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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. UV-Vis 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. UV-Vis 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 ICso value of 21.78 + 0.68
ug/ml against HeLa cells. While VMTe-AgNPs showed ICso value of 29.69 + 1.47
pug/ml and 17.72 + 1.25 pg/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.



Serbian language abstract

3ereHa HAHOTEXHOJOTHja OMoryhaBa mpeTBapame OHOJOIIKUX CHUCTEMa Y
eKOJIOIIKK MNPUXBAaT/bHBE METOJIE 3a CHHTE3y HaHOMaTepHjaja. 3eJeHU NPHCTYIN
KOpUCTe OMOJIOIIKE H3BOpPE Kao alNTePHATUBY (UBNUKO-XEMHUJCKOM KpeHpamby
HAHOYECTHUIIA, IUTO YKJbydyje ymoTpeOy IUTETHHMX XEMHKalIdja U TEIIKe YCIIOBE.
KomOnHOBameM NpHHIHMIA 3€JICHE XEMHje, 3eJeHe HAHOTEXHOJIOTHjE€ U XEMH]jCKOT
UHKEHEPUHIa MOTY C€ CTBOPHUTH METAJIHE HAHOYECTHIIE KOje€ Cy M EKOJIOIIKU
KOpPHCHE W HUCIUIaThBe, 0e3 moTpede 3a IITETHHUM XEMHKAIHjaMa TOKOM HhHXOBE
pOM3BOAMKE. 300T Tora CMO y OBOj CTYAMjU KOPUCTWIM €KCTPAKT TPaJUIMOHAIHOT
cpuckor 4aja bocusbak (Ocimum basilicum L.) u excrpakre Boposuune (Vaccinium
myrtillus) 3a ctBapame Hanouectuia cpedpa (AgNPS) y jenHom kopaky 6e3 yrorpede
ormacHUX xeMmukanuja. OBaj EKOJOIMIKM TNPUXBATIFUB MPHUCTYI, jEAHOCTaBaH 3a
yrnorpeOy W MPHUCTyNayHe [IeHe, KOPUCTU BOJCHU OMJbHHM €KCTPAKT Kao CPENICTBO 3a
penyKuujy u crabwin3anujy HaHouyecTula cpebpa. Hano uectuiie cMHTETHCAaHE U3
bocusraka u bopoBuune HazBanu cy kao OBTe-AgNPs u VMTe-AgNPs,
pecriektuBHO. YB-Buc cnekTpockomnuja, CIEKTPOCKONMja IUCIEp3Uje eHepruje
(EAC), tpancmucuona enekrporcka mukpockonuja (TEM), emucuona ckenupajyha
enekTpoHcka Mukpockonuja (PECEM) M auHaMU4YKa CBETIOCHA CHEKTPOCKOIHja
(JJIC) cy kopumhenn 3a ucnutuambe AGNPS. YB-Buc cnekrpockornuja je mokasasna
MOBPLIMHCKY Iu1a3MoHCKy pe3oHaHiy (CIIP) va 344 nm u 305 nm, pecnekTuBHO 3a
OBTe-AgNPs u VMTe-AgNPs. ®ECEM ananuza OBTe-AgNPs u VMTe-AgNPs
OTKpHJa je Aa oba mporeca OBaTHOT OOJMKA Ca MPOCECYHOM BEIMYMHOM OJ1 55 u 52
nm. ok 1 TEM ananuza je otrkpuina ga je mpoceuna BennunHa OBTe-AgNPs u
VMTe-AgNPs 6una 35 nm u 80 nm, pecriektuBHO. Tectupana je epuxacHoct OBTe-
AgNPs y onnocy Ha henuje kaHIlepa U JbyJICKMX UMOPTAIN30BaHUX henuja xaHIepa
rpaunha marepune (HelLa). ok cy, ¢ npyre ctpane, VMTe-AgNPs kopumrhene kao
CPeACTBO JABOCTPYKOI [€jCTBa KAao AaHTU-KaHIEpP M aHTH-aTepOCKIIepo3a IMPOTHUB
enutenHuX henmja ameHokapumaoma jaojke (MDA-MB-231) u enmorennux hemuja
xymane nynuane BeHe (HUVEC). Pesynratu cy nmokazanu ga o6e AgNPS nocenyjy
nmuToTokcnyHn edekar y 3aBucHoctu o jmo3ze. OBTe-AgNPs cy mokazamu MIIS0
Bpeanoct ox 21,78 + 0,68 pg/ml mpema Hela hemmjama. ok cy VMTe-AgNPs
nokazanm M50 Bpeanoct ox 29,69 + 1,47 pug/ml u 17,72 = 1,25 pg/ml y ogrocy Ha
MDA-MB-231 u HUVEC henuje, pecnexktusHo. IlltaBumie, morenuujan OBTe-
AgNPs je yrpahen y nanosnakua (H®) kao areHc npoTtus arepockiiepose, Kao U HOBU
MaTepHjan 3a obsarame 6angoHa obnoxkeHux suekosuma ([ILB). Ctyauja ocnobahama
Ag OTKpuBa Ja TOCTOjU OJAPXKHUBO ociiobahame TOKOM BpeMeHa H3 Pa3IuYUTHX
Bapujauuja OBTe-AgNPs-NFs. 36or Tora cmMo BHIEIM aHTUATEPOCKIEPO3HU
notennujan opux ObTe-ArHIIc-H® xana cy 6wm m3noxkenn HUVEC henmjama. ¥V
3akibyuky, AgNPs u AgNPs-NFs npousBenenu mnpeko 3eieHe HaHOTEXHOJIOTHjE
UMajy TOTEHIMjall Jla ce KOPHCTE Kao areHCH IPOTHB paka M aTepOCKIEpo3e.
rasume, AgNPs-NFs nenyjy xao HOBUjU MaTepujan 3a obsarame 3a (LB 3a
JeYehe aTepocKiiepo3e u OoecTu nepudepHux apTepuja.

Serbian language keywords: 3eneHa HaHOTEXHOJIOTHja, HAHOYECTHIIE Cpedpa, aHTH-
KaHIlep, aHTH-aTePOCKIIepO3a, HAHOBIIAKHA, OAJTOHN 00JI0KEHHU JICKOBHMA.
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Safi-Ur-Rehman Qamar Doctoral dissertation

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 (Rodriguez-Felix et al., 2022),
cosmetics (Gajbhiye & Sakharwade, 2016), food storage (Taha et al., 2022), textile
coatings (Lange et al., 2022), and various environmental applications (Gonzélez-
Pedroza et al., 2023) (see Figure 1.1).
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Figure 1.1. lllustration 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



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 agueous 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 y-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 (M?) state,
causing the formation of NPs (Chouke et al., 2022) (see Figure 1.2).
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Figure 1.2. lllustration 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 (Ml), 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



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).
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Figure 1.3. Application of NMs for the treatment of CVVDs (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 HUVECSs. Collectively, they proposed
that AgNPs trigger the onset of early atherosclerosis by causing damage and
impairment to the endothelial cells via the triggering of IkB kinase (IKK)/NF-«B.
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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e 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.

e Selection of Food and Drug Administration (FDA) approved polymers i.e.,
Polycaprolactone (PCL) and Polyethylene Glycol (PEG) for nanofibers
(NFs).

e Incorporation of synthesized AgNPs into nanofiber via electrospinning
techniques.

e Toxicological studies for assessing the potential of AgNPs as anti-cancer
agents.

e 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.

Objective of the dissertation

By exposing the cancer cells to biosynthesized AgNPs, the cell viability of
cancer cells will decrease in a dose dependent manner.

. 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.

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.



Safi-Ur-Rehman Qamar Doctoral dissertation

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 (WHQO) 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).
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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



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).
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Figure 2.2. Most prevalent types of cancer categorized by gender (Source: WHO)



Estimated New Cases

Males Females

Prostate 268,490 27% Breast 287,850 31%

Lung & bronchus 117,910 12% ‘ Lung & bronchus 118,830 13%

Colon & rectum 80,690 8% Colon & rectum 70,340 8%

Urinary bladder 61,700 6% ) Uterine corpus 65,950 7%
Melanoma of the skin 57,180 6% | Melanoma of the skin 42,600 5%
Kidney & renal pelvis 50,290 5% Non-Hodgkin lymphoma 36,350 4%
Non-Hodgkin lymphoma 44,120 4% Thyroid 31,940 3%
Oral cavity & pharynx 38,700 4% ‘ Pancreas 29,240 3%
Leukemia 35,810 4% ‘ | Kidney & renal pelvis 28,710 3%

Pancreas 32,970 3% Leukemia 24,840 3%

All Sites 983,160 100% : All Sites 934,870 100%

Estimated Deaths

Males Females

Lung & bronchus 68,820 21% e Lung & bronchus 61,360 21%

Prostate 34,500 11% Breast 43,250 15%

Colon & rectum 28,400 9% § Colon & rectum 24,180 8%

Pancreas 25,970 8% ) Pancreas 23,860 8%

Liver & intrahepatic bile duct 20,420 6% | Ovay 12,810 4%
Leukemia 14,020 4% Uterine corpus 12,550 4%

Esophagus 13,250 4% | Liver & intrahepatic bile duct 10,100 4%

Urinary bladder 12,120 4% " Leukemia 9,980 3%
Non-Hodgkin lymphoma 11,700 4% Non-Hodgkin lymphoma 8,550 3%
Brain & other nervous system 10,710 3% || Brain & other nervous system 7,570 3%
All Sites 322,090 100% { ‘ All Sites 287,270 100%

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.



Male Female

Prostate 3,523,230 Breast 4,055,770
Melanoma of the skin 760,640 Uterine corpus 891,560
Colon & rectum 726,450 Thyroid 823,800
Urinary bladder 597,880 Melanoma of the skin 713,790
Non-Hodgkin lymphoma 451,370 Colon & rectum 710,670
Kidney & renal pelvis 376,280 Non-Hodgkin lymphoma 394,180
Oral cavity & pharynx 311,200 Lung & bronchus 367,570
Testis 303,040 Uterine cervix 300,240
Leukemia 300,250 Ovary 246,940
Lung & bronchus 287,050 Kidney & renal pelvis 230,960
All sites 8,321,200 All sites 9,738,900

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.
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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
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malignant cells. The aforementioned strategies have proven ineffective in offering
sustained and durable cancer protection by reason of their absence of specificity. On
the other hand, target-specific drugs, can shrink tumors by a significant amount, but
they almost never eradicate cancer stem cells, with devastating consequences such as
tumor recurrence once treatment is stopped.

2.3.2 Drug resistivity towards anti-cancer drugs

Normal stem cells possess distinctive mechanisms that enable them to
safeguard themselves against detrimental xenobiotic substances, owing to their need
for continual self-renewal and differentiation throughout an individual's lifetime. Stem
cells often exhibit high levels of expression of ATP-binding cassette transporter
proteins (ABC) (Begicevic & Falasca, 2017). These transporter proteins may harness
the energy generated by ATP hydrolysis to enable the active movement of substances,
allowing stem cells to expel harmful compounds from their internal cytoplasm to the
extracellular environment, even when the concentration gradient is unfavorable
(Fletcher et al., 2010). Several types of drug-resistant cancer cells have been observed
to possess this protein, which leads researchers to believe that cancer stem cells are
responsible for maintaining this trait. An example of this would be the drug resistance
protein that is found in breast cancer cells. This protein is referred to as breast cancer
resistance protein (BCRP) ABCG2, and it is a unique ABC transporter (Nakanishi &
Ross, 2012). A number of other types of stem cells have been shown to contain this
protein in the past, and it is responsible for the elimination of medications in breast
cancer instances (Natarajan et al., 2012). The BCRP-ABCG2 protein was discovered
to have a high level of expression in CD34+/CD38 cells, which are recognized as a
subset of stem cells in Acute Myelogenous Leukemia (AML) (Raaijmakers et al.,
2005). This protein plays an active role in the removal of drugs from these cells. CSCs
can also employ alternate tactics to bestow drug resistance. The cells that are thought
to be the origin of the tumor (CD34+ cells) in AML have been found to have a high
expression of aldehyde dehydrogenase (ALDH), which is a protein that is frequently
seen in hematopoietic stem cells. ALDH is an enzyme that performs the job of
detoxification and gives resistance against alkylating medicines like
cyclophosphamide because of its activity. According to the current perception of
cancer stem cell biology, cancer stem cells (CSCs) are said to be a rare cell type that
only makes-up a minute portion of tumor cells. Additionally, they are believed to be
dormant. This presents an additional challenge in specifically targeting the CSCs
using traditional chemotherapeutic medications, as these treatments primarily harm
cells that are undergoing fast division. Due to their limited involvement in active cell
division, CSCs are less susceptible to the effects of chemotherapeutic drugs (Yu et al.,
2012).

2.3.3 Constraints of traditional chemotherapeutic drugs

Current chemotherapy medicines exhibit cytotoxicity towards both tumorous
and healthy cells (Tilsed et al., 2022). The injection of these toxic drugs eradicates
both the quickly dividing cancer cells and the healthy cells, resulting in significant
adverse effects and potential patient mortality(Crawford, 2013). Unfocused radiation
has a comparable deficiency of specificity (Baskar et al., 2014).
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2.4 AgNPs as possible anti-cancer agents

The utilization of biologically manufactured silver theragnostic NPs for cancer
therapy has the potential to serve as a viable and substitutional approach to the
standard approaches employed for the remedy of cancer (Londhe et al., 2023). The
unique biological, physical, and chemical characteristics of AgNPs make them highly
favorable candidates for targeted cancer therapy. Imaging facilitation is one of several
potential uses for their many advantageous pharmacological qualities, including
biocompatibility and cancer-killing capacity, plus their tiny size and huge surface area
(Kah et al., 2023). The usage of biosynthesized AgNPs has garnered interest for its
involvement in cancer detection and directed drug delivery systems (Gomes et al.,
2021). AgNPs may either harm oncogenes in tumor cells or shield healthy cells from
malignant cells (D. Kovacs et al., 2022). They achieve this through methods that
utilize the antioxidative and anticancer capabilities present in plants (Felimban et al.,
2022). The choice of plant species, concentration of phytochemicals in plant parts and
type of extract are crucial factors in the creation of AgNPs (Siakavella et al., 2020).
The process of action varies among different AgNPs depending on the plant
precursors they are derived from (Shaikh et al., 2021). The general synthesis
mechanism is already described in figure 1.2 of chapter 1.

Due to their potential towards killing cancer cells reserachers from korea
utilized 58 plant extracts from Indonesia and Vietnam to synthesize AgNPs using an
environmentally friendly approach. They chose six AgQNP compounds from a total of
fifty-eight, which were produced using extracts from Hypotrachyna laevigata, Areca
catechu, Maesa calophylla, Ardisia incarnata, Adinandra poilanei and Maesa
laxiflora (Ahn & Park, 2020). The evaluation of cell toxicity and generation of
reactive oxygen species (ROS) in HelLa and A549 cells revealed that the AgNP
samples synthesized from Maesa calophylla, Ardisia incarnata, and Maesa laxiflora
revealed significant cytotoxicity and excessive ROS generation compared to the other
six samples of AgNPs. The AgNPs, when exposed to HeLa and A549 cells, caused
cell death particularly by necrosis, with a minor contribution from late apoptosis. Cell
cycle research revealed a significant surge in the cell number during the S phase.

The AgNPs manufactured using green methods caused cell death, indicating
potential for anti-cancer properties. Pannerselvam et al. synthesized AgNPs using
Peltophorum pterocarpum as a nanotherapeutics against cancer cells (Pannerselvam et
al., 2021). The in vitro cytotoxic effects of the produced AgNPs against malignant
cells, including HepG2, MCF-7, and Ab549 cells, were evaluated. The results
demonstrated that AgNPs possess the anti-cancer abilities. The 1Cso values against
HepG2, A549, and MCF-7 cell lines were noted to be 69, 53, and 62 ug/mi,
respectively. Pei et al. investigated the anti-cancer potential of biogenic AgNPs,
produced from Coptis chinensis extract. Before subjecting the A549 lung cancer cells
to AgNPs treatment with dosages of 10 pg/ml and 25 pg/ml, they examined the
fundamental mechanism throughout the cell population. The antiproliferative action of
AgNPs was complemented by a discernible reduction in the level of cell viability. In
addition to that, anti-bacterial tests conducted with Gram(+) bacteria (Staphylococcus
aureus) and Gram(—) bacteria (Escherichia coli) revealed a greater zone of inhibition
against Gram-positive bacteria (Pei et al., 2019).

The researchers from India explored the production of AgNPs by utilization
the extract from leaf of Uvaria narum, a medicinal plant widely known as narumpana
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and its properties such as antibacterial, anticancer, antiangiogenic, and catalytic
effects (Ajaykumar et al., 2023). The anti-angiogenic action of the AgNPs was
demonstrated using the chick chorioallantoic membrane assay (CAM). AgNPs
exhibited cytotoxicity against three fish cell lines: Cyprinus carpio koi fin,
Oreochromis niloticus liver (onlL), and Cyprinus carpio gill (CyCKG) cells. AgNPs
exhibited anti-cancer activity towards Dalton's lymphoma ascites (DLA) cells. In
addition, the inhibitory effects of AgNPs against pathogenic microorganisms,
including S. aureus and E. coli, were demonstrated. The findings of the study reveal
that green produced AgNPs possess antibacterial, anti-angiogenic, cytotoxic, and
catalytic activities. These are all essential characteristics for a molecule that has
exceptional clinical applications, as the study demonstrates. In their study, Wang et al.
published an examination of the structure and biological features of AgNPs that were
synthesized by employing the pericarp extract of muskmelon (Cucumis melo L.).
After doing an XRD analysis, it was discovered that the biosynthesized AgNPs
possessed a face-centered cubic crystalline structure. In addition, the energy-
dispersive X-ray spectroscopy (EDAX) and scanning electron microscopy (SEM)
demonstrated the presence of AgNPs that had a spherical shape and had an average
size of 25 nm. It was shown that the AgNPs were able to effectively inhibit the growth
of both Bacillus subtilis and E. coli. Furthermore, the cytotoxicity test of AgNPs
shown a substantial effectiveness in killing a number of cancer cells, including PC-3,
HCT-116, HelLa, and Jurkat, in a manner that was dependent on the dose. 1Cso values
varied from 150 to 224 pg/ml, and the observed cell viability ranged from 50% to
60% depending on the concentration of the compound. Biosynthesized AgNPs have
been proven to have an anti-cancer effect on malignant cells, as evidenced by the
lower cell viability (Y. Wang et al., 2020).

Likewise, Abu-Dief et al. prepared AgNPs from Delonix Regia Extract and
tested the cytotoxicity of these NPs against three human cell lines: breast carcinoma
cells (MCF-7), hepatic cellular carcinoma cells (HepG-2), and colon cancer cells
(HCT-116) (Abu-Dief et al., 2020). The cytotoxic effect (ICso) against the HepG-2,
HCT-116 cell line, and MCF-7 cell line by AgNPs were observed to be 4.35, 6.2, and
5.12 ng/ul, respectively. These values were compared to the cytotoxic impact (ICso) of
Doxorubicin, which were 5.25, 4.25, and 4.45 pg/ul, respectively. The cytotoxicity of
AgNPs is comparable to that of Doxorubicin, with MCF-7 and HepG-2 cell lines
exhibiting greater sensitivity to AgNPs treatment compared to HCT 116 colon cancer
cell lines. HepG-2 cells exhibited greater sensitivity to the inhibitory effects of AgQNPs
on cell growth, with an ICso value of 35 pg/ml. In contrast, the ICso value for the
HCT-116 cell line was noted to be 6.2 pug/ml. The presence of AgNPs leads to a
reduction in both the ability of cells to survive and their ability to move, as the DNA
molecules become more tightly packed. Consequently, the capacity for replication is
compromised when Ag* ions interact with proteins and produce ROS, resulting in cell
death due to oxidative stress.

Nadhe et al. synthesized AgNPs from two biologial sources bacteria
(Acinetobacter sp.) (bAgNPs) and plant extract (Curcuma aromatica) (pAgNPs) and
performed a comparative study of their anti-cancer capability against cervical cancer
(HeLa) cell line (Nadhe et al., 2020). Both AgNPs exhibited a viability rate of 50% for
peripheral blood mononuclear (PBMCs) cells when utilized at a high dose of
200 pg/ml. The ICsp values for pAgNPs and bAgNPs against HeLa cells were 14 and
17.4 ug/ml, respectively. The use of ethidium bromide and acridine orange staining

13



revealed that bAgNPs exhibited cytostatic effects, while pAgNPs induced apoptosis.
The staining technique JC-1 indicated that the treatment with pAgNPs had an impact
on the mitochondrial membrane potential, whereas the treatment with bAgNPs did not
cause any changes. Flow cytometry analysis indicated that exposure of HeLa cells to
both AgNPs resulted in cell cycle arrest. Moreover, it was observed that the use of
pAgNPs induced apoptosis in these cells. Approximately 58% and 77% of HelLa cells
were observed in the subG1 phase after being treated with pAgNPs and bAgNPs,
respectively. Bacterial AgNPs had a cytostatic impact on HelLa cells by halting cell
development in the subG1 phase. Conversely, plant based AgNPs induced the death of
HeLa cells by impairing the mitochondrial membrane potential and triggering
apoptosis.

In another study, Murugesan et al. proposed an environmentally gentle method
for producing AgNPs by utilizing Gloriosa superba Linn aqueous extract with an aim
to use these NPs as anti-cancer angents (Murugesan et al., 2021). GST-AgNPs were
experimented against A549 cell lines in order to determine their effectiveness as an
anticancer agent in vitro. We evaluated the sensitivity of vero cells and A549 cells to
the GST-AgNPs at concentrations ranging from 10 to 100 pg/ml following a treatment
period of 24, 48, and 72 hours. The findings indicated that there was a significant
dose-dependent but also time-dependent action. In contrast to the cells that were not
exposed to any treatment, the number of viable cells was reduced. At a concentration
of 50 pg/ml, the Vero cells did not exhibit any impact; nevertheless, when the
concentration was increased to 125 pg/ml, they were influenced. These findings
provide conclusive evidence that GST-AgNPs have a deadly effect on lung cancer
cells, but normal cells are not affected by this effect. The conclusion of the study
proves that GST-AgNPs displayed cytotoxic effects on A549 cells. This was
demonstrated by the fact that there was an increase in cell mortality after the treatment
with GST-AgNPs was administered. It is clear that the cytotoxicity that was brought
about by GST-AgNPs followed a pattern that was dose-dependent. At 24, 48, and 72
hours after treatment with biosynthesized GST-AgNPs, which demonstrated an ICso
value of 46.54 pg/ml, adjustments in the morphology of A549 cancer cells were seen.
These variations were observed in the cells. Furthermore, it was seen that the cell
inhibition rate of GST-AgNPs was 11.95% and 65.08% when the doses were 10 and
60 pg/ml, respectively. The minimum inhibitory concentration (ICso) of GST-AgNPs
that were produced through biological means was found to be 46.54 pg/ml over a
period of twenty-four hours. Subsequently, there was a decline in the number of cells
accompanied by inadequate cell cohesion. After 24 hours of treatment with
biologically generated GST-AgNPs at a concentration of 46.54 pg/ml, the fluorescent
stain revealed the presence of living, apoptotic, and necrotic cancer cells. The viable
cells demonstrated a typical green nucleus, but the non-viable cells showcased an
intact orange nucleus. Nevertheless, the early apoptotic cells exhibited a vividly green
nucleus. Conversely, the cells undergoing late apoptosis exhibited chromatin
condensation and nuclear disintegration, which appeared in an orange hue. The
application of GST-AgNPs resulted in the generation of ROS within cancer cells,
which subsequently caused harm to the cellular constituents, ultimately resulting in
cell demise. They provided information that cell death can be triggered by
biosynthesized GST-AgNPs by the production of superoxide radicals and reactive
hydroxyl species. Their data presented offered definitive proof of the cytotoxic impact
of GST-AgNPs on the A549 lung cancer cell line.
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All these studies provided information on possible cancer killing mechanism
which encompasses a variety of effects, including halting the cell cycle, inhibiting the
development of new blood vessels, damaging cell membranes and causing leakage,
inducing DNA damage, destroying mitochondria, causing misfolding of proteins, and
leading to programmed cell death known as apoptosis (Ramzan et al., 2022) (see
Figure 2.6).
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Figure 2.6. Diagram of cancer cell killing mechanism of AgNPs (Adapted with
permission from (David Kovacs et al., 2022))

2.5  Global prevalence of peripheral artery disease (PAD)

Lower extremities peripheral arterial disease (PAD) is a disorder triggered by
the buildup of fatty deposits in the blood vessels of the legs, resulting in narrowing or
blockage of the arteries (see Figure 2.7). This can cause symptoms such as
intermittent leg pain, reduced blood flow, and difficulty performing daily activities
(Creager, 2020). PAD is an escalating global public health issue characterized by its
increasing incidence. It is widespread, impacting over 200 million individuals globally
(F. G. Fowkes et al., 2013). Unfortunately, it frequently goes unnoticed and receives
inadequate treatment.

While there has been substantial research on PAD in high-income nations, the
impact of this disease in nations with lower socioeconomic development has been
neglected (F. G. R. Fowkes et al., 2017). Nevertheless, low and middle income nations
are experiencing an epidemiological transition characterized by a significant rise in
the occurrence and impact of cardiovascular illnesses (S. Yusuf et al., 2001). This
trend is likely attributed to the processes of industrialization, urbanization, and an
upsurge in metabolic risk factors. In spite of the fact that the prevalence of PAD is
higher in high-income countries, the majority of people who have PAD around the
world live in countries with low and intermediate incomes. This is the case even when
population size is taken into consideration (Song et al., 2019).
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Figure 2.7. Demonstration of PAD presence in leg

Recently a risk factors study (GBD 1990-2019) on PAD calculated three
summary measures including years of life lost (YLLs), years lived with disability
(YLDs), and disability-adjusted life years (DALYS) in order to compare the burden of
disease across different locations. They used direct technique to calculate age-
standardized rates per 100,000 people according to the GBD population standard (see
Figure 2.8). The outcome of the study demonstrated that the global prevalence of PAD
among individuals aged 40+ years was estimated to be 1.52%, affecting a total of 113
million people. Among these cases, 42.6% were reported in countries with a low to
moderate socio demographic index (SDI). The occurrence of PAD worldwide was
more pronounced among the elderly population, namely 14.91% in those aged 80-84
years. Additionally, the occurrence tended to be higher in females compared to males.
The percentage of total peripheral artery disease DALY's in 2019 that can be attributed
to modifiable risk factors was 69.4%. Nations with high SDI had the highest
prevalence of PAD, whereas nations with low SDI had the lowest prevalence.
However, the rates of disability-adjusted life years (DALYSs) and death followed U-
shaped curves, with the highest burden observed in both the low and high SDI
quintiles (Kim et al., 2023).
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Figure 2.8. Geographic dispersion of age-adjusted rates of PAD in the year 2019
(Adapted with permission from (Kim et al., 2023))

2.6 Prevalence of peripheral artery disease (PAD) in Serbia

Approximately 15% of the entire adult population is believed to exhibit certain
characteristics of chronic venous insufficiency (CV1) (Beebe-Dimmer et al., 2005). In
general, the prevalence of PAD in the adult population ranges from 3% to 4%
(Cornejo Del Rio et al., 2017). In Serbia, not many studies have been carried out on
the prevalence of PAD in Serbian population. Some studies have been published
which provided an insight on its prevalence in association with patient condition i.e.,
hemodialysis patients, patients with carotid artery disease, and lower extremity
amputations cases due to PAD or related illness.

A cross-sectional descriptive study was published in 2016 by the researchers
from the Clinical Center of VVojvodina, and Faculty of Medicine, University of Novi
Sad, Serbia. They examined a total of 162 patients. The findings of their study
indicated that the risk variables associated with chronic venous insufficiency (CVI)
included elevated body mass index (BMI), hypertension, prolonged periods of
standing while employment, and a positive family history of CVI. Within the same
sample, it was discovered that 28 individuals, accounting for 17.28% of the patients,
exhibited PAD. The pertinent risk factors for PAD in the current investigation
included elevated diabetes, hypertension, BMI, and a positive familial history of PAD.
The analysis of the incidence of PAD in patients with severe forms of CVI compared
to a control group revealed a statistically significant difference (p = 0.0275) with odds
ratio of 3.375. Following multivariate analyses, the adjusted odds ratio remained
statistically significant (Matic et al., 2016).

Another cross-sectional study a total of 156 hemodialysis patients were
included. This study was conducted by medical professionals from Clinical Hospital
Center Zvezdara, Belgrade, Serbia along with medical professionals from Primary
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Health Center, Palilula, Serbia and researcher from Medical Faculty, University of
Belgrade, Serbia (Asceri¢ et al., 2019). PAD was detected in 55 out of 156
individuals, with a prevalence of 35.3%. The patients diagnosed with PAD were
notably older (67 = 10 years vs. 62 + 11 years, p=0.014) and had a higher prevalence
of diabetes mellitus (p=0.022) and anemia (p=0.042). Additionally, they exhibited
significantly lower levels of serum albumin (p=0.005), total cholesterol (p=0.024),
and iron (p=0.004), as well as higher levels of glucose (p=0.002) and C-reactive
protein (p <0.001). Furthermore, the patients with PAD had lower dialysis adequacies
(p=0.040) compared to those without PAD. Through multivariate analysis, it was
found that there is a higher level of C-reactive protein (odds ratio = 1.03, p=0.030), a
higher likelihood of vascular access by Hickman catheter (odds ratio = 4.66,
p=0.045), and a higher chance of experiencing symptoms of PAD (odds ratio = 5.20,
p <0.001) as independent factors associated with PAD in hemodialysis patients.

Similarly, researcher from Medical Faculty, University of Belgrade, Serbia
conducted a study with an objective to evaluate the frequency of polyvascular disease
in individuals with carotid artery disease (CAD) and PAD, as well as to ascertain the
risk characteristics of patients with polyvascular disease (Vlajinac et al., 2019). The
study comprised a total of 1045 consecutive patients who visited their department with
either CAD or PAD. They recorded that CAD was recorded in 366 people, accounting
for 35% of the total. PAD was documented in 199 participants, representing 19% of
the total. Polyvascular disease, which involves many blood vessels, was reported in
480 participants, making up 46% of the total. When comparing CAD with PAD, it
was shown that PAD was more frequently associated with polyvascular disease (p =
0.002) and was accompanied by a greater number of other atherosclerotic illnesses (p
= 0.02). Patients with polyvascular disease, as opposed to those with atherosclerotic
disease in only one territory, exhibited a higher prevalence of hypertension (p ranging
from 0.03 to < 0.001), dyslipidemia (p < 0.001), elevated levels of high-sensitivity C-
reactive protein (p = 0.005) at 3 mg/l or higher, and a greater likelihood of being
current smokers (p < 0.001) or former smokers (p ranging from 0.03 to 0.001). Based
on their results they observed a significant occurrence of symptomatic polyvascular
disease in patients diagnosed with either CAD or PAD. The risk profile exhibited a
higher degree of severity in patients with polyvascular disease compared to those with
disease confined to a single vascular area.

2.7  Application of NPs for the treatment of PAD

The therapy of PAD can be categorized as invasive and non-invasive therapies.
Non-invasive therapy for the treatment of PAD encompasses various approaches,
including preventive management of associated risk factors such as hypertension,
smoking, and hypercholesterolemia (Lu & Creager, 2004). This can be achieved
through physical rehabilitation and the use of medications such as statins, beta
blockers, lipid inhibitors, Ramipril, diuretics, and cell-based therapy (Hamburg &
Balady, 2011). Nevertheless, many treatment techniques exhibit limitations.
Preventive treatments are solely efficacious for individuals who possess the
motivation and dedication to successfully finish the program, and the majority of these
programs are not encompassed by health insurance. Although widely employed, the
medicinal technique may have adverse effects. When given as either individual
medications or in combination to individuals with PAD, there is a risk of experiencing
severe bleeding, cardiac consequences, and liver issues (Harris et al.,, 2016).
Alternatively, invasive therapies for PAD such as endovascular intervention, surgical
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bypass, bare metal stents, and angioplasty balloon catheters have been documented as
therapy options (King Il & Meier, 2000; Payne, 2001; Shammas et al., 2012).
Although these therapeutic approaches enhance blood circulation to tissues and
organs, their effectiveness is constrained by the scarcity of venous vessels, inability to
treat diseased vessels, compromised blood flow at the donor site, restricted
applicability in severely diseased arteries, significant blood loss, post-operative
bleeding complications, and the compression of lipid plaques against the endothelial
wall, thereby impeding their removal from the diseased arterial vessels (Adlakha et
al., 2010; Chang et al., 2016). Stent implantation has been associated with stent
fractures and increasing complications, necessitating repeated insertion and
revascularization procedures (Adlakha et al., 2010). Additional constraints encompass
vascular injury and removal of endothelial lining due to stents or balloon angioplasty.
Moreover, the positioning of arteries like the femoral and popliteal makes them
susceptible to difficulties after stent implantation, such as dislocation or stent
fractures, due to the stresses of straining, bending, and crushing applied on the
muscles (Dys et al., 2013).

Hence, it is vital to prioritize the development of dependable diagnostic
instruments and efficacious therapeutic alternatives for PAD in order to enhance
patient’s quality of life and mitigate the incidence of illness and death. Currently in its
nascent phase, nanotechnology has great potential as a viable alternative for
developing therapeutic, diagnostic, and theranostic methods to identify and cure PAD
(see Figure 2.9). Nanotechnology holds great potential in enhancing global health for
individuals with PAD, encompassing its applications in disease prevention, diagnosis,
and therapy. This technology shows promising results in reducing both morbidity and
death rates. Given the significant prevalence of cardiovascular illnesses and their
associated high rates of illness and death in Western countries, the recent introduction
of nanomedicine/nanotechnology offers a promising alternative approach for
implementing therapeutic interventions to report this health crisis. Researchers and
medical professionals are continuously working to utilize diverse types of
nanostructures, such as polymer nanoparticles, in order to develop targeted drug
delivery methods and minimize the toxicity and side effects of medications.
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Figure 2.9. Schematic illustration of NPs application towards PAD (Adapted with
permission from (Noukeu et al., 2018))

The limitations of bare metal stents (BMSs) and drug-eluting stents (DESSs),
such as restenosis and stent thrombosis, prompted the creation of new systems

19



designed to be placed in arteries to address these issues. The FDA has approved
several commonly used DES, such as those that release sirolimus, paclitaxel,
zotarolimus, and everolimus (Jeremias & Kirtane, 2008). Nevertheless, these metallic
components, frequently covered with polymers containing medicinal substances,
frequently lead to restricted medication release and availability. These NPs shield the
medication from quick elimination, so maximizing its therapeutic effectiveness. The
use of Paclitaxel (PTX) loaded magnetic NPs coated stents resulted in a significant
increase in the retention of magnetic NPs inside arterial tissue, with a tenfold
improvement compared to the use of PTX alone. This led to the inhibition of smooth
muscle cell (SMC) proliferation at the site of damage, and consequently, a reduction
in restenosis when compared to the use of PTX without magnetic NPs (Chorny et al.,
2010). Furthermore, the incorporation of NPs into biomedical substances (BMS) could
enable targeted drug delivery by positioning the NPs exactly at the site of harm.
Coating stents with PTX loaded PLGA NPs led to an 80% reduction in smooth muscle
cell migration into the artery lumen (Johnson et al., 2010). Additionally, it enhanced
endothelial cell migration and proliferation compared to stents that released PTX. In
addition, the efficacy of therapies is boosted through the combination of NPs with
BMS. The utilization of stents containing liposomal alendronate (161 nm) in the
arteries of lipid-fed rabbits resulted in a notable rise in the diameter of the inner space,
a reduction of almost 90% in the number of monocytes, and a decrease in the
infiltration of macrophages and excessive growth of new tissue in these rabbits that
received the treatment (Danenberg et al., 2003). In addition, stents coated with PTX-
loaded albumin NPs that were placed in rabbit arteries showed a decrease in
neointimal thickness, unlike the control group of rabbits who received 0.9% saline.
The utilization of pitavastatin-loaded NP-eluting stents resulted in an enhancement of
the rate at which endothelial cells healed and a reduction in stenotic occurrences in
porcine arteries (Kolodgie et al., 2002; Tsukie et al., 2013). In atherosclerotic rabbits,
the presence of neointimal hyperplasia was reduced after the implantation of stents
carrying prednisolone NPs (TRM-484) compared to non-stented arteries (controls).
Introducing NPs to biomedical substances results in the prevention of blood clot
formation and narrowing of blood vessels, while also encouraging the growth of
endothelial cells (Joner et al., 2008). In canine femoral arteries, for instance, vascular
stents coated with polydopamine immobilized heparine/poly-I-lysisne NPs prevented
thrombus formation, inhibited neointimal hyperplasia, and promoted endothelial
regeneration when compared to control arteries treated with a dopamine coated
titanium stent (T. Liu et al., 2014). Furthermore, there has been investigation into the
utilization of stents that are coated with magnetic mesoporous silica NPs (MMSNPs)
and carbon nanotubes (CNTs) (Lemos et al., 2013). The stents showed great
mechanical flexibility and compatibility with blood, and investigations conducted
inside living organisms showed that the blood arteries treated with these stents were
quickly covered with a layer of endothelial cells, faster than those treated with DES.

Incorporating NPs with BMS has several benefits, such as minimizing the risk
of drug elimination by cells, ensuring drug closeness to the damaged artery, and
prolonging drug release to prevent the advancement of thrombosis and restenosis.
Nevertheless, there exist certain constraints that hinder the technique from surpassing
the aforementioned procedures. Initially, this technique is intrusive and induces
significant discomfort in patients. Additionally, the stents are composed of metal
materials that have a greater likelihood of anastomosis, perhaps exacerbating the
complexity of the condition (Zilla et al., 2007). Moreover, the absence of an
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endothelium allows blood to come into direct touch with the damaged inner surface of
the artery, and the composition of these stents may encourage the accumulation of
proteins and the formation of blood clots, which can further block the sick artery. The
application of this technology is restricted to micro blood arteries, so it is not
accessible to all patients with PAD. Finally, it is important to note that the NPs may
not be uniformly dispersed across the stent, thus leading to incomplete treatment
within the artery.

2.8 Drug Coated Balloons (DCBs) for the treatment of PAD

In 1977, Andreas Grintzig pioneered the use of balloon angioplasty (BA) as a
therapy for coronary artery disease. This breakthrough marked a major advancement
in the field of cardiology and laid the foundation for modern interventional cardiology
(Axel et al., 1997). DCBs have developed as a potential replacement to DESs in
situations where long-term insertion of stents is not optimal. The idea of delivering
anti-proliferative drugs by balloon angioplasty has been in existence for a
considerable period. The first documented evidence dates back to 1986, when
Goldman et al. showed the successful administration of horseradish peroxidase
(PRXCL1A) to human and canine arteries using a polyurethane catheter with numerous
lumens (Goldman et al., 1987).

To achieve long-term prevention of restenosis, it is crucial to administer and
retain the necessary drugs. The limus family of pharmaceuticals, liberated by last-
generation DESs in a controlled approach from an implanted stent, has been found to
be the most efficient class of anti-proliferative drugs (Dangas et al., 2013). In contrast,
DCB releases drugs in a different way. The DCBs directly apply the drug onto the
surface of the balloon (Figure 2.10A). Upon insertion and inflation of the balloon
within the designated artery, the drug coating comes into contact with the arterial wall.
Subsequently, the medication is released from its enclosure and diffuses into the
surrounding tissue. DCBs eliminate drugs from the body by inducing "transient matrix
disruption.” When the balloon is inflated and subsequently deflated, it disrupts the
integrity of the coating. This facilitates the penetration of the medication into the
vascular tissue. Conversely, drug-eluting stents are inserted into an artery to offer
synthetic support and gradually dispense the medication (Figure 2.10B). The majority
of stents consist of a metallic framework encased in a polymer coating that contains
the medication. Drug release from DES primarily occurs through two mechanisms:
diffusion-controlled release and erosion-controlled release.
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Figure 2.10. Illlustration of drug release from (A) DCBs and (B) DESs (Adapted and
modified with permission from (Cao et al., 2022; Deb et al., 2019; Qamar et al., 2023;
Thangavel et al., 2014))

The efficiency of the treatment relies on the prompt administration of a
specific dosage of an anti-proliferative medication, which is expected to gradually
integrate into the vessel wall. In 1990, Edelman et al. investigated heparin as one of
the initial drugs for local administration. The researchers showed that the drug does
not accumulate within the vessel wall over time due to its solubility characteristics
(Edelman et al., 1990). Professor Bruno Scheller published the first agent with
positive outcomes in 2001. In a pig model of restenosis, he showed that the solubility
of paclitaxel significantly increased when combined with contrast agents. This
enabled the delivery of a concentrated dose directly into the coronary artery, resulting
in a significant reduction in neointimal proliferation (Scheller et al., 2002). A
preliminary version of the DCB was developed by combining paclitaxel with contrast
medium and administering it onto the surface of a balloon (Scheller et al., 2004). The
initial clinical results sparked enthusiasm in this field, leading to the development of
more drug-coated balloons (DCBs). Programs were created with the aim of
reproducing this technological method by utilizing hydrophilic carriers to transport
paclitaxel over the vessel wall following balloon dilatation. Paclitaxel is included in
all commercially available drug-coated balloons (DCBs) because of its ability to
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dissolve fats and its resistance to chemical changes. Paclitaxel has been demonstrated
to impede cell migration and proliferation by permanently disrupting intracellular
microtubules, leading to the inhibition of cell duplication during metaphase and
anaphase of mitosis (Rowinsky & Donehower, 1995). While all DCB technologies
utilize the same fundamental drug, they exhibit variations due to differences in
excipients, production process, dosage, and balloon surface technology. However, as
of current scientific advancements, the scientists are moving towards nanotech
approach. In this approach researchers are now focusing on coating DCBs with NPs to
open a new horizon of technological advancement. Hence, there is a need to explore
more opportunities to coat DCBs with NPs and NFs to enhance drug retention and
stable release.

2.9  Electrospinning technique for coating material

In 1600, William Gilbert observed the formation of a conical water droplet
when an electric field was applied, leading to the concept of electrospinning (Gilbert,
1956). Over a century later, Stephen Gray observed the electrohydrodynamic
atomization of a water droplet, resulting in the generation of an exceedingly thin
stream (Gray, 1731). Abbé Nollet conducted the first known electrospraying
experiment in 1747, demonstrating that water could be sprayed as an aerosol when it
flowed through a vessel that was electrostatically charged and placed near to the
ground (Nollet, 1748). After that, Lord Rayleigh looked into the behaviors of charged
droplets in great detail. In 1882, he made a theoretical calculation of the maximum
number of charges that a liquid droplet could have before it released liquid jets from
the surface (Rayleigh, 1882). The electro spraying method and electrospinning
technique are similar in that they both depend on the employment of a high voltage to
release liquid jets (Bailey, 1984). The primary differences between electrospinning
and electrospraying are related to the viscoelasticity and viscosity of the liquid, which
influence the behavior of the jet. Unlike electro spraying, which produces particles by
breaking the jet into droplets, electrospinning maintains the jet's continuous flow
while creating threads.

Electrospinning is an electrohydrodynamic process in which a jet is generated
by electrifying a liquid particle; the jet subsequently undergoes stretching and
elongation to fashion fibers (Xue et al., 2019). The fundamental electrospinning
arrangement is rather straightforward, as shown in Figure 2.11, making it available to
practically any laboratory (Long et al., 2019). The principal components consist of a
conductive collector, a syringe pump, a high-voltage power source, and a spinneret,
which is a blunt-tipped hypodermic needle. Both alternating current (AC) and direct
current (DC) are viable options for power sources. During electrospinning, the liquid
protrudes from the spinneret due to surface tension, forming a pendant particle (Duft
et al., 2003). A charged projectile is discharged from the electrified droplet as a result
of the electrostatic repulsion between the same-sign surface charges. Prior to
undergoing violent lashing motions, the jet initially expands in a straight line due to
bending instabilities (Reneker & Yarin, 2008). A solid fiber or fibers are deposited on
the grounded collector as a result of the jet's rapid solidification as it is stretched into
finer dimensions. The electrospinning process can be broadly broken down into four
steps: (1) charging the liquid droplet and creating a cone-shaped or Taylor cone-
shaped jet; (2) extending the charged jet in a straight line; (3) thinning the jet in the
presence of an electric field and creating electrical bending instability, also called
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whipping instability; and (4) solidifying and collecting the jet as solid fibers on a
grounded collector (Liao et al., 2018).
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Figure 2.11. lllustration of electrospinning equipment (Adapted with permission from
(Long et al., 2019))

Electrospun nanofibers (NFs) are an efficient material that may be applied
directly to an implant to enhance its biocompatibility and provide extra topographic
characteristics or biological signals. For instance, Biotronik produced the commercial
coronary balloon-expandable stent system known as PK Papyrus. It was created by
covering a single stent's surface with elastic polyurethane NFs, which offered a high
degree of bending flexibility. Active proteins may potentially be included into the
nanofibers. In one example, vascular endothelial growth factor and heparin-loaded
PLCL NFs were placed on an inflatable stent to treat aneurysms (J. Wang et al.,
2015). After being implanted into a rabbit model, the encapsulated biological effectors
were able to suppress thrombus and promote fast endothelialization, despite the high
elasticity of PLCL NFs improving the stent's expansion range. In order to maintain the
parent artery's long-term patency, the aneurysm was completely destroyed by the NFs-
covered stent, which isolated the aneurysm dome from the blood supply.

Electrospinning is a straightforward and adaptable technology that may
generate NFs suitable for a range of biological applications. Through the optimization
of electrospinning settings and potential integration with other techniques, it is
possible to systematically produce controlled and replicable physical, biological, and
chemical stimuli on electrospun NFs. Therefore, before creating an NFs-based
scaffold, it is imperative to thoroughly evaluate the essential cues, characteristics of
the scaffold, and particular demands of various applications. The primary obstacle in
the present phase of advancement is in the intricacy of producing diverse structured
3D scaffolds using electrospinning techniques, specifically those composed of NFs.
Nevertheless, there has been few research undertaken on the design and production of
NFs-based, 3D scaffolds, and even fewer on incorporating topographic,
physicochemical, and biological cues within the same scaffold. As such, there is an
urgent need to establish a simple and adaptable technique for modifying the 3D
architecture of a scaffold for the treatment of PAD and atherosclerosis.
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Chapter 3

Material and Method
3.1  Selection of plant

The plants were selected based on their use in Serbian culture and reported
medicinal properties. It was observed that herbal tea is commonly used among people.
Therefore, two of the locally most used herbal tea Bosiljak (Ocimum basilicum L.) and
Borovnica (Vaccinium myrtillus) were selected for the preparation and synthesis of
AgNPs.

3.2  Extraction and preparation of O. basilicum and V. myrtillus tea extract

The assortment of dried shredded parts (leaves and stem) of O. basilicum
(Boslijak) and V. myrtillus (Borovnica) was acquired at a health store in the central
business district of Kragujevac. Following their acquisition, samples of tea were taken
to the Bioengineering Laboratory at the Faculty of Engineering in Kragujevac, Serbia.
It took around 45 minutes to bring 10 g of O. basilicum and 15 g of V. myrtillus tea in
150 ml and 100 ml of distilled water to a boil while constantly stirring the liquid at a
temperature between 90 and 100 °C, respectively. The temperature of the liquids was
allowed to gradually decrease until it reached room temperature. To achieve a higher
level of purity, the extract was filtered through what-man paper. After that, we kept
the extract at a temperature of 4 °C until we were ready to utilize it.

3.3  Synthesis of AgNPs using O. basilicum and V. myrtillus tea extract

To make AgNO3z (silver nitrate) solution, AgNO3z was bought from Fisher
Scientific, UK. About 16.99 g/mol of AgNO3z was mixed with 100 ml of purified
water to make a 1 M solution of AgNOzs. In order to make AgNPs, 30 ml of O.
basilicum tea extract was mixed with 70 ml of a 1 M solution of AgNOs. While on the
contrary, for V. myrtillus, 50:50 ratio was used. After the solution was mixed, it was
stirred all the time until it turned dark brown to black (see Figure 3.1). The AgNPs
that were made from O. basilicum and V. myrtillus were termed as OBTe-AgNPs and
VMTe-AgNPs.
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Figure 3.1. lllustration of AgNPs synthesis process
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3.4  Preparation of polymer solution for electrospinning

Poly(e-caprolacton) (PCL) with an average Mn ~ 80,000, 440744-500G) and
poly(ethyleneglycol) (PEG) with an average Mn ~ 4,000, 81240-1 kg, were procured
from Sigma-Aldrich, United States of America. The compounds Chloroform (CHCls3)
and N,N-Dimethylformamide (DMF, 99.5%) were obtained from Macron Fine
Chemicals (4444-25) and Fisher Scientific (D/3841/17), respectively. All compounds
in this study were utilized without undergoing additional purification.

The technique was executed in accordance with the previously outlined
procedures (Virijevi¢ et al., 2023). The solutions under investigation were made by
dissolving the PCL and PEG in solvents CHCIs and DMF, with a volume ratio of
50:50. After that according to weight of polymer, the various concentrations (1%, 2%
and 3%) of OBTe-AgNPs were added into prepared mixture separately. The solutions
were stirred at a speed of 800 rpm for a duration of 24 h at ambient temperature. After
a duration of 24 h, the mix solutions were fully dissolved and prepared for the process
of electrospinning. The procedure was executed with a vertical position configuration.
After preparing the solutions, they were transferred into 10 ml syringes using a 21G
needle and an applied voltage of 15 kV. The flow rate that was applied was 1 ml/h.
The duration of each run of the process was 30 s. A collector made of aluminum plate
was utilized.

3.5  Electrospinning of OBTe AgNPs incorporated polymer

Our own electrospinning apparatus at BiolRC Doo was utilized in this
investigation. The components of this setup are a syringe pump, a collector plate, and
a high voltage source. The needle is an NIPRO brand from Japan and is size 21G. We
built the program in-house, and it controls the complete process. After the relative
humidity and temperature of the room were measured, the polymer solution along
with the various concentrations (1%, 2% and 3%) of OBTe-AgNPs was transferred to
a syringe and a needle was connected. A suitable voltage was used to start the electric
field. The solution falls to the top of the extended needle, forming the Taylor cone, as
the electric field intensity increases. It is already well-known that electrostatic forces
caused the solvents from the polymer solution to evaporate, and that these forces also
caused the production of nanofibers. Following their collection on the aluminum plate
collector (see Figure 3.2B), the fibrous scaffolds were transferred to the Petri dishes.
The inverted microscope (Delta Optical Genetic PRO, Poland) was used at 40x
magnification to examine nanofiber samples (see Figure 3.2A).
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Figure 3.2. Electrospinning set up (A) obtained NFs (B) components of
electrospinning (1) syringe pump (2) collector plate (3) high voltage source.

3.6  Characterization of AgNPs, and tea extracts

The characterization of AgNPs was carried out using various instruments.
Lambda 365 Ultraviolet Visible (UV-Vis) spectroscopy (PerkinElmer Inc., USA) was
utilized to initially characterize OBTe-AgNPs and VMTe-AgNPs at ambient
temperature (25 °C) between 200 and 900 nm. In order to examine the dimensions and
morphology of OBTe-AgNPs, and VMTe-AgNPs, we employed the following
instruments: a TESCAN MIRA3 field emission scanning electron microscopy
(FESEM) manufactured by The Tescan Group in the Czech Republic; a Malvern
Instruments Zetasizer Nano ZS ZEN 3600 (Malvern, UK) for dynamic light scattering
(DLS); and an FEI Talos F200X microscope (Thermo Fisher Scientific, USA)
equipped with an X-FEG source and energy dispersive X-ray spectroscopy (EDS)
signal detection at maximum acceleration. The functional groups accountable for
encapsulating Ag to generate AgNPs from the tea extract of O. basilicum and V.
myrtillus were examined by means of Nicolet 6700 Fourier transform infrared (FTIR)
spectroscopy (Thermo Fisher Scientific, USA) at 4 cm™ transmittances. The spectral
range was 500 to 4000 cm 2.
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3.7  Characterization of OBTe-AgNPs incorporated NFs

It is critical to investigate the structural changes in polymers before and after
integration of biogenic OBTe-AgNPs. The FTIR spectra of PCL-PEG NFs, OBTe-
AgNPs, and three variants of OBTe-AgNPs-NFs were acquired using Spectrum TWO
FTIR (L1600401) spectroscopy (PerkinElmer, UK) across a range of 400-4000 cm—1
at a resolution of 4 cm—1. The SEM analysis of all OBTe-AgNPs-NFs was performed
utilizing a TESCAN MIRA3 field emission scanning electron microscopy (FESEM)
manufactured by The Tescan Group in the Czech Republic. The dried NFs roughness
was analyzed using the NT-MDT atomic force microscope's NTEGRA receiver.
Intermittent contact was the mode of operation that was applied. On the other hand,
the freeware Gwyddion v2.66 (Necas & Klapetek, 2012) and WSxM 4.0 software
platform's beta 9.3 version was used to analyze the results (Horcas et al., 2007).

3.8  Anticancer and antiatherosclerosis properties of green synthesized AgNPs
3.8.1 Cell culture

In this investigation, human cervical immortalized (HeLa) cancer cells were
utilized. From CLS Cell Lines Service GmbH in Germany, cell lines were acquired.
While on the other hand, the MDA-MB-231 breast cancer epithelial cells were
obtained from Collection of Authenticated Cell Cultures (ECACC). While on the
contrary, the human umbilical vein endothelial cells (HUVEC) were purchased from
Lonza, Switzerland. Supplements added to the DMEM cell growth medium (Thermo
Fisher Scientific, United States of America) contained the following: 1% Pen-Step,
1% L-glutamine, 10% fetal bovine serum (FBS), 1% sodium pyruvate, 0.5%
mercaptoethanol, and 0.5% glucose; these were utilized to cultivate the HelLa cell
lines. Sub-cultivation of cells occurred when they had attained 85% confluence.

3.8.2 Cell viability analysis in cell lines

The first step was the seeding of cells in a 96-well plate, with 10,000 cells
being placed in each well along with 100 pl of medium. To guarantee that the cells
adhered to the substrate, the plate was then placed in a CO2 incubator at 37 °C for a
period of twenty-four hours. Subsequently, the medium was extracted from every
well, and 100 ml of complete medium was introduced into the control cells.
Meanwhile, the OBTe-AgNPs, which were dissolved in full medium and included
concentrations of 0.5, 1, 5, 10, 20, and 40 pg/ml, were introduced into the remaining
wells in six separate duplicates. While for VMTe-AgNPs the dose concentration range
was 10, 20, 40, and 60 pg/ml. While on the other hand, small pieces of OBTe
incorporated NFs having 1%, 2%, 3% concentration of AgNPs/wt were added to cells.
Once more, the plate was placed in the CO> incubator and heated to 37 °C for a period
of twenty-four hours. After the incubation period, the medium was removed from each
well and replaced with a new 100 ml of complete medium. Additionally, 25 ml of
MTT, with a concentration of 5 mg/ml, was added to the mixture. After that, the plate
was placed in the CO; incubator and allowed to incubate for three hours at 37 °C.
Following the incubation period, the medium containing MTT was extracted from
every well, and then 150 ml of DMSO was introduced into every well. It took twenty
minutes for the plate to be incubated in a dark environment. After everything was said
and done, the absorbance at 492 nm was measured in order to evaluate the outcomes
of the experiment.
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3.9  Reactive oxygen species production in AgNPs exposed cells
3.9.1 Glutathione (GSH) concentration analysis in cell lines

In the beginning, 30,000 cells were sown in each well of a plate containing 100
ul of media. The cells were then allowed to stick to the substrate by incubating the
plate for 24 hours at 37 °C in a CO; incubator. Subsequently, the media was drained
from each well, and 100 pl of the whole medium was added to the control cells.
Meanwhile, 100 pl of OBTe-AgNPs was added to the remaining wells, each in six
replicates, at the appropriate concentration (1, 5, 10, 20, 40 pug/ml). While on the other
hand, for VMTe-AgNPs the dose concentration range was 20, 40, and 60 pg/ml. The
plate was then kept in the CO incubator at 37 °C for a set 24 hours of incubation.
Following incubation, the plates were centrifuged at 1000 g for 10 minutes (RCF).
Then, 100 pl of cold 2.5% sulfosalicylic acid (SSA) was added to each well after the
medium was removed from each well. After that, the plates were incubated for fifteen
minutes in a refrigerator. The plates were then centrifuged once more for 15 minutes
at 1000 g (RCF). Next, 50 ul of supernatant was poured onto fresh plates from each
well. 100 pl of 5,5’ -dithio-bis (2-nitrobenzoic acid) (DTNB), which had been made
right before, was put into each well. The plates were incubated at room temperature
for five minutes. Ultimately, the experiment's results were analyzed by measuring the
absorbance at 405 nm.

3.9.2 Nitrite (NO2") concentration analysis in cell lines

In the beginning, 30,000 cells were sown in each well of a plate containing 100
pl of media. The cells were then allowed to stick to the substrate by incubating the
plate for 24 hours at 37 °C in a CO; incubator. Subsequently, the media was drained
from each well, and 100 pl of the whole medium was added to the control cells.
Meanwhile, 100 pl of OBTe-AgNPs was added to the remaining wells, each in six
replicates, at the appropriate concentration (1, 5, 10, 20, 40 pug/ml). While on the other
hand, for VMTe-AgNPs the dose concentration range was 20, 40, and 60 pg/ml. The
plate was then incubated for a further twenty-four hours at 37°C in the CO; incubator.
Following the incubation period, each well's 50 pl of supernatant was moved to a
fresh plate. After that, each well received 50 pl of sulfanilamide reagent, and the plate
was incubated for ten minutes in a dark environment. Subsequently, 50 ul of 0.1% N-
(1-Naphthyl) ethylenediamine dihydrochloride (NEED) was introduced into every
well, and the plate was once more incubated for ten minutes in a dark environment.
Ultimately, the experiment's results were analyzed by measuring the absorbance at
492 nm.

3.9.3 Super oxide anion radical (O2*") concentration analysis in cell lines

A plate was inoculated with 30,000 cells per well, with 100 pl of medium.
Following this, the plate was incubated at 37 °C in a CO: incubator for 24 hours,
which permitted the cells to adhere to the substrate. Subsequently, the medium was
withdrawn from each well and 100 pl of complete medium was introduced into the
control cells. For the remaining wells, 100 ul of OBTe-AgNPs was added in six
replicates, with concentrations of 1, 5, 10, 20, and 40 pug/ml. While on the other hand,
for VMTe-AgNPs the dose concentration range was 20, 40, and 60 pg/ml. The plate
underwent an additional incubation period of 24 hours at a predetermined temperature
of 37 °C in the COz incubator. After the incubation period concluded, the medium was
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meticulously extracted from each well and a new 100 pl of complete medium was
introduced into each well, accompanied by 10 ul of Nitro Blue Tetrazolium Chloride
(NBT) at a concentration of 2.5 mg/ml. Once more, the plate was incubated in the CO-
incubator for three hours at 37 °C. After that, the medium containing NBT was
withdrawn by aspiration, and the cells underwent a comprehensive rinsing procedure
utilizing heated PBS solution. After being rinsed with 100 ul of methanol, the cells
were dried for 30 minutes in a laminar chamber. In order to streamline the subsequent
analysis, each well was treated with 100 ul of potassium hydroxide (KOH) and
incubated at room temperature for 15 minutes. Following this, 100 ul of dimethyl
sulfoxide (DMSO) was added to each well, followed by 15 minutes of incubation in a
dark environment. At 630 nm, the absorbance of the samples was then measured in
order to assess the results of the experiment.

3.10 Gene expression analysis of apoptotic genes in HelLa cells

In order to determine whether exposure to OBTe-AgNPs induces cell death via
the apoptotic pathway, qRT-PCR was used to examine the genes encoding apoptosis,
including Cas 3, Bax, Cas 8, Bcl-2, Cas 9, and a housekeeping gene f-actin.

3.10.1 RNA isolation from HelLa cells

A stringent sequence of procedures was rigorously adhered to in order to
extract RNA from cells. To begin, a volume of 5 ml of the medium was meticulously
transferred from a vial to a test tube. Following this, 1 ml of trypsin-EDTA solution
was utilized to separate the cells from the plate. The elevated cells were subsequently
transferred to an additional test tube containing the medium. Subsequently, a 10-
minute centrifugation process was conducted at 1200 revolutions per minute (rpm) at
ambient temperature. To preserve the integrity of the cells, they were immediately
deposited on ice. Once the supernatant was removed, 1 ml of Trizol® was introduced
into the cell precipitate, followed by a vigorous homogenization process that
continued until the mixture achieved clarity. Following the transfer of the
homogenized solution to an Eppendorf tube, it was centrifuged at 4 °C for 5 minutes
at 12000 rpm. The supernatant that was obtained was transferred with caution to fresh
containers. After adding 200 pl of chloroform, the mixture was vigorously agitated for
a duration of 15 seconds. After allowing the mixture to rest undisturbed at ambient
temperature for two to three minutes, it was centrifuged at 12,000 rpm for fifteen
minutes at 4°C. While the water phase on top was transferred to fresh Eppendorf tubes
so as not to come into contact with the tube walls. The genetic material was
precipitated using 500 ul of isopropanol. Following this, the tube was gently inverted
several times and left undisturbed at room temperature for a duration of 10 minutes.
After the specified incubation period, the samples underwent centrifugation at 4 °C for
10 minutes at 12000 rpm. The genetic material precipitate was rinsed with 1 ml of ice-
cold 70% ethanol after the supernatant was discarded. Following a subsequent 5
minutes of centrifugation at 4 °C at 7600 rpm, the ethanol was meticulously extracted,
and the specimens were subsequently desiccated within a laminar flow chamber.
Subsequently, 30 pl of PCR water was added to each sample, followed by incubation
at 55 °C for a duration of 5 minutes. Before conducting concentration measurements,
the samples underwent homogenization via pipette. UV-vis mRNA concentration
measurement is performed using Drop Duo plates; plates are cleaned prior to use by
opening them and rinsing them with ethanol and a towel. Subsequently, 2 pl of the
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MRNA sample diluted in PCR water to the circle-shaped plates. Following the
ascertainment of the mRNA concentration, the samples were stored at —80 °C.

3.10.2 Reverse transcription polymerase chain reaction (RT-PCR)

The RT-PCR analysis was conducted in accordance with the manufacturer's
instructions using a commercially available High-Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, USA). The reaction was carried out in four
stages with a total volume of 20 pl: (1) the initial step (25 °C for 10 minutes); (I1) the
reverse transcription step (37 °C for 120 minutes); (I11) enzyme inactivation (85 °C for
5 minutes); and (IV) 4 °C for e=. The cDNA obtained from reverse transcription,
which was executed on a MultiGene™ OptiMax thermal cycler (Labnet International
Inc., USA) for subsequent relative gene expression analysis.

3.10.3 Quantitative reverse transcription polymerase chain reaction (QRT-PCR)

The relative expression of genes was evaluated in a 20 pl total reaction volume
using a commercially available SG/ROX qPCR Master Mix (2x) (EURx, Gdansk,
Poland). The PCR reaction was conducted utilizing the Drawell Gentier96 Real-Time
PCR system (China). The conditions for thermocycling were as follows: (I) 15
minutes at 95 °C; (I1) 40 cycles of 15 seconds at 95 °C, followed by 30 seconds of
annealing at 55 °C and 30 seconds of extension at 72 °C; (I11) One minute of cooling
at 4 °C. Utilizing Gentier96 Real-Time PCR software, the data was analyzed. The
outcomes were derived utilizing the 2724 method. The differences between the ACt1
values of the genes under investigation and the ACt1 values of the housekeeping gene
(B-actin) are denoted by the AACt values (2 22“=ACt1-ACt2). The candidate gene
primers are detailed in Table 3.1.

Table 3.1. Forward and reverse primer used in the experiment (5° to 3”)

Analyzed genes | Forward primer sequence Reverse primer sequence

Bcl-2 GATAACGGAGGCTGGGATGC GACTTCACTTGTGGCCCAGAT
BAX GCTTCAGGGTTTCATCCAGGA CAATCATCCTCTGCAGCTCCA
Cas 3 GCACCTGGTTATTATTCTTGGC GGACTCAAATTCTGTTGCCACC
Cas 8 TTCAGCAAAGGGGAGGAGTTG GTGTGTTCCATTCCTGTCCCT
Cas9 ACTTTCCCAGGTTTTGTTTCC CAAGATAAGGCAGGGTGAGGG
p-actin CTCACCCTGAAGTACCCCATC AGGTCTCAAACATGATCTGGG

3.11 Apoptosis and necrosis analysis using Annexin FITC Assay in HeLa cells

In accordance with prior research, apoptosis, cell viability, and necrosis were
evaluated utilizing the BD FACSVerse™ flow cytometer (BD Biosciences, USA).
The initial version of BD FACSuite program examined at least 10,000 events. The
Annexin V FITC/Propidium iodide (PI) reagent was used following the instructions
provided by the manufacturer. Annexin V is categorized as an intracellular protein
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family constituent because it has a strong attraction to phosphatidylserine (PS). PS is
normally found only on the intracellular side of the plasma membrane in living cells.
However, in the specific situation of early apoptosis caused by the loss of membrane
asymmetry, PS moves to the outer side of the plasma membrane. In contrast, necrotic
and late-stage apoptotic cells will display a favorable staining reaction to Pl due to the
dye's capacity to penetrate the nucleus and attach to DNA.

3.12 Silver ion release study

Atomic absorption spectroscopy 3300 from Perkin Elmer, United States was
used to study the release behavior of Ag ions from OBTe-AgNPs loaded PEG-PCL
composite NFs mats. For the release process, 25 ml of deionized water was added to a
separate 100 ml container. This container already contained a small amount (47.1,
49.2, and 42.9 mg) of electrospun NFs with concentrations of 1%, 2%, and 3%
AgNPs/wt, respectively. A mixture was stirred using a magnetic stirrer set at a speed
of 450 RPM. Subsequently, a 3ml aliquot of medium was collected at a certain time
point and subsequently replenished with fresh media to ensure consistent volume.

3.13 Statistical analysis

The results were shown as the mean (+ standard error) of three separate
experiments. All data were subjected to the student t-test and ANOVA at the standard
distribution curve in regard to statistical values. A p-value below 0.05 was universally
regarded as indicative of statistical significance.

32



Safi-Ur-Rehman Qamar Doctoral dissertation

Chapter 4

Results
4.1  Characterization and toxicological studies of OBTe-AgNPs

4.1.1 Characterization of OBTe-AgNPs and O. basilicum tea extract

Several methods, such as UV-Vis Spectroscopy, FTIR, and FESEM, were used
to find out how OBTe-AgNPs were formed. We confirmed the formation of AgNPs
by using UV-Vis spectroscopy to measure absorption in the 200-900 nm range.
Figure 4.1A shows that AgNPs had a clear peak at 344 nm, which was in the range of
315-390 nm. FTIR was used to look for any possible proteins that might be involved
in reducing, bio-capping, or effectively stabilizing Ag* ions to Ag® in the O. basilicum
tea extract. FTIR showed several peaks between 500 and 4000 cm™?, with 3310 cm™?,
2105 cm?, and 1636 cm™ being the most noticeable (see Figure 4.1B). A 100-kx
FESEM study of the size and shape of OBTe-AgNPs showed that they have an
average diameter of 55 nm and an oval shape (see Figure 4.1C). When the DLS data
was analyzed, it showed that the solution mostly had OBTe-AgNPs that were 173 nm
in size because they had clumped together (zeta potential = —30.8, polydispersity
index (PDI) = 0.474) (see Figure 4.1D). On the other hand, EDS analysis showed that
there was Ag in the solution (see Figure 4.2A), and TEM analysis showed that the
OBT-AgNPs were spread out more clearly in terms of size. The TEM test showed that
OBT-AgNPs are about 35 nm in size on average (see Figure 4.2B). The picture made
it very clear that the solution was made up of OBTe-AgNPs of different sizes, which
matches what the FESEM test showed.
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Figure 4.1. Characterization of OBTe-AgNPs (A) UV-Vis spectra (B) FTIR spectra
of O. basilicum tea extract (C) FESEM micrograph (D) DLS size distribution
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Figure 4.2. (A) EDS analysis revealing Ag-presence (B) TEM micrograph of OBTe-
AgNPs with crystal shape and size distribution

4.1.2 OBTe-AgNPs stability against Temperature and pH

Altering the pH of the solution was employed to assess the pH stability of the
synthesized OBTe-AgNPs. We used pH levels of 2, 4, 8, and 11 to investigate how pH
impacts the stability of OBTe-AgNPs. The solution's pH was modified by adding 2 M
hydrochloric acid and 1 M sodium hydroxide. The UV-Vis spectrophotometer was
used to measure the absorbance of the reaction mixture. Figure 4.3A illustrates the pH
effect of the created OBTe-AgNPs. At pH 11, the absorption peak at 435 nm suggests
nonuniform particle size generation, but at pH 2, 4, and 8, the peak implies uniform
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particle size formation. The thermal stability of the produced OBTe-AgNPs was
evaluated by exposing the reaction mixture to different temperatures (25, 40, 60, 80,
and 100 °C) for 30 minutes, as shown in Figure 4.3B. The highest intensity peak at
340 nm was seen at temperatures of 80 and 100 °C, as shown in Figure 4.3B.
Absorption increased in direct proportion to the temperature increase. Raising the
temperature of the combination accelerates the rate of OBTe-AgNPs synthesis under
standard conditions. At high temperatures, the particles become polydisperse.
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Figure 4.3. Effect of (A) pH and (B) temperature on the stability OBTe-AgNPs
4.1.3 Influence of OBTe-AgNPs on cell viability

The goal of this study was to determine the optimal concentration of OBTe-
AgNPs for cancer cell targeting by studying their ability to trigger cell death. Hence,
0.5, 1, 5, 10, 20, and 40 pg/ml of OBTe-AgNPs were added to HeLa cells. Figure 4.4
shows the results of the MTT experiment, which were used to measure cell viability.
At increasing concentrations, the vitality of HeLa cells was observed to decline in a
dose-dependent manner, with a significant drop (p < 0.001). At 5, 10, 20, and 40
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pg/ml, the viability was 55.8%, 59.28%, 46.3%, and 36.73%, respectively, as shown
in Figure 4.4. And the ICso was 21.78 + 0.68 pg/ml.
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Figure 4.4. Cytotoxicity of OBTe-AgNPs against HelLa cells. Each data point
represents the mean + SE of three independent replicates. ** and *** represents
statistically significant from control at p < 0.01 and p < 0.001, respectively

4.1.4 ROS production in HeLa cells upon exposure to OBTe-AgNPs

A biomarker of the amount of oxidative stress in cells is the levels of
glutathione (GSH), superoxide anion radical (O2°7), and nitrite (NO2"). Figure 4.5A
shows that there was a dose-dependent rise in GSH level in cells treated to OBTe-
AgNPs. In 20 pg/ml (32.7 uM, p < 0.05) and 40 pg/ml (40.21 uM, p < 0.005) treated
group GSH levels were significantly greater than those at lower concentrations.
Similarly, as the dose of OBTe-AgNPs increased, nitrite and superoxide anion radical
concentrations in cells likewise increased. Nonetheless, after 24 hours of treatment,
the results demonstrated a notable shift in the level of super oxide anion radical (see
Figure 4.5B) at 40 pug/ml (185.82 uM, p < 0.05). In contrast, nitrite levels (see Figure
4.5C) were found to be significantly higher at 20 pg/ml (30.58 uM, p < 0.05) and 40
pg/ml (38.6 UM, p < 0.001), respectively. Nitrite, superoxide anion radical, and
glutathione levels followed a pattern comparable to that of cell death (see Figure 4.4).
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Figure 4.5. ROS production upon exposure to OBTe-AgNPs in HeLa cells. *, ** and
*** represents statistically significant from control at p < 0.05, p < 0.005 and p <
0.001, respectively

4.1.5 Apoptotic gene expression in HelLa cells

When compared to the control, we found that the levels of Cas 3, 8, 9, and
anti-apoptotic Bcl-2 were significantly higher in the cells that were treated with
OBTe-AgNPs at concentrations of 5 and 40 pg/ml. In all genes that were studied, the
treatment at a dose of 40 pg/ml had a more significant impact compared to the 5 pg/ml
concentration, with the exception of Cas 8. In both treatments, the levels of Bax were
shown to be low on Figure 4.6.
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Figure 4.6. Relative gene expression of the Cas 3, 8, 9; pro-apoptotic Bax; and anti-
apoptotic Bcl-2. ** and *** represents statistically significant from control at p <
0.005 and p < 0.001

4.1.6 Annexin FITC assay for apoptosis analysis in HeLa cells

The viability and type of cell death after treatment with OBTe-AgNPs at two
concentrations (5 and 40 pg/ml) for 24 hours were examined in the study using the
flow cytometry method. Compared to the control, both doses significantly reduced
viability, with the higher concentration showing a larger cytotoxic effect. At both
concentrations, apoptosis was the most common form of cell death. Even so, at both
dosages, necrosis was observed in a tiny percentage of cells. Figure 5.7 displays the
findings of the flow cytometry analysis.
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Figure 4.7. Flow cytometry analysis (A) A graphic representation of the several
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4.2  Characterization and toxicological studies of VMTe-AgNPs
4.2.1 Characterization of VMTe-AgNPs and V. myrtillus tea extract

A variety of methods, including UV-visible spectroscopy, FESEM, DLS,
FTIR, and TEM, were utilized in order to verify the synthesis of VMTe-AgNPs. The
manufacturing of VMTe-AgNPs was initially validated through the examination of
UV-vis spectra in the wavelength range of 200-800 nm. It is clear from looking at
figure 4.8A that VMTe-AgNPs had a peak at 305 nm at several different
concentrations. According to the findings of the FESEM analysis performed at a
magnification of 100 kx, the average size and shape of the VMTe-AgNPs was seen to
be 52 nm and round (see Figure 4.8B). At a magnification of 100 nm, TEM analysis
offered more specific information regarding size and shape. When viewed using a
TEM, the average size of the VMTe-AgNPs was 80 nm, and they had an oval form
(see Figure 4.8C). Due to the claustration of VMTe-AgNPs, the solution contained a
majority of VMTe-AgNPs with an average cluster size of 196 nm (see Figure 4.8D).
The zeta potential of the solution was —27.9, and PDI was 0.269. The FTIR technique
was utilized in order to search for biomolecules from the V. myrtillus tea extract that
have the potential to assist in the reduction, bio-capture, or stabilization of Ag™ ions to
AgP. From 400 to 4000 cm™?, the FTIR spectroscopy exhibited a multitude of peaks.
The absorption peaks at 3281.13 cm™?, 2916.51 cm™?, 2849.27 cm™, 1613.56 cm 2,
1318.58 cm?1, 1030.48 cm™, 779.13 cm%, 516.10 cm™%, and 466.23 cm™* were the
most notable of these peaks (see Figure 4.8E).
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Figure 4.8. Characterization of VMTe-AgNPs (A) UV-Vis spectra of VMTe-AgNPs
(B) FESEM micrograph of VMTe-AgNPs (C) TEM micrograph of VMTe-AgNPs (D)
DLS size distribution of VMTe-AgNPs (E) FTIR spectra of V. myrtillus tea extract

4.2.2 VMTe-AgNPs stability against Temperature and pH

To determine whether or not VMTe-AgNPs are stable, temperature and pH
were subjected to a range of variations. A UV-Vis spectroscopy was utilized in order
to determine the absorbance of the reaction mixture over a wavelength range that
extended from 200 to 800 nm. The reaction mixture was heated to varying
temperatures for a period of 45 min at 25, 40, 60, 80, and 100 °C (see Figure 4.9A).
This was done in order to test the thermal stability of the VMTe-AgNPs. According to
the data presented in Figure 4.9A, an increase in temperature was accompanied by a
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comparable increase in the amount of absorption. The fact that there was no
discernible change in the stability of VMTe-AgNPs, on the other hand, provides
evidence that VMTe-AgNPs are stable across a wide range of temperature settings.
When the temperature of the combination is elevated, the rate of synthesis of VMTe-
AgNPs also increases, even when the temperature is set at room temperature.
Nevertheless, when the particles are pushed to higher temperatures, they go through a
process called poly dispersion. In contrast, we explored the relationship between pH
and the stability of VMTe-AgNPs by using pH values of 2, 5, 6, 10, and 11 in our
investigation. In order to alter the pH of the solution, sodium hydroxide with a
concentration of 1 M and hydrochloric acid with a concentration of 2 M were utilized.
A representation of the pH effect of the VMTe-AgNPs that were created can be found
in Figure 4.9B. The formation of particles with dimensions that are not uniform is
shown by the absorption peak that occurs at 550 nm regardless of pH 2, 10, or 11. To
the contrary, the peak is indicative of the formation of particles with diameters that are
homogeneous when the pH is between 5 and 6.
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Figure 4.9. Impact of (A) Temperature (B) pH on VMTe-AgNPs stability
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4.2.3 Influence of VMTe-AgNPs on cell viability

The cells were subjected to different concentrations (10, 20, 40, 60 pg/ml) for
both 24 and 72 h in order to study and determine the optimal dosage of VMTe-AgNPs
as an anti-cancer and anti-atherosclerotic agent. As shown in figure 4.10, the cell
viability was assessed using the MTT assay. Increasing doses of VMTe-AgNPs were
associated with a decline in MDA-MB-231 and HUVAC cell viability (see Figure
4.10). The viability of MDA-MB-231 cells was found to be 32.41% (p < 0.01) and
25.2% (p < 0.01) after 24 h in groups of 40 and 60 pg/ml relative to the control,
respectively. The cell viability was found to be dramatically reduced to 21.35% and
11.2%, respectively, after 72 h in the same dosing group (p < 0.001), as shown in
Figure 4.10A. In the 24 and 72 h group, the ICso value was determined to be 29.69 +
1.47 and 20 + 1.30 pg/ml, respectively.

The HUVEC cell lines exhibited a similar pattern of cell viability decline that
was dosage dependent. The vitality of HUVEC cells was found to be 64.22% (p <
0.05), 32.89% (p < 0.001), 28.5% (p < 0.001) and 16.47% (p < 0.001) in 10, 20, 40
and 60 pg/ml, respectively, after 24 h. There was a substantial decrease in cell
viability to 55.32% (p < 0.05), 28.54% (p < 0.01), 22.74% (p < 0.01), and 8.19% (p <
0.001), respectively, after 72 h in the same dosing group (see Figure 4.10B). In the 24
and 72 h group, the ICso value was determined to be 17.72 + 1.25 and 20.38 £ 1.31
pag/ml, respectively. A dose-dependent reduction in cell viability was noted in both
cell lines, suggesting that VMTe-AgNPs may have anti-cancer and anti-atherosclerotic
properties.
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Figure 4.10. Cytotoxic efficacy of VMTe-AgNPs against (A) MDA-MB-231 and (B)
HUVEC cell lines. * Represents statistically significant from control at p < 0.05, **
Represents statistically significant from control at p < 0.01, *** Represents
statistically significant from control at p < 0.001
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4.2.4 ROS production in cells after VMTe-AgNPs exposure

The levels of glutathione (GSH), nitrite (NO2"), and superoxide anion radical
(O2*") are three markers that can be employed to ascertain the extent of oxidative
stress within cells. Exposure of cells to VMTe-AgNPs revealed, in both cell lines, that
ROS concentrations rise with increasing dosage values.

After 24 h of exposure to VMTe-AgNPs in MDA-MB-231, we observed a
dose-dependent elevation in GSH concentration as a response to oxidative stress. The
concentrations at 20, 40, and 60 pg/ml were measured as 13.53, 34.82, and 45.1 uM,
respectively. However, these values were not statistically significant when compared
to the control concentration of 11.71 uM (see Figure 4.11A). However, it was noted
that there was a dose-dependent rise in GSH concentration at concentrations of 20
pg/ml (14.97 uM), 40 pg/ml (53.44 uM), and 60 pg/ml (99.91 pM) after a treatment
period of 72 h. Notwithstanding the observed increase in dosage, it was determined
that the rise in all dose groups was not statistically significant in comparison to the
control group (10.99 uM) (see Figure 4.11A).

In a similar vein, we noted a comparable rise in the concentration of
superoxide anion radical (O2*") following a 24-72 h exposure to VMTe-AgNPs, which
was dependent on the dosage. Following a 24 h period, the concentrations in dose
groups 20, 40, and 60 pg/ml exhibited an upward trend as the dosage increased.
Specifically, the concentrations were measured to be 7.95 uM, 22.19 uM, and 28.49
MM, respectively (see Figure 4.11B). No significant increase in concentration was
detected in any of the dosing groups when compared to the control group (7.79 uM).
In contrast, it was discovered that after a duration of 72 h, there were statistically
significant elevations in the concentration of O»*  at concentrations of 40 pg/ml
(26.63 uM, p < 0.001) and 60 pg/ml (38.74 uM, p < 0.001) as compared to the control
group (13.52 uM) (see Figure 4.11B).

Furthermore, both the 24 h and 72 h treatment groups exhibited a comparable
rise in nitrite (NO2") concentration, which was dependent on the dosage. Following a
24 h period, it was discovered that the concentration in dosage groups 20, 40, and 60
pg/ml exhibited a rising trend as the dose increased. Specifically, the concentrations
were measured to be 13.04 pM, 43.05 uM, and 44.16 pM, respectively, as seen in
Figure 4.11C. Nevertheless, we noted a lack of statistical significance in the observed
rise in concentration across all dosage groups when compared to the control group
(11.24 pM). In contrast, following a 72-h period of exposure, we found comparable
dose-dependent elevations in NO2~ concentration at dose of 20 pg/ml (17.68 puM), 40
pg/ml (56.59 uM), and 60 pg/ml (102.43 uM), which were not statistically significant
when compared to the control group (11.23 uM) (see Figure 4.11C).
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Figure 4.11. ROS production upon exposure to VMTe-AgNPs in MDA-MB-231 cells
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In the HUVEC cell line, a dose-dependent elevation in GSH levels was seen
following a 24-h exposure to VMTe-AgNPs, as a response to oxidative stress. The
concentrations at 20, 40, and 60 pg/ml were measured to be 35.42, 40.55, and 70.46
MM, respectively. However, these values were not statistically significant when
compared to the control concentration of 11.84 uM (see Figure 4.12A). However, it
was noted that there was a dose-dependent rise in GSH concentration at
concentrations of 20 pg/ml (49.76 uM), 40 pg/ml (55.04 uM), and 60 pg/ml (151.05
HUM) after a treatment period of 72-h. Although there was an increase in dosage, only
the group receiving a dose of 60 pg/ml showed statistical significance (p < 0.01)
compared to the control group (12.52 uM) (see Figure 4.12A).

In a similar vein, we noted a comparable rise in the concentration of
superoxide anion radical (O2*") following a 24-72 h exposure to VMTe-AgNPs, which
was dependent on the dosage. Following a 24-h period, the concentrations in dose
groups 20, 40, and 60 pg/ml exhibited an upward trend as the dosage increased.
Specifically, the concentrations were measured to be 38.42 uM, 67.78 pM, and 81.39
UM, respectively (see Figure 4.12B). The concentration in all dosing groups was
found to be statistically non-significant when compared to the control group (12.43
UM). In contrast, it was discovered that after a duration of 72 h, there were similar
statistically non-significant elevations in the concentration of O2*" at concentrations of
20 pg/ml (33.90 uM), 40 pg/ml (98.64 uM), and 60 pg/ml (172.44 uM) as compared
to the control group (11.77 pM) (see Figure 4.12B).

Furthermore, both the 24 h and 72 h treatment groups exhibited a comparable
rise in nitrite (NO2") concentration, which was dependent on the dosage. After a
duration of 24-h, it was discovered that the concentration in dosage groups 20, 40, and
60 pg/ml exhibited a rising trend as the dose increased. Specifically, the
concentrations were measured to be 30.71 uM, 34.37 uM, and 61.61 puM, respectively
(see Figure 4.12C). A statistically non-significant difference was detected in the
concentration of all dosage groups compared to the control group (10.60 puM). In
contrast, our findings indicate that there were statistically significant elevations in
NO;" levels at concentrations of 20 pg/ml (39.66 uM, p < 0.01), 40 pg/ml (45.47 uM,
p < 0.01), and 60 pg/ml (142.62 pM, p < 0.01) as compared to the control group
(12.01 uM) (see Figure 4.12C).
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4.3  OBTe-AgNPs incorporated nanofibers as a coating material for drug
coated ballons

As seen in previous experiments that the biogenic AgNPs have the potential to
be used as a multifunctional agent against multiple diseases i.e., cancer and
atherosclerosis. Therefore, biogenic AgNPs were incorporated into PEG-PCL NFs to
explore the potential of biogenic AgNPs as a drug excipient for drug coated balloons
for removing atherosclerosis plaque.

4.3.1 Characterization of OBTe-AgNPs incorporated nanofibers

FTIR analysis of OBTe-AgNPs-NFs was conducted to observe the integration
of biogenic OBTe-AgNPs into NFs. The spectra of OBTe-AgNPs-NFs exhibited
distinct peaks at around 1700 cm™!, indicating the stretching of C=0 bonds, and in the
region of 1100-1200 cm™!, indicating the stretching vibrations of C—O—C bonds and
—COO- bonds, which are specific to NFs. In contrast, the spectra of biogenic OBTe-
AgNPs do not exhibit any distinct absorption bands in this region, suggesting the
successful formation of AgNPs-NFs as shown in figure 4.13.
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Figure 4.13. FTIR spectra of OBTe-AgNPs-NFs and biogenic OBTe-AgNPs

In addition, the FESEM was employed to observe the morphological
distinctions among all the different forms of OBTe-AgNPs-NFs (as shown in figure
4.14). The mean diameter of OBTe-AgNPs-NFs with concentrations of 1%, 2%, and
3% was observed to be 179.29 + 18.65 nm, 181.55 + 12.67 nm, and 194.80 + 17.80
nm, respectively. The diameter of the fibers in all versions of OBTe-AgNPs-NFs
ranged from 168.21 to 216.26 nm. Conversely, NFs without AgNPs had an average
diameter of 472.68 + 51.33 nm, ranging from 406.84 to 572.95 nm.
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Figure 4.14. FESEM images of produced NFs (A) 1% OBTe-AgNPs-NFs (B) 2%
OBTe-AgNPs-NFs (C) 3% OBTe-AgNPs-NFs (D) PCL-PEG NFs only

The surface roughness was examined and assessed using AFM. Two viable
ways to describe a surface's roughness parameter are as an average along the surface's
centerline or as the distance between the two extremes of the surface's irregularities.
The 1%, 2%, and 3% OBTe-AgNPs-NFs had average surface roughness (Ra) values
of 72.77, 98.34, and 149.01 nm, respectively, according to our research. Surface
roughness increases as the percentage of OBTe-AgNPs incorporated into NFs
increases. Figure 4.15 shows that when the fraction of incorporated OBTe-AgNPs
increases, more OBTe-AgNPs collect on the surface of NFs. Findings from the AFM
corroborate those from the FESEM pictures and the Ag ion release profile.
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Figure 4.15. Surface roughness analysis using AFM of OBTe-AgNPs-NFs

4.3.2 Agion release from nanofibers

In-vitro drug-release profiles were used to examine the sustainability of OBTe-
AgNPs in PEG-PCL nanofibers under various physiological circumstances and time
periods. The encapsulated OBTe-AgNPs release rate demonstrated a steady,
continuous release that followed an initial burst release that lasted for three to twenty-
four hours (see Figure 4.16). Approximately half of the encapsulated OBTe-AgNPs
were released from the NFs during the course of the 96-h incubation period. Diffusion
of OBTe-AgNPs that were adsorbed at the surface of the polymeric NFs may have
caused the first burst release of OBTe-AgNPs. Nonetheless, the prolonged release of
OBTe-AgNPs in later phases may have resulted from the breakdown of PEG inside
the polymeric matrix or from the diffusion of encapsulated OBTe-AgNPs from the
polymeric NFs core area.
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Figure 4.16. Silver ion cumulative release over time from NFs

4.3.3 Application of nanofibers to remove atherosclerosis

In order to observe the practical use of OBTe-AgNPs-NFs in the treatment of
atherosclerosis, all different forms of OBTe-AgNPs-NFs were tested on
atherosclerosis model HUVEC cells. The cell viability was assessed using the MTT
test, as seen in figure 4.17. The findings revealed that the survival rate of HUVEC
cells decreased considerably (p < 0.001) as the dose of OBTe-AgNPs in NFs
increased, relative to the control group, after 24 and 72 h of exposure. Following a 24-
hour exposure to OBTe-AgNPs-NFs, the vitality of HUVEC cells in the dose groups
of 1%, 2%, and 3% OBTe-AgNPs-NFs was measured to be 61.64%, 20.03%, and
14.68%, respectively. In contrast, after being exposed to OBTe-AgNPs-NFs after 72
hours, the vitality of HUVEC cells in the dose groups of 1%, 2%, and 3% was
39.91%, 18.46%, and 11.79%, respectively.
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Figure 4.17. HUVEC viability after exposure to various variations of NFs
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Chapter 5

Discussion

The synthesis of ecologically sustainable AgNPs is a method that bears major
relevance within the field of nanotechnology. Over the past several years, there has
been a great emphasis placed on the development of procedures that are friendly to the
environment in order to reduce the likelihood of environmental pollution. Several
natural resources, including plant extracts, fungus, and bacteria, have been utilized in
the production of AgNPs as a result of this rationale-based approach. In addition to
acting as capping and reducing agents, the plant extract contains active components
such as terpenoids, alkaloids, phenols, tannins, and vitamins. These components are
responsible for performing these functions (Qamar & Ahmad, 2021).

Consequently, in the current investigation, we investigated the possible anticancer
effects of AgNPs that were produced by employing Bosiljak (O. basilicum) extract,
which is a traditional tea from Serbia. The transformation of the hue from dark brown
to dark black was the initial stage in the process of determining the fact that OBTe-
AgNPs were formed. There is a correlation between the description of our earlier
work and the first hint that OBTe-AgNPs are being formed. In the previous study, an
extract of O. tenuiflorum was utilized to generate AgNPs for the purpose of
eliminating insect pests (Qamar & Ahmad, 2021). As a result of the change in color of
the reaction mixture, the creation of AgNPs was clearly visible. It was also observed
by Abdelsattar et al. that the change in hue was the early indicator of the synthesis of
AgNPs when H. sabdariffa L. was utilized for the manufacture of AgNPs to kill
bacteria (Abdelsattar et al., 2022). According to the findings of both of these
experiments, the first step toward producing a stable AgNPs product is the alteration
in color of the reaction mixture. The ultraviolet-visible spectra of the reaction solution
that was supplied inside of on the production of OBTe-AgNPs with a peak at 344 nm
in a range of 315-390 nm were analyzed in order to offer additional confirmation of
the development of OBTe-AgNPs (see Figure 4.1A). It is possible that the presence of
various metabolites in the reaction solution that were formed from the extract of O.
basilicum tea extract and that were assessed within the experimental
spectrophotometric range is responsible for the wide range of UV-Vis absorption
spectra. Analysis of the surface plasmon resonance (SPR) peak is a method that may
be utilized to accomplish the identification and characterization of NPs at the
nanoscale. A single SPR band may be seen in the absorbance spectrum of a solution
that contains NPs that are both spherical and homogeneous in shape. According to the
findings of prior research, the number of peaks that are observed is directly
proportional to the degree of anisotropy being present (Abdelkhalek et al., 2022).
Finally, the OBTe-AgNPs that are biosynthesized always have a spherical shape. In
addition, the experiment causes the NPs concentration to rise and the particle size to
grow (Motafeghi et al., 2023).

An FTIR analysis was performed on the tea extract of O. basilicum with the
purpose of identifying prospective biomolecules that may be accountable for the
reduction, bio-capping, or effective stabilization of Ag*ions to Ag’. The application of
FTIR spectroscopy to discern numerous peaks falling within the spectral range of 500-
4000 cm L. It is worth mentioning that substantial absorption peaks were observed at
2105 cm™, 3310 cm?, and 1636 cm?, as illustrated in Figure 4.1B. The peak
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observed at 3310 cm™ is indicative of phenolic acids, flavanol, and O-H bonded
polyphenols. Conversely, the peak at 1636 cm™ corresponds to amide | bonds
carbony! stretch (C=0) bonded or proteins formed as a result of the C=0 stretch (see
Figure 4.2B). The chemical compounds identified in this investigation, in conjunction
with prior phytochemical reports on extracts from the leaves, seeds, and flowers of O.
basilicum, suggest the existence of varying concentrations of reducing biomolecules,
secondary metabolites, lipids, carbohydrates, and pigments, carbonyl groups,
flavonoids, alkaloids, terpenoids, amines, and pigments (Fouzia et al., 2020). The
phenomenon of proteins binding to MNPs via free carboxylate groups is well-
established (Ajitha et al., 2014). The carboxylate groups that are found in proteins
have the potential to behave as a surfactant, which would enable them to bind to the
surface of NPs (Abarca-Cabrera et al., 2021). There is a high probability that these
chemicals are accountable for the bio-reduction of Ag* ions. For this reason, it is
recommended that more study be conducted in order to shed light on the role of
biomolecules that are derived from the tea extract of O. basilicum.

At a magnification of one hundred thousand times, a FESEM investigation of
OBTe-AgNPs was carried out for the objective of determining their specific
dimensions and shapes. Clusters of OBTe-AgNPs were found to exist, according to
the findings. In Figure 4.1C, it was observed that oval-shaped OBTe-AgNPs had an
average size of 55 nm. As an additional point of interest, the micrographs (see Figure
4.1C) made it abundantly evident that the OBTe-AgNPs possessed a biomolecular
covering. In addition, the DLS analysis offered a comprehensive understanding of the
size distribution of OBTe-AgNPs. As can be observed in Figure 4.1D, the peaks
indicate the existence of two different sizes of OBTe-AgNPs, which range from 50-
180 nm. In spite of this, the average size that was determined by calculating zeta
potential and PDI was found to be 173 nm. This larger size in the indication from DLS
analysis offers insight that smaller OBTe-AgNPs aggregate and form bulk OBTe-
AgNPs, which is why agglomeration was detected in FESEM pictures. Additionally,
the EDS and TEM analyses provide a distinct viewpoint of the size and structure of
the OBTe-AgNPs to be examined. Figure 4.2A shows that the EDS spectra validated
the presence of silver in the NPs solution. On the other hand, the transmission electron
microscopy (TEM) examination revealed that the OBTe-AgNPs have an oval shape,
and the average size of the OBTe-AgNPs is 35 nm (see Figure 4.2B).

It has been demonstrated by Liagat et al. that the temperature and pH have a
significant influence on the synthesis of AgNPs as well as their stability (Liagat et al.,
2022). Furthermore, in order to investigate the impact that pH has on the stability of
OBTe-AgNPs, we utilized pH values of 2, 4, 8, and 11 in our research. Figure 4.3A
illustrates the effect that the pH of the OBTe-AgNPs that were synthesized has. At a
pH of 11, the absorption peak at 435 nm indicates the production of particles with a
size that is not uniform. On the other hand, the peak represents the synthesis of
particles with a size that is uniform at pH 2, 4, and 8. Nevertheless, the OBTe-AgNPs
maintained their stability over the whole pH spectrum. In a similar manner, the
thermal stability of the synthesized AgNPs was evaluated by exposing the reaction
mixture to a range of temperatures (25, 40, 60, 80, and 100 °C) for a period of thirty
minutes. At temperatures of 80 and 100 °C, the peak with the highest intensity
measuring 340 nm was observed (see Figure 4.3B). The amount of absorption
increased in a manner that was proportionate to the increase in temperature. At a
temperature that is considered normal, the rate of OBTe-AgNPs synthesis is increased
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when the temperature of the combination is raised slightly. However, the OBT-AgNPs
were stable throughout a wide temperature range, including both lower and higher
temperatures. As stated by Ahmad et al., the maximum Kinetic energy that exists
between the AgNPs is the reason why they are able to maintain their stability even
when subjected to the greatest temperature (Ahmad et al., 2022). MNPs, such as
AgNPs, have a large concentration of unbound electrons, which lead to the absorption
of light in the SPR band. SPR was produced as a result of the oscillation of these
electrons, which was caused by the resonance of the light waves. At temperatures of
80 and 100 °C, we observed the largest absorption peaks (340 nm) due to the
phenomena that occurs among AgNPs.

According to the research that has been conducted, in order for the AgNPs to be
able to efficiently destroy cancer cells, they need to have a size that falls within the
range of 5 to 100 nm. This will enable them to penetrate the cells and cause damage
by entering them (Abbasi et al., 2023; Ivask et al., 2014). The results of our
investigation, which included the use of FESEM, DLS, and TEM, demonstrated that
the OBTe-AgNPs fall within the range that was determined in a previous study to be
more successful in the elimination of cancer cells. As a result, cell viability assays are
applied in order to collect data concerning the response of cells to AgNPs. This
response encompasses the cells capacity to live, undergo cell death, and participate in
metabolic activities. As a result, we subjected the HeLa cells to being exposed to
OBTe-AgNPs at a range of concentrations, including 0.5, 1, 5, 10, 20, and 40 pg/ml. It
was discovered from the findings that the viability of HeLa cells declined in a manner
that was dependent on the dose, and it was discovered to be considerably (p < 0.001)
lower at higher concentrations. After 24 hours of treatment, the vitality of the cells
was seen to be 55.8%, 59.28%, 46.3%, and 36.73%, respectively, at concentrations of
5, 10, 20, and 40 pg/ml (see Figure 4.4). Furthermore, it was discovered that the 1Csg
value was 21.78 + 0.68 pg/ml. A number of studies were conducted to evaluate the
toxicity of biosynthesized AgNPs generated from the extract of Salvia officinalis,
Citrus hystrix, and Acer oblongifolium. The results of these studies revealed a
decrease in cell viability in a dose-dependent manner, with the ICso value ranging
from 3 to 56 pg/ml (Naveed et al., 2022; Okaiyeto et al., 2021; Srimurugan et al.,
2022). The effectiveness of AgNPs that were produced from C. hystrix was
investigated by Srimurugan and colleagues. Based on the results of their cell viability
investigation, it was determined that the AgNPs have shown strong inhibitory activity
by reducing the viability of cancer cells in a manner that is dependent on both the
dosage and the period of exposure. The value of the 1Cso, which is the concentration
that is necessary to inhibit fifty percent of the cancer cells, was determined to be 56
pg/ml (Srimurugan et al., 2022). In a similar manner, Okaiyeto and colleagues
conducted an evaluation to assess the toxic effects of AgNPs on HelLa cells. Their
findings revealed that at a concentration of 50 pg/ml, the aqueous extract of S.
officinalis and the AgNPs exhibited small toxicity on HeLa cells. According to the
comparison, the proportion of viable cells was 84 +9 and 92 £ 0.1, respectively, when
compared to the untreated controls. According to previous research, the AgNPs that
were produced by certain medicinal plants, such as Nepeta deflersiana (E. S. Al-
Sheddi et al., 2018) and Curcuma aromatica had a considerable cytotoxic influence on
HeLa cells (Nadhe et al., 2020).

Evidence from earlier research suggests that one mechanism by which AgNPs
cause toxicity is through interfering with cellular energy metabolism, specifically by
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decreasing mitochondrial function and increasing oxidative stress (Carlson et al.,
2008). By measuring the quantities of glutathione (GSH), superoxide anion radical
(02*), and nitrite (NO2"), it is possible to arrive at an evaluation of the levels of
oxidative stress that are present in cells (Gwozdzinski et al., 2021). In order to assess
oxidative stress, OBTe-AgNPs were subsequently exposed to HeLa cells. The findings
demonstrated a dose-dependent rise in GSH levels (see Figure 4.5A). GSH levels at
20 pg/ml (32.7 uM, p < 0.05) and 40 pg/ml (40.21 pM, p < 0.005) were significantly
higher. Our findings make it clear that a cell's attempt to lessen oxidative stress is
reflected in its elevated GSH content. It has been shown that AgNPs cause changes in
glutathione levels and the generation of ROS (Avalos et al., 2014). The decrease in
antioxidants, such as glutathione and protein linked sulfhydryl groups, along with the
increase in the activity of various antioxidant enzymes, may be responsible for the
oxidative destruction of cell molecules. These findings indicate the occurrence of lipid
peroxidation (Kurutas, 2016). The process of intracellular reduced GSH involves the
oxidation of ROS generated within cells, resulting in the formation of glutathione
disulfide (GSSG). The AgNPs were able to traverse the cell membrane and engage
with glutathione (GSH), resulting in a notable decrease in its concentrations mostly
through the oxidation of reduced GSH to glutathione (2 GSHGSSG + 2H"). There is a
potential for the formation of a compound between Ag." and glutathione subsequent
to cellular entry (H. Khan et al., 2011). Alrawi et al. conducted a study to assess the
GSH level in HeLa cells following exposure to AgNPs at an 1Cso dosage of 3.125
pg/ml. The findings of their study revealed a slight decrease in the quantity of GSH
following a 24 h exposure to synthesized AgNPs in comparison to the control group
for HeLa cell lines. Nevertheless, no statistically significant variation in the GSH level
was seen at the ICso dose. (ALrawi et al., 2017). Similarly, as the dose of OBTe-
AgNPs increased, nitrite and superoxide anion radical concentrations in cells
increased as well. At 40pg/ml (185.82 uM, p < 0.05), the results demonstrated a
notable alteration in the level of the super oxide anion radical (see Figure 4.5B).
Following 24 h of treatment, the levels of nitrite were found to be considerably higher
at 20 pg/ml (30.58 uM, p < 0.05) and 40 pg/ml (38.6 UM, p < 0.001), as shown in
Figure 4.5C. Figure 4.5 shows that nitrite, superoxide anion radical, and GSH levels
followed a pattern similar to that of cell death (see Figure 4.4). Reportedly implicated
in numerous chemical and biological systems, the superoxide anion radical is a crucial
radical species (Hayyan et al., 2016). The production of peroxy nitrites (ONOO")
mostly results from its interaction with nitric oxide (NO*®) during the operation of the
mitochondrial electron transport chain (ETC). Apoptosis and necrosis are two forms
of programmed cell death that peroxy nitrites, a very reactive oxidizing chemical, can
set in motion. The manganese superoxide dismutase (MnSOD) protein is mostly found
in mitochondria and protects cells from nitric oxide by neutralizing superoxide anion
(O2*7) (Indo et al., 2015). In this context, Alsubki et al. showed that the antioxidant
efficiency of CS-AgNPs in scavenging free radicals, specifically hydroxyl and
superoxide radicals, was proven to be much higher than that of standard ascorbic acid,
at varied doses (Alsubki et al., 2021). Another study has shown that AgNPs possess a
notable ability to scavenge superoxide anion radicals, hence demonstrating a robust
antioxidant activity. Furthermore, these substances have demonstrated significant
cytotoxic properties by impeding the viability of Hela cells (Alahmad et al., 2021). In
addition, Tosun et al. assessed the generation of ROS in MCF-7, Saos-2, A549, and
HT-29 cells when introduced to artificially produced AgNPs derived from the extracts
of Rhizopogon luteolus (RL) and Paxina leucomelas (PL). They noted that the AgNPs
induced significantly increased oxidative stress in the examined cells as compared to
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untreated cells. Moreover, their findings revealed that RL-AgNPs had a greater
capacity to enhance oxidative stress compared to PL-AgNPs. Experimental research
conducted by the same group of researchers has revealed that the generation of ROS
caused by AgNPs has been observed to initiate the intrinsic apoptotic pathway in
cancer cells (Kaplan et al., 2022). The cellular formation of reactive oxygen species
(ROS) is induced by the conversion of neutral silver (Ag°) to Ag*, Ag-S— and Ag-O-—
(Yuetal., 2020).

There is a correlation between increased amounts of ROS within cells and lipid
peroxidation, DNA damage, and protein oxidation, which ultimately leads to the
activation of the intrinsic apoptotic cascade in cells (L. J. Su et al., 2019). The intrinsic
apoptotic pathway is activated when the level of cellular damage reaches a threshold
point. This is accomplished by elevating the production of pro-apoptotic Bcl-2 family
members (including Bax, Bok, and Bak) and lowering the levels of anti-apoptotic
proteins (such Bcl-2, Bcl-w and Bcl-xL) (Hata et al., 2015). Consequently, a pivotal
strategy in cancer treatment is the targeted stimulation of intrinsic apoptotic pathways
mediated by ROS (Goksen Tosun et al., 2022). To explore the likely mechanism of
cellular demise resulting from exposure to OBTe-AgNPs via the apoptotic pathway,
we performed an examination of the genes implicated in apoptosis, namely Bcl-2,
Bax, Cas 3, 8, 9, and pg-actin, employing the quantitative reverse transcription
polymerase chain reaction (QRT-PCR) methodology. The findings of the study
revealed a statistically significant increase (p < 0.005) in the gene expression levels of
Cas 3, 8, 9, and Bcl-2 in cells treated with both 5 and 40 pg/ml, as compared to the
control group (see Figure 4.6). Nevertheless, the expression of Bax remained
unchanged irrespective of the dosage. According to reports, Cas 9 plays a crucial role
in causing changes in the structure of mitochondria and producing ROS by breaking
down and activating Bid, leading to the creation of tBid. After being activated by Cas
9, Cas 3 assumes a pivotal function in inhibiting the production of ROS and is
essential for the efficient execution of apoptosis. Cas 8 and Bcl-2 play a role in both
the extrinsic and intrinsic pathways of apoptosis signaling via death receptors,
respectively (Hardwick & Soane, 2013). Li et al. observed an increase in the levels of
Cas 3, 9, and Bcl-2 when lung adenocarcinoma (A549) cells were exposed to AgNPs
at a dose range of 20-160 pg/ml (Li et al., 2021). According to the findings of a study
that was carried out by Gurunathan and colleagues, the exposure of human breast
cancer (MDA-MB-231) cells to AgNPs results in the activation of numerous signaling
pathways, such as p53, p-Erk1/2, and Cas 3, which in turn leads to the initiation of
cellular death. At the same time, the expression of Bcl-2 is downregulated
(Gurunathan et al., 2015). Upon exposure to AgNPs at a concentration of 12.35 pg/ml,
it was confirmed by another study that the initiation of apoptosis takes place in MCF-7
cells. This interaction takes place through the interaction between Cas 3, 8, and 9
(Ullah et al., 2020).

It is to the best of our knowledge that the type of cell death that has been produced
in HelLa cells by the treatment with OBTe-AgNPs has not been explored up until this
point. Because of this, we carried out an annexin FITC assay, which revealed that
there were substantial amounts of both early and late apoptosis, which is evidence that
apoptosis was the major mode of cell death (see Figure 4.7A). These results are in
conjunction with a high level of expression of initiator Cas 8 and executive Cas 3
expressions as reported in Figure 4.6.
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In light of the findings that we have obtained, we are certain that the plant-based
AgNPs that we have developed can serve as an alternative to killing machines for
different types of cancer cells, including those that are found in the skin, breast, and
lung. However, prior to the transition of these AgNPs into clinical investigations, we
would be interested in doing pre-clinical studies and environmental distribution of
these AgNPs in order to ensure that they are safe to employ in both of these scenarios.

Furthermore, experts are currently prioritizing the development of a single-step
cure for various disorders. In this work, we employed V. myrtillus tea extract,
commonly referred to as Borovnica tea, to investigate its potential as an agent to make
AgNPs with anti-cancer and anti-atherosclerosis properties. To verify the creation of
VMTe-AgNPs, the first stage involved observing a color shift in the mixture from
dark brown to dark black, as well as the presence of precipitation, which indicated the
synthesis of AgNPs. This finding aligns with our prior investigation, whereby we
employed O. basilicum tea and O. tenuiflorum extracts to synthesize AgNPs. These
AgNPs were subsequently utilized as anti-cancer agents and nano pesticides,
effectively eliminating HeLa cells and insect pests, respectively (Qamar et al., 2021;
Qamar et al., 2024). In a comparable manner, Khan et al. found that the creation of
AgNPs caused a color change during their synthesis. They investigated the possibility
of using AgNPs as anti-diabetic and anti-bacterial medicines (Z. u. R. Khan et al.,
2023). The findings of our study align with those of earlier research. Prior to reaching
a conclusion, the mixed sample was subjected to UV-Visible spectroscopy within the
wavelength range of 200-800 nm. The investigation conducted in this study has
confirmed the presence of a peak at 305 nm in samples containing different quantities
of VMTe-AgNPs, as depicted in Figure 4.8A. The reaction solution exhibited a
diverse array of metabolites derived from the tea extract of V. myrtillus, which were
identified within the experimental spectrophotometric range. This observation sheds
light on the broad spectrum of UV-Vis absorption spectra seen. The identification and
characterization of AgNPs can be facilitated through the analysis of the SPR peak.
The absorbance spectra of a solution containing spherical and homogenous AgNPs
exhibit a single SPR band. Prior research indicates that anisotropy has a direct impact
on the number of peaks (Gonzalez-Aguifiaga et al., 2023). Overall, the VMTe-AgNPs
produced during biosynthesis have a consistent circular morphology. The experiment
additionally induces an increase in the concentration of AgNPs and an enlargement in
the size of the particles.

We employed FESEM, TEM, and DLS techniques to validate the dimensions and
morphology of VMTe-AgNPs. The FESEM examination conducted at a magnification
of 100 kx revealed an oval shape with a size of 52 nm (see Figure 4.8B). Furthermore,
the micrographs provided unambiguous evidence of the presence of a biomolecular
coating on the VMTe-AgNPs. In the same manner, TEM examination yielded precise
measurements of size and shape at a magnification of 100 nm. After analyzing the
TEM micrograph, it was seen that the VMTe-AgNPs had an average size of 80 nm
and exhibited an oval shape (see Figure 4.8C). After analyzing the DLS data, it was
found that the solution primarily consisted of VMTe-AgNPs, with an average cluster
size of 196 nm. This can be attributed to the claustration of VMTe-AgNPs, as shown
by a zeta potential of —27.9 and a PDI of 0.269. The DLS analysis provided valuable
insights into the distribution of VMTe-AgNPs sizes in the reaction mixture. Figure
4.8D demonstrates the presence of VMTe-AgNPs with diameters ranging from 90 to
200 nm, as indicated by the peak. The increased size observed in the DLS
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investigation indicates that smaller VMTe-AgNPs aggregate to produce larger VMTe-
AgNPs, resulting in the observed clumping in the FESEM images.

Additionally, we searched the V. myrtillus tea extract using FTIR for biomolecules
that would aid in the reduction, bio-capture, or stabilization of Ag* ions to Ag®. FTIR
spectroscopy revealed several peaks between 400 and 4000 cm™!, the most notable of
which were absorption peaks at 3281.13 cm™!, 2916.51 cm™!, 2849.27 cm™!, 1613.56
cm!, 1318.58 cm™!, 1030.48 cm!, and 779.13 cm™! (see Figure 4.8F). From these
peaks, the —OH stretch of phenolic acids, polyphenols, and flavanol is represented by
3281.13 cm!, the C—H stretch by 2916.51 cm™! and 2849.27 cm™!, the —C=C stretch
by 1613.56 cm™!, the C-O stretch by 1318.58 cm™! and 1030.48 cm™!, and the
aromatic compound of C—H out of plane bending by 779.13 cm™!. The existence of
carbonyl groups, terpenoids, polyphenols, flavonoids, alkaloids, carbohydrates,
amines, and other reducing secondary metabolites, biomolecules, and proteins is
indicated by the observed peaks from this study and earlier investigations (Mosoarca
et al., 2022; Traksele & Snitka, 2022). It is commonly recognized that unbound
carboxylate groups allow proteins to attach to MNPs (Ajitha et al., 2014). Protein
carboxylate groups have the ability to serve as surfactants, which allows them to
adhere to MNPs surfaces (Abarca-Cabrera et al., 2021). These compounds most likely
control the bio-reduction of Ag™ ions.

Studies that have already been published indicate that temperature and pH affect
the stability and production of AgNPs (Ahmad et al., 2022; Fernando & Zhou, 2019).
Consequently, the stability of VMTe-AgNPs was assessed by subjecting them to
variations in temperature and pH. The thermal stability of the VMTe-AgNPs was
assessed by subjecting the reaction mixture to varying temperatures for a duration of
45 minutes at 25, 40, 60, 80, and 100 °C (see Figure 4.9A). The data presented in
Figure 4.9A demonstrates a positive correlation between temperature and the extent of
absorption. Nevertheless, no alteration in the stability of VMTe-AgNPs was detected,
suggesting that VMTe-AgNPs exhibit stability throughout a range of temperature
conditions. Raising the mixture temperature at room temperature leads to an increase
in the synthesis rate of VMTe-AgNPs. However, when exposed to high temperatures,
the particles experience polydispersity. Prior research indicates that the stability of
AgNPs at the highest temperature is attributed to the maximum Kinetic energy
between the AgNPs (P. Gupta et al., 2020; Liagat et al., 2022). In contrast, pH values
of 2, 5, 6, 10, and 11 were employed in our study to examine the impact of pH on the
stability of VMTe-AgNPs. The pH effect of the VMTe-AgNPs produced is depicted
in Figure 4.9B. Particles with non-uniform diameters are shown by the absorption
peak at 550 nm for pH 2, 10, and 11. In contrast, the presence of a peak at pH 5 and 6
signifies the occurrence of particles that possess consistent diameters. These finding
are in parallel with our previously published study in which AgNPs were prepared
from O. basilicum L. tea (Qamar et al., 2024).

Previous research has indicated that in order to effectively eliminate cancer cells
through penetration, it is necessary for the size of AgNPs to fall between the range of
10-100 nm. The results obtained from FESEM and TEM examination indicate that
VMTe-AgNPs are suitable for effective biological applications within the specified
range. Hence, in order to examine and determine the optimal dosage of VMTe-AgNPs
as a means to combat cancer and atherosclerosis, the cells were subjected to different
concentrations (10, 20, 40, 60 pg/ml) for durations of 24 and 72 h (see Figure 4.10).
As the dose of VMTe-AgNPs increases, the viability of MDA-MB-231 and HUVEC
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cells diminishes, according to the results (see Figure 4.10A-B). The viability of MDA-
MB-231 cells at 40 and 60 pg/ml was seen to be 32.41% (p < 0.01) and 25.2% (p <
0.01) after a 24-h period. In the 24-h group, the ICso value was 29.69 = 1.47 pg/ml.
However, it was observed that the cell viability in the same dose group had
considerably (p < 0.001) decreased to 21.35% and 11.2%, respectively, after 72 h (see
Figure 4.10A). In the 72-h group, the 1Cso value was 20 £ 1.30 pg/ml. AgNPs from
Bacillus funiculus were synthesized by Gurunathan et al., who then evaluated their
anti-cancer potential against MDA-MB-231. They discovered a reduction in cell
viability that was dosage dependent and reported an ICso value of 8.7 pg/ml
(Gurunathan et al., 2013). Xu et al. observed that AgNPs derived from Allium
saralicum exhibited a comparable decrease in cell viability of MDA-MB-231 cells,
with an ICsg value of 250 pg/ml, which was dependent on the dosage administered (X.
Xu et al., 2023). Furthermore, another study documented a comparable result in which
AgNPs generated by Adina cordifolia were subjected to MDA-MB-231, resulting in
an ICsp value of 64.92 png/ml (Koteswara Rao et al., 2021).

The HUVEC cell lines exhibited a similar pattern of cell viability decline that
was dosage dependent. The vitality of HUVEC cells was found to be 64.22% (p <
0.05), 32.89% (p < 0.001), 28.5% (p < 0.001) and 16.47% (p < 0.001) in 10, 20, 40
and 60 pg/ml, respectively, after 24 h. There was a substantial decrease in cell
viability to 55.32% (p < 0.05), 28.54% (p < 0.01), 22.74% (p < 0.01), and 8.19% (p <
0.001), respectively, after 72 h in the same dosing group (see Figure 4.10B). In the 24
and 72 h group, the 1Cso value was determined to be 17.72 £ 1.25 and 20.38 + 1.31
pg/ml, respectively. We saw a dose-dependent decrease in cell viability in both cell
lines, which is consistent with other research that has been published and suggests that
VMTe-AgNPs may have anti-cancer and anti-atherosclerotic properties. Taking into
account the 1Cso values and adhering to the American National Cancer Institute (NCI)
criteria for cytotoxicity, which state that a substance is considered cytotoxic if the 1Csgo
value is less than 30 pg/ml (Suffness & Pezzuto, 1991), it appears that our VMTe-
AgNPs can be classified as significantly cytotoxic.

Previous studies have indicated that AgNPs toxicity can be accounted for in part
by their impact on cellular energy metabolism, which reduces mitochondrial function
and raises oxidative stress (Carlson et al., 2008). Examining the concentrations of
glutathione (GSH), superoxide anion radical (O2°*"), and nitrite (NO2") in the cell
environment is one technique to gauge the degree of oxidative stress in cells
(Gwozdzinski et al., 2021; Qamar et al., 2024). GSH plays a crucial role in the
removal of ROS and reactive nitrogen species (RNS) by either directly interacting
with them or acting as a cofactor in the GSH redox cycle. This cycle involves the
interaction between GSH peroxidase, GSH S-transferases, and GSH reductase (Conde
de la Rosa et al., 2014). Consequently, MDA-MB-231 cells and HUVEC cells were
subjected to different concentrations (20, 40, and 60 pg/ml) of VMTe-AgNPs. In the
MDA-MB-231 cell line, a dose-dependent elevation in the concentrations of GSH,
02*", and NO2 was observed following a 24-h exposure to VMTe-AgNPs, indicating
an adaptive response to oxidative stress. Nevertheless, despite the observed increase in
dosage, it was determined that not all dose groups exhibited a statistically significant
increase when compared to the control group (see Figure 4.11). These findings
suggest that the cells experience oxidative stress and exhibit adaptive responses to
mitigate the detrimental effects induced by our VMTe-AgNPs. Nevertheless, although
there was no substantial rise in ROS, the damage is significant, leading to reduced cell
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viability at the highest concentrations of VMTe-AgNPs after 24 h of treatment (refer
to figure 4.10A-B). In a similar way, we observed a dose-dependent rise in the
concentrations of GSH, O2*", and NO2" in the group treated for 72 h. However, it was
only noticed that there were statistically significant increases in the concentration of
0, at 40 pg/ml (26.63 puM, p < 0.001) and 60 pg/ml (38.74 uM, p < 0.001) when
compared to the control group (refer to Figure 4.11B). This finding aligns with the
cytotoxicity outcomes depicted in Figure 4.10A. Prior research involving the exposure
of MDA-MB-231 cells to AgNPs has documented the generation of ROS, leading to
cellular demise through apoptosis. In their study, Gurunathan et al. observed a dose-
dependent elevation in ROS levels, which ultimately resulted in the beginning of
apoptosis in MDA-MB-231 cells when exposed to silver nanoparticles generated by B.
funiculus (Gurunathan et al., 2013). Another work involved the synthesis of AgNPs
using Phlomis armeniaca. The researcher observed the generation of ROS in MDA-
MB-231 cells and confirmed that the cells died through apoptosis in a manner that
depended on the dosage (Yesilot et al., 2023).

Conversely, HUVEC cells were observed to be more vulnerable to the generation
of ROS when exposed to VMTe-AgNPs. A non-significant dose-dependent rise in
GSH was seen at concentrations of 20, 40, and 60 pg/ml in the 24-h treatment group.
However, during a 72-h treatment period, we found a consistent and dose-dependent
rise in GSH concentration across all treatment doses. Although there was a dose-
dependent increase, it was observed that only the group receiving a dose of 60 pg/mi
showed statistical significance (p < 0.01) compared to the control group (see Figure
4.12A). This finding suggests that cells attempt to cope with ROS stress by increasing
their production of GSH at higher concentrations. This is supported by the fact that
cell viability was also reduced at the same concentration after 72 h of treatment, as
depicted in Figure 4.10B. Likewise, a comparable dose-dependent elevation in the
concentration of O2*" was seen following a 24-72 h exposure to VMTe-AgNPs. A
statistically not significant difference in concentration was detected in 20, 40 and 60
pg/ml dosage group and the control group. In contrast, it was noted that after a
duration of 72 h, there were similar statistically not significant increases in the
concentration of O2*" across all treatment concentrations as compared to the control
group (see Figure 4.12B). Furthermore, both the 24 h and 72 h treatment groups
exhibited a comparable increase in nitrite (NO2") concentration, which was dependent
on the dosage. A statistically not significant difference was observed in the
concentration of the 20, 40, 60 pug/ml dosage group compared to the control group in
the 24-h exposure group. In contrast, we observed statistically significant (p < 0.01)
elevations in NO2 concentration at concentrations of 20, 40, and 60 pg/ml in the
group exposed to 72 h of VMTe-AgNPs, as compared to the control group (see Figure
4.12C).

Based on these findings, we have determined that the primary species of ROS is
the superoxide anion radical (O2*"), which is responsible for causing cell death. The
superoxide anion, a primary oxygen radical, is generated when an oxygen molecule
acquires an electron. The initial generation of O.* triggers a cascade of ROS, wherein
specific species, such as H20», play a crucial role in cellular signaling, while others,
such as HO, have detrimental effects (Andrés et al., 2023). The biological impact of
these chemicals will eventually be contingent upon cellular defense mechanisms, the
abundance of ROS, and the cellular adaptability (Hancock, 2021). O.*", which is
generated as a byproduct of the mitochondrial respiratory chain, is a prominent ROS
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that plays a crucial role in inducing oxidative stress in living organisms. The reduced
permeability of superoxide across membranes can be attributed to its electric charge.
While superoxide is able to pass through anion channels, its effectiveness is limited.
As a result, the physiological compartment from where superoxide originates is the
primary site of major superoxide reaction (Turrens & Boveris, 1980). Based on the
obtained results, a preliminary mechanism of oxidative stress resulting in cellular
demise was established (see Figure 5.1).

Signaling pathway
activation
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Proliferation

METASTASIS

Figure 5.1. Potential mechanisms behind cellular apoptosis

The natural world has had NFs for millions of years, and they have been very
important in many biological processes. The extracellular matrix (ECM) NFs, the
protein and polysaccharide-based cytoskeletons, and the NFs of silkworms and spiders
are all good examples. Electrospun nanofibers are used in a lot of different fields, like
biosensors, clothing making, and water filtering (Virijevi¢ et al., 2023; Virijevic et al.,
2024). It is important to note that they are frequently used as scaffolds in tissue
engineering. However, our research is focused on the production, properties, and
application of AgNPs-incorporated NFs in the DCBs coating membrane for the
treatment of atherosclerosis. This was achieved through the utilization of the
electrospinning technique, a sophisticated multiphase process that is distinguished by
the introduction of an exceptionally powerful electric field (Zivanovié, 2020) (see
Figure 3.2). Synthetic polymers, carbohydrate polymers, and protein-based polymers
are the three types of polymers that researchers seem to choose most often. Nylon-66,
PCL, PLLA, PEG, and PVA are some of the synthetic plastics that are often used
(Adeli et al., 2019; Capuana et al., 2022; X. Liu et al., 2022). Synthetic polymers are
popular due to their availability, homogenous monomer dispersion, cost, and
solubility. Therefore, to create AgNPs integrated NFs, we used PEG-PCI polymers.
Our NFs were characterized by FTIR, SEM, and AFM for changes in OBTe-AgNP
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encapsulation with polymer, NF membrane size and shape, and surface structure,
respectively.

FTIR analysis of OBTe-AgNPs-NFs was conducted to observe the integration of
biogenic OBTe-AgNPs into NFs. The spectra of OBTe-AgNPs-NFs exhibited distinct
peaks at around 1700 cm™!, indicating the stretching of C=0 bonds, and in the region
of 1100-1200 cm™!, indicating the stretching vibrations of C—O—C bonds and —COO—
bonds, which are specific to NFs. In contrast, the spectra of biogenic OBTe-AgNPs do
not exhibit any distinct absorption bands in this region, suggesting the successful
formation of AgNPs-NFs as shown in figure 4.13.

In addition, the FESEM was employed to observe the morphological
distinctions among all the different forms of OBTe-AgNPs-NFs (as shown in figure
4.14). The mean diameter of OBTe-AgNPs-NFs with concentrations of 1%, 2%, and
3% was observed to be 179.29 + 18.65 nm, 181.55 £+ 12.67 nm, and 194.80 + 17.80
nm, respectively. The diameter of the fibers in all versions of OBTe-AgNPs-NFs
ranged from 168.21 to 216.26 nm. Conversely, NFs without AgNPs had an average
diameter of 472.68 + 51.33 nm, ranging from 406.84 to 572.95 nm. The presence of
charge conducting MNPs in NFs could be the source of the difference in diameter
between NFs containing OBTe-AgNPs and NFs that do not contain AgNPs.

The surface roughness was examined and assessed using AFM. Two viable ways
to describe a surface's roughness parameter are as an average along the surface's
centerline or as the distance between the two extremes of the surface's irregularities.
The 1%, 2%, and 3% OBTe-AgNPs-NFs had average surface roughness (Ra) values
of 72.77, 98.34, and 149.01 nm, respectively, according to our research. Surface
roughness increases as the percentage of OBTe-AgNPs incorporated into NFs
increases. Figure 4.15 shows that when the fraction of incorporated OBTe-AgNPs
increases, more OBTe-AgNPs collect on the surface of NFs. When Dubey et al.
synthesized in-vitro AgNPs-NFs for wound healing activities, they observed findings
that were comparable to those described above. The surface roughness of AgNPs-NFs
was measured to be 305.8 nm, as indicated by their findings (Dubey et al., 2015).
According to the findings of another study conducted by Xu and colleagues, the
surface roughness increases rely on the chemical that is added to the polymer mixture
in order to generate NFs. As a result, roughness has a direct impact on the number of
cells that stick to the material (C. Xu et al., 2004). This is the reason we observed an
increase in surface roughness of our NFs depended on amount of OBTe-AgNPs added
to polymer mixture. Findings from the AFM corroborate those from the SEM pictures
and the Ag ion release profile.

It is important for the NFs membrane to break down so that AgNPs can be
released from their individual NFs. In the first week of the degradation assay, our
earlier study showed that about half of the NFs membrane was broken down (Virijevi¢
et al., 2024). Therefore, in-vitro Ag-release profiles were used to examine the
sustainability of OBTe-AgNPs in PEG-PCL nanofibers under various physiological
circumstances and time periods. The encapsulated OBTe-AgNPs release rate
demonstrated a steady, continuous release that followed an initial burst release that
lasted for three to twenty-four hours (see Figure 4.16). Approximately half of the
encapsulated OBTe-AgNPs were released from the NFs during the course of the 96-h
incubation period. Diffusion of OBTe-AgNPs that were adsorbed at the surface of the
polymeric NFs may have caused the first burst release of OBTe-AgNPs. Nonetheless,
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the prolonged release of OBTe-AgNPs in later phases may have resulted from the
breakdown of PEG inside the polymeric matrix or from the diffusion of encapsulated
OBTe-AgNPs from the polymeric NFs core area. The results showed that these NFs
have the potential to be useful for the long-term, sustained administration of biogenic
AgNPs for biomedical applications, which is consistent with the findings of Wu et al.
(Wu et al., 2014) and Dubey et al. (Dubey et al., 2015).

The release profile investigation makes it clear that biogenic OBTe-AgNPs
were gradually released from NFs. Using HEVEC cells as an atherosclerosis model,
we conducted a cell viability analysis to determine the practical anti-atherosclerosis
capability of these OBTe-AgNPs included NFs membranes as DCBs coating material
(Medina-Leyte et al., 2020). In order to observe the practical use of OBTe-AgNPs-
NFs in the treatment of atherosclerosis, all different forms of OBTe-AgNPs-NFs were
tested on atherosclerosis model HUVEC cells. The cell viability was assessed using
the MTT test, as seen in figure 4.17. The findings revealed that the survival rate of
HUVEC cells decreased considerably (p < 0.001) as the dose of OBTe-AgNPs in NFs
increased, relative to the control group, after 24 and 72 h of exposure. Following a 24-
h exposure to OBTe-AgNPs-NFs, the vitality of HUVEC cells in the dose groups of
1%, 2%, and 3% OBTe-AgNPs-NFs was measured to be 61.64%, 20.03%, and
14.68%, respectively. In contrast, after being exposed to OBTe-AgNPs-NFs after 72
h, the vitality of HUVEC cells in the dose groups of 1%, 2%, and 3% was 39.91%,
18.46%, and 11.79%, respectively.

As far as the field of cardiovascular science is concerned, our research is the
first to investigate the toxicological implications of biogenic AgNPs combined with
NFs as a possible weapon against atherosclerosis. So far, we have not come across any
other study that has investigated this specific area of inquiry.
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Chapter 6

Conclusion

In conclusion, using Bosiljak extract (which comes from traditional Serbian tea
manufactured from Ocimum basilicum L.) is an attractive strategy for producing
AgNPs in an environmentally conscious and economically viable manner.
Nanotechnology and cancer treatment might benefit greatly from this strategy. The
unique properties and toxic effects on HelLa cells of the AgNPs produced using this
method were exposed by thorough analysis. An inhibitory concentration (ICso) of
21.78 + 0.68 pg/ml was found, indicating that the results show a dosage-dependent
decrease in cell viability. Our findings provide more evidence that this medicinal
substance may be useful in the fight against cervical cancer. The research also looked
at how this cytotoxicity worked, revealing that ROS and the control of apoptotic gene
expression were key players. Such results suggest that AgNPs derived from Bosiljak
extract may be useful in the treatment of human cervical cancer.

In addition to that, AgNPs synthesized from Borovnica tea extract showed
great potential for producing NPs in an eco-friendly and cost-effective manner. The
VMT-AgNPs displayed unique characteristics, such as a surface plasmon resonance
observed at 344 nm, an oval shape with an average diameter ranging from 52-80 nm
and demonstrated cytotoxic effects on breast adenocarcinoma epithelial cells (MDA-
MB-231) and human umbilical vein endothelial cells (HUVEC). The inhibitory
concentrations (ICso) for MDA-MB-231 and HUVAC were measured at 30 + 1.5 and
18 £ 1.3 pg/ml, respectively. In addition, the observed cytotoxicity mediated by ROS
indicates promising possibilities for cancer treatment and managing atherosclerosis.

Moreover, the biogenic OBTe-AgNPs were successfully incorporated into the
polyethylene glycol-polycaprolactone NFs mats utilizing the blended electrospinning
technique. The NFs membranes, including different weight percentages of OBTe-
AgNPs (1%, 2%, and 3%), were incorporated into NFs. When assessing the potential
of a scaffold for biomedical applications, it is essential to examine the suitability of its
structure and the way it releases drugs. Hence, a thorough examination of surface
roughness and drug release profile was carried out, and the results were discovered to
be remarkably congruent with the previously recorded data for ideal biomedical
applications. Research on the prevention of atherosclerosis demonstrated that the
suppression of HUVEC cells differed according to the dosage. Nevertheless, it is
necessary to carry out animal research in order to ascertain the functionality and safety
in model organisms.

These findings highlight the promising potential of OBTe-AgNPs, VMT-
AgNPs and OBTe-AgNPs-NFs for future research in the field of cancer therapy and
atherosclerosis treatment. Additional research is needed to investigate their
effectiveness, safety, and in-vivo mechanisms, which could potentially lead to their
application in clinical settings.
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