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Abstract 

 Green nanotechnology enables the conversion of biological systems into 

environmentally friendly methods for synthesizing nanomaterials. Green approaches 

utilize biological sources as an alternative to the physicochemical creation of 

nanoparticles, which involves the use of harmful chemicals and severe settings. By 

combining the principles of green chemistry, green nanotechnology, and chemical 

engineering may create metal nanoparticles that are both environmentally beneficial 

and cost effective, without the need for harmful chemicals during their production. 

Therefore, in this study, we used the extract of the traditional Serbian tea Bosiljak 

(Ocimum basilicum L.) and Borovnica (Vaccinium myrtillus) extracts to create silver 

nanoparticles (AgNPs) in a single step without the use of hazardous chemicals. This 

eco-friendly, easy-to-use, and reasonably priced approach uses an aqueous plant 

extract as a reducing and stabilizing agent for AgNPs. The NPs synthesized from 

Bosiljak and Borovnica were termed as OBTe-AgNPs and VMTe-AgNPs, 

respectively. UVïVis spectroscopy, energy dispersive spectroscopy (EDS), 

transmission electron microscopy (TEM), field emission scanning electron 

microscopy (FESEM), and dynamic light spectroscopy (DLS) were all used to 

examine the AgNPs. UVïVis spectroscopy displayed surface plasmon resonance 

(SPR) at 344 nm and 305 nm, respectively for OBTe-AgNPs and VMTe-AgNPs. The 

FESEM analysis of OBTe-AgNPs and VMTe-AgNPs revealed that both processes 

oval shape with average size of 55 and 52 nm, respectively. While and TEM analysis 

revealed that the average size of OBTe-AgNPs and VMTe-AgNPs was 35 nm and 80 

nm, respectively. The anti-cancer ability of OBTe-AgNPs against human cervical 

immortalized (HeLa) cancer cells was tested. While on the other hand, VMTe-AgNPs 

were used as double action tool as anti-cancer and anti-atherosclerosis against breast 

adenocarcinoma epithelial cells (MDA-MB-231) and human umbilical vein 

endothelial cells (HUVEC). The results showed that both AgNPs possess cytotoxic 

effect in a dose dependent manner. OBTe-AgNPs showed IC50 value of 21.78 ± 0.68 

ɛg/ml against HeLa cells. While VMTe-AgNPs showed IC50 value of 29.69 ± 1.47 

ɛg/ml and 17.72 ± 1.25 ɛg/ml against MDA-MB-231 and HUVEC cells, respectively. 

Furthermore, the potential of OBTe-AgNPs were incorporated into nanofibers (NFs) 

as anti-atherosclerosis agent as well as a new coating material for drug coated 

balloons (DCBs). The Ag release study reveals that there is sustainable release over 

time from various variations of OBTe-AgNPs-NF. Due to this we saw anti-

atherosclerosis potential of these OBTe-AgNPs-NFs when exposed to HUVEC cells. 

In conclusion, AgNPs and AgNPs-NF produced via green nanotechnology have the 

potential to be used as anti-cancer and anti-atherosclerosis agents. Moreover, AgNPs-

NF acts as a newer coating material for DCBs to treat atherosclerosis and peripheral 

artery disease. 

Keywords: Green nanotechnology, silver nanoparticles, anti-cancer, anti-

atherosclerosis, nanofibers, drug coated balloons. 
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Serbian language abstract 

ɿʝʣʝʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʿʘ ʦʤʦʛʫ˂ʘʚʘ ʧʨʝʪʚʘʨʘˁʝ ʙʠʦʣʦʰʢʠʭ ʩʠʩʪʝʤʘ ʫ 

ʝʢʦʣʦʰʢʠ ʧʨʠʭʚʘʪˀʠʚʝ ʤʝʪʦʜʝ ʟʘ ʩʠʥʪʝʟʫ ʥʘʥʦʤʘʪʝʨʠʿʘʣʘ. ɿʝʣʝʥʠ ʧʨʠʩʪʫʧʠ 

ʢʦʨʠʩʪʝ ʙʠʦʣʦʰʢʝ ʠʟʚʦʨʝ ʢʘʦ ʘʣʪʝʨʥʘʪʠʚʫ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʦʤ ʢʨʝʠʨʘˁʫ 

ʥʘʥʦʯʝʩʪʠʮʘ, ʰʪʦ ʫʢˀʫʯʫʿʝ ʫʧʦʪʨʝʙʫ ʰʪʝʪʥʠʭ ʭʝʤʠʢʘʣʠʿʘ ʠ ʪʝʰʢʝ ʫʩʣʦʚʝ. 

ʂʦʤʙʠʥʦʚʘˁʝʤ ʧʨʠʥʮʠʧʘ ʟʝʣʝʥʝ ʭʝʤʠʿʝ, ʟʝʣʝʥʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʿʝ ʠ ʭʝʤʠʿʩʢʦʛ 

ʠʥʞʝˁʝʨʠʥʛʘ ʤʦʛʫ ʩʝ ʩʪʚʦʨʠʪʠ ʤʝʪʘʣʥʝ ʥʘʥʦʯʝʩʪʠʮʝ ʢʦʿʝ ʩʫ ʠ ʝʢʦʣʦʰʢʠ 

ʢʦʨʠʩʥʝ ʠ ʠʩʧʣʘʪʠʚʝ, ʙʝʟ ʧʦʪʨʝʙʝ ʟʘ ʰʪʝʪʥʠʤ ʭʝʤʠʢʘʣʠʿʘʤʘ ʪʦʢʦʤ ˁʠʭʦʚʝ 

ʧʨʦʠʟʚʦʜˁʝ. ɿʙʦʛ ʪʦʛʘ ʩʤʦ ʫ ʦʚʦʿ ʩʪʫʜʠʿʠ ʢʦʨʠʩʪʠʣʠ ʝʢʩʪʨʘʢʪ ʪʨʘʜʠʮʠʦʥʘʣʥʦʛ 

ʩʨʧʩʢʦʛ ʯʘʿʘ ɹʦʩʠˀʘʢ (Ocimum basilicum L.) ʠ ʝʢʩʪʨʘʢʪʝ ɹʦʨʦʚʥʠʮʝ (Vaccinium 

myrtillus) ʟʘ ʩʪʚʘʨʘˁʝ ʥʘʥʦʯʝʩʪʠʮʘ ʩʨʝʙʨʘ (AgNPs) ʫ ʿʝʜʥʦʤ ʢʦʨʘʢʫ ʙʝʟ ʫʧʦʪʨʝʙʝ 

ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ. ʆʚʘʿ ʝʢʦʣʦʰʢʠ ʧʨʠʭʚʘʪˀʠʚ ʧʨʠʩʪʫʧ, ʿʝʜʥʦʩʪʘʚʘʥ ʟʘ 

ʫʧʦʪʨʝʙʫ ʠ ʧʨʠʩʪʫʧʘʯʥʝ ʮʝʥʝ, ʢʦʨʠʩʪʠ ʚʦʜʝʥʠ ʙʠˀʥʠ ʝʢʩʪʨʘʢʪ ʢʘʦ ʩʨʝʜʩʪʚʦ ʟʘ 

ʨʝʜʫʢʮʠʿʫ ʠ ʩʪʘʙʠʣʠʟʘʮʠʿʫ ʥʘʥʦʯʝʩʪʠʮʘ ʩʨʝʙʨʘ. ʅʘʥʦ ʯʝʩʪʠʮʝ ʩʠʥʪʝʪʠʩʘʥʝ ʠʟ 

ɹʦʩʠˀʘʢʘ ʠ ɹʦʨʦʚʥʠʮʝ ʥʘʟʚʘʥʠ ʩʫ ʢʘʦ OBTe-AgNPs ʠ VMTe-AgNPs, 

ʨʝʩʧʝʢʪʠʚʥʦ. ʋɺ-ɺʠʩ ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ, ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ ʜʠʩʧʝʨʟʠʿʝ ʝʥʝʨʛʠʿʝ 

(ɽɼʉ), ʪʨʘʥʩʤʠʩʠʦʥʘ ʝʣʝʢʪʨʦʥʩʢʘ ʤʠʢʨʦʩʢʦʧʠʿʘ (ʊɽʄ), ʝʤʠʩʠʦʥʘ ʩʢʝʥʠʨʘʿʫ˂ʘ 

ʝʣʝʢʪʨʦʥʩʢʘ ʤʠʢʨʦʩʢʦʧʠʿʘ (ʌɽʉɽʄ) ʠ ʜʠʥʘʤʠʯʢʘ ʩʚʝʪʣʦʩʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ 

(ɼʃʉ) ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʟʘ ʠʩʧʠʪʠʚʘˁʝ AgNPs. ʋɺ-ɺʠʩ ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ ʿʝ ʧʦʢʘʟʘʣʘ 

ʧʦʚʨʰʠʥʩʢʫ ʧʣʘʟʤʦʥʩʢʫ ʨʝʟʦʥʘʥʮʫ (ʉʇʈ) ʥʘ 344 nm ʠ 305 nm, ʨʝʩʧʝʢʪʠʚʥʦ ʟʘ 

OBTe-AgNPs ʠ VMTe-AgNPs. ʌɽʉɽʄ ʘʥʘʣʠʟʘ OBTe-AgNPs ʠ VMTe-AgNPs 

ʦʪʢʨʠʣʘ ʿʝ ʜʘ ʦʙʘ ʧʨʦʮʝʩʘ ʦʚʘʣʥʦʛ ʦʙʣʠʢʘ ʩʘ ʧʨʦʩʝʯʥʦʤ ʚʝʣʠʯʠʥʦʤ ʦʜ 55 ʠ 52 

nm. ɼʦʢ ʠ ʊɽʄ ʘʥʘʣʠʟʘ ʿʝ ʦʪʢʨʠʣʘ ʜʘ ʿʝ ʧʨʦʩʝʯʥʘ ʚʝʣʠʯʠʥʘ OBTe-AgNPs ʠ 

VMTe-AgNPs ʙʠʣʘ 35 nm ʠ 80 nm, ʨʝʩʧʝʢʪʠʚʥʦ. ʊʝʩʪʠʨʘʥʘ ʿʝ ʝʬʠʢʘʩʥʦʩʪ OBTe-

AgNPs ʫ ʦʜʥʦʩʫ ʥʘ ˂ʝʣʠʿʝ ʢʘʥʮʝʨʘ ʠ ˀʫʜʩʢʠʭ ʠʤʦʨʪʘʣʠʟʦʚʘʥʠʭ ˂ʝʣʠʿʘ ʢʘʥʮʝʨʘ 

ʛʨʣʠ˂ʘ ʤʘʪʝʨʠʮʝ (HeLa). ɼʦʢ ʩʫ, ʩ ʜʨʫʛʝ ʩʪʨʘʥʝ, VMTe-AgNPs ʢʦʨʠʰ˂ʝʥʝ ʢʘʦ 

ʩʨʝʜʩʪʚʦ ʜʚʦʩʪʨʫʢʦʛ ʜʝʿʩʪʚʘ ʢʘʦ ʘʥʪʠ-ʢʘʥʮʝʨ ʠ ʘʥʪʠ-ʘʪʝʨʦʩʢʣʝʨʦʟʘ ʧʨʦʪʠʚ 

ʝʧʠʪʝʣʥʠʭ ˂ʝʣʠʿʘ ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ ʜʦʿʢʝ (MDA-MB-231) ʠ ʝʥʜʦʪʝʣʥʠʭ ˂ʝʣʠʿʘ 

ʭʫʤʘʥʝ ʧʫʧʯʘʥʝ ʚʝʥʝ (HUVEC). ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʦʙe AgNPs ʧʦʩʝʜʫʿʫ 

ʮʠʪʦʪʦʢʩʠʯʥʠ ʝʬʝʢʘʪ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʜʦʟʝ. OBTe-AgNPs ʩʫ ʧʦʢʘʟʘʣʠ ʀʎ50 

ʚʨʝʜʥʦʩʪ ʦʜ 21,78 Ñ 0,68 ɛg/ml ʧʨʝʤʘ HeLa ˂ʝʣʠʿʘʤʘ. ɼʦʢ ʩʫ VMTe-AgNPs 

ʧʦʢʘʟʘʣʠ ʀʎ50 ʚʨʝʜʥʦʩʪ ʦʜ 29,69 Ñ 1,47 ɛg/ml ʠ 17,72 Ñ 1,25 ɛg/ml ʫ ʦʜʥʦʩʫ ʥʘ 

MDA-MB-231 ʠ HUVEC ˂ʝʣʠʿʝ, ʨʝʩʧʝʢʪʠʚʥʦ. ʐʪʘʚʠʰʝ, ʧʦʪʝʥʮʠʿʘʣ OBTe-

AgNPs ʿʝ ʫʛʨʘʹʝʥ ʫ ʥʘʥʦʚʣʘʢʥʘ (ʅʌ) ʢʘʦ ʘʛʝʥʩ ʧʨʦʪʠʚ ʘʪʝʨʦʩʢʣʝʨʦʟʝ, ʢʘʦ ʠ ʥʦʚʠ 

ʤʘʪʝʨʠʿʘʣ ʟʘ ʦʙʣʘʛʘˁʝ ʙʘʣʦʥʘ ʦʙʣʦʞʝʥʠʭ ʣʝʢʦʚʠʤʘ (ɼʎɹ). ʉʪʫʜʠʿʘ ʦʩʣʦʙʘʹʘˁʘ 

Ag ʦʪʢʨʠʚʘ ʜʘ ʧʦʩʪʦʿʠ ʦʜʨʞʠʚʦ ʦʩʣʦʙʘʹʘˁʝ ʪʦʢʦʤ ʚʨʝʤʝʥʘ ʠʟ ʨʘʟʣʠʯʠʪʠʭ 

ʚʘʨʠʿʘʮʠʿʘ OBTe-AgNPs-NFs. ɿʙʦʛ ʪʦʛʘ ʩʤʦ ʚʠʜʝʣʠ ʘʥʪʠʘʪʝʨʦʩʢʣʝʨʦʟʥʠ 

ʧʦʪʝʥʮʠʿʘʣ ʦʚʠʭ ʆɹʊʝ-ɸʛʅʇʩ-ʅʌ ʢʘʜʘ ʩʫ ʙʠʣʠ ʠʟʣʦʞʝʥʠ HUVEC ˂ʝʣʠʿʘʤʘ. ʋ 

ʟʘʢˀʫʯʢʫ, AgNPs ʠ AgNPs-NFs ʧʨʦʠʟʚʝʜʝʥʠ ʧʨʝʢʦ ʟʝʣʝʥʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʿʝ 

ʠʤʘʿʫ ʧʦʪʝʥʮʠʿʘʣ ʜʘ ʩʝ ʢʦʨʠʩʪʝ ʢʘʦ ʘʛʝʥʩʠ ʧʨʦʪʠʚ ʨʘʢʘ ʠ ʘʪʝʨʦʩʢʣʝʨʦʟʝ. 

ʐʪʘʚʠʰʝ, AgNPs-NFs ʜʝʣʫʿʫ ʢʘʦ ʥʦʚʠʿʠ ʤʘʪʝʨʠʿʘʣ ʟʘ ʦʙʣʘʛʘˁʝ ʟʘ ɼʎɹ ʟʘ 

ʣʝʯʝˁʝ ʘʪʝʨʦʩʢʣʝʨʦʟʝ ʠ ʙʦʣʝʩʪʠ ʧʝʨʠʬʝʨʥʠʭ ʘʨʪʝʨʠʿʘ. 
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Chapter 1  
 

Introduction  
1.1 Introduction  

The question "What is the allure of green processes?" can be asked. The 

answer can be found in our environment. The advent of the industrial uprising in the 

1760s brought out an accumulation of environmental challenges. We are currently on 

the verge of a 'nano-revolution' that will profoundly shape all aspects of life on Earth 

(Thipe et al., 2022). Nanoparticles (NPs) are minute molecular structures, fluctuating 

in size from 1 to 100nm, that have the prospective to revolutionize different divisions 

of modern society, such as health, transportation, electronics, and telecommunications 

(Qamar, 2021). Nevertheless, nanomaterials (NMs) have the potential to cause 

significant alterations to our surroundings due to their prolonged usage, exposure, and 

accumulation in the atmosphere and water (Ramzan et al., 2022). We are currently 

faced with a decision between selecting distinct NPs/NMs embedded products that 

will contribute to a secure and sustainable future, or opting for a future that is marred 

by environmental contamination resulting from the usage of various forms of NMs, 

both in the short and long term (Thipe et al., 2022). Given the circumstances, it is 

crucial to have environmentally friendly techniques that can reduce or eliminate the 

harmful impact on our environment while producing and using products with 

embedded NPs in many industries. 

Green methods, such as green chemistry and green nanotechnology, employ 

non-toxic starting materials and environmentally-friendly solvents throughout the 

entire synthesis process (Qamar & Ahmad, 2021). These techniques strive to fully 

eradicate harmful compounds in the reaction media and also try to eradicate toxic 

derivatives that harm our environment (M. Gupta & Seema, 2021). Green 

nanotechnology (GNT) seeks to completely eradicate all harmful compounds across 

the entirety of manufacturing processes (Ahmed et al., 2022). GNT is portrayed by the 

use of phyto-chemicals obtained from various plants species to act as stabilizing-

reducing mediators in the conversion of metal ions (M+) into metallic nanoparticles 

(MNPs) (Qamar & Ahmad, 2021). Green chemistry is guided by a set of 12 widely 

recognized principles. These principles serve as a grounds for the development and 

enhancement of materials, processes, products, and systems (DeVierno Kreuder et al., 

2017). The objectives are as follows: (i) preventing the generation of toxic waste, (ii ) 

maximizing the amount of final product by ensuring efficient use of atoms in the 

synthetic route, (iii ) avoiding the use of harmful chemicals in the synthetic pathways, 

(iv) designing of materials that are compatible with living organisms and pose no 

harm, (v) using environmentally-friendly solvents such as water, (vi) minimizing 

energy usage while achieving high yields to minimize environmental as well as 

economic influences, (vii ) using renewable feedstock or raw materials to promote 

sustainability, (vii ) reducing the number of byproducts to limit extra steps, and (ix) 

utilizing catalysts instead of less effectual stoichiometric reactions, (x) the design 

leads to the formation of harmless byproducts, (xi) the life cycle analysis aims to 

minimize and prevent environmental damage, and (xii) there is improved efficiency in 

the manufacturing, storing, and transportation operations.  

Nanotechnology is now in its early stages of development, although it is seeing 

significant growth with far-reaching consequences in the fields of energy, electronics, 
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food, medical, and related industries (Shafique et al., 2023). The global market for 

nano-machines and nano-devices is predicted to grow from $736.1 million in 2018 to 

approximately $2.7 billion in 2028, according to a prediction (McWilliams, 2018b). 

The worldwide nanocomposites market is predicted to reach above $7 billion by 2022, 

with a combined annual growth rate of about 29.5% during the period from 2017 to 

2022 (McWilliams, 2018a). Hence, it is crucial that we foster the progression of GNT 

in a way that is both sustainable and environmentally benign, in order to facilitate its 

expansion and effectively mitigate the present and forthcoming consequences of the 

nano-revolution on our surroundings. The notion of GNT encompasses the notion of 

environmentally-friendly and sustainable-technology (Verma et al., 2019). 

Over the previous few years, there has been significant interest and extensive 

research persistence seen on the biomedical assessment and reassessment of MNPs 

obtained from noble metals, such as silver (Ag) and gold (Au). This is due to their 

distinct chemical, biological, and physical properties (Nadaf et al., 2022). Significant 

focus was directed towards the evaluation of silver nanoparticles (AgNPs) in the 

discipline of biomedicine, since they gained global recognition as non-traditional 

antibacterial agents (Simon et al., 2022). Despite the limited knowledge about the in-

vivo toxicokinetic behavior of AgNPs, these NPs have extensively been utilized as 

anti-bacterial agents in the healthcare industry (Rodríguez-Félix et al., 2022), 

cosmetics (Gajbhiye & Sakharwade, 2016), food storage (Taha et al., 2022), textile 

coatings (Lange et al., 2022), and various environmental applications (González-

Pedroza et al., 2023) (see Figure 1.1).   

 

Figure 1.1. Illustration of NPs application in various fields (Adapted with permission 

from (Qamar & Ahmad, 2021)) 

The inherent therapeutic effects of medicines in the field of medicine are 

equally significant as their pharmacokinetics and pharmacodynamics (Xie et al., 

2019). Due to its potential to improve present healthcare practices, the targeted 

distribution and effectiveness of therapeutic agents have become a highly researched 

area. As a result, AgNPs have gained significant interest for their role in designing and 
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developing advanced drug-delivery systems (Nikolova et al., 2023). AgNPs based 

nano-systems were assessed as effective carriers for a range of therapeutic 

compounds, such as anti-inflammatory (Steckiewicz et al., 2022), anti-oxidant 

(Alsareii et al., 2022), antibacterial (Ha et al., 2023), and anticancer (Dutt et al., 2023) 

agents. 

Due to their inherent ability to fight cancer, AgNPs have received significant 

interest in this field and have been proven to be effective in delivering anti-tumor 

medications (Ebtesam S Al-Sheddi et al., 2023; Benyettou et al., 2015). They can 

operate as either passive (Patra et al., 2015) or active (Poudel et al., 2018) carriers for 

anticancer treatments. To prepare biocompatible AgNPs, many methods were 

employed, including radiolysis, organic-water 2-phase synthesis, micro-emulsion, and 

the most often used method, reduction in aqueous mixture (Qamar & Ahmad, 2021). 

Due to its unique properties, AgNPs have lately attracted a lot of interest as a potential 

drug-delivery platform (Hussein & Abdullah, 2022). These encompass its versatile 

organic molecule-binding capabilities, potent and modifiable absorption 

characteristics, and minimal toxicity. Considerable attention, scientific expertise, and 

financial support have been devoted to this (Qamar, 2021). Recent studies have 

demonstrated the potential application of AgNPs as carriers for vaccines and drugs, 

allowing for directed delivery to specific tissues and cells (A. Yusuf et al., 2023). 

Given their remarkable optical properties, which are significantly impacted by 

localized and specific surface plasmon resonance, AgNPs are ideally suited for 

applications involving the delivery of drugs. Furthermore, recent advancements in 

enhancing the biocompatibility and stability of AgNPs through surface modification 

make nanostructured systems based on silver excellent candidates that are specific, 

selective, and versatile for such applications (Amooaghaie et al., 2015; Kumari et al., 

2020; Panda et al., 2022; Pauksch et al., 2014). 

1.2 Aim of the dissertation 

Combining nanotechnology and green chemistry has become an interdisciplinary 

way that has increased the number of MNPs that are compatible with cells and their 

genes (Mulvihill et al., 2011). NPs that span a range of dimensions from 1 to 100 nm 

are widely acknowledged as intermediaries that link bulkier substances with atomic-

scale substances (Altammar, 2023). Nanoscale materials exhibit exceptional and 

distinctive characteristics in comparison to their bulk counterparts. The observed 

idiosyncrasies can be credited to the inherent physio-chemical characteristics, 

accompanied by the surface-to-volume ratio of nano molecules (Tekade et al., 2017). 

Broadly speaking, there are two fundamental methodologies employed in the 

production of NPs. The chemical synthesis of NPs involves a multitude of techniques, 

one of which is the utilization of photons of light in photochemical processes (dos 

Santos et al., 2019), physiochemical approaches involving ɔ-radiation (Sharma et al., 

2020), chemical reduction techniques (Guzman et al., 2008), microemulsion methods 

(Sun et al., 2019), electrochemical procedures (Elemike et al., 2019), microwave 

irradiation processes (Pauzi et al., 2019), and techniques of laser ablation (Rafique et 

al., 2019). Each of these processes produces a significant quantity of NPs, but they are 

limited by the presence of harmful components as well as the expensive and labor-

intensive equipment required. Several chemical compounds, including polyethylene 

glycol, tollens, sodium citrate, elemental hydrogen and sodium borohydride, when 

dissolved in aqueous mixture, they operate as reducing managers. The reducing 
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chemicals facilitate the reduction of metal (M+) ions to their metallic (M0) state, 

causing the formation of NPs (Chouke et al., 2022) (see Figure 1.2). 

 

Figure 1.2. Illustration of NPs synthesis process (Adapted with permission from 

(Qamar & Ahmad, 2021)) 

Additionally, the utilization of green or biogenesis implies the employment of 

natural molecules as stabilizing, capping, and reducing agents, thereby replacing 

costly and hazardous chemicals. Because of this observation, researchers employ 

biosynthetic techniques (Qamar & Ahmad, 2021). There exist multiple factors 

contributing to this particular inclination. To begin with, it is important to note that 

biologically synthesized NPs exhibit distinct physicochemical features in comparison 

to NPs that are chemically synthesized (Joudeh & Linke, 2022). Furthermore, this 

approach demonstrates a relatively lower cost and a higher level of user-friendliness in 

comparison to the chemical approach, which involves the utilization of costly 

chemicals (Mukherjee & Patra, 2017). In addition, the chemical substances possess 

toxicity towards humans, animals, and notably the environment (Younas et al., 2022). 

Hence, the majority of professionals refer to green synthesis as a bottom-up 

methodology that involves substituting chemicals with plant extracts derived from 

several parts such as fruits, leaves, roots, and fruit peels (Madkour, 2018). 

The production and application of AgNPs have caught significant attention in 

research papers, surpassing the study of other metallic NPs, despite variations in the 

number of publications utilizing the top-down strategy (Fahimirad et al., 2019). NPs 

possess distinct characteristics, namely their size and form, which contribute to their 

extensive selection of applications. NPs find extensive applications in diverse 

domains, involving biomedical science for drug delivery, rapid diagnosis, imaging, 

tissue regeneration and medical equipment) (Gosselin et al., 2022; Marassi et al., 

2018; Prasher et al., 2020; Y. Su et al., 2019), anti-cancer agents (Y. Khan et al., 

2017), antimicrobial agents (Alotaibi et al., 2022), Atherosclerosis (Shi et al., 2014) 

and bioremediation (Heisnam et al., 2022). 

Cardiovascular diseases (CVDs) are widely acknowledged as the primary reason 

of death on a global scale (Vaduganathan et al., 2022). Atherosclerosis is the primary 

underlying factor responsible for CVD, which encompasses disorders such as 

myocardial infarction (MI), heart failure, claudication and stroke. Atherosclerosis 

mostly affects the intima of several medium-large sized arteries, particularly at sites of 

arterial bifurcation (Nakhlband et al., 2018). The rising incidence of such disease 

necessitates innovative treatment and diagnostic strategies to address the related 

clinical and societal challenges. Advancements in nanotechnology and biomedical 
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sciences have revealed the potential to use focused nano-machines for specific 

purposes such as diagnosis, and therapy. Nanomedicines, which are innovative 

methods for improving medication administration, imaging, and detection techniques, 

have demonstrated significant potential in addressing cardiovascular illnesses i.e., 

Atherosclerosis (Omidian et al., 2023) (see Figure 1.3). 

 

Figure 1.3. Application of NMs for the treatment of CVDs (Adapted with permission 

from (Ramchandani et al., 2023)) 

When comparing the impacts of rosuvastatin and AgNPs on hyperlipidemic rats, 

AL-Dujaili et al. discovered that the former significantly decreased serum levels of 

Endothelin and Obestatin, while the latter had no effect at all (Al -Dujaili & Al -

Shemeri, 2016). Shi et al assessed the cytotoxicity of AgNPs and their influence on 

endothelial cell (EC) injury (Shi et al., 2014). According to their findings, exposure to 

AgNPs results in the suppression of cell growth, harm to the cell membrane, and the 

initiation of programmed cell death. In addition, they asserted that AgNPs elevate the 

concentrations of adhesion molecules, inflammatory cytokines, and chemokines, and 

notably, they enhance the generation of ROS in HUVECs. Collectively, they proposed 

that AgNPs trigger the onset of early atherosclerosis by causing damage and 

impairment to the endothelial cells via the triggering of IəB kinase (IKK)/NF-əB. 

Conversely, certain studies have demonstrated a negative impact of AgNPs on 

angiogenesis (Gurunathan et al., 2009), which consequently affects CVDs. 

Therefore, this dissertation aims to propose a sustainable approach to kill cancer 

cells and provide a new coating material for drug coated balloons (DCBs) for the 

remedy of atherosclerosis and peripheral artery disease (PAD). This scientific goal 

will be realized through the following partial goals: 
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¶ Selection of plants having reported anticancer molecules that act as 

capping agent for silver nanoparticles (AgNPs). 

¶ Biosynthesis of AgNPs using plant extracts i.e., roots, leaves, and stems. 

¶ Selection of Food and Drug Administration (FDA) approved polymers i.e., 

Polycaprolactone (PCL) and Polyethylene Glycol (PEG) for nanofibers 

(NFs). 

¶ Incorporation of synthesized AgNPs into nanofiber via electrospinning 

techniques. 

¶ Toxicological studies for assessing the potential of AgNPs as anti-cancer 

agents. 

¶ Exploring the toxicological aspects of AgNPs incorporated NFs for their 

potential use as coating material for drug coated balloons to treat 

atherosclerosis and peripheral artery disease. 

1.3 Objective of the dissertation 

a. By exposing the cancer cells to biosynthesized AgNPs, the cell viability of 

cancer cells will decrease in a dose dependent manner. 

b. AgNPs incorporated NFs will release Ag ion in a controlled manner for being 

used as coating material for drug coated balloons to treat atherosclerosis and 

peripheral artery disease. 

c. The toxicological studies for AgNPs incorporated NFs will provide 

information about suitable dosage of AgNPs that can be incorporated into NFs 

for drug coated balloons treat atherosclerosis and peripheral artery disease. 
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Chapter 2  
 

Review of literature 

2.1 Prevalence of cancer 

Cancer stands as a obvious contributor to mortality rates and sets a substantial 

barrier to the advancement of life expectancy across the globe (Bray et al., 2021). 

Agreeing to the World Health Organization's (WHO) 2019 estimates, 112 out of 183 

countries have cancer as the principal or secondary basis of death for those under the 

age of 70. In 23 countries, it is also the third or fourth leading cause of mortality (see 

Figure 2.1) (WHO, 2020). The rising incidence of cancer as the principal cause of 

death can be partially explained by the notable declines in the mortality rates from 

coronary heart disease (CAD) and stroke comparative to cancer in numerous 

countries. According to gender and kind of cancer, predictions for the number of new 

cases of invasive cancer in the US in 2022 have been released by a recent study. The 

study projects that 1,918,030 new instances of cancer will be diagnosed overall, or 

around 5250 new cases every day. In addition, it is projected that 98,000 new cases of 

melanoma in situ of the skin and 51,500 new cases of ductal carcinoma in situ of the 

female breast will be found in women (Siegel et al., 2022). 

 

Figure 2.1. Cancer's ranking as a cause of death for individuals under the age of 70 in 

2019 (Source: WHO) 

 Figure 2.2 illustrates the prevailing types of malignancies detected in males 

and females in the year 2020. In 2022, over 609,360 individuals in the United States 

are projected to succumb to cancer, resulting in an average of nearly 1700 fatalities 

each day. Colorectal, prostate, and bronchus (henceforth lung) malignancies comprise 

more than half (48%) of newly diagnosed cases in males; prostate cancer accounts for 

27% of all diagnoses. 51% of all newly identified cases of cancer in women are breast, 

lung, and colorectal; breast cancer accounts for approximately one-third of these 

cases. Males experience the highest mortality rates due to lung, prostate, and 

colorectal cancers, while females are most susceptible to lung, breast, and colorectal 

cancers (see Figure 2.3) (Siegel et al., 2022). About 350 people every day lose their 

lives to lung cancer, which is more than the combined mortality toll from pancreatic, 

breast, and prostate cancers put together. Plus, it kills 2.5 times as many people as 
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colorectal cancer, the second prominent reason of cancer-related fatalities. 

Approximately 105,840 (or 81% of the total) of the 130,180 lung cancer deaths in 

2022 will be directly caused by cigarette smoking, while an additional 3,650 deaths 

will be attributed to exposure to second-hand smoke. The tally comes to 26. When 

taking into account both sexes collectively, lung cancer ranks as the seventh preceding 

root of cancer death, with an additional 20,700 deaths attributable to factors other than 

smoking (Siegel et al., 2022). 

 

Figure 2.2. Most prevalent types of cancer categorized by gender (Source: WHO) 
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Figure 2.3. Top ten cancer types for the predictable total of new cancer cases and 

deaths in USA (Adapted with permission from (Siegel et al., 2022)). 

2.2 Current cancer treatment 

Currently, despite the availability of early detection techniques and 

sophisticated treatments, cancer stays a significant worldwide health issue 

characterized by a high occurrence and death rate. Due to their genetic abnormalities, 

cancer cells evade cell cycle regulatory systems and evade apoptosis (Greaves & 

Maley, 2012). While death rates for many forms of cancer have decreased due to the 

success of treatment approaches, the leading focus of cancer research remains on the 

development of improved therapeutics to further reduce mortality (see Figure 2.4). 

The advancement and transformation of cancer treatment has been driven by an 

enhanced comprehension of the molecular pathways that underlie cancer. The global 

prevalence of cancer patients is growing, leading to notable problems. Nevertheless, 

the quest for a therapy that yields the largest rate of positive responses while 

minimizing negative effects persists rapidly. The clinic employs many cancer 

treatment modalities, including radiotherapy, surgery, chemotherapy, stem cell 

transplant, photodynamic therapy, hormone therapy, targeted therapy, immunotherapy 

and hyperthermia (Miller et al., 2022). Combination therapies are frequently 

employed due to the resistance mechanisms exhibited by cancer. 
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Figure 2.4. Forecasted cancer survivorship rate in the United States in 2021 (Adapted 

with permission from (Miller et al., 2022)) 

While improvements in treatment have increased both progression free and 

survivorship rate, more work remains to be done to make cancer ultimately curable. 

Although there may be a suitable phase of cancer with long-lasting traits, contrary to 

popular belief, cancers are not transforming from fatal to chronic illnesses (Pizzoli et 

al., 2019). Except for a small percentage of individuals whose tumors respond well to 

traditional therapies, most cases include a chronic, cyclical pattern of remission and 

recurrence. When it comes to advanced and metastatic cancers, however, palliative 

care is often administered not for the aim of curing cancer but rather to alleviate 

symptom load and spiritual and psychological suffering (Henson et al., 2020). 

 

2.3 Challenges in cancer treatment 

Cancer is challenging to treat because of the properties of cancer cells. 

Cancer's cell and tissue biology, genetics, response to therapy and pathology are only 

a few examples of the staggering range and depth of its viability. Cancer cells avoid 

getting detected by immune system via variety of approaches as presented in Figure 

2.5. 

 

Figure 2.5. Illustration of how cancer cells survive therapy (Adapted with permission 

from (Hanahan, 2022)) 

2.3.1 Difficulty in targeting cancer stem cells (CSC) 

More and more research points to the idea that malignant cells may often be 

traced back to a single cell that has stem cell features. These results should have a 

dramatic influence on the treatment of cancer. The underlying premise of conventional 

cancer therapy is that all somatic cells have an equal propensity to develop into 


















































































































