations to get a linear 

straight-line equation which would be further used to evaluate the 

encapsulation efficiency of nanohybrid system. 

 

Figure 4. 1: (a) UV spectra of CPT/DMSO (b) calibration curve 
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4.2 Characterization of PFC nanohybrids: 

The synthesized NPs having morphological characteristics such as 

nano-size range, spherical shape, surface charge, homogeneous dispersion 

etc., helps conjointly in biodistribution and pharmacokinetics studies. 

Particles average size and dispersion (polydispersity index) was primarily 

characterized using DLS (Nano plus) as particle size analysis. The 

particles size were found to be quite uniform with the average size of 

300nm that can be seen in the figure 4.2. 

 

Figure 4. 2 : (a) : DLS analysis of PFC nanohybrids with PDI of 0.278. 

 

The morphological analysis was done though FESEM showing 

uniform shape and  size of the nanohybrids which can be seen in the figure 

4.2 (b). These were found to suitable for the cellular uptake crossing the 

various kinds of barriers in our circulatory system. The size of these 

nanohybrids was found to be larger when checked using DLS than that of 

SEM. 
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Figure 4. 3:  (b): FESEM images of PFC nanohybrids 

 

4.3 Encapsulation efficiency calculation: 

The encapsulation efficiency of synthesized PFC nanohybrids was 

calculated using indirect method which includes comparison of the 

supernatant reading with that of calibration curve of CPT prepared  earlier 

during which we got the straight-line equation. It was found out to be 94 ± 

5% in repeated synthesis processes. Loading efficiency was found out to 

be 40 ± 10% in multiple synthesis. 
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4.4 In vitro drug release 

The release study of drug was done using the dialysis bag at pH 7.2 

in PBS buffer for 12 days. There was initial burst out of drug was found 

out in initial 12-15 h and  it was very sustained release of drug later on 

leading to almost equilibrium stage after 72 h. The initial burst out was of 

around 9% in 12 h and  then around 17% after 72 h. Sudden burst shows 

an approximate amount of drug tagged on the surface of the nanohybrid 

system leading to the release of it in very less amount of time. Because 

there was very sustained and  controlled  release of drug even after several 

days makes it suitable drug delivery vehicle for various studies enhancing 

bioavailability and  further stability. 

 

Figure 4. 4: in vitro drug release of CPT out of PFC nanohybrids 
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4.5 Conclusion and future aspects 

CPT have shown tremendous results when applied to cancer cell 

but due to poor solubility and pharmacokinetics, it failed in enormous 

trials. To compensate this problem, we tried to synthesize nanohybrids of 

CPT loaded PLGA-magnetic nanohybrid system to enhance the overall 

efficacy and pharmacokinetics of this drug and also to explore the PLGA-

magnetic nanohybrid potential to deliver this drug with quite accuracy. 

The PFC nanohybrids were synthesized using ultrasonic atomizer with . 

The PFC nanohybrid is still under optimization for further experiments. 

When characterized by using different techniques, these nanohybrid 

showed larger size of around 450nm in DLS and around 200 nm in 

FESEM. The encapsulation efficiency was found quite higher around 95% 

when calculated using UV-vis spectroscopy. The in vitro drug release 

profile showed sustained and gradual release form the nanohybrids when 

studied for 10-12 days with release percentage of around 40%. The 

cytotoxicity studies are still remaining as due to quite larger size of this 

nanohybrid system there is requirement of some further optimizations 

which will lead to smaller size comparatively increasing its theranostic 

potential as a suitable drug carrier against various carcinomas.    
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APPENDIX 
 

 

 

Figure A1 : MTT assay of PF on MDAMB 231 and HT 29 cells showing 

cytocompatibility of the  PF nanohybrid at quite lower concentrations after 

48 h. 
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Figure A2: : MTT assay of PFP nanohybrids for 48 h on HT 29 cells 

 



56 
 

 

Figure A3: MTT assay  of HT 29 cells after 48 h when treated with free 

CPT 

 

 

(A) 

  

(B)
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(C) 

 

(D) 

Figure A4: HPLC graphs of CPT to calculate encapsulation efficiency of 

PFC nanohybrid (standards and supernatants) having RT at 3.36 min. 

 (A) 5µg/ml (B) 12 µg/ml (C) Supernatant 1 (D) Supernatant 2 after 

washing during centrifugation process. 
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Figure A5: Calibration curve of CPT/DMSO prepared by using HPLC 
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