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Abstract

In the presented work, the phytochemicals existent in the aqueous extract of (Hypericum perforatum L.) St. John's wort
was harnessed to prepare silver nanoparticles. Many conditions have been tried and changed until we reached the final
protocol, through which we obtained the desired nanoparticles in terms of size, shape and effectiveness. The organic
compounds present in the St. John's wort plant played an important role in reducing the silver ions in the solution to
metallic silver, as well as in protecting the formed silver nanoparticles in nano dimensions and preventing them from
growing to millimeter dimensions by forming a protective layer on the surfaces of these nanoparticles and finally
maintaining the stability of these formed nanoparticles in colloidal solutions. This green chemistry approach for the
preparation of AgNPs is a simple, safe, sustainable, credible and eco-friendly protocol and the resulting silver
nanoparticles are considered promising for later application in the treatment of various infectious and non-
communicable diseases. green synthesized silver nanoparticles have been characterized using various techniques such
as ultraviolet-visible spectroscopy (UV-Vis), dynamic light scattering (DLS), zeta potential, Fourier transform infrared
(ATR-FTIR) spectroscopy, X-Ray diffraction (XRD), scanning electron microscope (SEM), transmission electron
microscopy (TEM), energy dispersive X-Ray (EDX), nanoparticle tracking analysis (NTA), atomic force microscopy
(AFM), thermogravimetric analysis (TGA) and atomic absorption spectroscopy (AAS), and all results proved that
biosynthesized silver nanoparticles are spherical in shape, stable in colloidal solution, the size of their particles ranges
between 20 to 50 nm, have a face-centered cubic (fcc) and crystalline in nature and on the surfaces of these particles,
there is a protective layer consisting of a group of St. John's wort compounds, the percentage of which varies according
to the number of washing times.

It is known that reducing agents and the chemical composition of nanoparticle surfaces are the most influential factors
in determining the activity and toxicity of these nanoparticles later because they affect cellular uptake, biodistribution,
penetration into biological barriers and the resulting therapeutic effects. Therefore, the second objective of this study
was to identify the organic compounds from the aqueous extract of the St. John’s wort, which is present on the surfaces
of silver nanoparticles as a protective agent. To achieve this goal, it was necessary to analyze the plant itself, i.e. develop
a protocol in HPLC to separate the components of the extracts for this plant well. The aerial parts of the plant were
extracted using 8 different solvents. A simple protocol has been developed to obtain isolated peaks in the HPLC
spectrum. Detection was carried out at 260 for phloroglucinols (Hyperforin and derivates), 350 for Flavonols and 590
nm for naphthodianthrones (Hypericins). Various standards were selected for this, which also represent the most
important and best-known compounds of St. John's wort and the mass spectrometric analysis in positive ion mode was
performed to allow in-line analysis coupled directly to the HPLC system used for the separation of the molecular ions
according to mass to charge (m/z). Finally, the major ingredients (Hyperforin, Adhyperforin, Hypericin, Rutin,
Quercetin, Quercitrin, Quercitrin-hydrate, Hyperoside, Biapigenin and Chlorogenic acid) have been identified. Total
phenolic, antioxidant activity (DPPH and ABTS assays.) and their relationship for different extracts were also presented
in this study. In another study, the layer on the surfaces of silver nanoparticles was isolated using a mixture of solvents
and following a specific protocol. After that, LC-ESI-Q-TOF-MS/MS analysis was carried out to determine these
substances, and they have already been identified, which are 1=Neochlorogenic acid; 2=Hyperoside; 3=Isoquercitrin;
4=13,118-biapigenin; 5=Furohyperforin; 6= Hyperforin; 7=Furoadhyperforin; 8=Adhyperforin.

Antioxidant activity of the biologically prepared AgNPs was studied using 3 different methods: DPPH, ABTS and SO
assays, and the results were very impressive and better than all that was mentioned by other researchers. The
antimicrobial effect on about 20 types of microbes (Gram-positive bacteria, Gram-negative bacteria, Pathogenic yeast
and leishmaniasis tropica Syrian strain (LT_SYR_24)) has been studied in multiple areas and using different methods.
In fact, the results were very excellent compared to antibiotics, silver nitrate, as well as silver nanoparticles prepared by
other researchers, as they were mostly lethal at very low concentrations. Anti-cancer activity against 3 types (Hela, Hep
G2 and A549 cells) at various concentrations and various exposure times, and the results were very distinctive and
promising for use as a future treatment for cancer.

After the prepared silver nanoparticles achieved great success in treating different types of cancer cells, the last and
most important step was how to modify these particles to be selectivity, that is, when injected in vivo, they go directly
to the tumor or cancer cells without affecting healthy cells. Since oligonucleotide-based aptamers (APTs) are excellent
ligands for targeting cancer cells, we have already developed a special protocol to conjugate silver nanoparticles
prepared in our method with a specific aptamer as a selective targeting part for uptake by A549 cells. Many conditions
and factors have been tried to reach a high coupling ratio without affecting the effectiveness of the aptamer. the
cytotoxicity of aptamer-conjugated AgNPs against A549 (human non-small cell lung cancer) and BEAS-2B (normal
human bronchial epithelial ) were studied using CTB test, cellular uptake, viability staining (using Calcein AM and
Propidium lodide), Quantitation of Apoptosis and Necrosis cells (using Annexin V and Propidium lodide) and Cellular
morphological changes (laser scanning confocal microscope and normal microscope). All results indicated that the
effect of aptamer conjugated AgNPs was very large on cancer cells (A549 cells) compared to healthy cells (BEAS2B)
at the same or lesser concentrations. This indicates that these nanoparticles exhibited selective binding and
internalization to target A549 cells, but not by normal human bronchial epithelium BEAS2B, thus exhibiting high
selective specificity.

Keywords: Silver nanoparticles, Green Synthesis, Aptamer, targeting therapy, Anticancer activities.



Zusammenfassung

In der vorgestellten Arbeit, die im wassrigen Extrakt von (Hypericum perforatum L.) Johanniskraut enthaltenen Phytochemikalien
wurden zur Herstellung von Silber-Nanopartikeln genutzt. Viele Bedingungen wurden ausprobiert und geéndert, bis wir das
endgultige Protokoll erreichten, durch das wir die gewiinschten Nanopartikel erhielten hinsichtlich GroRe, Form und Wirksamkeit.
Die in der Johanniskrautpflanze vorhandenen organischen Verbindungen spielten eine wichtige Rolle bei der Reduktion der
Silberionen in der L&sung zu metallischem Silber sowie beim Schutz der gebildeten Silber-Nanopartikel in Nano-Dimensionen und
zu verhindern, dass sie zu Millimeter-Dimensionen anwachsen, indem eine Schutzschicht auf den Oberflachen dieser Nanopartikel
gebildet wird und schlielich die Stabilitat dieser gebildeten Nanopartikel in kolloidalen Losungen aufrechterhalten wird. Dieser griine
chemische Ansatz zur Herstellung von AgNPs ist ein einfaches, sicheres, nachhaltiges, glaubwirdiges und umweltfreundliches
Protokoll, und die resultierenden Silbernanopartikel gelten als vielversprechend fiir eine spatere Anwendung bei der Behandlung
verschiedener infektidser und nicht (ibertragbarer Krankheiten. griine synthetisierte Silbernanopartikel wurden mit verschiedenen
Techniken charakterisiert, wie z. B. Ultraviolett-Vis-Spektroskopie (UV-Vis), dynamische Lichtstreuung (DLS), Zetapotential,
Fourier-Transformations-Infrarot (ATR-FTIR)-Spektroskopie, Rontgenbeugung (XRD), Rasterelektronenmikroskop (REM),
Transmissionselektronenmikroskopie (TEM), energiedispersives Rontgen (EDX), Nanopartikel-Tracking-Analyse (NTA),
Rasterkraftmikroskopie (AFM), thermogravimetrische Analyse (TGA) und Atomabsorptionsspektroskopie (AAS), und alle
Ergebnisse bewiesen, dass biosynthetisierte Silber-Nanopartikel kugelférmig sind, in kolloidaler Lésung stabil sind, die GroRe ihrer
Partikel zwischen 20 und 50 nm liegt, haben eine flachenzentrierte kubische (fcc) und kristalline Natur und auf den Oberflachen dieser
Partikel befindet sich eine Schutzschicht, die aus einer Gruppe von Johanniskrautverbindungen besteht, deren Prozentsatz je nach
Anzahl der Waschvorgéange variiert.

Es ist bekannt, dass Reduktionsmittel und die chemische Zusammensetzung von Nanopartikeloberflachen die einflussreichsten
Faktoren fir die spatere Aktivitdt und Toxizitdt dieser Nanopartikel sind, weil sie die zellulare Aufnahme, Bioverteilung, das
Eindringen in biologische Barrieren und die daraus resultierenden therapeutischen Wirkungen beeinflussen. Daher war das zweite
Ziel dieser Studie, die organischen Verbindungen aus dem wassrigen Extrakt des Johanniskrauts zu identifizieren, die als Schutzmittel
auf den Oberflachen von Silber-Nanopartikeln vorhanden sind. Um dieses Ziel zu erreichen, war es notwendig, die Pflanze selbst zu
analysieren, d. h. ein Protokoll in HPLC zu entwickeln, um die Bestandteile der Extrakte fir diese Pflanze gut zu trennen. Die
oberirdischen Pflanzenteile wurden mit 8 verschiedenen Losungsmitteln extrahiert. Es wurde ein einfaches Protokoll entwickelt, um
isolierte Peaks im HPLC-Spektrum zu erhalten. Der Nachweis wurde bei 260 fir Phloroglucinole (Hyperforin und Derivate), 350 fir
Flavonole und 590 nm fiir Naphthodianthrone (Hypericine) durchgefiihrt. Dafiir wurden verschiedene Standards ausgewahlt, die auch
die wichtigsten und bekanntesten Verbindungen des Johanniskrauts darstellen, und die massenspektrometrische Analyse im positiven
lonenmodus wurde durchgefihrt, um eine Inline-Analyse zu ermdglichen, die direkt mit dem HPLC-System gekoppelt ist, das fiir die
Trennung der Molekilionen gemaR Masse zu Ladung (m/z) verwendet wird. SchlieRlich wurden die wichtigsten Inhaltsstoffe
(Hyperforin, Adhyperforin, Hypericin, Rutin, Quercetin, Quercitrin, Quercitrin-Hydrat, Hyperosid, Biapigenin und Chlorogensaure)
identifiziert. Die gesamte phenolische, antioxidative Aktivitdt (DPPH- und ABTS-Assays) und ihre Beziehung fiir verschiedene
Extrakte wurden ebenfalls in dieser Studie présentiert. In einer anderen Studie wurde die Schicht auf der Oberflache von Silber-
Nanopartikeln mit einer Mischung aus Lésungsmitteln und nach einem bestimmten Protokoll isoliert. Danach wurde eine LC-ESI-Q-
TOF-MS/MS-Analyse durchgefiihrt, um diese Substanzen zu bestimmen, und sie wurden bereits identifiziert, ndmlich 1 =
Neochlorogenséure; 2 = Hyperosid; 3=Isoquercitrin; 4=13,118-Biapigenin; 5 = Furohyperforin; 6 = Hyperforin; 7=Furadhyperforin;
8=Adhyperforin.

Die antioxidative Aktivitat der biologisch hergestellten AgNPs wurde mit 3 verschiedenen Methoden untersucht: DPPH-, ABTS- und
SO-Assays, und die Ergebnisse waren sehr beeindruckend und besser als alles, was von anderen Forschern erwahnt wurde. Die
antimikrobielle Wirkung auf etwa 20 Arten von Mikroben (grampositive Bakterien, gramnegative Bakterien und pathogene Hefen)
wurde in mehreren Bereichen und mit unterschiedlichen Methoden untersucht. Tatsachlich waren die Ergebnisse im Vergleich zu
Antibiotika, Silbernitrat sowie Silbernanopartikeln, die von anderen Forschern hergestellt wurden, sehr gut, da sie in sehr geringen
Konzentrationen meist tédlich waren. Die AgNPs-Aktivitat gegen den syrischen Stamm Leishmaniasis tropica (LT_SYR_24) wurde
ebenfalls untersucht, und die Ergebnisse waren sehr gut. Anti-Krebs-Aktivitat gegen 3 Typen (Hela-, Hep-G2- und A549-Zellen) bei
verschiedenen Konzentrationen und verschiedenen Expositionszeiten, und die Ergebnisse waren sehr ausgepréagt und vielversprechend
fur die Verwendung als zukiinftige Behandlung von Krebs.

Nachdem die praparierten Silber-Nanopartikel groRe Erfolge bei der Behandlung verschiedener Arten von Krebszellen erzielten, der
letzte und wichtigste Schritt bestand darin, diese Partikel so zu modifizieren, dass sie selektiv sind, dh wenn sie in vivo injiziert
werden, gelangen sie direkt zu den Tumor- oder Krebszellen, ohne gesunde Zellen zu beeintrachtigen. Da Oligonukleotid-basierte
Aptamere (APTs) ausgezeichnete Liganden fiir das Targeting von Krebszellen sind, haben wir bereits ein spezielles Protokoll
entwickelt, um Silber-Nanopartikel, die in unserer Methode hergestellt wurden, mit einem spezifischen Aptamer als selektivem
Targeting-Teil fur die Aufnahme durch A549-Zellen zu konjugieren. Viele Bedingungen und Faktoren wurden ausprobiert, um ein
hohes Kopplungsverhéltnis zu erreichen, ohne die Wirksamkeit des Aptamers zu beeintréchtigen. die Zytotoxizitat von Aptamer-
konjugierten AgNPs gegen A549 (menschlicher nicht-kleinzelliger Lungenkrebs) und BEAS-2B (normales menschliches
Bronchialepithel) wurden unter Verwendung von CTB-Test, Zellaufnahme, Lebensfahigkeitsfarbung (unter Verwendung von Calcein
AM und Propidiumiodid), Quantifizierung von untersucht Apoptose- und Nekrosezellen (unter Verwendung von Annexin V und
Propidiumiodid) und zellulare morphologische Veranderungen (konfokales Laser-Scanning-Mikroskop und normales Mikroskop)
untersucht. Alle Ergebnisse zeigten, dass die Wirkung von Aptamer-konjugierten AgNPs bei Krebszellen (A549-Zellen) im Vergleich
zu gesunden Zellen (BEAS2B) bei gleichen oder geringeren Konzentrationen sehr grof3 war. Dies deutet darauf hin, dass diese
Nanopartikel eine selektive Bindung und Internalisierung an A549-Zielzellen zeigten, jedoch nicht durch normales menschliches
Bronchialepithel BEAS2B, und somit eine hohe selektive Spezifitat aufweisen.

Stichworte: Silber nanopartikel, Griine Synthese, Aptamer, Targeting-Therapie, Aktivitdten gegen
Krebs
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Chapter 1: Introduction

1 Chapter One: Introduction

1.1 Nanoworld
- What is nano?

- What are nanomaterials?

- What is nanotechnology?

- When did nanotechnology start to appear?

- Who was the first to ask about it?

- What invention opened the door to nanotechnology?
- Have nanomaterials been used in the past?

- can nanomaterials be found in nature?

- What are the ways to get nanoscale size?

- How are nanomaterials classified according to their dimensions?
- What are their forms?

- What is the importance of nanotechnology?

- What are the modern uses in different fields?

- What are its future uses?

Hopefully, all these questions will be answered in a simplified and clear manner to brief the
nanoworld in a simplified manner.

Nano: It is a prefix carved from the ancient Greek language which means the small dwarf
(Nanos) and in the field of science nanos means nanoparticles part of a billion (part of a
thousand million 10°°). It is used to express the dimensions of atoms, their half-diameters and
as a measure the size of cells and microparticles.

1.2 Nanomaterial

Nanomaterials are the building materials of the 21st century and its basic buildings and the
important pillar of 21st century technologies (nanotechnology, biotechnology, ICT) which are
a standard for the progress and civilization of nations and an indicator of their renaissance.
Nanomaterials vary from source to source, varying in proportions, such as organic, inorganic,
natural or synthesized materials. All types of well-known engineering materials such as metal
and Metal Alloys, semiconductors, oxides and minerals, as well as polymers, are the primary
materials on which nanotechnology relies in the preparation and production of nanomaterials
and devices. The material is described by nanoscale if the measurements of one of its
dimensions are below 100 nm.
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1.3 Nanoscience

Nanoscience is a science that deals with and takes care of the study and characterization of
nanomaterials and the designation of their chemical, physical, and mechanical properties while
studying associated phenomena arising from the reduction of their sizes.

1.4 Nanotechnology

Nanotechnology: literally means "Microtechnology.” Setting a specific definition of
nanotechnology is difficult, given its complexity and entry into different applied fields, as each
of these areas views this technology from its own point of view. Nanotechnology could only
reach its peak today through the invention and innovation of several unique techniques that
would have enabled it to control the molecular structure and manipulate the atoms of matter
and design it according to the applicable purpose. Based on this concept, nanotechnology
applications are not limited to one particular branch of science, engineering or medicine, but
extend their applications to all branches and applications as described in the following form:

Forensics

l C# ‘
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A Environment
Structure
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(/
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Quantum ‘ Medical ‘

Figure 1-1: Nanotechnology applications, which extend to all fields *

1.5 The historical stages of the emergence of nanotechnology

* 1867: The Scottish physicist James Maxwell conducted a mental experiment known as
Maxwell's demon. This experiment generated the idea of controlling the movement of atoms
and molecules.

* 1959: The famous American physicist Richard Feinman in his lecture ,,There is a lot of room
at the bottom", at the American Physical Society, He described a new area that deals with
individual atoms and molecules for the manufacture of fine materials and machines with
distinctive characteristics. He was awarded the Nobel Prize for Physics in 1965 as a result of
his creative work in quantum mechanics.

* 1974: The Japanese researcher Norio Taniguchi coined the the term nanotechnology

* 1976: The Palestinian physicist Munir Nayefa developed a laser method called (Resonant
ionization) to detect and measure individual atoms with the highest levels of accuracy and

2
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control, and monitor one atom among millions of atoms and detect their identity for the first
time in the history of science, and his method works in a way by exciting the atoms with a
specific color laser, ionizing them, and then provoking the dyed charges.

* 1981: The Swiss researchers Henrik Rohr and Gerd Bening invented a new type of
microscope based on the micro scanning of the atoms o the materials, the tunnel microscope
scanner

* 1986: Eric Drexler published his famous book " Engines of creation”, in which he mentioned
the imagined dangers of nanotechnology, such as the manufacture of Nano-engines and
vehicles that can copy themselves and cannot limit their spread. In his book, he simplified the
basic ideas of nanotechnology. The term nanotechnology was then used in scientific circles to
denote dimensions from 0.1 to 100 nm

* 1989: A research team at IBM of the United States was able to set the micro needle in the
tunnel microscope scanner to capture the atoms of the Noble gas Xenon and move them with
extreme accuracy to rearrange them one by one on a cold surface of nickel metal, to form
together the company's logo written in atomic letters and nanoscale dimensions (Fig. 2).
DN DDA | 4
hh? - & . b ﬁ 6O L4
M bDbhH H b6 6

» » H H f
D DD i ‘.

Figure 1-2: IBM logo written using xenon atoms on a nickel slide 2

* 1991: The Japanese researcher Sumio Legima he was the first to discover a new physical
phenomenon by using a carbon Nano Tube, at NEC Electronic Industries in Japan.

* 1992: The Palestinian physicist Munir Nayefa wrote the smallest line in history using atoms
in a tunnel microscope scanner (letter p and next to it a heart) as a symbol of the love of
Palestine, and spread in famous scientific magazines and international news agencies.

* 1993: The Scientist Donald Bethune of IBM Computer Technology, USA was able to
monitor a single-wall nanotube with a tube diameter of 12 nm.

« 2003: the secrets of this technology and control of the world of nanomaterials were revealed.
* 2004 the phase of industrial applications of this technology began.

The use of nanotechnology in the past: In spite of nanotechnology having been recognized
in modern times, its benefits have come to light since ancient times such as producing sharp
hard swords (Damascene sword), stained glass and even black pigments that hide gray

* Craftsmen used Nanotechnology in a period dating back to the ninth century in Mesopotamia
to generate luster for the surfaces of pots and there are still remnants of the Middle Ages and

3
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still having its copper or golden luster where they found some of the nanoparticles in these pots
responsible for changing the color of the pot when the light runs out of the pot takes the pink
color because when the light reflects from the pot takes green. The Roman King's Cup of
Lycurgus, which has been in the British Museum since the 4th century AD, contains particles
of gold and silver in nano size, where the color of the cup is observed from green to dark red
when exposed to a light source (Fig. 3).

Figure 1-3: The Lycurgus cup, a Roman artifact held in the British Museum under reflected light (a)
and transmitted light (b) 3.

* Antique windows with Stained glass (Fig. 4)

Figure 1-4: Medieval stained-glass of an ancient church *

Nanotechnology in nature: One of the manifestations of the creator's accuracy and mastery
is the presence of nanoparticles in nature and within our bodies, and these natural nanoparticles
have functions that are not performed by larger objects, like the color of butterfly wings, plaster
toes, small beetle living in the Namibian desert, red and white blood cells, viruses, DNA and
RNA 56,

Nanomaterial preparation methods: Although there are many tools and methods used in
the production of nanomaterials of various categories and with varying degrees of quality,
speed and cost, all of these methods can be subdivided under two technical methods:

Top-Down Approach from top to bottom,

Bottom-Up Approach from bottom to top,
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Most manufacturers are interested in controlling particle size, particle shape (hexagonal-
spherical- triangular etc.), size distribution, particle composition and degree of particle
agglomeration.

Top-down approach: This strategy is based on minimizing the dimensions of large objects
or granules, i.e. reducing material granules from a few millimeters to below 100 nm. In other
words, starting from bulk until reaching nanoscale pieces. This method is currently most
commonly used in industry due to its ability to produce large quantities of nanomaterial
powders and granules of various types and categories. To reach nanoscale, chemical or
mechanical methods are used, including:

Milling mechanical: Produces powder-shaped nanomaterials (Fig. 5)

A
#g the Imp#Rt

a. Head-on impact b. Oblique impact c. Multi-ball impact

Figure 1-5: A graphic exhibiting the various forms of impact that may occur during high-energy ball
milling ’

Etching or drilling is chemical or electrochemical

Chemical etching: In this way, thin slides of the material are placed in chemicals that scratch
the slides and get nanoparticles out of the slides on their surface, then placed in a solution and
enter the ultrasound device, so that the nanoparticles fall from the surface of the slides and keep
settling in the solution. Fig 6.

Figure 1-6: (1 1 1) Si wafer etching along (a) (1 0 0) directions, and (b) (1 1 1) direction ®

Electrochemical drilling: In this way the material slide is placed in the positive pole and
polycarbonate chip in the negative pole, the electric current passes into a chemical bath
consisting of chemicals that help to itch and the nanoparticles are produced (Fig 7) °.
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Power Supply

aa

HF

Figure 1-7: Cross section of a lateral electrochemical etching cell *°

Laser excision method (Laser Ablation): Using a high-energy pulse laser focused on a
solid target placed in an air evacuated room, the laser beam interacts with the target, and the
particles fly away forming plasma and deposit on the base and make thin films as shown in

figure 8.
Laser
Source

Vapor Cluster Primary Particles Agglomerates

(b) . ()

L
asmaformation® ®  Nucleation @ .. Agglomeration
e 5 . [ ) ®
» .. m e, W
L]

Target Material
Plasma Plume

Figure 1-8: lllustrating particle formation in laser ablation

Sputtering method of atom puffing: The material is placed under an air-evacuated low
pressure, and with a cold base exposed to a magnetic field, all these factors lead to the removal
of nanoparticles of matter (i.e. fissure) to deposit at the base a thin film, where gas must be
placed in order to prevent clusters and the figure 9 explains this. Various sputtering methods
exist like DC diode sputtering, RF radio sputtering, and magnetron sputtering are the most
popular and widely used sputtering processes 2
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Figure 1-9: representing the magnetron sputtering equipment and deposition process *3
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Nanolithography: Any work of drilling, writing or printing in the nanoscale range, i.e. the
transfer of particles or atoms of a material to be deposited on the surface of another material,
is by nanotechnology techniques. This technology is one of the most accurate and widespread
methods in the manufacture of transistors and integrated circuits. Using this technology,
electronic slides of all kinds are printed. This technique includes several methods such as:

1.5.1.1.1 Electron beam nanolithography

Dip Pen Nanolithography: In this method, the outer surface of the probe needle of an
atomic force microscope AFM or a scanning tunneling microscope (STM) is used as an ink
cartridge to store atoms or molecules of the substance to be deposited on the surface of another
material. These particles perform the tasks of the ink material in printers, as they come out of
their places on the outer surface of the needle one by one against the direction of the microscope
arm when it moves in the direction of the desired drawing 4.

Nanoprinting by thermal dip pen nanolithography: The method of printing in a tilted
pen - cold or hot - depends on setting the tip of an atomic force microscope probe to build
nanostructures of electronic chips, where the probe is coated with a cover of liquid ink that
flows upon contact the probe tip is applied to the surface of the silicon chips, forming the
desired shape. There are many other ways from the top to the bottom, it is not enough to
mention them all, as we have explained the most important and most widespread ways 4.

Bottom-up approach: The strategy of this method is based on the policy of dealing with
nanodimensional particles from the beginning, from material atoms or particles, and then
arranging and assembling them in the form to be obtained (i.e. nanomaterial is built from atoms
and molecules arranged atom-atom, molecule-molecule, and placed in specific nanoscale
structures and shapes, according to the structure to be obtained).This pattern based on the
assembly of specific molecules and their use as building units for nanodimensional molecular
construction, the component of materials structures and nano devices, is known as assembly
molecular assembly technology. This technique is divided into two types °:

Positional assembly (also called robotic assembly): Methods used to control the atomic
construction of the material by manipulating the way atoms and molecules are arranged and
placed in the material's internal structure. Molecular manufacturing or local assembly is carried
out through so-called complexes (atom complexes or molecules Assemblers) and the most
important of these tools is the scanning tunneling microscope and atomic force microscopy *°.

Self-assembly: These techniques are based on the idea of blending and controlling
nanomaterial solutions, with the aim of obtaining new molecules, through which the required
nanostructures are designed. Self-assembly techniques are defined as those processes in which
a group of atoms or molecules automatically form regular clusters of molecules to form the
molecular structures to be obtained. They are based on the fact that the molecules that make up
those structures always seek to be stable and to be found with the lowest possible levels of
energy available 8.

Sol-gel: This method is one of the methods of wet chemistry techniques. They are
environmentally friendly, resulting in no harmful substances to the environment. This method
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begins with the melting of pre-prepared raw material powders called Precursors or initiatives.
As a result of the interactions associated with dissolving the Precursors in the solution leads to
formation of what is known as sol or colloidal solution, it is more like fluid attached to deposits
of ultra-soft nano-granules as described in figure 10, and contrary to what is shown in the figure
and given the nanoscale measures of the dimensions of those colloids we cannot actually see
these nano-dimensional nano-granules or realize their presence in the fluid except through
examination by modern zoom devices of high resolution-magnifiers and electronic
microscopes 1"1°, The sol-gel method has evolved significantly over the last 10 years, strongly
nominating it to be the first way in which self-assembly is carried out, given the following
reasons:

I- Its flexibility and ease of steps in the production of different types of nanomaterials.

I1- Its ability to produce large industrial quantities of homogenous nanomaterial particles of
composition and structure, with purity of up to 99.99%.

I11- The least expensive and fastest method of preparation.

VI- Through which nanomaterials are produced for most alloys, ceramic materials and
overlapping materials at very low temperatures.

Aerosol method: is the same as sol- gel but it starts with the gas phase and ends with the
liquid phase %°.

CVD: is short for Chemical vapor deposition

Electrical migration deposition method: In this way, a mixture of materials is extracted
out of a gel with an electric current and a high temperature 22,

— 1
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Figure 1-10: Sol-gel process steps to control the final morphology of the product %

Electrospinning: Nanofibres from different types of materials are generated using
electrospinning. The most commonly used materials are organic polymers in the form of either
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solution or melt. Small molecules can also be directly electrospun into nanofibers if they self-
assemble and generate sufficient chain entanglement 24,

(a) (b) I
Syringe y
Polymer solution il Taylor cone
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Figure 1-11: Schematic diagram of electrospinning technique: (a horizontal and (b vertical

The classification of nanomaterials and their forms: Nanomaterial forms vary in
different compositions which is classified on the basis of their dimensions in the space. There
are one-dimensional compositions, two-dimensional compositions and 3D compositions 26, and
all nanomaterials subdivided to these three classifications, including:

One-dimensional nanomaterials: All materials with a scale of less than 100 nm are located
under this category. This category is called one-dimensional nanomaterials (i.e., those with
only one nanoscale dimension). Examples of these materials include chips or thin layers that
are used to paint surfaces to improve their properties.

Two-dimensional nanomaterials: In this category of nanomaterials, it is required that the
scale of two dimensions is less than 100 nm. The nanoforms that fall into this category are:
Nanotubes, Nanowires and Nanofibres 7.

. (nn) armehair armchair

Figure 1-12: Two-dimensional nanomaterials: a)Armchair, zigzag and chiral types of nanotube %; b)
Ecm-analog morphology of electrospun Poly(caprolactone) nanofibers 2° and c¢) Nanowires ¥

3D nanomaterials: materials whose dimensions measures on the three axes X, Y, Z are less
than 100 nm (i.e. with three dimensions of no more than 100 nm) and are in the form of ultra-
soft granules or powders. The most important forms of this category include: Nanoparticles,
Quantum Dots, Fullerene, Nanoballs and Dendrimers 313,
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Figure 1-13: I: Atomic structures of the 2-nm silver nanoparticles studied: a) cuboctahedron, b)
icosahedron, and c) Ino-dodecahedron **; I1: Ab initio derived QD systems of (a) unrelaxed structures
and (b), (c) relaxed structures of wurtzite structures of CdxSex, x=6, 15, 33, and 45. The Cd and Se
atoms are represented by green and yellow spheres respectively *; I11: (a) Pristine C240 (1h)
fullerene has three symmetry-independent quartets of hexagons A, B, and C delimited by yellow
diamonds whose corners correspond to the centers of the hexagons. (b) The Cn=0240 structure
generated by applying the SW6|6 rotation to quartet A in (a). The double pair 5|7 and SWw with
length n = 0 are shown. Yellow (green) polygons represent pentagonal (heptagonal) rings. The pair
6|6 is ready for the SW6|7 rotation and swap place with the nearby pair 5|7 *; IV: a) scanning
microscope image of platinum-lace nanoballs. Liposomes aggregate, providing a foamlike template
for a platinum sheet to grow, b) SEM images of hollow carbon nanoballs *" %,

(a) G4 PAMAM(NH,)-Ntg (Neutral pH) (b) G4 PAMAM(Ac)-Ntg (Neutral pH)

(€) G4 PAMAM(NH,)-Ntg (Low pH) (d) G4 PAMAM(Ac)-Ntg (Low pH)

Ga(Und-Ryn
generation number, n=1i, 2; 3; 4
number of terminal group, m=8, 16, 32, 64,

Figure 1-14: 1: The chemical structure of the LC dendrimers of the 1-5th generation *°; Instantaneous
snapshots (surface representation, drug molecules are removed) at the end of 30 ns long simulation
run for (a) G4 PAMAM(NH2) at neutral pH, (b) G4 PAMAM(Ac) at neutral pH, (c) G4
PAMAM(NH2) at low pH, and (d) G4 PAMAM(Ac) at low pH. The surface color representations are
as follows: violet: core (“aaa”); cyan: repeating fragments (“bbb”); blue: peripheral groups
(“cce”). The displayed Dendrimers are widely viewed in relation to each other “°.
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Nanocomposites: During the manufacture of these nanomaterials, nanoparticles are added to
them and as a result the nanomaterials show a significant improvement in the properties of
these materials. When nanotubes (e.g. carbon) are added to a material, the electrical and thermal
conduction properties of that material increase as a result of the addition of carbon nanotubes.
There may also be an improvement in photomechanical properties (hardness, intensity) as a
result of the addition of certain nanomaterials to certain materials. One of the most famous
nanocomposites now present is polymeric compounds .
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Figure 1-15: I: Different shapes of magnetic nanocomposite materials a) Sphere dispersed magnetic
nano-particles b) Mesoscale sphere c) Core-shell nano-particles d) Janus type heterostructure €)
Matrix dispersed nano-particles f) Colloidal crystals “%; 11: Structural representative of possible

interaction between Al,O3 and carbon nanotube in multi-wall carbon nanotubes/Al,O; nanocomposite
43

The importance of nanomaterials: The reducing of the sizes and measurements of
materials to the nanometer level is not a goal in itself, but rather a high-end scientific
philosophy and a qualitative and scientific coup on the classics and constants of physical and
chemical theories, aims to produce a new class of materials known as nanomaterials to suit
their distinct properties to the requirements of advanced technology for the intended applied
purpose. Based on this concept, nanotechnology applications are not limited to one particular
branch of science, engineering or medicine, but extend their applications to all branches and
applications %4,

The most important properties that characterize nanomaterials: The properties of
the material on the micrometer scale and bigger do not depend on the size, while at the
nanoscale size all the properties of the material, including the color and the chemical properties,
will change due to the response of its micro-granules to light, mechanical stress and electricity
in a different way to the response of granules of micro-or millimeter dimensions.

This significant change in nanomaterial properties is due to two reasons:

The relative increase in surface area: when the particle diameter measurements decrease,
the number of atoms of matter on the outer surfaces of the particles increases, while the
numbers of atoms within the core of those particles decrease. Particles of a size of 30 nm are
only 5% on the surface, while the other 10 nm is 20% on the surface, and 3 nanometers are
50% on the surface *°.
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Figure 1-16:a) the general relationship between the size of the particles and the presence of the
material atoms on the surface (surface Atoms )or their presence inside ( Bulk Atoms) ***’; b) Relation
between particle size and surface area *®

Quantum effect: Nanomaterials are not subject to classical physics laws because of their
small dimensions which approaching the atomic dimensions, and are therefore subject to the
laws of quantum physics, which are reflected in their properties *°. In small nanocrystals,
electronic energy levels are not as continuous as in the case of bulk but are separate
(intermittent) as a result of restriction (reservation, restriction) of electron wave function of the
physical dimension of the particle. This appearance is called quantum confinement; therefore,
nanocrystals are also called (quantum dots). The characteristics of the material vary depending
on its quantum block, some materials have atoms confined to two dimensions so that the
movement of electrons in one direction is like the movement of water in the tubes. Some
materials are limited to one dimension, so the movement of electrons in two directions is like
a quantum well *°.

1 1o confinement 1D confinement 2D confinement 3D confinement

Decreasing nanocrystal se

Pap (E) Pap (E) Pip () Pop (E)

Figure 1-17: 1: Schematic illustration of the Quantum confinement for 3D, 2D, 1D and 0D systems
with their density of states *°; 11: Schematic illustration of the quantum confinement effects: the
bandgap of the nanocrystal increases with decreasing size, while discrete energy levels arise at the
band-edges. The energy separation between the band-edge levels also increases with decreasing size.
Can also see the photograph of five colloidal nanocrystals (NCs) with different sizes, under excitation
with a UV-lamp in the dark. When the diameter of the QD decreases, the Photoluminescence color
turns from red to blue 332,

The most important characteristics of nanomaterials:
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The mechanical properties: The mechanical properties come on top of the properties
benefiting from the reduction of the size of the particles of the material and the presence of
large numbers of atoms on the outer surface, where the degree of the solidity of metal materials
and alloys increases *°.

The chemical properties (chemical reactivity): Nanomaterials have significant chemical
reactivity due to the significant increase in surface area relative to the size and the presence of
a large number of atoms on the outer surfaces of these materials >,

1.5.2 Physical properties:
Thermal properties: The values of the material's melting points are influenced by reducing
the dimensions of the measurements of their granules °°.
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Figure 1-18: This figure illustrates the direct relationship between the temperature values of the
melting point of the different gold particles and their Radiuses °°.

Optical properties: Nanomaterials have gained the attention of researchers and scientists
working in the field of optics due to the unprecedented properties of these materials, which
differ in their visual properties from their counterparts from large-grained traditional materials.
Surprisingly, the effect of particle size relates to the change of the optical properties of the
material, including dispersion or a light scattering of the surface of the material *'. Particles
with diameters ranging between 1 and 50 nm are very small and unable to dissipate and scatter
visible light waves of 380 to 765 nm in length and are even unable to unstable longer light
waves as if it's a small boat swaying over a vast ocean waves which will be definitely unable
to make any kind of disturbance °8.Thus, A coherent nanoscale metal can therefore be
transparent if the formation of any pores larger than its constituent clusters is avoided during
the cohesion process. Thus, when he was at Rutgers University, Parker and Hahn were able to
manufacture a transparent nano-phase of yttrium oxide; which is an opaque ceramic material
in its normal state, as shown in the figure 19.
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Figure 1-19: to the right side of the shape there are transparent ceramics of yttrium oxide containing
pores and clusters no more than 50 nm in diameter. Pores and larger particles emit visible waves of
light, so compact materials such as yttrium oxide make a dark (opaque) material as they appear to be
on the left side of the shape.

On the other hand, radiation with shorter wavelengths, such as harmful UV radiation, cannot
easily pass through the nanoparticles used such as titanium oxide, zinc oxide and iron oxide
% In this case, the tiny particles can easily absorb, disperse and scatter UV rays. When exposed
to ultraviolet radiation, nanoparticles emit a light with a visible wavelength that is inversely
proportional to the second power of the particle's diameter Value *°. Certain visible colors can
therefore be seen. Bruce, a researcher at Columbia University, has formed different solutions
from the cadmium selenide which is a nanoscale compound, each of which looks different in
color. In fact, this compound can often give any color of the spectrum once the dimensions of
its atomic clusters have been changed .

Figure 1-20: The various containers contain cadmium selenide. These samples are quite similar
except in the varying dimensions of their particles, so each shows a different color, Blue emission
(centered at 450 nm) is resulted from small CdSe nanoparticles (<2 nm), whereas the red emission
(centered at 650 nm) requires larger CdSe nanoparticles (>5 nm) and etc.® .

Another example is the known color of pure gold particles with diameters of more than 200
nm is the yellow gold color that we know, but if these particles are reduced to less than 20 nm,
they are colorless (transparent) and as particles are further minimized, the particles appear in
different colors from green to orange and then red, according to the measures of the dimensions
of their diameters. The reduction of the gold particle sizes is reflected in the ability of these
particles to resist photo-fracking and combine sharp emission band with broad excitation.
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Figure 1-21: The change in the color of gold and silver according to the size of its particles ®

The opaque Silicon, which is the main component element on the Earth, sand and all objects
in the universe, if we formed a material with 1 nanometer diameter, we will get a very shinny
bluish color under the effect of the violet light, but if we expose it to a diameter of 1.7 nm, it
radiates green and to a diameter of 2.1 nm, radiating yellow and radiating red when it is 2.9 nm
in diameter. It's like we've turned sand into a sparkling material 2. Electronics and optics are
among the most important applied fields of nanomaterials, which combine visual qualities and
superior electrical conductivity, which are used in the manufacture of high-resolution, high-
contrast, and color-pure screens, such as television screens and modern computers 5,

Magnetic properties: The strength of magnets depends entirely on the measures of the
dimensions of the particles of the material from which the magnets are made, and the smaller
those particles and the greater the area of their outer surfaces and the presence of atoms on
those surfaces, the stronger and more effective the magnets are. Nanomaterials with magnetic
properties are the most important sources of materials involved in the production of ultra-high-
intensity magnets used in large electricity generators, and large ship engines. Nanoparticles of
magnetic materials are also involved in the manufacture of high-resolution analysis devices as
well as in the magnetic resonance Imaging (MRI) magnetic imaging devices as well as in
medical diagnostics in general %,

Electrical properties: The small size of nanomaterial particles and the increase in surface
area and density of granular boundary numbers are reflected in electrical properties. Insulating
materials such as polymers have become on the nanoscale conductive and have the ability to
conduct electricity to be used to transport electrical current instead of using expensive copper
wires while polymers are cheaper. Semiconductors also become conductive on the nanoscale
and silicon becomes a good conductor of the electrical current ©%. One of these new properties
possessed by nanomaterials is how important it is to obtain many technical applications to
introduce new materials such as ceramics and polymers into techniques that would not have
been used by their normal properties. Nanomaterials are now used in the manufacture of
microsensors and electronic slides with various modern devices. It is also used in the
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manufacture of components of cell phones and computers. This enabled these industrial sectors
to produce high-tech and at the same time low-cost lightweight devices 57°,

Biological properties: these substances have the ability to penetrate the biological
inhibitions and barriers that impede the access of medicines and therapeutic drugs to the
infected part (e.g. membranes, Blood Brain Barrier) °. The nanotechnology merged and
coincided with biotechnology to form the bio nanotechnology, which has made dramatic strides
by devising advanced types of labels that have been employed to understand and analyze the
structure and composition of DNA for both humans and viruses " "2, This naturally led to
knowledge of the behavior of diseases and viruses, their movement’s mechanism within the
body, and of the methods and tricks they take to attack the components and molecules of living
cells in the body's organs. Since the range of biological processes in organism cells is at the
level of parts of a single cell, the nanomaterials that are created are suitable selective substances
for interaction with such small biological molecules as nucleic acids and proteins 2.

1.6 Major current and future implementation of nanotechnology:
1- Lab-on-a-Chip: A chemical laboratory produced on 2006, to perform accurate medical
analyses ™.
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Figure 1-22: Lab-on-a-Chip instrument 7

2- Microscope on mobile: it is a microscope integrated with mobile for diagnoses purposes °.
3- Use of antibacterial wound bandages instead of stitches. 4- The use of tapestries equipped
with epidemiological materials. 5- Early detection of cancer tumors. 6- Nano devices for drug
delivery, Dendrimer. 7- Gold nano rounds to eliminate cancer. 8- Nano Heart Stents. 9- A robot
in the size of nano (nano robot). 10- Plastic nano casings. 11- Quasa material. 12- Programmed
Drinks. 13- Combining two non-mixing parts (light-generating material). 12- New batteries of
genetically modified and nanotechnology viruses. 13- Active glass (self-cleaning glass. 14-
Manufacturing the Egyptian paper with nano technology. 15- The hiding Robe. 16- Clothes
with customizable colours. 17- Synthetic blood cells. 18- Glasses Manufacturing. 19- Sports
products. 20- Solar nano stations for power generation. 21- Cosmetics and sun protection using
nanotechnology. 22- Nanobiotics is the latest alternative to antibiotics. 23- Computer giant
Hewlett Packard. 24- Photonic catalyst for air purification. 25- Nanotechnology for water
purification: A- Groundwater purification, B- Desalination of seas and oceans water, C- Nano
filters for water purification.
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Figure 1-23: 1) A: Sketch of magnifying lenses and illumination was added to a mobile phone to
create a transmission optical microscope. B: prototype of a field-ready portable microscope -
CellScope - which has a compact folded optical path and is equipped with a multi-phone stand and
iPhone 4. Phone-specific variants have been evaluated on five continents for different applications. C:
A Wright stained blood smear taken from an iPhone 4 moving microscope and 20 x / 0.4 NA objective
showing the patterned field of view captured by the apparatus ’; I1) nanoclays, Which aims to
prevent gases and reduce the risk of bacterial contamination "; 111) Self-Cleaning Glass and how
does it work; 1V) Nanorobotics ”; V) Cancer treatment with gold nanoshell &

The other terrifying side of nanotechnology: At every scientific or technological
development, there is always criticism and fears are widespread. As happened in the first
industrial revolution and when the computer was invented and genetic engineering emerged
and others. The criticism here is focused on two elements: the first is that nanoparticles are too
small that they can infiltrate behind the human body's immune system and can bypass the brain
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blood barrier. The second concern is that nanobots become self-multiplying, i.e., similar to
reproduction in normal life that can reproduce infinitely and control everything on the globe.
Global environment and health organizations have begun organizing conferences to examine
these particular risks. A meeting was held in Brussels in June 2008 chaired by Prince Charles
that was the first global meeting to be organized for this goal. Green peace Organization
recently issued a statement indicating that it would not call for a ban on nano-research.
Whatever the case, man is at the gates of a new phase that is qualitatively different in all
respects from the previous ones, new in its pros and cons, and as most scientists say: "No one
can stand up to this great development, let's try to reduce the negatives" 8.

Nanotechnological risks on human health: Nanoparticles can easily enter the human
body through pores and without any resistance and can spread within the body causing harm
to humans. You can imagine that a 300 nm particle has the ability to easily enter the cells of
the human body and that a 70 nm particle can easily enter the cell nucleus. This indicates the
great danger that a human being can be exposed to. Many animal studies have shown that
whenever exposed to nanoparticles, they enter the body and accumulate in the brain, blood
cells and nerves, and this means that nanoparticles are destructive substances to the human
body. A study at Oxford University showed that nano-titanium dioxide particles found in anti-
sun ointments damaged the skin's DNA 828,

Nanotechnological risks on workplaces: Nanomaterials can be high explosive materials
because of their large surface area relative to their size. Storing nanomaterials in large
quantities in one place and for a long time may expose them to explosion. It is known that
whenever dust increases in the workplace, this exposes it to explosion and that’s why it’s feared
of nanomaterials exploding because they are accumulated too much in the workplace is larger
and more severe. A study at NASA's Johnson Space Center also showed that carbon nanotubes
are more harmful than quartz dust that causes silicosis, a deadly disease that occurs in the
workplace 8485,

Nanotechnological risks on the environment: Nanomaterials have a negative impact on
the environment and concerns can be classified into two types 8.

Bioaccumulation: Which arises from the accumulation of unwanted nanomaterials.
Accumulated nanomaterials can have high absorption of highly concentrated pollutants such
as cadmium and pesticides. If they are taken by animals and die, contaminated substances will
seep into the soil and enter food chains leading to significant food pollution.

Tiny size of nanomaterials: It is practically difficult to detect, clean or remove them from
the environment.
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1.7 Green synthesis of silver nanoparticles

Green synthesis is an ecofriendly and biocompatible process, generally accomplished by using
a reducing agent for reducing Ag* ions and the capping agent/stabilizer for preventing the
aggregation of AgNPs and controlling their size. The green or biosynthesis methods of silver
nanoparticles are simple and usually involve a one-pot reaction, cheap, non-toxic,
environmentally friendly and also, high energy, temperature and toxic chemicals is not used.
Many approaches were used to biosynthesize silver nanoparticles using microorganisms such
as bacteria, yeasts, fungi, algae and actinomycetes (prokaryotes), templates such as
membranes, viruses DNA and diatoms, and plant extracts. Using plant extracts such as stem,
root, leaves, flower, fruit, seeds, bark, etc. for the synthesis of silver nanoparticles shows many
advantages of environmental friendliness and compatibility with other pharmaceutical and
biomedical applications because they do not use harmful chemicals for the synthesis protocol
and the particle surface does not contain toxic chemicals. Synthesizing silver nanoparticles
using plant parts extracts is a completely new method that leads to actually green chemistry
compared to chemical and physical methods. Phytochemicals existent in extracts such as
flavonoids, amino acids, alkaloids, tannins, carbohydrates, phenols, terpenoids, saponins and
etc. which play the role of reducing and capping the particles in the nano dimensions and
maintaining their stability in the colloidal solution. Therefore, synthesis using plant extracts is
considered the best green method because it does not require complex processes to maintain
cultures of microorganisms and does not require sterilization and purification and a long time,
and the resulting silver is industrially feasible 8-,

1.8 Applications (uses) of silver nanoparticles

As a result of its electrical, thermal, excellent visual, stimulating properties as well as
antibacterial, germs, viruses and fungi, silver nanoscale has gained considerable attention in
recent years for various scientific, industrial or consumer fundamental applications, including:

1- Colloidal nanoparticles have been used as Conductive inks in ink-jet printing
technology or so-called drop-on-demand technology (DOD) L.

_— Heating Element

Reservoir
Casing

~Nozzle

Figure 1-24: By heating the ink-contact metal, a bubble emerges from the ink vapor and the bubble
pushes the ink out of the fine opening to the rack (paper or glass slide) .
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2- Nanoscale silver has been utilized as a catalyst in a variety of organic transformations
such as conjugation, reduction and multicomponent reactions %.

3- Antibacterial keyboard: This device uses Nano Silver technology to encapsulate the
keyboard using small silver nano-ion powder which makes the life and proliferation of
bacteria impossible on the keyboard making the working environment on the computer
personal and healthy .

4- Tooth paste, toothbrush and mouth lotion: Brush bristles contain nano silver with
antibacterial, bacteria and fungi effect which helps eliminating 99% of bacteria stuck
in the brush after use. This brush has a long, thin and soft bi-bristle effect that works
between teeth and gums also short, wide and rough bristles that work between teeth.
The tooth paste is also effective against tooth decay and gum infections, reduces
bacteria and germs that live in the mouth, treats bad smell, and is used for adults and
children %. Nano Silver Mouth Lotion expels bad breath germs, prevents gum

infections, keeps teeth clean and shiny, and is used for adults and children aged 6 years
96

5- Socks and shoes that do not cause bad smell: A shoe manufacturer has placed
nanofibers of silver metal inside the shoe in order to prevent foot fungi and bacteria
from growing during the period of wearing shoes and this product is of great importance
to diabetics who are permanently suffering from ulcers and foot infections where they
prevent bacterial infections that may lead to serious consequences of the occurrence of
foot gangrene .

6- Sprays that deodorant the human body: the real sweat is odorless. But, when a type of
bacteria called saprophytes touches sweat glycosides, fatty acid is produced that smells
bad. Silver ions kill and replace these bacteria. Without them, the sweat cannot
decompose and therefore does not emit the bad smell .

\l
1

Use of a nanoscale sponge for wound healing: innovative long-term sterile materials
which eliminate microbes for more than 10 days and are placed on any surface by a
sponge containing silver nano grains developed by the German Company Adexano, and
also used to sterilize medical tools and equipment .

(0 0]
1

Nano crystal silver bandages accelerated to heal wounds: silver nanoparticles now
replace silver sulfadiazine as an effective factor in wound treatment, and the U.S. Food
and Drug Administration has agreed to use a wide range of various silver-saturated
wound bandages. One of Iran's pharmaceutical companies has announced that it has
produced nano crystal silver bandages which are able to reduce pain, reduce wound
healing time and prevent inflammation .

9- Nano Silver Medical Face Mask: Or so-called protective surgical masks 1.

10- The deadly paper: Scientists have acknowledged the development and success of
laboratory tests on "the deadly paper that helps save food from damaging bacteria,
particularly antambiacula and staphylococcus which killed all those infected with these
bacteria in just three hours. Silver nanoparticles are placed on the surface of paper using
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ultrasound, or high-frequency sound waves. A Korean company also produced a food
container called Fresh Box containing nanoscale silver. This pot is antibacterial and
antifungal and therefore makes food fresh for longer than traditional bowls %,

11- Vaccinating sportswear used in warm-ups and running with silver fibers to block any
fungal or bacterial activity from forming. Liquids containing suspensions of non-
dissolved silver nanoparticles are used in the treatment of cotton, polyester and other
tissues used in the textile industry 2,

12- Healthy Hair Brush: Sang Shin Industrial has produced a healthy hair brush by blending
and processing nylon 66 with silver nanoparticles 1%,

13- A Japanese company Lion Corp has produced a personal care sterile component of
silver nanoparticles associated with Alumina-Seleka with a size of 15 nm.

14- The American company Plank has produced a facial and body care soap. It is made up
of colloidal silver nanoparticles united with silica- collagen- Ketuzan - as well as silk
protein 04,

15- Skybright Natural Health Company has produced a shampoo containing colloidal nano
silver and plant extracts which is used to rid the scalp of dandruff and itching .

16- Nano silver is an antibacterial spray: in order to fight swine flu and fight the bird flu
virus, this spray contains patented nanoscale silver. It is a powerful antibacterial which
kills germs, bacteria and viruses and removes odors in the air, fabrics and clothing with
unique freshness. It is used in the bathroom, bedroom, kitchen, car, living room or
anywhere else we want freshness in the air, from the bedroom to the basement on
clothes and fabrics such as car interiors, curtains, sofas and carpets. The spray is sprayed
into the air in wide motion throughout the entire room. It is also sprayed evenly on the
fabric until slightly wet. Nanoscale silver will penetrate the fabric and eliminate odors.
Of course, it weighs 200ml in a bottle 1%,

17- Comfortable facial mask which contains colloidal nanoscale silver. It is also used in
many cosmetics and skin care 1%,

18- Bathroom spray filter: Is a filter and purification device for washing or bathing water
that produces healthy natural water free of pollutants and harmful substances contained
in water. This device uses advanced technology based on nanotechnology to get rid of
chlorine, bacteria and organic matter that harm hair and skin when bathing. This filter
uses two nanoscale materials: Silver fiber nano or Nano Carbon fiber 197

19- Manufacture of electrical and electronic devices covered from the inside with a thin
layer of nanoscale silver with the aim of killing the bacteria and germs that exist. Silver
nanoparticles with diameters of less than 10 nanometers are now involved in painting
cutting tools used in kitchen for food cooking and painting kitchen utensils and
tableware such as cups and cooking pots. All of the above is done with the aim of killing
bacteria and germs that may exist in order to protect preserved foods from bacterial
contamination 1%,
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20- Washing machine that generates nanoparticles to clean and disinfect clothes more than
hot water and detergents. The silver ions generated remove germs and fungi even in
cold water. This washing machine releases nearly 400 billion silver electrolytes per
washing cycle that cover fabrics and maintains antibacterial activity for up to a month.
Germs and fungi are removed by 99.9% through nano silver technology. So, there will
be no germ reproduction 1%,

21- Some companies have conducted numerous exciting scientific research on silver metal
nanoparticles to see if they can be employed to resist infection and kill different types
of harmful bacteria and viruses. The results indicated that the crystal particles of silver
metals have an amazing ability to kill multiple types of harmful bacteria, viruses and
germs. This happens due to the reduction of these particles to diameters less than 5 nm
that significantly increase the surface area of the particles, and as particle diameters
decrease and the surface area increases, they are generated by silver atoms found in the
core of particles that migrate to the outer surface of particles resulting in a significant
increase in their chemical activity and in their interaction with atmospheric oxygen. As

a result, toxic silver ions are formed that are responsible for killing germs and viruses
110-112

22- Silver nanoparticles especially biosynthesized were used as an anti-cancer therapeutic
agent, drug delivery and bioimaging vehicle. Silver nanoparticles were examined in
many cancer cell lines 113115,
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Figure 1-25: An image showing some products available in the market that contain nano-silver
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Figure 1-26: The mechanism and potential cellular uptake of Ag-NPs toxicity in different cell lines ¢

Silver nanoparticles (AgNPs) are well-known as a promising material; have attracted
considerable interest worldwide to develop a new generation of diagnostic tools and effective
treatment solutions for cancer cells. using AgNPs in cancer diagnosis, their cytotoxicity, and
their role as carrier systems for cancer treatment have been discussed in a lot of research at the
moment. According to the unique physical, chemical properties and small size of silver
nanoparticles, they may affect different cells through different cellular processes. AgQNPs enter
mammalian cells as clusters mostly through endocytosis and can also cross the blood-brain
barrier due to their small size. in addition, AgNPs have a stronger effect than silver ions as
disclosed in some research. Most of the in vitro studies showed that AgQNPs can enter cells via
endocytosis and can be localized within the cell as the perinuclear space in the cytoplasm and
intracellular compartment. Besides, silver nanoparticles can enter the mitochondria and
produce reactive oxygen species (ROS) by affecting the respiration of cells. Briefly, the
mechanisms of silver nanoparticles as toxic can cause oxidative stress, DNA damage, induction
of apoptosis, and mitochondrial damage to cancer cells. The mechanism of action of silver
nanoparticles on cancer cells is schematized in (figure 26). Furthermore, there are studies that
AgNPs affect the function of the vascular endothelial growth factor (VEGF). It is also known
as the vascular permeability factor and plays a major role in the angiogenesis within tumors.
These results support AgNPs have anti-cancer properties that can be used as an alternative for
cancer therapy and angiogenesis inhibitor therapy. Theranostic applications of green-
synthesized nanoparticles were investigated for biologically compatible and potential
approaches in the biomedical field (antimicrobial, anti-inflammatory, antinociceptive,
anticancer and enzyme inhibition activities). Theranostic is defined a combination of
diagnostics and therapy. The bio-synthesized AgNPs could be used in theranostic applications
including anti-cancer therapeutic agent, drug delivery and bioimaging vehicle. Green AgNPs
can be used as beneficial theranostic agents for further discovery of various biomedical
applications. AgNPs, which were biosynthesized with various applications, were tested in
different cancer cell lines 7.
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1.9 Cancer

Human cells normally reproduce through a process called cell division in which new cells are
formed according to the body's need. When cells are damaged or age, they die and are replaced
by new cells. In cancer, the body's cells grow out of control as trillions of new cells are formed
and spread to other parts of the body. In cancer, the regulating process of cell growth and
reproduction is disrupted as damaged and abnormal cells grow and multiply and form tumors,
which are lumps of tissue. Tumors can be cancerous or noncancerous (benign). Cancerous or
malignant tumors spread and invade nearby and distant tissues in the body to form new tumors.
Cancerous tumors are known as malignant tumors. Most cancers are solid tumors, but
leukemias, for example, are not. Cancerous tumors can grow again after removal, while benign
tumors do not spread, do not invade nearby or distant tissues, and do not grow again after
removal. Benign tumors if they are in dangerous places such as the brain can pose a threat to
life 118,

Differences between cancer cells and normal cells 11°

* Cancer cells grow and multiply in the absence of signals telling them to do so, the exact
opposite of normal cells.

« It ignores the signals that tell it to die (or apoptosis).

* They invade and spread to adjacent areas and other areas of the bodly.

« It tells the blood vessels to feeding it with oxygen and nutrients, and take of waste from it.
« It disappears from the immune system so that it does not destroy it.

» It disappears from the immune system and tricks it into protecting it instead of attacking and
eliminating it.

* Some cancer cells have twice the normal number of chromosomes.
* Cancer cells produce energy from nutrients in a way that allows them to grow more quickly.
The occurrence of cancer 120121

Cancer is a genetic illness- which resulted from changes in the genes that control the way cells
grow and divide.

Causes of genetic changes that cause the emergence of cancer:

* Errors occur when cells divide.

» Harmful chemicals such as smoke, tobacco and ultraviolet rays from the sun damage DNA.
* Inheritance from the family.

* The body does not get rid of damaged DNA.

* Each cancerous cell in any living body will have different genetic changes.
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The most important genes that influenced and cause cancer are proto-oncogenes, tumor
suppressor genes, and DNA repair genes.

Types of cancer: There are over 100 kinds of cancer. Where cancer types are named
according to the organs or tissues that make up the cancers or by the type of cell they formed,
such as the epithelial cell or the squamous cell 22,

Lung cancer: is cancer that occurs in lung tissue, commonly in the cells that line the air
passages. This type causes death in both men and women. There are two main types: small cell
lung cancer and non-small cell lung cancer. These two types grow differently and are treated
differently, and non-small cell lung cancer is the most common type 23,

Both sexes
Incidence Mortality

Other Other
cancer cancer
36.9% 29.2% Colorectum
9.4%
Colorectum
10.0% Leukemia 3
3.1% Liver
Cervix uteri 0,
8.3%
Stomach
Bladder Pancreas 7.7%

4.7% Female
Esophagus  breast
55%  6.9%

3.0%
Thyroid—/

3.0% Cervix uteri
3.1%
Esophagus
3.1%

19.3 million 9.9 million
new cases deaths

e 56%

Figure 1-27: Estimate number of new cases and death for the top 10 most common types of cancer in
2020 for both sexes 4,
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1.10 Leishmaniasis

Leishmaniasis is a parasitic disease caused by a genus of single-celled parasitic organisms
known as Leishmania, which is transmitted to humans by certain types of sandflies that carry
the disease 12°.

Leishmaniasis types 12:

* Visceral leishmaniasis: also known as kala-azar, is fatal in 95% of cases if left untreated.
It is characterized by irregular episodes of fever, weight loss, enlarged spleen and liver, and
anemia. In 2020, more than 90% of new cases were concentrated in 10 countries: Brazil, China,
Ethiopia, Eritrea, India, Kenya, Somalia, South Sudan, Sudan and Yemen.

* Cutaneous leishmaniasis: is the most common form of leishmaniasis and causes skin
lesions, mainly ulcers, on the visible parts of the body, leaving permanent scars and serious
disability or social stigma. In 2020, more than 85 percent of new cases were concentrated in
10 countries: Afghanistan, Algeria, Brazil, Colombia, Iraq, Libya, Pakistan, Peru, Syrian Arab
Republic and Tunisia. The number of new cases annually is estimated at 600,000 to 1 million
worldwide.

* Mucocutaneous leishmaniasis: which causes partial or complete damage to the mucous
membranes of the nose, mouth and throat. More than 90% of mucocutaneous leishmaniasis
cases are concentrated in the Plurinational State of Bolivia, Brazil, Ethiopia and Peru.

Leishmania parasite life cycle: The parasite Leishmaniasis is present in the sandfly in the
gametophyte phase, as the parasites at this stage have flagella, then begin to multiply in the
body of the female sandfly, and move to settle in the larynx and oral cavity of the fly.
Leishmaniasis is transmitted to the fly by ingesting the blood of an infected person or animal
with leishmaniasis. The Leishmania parasite needs 4-25 days to complete its life cycle inside
the fly and is transmitted to humans 27,

Figure 1-28: Leishmaniasis on the thigh, upper row, leishmaniasis on the forearm, lower row %,
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1.11 Bacteria

Bacteria are small single-celled organisms. Bacteria are found almost everywhere on Earth and
are vital to the planet's ecosystems. Some species can live under extreme conditions of
temperature and pressure. The human body contains a very large number of bacteria, which is
much greater than the number of human cells. Most bacteria in the body are harmless, and
some are even helpful. Humans coexist with bacteria, where they preserve a two-way helpful
correlation without knowing it. A relatively small number of species cause disease 2°.

Structure of bacteria: Bacteria have five main forms: corkscrew (spirochaetes), cylindrical
(bacilli), comma (vibrios), Spherical (cocci) and helical (spirilla). Based on the Science
Education Resource Center at Carleton College, bacteria are categorized via the formation of
their cell walls utilizing an experiment named Gram stain. Gram-positive bacteria, don't have
an outer membrane and pick up the stain. Gram-negative bacteria, which do have an outer
membrane, don't pick up the stain 3,

Bacteria are organisms that consist of a single cell and have a distinct interior structure. Humans
and other polycellular organisms have their own distinct membrane-bound nuclei. Bacteria are
prokaryotes, this indicates that they do not contain orderly nuclei or any other membrane-bound
organelles. Bacterial DNA is in the form of twisted, clumpy strands called nuclei that swim
freely inside the bacterial cells. Some may also contain divided rotating parts of DNA called
plasmids. In conformity with the Society for Microbiology, plasmids mostly include genes that
give bacteria a survival advantage, like genes that transmit antibiotic resistance. Commonly
there is an outer cell wall surrounding the bacteria cells and an inner cell membrane. Certain
bacteria, like mycoplasmas, do not have a cell wall at all. Some bacteria may even have a third,
outermost protective layer, called the capsule. On the surfaces of bacteria cells there are
flagella-like extensions, where the longer ones are named flagella and the short ones are named
pili, which support bacteria cells when Stick to the host and move around. Bacteria cells contain
cytoplasm located under the cell wall and membrane, a solution consisting mostly of water and
salts. Nucleoids, plasmids, and ribosomes (the sites where a cell's genetic regulations are
translated into cell needs) swim within the cytoplasm. Some bacteria may also contain small
pockets in the cytoplasm, called inclusions, where nutrients are stored for lean times.
Photosynthetic bacteria, which deliver energy from sunlight, may have objects named
chromatophores scattered throughout the cytoplasm. These chromatophores hold pigments
used in photosynthesis 131 132,

Bacteria multiplication: As some of the oldest life forms on Earth, bacteria have evolved
a dizzying number of ways to survive. Part of the bacteria mainly decomposes, destroy moldy
and degenerates the organic materials into nutrients, while the other part is photosynthesis.
Some bacteria form interdependence or two-way useful relationships with a host. Most bacteria
reproduce through a procedure named binary fission. In the binary fission process, one bacterial
cell named the "mother” forms a reduplication of its DNA and grows larger via multiplier its
cellular substances. Then the cell divides from each other, causing the refined material to be
pushed outward and make two similar "daughter” cells. Other sorts of bacteria, like firmicutes
and cyanobacteria, proliferate by budding. In this situation, the daughter cell grows as a branch
of the parent. It begins as a small element, grow to the same size as its mother and then divides
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away. The DNA in the parents and progenies is exactly the same after budding or binary fission.
Bacterial cells subsequently differ in their genetic substances by incorporating additional DNA
into their genome from their periphery. This is known as horizontal gene transfer. Horizontal
gene transfer is carried out by three methods: transduction, transformation and conjugation %3,
Beneficial bacteria: Many bacteria are beneficial to humans. There are very many bacteria
that do important work inside our bodies, and the bacteria that convert milk into yogurt, bacteria
also ferment cabbage and turn it into Kimchi. According to the Society for Microbiology, inside
the human body there are bacteria cells that are about 10 times the number of cells in the body,
and some of them live in the digestive system. These bacteria help destroy foods that human
digestive enzymes cannot and in return obtain nutrients from the human gut. According to a
research paper published in Nature Reviews Microbiology 2018, bacteria on the skin can
secrete byproducts that protect from harmful bacteria. The praiseworthy bacterium
Corynebacterium accolens block the growth of the bacteria that causes S. pneumoniae. Some
skin bacteria can be both beneficial and hurtful. Staphylococcus epidermidis is a globular
bacteria that usually colonizes the skin but if it enters the human body, it causes infection. S.
epidermidis bacteria generate proteins that prevent the growth of its more malicious relatives,
Staphylococcus aureus. Staphylococcus aureus leads to infections when it crosses the skin
barrier 134,

Harmful bacteria: Part of bacteria, such as Staphylococcus aureus, live in proportional
concord with humans most of the time; based on the Centers for Disease Control and
Prevention (CDC), about 30% of humans have S. aureus in their noses. But when these bacteria
enter the body, they lead to deadly infections, essentially in persons with weak immunity.
Based on CDC, Staphylococcal infection can lead to endocarditis (inflammation of the heart
and heart valves), pneumonia, osteomyelitis and Sepsis. Other bacteria are constantly hurtful
to humans. V. cholerae causes a diarrheal sickness that kills about 95,000 persons around the
world every year. The bacteria Yersinia pestis, diffused by fleas that sting rodents, caused the
Black Death. Anthrax spores are nearly indestructible which are found in soil and lead to fatal
illnesses if inhaled or consumed. The most common types of bacteria that cause problems to
humans infect them through rotten food. Salmonella bacteria cause diarrhea, stomach cramps
and fever. Based on CDC, although most adults recover from salmonellosis after four to seven
days, it can be dangerous, even deadly, in young children and the elderly. Escherichia coli is a
bacteria that diffuse via polluted food and water that cause’s food toxicity. Most of its strains
live without damage in the human intestine, but some of its strains cause diarrheal disease.
according to the CDC, 5% to 10% of people who get diarrhea from E. coli can develop kidney
multipliers named a hemolytic uremic syndrome, which could be life threatening **°.
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Figure 1-29: the general structure of bacteria'®®

1.12 Hypericum perforatum L. (St. John's wort)

The genus Hypericaceae contains more than 480 species Distributed in temperate regions of
the world such as South America, North and South Africa, India, Western Asia, Europe and
Australia %1%, Hypericum perforatum L., ordinarily renowned as St. John’s wort, which is
the most prevalent among all the other types, and can exist and distribute in poor grazing land,
open rocky ground, neglected and wooded areas, meadows, and sometimes in crops %141, St.
John’s wort is an upstanding and perennial grassy plant, up to 5 feet tall depending on genotype
and location kind 42, The roots are lateral and vertical, extending to depths of 2 to 5 feet,
depending on the nature of the soil and moisture content. Stems, numbering from 1 to 30, are
woody at the base, leafy and forked in the top half. Leaves are up to 3 cm long and 5 mm wide.
The leaves give the impression that they are perforated because they contain scattered small
transparent dots. The flowers are yellow in star shape with small black dots around the edges.
The flowers bloom in June and August. Although it grows in most types of soil and climatic
conditions, this plant prefers moist, well-drained soil and full sun until it blooms profusely 4>
149 Phytochemical compounds which may be obtained from the aerial parts of St. John’s Wort
are also greatly influenced by genetic and environmental factors. Soil type and its nature,
humidity, exposure to sunlight, and altitude above sea level. Extracted parts from the plant such
as bells, leaves, flowers, stem, root or perhaps a mixture of all of them are ground together and
extracted. Temperature and polarity of the Solvent, pressure, pH and exposure to light in the
extraction medium®°. Various solvents, methods and technologies to extract the constituents
from aerial parts of St. John's wort, give always eight categories °*%: five of them are
lipophilic; Naphthodianthrones like Hypericin and Pseudohypericin, Phloroglucinols like
Hyperforin and Adhyperforin, Biflavonoids such as Biapigenin, Xanthons such as norathyriol
and Essential oils such as terpenes and alcohols. Two of them are hydrophilic; Procyanidins
such as procyanidin, catechin and epicatechin, Amino acids such as Cysteine, Glutamine,
Leucine, Lysine, and GABA (y-aminobutyric acid). One of them is lipophilic and hydrophilic
together; Flavonoids such as Rutin, Quercitrin, Quercetin, Isoquercitrin and Hyperoside. Most
of the bioactive natural products extracted from St John's Wort are considered biologically
active and have different medicinal effects in various medical areas™" 1%, this is what made
this herb a long chronicle of conventional medicinal utilize over the ages in most countries of
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the world, where it was applied externally immediately on the skin or it was boiled and taken
internally for sedative or tonic purposes®®®.

For symptomatic treatment of minor skin infections, sores, burning mouth syndrome, tooth
extractions, cuts, minor burns, bruises, subcutaneous tissue disorders, psoriasis, eczema, keloid
scars, sunburn, snake bites, rheumatism, back pain, nerve pain, hematomas and keloid scars
160-167 "1t has been used as an antioxidant %8169 anti-inflammatories 1% 1", anti-bacteria 12 173,
anti-viruses 1175 anti-cancer "7 anti-tumors 1’8 17 anti-malaria 8% 18 and anti-diabetes
182,183 " anticonvulsant 8, analgesic 8, anti-schizophrenic ¢, diuretic ¥, nootropic €8,
apoptotic 8 antifungal 1% %! jrritable bowel syndrome 12, attention-deficit/hyperactivity
disorder 19, seasonal affective disorder %, Chronic Fatigue Syndrome °°, premenstrual
syndrome 1%, obsessive compulsive disorder 1%, somatization disorder . For the treatment
of dyspeptic disorders, nervous stomach diseases, abdominal pain and as a choleretic treatment
180 The most important and widespread use of the extracts of this plant is the treatment of
various nervous system disorders and symptoms of bouts of depression, anxiety, mood and
mild and moderate tension 8 199201 The mechanism of action of synthetic antidepressants is
by blocking the 5-HT receptors, while the mechanism of action of St. John's wort bioactive
ingredients as an antidepressant is to block the absorption of monoamines such as
norepinephrine and serotonin from the synaptic vacuole to the neuron, that is, the extract
suppressed monoamine oxidase (MAO), norepinephrine and selective serotonin reabsorption
by raising intracellular concentrations of sodium and calcium 47 1% 202203 " Of course, the
discussion is still ongoing about the most relevant components responsible for this effect and
research is still extensive on all aspects of St. John's wort. The safe and effective use of St.
John's wort in various treatments makes it the most popular and best seller nutritional
supplement in Europe, the United States, and most of the world. St. John's wort has been
authorized as a drug and as a food supplement in Europe, America and most countries of the
world, meaning it is usually recorded under the THR (Traditional Herbal Registration)
platform. The dried aerial parts of Hypericum perforatum are widely sold as raw medicines (as:
capsules, tablets, coated tablets and as tea) all over the world 13% 147: 155,202,204

The extensive medicinal uses of extracts of this plant show the importance of comprehensive
investigation to know the main raw materials (Phytochemicals, ingredients and constituents)
in St John’s Wort herbal products, which play an important role in Know the quality of the
ultimate product in the market. Therefore, various spectroscopic and chromatographic analysis
methods have been developed for the quantitative or qualitative estimation of most of the
Phytochemicals or to isolate only specific ingredients that exist in St John's wort extract. These
methods have been continuously developed because Deutsche Arzneimittel Codex (DAC),
which is not sufficient to assess the qualitative composition of the components 2** and we
mention them very briefly, are: (1) High-performance thin-layer chromatography (HPTLC) 2%:
HPTLC and TLC emerges as an efficient, versatile, low-cost chemical method uniquely
appropriate for evaluation the identity and quality of plant materials. This technique is used to
separate the non-volatile components in a mixture and therefore it is a powerful and reliable
technique for detecting the compositional differences between products i.e. detecting the purity
of chemicals and the presence of possible chemical patterns within the same species and thus
detecting adulteration. Some researchers believe it is the most ideal analytical method for
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botanical medicines and preparations containing medicinal extracts or pure medicinal
ingredients. However, the TLC method faces an important challenge regarding the
reproducibility and sorbent content of the TLC plate which contains large particles of the
adsorbent 139 204206 (2) Hijgh-performance liquid chromatography (HPLC) and liquid
chromatography connected to mass spectrometry (HPLC/MS) and capillary electrophoresis:
HPLC coupled to diode array and UV detectors is the common and preferred chemical
separation technique in most research centers to separate and detect the polar, non-volatile and
unstable chemical ingredients present in Hypericum perforatum L, but it cannot supply
sufficient data to clarify the complete structure 2°” 2%, During the last years HPLC-MS and
MS/MS became the used method in most laboratories, because the molecular mass of a certain
compound and its fractionation indicate an evident hint of the existence of this compound.
However most of the modern ionization methods in MS just give a molecular ion and finally a
few fragments, so, HPLC-MS and MS/MS techniques are till now not enough most of the time
to explain the full structure 29%213, (3) UV-spectroscopy: UV-Vis spectroscopy is a simple
qualitative manner to identify a compound or compound group in Hypericum perforatum by
matching the peak absorbance in the visible and ultraviolet region with a standard reference
sample or what is mentioned in the data and proven in previous studies 23?15, Since many
substances absorb large areas of the spectrum, it may cause interactions with other compounds.
(4) Fluorescence microscopy: St. John's Wort contains some endogenous fluorescent molecules
which may be utilized for imaging, physiological and biochemical researches. Fluorescent
Correlation Spectroscopy It is considered as a method for detecting certain molecules using
Fluorescence imaging manner, and thus it will be useful for some experimental investigations,
plant biochemistry and physiology, and pathology and in the characterization of biomaterials
216218 (5) Near-infrared spectroscopy: It is an efficient and rapid technique for the
quantification of the major components obtained from extracts and thus for High productivity
quality monitoring. During recent years this analytical method has been updated to obtain
chemical image images of the sample such as structural components or primary and secondary
metabolites and thus can be used to distinguish chemical patterns between the same species or
between different species. So, through this method, we can explore plant biochemistry,
metabolism, phenotyping, physiology, taxonomy and know and determine the optimal time for
harvesting. The principle is depend on the analysis of spectroscopic data and its use to generate
an image useful for understanding the encoded chemical information. This topic is very
complex and you will find the mechanisms of obtaining different images through the IR
spectrum in the following references 204 219221 (6)Nuclear magnetic resonance spectroscopy
(NMR): 1t is a powerful analytical chemistry method that is relatively easy to use, accurate,
repeatable, non-destructive, covers a much wider dynamic range than previous methods, and
sample preparation is simpler and faster to use. Whereas, NMR is unique and specific for each
compound separately and gives qualitative and quantitative information because the signal
intensity is directly proportional to the molar concentration as well as gives final structural
information with no restrictions related to polarity, variability, or the presence of certain
chromosome carriers 222225 Currently, different chromatographic, spectroscopic
Spectrophotometric and colorimetric analysis techniques are being combined to identify
phytochemicals with high accuracy in different extracts.
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1.13 HPLC

A comprehensive view of HPLC: HPLC is a combination because High Performance
Liquid Chromatography. "Chromatography" is an approach for separation, "chromatogram" is
the result over chromatography, and then "chromatograph™ is the weapon chronic in accordance
with propulsion chromatography. Liquid chromatography is a stable method for the dissolution
concerning substances. High overall performance melted chromatography (HPLC) is a suitable
technique for the analysis about a large extent on utility areas. As related technologies grew to
be more sophisticated, the law normally referred according to namely High-Performance
Liquid Chromatography, absolutely grew to be referred in conformity with as "LC". Nowadays,
Ultra High-Performance Liquid Chromatography (UHPLC), successful of high-speed analysis,
has additionally grow to be more widespread. Only compounds dissolved between solvents be
able lie analyzed together with HPLC. HPLC separates compounds dissolved between a
softened samples then lets in qualitative yet quantitative analysis on such as elements or how
a good deal concerning each issue is contained within the sample 2%°,

The apparatus of HPLC: HPLC consists regarding a variety concerning components,
inclusive of a dissolvent reservoir, a diluent transport pump, a degassing unit, a sample injector,
a column, a stagnancy oven, a detector one and a records technology one (Fig. 30). Fig.30
indicates a simple overview of the HPLC manner and the HPLC go with the flow sketch and
the position over each component. The acid ancient to analyse factors into a liquid sample
because of HPLC evaluation is referred to as the cell phase. The cellular segment is delivered
after a split column, in any other case recognized namely the certain phase, and then according
to the detector at a secure flow dimension controlled with the aid of the solvent shipping pump.
Permanency a definitive total on sample is injected between the column and the compounds
contained in the sample are separated. The compounds separated of the motionlessness are
detected by using a detector downstream on the pillar then each compound is identified or
quantified.

Introduce standard solution
or real sample to the HPLC

To deliver the mobile column (c)
phase at constant flow (a)
To separate each compound
To remove I contained in the sample
dissolved air from T
the mobile phase(b) Detector

. & Injector [ | Column | st
e | { e | |

MO b pegagang BB [ semvieVil | om0 I
Phase _ Degassing B Sample Vial Column Oven

’

Unit Solvent ! )
Delivery Pump | i Workstation

= To keep the temperature ] 4,
To store stan_dard solution or constant (d) '
sample solution

~ .
=» Drain

Organic/aqueous solvents
are used depending on
analysis

To detect the eluted compound(s)
from the column (e)

I

The signal from the detector is processed
and the chromatogram is displayed (f)

Figure 1-30: HPLC Overview and Flow Diagram
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Principle of HPLC: The severance precept on HPLC is based totally of the distribution
regarding the analyte (sample) among a mobile section (eluent) or a set phase (packing fabric
about the column). Depending over the chemical shape over the analyte, the molecules are
retarded whilst opposite shore the static phase. The specific intermolecular interactions of the
molecules concerning a pattern and the packing material outline their epoch “on-column”.
Hence, unique parts regarding a sample are eluted at unique times. Thereby, the separation
concerning the pattern substances is achieved. A discovery unit (e.g. UV detector) recognizes
the analytes afterward leaving the column. The signals are converted yet recorded via a data
administration law (computer software) or then proven within a chromatogram. After shore the
detector unit, the cellular section executes keep subjected in conformity with additional
detector units, a fraction series one then in imitation of the waste.

e Gradient vs. isocratic: Depending regarding the composition on the cellular phase, pair
different modes are generally applicable. If the makeup over the mobile section stays regular
for the duration of the split process, the HPLC law is described as an isocratic elution system.
When the contract on the mobile phase is changed for the duration of separation, the HPLC
provision is defined as a gradient elution system. Using a gradient system, two special
techniques are available: a low-pressure gradient (LPG) then a high-pressure gradient (HPG).
A low-pressure gradient skill to that amount the mixing concerning the solvents is conducted
abroad upstream about the pump (suction side). In a high-pressure gradient system, the one-of-
a-kind solvents are furnished by means of alone pumps yet mixed then the pumps (discharge
side) 228, 229

e Column: The motionlessness represents the morale concerning anybody HPLC system. It
is accountable because of the ample severance over the pattern ingredients. The hiatus
effectivity correlates including the pillar inner diameter, the extent about the motionlessness
and the type then particle quantity on the column packing material. Depending concerning the
preferred application, numerous HPLC columns are commercially available. Different package
substances guide exclusive hiatus mechanisms — common are materials because normal-phase,
reversed-phase, quantity exclusion, ion exchange, affinity, chiral, and hydrophilic interplay
HPLC 228,

e Detector: The venture on the detector unit is to book the era yet amount regarding a thing
so much is eluted from the column. The detector perceives the alternate within the settlement
over the eluent then converts it records of an electrified sign who is evaluated with the resource
regarding a computer. A range regarding detectors is handy depending of the structural
characteristics of the analyte. Common detector units are refractometric, UV/VIS,
electrochemical and fluorescence detectors 228,

e Chromatographic parameters: The separated analytes which are transported via the cell
phase are recorded as much sign peaks by means of the detector unit. The quantity aggregation
on entire peaks is called a chromatogram. Each unaccompanied height provides characteristic
yet quantitative records on the analyte. Qualitative information is partial with the aid of the top
itself (e.g.: shape, the intensity on the signal, day over the appearance in the chromatogram).
In addition, the area of a top is proportional in conformity with the concentration on the
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substance. Hence, the chromatography records management software do compute the
concentration over the sample through integration. This offers quantitative information. Ideally
the peaks are recorded as much a Gaussian bell-shaped turn .

e Delay time (t0): The lengthen age refers in accordance with the epoch as is required for a
non-retarded multiple to lie transported from the injection web site to the detector unit (where
the decomplex is recorded). During this time, all pattern molecules are exclusively positioned
into the cellular phase. In general, all pattern molecules piece the same prolong time. The split
is prompted by using differing fidelity on the materials together with the certain phase 2.

e Retention time (tR): The hold era refers in accordance with the period as is required
because of a decomplex beyond the moment about injection till the moment of detection.
Accordingly, such represents the time the analyte is among the mobile or still phase. The
wearing epoch is substance-specific then have to always grant the equal values below the equal
conditions %%°.

Peak width (w): The peak width covers the length from the commencing about the signal

bias till accomplishing the baseline afterward the repeated decrease within the detector signal
230

Table 1-1: Different sorts concerning LC techniques or their breakage mechanism

Type of LC Techniques Separation Mechanism Commonly used for
Reversed-Phase LC (RPLC) A non-polar stationary phase or | Low molecular weight (MW)
a polar mobile phase is used compounds

because RPLC. Based over the
"like attracts like" principle,
the pattern is separated
primarily based over the
molecule’s polarity choice in
accordance with either the
polar mobile section yet the
non-polar certain phase. For
example, the non-polar
molecules desire chooses in
imitation of maintain of the
non-polar certain phase instead
than the polar cellular phase.
As a result, it gets eluted
opposite in contrast after the
polar molecules.

Normal Phase LC (NPLC) NPLC works completely Steroid hormones,

contrary in accordance with phospholipids, saccharides or
RPLC. In NPLC, a polar static | tocopherols

segment and a non-polar
cellular section is used. Polar
molecules are sharply retained
via the still phase as compared
to the non-polar molecules. As
a result, the non-polar
molecules elute first.

35



Chapter 1: Introduction

Hydrophilic Interaction Liquid
Chromatography (HILIC)

HILIC factory on the identical
precept namely NPLC. The

Polar compounds

essential difference is so cloud
is delivered between the
organic cell phase after
effectively analyse then elute
the strongly-retained polar
molecules.

IEC retains or separates
charged kind (ions) based
totally of electrostatic kindred
concerning the analyte because
of the still segment containing
a functional crew over an
opposite charge. Differential
elution is induced both with the
aid of changing the pH on the
mobile section in conformity
with fend the analyte, and by
means of growing the ionic
power (salt concentration) in
conformity with competitively
destroy the analyte.

The SEC stagnation ancient is
stuffed including porous
particles. When sample over a
number of sizes flow into the
column, smaller molecules
migrate extra lightly because
that explain sound into the
pores, inasmuch as extensive
molecules waft quickly as like
those slaves no run up the
pores namely much. As a
result, larger molecules elute
beyond the column sooner,
who successfully varieties the
samples by using molecular
size.

Proteins, amino acids,
nucleotides, and inorganic ions

lon Exchange Chromatography
(IEC)

Size Exclusion
Chromatography (SEC)

Proteins and synthetic high
polymers

1.14 HPLC-MS

Chromatograms present the usage of HPLC detectors primarily identify or deserve components
primarily based on the assumption period yet quantitate components based totally regarding
the peak region or intensity. HPLC combined together with optical discovery presents great
quantitative truth because of analytes to that amount perform stand chromatographically
resolved, where a detected height comprises solely a odd component. However, attaining the
required resolution is challenging because of complex samples the place more than one factors
elute approximately at the equal time 232,

In contrast, substance spectrometry (MS) presents an incredibly touchy detection method that
ionizes the pattern components, separates the ensuing ions among vacuum based on theirs
mass-to-charge ratios (m/z) yet measures the intensity over every ion. Mass spectrum plots the
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friend ion intensities against the m/z values, then a collection about thing spectra is generated
at each era point. This statistic shows the attention level regarding ions to that amount bear an
addicted substance and is extraordinarily valuable because the special identification about
molecules, additionally recognized as like characteristic analysis. Moreover, MS provides
introduced specificity and sensitivity, or the favor on contemporary multicomponent analysis.
Liquid chromatograph-mass spectrometry (LC/MS) is an imperative tool for quantitative then
characteristic evaluation within a broad range regarding fields, from prescribed drugs yet food
learning after environmental analysis. With the merger regarding LC with MS, the mass spectra
present beside these measurements furnish molecular substance and structural records for
eluted components, as complement the characteristic records based totally about hold instances
arrived using mean LC detectors. Therefore, LCMS combines the fantastic dissolution
resolution regarding LC including the spiffy qualitative features on MS 2%,

It commonly consists on an LC separating system, an article analyzer and the LCMS interface
API unit. The generation regarding air ions is crucial among LCMS or there are numerous
factors limiting the efficiency on this API process. In addition, there are much analytical
parameters in conformity with absorb note on when switching beyond LC in conformity with
LCMS, for instance, the flow degree and the types over cell phases likeminded with MS.
Durability 233: (1) an LC unit, (2) an interface between the LC and MS, (3) an ion source as
ionizes samples (e.g. API unit), (4) an ion guide (an electrostatic lens so efficiently introduces
the generated ions into the MS, (5) a article analyzer unit up to expectation separates the ions
based concerning theirs mass-to-charge (m/z), (6) a detector soloist so much detects the
separated ions 2%,

Examples over frequent MS detectors are electron multiplicator then microchannel plate
(MCP) the place those operate by way of the petty electron emergence process. Together with
the LC chromatogram, the extent concerning ions that attain the detector is transformed to sign
intensity then output after a computer. The ion guide, stuff analyzer or detector are entire
housed into a vacuum among the MS. By hold such of a vacuum, the generated ions are in a
position according to stay introduced, analyzed yet detected into the MS along minimum
adulation then loss. MS requires ions in imitation of stand in the airy phase or this ions are
detected under a high vacuum of the MS. durability Various interfaces because LCMS had
been developed, but troubles with sensitivity, durability and user-friendliness were faced. After
in addition upgrades then developments, API, a type of gentle ionization technique, sure to
stand well-suited for makes use of in LCMS. As its odor suggests, that ionizes compounds
underneath atmospheric stress conditions, which makes such especially beneficial because
removing solvents outside a vacuum. API serves as each the ionization supply or the interface
within an LCMS system. In general, ions generated by means of API are stripped about solvent,
focused within a thread the usage of an ion guide, yet in the end introduced within the article
analyzer. Three API strategies are described here, particularly electrospray ionization (ESI),

atmospheric stress chemical ionization (APCI) or atmospheric strain photoionization (APPI)
234

e Electrospray ionization (ESI): ESI generates ions with the aid of forward brush yet
spraying sample solutions at the chump regarding a capillary tube, the place a high voltage

37



Chapter 1: Introduction

concerning respecting * three after 5 kV is applied. This generates a fantastic mist about
charged droplets along the identical polarity as much the utilized voltage. To accommodate a
larger LC float rate, the nebulizer and heating gasoline flows beside backyard the capillary in
accordance with velocity on the acid evaporation process. As it procedure continues, the
electric powered discipline on the droplet surface increases. When the mutual monstrous
pressure over the charges exceeds the softened surface anxiety (i.e. repulsion), partition occurs.
It is idea to that amount namely that evaporation yet division circle is repeated, the droplets
finally come to be baby enough so much the pattern ions are liberated in the fuel segment
(based of the ion evaporation model). A schematic illustration of the generation then
desolvation techniques into ESI because of positively charged ions are illustrated in figure 31.
Similarly, negatively charged ions are generated through applying a negative voltage after the
ESI probe #°. ESI is certain concerning the softest ionization strategies available, as skill
fragmentation is deficient or that perform be chronic because fairly polar, least volatile, and
thermally troubled compounds. Since most over the compounds end result in protonated (or
deprotonated) molecular ions or adduct ions, without generating complex fragment ions, the
dedication on the molecular substance about compounds is entirely simple 2%, In addition, ESI
is regarded in accordance with once in a while create molecular ions with more than one prices
because compounds so bear quite a few potential charge-accepting practical groups. In the law
concerning cations, this means multiple protons are introduced in conformity with structure [M
+ nH]"™. The bias in conformity with form multivalent ions is high influenced via the pKa of
the decomplex kinsman after the pH over the solution. When the multivalent ion is observed,
molecular article statistics be able keep learnt too for compounds along a molecular stuff so
much exceeds the pardon extent over the article spectrometer. It is additionally possible in
accordance with usage computer processing after prophesy the molecular stuff beside those
multivalent ions. This strong point regarding ESI-LCMS permits the evaluation then
measurement regarding extraordinarily big and highly-polar biological macromolecules,
certain as like proteins or nucleic acids. This is vastly different beyond GCMS, which generally
only provides peaks concerning z = 1 %3¢,

Table 1-2: Summary about ionization system yet analyte properties concerning API techniques

API techniques ESI APCI APPI
lons in acid attack to gas | lonization occurs between lonization happens in
lonization process section through gas phase by means of gas phase through UV
electrospray corona discharge irradiation

Singly charged ions
Multiply charged ions
Do no longer want after Require partial quantity Require partial degree

Types of ions formed Singly charged ions Singly charged ions

Volatility of analyte

be volatile about volatility about volatility
Do no longer necessity
- in conformity with be Must keep thermally Must keep thermally
Stability of analyte thermally stable. Can stable stable

keep thermolabile.
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Figure 1-31: Schematic of the ionization then desolvation processes of ESI positive (+) anger

e Tandem Mass Spectrometry: Collision-Induced Dissociation: Using ESI, which is
a smooth ionization method, offers a simple spectrum along a protonated molecule ion yet a
sodium adduct ion and almost no slice ions. In that way, molecular mass information, as is vital
because predicting the structure over unfamiliar compounds, do lie obtained without problems
the use of API. However, because the utilizing concerning API tends not according to birth
snatch ions, such looks hard in accordance with acquire structural data on practical businesses
then others with the aid of analyzing the fragment ions 28, Nevertheless, structural information
can lie arrived the usage of API agreement the usage of a method referred to as collision-
induced dissociation (CID) to originate fragment ions, below measurement these fragment ions.
CID may manifest at the electrostatic lens place then the use of a tandem kind article
spectrometer geared up together with a danger chamber. The collision-induced dissociation or
a variety of scan modes of MS/MS. Tandem/Hybrid MS systems (e.g. Triple Quadrupole MS,
Q-TOF, yet IT-TOF) is versatile or Herculean arsenal back between dense applications. With
the combination of twain thing analyzers in MS/MS systems, several tandems then hybrid
configurations component regarding quadrupole, magnetic sector, TOF and/or ion lure MS are
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learnt (Table 3). There are no adjustments in imitation of the setting apart standards concerning
these matter analyzers within an MS/MS system. The MS/MS systems (i.e. TQ, Q-TOF, IT-
TOF and multistage MS) 2,

Table 1-3: Various tandem/hybrid MS/MS systems

Triple Quadrupole (TQ)
Tandem MS | 2 Dual-focusing MS (combination of magnetic & electric
fields)
Quadrupole Time-of-Flight (Q-TOF)
lon trap Time-of-Flight (IT-TOF)
Quadrupole lon Trap (Q-1T)

Quadrupole lon-Cyclotron-Resonance (Q-ICR)
Hybrid MS lon trap lon-Cyclotron-Resonance (IT-ICR)
lon trap Orbitrap (IT-Orbitrap)
2 Time-of-Flight (TOF-TOF)

Multistage MS (MSn)

e Quadrupole time-of-flight (Q-TOF) MS: This hybrid law offers excellent brawny
range, high matter decision and stuff accuracy. In addition, it be able perform helpful virtue
quantitative analysis. With the completed scan yet whole ion transmission functionality into
Q-TOF MS, such captures whole the ions into a odd run and permits the reinvestigation on data
because current and unfamiliar compounds barring the need because reacquiring. With it
properties, that is in many instances ancient because of high decision mathematic mass
evaluation such namely of the identification regarding unfamiliar molecules for proteomics yet
metabolomics research. The Q-TOF MS utilizes a quadrupole (four parallelism rods arranged
within a square formation), a crisis cell, or an age concerning flight soloist in accordance with
production spectra. Lighter ions accelerate faster down the removal barrel in conformity with
the detector, therefore figuring out the ions' mass-to-charge ratios. Q-TOF matter spectrometers
combine TOF yet quadrupole instruments, a pairing so consequences within excessive article
exactness because of precursor and product ions, intensive quantitation capability, and then
fragmentation scan applicability 24°.

Table 1-4: Comparison of MS/MS systems (TQ MS, Q-TOF MS and IT-TOF MS) 2%

MS/MS Systems Strengths Limitations Applications
* Highest sensitivity
. Wi(dl\g E;\fﬂn)amic . * Quantitative evaluation
TQ MS Low mass resolution (MRM)
thoroughness of  Tarceted analvsi
detection argeted analysis
» Lower cost
* High thing resolution
* Wide mass range s * Qualitative analysis
Q-TOF MS - Medium dynan?ic Low sensitivity than TQ | =000 0 dation
- MS MRM mode .
extent of detection * Sequencing
* High sensitivity
* Multistage MS (MSn) * Qualitative analysis
IT-TOF MS * High substance Limited in scan modes * Structural elucidation
resolution * Sequencing
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Figure 1-32: Schematic diagram of the tandem QqTOF mass spectrometer 24,

1.15 Aptamer

Delivery techniques have significantly helped convert promising therapeutics into profitable
healing procedures 242245 As the therapeutic panorama evolved, delivery strategies and
technologies shortly adapted to mirror altering drug delivery needs. The purpose of shipping is
to maximize therapeutic efficacy through transporting and releasing the drug (passively or
actively) to the target website in the body and by using minimizing the off-target accumulation
of the drug. A few a long time ago, small-molecule drugs were the important class of
therapeutic. Because the transport of small molecules is mostly dictated by using their
physicochemical properties, which closely have an effect on the bioavailabilities of the drugs,
delivery efforts first targeted on improving the solubility of the drugs, controlling their release,
broadening their exercise and adjusting their pharmacokinetics (PKs) 246:247, Over time, new
generations of therapeutics, consisting of proteins and peptides, monoclonal antibodies
(mAbs), nucleic acids and stay cells, have supplied new therapeutic functions that enabled the
development of many pharmaceutical products that enhance patient health through bettering
the shipping of a therapeutic to its target site, minimizing off-target accumulation and
facilitating patient compliance.

The 1st technology is small-molecule tablets (<900 Daltons) such as chemotherapeutics,
antibiotics and steroids have been identified, developed and used as prescribed drugs since the
late 1800s 28, By advantage of their size, small-molecule capsules can rapidly diffuse through
organic fluids, across many biological limitations and through mobile phone membranes 2*°.
These benefits enable small molecules to navigate the complicated vasculature and to interact
with almost all tissues and mobile phone sorts in the body. However, for speedy diffusion and
get admission to the systemic vasculature, small molecules must be freely soluble in biological
fluids; hence, this limit (or hampers) the therapeutic utility of poorly soluble molecules 2*°.
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About 90% of preclinical drug candidates are low-solubility compounds 2%

challenge.

, SO this stays a

The second technology is Proteins and peptides: Peptides (2-50 amino acids) and proteins (50
or extra amino acids) have advanced with the human physique to have extraordinarily top
selectivity for particular protein goals. indeed, their massive length and several tertiary
constructions growth the factors of contact with particular protein pockets, granting the
peptides and proteins higher efficiency and reduced toxicity than many small molecules 25225,
as the clinical use of peptides and proteins elevated, specific worrying situations that restrained
their delivery emerged 2> 2%, even though the complex form of peptides and proteins improves
their efficiency and selectivity (relative to the efficiency and selectivity of small molecules), it
moreover contributes to their terrible balance. In fact, they're with ease degraded at ambient
storage conditions, and, in vivo, are touchy to the presence of ubiquitous proteases,
physiological temperature and differences in pH 2. this is compounded by using the use of the
fast diffusion of stabilizing excipients in physiological fluids 2°7. moreover, peptides and
proteins can immediate the immune device by way of the immunogenicity of antigens on the
protein shape or through their degradation, aggregation or submit-translational change 2%8. This
commonly leads to speedy drug clearance and to immunogenicity-pushed unfavourable
occasions 2°% 260,

The third technology is Antibodies: the predominant classification of therapeutic because its
structure (which differs drastically from that of other lessons of biologic) lets in for unique
interactions between therapeutic aims and the immune gadget (antibodies grant alerts to the
immune system with the aid of binding to cell aims ). By binding to a goal antigen, antibodies
can neutralize it, preventing signalling molecules from binding to it and initiating (undesirable)
phone approaches 22, Additionally, antibodies can engage directly with host immune cells to
provoke phagocytosis, antibody-dependent cellular cytotoxicity or complement-dependent
cytotoxicity, triggering the demise of undesirable telephone populations 23, However, the
unique points of antibodies that enable these unique interactions can also lead to the
development of anti-antibodies, which can cause unfavorable activities such as rashes at the
injection site, influenza-like symptoms and the development of autoimmune illnesses 264266,
Because the PK/PD of antibodies can be incredibly variable, and their mechanism of action
depends on engaging with the dynamic immune system, antibody redress typically require
excessive doses and invasive administration 27, Antibodies undergo numerous drawbacks, the
first being the extraordinarily excessive productions costs 261 268 Moreover, their giant sizes
lead to poor tissue penetration 2%% 20 Issues regarding Pharmacokinetics, such as speedy
clearance from the immune gadget and inadequate interactions with components of the immune
system, have additionally emerged 2% 272, which make them ineffectual for therapeutic
functions 7. Antibodies are also touchy to temperature and have a constrained shelf lifestyles
274 The issues encountered with therapeutic antibodies led to the search for different suitable
choices for the "magic bullet".

The 4th technology is Nucleic acids: nucleic acids enable the precise control of gene
expression, and consequently can be used to silence or restore aberrant genes and to power the
expression of therapeutically relevant genes 2’°. By advantage of the specific binding enabled
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by their nucleotide sequence, nucleic acids, and more latest gene-editing equipment such as
CRISPR, can be rationally designed to therapeutically manipulate the human genome 276,
Naked nucleic acids are inclined to nuclease degradation, which limits their half-life. Also, the
human immune system is adept at identifying and disposing of foreign RNA and DNA 277278,
Moreover, to be effective, nucleic acids need to be delivered to the cytoplasm of the mobile
(for quick interfering RNA (siRNA) and messenger RNA (mRNA)) or to its nucleus (for ASOs,
DNA and CRISPR), accordingly requiring mobile phone internalization and endosomal get
away 2’’. These challenges have led to improvements in change chemistries to the nucleobases,
the sugar rings and the 3’ and 5’ ends of nucleic acids. This has enabled resistance towards
nuclease degradation, decreased immunogenicity and expanded interactions with target cells
219,280 Altogether, crucial understanding of chemical changes to nucleic acids and advances in
drug transport systems led to the following first clinical approvals of sSiRNA therapeutics: the
lipid-based nanoparticle patisiran (Onpattro) in 2018 for the treatment of polyneuropathy in
sufferers with hereditary transthyretin-mediated amyloidosis 2% 282, and the subcutaneously
injected N-acetylgalactosamine (GalNAc) conjugate givosiran (Givlaari) in 2019 for the
treatment of adults with acute hepatic porphyria 2%,

The 5th technology is live-cell therapy: Live cells are the most recent era of therapeutics. Live-
cell remedies take benefit of the herbal therapeutic functions of some cellphone types to
regulate or allow key biological processes. For example, pluripotent stem cells can restoration
and heal tissues99, reprogrammed immune cells can leverage the immune gadget for
vaccination and cancer treatment 28 2% and microbes can interact with the microbiome to
modify mucosal immunity, metabolic techniques and continual inflammatory techniques .
Living cells can also be engineered. The most prominent instance is chimeric antigen receptor
(CAR) T cells. Clinically authorized in 2017, they are genetically engineered cytotoxic T cells
focused to precise cancer-associated antigens 2%’. In fact, CAR T-cell remedies highlight the
features and benefits of cell phone therapies: an innate potential to goal web sites of disease,
effective activity at the web page of motion and the capacity to at once interface with the
immune machine and to proliferate in vivo 2%, Other FDA-approved adoptive telephone cures
are sipuleucel-T (Provenge; for treating prostate cancer 28%) and cord-blood-derived stem cells
29 Cells can additionally be engineered to secrete tablets or to catalyse key organic reactions,
and as a result can be used as drug manufacturing facility depots. Genetically engineered drug-
secreting depots, which are starting to be examined in clinical trials, shield unstable biologics
throughout transit and can mimic herbal pulsatile or stimuli-responsive delivery profiles 2°L.
For adoptive cell treatment plans (and for immunotherapies in particular), the size of the live
cells and the antagonistic tumour microenvironment end result in the low penetration of the
cells in strong tumours. This has constrained their modern scientific use to haematological
malignancies 2°2. Moreover, the viability, persistence and protection of efficacious cellular
phenotypes is closely established on the surroundings and host of the delivered live cells 2%
2% There are additionally pragmatic concerns associated with the large-scale production of
therapeutic live cells. On the one hand, autologous cures have greater beneficial protection
profiles, but require extraction, processing and re-infusing into the identical patient, which
limits the scalability of the remedy 2% 2%,
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Figure 1-33: Classes of therapeutic and transport paradigms. a, Each of the 5 generations of
therapeutic (small molecules, proteins and peptides, antibodies, nucleic acids and phone cures (live
cells)) have their unique shipping challenges. b,c, These challenges have led to the improvement of the
following transport paradigms for accelerated therapeutic function: the modification of the drug or of
its surroundings (b) and the diagram of drug transport systems (c). Regardless of the category of
therapeutic, drug shipping structures have adopted one or greater techniques for drug change or
environmental modification '

Structures of aptamers: Aptamers are single-stranded oligonucleotides, consisting of DNA
or RNA, which bends into fully-defined 3D structures then bind with a specific target through
molecular identification with a high degree of affinity and selectivity 28, The particular 3D
structures of aptamers are the one that plays the main role in identifying and binding the
aptamers of their target 2*°. They have two characteristics: secondary and tertiary elements 3%
303 The secondary structures compose of hydrogen bonds between the complementary
nucleotide bases and are affected by aptamers nucleotide sequences %4, Recognized shapes of
secondary structures contain, for instance, loops, mismatches or intersections (Figure 34) 305
309 "and pseudoknots (Figure 35) 3% 310 When bases outside the stem-loop are connected to
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bases inside the loop, a pseudo-node is created, which later forms a second stem-loop (Figure
35) 3%, The intricate tertiary shapes are created via reactions of present secondary shapes
components 3% 3% The usual length of aptamers ranges from 15 to 120 bases 3; shorter
aptamers do not usually display high attractions as a result there are not sufficient bases that
can participate in aptamer introversion and binding. Longer aptamers fold poorly or
agglomerate 32 and the cost becomes high due to the low yield of chemical preparation 3%,

8. Hairpins ¢. Bulges
Hairpin loop % %
Hairpin stem
Bulge Single-base bulge
b. Internal loops d. Junctions
Internal loop Mismatch Three way Four-way

Figure 1-34: Different subordinate constructions of aptamers 3%
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Figure 1-35: Schematic likeness of the composition of a pseudoknot **°

Selection of aptamers: Aptamers are chosen by Systematic Evolution of Ligands by
EXponential enrichment (SELEX) technology, and the first people to apply it was Turk and
Ellington 34315, The operation is based on the separation of intense attraction ligands from a
compatible single-stranded nucleic acid library via recurrence cycles of binding, division, and
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amplification (Figure 36). After SELEX cycles, the latest aptamer assembly undergoes
sequencing to determine the best linking sequences.

Library (ssDNA/ssRNA)
=R

PCR
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Figure 1-36: Diagram of the SELEX process. The proceeding includes repeated cycles of: 1.
Incubation of the targets with the high complexity library (binding); 2. Elimination of unbound
sequences and retrieval of the bound oligonucleotides (division); 3. Amplification of the bound

sequences by RT-PCR and transcription (for RNA library) or PCR (for DNA library). *°.

Table 1-5: The basics and advantages of creative SELEX strategies developed in the last period

Techniques

Description

Advantages

Ref.

Magnetic bead-based
SELEX

Immobilize the targets on the
magnetic bead, speed up the
operation via magnetic isolation

easy and quick process; cheap; fast
cycle

317-
323

Capillary Electrophoresis

Based on the variation of
electrophoretic mobility between

fast; economical; high competence;
simple procedure free from

324-

SELEX unbound sequence with target ! 828
washing
bounded
keep protein formation and
bioactivity; getting aptamers
without recognition of the 320-
Cell-SELEX Employ the whole cell as targets | molecular target on the cell surface;

no need to purify protein before
selection; explore new surface
protein and biomarkers

333

Capture-SELEX

Immobilize the oligonucleotides
on the solid substrate to increase
target capture

easy procedure of target
immobilization; keep the normal
structure of the target; particularly
appropriate for small molecular
targets

334-
337

In vivo SELEX

utilize living animal models as
selection targets or conditions to
produce aptamers

Aptamers in a whole organism are
perfectly chosen; it promises to
deliver drugs and therapy in vivo

338-
342

High-throughput
sequencing SELEX

Conventional SELEX in
conjunction with high throughput
sequencing system, sequencing
across all the selection rounds
instead of the last one

predominant efficiency and
applicability

343-
347
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Binding mechanisms of aptamers: Through intra-molecular hybridization, aptamers may
fold in specific molecular shapes. By quite a number structural shapes, aptamers do apprehend
yet bind theirs targets through hydrogen bonds, hydrophobic or electrostatic interactions, as
well as van der Waals strength, steric effect via aromatic stacking or, in most cases, a mix of
them %, In the easiest situation of aptamer-target binding, aptamers are already properly folded
in their 3D structure in the non-appearance of the target, and the target is linked to the pre-
folded aptamer in accordance with the "key-lock principle™ (key-lock technique). However,
aptamers shape the ultimate structures in most cases during the linking procedure. This linking
technique is called induced-fit mechanism 34°. The induced-fit mechanism can be proven by
different search methods for most known aptamer-target complexes: as example, x-ray
diffraction and NMR spectroscopy % 3! Based on traditional key-lock and induced-fit
mechanisms, extra binding types between aptamers and targets can be envisaged. The
structures of proteins can also change as the structure of the aptamers changes as they bind and
form a stable complex 2. As a result, aptamers bind through various mechanisms that differ
according to the different aptamer-target complex.

Linking domains of aptamers play a substantial function in target binding in most cases. But in
other instances, non-linking domains might overlap with the interaction between the target and
the aptamer and finally block the linking domain from introversion into the required three-
dimensional shape %3, This leads to a decreasing or full absence of aptamer linking affinity.
Some monovalent cations like Na* and K* or divalent cations like Mg?* and Ca?* are used to
stabilize the correct linking form of the aptamer, as happened in some thrombin aptasensor
research % 3%, Nevertheless, Na* or K* can react with the phosphate backbone of Aptamer
which is negatively charged and produces poor complexes with bigger cationic concentrations
36 Therefore, it may cause consociational alterations to the linking position and decrease the
affinity between aptamers and their targets. Appropriate concentrations of cations must
therefore be utilized while binding, so aptamers are binding with their targets correctly.
However, the binding between the aptamers with their targets is done in the buffer utilized
within the aptamer selection process.

The advancement of aptamers over antibodies: Aptamers are superior to antibodies due
to their unique properties 37, They are in general more stable than antibodies; have a longer
shelf life; obtained using an easy, cheap and only takes a short time; do not need animals or an
immune response for their production; chemically synthesized, so can be greatly reduced
allowing economical, high-accuracy large-scale production of aptamers for clinical
applications, its affinity can be modulated by optimizing its recognition sequence and/or by
manipulating binding reaction conditions; its stability can be further increased by chemical
modification of the nucleotides as well as by altering their secondary structures (e.g.,
introducing additional base pairs); chemical modifications can be introduced into them at any
desired position in the nucleotide chain; through established solid-phase chemical synthetic
methods and site-directed chemistries, labels for detection and linkers for conjugation can be
easily inserted at desired sites in the oligonucleotide sequence without compromising the
binding affinity or selectivity [49]; more stable at high temperatures and they can be
regenerated easily after denaturation and can be repeatedly used; Various aptamers can be

47



Chapter 1: Introduction

produced in the laboratory quickly through full automation of in vitro chosen operation in the
laboratory; smaller in size compared to antibodies, thus allowing improved transport and tissue
penetration compared to antibodies and the in vitro selection process allows aptamers to be
generated against otherwise toxic compounds that would kill the animal in antibody production
339,358,359 The position-specific changes for antibodies are very hard 3¢°,

Application of aptamers: Several interesting properties such as high affinity, specificity for
their targets and their efficiency differentiation normal tissue from the tumor, also
distinguishing the different types of tumors from each other, low immunogenicity, low toxicity,
high batch fidelity and good serum stability make aptamers a promising new class of molecular
ligands that could replace or supplement protein antibodies. Obviously, Aptamer technology
has very important features that make them market demand for different biomedical areas,
including: detection, imaging, diagnostics, Theranostics, drug delivery and targeted cancer
therapy.

Use of aptamers in the diagnosis of infectious diseases: Most infectious illnesses
develop fast, and accurate diagnosis is the key to efficient medicament. Efficient pathogen
discovery manners promote control of the proliferation of infectious illnesses. So, early, exact
and fast pathogen diagnosis is of big important. Currently, the routine diagnostics for infectious
pathogens are bacterial culture, polymerase chain reaction (PCR) and immunological detection
361,362 These approaches are relatively mature, but they inevitably have limitations such as
time-consuming, high cost, and tedious operation. Most routine tests require antibodies, but
there are several obstacles to the use of antibiotics, which are: laborious and expensive
production and identification, batch-to-batch variation, and its biological activity is susceptible
to the environment such as pH and temperature 3° 363, Aptamers contain so many target
molecules, which can be prepared for precocious signs of illness, producing circumstances for
the early detection of pathogens. Because of aptamer's distinct features, much research in past
periods has incorporated aptamers into biosensors as molecular markers. When aptamers
receive biological signals, they convert them by means of a signal converter into an electrical
or optical signal, then the output signal will be amplified by the electronic system and further
be used for the detection of pathogenic microorganisms qualitatively or quantitatively.
Aptamer-based biosensors are categorized by disease-causing targets into three categories:
bacteria, viruses, and others.

Use of aptamers in imaging: Conventional imaging methods firstly dependent on
morphological guides, as an example X-rays in CAT scans, radioactive vehicles (e.g.
fluorodeoxyglucose) in PET, MRI, and sonography. These operations are utilized routinely in
the clinic, such as strategies for cancer disclosure. Instead, molecular imaging utilizes certain
molecular probes to differentiate between particular biological proceedings **. The most
important advantages of molecular imaging are (1) detecting illnesses at an early time (2)
estimating and describing their pathogenesis and (3) their use in laboratory and biological
examinations. Specific biological operations or targets can be visualized through the utilization
of qualitative molecular probes 3%. Aptamers are a highly motivating category of molecular
probes because of their capacity to automatic introversion into 3D with recognizing similar
binding as antibodies. The superiority of aptamers over antibodies is related to the stability,
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ease of chemical changes and can be prepared industrial. Aptamers are much smaller in size
than antibodies and therefore can penetrate tissues and rise systemic clearance .
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Figure 1-37: Application of aptamers in field of determination 3’

Use of aptamers in the treatment of infectious illnesses: At this time, the treatment of
infectious illnesses basically depends on the precept of symptomatic therapy or specific anti-
disease therapy. But the great diversity of viral genome mutations, antimicrobial resistance,
and escape from the host's immune response has rendered most vaccines and drugs ineffective.
368,369 1t is also clear that antiviral treatment does not have a significant effect on all patients
and that the side effects resulting from numerous existing antiviral medications may cause the
development of diseases other than the primary infection. For example, the most efficient
treatment for patients with hepatitis C (interferon alfa-2b plus ribavirin) help just almost 50%
of situations *7, as such a treatment regimen commonly causes many bad effects 3"*. Many
researches proved that aptamers, as a hopeful candidate, can target main molecules in bacterial
physiological operations or surface proteins of viruses, and effectively cure infections by
blocking viruses permeation into cells, disrupting the activity of enzymes related to viral
replication or regulating the immune response. 372373,

Use of aptamers as therapeutics: Aptamers are considered a promising therapy because
they bind with highly specific targets and are attractive for targeted therapy for a variety of
illnesses. Therapeutic aptamers fundamentally work in the next two manners: 1) Specifically
binding to the target thus deactivation the action of the disease target protein and preventing
the interaction of disease-related targets; 2) aptamers act as agonists to raise the capacity of
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target receptors. For example, Lee et al. mentioned an RNA aptamer versus the Hepatitis C
virus (HCV) nonstructural protein 5B can effectively prevent HCV replication and repressed
the shaping of infectious virus particles. 34 HIV integration is essential for retroviral
replication and is a primary target for AIDS treatment 37, Therefore, aptamers as potential anti-
HIV inhibitors have attracted great interest from seekers. Pang et al. prepared an anti-HIV
lentivirus vector composed of ShRNA, ribozyme and RNA decoy 6. Overlap and suppression
of HIV replication in cell cultures were observed when examination aptamers against
integration and integration of these aptamers into ShRNA. Also, several other aptamers have
been developed against Tat protein, gp120, reverse transcriptase, nucleocapsid protein to
further research antiviral therapy 373 COVID-19 is causing havoc around the world, but so
far no specific drug has been developed. Liu et al. developed an aptamer that specifically targets
the spike protein of SARS-CoV-2, a critical role for viral infection. 31, When the receptor-
binding domain (RBD) of the spike protein of the coronavirus SARS-CoV-2 link to the human
angiotensinconverting enzyme 2 (ACE2), an infection cascade is triggered *2. The aptamer
effectively protects host cells from infection by inhibiting the reaction between the spike
protein and the ACE receptor. These findings, in the treatment of COVID-19, raise hope for
aptamer-based therapies.

Use of aptamers in targeting drug delivery systems: Aptamers link with receptors on
the cell membrane and intercede themselves or combine with nanoparticles to penetrate inside
cells. Aptamers utilized as a quixotic way targeting linkers for drug delivery. Because of its
great advantages, various aptamer-mediated drug delivery protocols have been developed to
treat cancer and other illnesses. Many research papers demonstrated the effect of drug-laden
nanoparticles that work with aptamers on cancer cells 33 34 For instance, Aravind et al.
utilized polymeric nanoparticles composed of poly lactic-co-glycolic acid (PGLA),
immobilized with AS1411 and carry paclitaxel (PTX). They were able to target cancer cells in
the lab and demonstrated that the cancer cells' viability was significantly reduced after
incubation with the drug-loaded aptamer-modified particles. After targeting cancer cells, drug
release was stimulated 3. The second example is anti-gp120 aptamer as a therapy for AIDS
385 The viral surface protein, gp120, is interrelated with the viral contagion. HIV-1 infects
target cells by linking gp120 to CD4 cellular receptors and chemoreceptors like CXCR4 and
CCRS. In the paper, Zhou et al. utilized anti-gp120 aptamers as siRNA-delivery compounds,
an in vivo inhibitory virus siRNA delivery and strong suppression of HIV-1 replication. In like
manner, Pan et al. prepared an innovative system that uses bispecific circular aptamers (bc-
apts) to specifically bind protein cargoes and cell membrane proteins. 3. Lots of research laters
has demonstrated the wonderful capacity of the aptamer to targeting drug delivery 387-3%,
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Figure 1-38: The chitosan-laminated (pH-conscious), doxorubicin-loaded, aptamer-mesoporous
silica nanoparticle (MSN) bioconjugates drug transmittal method (Apt-DOX-COOH-ChiMSN) was
grown to target epidermal tumor determinant receptor (EGFR) and HER2 receptors by using the
aptamer as mean ligand for the point in a direction analysis of triple-negative feelings malignancy
and HER?2 beneficial breast malignancy .
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2 Chapter Two: Hypericum perforatum L.-Mediated
Green Synthesis of Silver Nanoparticles Exhibiting

Antioxidant and Anticancer Activities

2.1 Vorwort

This chapter contains the article “Chapter Two: Hypericum perforatum L.-Mediated Green
Synthesis of Silver Nanoparticles Exhibiting Antioxidant and Anticancer Activities” by
Abdalrahim Alahmad **, Armin Feldhoff 2, Nadja C. Bigall ?, Pascal Rusch 2, Thomas Scheper
tand Johanna-Gabriela Walter »*. Reproduced with permission from Nanomaterials 2021
(11(2), 487, DOI: 10.3390/nan011020487). Copyright 2021 MDPI.

Dieser Beitrag konzentriert sich auf die griine Synthese von Silber-Nanopartikeln (AgNPs) mit
einer GroRe < 100 nm fiir potenzielle medizinische Anwendungen unter Verwendung von
Silbernitratlésung und wassrigen Extrakten aus Hypericum Perforatum L. (Johanniskraut). Es
wurden verschiedene Synthesemethoden verwendet und hinsichtlich Ausbeute und Qualitét der
erhaltenen AgNPs verglichen. Es wurden monodisperse spharische Nanopartikel mit einer
GroRe von ungefahr 20 bis 50 nm erhalten, wie durch verschiedene Techniken (SEM, TEM)
aufgeklart wurde. XRD-Messungen zeigten, dass metallisches Silber gebildet wurde und die
Partikel haben eine flachenzentrierte kubische Struktur (fcc). SEM-Bilder und FTIR-Spektren
zeigten, dass die AgNPs von einer schiitzenden Oberflachenschicht bedeckt sind, die aus
organischen Komponenten besteht, die aus dem Pflanzenextrakt stammen. UV-Vis-
Spektroskopie, dynamische Lichtstreuung und Zeta-Potential wurden auch fur biologisch
synthetisierte AgNPs gemessen. Basierend auf den erhaltenen Ergebnissen wurde ein
maoglicher Mechanismus vorgeschlagen, Silberionen zu Silbermetall zu reduzieren und es in
nanoskaliger Form zu schitzen. Dariiber hinaus wurde gezeigt, dass die in der vorliegenden
Studie hergestellten AgNPs eine hohe antioxidativen Aktivitit gegen das Radikalkation 2, 2'-
Azino-bis-(3-ethylbenzothiazolin-6-sulfonsdaure),  Superoxid-Anion-Radikal —und  2,2-
Diphenyl-1-picrylhydrazyl aufweisen. Synthetisierte AgNPs zeigten eine hohe Zytotoxizitét,
indem sie die Zelllebensfahigkeit fir Hela-, Hep G2- und A549-Zellen hemmten.

2.2 Abstract

This contribution focuses on the green synthesis of silver nanoparticles (AgNPs) with a size <
100 nm for potential medical applications by using silver nitrate solution and Hypericum
Perforatum L. (St John’s wort) aqueous extracts. Various synthesis methods were used and
compared with regard to their yield and quality of obtained AgNPs. Monodisperse spherical
nanoparticles were generated with a size of approximately 20 to 50 nm as elucidated by
different techniques (SEM, TEM). XRD measurements showed that metallic silver was formed
and the particles possess a face-centered cubic structure (fcc). SEM images and FTIR spectra
revealed that the AgNPs are covered by a protective surface layer composed of organic
components originating from the plant extract. Ultraviolet-visible spectroscopy, dynamic light
scattering, and zeta potential were also measured for biologically synthesized AgNPs. A
potential mechanism of reducing silver ions to silver metal and protecting it in the nanoscale
form has been proposed based on the obtained results. Moreover, the AgNPs prepared in the
present study have been shown to exhibit a high antioxidant activity for 2, 2'-azino-bis-(3-
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ethylbenzothiazoline-6-sulfonic acid) radical cation, and super oxide anion radical and 2,2-
diphenyl-1-picrylhydrazyl. Synthesized AgNPs showed high cytotoxicity by inhibiting cell
viability for Hela, Hep G2, and A549 cells.

Keywords: Hypericum perforatum L. (St John’s wort); silver nanoparticles (AgNPs);
mechanism of green formation of nanoparticles; DPPH; ABTS; antioxidant and cytotoxicity
effects

2.3 Introduction

Over the past decades, silver nanoparticles (AgNPs) have received considerable research
interest, due to their unique chemical and physical features, and promising usages . The use
of environmentally benign materials to synthesize nanoparticles provides many benefits
including eco-friendliness and compatibility to pharmaceutical and biomedical applications
because of the avoidance of toxic chemicals in the synthesis protocols. Green synthetic
methods for nanoparticles include biological methods, the use of polysaccharides, irradiation,
polyoxometalates, and the Tollens method °.

Biological methods include the use of algae to synthesize AgNPs at room temperature ;
moreover several microorganisms (diatoms, fungi, bacteria) are utilized to grow AgNPs
intracellularly or extracellularly such as colonic flora Klebsiella pneumonia, Escherichia coli,
Enterobacter cloacae, Bacillus subtilis, Penicillium, Vericillum, Fusarium oxysporum,
Pseudomonas stutzeri, Phanerochaete chrysosporium, Penicillium fellutanum, and other 7-°.
An exceptional work has been done in order to synthesize AgNPs using diverse biological
regimes which involve extracts from plants such as Carica papaya, Ocimum, Capsicum
annuum, leaves of Azadirachta indica, as well as many other plants 2°*”. The bioreduction of
silver ions to AgNPs occurs due to the presence of biomolecules that are found in plant extracts,
such as flavonoids, terpenoids, phenolic acid, alkaloids 3. The synthesis of nanoparticles
through the use of plant extracts attracts a lot of attention, mainly due to its simple methodology
which does not require a sophisticated process such as maintenance of microbial cultures and
multiple purification steps. Moreover, the biosynthesis can be adjusted to customize the size
and shape of nanoparticles by using various amounts of plant extract and metal ions in the
reaction medium %%, The biosynthesis of AgNPs is a complex approach, which is not fully
addressed yet 1. AgNPs are increasingly used in various fields because of their unique physical
and chemical properties. These include thermal, electrical, optical, high electrical conductivity,
and biological properties 124243, Because of their special characteristics, they have been used
for several applications, including in medical device coatings, as antibacterial agents, as
additives in cosmetics, and in the pharmaceutical industry, within the food industry,
orthopedics in diagnostics, in drug delivery, and as anticancer agents, where they enhance the
effects of anti-cancer drugs 4. Moreover, silver nanostructures were employed for treatment of
burns and wounds, for impregnating textile fabrics and as well as a contraceptive and marketed
as a disinfectant for water “# antibacterial for both, Gram-positive and Gram-negative
bacteria 452, antiviral 54-°8, in the electronics and optoelectronic devices >, antimicrobial and
antifungal agents %2 as optical labels such as in optical sensors %-%°, catalysts %7, drug
delivery systems %% and in the field of cancer treatment "3,
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Hypericum perforatum Linn., generally recognized as St. John’s Wort is a flowering plant and
is native in Asia and Europe. It belongs to the Hypericaceae family that contains more than
1000 species and about 55 genera. Hypericum genus possesses more than 450 species
distributed worldwide in tropical and subtropical regions "4, Hypericum perforatum (St. John’s
wort) has been used as traditional medicinal plant all over the world ”, due to its large diversity
of secondary metabolites with considerable pharmaceutical effects "®. Hypericum perforatum
Linn. has been proven to be potential in treatment of many different diseases like cancer, AIDS,
and depression "% H. perforatum exhibits analgesic, anti-inflammatory, antioxidant,
anticonvulsant, antidiabetic, and cytotoxic activities 8%, The significance of its most
important constituents like hypericin, hyperforin, flavonoids and their analogs is attributed to
their botanical safety and therapeutic efficacy 8. Hypericin is renowned as a photosensitizing
agent employed in the photodynamic therapy of viral infections and cancer. Lavie et al. &
demonstrated the inhibitory influence of pseudohypericin and hypericin against influenza
virus, herpes simplex virus types Il and I, and vesicular stomatitis. Lopez-Bazzocchi et al. &
and Hudson et al. 8 investigated the deactivation of sindbis virus, HIV-I, and murine
cytomegalovirus by treatment with hypericin and exposure to fluorescent light. Both
pseudohypericin and hypericin block the viruses by production of singlet oxygen upon light
irradiation ,

In this work, we report on the single step facile synthesis of highly water dispersible AgNPs
using aqueous extract of Hypericum perforatum Linn. To obtain AgNPs with desired
characteristics, such as small size and narrow size distribution, and high colloidal stability with
high yields, various protocols for the synthesis of AgNPs using plant extracts were used and
compared. Originally these protocols (Table 1) were established from different authors using
extracts of various different plants. Here we have used them to identify the protocol resulting
in highest quality of AgNPs with characteristics beneficial for drug delivery applications, in
particular a size between 10 and 50 nm, when using aqueous extracts of Hypericum perforatum
L. Resulting AgNPs were thoroughly characterized with regard to size and stability, as well as
with regard to the nature of the capping agent on the surface of the particles.

2.4 Materials and Methods

2.4.1 Materials

Aerial parts of Hypericum perforatum L. (St. John’s wort) were collected in June—July in
southeastern Syria during the flowering season. Silver nitrate; 1,1-diphenyl-2-picrylhydrazyl
(DPPH); potassium persulphate; 2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) were purchased from Sigma-Aldrich (Darmstadt, Germany), Filter paper Whatman 90
mm from GE Healthcare Life Sciences (Freiburg, Germany), 0.22 um nylon syringe Filter and
Sartolab Vakuumfilter 180C5; 0.22 um Polyethersulfon, 500 mL; syringe filter 25 mm, 0.45
um RC with GF prefilter; 0.45 um PTFE filter and Vivaspin 10 kDa from Sartorius
(Goettingen, Germany). Ethanol, methanol, and acetone were of HPLC grade from Roth
(Karlsruhe, Germany), and acetonitrile from VWR (Hannover, Germany). Water was purified
by a QM system from Sartorius (Goettingen, Germany).
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2.4.2 Preparation of Hypericum perforatum L. (St John’s Wort) Extract

Aerial parts of St John’s wort were collected from the Ghab Plain, Syria in June and July. The
plant was washed several times to remove dust and possible sludge. The samples were dried at
room temperature in the dark and ground in an electric grinder. The powder (350 mg) was
added to 800 mL of deionized water in a 1000 mL Erlenmeyer flask. The mixture was heated
to maintain a gentle boiling for 4 h until the volume was reduced to approx. 250 mL. The
extract was cooled to room temperature then clarified using Whatman filter paper (No. 40).
The extract was centrifuged at 23,015x g for 30 min, and then filtered through a 0.2 micron
filter. The resulting extract was stored in the refrigerator at 4 °C to be used directly in preparing
AgNPs or freeze-dried (solvent was evaporated under nitrogen gas at 30 °C to prevent
oxidation). This resulted in a yellow-brown solid with a yield of 19%.

2.4.3 Biosynthesis of Silver Nanoparticles

Aqueous St John’s wort extract were mixed with silver nitrate and placed on magnetic stirrer
with heating for a specific time (details given in Table 1) to obtain silver nanoparticles
(AgNPs). St John’s wort extract was used as a source of biological reducing and capping
agents. The influence of several parameters like concentration and the amount of silver nitrate
used, amount of the plant extract used, and the reaction temperature, was investigated by
conducting various experiential trials. Various protocols were employed to prepare AgNPs
using plant extracts to identify the most appropriate protocol. In fact, most of the reaction times
and conditions (proportion of silver ions and St. John’s Wort extract) in Table 1 are obtained
from the literature where other groups prepared silver nanostructures using other plant extracts.
The goal was to select the protocol that resulted in the best quality and yield of AgNPs when
using Hypericum Perforatum L extract. The methods are summarized in Table 1, more detailed
experimental procedures can be found in the supplementary materials. After obtaining the
AgNPs, the particles were washed with deionized water by using centrifugal concentrators
(Vivaspin 10 kDa) for at least ten times, to remove the residual organic compounds (Figure 1).
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Figure 2-1: Images of the some samples (a) immediately after preparation (b) when washed using
Vivaspin 10 kDa and (c) after washing. S mean sample Number.
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Table 2-1: Protocols used for AgNPs preparation, more details can be found in the supplementary
materials.

Volume of Silver in the Volume of Plant

Nsﬁmg:eer (Con?:aerrrl]t?;i[onrqllz_ngl Iéxtract in the Other Conditions
M) ample [mL]
1 10 0.6 The sample was diluted up to 10% 2
5 5 10 Mixt_ur_e was heated to 37 °C while
stirring at 200 rpm for 72 h
3 95 5 -
5 10 10 27
6 9 1 Sample was stirred at 200 rpm 26,30
for 48 h without heating
7 5 1 Sample was putitina m_icrowave
oven for 5 to 15 min %
8 5 1 Sample was placed in the incubator
(37 °C) for one hour %°
10 50 2 32
Sample was heated in a water bath at
= 20 200 a ter?merature of 75 °C for one hour
12 5 30 Room temperature for 2 days
13 5 95 Sampl_e was heated to 65 °C while
stirring at 200 rpm for 6 h
14 15 1 Sampl_e was heated to 37 °C while
stirring at 200 rpm for 2 h
15 5 5 Sa_mple was heated to 37 °C while
stirring at 400 rpm for 2 weeks
16 5 15 Sample_ was heated to 60 °C while
stirring at 700 rpm for 4-6 h
17 5 o5 Samp!e was heated to 37 °C while
stirring at 400 rpm for 2 weeks
18 5 30 Sample was heated to 37 °C while

stirring at 400 rpm for 2 weeks

5 mL (Concentration: Sample was heated to 60 °C while

19 0.01 M) 15 stirring at 700 rpm for 4 h
20 5 mL (Concentration: 0.1 15 Sample was heated to 60 °C while
M) stirring at 700 rpm for 2 h

2.4.4 Diphenyl-2-picryl Hydrazyl (DPPH) Assay

Several aqueous solutions of AgNPs (10400 ug/mL in deionized water) were prepared. Total
of 100 pL of each solution was added to 300 pL of 0.004% ethanolic DPPH free radical
solution and incubated for 30 min at room temperature under shaking condition. The
absorbance was measured by a UV-VIS spectrophotometer (Thermo Fisher Scientific,
Schwerte, Germany) at 517 nm; afterwards the results were compared with the corresponding
absorbance of standard ascorbic acid concentrations (10—400 pg/mL).
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2.4.5 2,2'-Azino-bis-(3-ethylbenzothiazoline-6-sulfonic Acid Radical Cation)
(ABTS) Assay

ABTS solution (7 mM in water) was mixed with 2.45 mM potassium persulphate in a ratio of
1:1 (v/v). The mixture was placed in the dark at room temperature for 18 h. The ABTS«+
solution was diluted about 20 times with water to reach an absorbance of 0.850 + 0.05 at 734
nm. About 150 pL of the diluted ABTSe+ solution was added to 50 pL of different
concentrations of the AgNPs and incubated for 6 min at room temperature. For the control, 50
ML of deionized water was used in place of AgNPs. Ascorbic acid was used as a positive
control. Absorbance at 734 nm was measured spectrophotometrically. The percentage of
inhibition was calculated using the same formula as in DPPH assay and the radical scavenging
activity of AgNPs is expressed as the 1C50 value.

2.4.6 Super Oxide Anion Radical (SO) Assay

The reaction mixture consisted of 50 puL Tris—HCI buffer (16 mM, pH 8.0), 50 uL NBT
(nitroblue tetrazolium; 0.3 mM), 50 uL NADH (B-nicotinamide adenine dinucleotide, reduced
disodium salt hydrate; 0.936 mM) and 100 pL of various concentrations of AgNPs in water.
The reaction was initiated by adding 50 pL of PMS (phenazine methosulfate) solution (0.12
mM) to the mixture. The dissolved oxygen from the PMS/NADH coupling reaction reduces
NBT to produce the superoxide anion. The reaction mixture was incubated at 25 °C for 5 min
and the absorbance was measured at 560 nm against a blank sample. Gallic acid was used as a
positive control and every sample was measured in triplicate to calculate the mean values and
standard errors of mean (SEMs). By comparing the results of the test and the control, the
percentage of inhibition was determined.

2.4.7 Cell Culture and Estimation of In Vitro Cytotoxicity of AgNPs

For cell culture experiments, HelLa, HepG2, and A549 (CLS Cell Lines Service GmbH,
Eppelheim, Germany) cells were seeded and grown in Dulbecco’s modified Eagle medium
(DMEM) (Merck KGaA, Darmstadt, Germany) supplemented with 10% fetal calf serum (FCS)
(Merck KGaA, Darmstadt, Germany) and 1% penicillin streptomycin (PS) at 37 °C in 95% O
and 5% CO». The cells were sub-cultivated, when the confluence reached almost 80%. The
number of cells was calculated employing hemocytometer and suspended trypsinized cells. For
Cell Titer Blue (CTB, Promega, Germany) cell viability test, cell suspension with concentration
of 8 x 104 cell/mL was prepared and 100 pL of suspension was added to every well of the 96-
well plate (VWR, Hannover, Germany), corresponding to 8000 cells per well. Plates were
incubated at cell culture conditions as stated above for 24 h, then medium was removed from
wells and 100 pL of different concentrations (0, 0.35, 0.7, 1.4, 2.77, 5.54, 11.07, 22.14, 44.28,
and 88.56 pg/mL) of AgNPs dispersed in medium were added (four replicates per
concentration). Control contained no AgNPs. Plates were incubated at the same conditions as
stated above for cell culture for 2, 5, 8, and 24 h for Hela and HepG2 and only 24 h for A549.
After the incubation time specified for each sample, medium from control and AgNPs-
containing media were removed, then 100 uL of prepared CTB solution (Promega, Cat.
Number G8080, Walldorf, Germany) (1:10 (v/v) in basal medium) was added into every well,
in order to indirectly evaluate cell viability (metabolic activity and relative cell number). As
blank for the measurement, four completely empty wells were filled with Cell Titer Blue
prepared solution, then the plates were incubated under the same conditions mentioned
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previously for one hour. Current fluorescence was measured in every well in the plates using
microplate fluorometer (544Ex/590Em) (Fluoroskan Ascent, Thermo Electron Corp, Waltham,
MA, USA). The fluorescence of blank was subtracted from fluorescence of every concentration
then relative cell viability was expressed as a percentage to positive control. The relative cell
viability for every sample was commensurate with values of fluorescence and was calculated
according to the following formula:

Fluorescence of sample — Blank

Relative cell viability (%) = 100

X
Fluorescence of control — Blank

Origin (Version 8.5) was used to calculate the half maximal inhibitory value (1Cso).

2.4.8 Characterization

The synthesis of the AgNPs in aqueous solution was monitored by recording the absorption
spectra in a wavelength range of 300-700 nm using a Nano Drop ND1000 Spectrophotometer
(Thermo Scientific, Wilmington, DE, USA). The hydrodynamic diameter of AgNPs was
determined via DLS (Dynamic light scattering), and zeta potential and isoelectric point was
measured using Zetasizer Nano ZS MPT-2 (Malvern, Worcs, United Kingdom). For Fourier
transformed infrared (FTIR) measurements, samples were analyzed on a Bruker FTIR Vertex
80 v spectrometer (Billerica, MA, USA) which was operated at a resolution of 2 cm™, 32 scans
in the region of 5000-370 cm™, ATR type platinum diamante A225 with evacuated to less than
1 hPa or without evacuating. Scanning electron microscopy (SEM) and energy-dispersive x-
ray spectroscopy (EDXS) analyses were made on a field-emission instrument of the type JEOL
JSM-6700F (Tokyo, Japan), which was equipped with and EDX spectrometer of the type
Oxford Instruments INCA 300. Secondary electron (SE) imaging and EDXS were made at an
acceleration voltage of 0.5 kV and 15 kV, respectively. X-ray diffraction (XRD) was performed
on a Bruker D8 Advance diffractometer (Karlsruhe, Germany) using Cu-Ka radiation (A =
0.154178 nm). Diffractograms were recorded in the 20 range between 15° and 110° in steps of
0.008 degrees per second. Specimens were prepared as a thin film by dropping an aqueous
solution of AgNPs onto a <911>-cut polished silicon crystal as support. Then, specimen was
dried slowly in air. Alternatively, powder that was received after freeze drying of AgNPs
colloidal solution was used. Transmission electron microscopy (TEM) and EDXS, were
performed using a field-emission instrument of the type JEOL JEM-2100F-UHR (Tokyo,
Japan), which was operated at an acceleration voltage of 200 kV. The microscope was equipped
with an EDX spectrometer of the sort Oxford tool INCA 200 TEM. TEM analyses were
performed in both, the image mode (bright field (BF), dark field (DF), high resolution TEM
(HRTEM)) and selected area electron diffraction (SAED) mode. The nonexistence of preferred
orientation was checked in SAED of the sample by tilting the sample inside the mechanical
border of the goniometer (£19 angle of inclination). In scanning TEM (STEM), high-angular
dark-field mode was applied. We used Millipore water (resistance > 18.2 MQ cm ™) (Sartorius,
Goettingen, Germany) in all chemical reactions. Thermal gravimetric analysis (TGA) was done
by using TGA/DSC 3+ from Mettler-Toledo (Giessen, Germany), from 25 to 1000 °C at a rate
of 0.5 °C per minute with N2 gas flow.

79



Chapter 2: Green Synthesis of Silver Nanoparticles

2.5 Results and Discussion

2.5.1 UV-VIS Absorption Studies

UV-VIS analysis is an important technique for verifying the formation of nanoparticles in
colloidal solutions. Bioreduction of silver ions was visually clear from the color change. As St
John’s wort aqueous extract was mixed with silver nitrate, the color changed from pale light to
yellowish brown and the final color was reddish-brown, which indicates the formation of
AgNPs °1. Various colors were obtained (according to the concentration of AgNPs in solution
and their size). The change of the color arises as a result of surface plasmon vibrations in
AgNPs 2 9293 Figure 2 shows the UV-VIS spectra for the different samples obtained with
different biosynthesis conditions as summarized in Table 1. The change of absorbance at Amax
is due to its dependence on the Ag NP concentration. The UV-VIS spectra showed the
appearance of different absorption maxima between 392 nm and 460 nm, indicating the
formation of silver particles with nanometer-sized dimensions. According to Figure 2, the peak
for sample 16 (Table S1, supplementary materials) is sharp and high, while for some other
samples (like 15, 17, 18, and 19) the peak is broad and less intense. Also there are broad peaks
with low intensity (like for samples 1, 11, 3, and 14, Table S1, supplementary materials); also
other peaks are barely detectable (like for samples 8, 10, 13, and 14). The broadening of peaks
for some samples indicates that the nanoparticles were aggregated or the nanoparticles were
polydisperse. The spectra of sample 16 shows a narrow SPR band with a maximum at 442 nm
indicating the formation of uniform spherical nanoparticles (monodisperse AgNPs), which is
further confirmed by the TEM images (Figure 6). After comparison of the different protocols
summarized in Table 1 we found that protocols 15-20 gave the best results in UV-VIS, DLS
and zeta potential but protocol 16 resulted in highest quality (in terms of size, shape and
dispersion), yield, and purity of AgNPs, because other samples (15 and 17—-20) contain other
substances in addition to silver, such as calcium and silver oxide and yield of AgNPs was low
compared to sample 16 as shown by XRD (Figure 10), EDX, and AAS analyses. Various
temperatures have been investigated for protocol 16, plant extracts were heated to different
temperatures (70, 80, and 91 °C) and silver nitrate was added to it, either at once or drop-wise.
It was observed that at elevated temperature silver nanoparticles were produced faster, but
particle size was bigger than for particles synthesized at 60 °C.

2.5.2 Measurement of Concentration through Absorption Peak in UV-VIS
Spectrum
Beer—Lambert Law was employed to calculate the AgNPs concentration as follows:

A=¢eXIlXc

A is absorbance, ¢ is size dependent molar extinction coefficient (Mt cm™), ¢ is the
concentration, and | is the length of the cuvette. The concentration was calculated by using the
absorption values obtained for our different samples, L = 1.0 cm, and the values of & molar
absorption coefficient (extinction coefficient, molar Abs) were taken from reference %,
assuming that the nature of the protection layer on the surfaces of nanoparticles does not affect
the value of this coefficient. All the details and results are found in Table S1 (supplementary
materials).
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Calculated concentrations were highest for samples 15, 16, 17, 18, 19, and 20. Consequently,
all further studies were performed with samples which give high concentrations of AgNPs to
identify the best synthesis in terms of size, size distribution, and quality of prepared
nanoparticles.
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Figure 2-2: UV-VIS spectra of AgNPs synthesized with varying amounts of AgQNO; and different
amounts of plant extract (numbers refer to the sample number shown in Table 1).

2.5.3 Dynamic Light Scattering (DLS)

The size determined via DLS technique is the hydrodynamic diameter of the theoretical sphere,
which diffuses at the same speed as the measured nanoparticle. Figure 3 shows the particle size
distribution of the best samples of AgNPs. It was found that the AgNPs size was in the range
of 44-112 nm. Hydrodynamic diameter for other samples are summarized in Table S2
(supplementary materials). A thin electric dipole layer of the solvent is adsorbed at the surface
of nanoparticles when these particles are dispersed in solutions. This layer affects the motion
of particles in the solutions, so the hydrodynamic diameter describes the metal core with any
stabilizer substance and the solvent layer. Thus DLS measures the size of nanoparticles with
the solvent molecules attached at its surface. In colloidal solutions when one layer of stabilizer
(protective or capping agent) adsorbed at the surface of nanoparticles, the diameter increases,
and commonly multiple layers of stabilizers and water molecules are present. Therefore, the
protective layer and the interaction with the solvent molecules are taken into account in DLS
measurements. The hydrodynamic diameter depends on different factors like the electrical
conductivity of the solution, intensity (intensity diameter distribution may therefore inherently
be weighted to bigger diameter than number distribution, due to the fact that the scattering
intensity is proportional to size6), concentration (multiple scattering causes bigger diameter).
The presence of multiple scattering at some concentrations can cause large errors in the
measured average hydrodynamic size of the AgNPs. Using the same device, zeta potential was
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measured. The surface charge is beneficial for determining the stability of colloidal solution
(Figure S1, supplementary materials). The average zeta potential value is =18 mV to —34 mV.
The high negative potential is associated with high stability, high colloidal quality, and good
dispersion of AgNPs as a result of electrostatic repulsion.
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Figure 2-3: DLS analysis of AgNPs, hydrodynamic diameter of selected samples.

2.5.4 Fourier transformed infrared (FTIR) Spectroscopy

FTIR spectroscopy was used to prove the existence of an organic compound layer on the
surfaces of the nanoparticles and to obtain knowledge of the functional groups on the surface
of nanoparticles. AgNPs were examined by thermo-gravimetric analysis (TGA) to prove the
existence of organic compounds from H. Perforatum extract at the surfaces of silver
nanoparticles (Figure S3, supplementary materials). FTIR spectroscopy confirmed the
existence of biological components surrounding the AgNPs as a stabilizer. However, due to
the complexity of the used plant extract and the fact that most likely more than one substance
is adsorbed on the surface of the AgNPs (The detailed composition of the plant extract, the
concentration of individual substances, and determination of phytochemicals adsorbed as a
protective layer on the surface of AgNPs are currently under investigation and will be included
in a follow-up manuscript), interpretation of the FTIR spectra is difficult. The FTIR spectra for
AgNPs obtained with Hypericum perforatum L. extract are shown in Figure 4. The major peaks
of the spectra were assigned to their chemical constituents as summarized in Table S3,
supplementary materials. Biomolecules and secondary metabolites originating from the plant
extract promote the stability of AgNPs by electrostatic and steric effects. Hydroxyl groups of
the biomolecules in St John’s wort, enhance the stability of AgNPs. The hydroxyl-containing
biomolecules are protecting the particles for longer periods. Interestingly, the bond vibrations
of hydroxyl group (3335 cm™) for AgNPs capped with biomolecules from plant extract lost
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some of their intensity and had a red shift (to 3338 cm™) compared to the same peak of plant
extract alone (Figure 4b). This mainly happened because of the exploitation of hydroxyl groups
in the capping and protective action around AgNPs.
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Figure 2-4: ATR spectra of AgNPs synthesized with St John’s wort extract obtained using a Bruker
FTIR Vertex 80 v spectrometer apparatus, (a) without vacuum and (b) with vacuum.

2.5.5 Scanning Electron Microscopy (SEM)

SEM was used to characterize the morphology, size, and size distribution of AgNPs. Samples
were prepared by placing the colloids onto a clean polished carbon holder. Afterwards all water
was completely evaporated. From Figure 5 it is obvious that the nanoparticles are spherical in
shape and exhibit narrow size distribution with a size varying between 20 and 60 nm.

2.5.6 Transmission Electron Microscopy (TEM)

TEM images show that the AgNPs are well dispersed and predominantly spherical in shape
(Figure 6) with a narrow size distribution which corresponds to the shape of UV-visible spectra.
The AgNPs sizes corresponds to that calculated from DLS histogram (Figure 3) with an
average diameter of about 20-50 nm. Some agglomerates can be observed, which might be
formed during sedimentation within the washing process. The average size estimated was 40
nm for sample 16. In contrast to DLS, the diameter determined by TEM does not include any
hydration layer, so with TEM the metal core size is measured. The energy-dispersive X-ray
(EDX) spectra were studied from SEM and TEM apparatuses (Figure 7 and Figure S4,
supplementary materials). EDX spectra show the presence of silver as an element and strong
signals from atoms in the nanoparticles affirm the reduction of silver ions into silver metal. The
AgNPs show an optical absorption band peak at 2.8 keV, 3.5 keV, and 3.8 keV corresponding
to the binding energies of Ag-L, Ag-M, which are typical for the -absorption of metallic
AgNPs. The presence of oxygen and carbon clearly shows that an organic layer is present on
the surface of AgNPs. Detected phosphorus originate from the used TEM device and Cu signal
is due to high-resolution pole piece and Cu-based TEM grid and does not belong to the
specimen. Also, we have identified the amount of oxygen in two different positions (one with
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AgNPs, one without AgNPs); the percent of oxygen was same, which shows that prepared
AgNPs consist of silver and do not contain silver oxides; (see Figures S5 and S6 in the
supplementary materials).

Figure 2-5: SEM images for the sample 16 at different magnifications, (a) 50,000x%, (b) 100,000, (c)
200,000%, (d) 220,000x.

Figure 2-6: TEM images for the sample 16 at different magnifications. (a,d) Bright-field transmission
electron microscopy (BF-TEM), (b,c,g,h) scanning transmission electron microscopy dark-field
(STEM-DF) and (e,f) high resolution transmission electron microscopy (HRTEM).
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Element Weight % Atomic %
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Figure 2-7: TEM-EDXS analysis of the sample 16 of AgNPs.

2.5.7 High-Resolution Transmission Electron Microscopy and Nano-Diffraction
Patterns

Selected area electron diffraction patterns (SAED) recorded on the regions Figure 8a,c are
presented in Figure 8b,d. The observed Debye-Scherer rings are completely enclosed,
indicating the Ag nanostructure is highly crystalline in nature (see more explanation about
SAED in supplementary materials). The rings change from continuous to dotted as the size of
the polycrystalline grains increases. When the size of the grains is too small or the material is
completely amorphous, the concentric rings disappears and leaves a halo just around the bright
spot in the center, which shows that the electrons are diffracted randomly from the material of
the amorphous structure. If the grains in the sample are oriented in a preferred direction, the
SAED pattern shows that many rings are partial. If the sample is amorphous, diffuse rings will
be obtained, while crystalline samples will result in bright spots, and if the sample is
polynanocrystalline (small spots making up a rings, each spot arising from Bragg reflection
from an individual crystallite) ®>%, We calculated the d-values (the spacing between lattice
planes) and by comparing this value with d-value of different phases of silver in literature, we
can identify the type of crystal lattice. For the first three rings (from inside to outside of the
central ring) in the SAED images (Figure 8b,d) these values correspond to (111), (200), (220)
planes of face-centered cubic (fcc) structure of elemental silver °. Figure 9 shows the HRTEM
images for sample 16 and the corresponding Fourier spectra (equivalent to optical diffraction
patterns), that were obtained by fast Fourier transformation (FFT) process for HRTEM images.

FFTs were used for better understanding of the nanoparticles orientation in relation to an
electron beam. These orientations are suggested in the insets. Figure 9 clearly indicates the
crystalline nature of AgNPs by very well separated individual lattice fringes (the spacing of 2.4
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and 2.5 A corresponds to the lattice spacing of (111) plane of pure silver and the spacing of 2.0
A corresponds to the lattice spacing of (200) plane of pure silver). It must be noted that the
planes (111) were a little distorted where its value is 2.4 A compared with bulk value 2.35911
A as exhibited in FFT pictures for these nanoparticle. Therefore, there is a distortion in the
particle of about 2% and 6% (expansion) along the directions 2.

5 1/nm

Figure 2-8: (b,d) Selected area for electron diffraction (SAED) patterns showing rings corresponding
to the crystal planes of AgNPs structure. (a,c) Bright-field transmission electron microscopy (BF-TEM).
The SAED patterns recorded at nominal camera length 1000 mm.

Figure 2-9: (a—d) High resolution transmission electron microscopy (HRTEM) images in different
orientations of AgNPs from sample 16 and (e-h) the corresponding characteristic fast Fourier
transformation FFTSs. this figure shows clearly the crystalline nature of AgNPs through the fully
isolated solo lattice fringes (the spacing of 2.4 A is compatible with the lattice spacing of plane (1 1 1)
of pure silver and spacing of 2 A is compatible with the lattice spacing of plane (2 0 0) of pure silver).

2.5.8 X-ray Diffraction (XRD)

The X-ray diffraction pattern of AgNPs synthesized by using Hypericum perforatum.L as a
reducing and capping agent is shown in Figure 10. Indexing process of powder diffraction
pattern was carried out and Miller indices (h k I) for each peak were determined (Table 2). A
number of strong Bragg reflections were observed at 20 of 38.2461°, 44.4345°, 64.596°,
77.5785°, and 81.7060° (for sample 16 at different times; when repeating the experiment
always with the same conditions). These diffraction peaks correspond to the (111), (200), (220),
(311), and (222) planes of AgNPs, and confirm the face-centered cubic (fcc) lattice structure
of the biosynthesized AgNPs (JCPDS: File No. 03-065-2871). We did not find any unexpected
diffractions and this proves that there are no crystalline impurities 2. All the reflections off
the sample 16 agree with fcc structure of pure silver. In materials mono-atomic fcc structure,
the strongest reflection should be from (111) plane. This is clearly observed in our sample No.
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16. So we can conclude that the degree of crystallization and purity of AgNPs is very high. The
diffraction peaks are broad indicating that the size of the crystals is small '°. The lattice
parameter or unit cell edge (a) is 4.07 A (JCPDS file no.04-0783) for materials which have fcc
crystal structure. Using the equation 1%4:

a=d x Vh?+ k% +1?

We calculated the experimental lattice constant from the peaks (111), (200), (220), (311) and
(222) in the XRD pattern and it was 4.07 A (Table 2), which means that that both, theoretical
and experimental values are identical.

Table 2-2: Calculation of Miller indices and lattice constant for sample 16 from diffraction angles.

Sin 20/Sin 26 (Sin 26/Sin 20

2 2 .
20(0) Sin20 fortheFirst forthe First " oK F (hiy SI200 4Ry 4 (A
19) h? + k? + 1
Peak Peak) x 3
382461 0.1073 1 3 3 111 0036 23531 407
444345 014297 1332 3.996 4 200 0036 20387 407
64506 028551  2.661 7.983 8 220 0036 14427 407
775785 039245  3.658 10.974 11 311 0036 12306 4.07
817060 042787  3.988 11.963 12 222 0036 11785 4.07

Here it should be noted that the ratio between the intensities of the (200) and (111) diffraction
peaks is slightly less than the theoretical value (Table 3). While this value for plane (220)
ranges from smaller to larger than conventional value and it is also for the two planes (311)
and (222). This can be attributed to the effect of “preferred orientation.” Besides the signature
“broadening” due to the nano-size of the particles, we should also see the contribution due to
preferred orientation.

Table 2-3: Ratio between the intensities of the diffraction peaks for samplel6.

Diffraction Peaks Sample Value Theoretical Value
(200) and (111) from 0.24 t0 0.38 0.45
(220) and (111) from 0.19t0 0.35 0.24
(311) and (111) From 0.15 to 0.25 0.25

Determination the particles size of the AgNPs for many samples from Debye-Scherrer’s
Equation are calculated (Table S4, supplementary materials). The calculated crystallite size of
as-prepared Ag-NPs (~24-27 nm) for sample 16 is compatible with the values obtained from
SEM and TEM. The crystallite size of Ag-NPs for sample 16 (~10-15 nm) is rather small
compared to the average nanoparticle size estimated from SEM and TEM analysis (~25-40
nm), suggesting that there are small nanocrystals in the multiple twined AgNPs. As a result of
the crude nature of St. John’s wort extract, it may also contain ions, salts, and metabolites.
These ions were reduced during the reaction to get other metals like calcium (Ca) (Figure 10Db).
In other cases, silver ions may oxidize in the medium of the reaction to obtain silver oxide as
is the case in the sample 20 (Figure 10c).
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Figure 2-10: XRD diffractograms for different samples, (a) for sample 16 at different periods, (b) for
samples 15, 17 and 18 which clearly show the formation of calcium with silver in the solution, (c) for
sample 20 which clearly show the formation of silver oxide.

2.5.9 Possible Mechanism of Biosynthesis of Silver Nanoparticles by Plant

In the past years, researchers focused on the synthesis of nanoparticles by green methods,
because these methods have a lot of advantages which have been mentioned earlier. One of the
most commonly used green methods is using plant extracts. The important question in this case
is: Which molecules or substances in the plant extract play a role as a reducing and protective
agent? Many compounds (secondary metabolites or photochemicals) were identified, which
effectively reduce silver ions and stabilize silver nanoparticles: polyphenols (flavonoids,
catechin, phenylpropanes, phenolic acids, anthocyanins, proanthocyanidin, taxifolin, flavones
and biflavones), alcoholic compounds, organic acids (tartaric, ascorbic, protocatechuic, oxalic,
and malic acid), mono and polysaccharides, amino acids, terpenoids, quinones, an tioxidants,
glutathiones, and alkaloids (see Table S5, supplementary materials). As seen in Figure 11 and
Table S5 (supplementary materials), polyphenols and flavonoids are the most common
compounds which have been revealed to be involved in the green synthesis of AgNPs. The
extract of aerial parts from Hypericum perforatum L. is rich in polyphenolic compounds
(Figure 11) and contains six major bioactive natural products groups: (1) naphthodianthrones
(such as hypericin and pseudohypericin), (2) phloroglucinols (such as hyperforin and
adhyperforin), (3) flavonoids (such as quercetin, rutin, quercitrin and kaempferol), (4)
biflavones (such as 3,8'-biapigenin and amentoflavone), (5) phenylpropanes (such as
chlorogenic acid and caffeic acid), and (6) proanthocyanidins (such as dimeric procyanidin B2
and trimeric procyanidin). In addition, there are some amounts of tannins (such as
proanthocyanidins), xanthones (such as 1,3,6,7-tetrahydroxyxanthone and kielcorin), essential
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oils (hydrocarbons and long chain alcohols), and amino acids (such as y-aminobutyric acid)
(Figure 11) 7710516 _Cyrrently there is no literature available describing the mechanism for the
metabolites reduction and stabilization of AgNPs. The biomolecules existing in the Hypericum
perforatum L. extract (such as flavonoids, hypericins, hyperforins, mono- and polysaccharides,
phenolic acids, etc.,) interact with silver ions and convert them into nanoparticles. The
mechanism of AgNPs formation consists of mainly three steps: reduction of ions to get metal
atoms, clustering of some atoms resulting in small clusters (Figure 12b), and growing of these
clusters and protection of formed NPs by capping agent to prevent aggregation (Figure 12). All
of these steps depend on precursor concentration (AgNO3), the concentration of reducing and
stabilizing agent in the plant extract, pH of medium, temperature and stirring speed 7.

Hyperforin:  R=H Hypericin: R=H

Adhvoerforin: R=CH3 - Pseudohypericin: R=0H

d)

R, Ry R

® Quercetin OH OH H

® Hyperoside b-D-galctosyl OH H

® Rutin b-D-rutinosyl OH H

@ [soquercitrin b-D-glucosy! OH H 13", 118-biapigenin (= amentoflavon)
® Quercitrin a-L-rhamnosyl OH H

® Kaempferol OH H H 13, 118-biapigenin

® Kaempferol-3- 0-b-D-glc- (6<-1)a-L-tha  H H

rutinoside

Figure 2-11: The most important constituents of Hypericum perforatum L. (a) represent general
formula of Hyperforins, (b) Hypericins, (c) chlorogenic acid, (d) Flavonoids and (e) Biflavones
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Figure 2-12: Simplified scheme shows (a) the stages of the formation of nanoparticles that are stable
and protected from aggregation, (b) formation of small clusters and their growth (nucleation and
growth).

The -OH groups present in polyphenols compounds in H. perforatum L. such as flavonoids
may be responsible for the reduction of silver ions to AgNPs %, It is possible that the
tautomeric transformation of these compounds from enol to keto form releases a reactive free
electron which reduces silver ions to metallic silver 1°°. Our data shows that molecules from H.
perforatum L. extract were responsible for the stabilization of the AgNPs, as FTIR spectra of
both, AgNPs and H. perforatum L. extract, demonstrated the presence of similar functional
groups. Stabilizing biomolecules often contain more than one potential bidentate binding sites
that can produce protons such as quercetin: a-hydroxy-carbonyl, B-hydroxy-carbonyl, and
catechol having two hydroxyl groups in ortho positions, can produce two protons which can
react with nitrate anions, i.e., one molecule of quercetin reduces two silver ions 10111 H,
perforatum L. contains a large amount of polyphenols (phytochemicals or secondary
metabolites) which have hydroxyl and ketonic groups. These compounds that have an hydroxyl
group linked to carbon atoms in the aromatic ring react with silver ions as acid and reduce Ag
ions to Ag metal in the nano size and protect it from aggregation (i.e., the crystals of Ag start
to appear and grow from metallic Ag after the supersaturation of hydroxyl complexes Ag-OH)
112113 The process continues until the specific growth of all the silver crystal planes, i.e., the
stabilizer from the extract will inhibit the growth of high-energy atomic planes. These AgNPs
are found in high surface-energy state and tend to turn into their low-surface energy form by
aggregating with each other, so the biomolecules from H. perforatum are attracted toward the
higher-energy crystallite planes and function as protective agent to hamper the growth. Thus,
the existence of higher concentrations of reducing and protective agents inhibits the
aggregation of nanoparticles and results in smaller size of AgNPs. Figure 13 showed the
proposed mechanism of biosynthesis of AgNPs by using H. perforatum L. as a reducing and
protective agent. Quercetin was used as an example because many of the phytochemicals
present in this plant extract have a chemical structure similar in terms of the presence of
hydroxyl groups associated with aromatic rings. The phytochemicals that act as a reducing
agent are not necessarily the same which play a role as protective agents.
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Figure 2-13: Scheme represents the proposed mechanism of green synthesis of AgNPs from
Hypericum perforatum L. (quercetin was used as an example, because many of the phytochemicals or
secondary metabolites present in this plant extract have a chemical structure similar to the chemical

structure of quercetin in terms of the presence of hydroxyl groups associated with aromatic rings).
These organic compounds reduce silver ions to silver metal, and when small clusters form and grow,
the organic compounds are placed on the lattice planes to force them to grow in specific directions in
order to obtain a certain crystal lattice (face centered cubic fcc in our case). At the same time, they
prevent the aggregation of the nanoparticles and promote the production of smaller NPs.

2.5.10 Determination of Antioxidant Activity

Several abiotic stresses lead to the overproduction of highly toxic and reactive oxygen species
(ROS). These reactive oxygen species are known to cause damage to DNA, carbohydrates,
proteins and fats, build oxidative stress and lead to the induction of various diseases.
Nanomaterials and especially AgNPs represent promising candidates in the search for
enhanced antioxidants. It has been shown that silver nanoparticles have the capacity to reduce
oxidative stress due to their effective redox-active radical-scavenging properties. Moreover,
the used plant extract contains bioactive phytochemicals like polyphenols. These bioactive
components could display potential antioxidant activity. Since the silver nanoparticles
presented here are synthesized using plant extracts, this can result in enhanced antioxidant
activity and thus open exciting possibilities for the development of superior antioxidants.
Antioxidant testing methods are different and it is difficult to compare one method to another.
Therefore the total capacity of the antioxidant cannot be assessed on the basis of a single
antioxidant test form, so use of combination of various tests is always useful.

2.5.10.11-1,1-Diphenyl-2-picryl Hydrazyl Assay

The antioxidant activity of AgNPs was measured with regard to their scavenging activity of
the stable 1, 1-diphenyl-2-picryl hydrazyl (DPPH) free radical. DPPH is commonly used to
detect the scavenging capacity against radicals in the chemical assay. DPPH is a renowned
radical and a snare to other radicals (scavenger). The inhibitory concentration 50% (ICso) was
determined from calibration curves, obtained from different concentrations of the different
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AgNPs. In the present study, AgNPs showed potential free-radical scavenging activity, this
means that AgNPs were able to reduce the stable, purple-colored radical, DPPH into the
yellow-colored DPPH. In Figure 14a, the 1Cso values are presented. AgNPs showed an ICspo
value of 35.88 pg/mL which was near that of standard ascorbic acid (ICsp = 35.44 pg/mL)
(Figure 14a). This demonstrates higher effectiveness of investigated AgNPs when compared
to others described in the literature 148, AgNPs exhibited scavenging average ranging from
30.47% to 76.63%, at concentrations 10-100 pg/mL. This indicates that the resulting activity
of the AgNPs is not only attributed to the nanosize, but it is further enhanced by the protective
agents (chemical constituents originating from the extract). The protective layer at the surface
of AgNPs may include acid, sugars, hydroxyl-phenolic and phenolic compounds, flavonoids
and others, which may be an additional source of the antioxidant activity.

2.5.10.22-2,2'-Azino-bis-(3-ethylbenzothiazoline-6-sulfonic Acid Radical Cation
Scavenging Assay (ABTS)

ABTS antioxidant activity was measured as described by S. Chanda et al. *'° with some minor
modifications, as described in the methods section. An inhibition of 27.7-92.6% was obtained
in the concentration range of 10-100 pg/mL (Figure 14b). By increasing the concentration of
AgNPs, the ABTS cation radical scavenging activity significantly increases, while at
concentrations above 100 pg/mL no further increase could be observed. The ICso value of
AgNPs was 26.78 pg/mL, which was near that of standard ascorbic acid (ICso = 23 pg/mL).
This indicates that AgNPs prepared with our method inhibit cation radicals more effectively
than AgNPs prepared by other biological methods 115 117:120-121

2.5.10.3Super Oxide Anion Radical Scavenging Assay (SO Assay)

Superoxide anions are extremely grave radicals and if not put down will cause the formation
of other risky radicals such hydrogen peroxide (H202), peroxyl (ROO"), hydroxyl (OH"),
superoxide (O2"), singlet oxygen (O2), nitric oxide (NO"), peroxinitrite (ONOO), and cyanide
(CN"). Superoxide causes the generation of vigorous and dangerous hydroxyl radicals and
singlet oxygen, which both contribute to oxidative stress. Results of the superoxide anion
radical scavenging activity of AgNPs and gallic acid are given in Figure 14c. As shown in the
figure, the quenching of super oxide radicals increase with increasing the concentration of
AgNPs. AgNPs at concentrations 10—400 pg/mL showed scavenging ranging from 29% to 93%
(Figure 14c). The I1Cso value of AgNPs was 27.77 pg/mL while that of gallic acid (the standard
in this assay) was 94 pg/mL indicating that the superoxide anions scavenging ability of AgNPs
is much better than that of gallic acid. Superoxide radical scavenging activity of investigated

AgNPs was higher as described in the literature for AgNPs synthesized by other methods 1**
117, 120, 122-127_
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Figure 2-14: Antioxidant activity of AgNPs (a) DPPH free radical scavenging activity, (b) ABTS radical
scavenging activity and (c) superoxide anion radical scavenging activity.

2.5.11 Determination of Time- and Dose-Dependent Cytotoxicity of
Biosynthesized AgNPs

In CTB test for evaluation of the cell viability, viable cells turn blue resazurin into pink
resorufin generating a fluorescent signal, while nonviable cells cannot do that because they lost
their metabolic activity. Both, the influence of exposure time, and AgNPs dose were studied.
The time ranged between 2, 5, 8 and 24 h, and the dose range of AgNPs synthesized utilizing
St John’s wort extract was between 2.5 pg and 88 pg/mL. The range of viability observed for
HelLa cells, Hep G2 cells, and A549 cells are shown in Figure 15a—c respectively. Actually and
as evident from Figure 15, by increasing the concentration of AgNPs, cell viability of the three
cell types studied in this research significantly decreased. For Hela cells, no difference in cell
viability was observed for different exposure times (2, 5, 8, and 24 h), but for the HepG2 cells,
the effect depends on the exposure time.

A549 cells were studied only after 24 h exposure to AgNPs. Distinctly, the cell viability
significantly dropped by about more than 90% at low AgNPs concentrations in a range of
11-20 pg/mL. AgNPs concentration range between 11 and 20 pg/mL has significant effect on
cell viability. AgNPs affected cell viability for each of the three studied cancer cell lines
dependent on exposure time and concentrations. No significant effect of the exposure time was
detected for HeLa cells (ICso value after 2 h incubation was close to the value after 24 h
incubation) compared with HepG2 cells (ICso value at 2 h incubation was about twice the value
after 24 h incubation). Cell viability of three cell lines (HeLa, HepG2, and A549 cells)
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decreased significantly after incubation with AgNPs at various concentrations, and toxic effects
of AgNPs on HeLa cells after 2 h (1Cso = 7.711) was more pronounced when compared to that
on Hep G2 cells (ICso = 12.44), while after 24 incubation hours, the values were closer to the
three cancer cells studied (ICso = 6.72 for Hela cells, 1Cso = 6.88 for Hep G2 cells, and I1Cs =
6.08 for A549 cells). These results proved the high cytotoxic effect of AQNPs on Hela, HepG2,
and A549 cells compared with previous research % 128135 regpectively, and it can be assumed
that this higher cytotoxicity originates from phenolic compounds from St John’s extract that
coat these nanoparticles. To achieve targeting we are currently working on the functionalization
of the AgNPs with cancer-specific aptamers. Thus our goal is to develop nanoparticles that
have a size that allows entering to the tumor site via EPR effect and to the cancer cells via
aptamers-mediated endocytosis, and are toxic to the cancer cell.
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Figure 2-15: Relative cell viability (%) of (a) Hela, (b) Hep G2 and (c) A549 cells as a function of
AgNPs concentration for 2, 5, 8, and 24 h determined by cell titer-blue cytotoxicity assay. The
experiments were performed with four replicates and standard deviation was calculated.

2.6 Conclusions

A simple one-pot green synthesis of stable AgNPs using aqueous St John’s wort extract was
reported. Preparation was found to be efficient in terms of stability as well as reaction time and
excluded additional stabilizers/reducing agents. It proves to be an environmentally friendly,
rapid green approach for the synthesis and provides a cost effective and an efficient way to
synthesize AgNPs. Thereby, this reaction path satisfies all the requirements of a green chemical
process. The synthesized nanoparticles were monodisperse, spherical, 20-50 nm in size,
crystalline in nature, and showed absorption at 392-420 nm. XRD study showed the face-
centered cubic lattice of AgNPs, EDXS analysis gives the optical absorption peak

94



Chapter 2: Green Synthesis of Silver Nanoparticles

approximately at 2.8 keV, 3.5 keV, and 3.8 keV, confirming the formation of metallic silver.
TEM and SEM analysis showed that most of the particles were spherical in shape with size 20—
35 nm. Prepared particles were surrounded with natural compounds from Hypericum
perforatum. The particles are stabilized by a protective layer composed of molecules
originating from the plant extracts which contain hydrophilic functional groups. The
synthesized AgNPs showed very high antioxidant activity against 2, 2'-azino-bis-(3-
ethylbenzothiazoline-6-sulfonic acid) radical cation, super oxide anion radical, and 2,2-
diphenyl-1-picrylhydrazyl radical, at very low concentrations. Moreover, the AgNPs decreased
cell viabilities of Hela, Hep G2, and A549 cells within a short time period of 2 h. AgNPs-
toxicity toward cells may be related to various properties such as high surface area, surface
charges and capping layer components, agglomeration, and lipophilicity. Organic molecules
from St John’s Wort coating AgNPs, which produce high surface charges, may play an
additional role in AgNPs-toxicity. In subsequent studies we will use cancer cell-specific
aptamers to achieve selective targeting of cancer cells. These biological synthesized and
aptamer-functionalized AgNPs could be useful in the medical field for the treatment of cancer.
AgNPs can not only be used as drug carriers but also represent the drug itself. In this case high
toxicity of the AgNPs is a favorable feature. To achieve targeting we are currently working on
the functionalization of the AgNPs with cancer-specific aptamers. Thus our goal is to develop
nanoparticles that have a size that allows entering to the tumor site via EPR effect, to the cancer
cells via aptamers-mediated endocytosis and are toxic to the cancer cell. This will be further
investigated in our future work on Allah’s will.

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1.
Figure S1: Zeta potential for best samples. Figure S2: Isoelectric point for sample 16 and it is
almost 1.18. Figure S3: TGA curve of Hypericum perforatum L-stabilized silver nanoparticles
(sample 16), showing the loss of weight from organic compounds (secondary metabolites)
placed on the surfaces of nanoparticles as a capping agent when the temperature increases.
Figure S4: SEM-EDX analysis of the sample 16 of Ag NPs as deposited on FTO glass. Figure
S5: TEM-DF images in two different places, (a) without silver nanoparticles (b) with silver.
Figure S6: nanoparticles TEM-EDX spectra for the sample 16 in two different places, Spectrum
3 with no silver nanoparticles and Spectrum 4 with silver nanoparticles. Table S1: The data
Amax (nM) of absorption peaks for different samples, absorption max, peak width (FWHM),
molar extinction coefficient which we obtained from the reference study [1] and the final
concentration of various sizes of biosynthesized silver nanoparticles. Table S2: Hydrodynamic
diameter for other samples. Table S3: The following table lists infrared spectroscopy
absorptions bands by its distinctive frequency regions. Table S4: Calculation of diffraction
angle, FWHM and crystallite sizes for sample 16 at different times and some other samples of
biosynthesized silver nanoparticles. Table S5: Plant components of plant material extract which
act as a capping and reducing agent during green synthesis of AgNPs from different plant
species.
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2.8 Supporting Informations
2.8.1 Experimental
2.8.1.1 Biosynthesis of silver nanoparticles:

2.8.1.2 Measurement of concentration through absorption peak in UV-VIS

Spectrum:
Table S 2-1: The data Amax (nm) of absorption peaks for different samples, Absorption may, Peak Width
(FWHM), molar extinction coefficient which we obtained from the reference study * and the final
concentration of various sizes of biosynthesized silver nanoparticles.

Absorptio
. Peak Length of A 0
n Peak — Absorptio Peak Form Width the cuvette e MiCm  CX10

i max 8
Number maximal n (FWHM) (cm) X10 mol/L
Amax (nm)

Sample

1 440 031 Wideand a0 0.1 880 0.3523
very low

Sharp Peak

2 430 0.182 with 75.32553 0.1 700 0.26
shoulders
Wide peak

3 430,5 0.101 with 139.40402 0.1 719 0.139
shoulders

5 442 0076 owand o 0.1 920 0.0826
expanded

Low wide
6 418,2 0.071  peak with 102.4439 0.1 477 0.149
shoulder
Small
sharp peak
with
shoulder

7 415 0.099 61.00594 0.1 415 0.239

Small and
wide peak
with
shoulder

8 445 0.079 68.19435 0.1 958 0.0793

very small
peak and
10 442 0.017  extended 99.2931 0.1 910 0.0187
with
shoulder
Wide peak
11 445 0.053 without 131.46316 0.1 967.6 0.0548
shoulders
High and
sharp peak
with
shoulder

12 427 0.177 79.72299 0.1 658 0.269

Broad peak

13 428 0.012507
very small

123,5337 0.1 678 0.0185

Sharp

14 415 0.1 small peak

64.44719 0.1 390 0.256
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without
shoulder

Sharp peak
15 460 0.435 without 151.81393 0.1 1162 0. 387
shoulders

Sharp peak
16 442 0.962 without  113.5924 0.1 920 1.05
shoulders

Small peak
17 460 0.295 but s.harp 121.67788 0.1 1162 0.254
with
shoulder
High and
wide peak
with
shoulders
Wide and
small peak
without
shoulders

18 448 0.453 153.02564 0.1 1000 0.453

19 442 0.162 125.21569 0.1 920 0.176

2.8.1.3 DLS (Dynamic Light Scattering)
Table S 2-2: Hydrodynamic diameter for other samples.

Sample hydrodynamic diameter Sample hydrodynamic diameter
Number [nm] Number [nm]

2 172.3 14 78.91

3 87.71 15 78.05

7 167.71 16 70.72

12 109.1 17 73.20

13 145.1 18 88.16

19 171.072 20 211.048

2.8.1.4 Isoelectric point

The point of zero charge (Isoelectric Point, IP) is the pH at which the electrical charge density
on the surface is zero. Usually it is determined in relation to pH of electrolytes, and the point
of zero charge value is assigned to a given colloidal particle (as in our case) or substrate. We
aimed to determine the isoelectric point of the AgNPs for three reasons:

First: to know at which pH value will be the electrical charges on the surfaces of silver
nanoparticles in the colloidal solution zero. Second: is the stability of nanoparticles in the
colloidal solution dependent on electrostatic Repulsion because nanoparticles will fall down
immediately in the solution when these forces become zero. Third: if the bond between the
protective layer and the surface of the nanoparticles is of the type:

@® Non-covalent bonds: which they are classified into various categories like hydrophobic
effects, pi effects, electrostatic and van deer Waals forces.
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® Chemisorptions: is a kind of adsorption which includes a chemical reaction among the
adsorbate and the surface.
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Figure S 2-2: Isoelectric point for sample 16 and it is almost 1.18.
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2.8.1.5 (FTIR) —Spectroscopy
Table S 2-3: The following table lists infrared spectroscopy absorptions bands by its distinctive

frequency regions.

Frequency oder
Characteristic
Absorptions (cm™)

Functional Group and
Type of Vibration?®

Frequency oder
Characteristic

Absorptions (cm™)

Functional Group
and Type of
Vibration 2°

C-H aromatic out of

Stretching OH+ C=C

672.5 ) 1527 .
plane bending aromatic
763 C-H aroma'Flc out of 1548 Stretching OH+ Cc=C
plane bending ortho aromatic
Substituted aromatic Stretchllng cox
. . 1617 Stretching CH
809 ring, C-H aromatic out . -
. sometimes1640 (flavonoidic
of plane bending
structure)
Substituted aromatic C=0 a, B or aryl
870,880,892 ring, C-H aromatic out 1733.7 —o borary
. conjugation
of plane bending
1017 Stretching OH 1738 Str. C=0 Normal
(aliphatic)
Stretching OH
1050 (aliphatic) or S=0 1748 C=0
sulfoxide
. These peaks confirm
h H
1066 stretching O 1923, 1934 the presence of
(aliphatic) .
aromatic ring
These peaks confirm
1077 c-0 1988 the presence of
aromatic ring
1103.6 Cc-0 2338 C-H bending
1145.5 C-0 2341 C-H bending
1204 sometimes Stretc'hlng OH .
1236 (aromatic) her said 2360
from 1202-1236
1230, 1242, 1251 C-O-C aromatic 2362
1265 Stretching OH 2849 Str C-H
1338 sometimes1330 Stretching OH 2917 Str C-H

Stretching OH or C-H

C-H sp3 stretch

1374 . 2901, 2972, 2987
bending
1394, 1406 OH group of phenolic 3216
compound or CH;
. 3385 sometimes OH stretching in
1443 C-H bending 3388 ohenols
Stretching CH,+

1451.5 Stretching OH 3685, 3674

1473 Str. C=C aromatic 3853.6

1382 C-H bending 1056 Cc-0
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2.8.1.6 Thermal gravimetric analysis (TGA)

AgNPs were examined by Thermo-gravimetric analysis (TGA) (TGA/DSC 3+" from the
company Mettler-Toledo) to prove the existence of biologically active secondary metabolites
from H. Perforatum extract at the surfaces of silver nanoparticles. The progressive increase in
temperature was adjusted between 25 °C — 1000 °C at heating rate of 0.5 °C/minute in flowing
N2. The TGA diagram of the covered silver nanoparticles synthesized using Hypericum
Perforatum L. extract (Figure S 3) exhibited a stable weight loss in the temperature range of
92-493 °C. The weight loss of the capped-AgNPs was a result of adsorption of bioorganic
metabolites at the surface of AgNPs (protective agent) and it was almost between 40-60 % with
moisture which is about 9 percent, this depends on the number of washing times with Vivaspin
tubes and the conditions of centrifugation used. Figure S 3 shows the progressive degradation
of capped-AgNPs in three steps with an increase in temperature. The first phase of degradation
which happened between 92 and 164 °C with a weight loss of 6.93% and this weight loss may
be attributed to surface adsorbed H>O molecules and some molecules of hexose ring. The
second and third phase of the weight loss occurred between 170-315 and 324-492 °C
consecutively, with a weight loss of 31.11 and 20.84 % respectively, this weight loss was due
to combustion of the protective layer (the metabolites from St john's extract which acts as a
capping agent at the surface of AgNPs when formed) which decomposition in two steps. In
summary the results of TGA analysis correspond to the results of FTIR and prove that resulted
silver nanoparticles from synthesis were mixed nature with strongly coordinated metal organic
framework.
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Figure S 2-3: TGA curve of Hypericum Perforatum L-stabilized silver nanoparticles (sample 16),
showing the loss of weight from organic compounds (secondary metabolites) placed on the surfaces
of nanoparticles as a capping agent when the temperature increases.
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2.8.1.7 Scanning electron microscopy (SEM):

Energy dispersive X-ray spectroscopy (EDX): Oxygen and carbon appearance clearly shows
that an extracellular organic layer covers the surface of AgNPs. The occurrence of another
element in the photomicrograph could be on the grating base FTO glass which is used for the
analysis.

Spectrum 2

Element Weight% Atomic%
CK 0.49 12.67
N K 2.71 6.26

(0] 4 1.04 51.38

SiK 0.11 2.54

ClIK 0.22 6.22

Agl 0.70 7.27

SnlL 1.34 13.66
Totals 100.00

ull Scale 2067 cts Cursor: -0.201 (0 cts) kev|

Figure S 2-4: SEM-EDX analysis of the sample 16 of Ag NPs as deposited on FTO glass

2.8.1.8 Transmission electron microscopy (TEM):

Through the two images Figure S5 and the spectrum Figure S6 we note the following: in a
place where there is no silver, the concentrations of all the other elements are same, especially
oxygen, this proves that what we got is only the silver metal and there are no silver oxides in
the samples. We note that the concentration of carbon is less where there is silver metal. This
indicates that silver is surrounded by a protection layer from the organic compounds present in
the extract, which means, it proves the presence of the organic layer on the surfaces of
nanoparticles.
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Figure S 2-5: TEM - DF images in two different places, a) without silver nanoparticles b) with silver
nanoparticles.

ke! ke

Figure S 2-6: TEM-EDX spectra for the sample 16 in two different places, Spectrum 3 with no silver
nanoparticles and Spectrum 4 with silver nanoparticles.

High resolution transmission electron microscopy and nano-diffraction patterns ®
11.

SAED is a qualitative analysis method of crystal structures from a spot diffraction pattern,
which is obtained from illumination of a parallel electron beam on a specimen. When entering
a selector (chosen-region) slot into the image level of the objective lens, is obtained a deviation
pattern from a sample area of a various 100 nm diameter. This method enables us to identify
the lattice type, lattice parameters and crystallographic orientation of this selected area. To
analyze patterns of SAED, we integrate the geometric relationship and Bragg's equation in the
reciprocal space:

2dsin©=A (Bragg's law)
Tan 20 =D/L  (geometric relationship in reciprocal space)

Where A is the wavelength of the electron beam, d is spacing between planes, 0 is the diffraction
angle, D is the distance between rings on the SAED pattern, L is camera length of TEM
apparatus. For too small diffraction angle 0, tan20 equals to 2sinf, thus for the spots on the
SAED pattern; d-spacings can be calculated by:
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d=D/(\L)

Each ring or spot in SAED pattern corresponds to a lattice plane of a specific miller index in
single crystal or a group of lattice planes of the same miller index family in the polycrystalline
sample. Whole spots on the pattern could be indexed. If the electron beam is fixed and the
sample rotates, several ring/spot will be activated, and another ring/spot might die far. It
depends on the diffraction situations described over. The diffraction pattern can be considered
as a finger print for a certain crystal. Generally, the electron beam diffracted by a single crystal
produces a diffraction spots pattern, but the specimen which consist of big number of little
randomly distributed grains produce a continued rings. This is because all these grains
contribute to the formation of diffraction pattern. Radius of the spots is inversely proportional
to the interplanar spacings dni Of lattice planes of crystals.

The method to index the SAED pattern can be explained step by step:

(1)  The diameter (2R), of each ring is measured using some image processing software
such as the image tool.

(2)  The radius value (R) of the diameter (2R) is taken.

3) By comparing this value with d-value of different phases of silver in literature (Joint
Committee on Powder Diffraction Standards (JCPDS) or ICSD data base), we can identify or
know the type of crystal lattice.

2.8.1.9 X-ray Diffraction (XRD)

The material consists of crystals in which the atoms are organized in a specific order. Since the
wavelength of the X ray is close to the distance between atoms in these crystals, the X-ray
diffraction suffers if they are coated on the material. The detector records the angles that are
curving at the crystalline planes of the X-rays and the intensities of these rays. In order for the
detector to collect all curvilinear rays, the detector moves around the axis of the shape on a
circle where the angles and corners of the vertices are generated by a two-dimensional plan
called the X-ray diagram. This diagram is characteristic for the material (fingerprint).

Determination of the particles size of the silver nanoparticle from Debye —
Scherrer’s Equation’?:

The broadening of the Bragg reflection peaks indicates that the crystallite domain size is in
nanosizes. The broadening at half maximum intensity of the diffraction peak is related to a
reduction in crystallite size, flattening and micro-strands within the diffraction domains. The
average particle size D was determined by using Scherrer’s formula:

b K. A
~ B.COS6

B is the full width at half maximum (FWHM), 0 is the diffraction angle, D is the average
crystallite size perpendicular to the reflecting planes and A is the X-ray wavelength, k is
constant, its value is close to one, and is related to crystalline shapes and lattice plane which
corresponding to studied peak, if we assume that the shape is spherical, k will be 0.9. The
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FWHM for each sample were taken from the (111) Bragg’s reflection and its value were
estimated by fitting the peaks using origin program.

Table S 2-4: Calculation of diffraction angle, FWHM and crystallite sizes for sample 16 at different
times and some other samples of biosynthesized silver nanoparticles.

20 B Size of the particle (D)
sample number

by degree FWHM (rad) nm
16 38.214 0.0057 25.6
16 38.230 0.0054 27.4
16 38.207 0.0061 24
16 37.796 0.015 10
16 38.207 0.0107 15
15 38.222 0.0072 20.3
17 37.939 0.0105 14
18 38.324 0.0069 21.4

The calculated crystallite size of as-prepared Ag-NPs (~ 24-27 nm) for sample 16 at some
times are compatible with the values obtained from SEM and TEM apparatus. The crystallite
size of Ag-NPs for some others of sample 16 (~10-15 nm) is rather smaller compared to the
average nanoparticle size estimated from SEM and TEM observation (~25-40 nm), suggesting
that there are a small nanocrystals in the multiple twined silver nanoparticles.

2.8.2 The probable mechanism of biosynthesis of silver nanoparticles by plant

extracts

Table S 2-5: plant components of plant material extract which act as a capping and reducing agent
during green synthesis of AgNPs from different plant species.

Plant genus Metabolites found in the Extract/AgNPs Refe;renc
Azadirachta indica Flavanoids, terpenoids B
Hybanthus Several bioactive phytochemical compounds 14
enneaspermus
Syzygium cumini Flavonoids 15
Ocimum sanctum Flavonoid, proteins, gallic acid, terpenoids 16
Nigella arvensis Flavonoids, alkaloids 1
Coleus aromaticus Flavonoids 18
Glycyrrhiza glabra Flavonoids, thiamine and terpenoids 1
Lantana camara Flavonoids, glycosides and carbohydrates 20
Rosmarinus officinalis Polyphenols 2
Citrus sinensis Flavonoids, ascorbic acid, volatile oils 2
Mimusops elengi Polyphenols 2
Dioscorea bulbifera Flavonoids, polyphenols 24
Syzygium cumini Polyphenols 2
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Decalepis hamiltonii

Polyols, phenols

26

Plumeria rubra

Proteins

27

Gardenia jasminoides

Rutin, gallic acid, chlorogenic acid

28

Helianthus annuus

Flavonoids, proteins, amino acids, amides terpenoids

29

Boswellia serrata

Proteins

30

Lippia citriodora

Verbascoside, isoverbascoside, chrysoeriol-7-O-
diglucoronide,

luteonin-7-O-diglucoronide

31

Solanum Alkaloids, phenolics, sugars 82
xanthocarpum
- . Catechin p-coumaric acid, luteolin-7-glucoside, 3
Withania somnifera withanolides
Achyranthes aspera Polyols 4
Ocimum sanctum Quercetin &

Leonuri herba

Hydroxyl, polyphenols groups

36

Desmodium triflorum

Ascorbic acid

37

Trianthema decandra

Saponin

38

Mentha piperita

Alkaloids, flavones, steroids, polysaccharides, amino
acids,

Oximes, proteins, menthol

39

Anacardium
occidentale

Proteins, polyols

40

Zingiber officinale

Flavonoid, alkaloids

41

Alternanthera sessilis

Tannins, carbohydrates, proteins, ascorbic acid

42

Dioscorea bulbifera

Diosgenin, ascorbic acid

24

Morinda pubescens

Catechins, hydroxyflavones

3

Annona squamosa

Alkaloids, glycoside, saponins, tannins,

Phenolic compounds, carbohydrates

44

Hibiscus rosa- sinensis

Carboxylate ion groups

45

Acalypha indica

Quercetin, plant pigment

46

Carica papaya

Catechnis, hydroxyflavones

47

Eucalyptus

Alcohol, phenols, alkylaldehyde

48

Aegle marmelos

Tannin

49

Mangifera indica

Ketone, aldehydes, hydroxyl, carboxyl groups

50

Lonicera japonica

Phenolic and hydroxyl groups of chlorogenic acid

51
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3 Chapter Three: Identification of Major Constituents of
Hypericum perforatum L. Extracts in Syria by
Development of a Rapid, Simple and Reproducible
HPLC-ESI-Q-TOF MS Analysis and their Antioxidant
Activities

3.1 Vorwort

This chapter contains the article “Chapter Three: Identification of Major Constituents of

Hypericum perforatum L. Extracts in Syria by Development of a Rapid, Simple and

Reproducible HPLC-ESI-Q-TOF MS Analysis and their Antioxidant Activities” by

Abdalrahim Alahmad **, Ibrahim Alghoraibi ?*3, Raghad Zein®, Sergej Kraft!, Gerald Dréager?,

Johanna-Gabriela Walter * and Thomas Scheper 1*. Reproduced with permission from ASC

Omega 2022, DOI: 10.1021/acsomega.1c06335). Copyright 2022 ASC Omega. Diese Arbeit

ist unseres Wissens nach der erste Bericht, in dem die in Syrien heimische

Johanniskrautpflanze mit verschiedenen Ldsungsmitteln extrahiert und ihre wichtigsten

Verbindungen identifiziert werden. In dieser Studie wurden die getrockneten oberirdischen

Teile, d. h. Blatter, Stdngel, Blutenblatter und Bluten, mit verschiedenen Ldsungsmitteln

(Wasser, Ethanol, Methanol und Aceton) und Extraktionsprotokollen extrahiert. Durch

Erhohen der Polaritdt des Losungsmittels wurden hohere Ausbeuten erhalten, was darauf

hinweist, dass hauptsdachlich hydrophobe Verbindungen extrahiert wurden. Daher

schlussfolgern wir, dass die Extraktion mit der Teemethode oder mit einer Mischung aus

Wasser und organischen Losungsmitteln im Vergleich zu reinen organischen Lésungsmitteln

oder kontinuierlichem Kochen mit Wasser tiber lange Zeitrdume zu héheren Ausbeuten fiihrte.

Die erhaltenen Extrakte wurden mittels Hochleistungs-Flussigkeitschromatographie analysiert

— ausgestattet mit einem Diodenarray-Detektor (HPLC-DAD), gekoppelt mit UV-Vis-

Spektrophotometrie bei einem vollen Spektrum (200-800 nm). Die HPLC-Spektren der

Extrakte waren bei den drei Wellenlangen (260 nm fur Phloroglucinole (Hyperforin und

Derivate), 590 nm flir Naphthodianthrone (Hypericine) und bei 350 nm fiir andere Flavonole,

Flavone und Caffeoylchinaséuren) nahezu identisch, wobei Unterschiede nur bei beobachtet

wurden die Intensitat der Spitzen. Dies weist darauf hin, dass die gleichen Verbindungen unter

Verwendung unterschiedlicher Ldsungsmittel, aber in unterschiedlichen Mengen erhalten

wurden. Finf Standards (Chlorogensdure, Quercetin, Quercitrinhydrat, Hyperosid und

Hypericin) wurden verwendet, und ein Vergleich mit Retentionszeiten und UV-Spektren, tiber

die in der Literatur berichtet wird, wurde durchgefiihrt, um zehn Verbindungen in diesen

Extrakten zu identifizieren: Hyperforin, Adhyperforin, Hypericin, Rutin, Quercetin, Quercitrin,

Quercitrin hydrate, Hyperoside, Biapigenin and Chlorogenic Acid. Obwohl das Européische

Arzneibuch die UV-Spektroskopie immer noch als Methode zur Bestimmung der Menge von

Hyperici herba beschreibt, kdnnen Stérungen durch andere Metaboliten auftreten. Kombinierte

(HPLC-DAD) und Elektrospray-lonisations-Massenspektrometrie (LC-ESI-MS) im positiven

Modus wurden daher auch verwendet, um das Vorhandensein dieser Verbindungen in den

Extrakten zu bestatigen, indem bekannte Massen mit den identifizierten Massen oder durch

charakteristische Fragmentierungsmuster korreliert wurden. Der Gesamtphenolgehalt der
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Extrakte wurde durch den Folin-Ciocalteu-Assay bestimmt, und die antioxidative Aktivitat
wurde als Radikalfangerkapazitidt unter Verwendung von 2,2-Diphenyl-1-picrylhydrazyl
(DPPH)- und (2,2'-Azino-bis(3-ethylbenzothiazolin-6-sulfonsdure) (ABTS)-Assays bewertet.
Die Ergebnisse zeigen, dass die nach dem Teeverfahren hergestellten wassrigen Extrakte die
hdchsten Gesamtphenole ergaben, wahrend die reinen organischen Ldsungsmittel sehr
niedriges Phenol ergaben. AuRerdem ergaben die Extrakte, die die grolRte Menge an Phenolen
enthielten, niedrigere IC50-Werte oder eine héhere antioxidative Aktivitat als andere.

3.2 Abstract

Hypericum perforatum Linn (St John's wort) is a popular and widespread medicine in Syria,
used for a wide range of conditions, including gastrointestinal diseases, heart disease, skin
diseases, and psychological disorders. This widespread use prompted us to identify the main
compounds of this plant from Syria, which are responsible for its medicinal properties,
especially since its components differ between countries according to the nature of the soil,
climate and altitude. This is, to the best of our knowledge, the first report in which the St. John's
wort plant native to Syria is extracted using different solvents and its most important
compounds identified. In this study, the dried above-ground parts, i.e., leaves, stem, petals, and
flowers were extracted using different solvents (water, ethanol, methanol and acetone) and
extraction protocols. By increasing the polarity of the solvent, higher yields were obtained,
indicating that mainly hydrophobic compounds were extracted. Therefore, we conclude that
extraction using the tea method or using a mixture of water with organic solvents resulted in
higher yields compared with pure organic solvents or continuous boiling with water for long
periods. The obtained extracts were analyzed using high performance liquid chromatography-
equipped with a diode array detector (HPLC-DAD), coupled with UV-visible
spectrophotometry at a full spectrum (200-800 nm). The HPLC spectra of the extracts were
almost identical at the three wavelengths (260 nm for phloroglucinols (hyperforin and
derivates), 590 nm for naphthodianthrones (hypericins) and at 350 nm for other flavonols,
flavones and caffeoylquinic acids), with differences observed only in the intensity of the peaks.
This indicates that the same compounds were obtained using different solvents, but in different
amounts. Five standards (chlorogenic acid, quercetin, quercitrin hydrate, hyperoside and
hypericin) were used, and a comparison with retention times and UV spectra reported in the
literature was performed to identify ten compounds in these extracts: hyperforin, adhyperforin,
hypericin, rutin, quercetin, quercitrin, quercitrin hydrate, hyperoside, biapigenin and
chlorogenic acid. Although the European Pharmacopoeia still describes ultraviolet
spectroscopy as a method for determining the quantity of Hyperici herba, interference from
other metabolites can occur. Combined (HPLC-DAD) and electrospray ionization—-mass
spectrometry (LC-ESI-MS) in positive mode have therefore also been used to confirm the
presence of these compounds in the extracts by correlating known masses with the identified
masses or through characteristic fragmentation patterns. Total phenolic contents of the extracts
were determined by Folin—Ciocalteu assay, and antioxidant activity was evaluated as free
radical-scavenging capacity using 2,2-diphenyl-1-picrylhydrazyl (DPPH) and (2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assays. The results indicate that the
aqueous extracts prepared by the tea method gave the highest total phenols, while the pure
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organic solvents gave very low phenols. Also, the extracts that contain the largest amount of
phenols gave lower IC50 values or higher antioxidant activity than others.

3.3 Introduction

Hypericum perforatum Linn, generally recognized as St. John's wort, is a flowering plant native
to Asia and Europe. It belongs to the Hypericaceae family which contains over 1000 species
and about 55 genera. The Hypericum genus comprises over 450 species distributed worldwide
in tropical and subtropical regions!=. This species can grow under various environmental
conditions and has a very extensive ecological capacity. It is found in pastures, thickets, forest
clearings, varied types of oak forest, meadows and burnt areas, etc.®. The height of the stem,
which is red in color and branched in its upper section, is about 40 to 100 cm (Figure 1 a).
Stems might appear articular from leaf scars although it is wooden close to its base *°. Branches
are grouped as opposite pairs and rotated at 90° angles (intersecting), at the base of every leaf
46, The leaves are narrow-oblong, non-serrated, yellowish green in color, less stalk, 2-4 cm
long on the major stalk, 1-2 cm long on branches and covered with scattered translucent glands
in the form of dots (Figure 1 b). The dots are translucent when seen against the light; this gives
the leaves a pierced appearance as indicated by the plant’s Latin name * 7. The multi-flowered
flowers are very branched and compact to round, bright yellow in color with black dots and a
length of up to 2.5 cm. Each flower has five petals and sepals, which are 4 to 6 mm long, in the
shape of a narrow shaft with a pointed tip, and sometimes have some black glands # 8 °. 50 to
80 stamens are grouped into three or five fascicles, these patterns are separated, and the stigmas
are in dense head-like groups (Figure 1 c). The fruit is a three-chamber capsule that contains
many raw seeds which are rough, netted with coarse grooves, length from 1 to 1.3 mm (Figure
1d)4°,

Different extracts (alcoholic or aqueous extracts) of the aerial parts of H. perforatum revealed
that its bioactive natural components (phytochemicals) consist of seven groups® 19-2° (1)
naphthodianthrones -anthraquinone derivatives, (e.g., hypericin, isohypericin, protohypericin,
pseudohypericin, protopseudohypericin etc.), (2) phloroglucinols (e.g., hyperforin
adhyperforin, hydroperoxycadiforin etc.), (3) flavonol glycosides; flavonoids — flavonols (e.g.,
quercetin, kaempferol etc.), glycosides (e.g., rutin, hyperoside, quercitrin, isoquercitrin etc.)
and flavones (e.g., apigenin, luteolin etc.), (4) biflavones (e.g., flavone (13,118-biapigenin),
amentoflavone (I13’,118-biapigenin) and catechins (flavonoids are often associated with
condensed tannins), (5) phenylpropanes (e.g., pcoumaric, chlorogenic, caffeic, vanillic, p-
hydroxybenzoic and ferulic acids etc.), (6) proanthocyanidins and tannins (e.g., dimeric
procyanidin B2, dimeric, trimeric, and tetrameric procyanidins), and (7) xanthones (e.g.,
1,3,6,7- tetrahydroxyxanthone and kielcorin C ) * 925, Moreover, minor amounts of other
common components include acids (palmitic, isovalerianic, myristic, stearic, nicotinic, citric
and malic), pectin, choline, carotenoids, B-sitosterol, amino acids derivatives (tryptophan, y-
aminobutyric acid and melatonin), nicotinamide, vitamin C, sugars (glucose, fructose,
saccharose and lactose), fatty acids, bisanthraquinone, glycosides, and hydroperoxycadiforin.
Hydroalcoholic extracts also contain essential oils. Roth (1990) has published a list of 29
ingredients that make up about 65% of the steam distillates: alpha-pinene and 2-methyloctane
were the major ingredients. Essential oils from St. John’s wort also contain typical terpenes
such as Monoterpenes a-pinene and p-pinene, limonene, B-caryophyllene, myrcene, geraniol,
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germacrene D, B-farnesene, humulene, and larger amounts of long chain alkanols,
hydrocarbons and alkanols such as undecane, n-undecane, n-nonane, n-tetradecanol, 2-
methyloctane and -decane, 2-methyl-dodecane, C16 and C29 alkanes and C24, C26 and C28
alkanols and 2-methylbutenol. Although the specific chemical differences between plants
grown in different regions of the world appear to be hereditary, the composition of extracts is,
according to several studies, also largely influenced by environmental factors. The plant’s
location, including the height above sea level, the time of harvest (in which month of the year;
before flowering, full flowering or fruit group stages), the harvested parts (flowers, leaves,
bells, root or stalk), the polarity of the solvent (methanol, ethanol, acetone, water etc.) used in
the extraction, pH of medium, temperature, pressure and exposure to light; all play an important
role in the type, nature and concentration of the chemical compounds obtained from the
extraction4' 14,17, 19, 22, 25-28.

Hypericum perforatum L. (St. John’s wort) is used as traditional medicinal plant all over the
world and was accepted in the European Pharmacopoeia 6. It is utilized in many countries of
the world for the production of plant-based pharmaceutical products'® 2, due to its broad
diversity of ingredients like hypericins and hyperforins which harbour considerable
pharmaceutical effects 3. Traditional uses have included topical or oral application for the
treatment of diabetes, bruises, rheumatism, burns, malaria, skin wounds, biliary disorders,
migraines, eczema, common cold, gastric ulcer, menorrhagia, diarrhea, bedwetting, sprains,
bronchitis and urogenital diseases, indigestion, hemorrhoids, snake bite, sprains, hysteria,
neuralgia and psychiatric disorders, especially depression 3 4 11.13.14.16.31-%5 Ag detailed above,
St. John’s wort extracts contain various polyphenols, which are considered to be the main
source of antioxidant activity, and, consequently, a potential cancer prevention agent % %,
Consumers prefer natural antioxidants because of their assumed lower potential toxicity
compared to synthetic antioxidants %. Both the phytochemicals and essential oils of St. John’s
wort exhibit pharmacological effects, such as anti-inflammatory, antiviral, antibacterial,
antidiabetic, antifungal, cholagogic and choleretic, analgesic, anticholinesterase, antioxidant,
antidepressive, antiulcerous, anticonvulsant, and cytotoxic activities 2 10 11323742

Hypericin as a major photosensitizing agent has been used in vitro and in vivo, in
photodynamic cancer therapy, including squamous cell carcinoma, human leukemia,
nasopharyngial carcinoma, or viral infections as sindbis virus, herpes simplex virus types 1l
and 1, vesicular stomatitis, influenza virus, HIV-I and murine cytomegalovirus 14 15 17, 4346,
Hyperforin suppresses the proliferation of alloreactive T cells, inhibits the proliferation of
peripheral blood mononuclear cells, inhibits the growth of MT-450 breast carcinoma in
immuno-competent Wistar rats, and activates a mitochondria mediated apoptosis when added
to MT-450 cells 154748 Flayonoids have exhibited activity against cancer and influenza
virus %17,

High-performance liquid chromatography (HPLC), linked with UV detectors, is a routine
technique in most laboratories for chemical separation and detection. HPLC is also the
preferred separation technology for the isolation of non-volatile, often polar and unstable
components present in natural products. In the literature, many HPLC methods have been
reported in the identification of main components such as phloroglucinols, naphthodianthrones,
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flavonoids, phenolic acids, biflavones, aurones, xanthones .etc., from St. John’s wort - 1218
20.21,26,4953 (spe table S1 in ESI).

In this paper, the aerial parts (leaves, stems, petals, and flowers) of St. John's wort harvested
from Syria were cleaned, dried, and extracted using eight different extraction procedures: water
(boiling with water for almost 3 hours (water 1) or using tea method (water 1)), ethanol,
methanol, and acetone (100% and 70%). A new, simple, effective, accurate and repeatable
HPLC method was developed for the isolation and identification of the major chemical
ingredients. HPLC diagrams for all eight extracts contained the same peaks and only varied in
the intensity of these peaks. HPLC-DAD-ESI-MS analysis was performed under positive
ionization mode to obtain the exact mass data in the MS full scan experiment and to identify
the constituents. The compounds that were identified in these extracts, either by UV, HPLC or
by HPLC-MS analysis were: chlorogenic acid, hypericin, hyperforin, hyperoside, quercetin,
quercitrin hydrate, rutin, biapigenin, quercitrin and adhyperforin. The antioxidant effect and
free radical scavenging activity of extracts of St. John's wort, were determined in two ways:
First based on the compounds’ capability to transform the DPPH radical (purple-colored) to its
reduced form DPPH-H (yellow-colored) and second, by their capability to act as electron
donation radical scavenger inhibiting the formation of the green-colored ABTS-+ radicals.
Total phenols in the extracts (water I, water 11, EtOH 100% and MeOH 100%) were quantified
and it was found that the antioxidant activity increased with the increase of total phenols.

Figure 3-1: a; Hypericum perforatum L. (St. John's wort), b; H. perforatum flowers, ¢; H. perforatum
leaves, d; H. perforatum fruits Adapted with permission from reference *. Copyright 2012 Academic
Journals

3.4 Materials and Methods

3.4.1 Chemicals

Aerial parts (leaves, stem, petals, and flowers) of Hypericum perforatum L (St. John's wort)
were collected in July—August 2018 from the Ghab Plain in Syria (google maps: 35.586856,
36.355724 and 180-200 m above sea level), and harvested during the flowering season.
Hypericin and quercetin were purchased from Cayman Pharma (Neratovice, Czech Republic);
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hyperoside from Roth (Karlsruhe, Germany); quercitrin hydrate, chlorogenic acid, 1,1-
diphenyl-2-picrylhydrazyl (DPPHY), potassium persulphate and 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) from Sigma-Aldrich (Darmstadt, Germany);
filter paper Whatman 90mm from GE Healthcare Life Sciences (Freiburg Germany); 0.22um
nylon syringe filter, Sartolab Vakuumfilter 180C5, 0.22 um Polyethersulfon, 500 ml, syringe
filter 25 mm, 0.45 um RC with GF prefilter and 0.45 um PTFE filter from Sartorius
(Goettingen, Germany); 0.45 um prefilter from wicom (Heppenheim, Germany). Ethanol,
methanol, and acetone were HPLC grade from Roth (Karlsruhe, Germany); acetonitrile from
VWR (Hannover, Germany) and water was purified by a QM system from Sartorius
(Goettingen, Germany).

3.4.2 Instrumentation

The HPLC system consisted of a VWR HITACHI liquid chromatograph equipped with a 5160
pump, an 5260 autosampler, 5430 diode array detector, organizer (eluent stand), and a
temperature controller for column and sampler (5310 Column Oven) (VWR, HITACHI, MA,
JAPAN). The absorption was measured in the range of 200-800 nm, UV-visible detector
working at 260 for hyperforins, 350 nm and 590 nm for hypericins. The chromatographic data
were recorded and processed with Agilent Open LAB Control Panel software. For UPLC-ESI-
QTOF-MS analysis, a Waters Acquity high-performance liquid chromatography (UPLC,
Waters) coupled to a time of flight Q-TOF micro mass spectrometer (Waters) and equipped
with electrospray ionization (ESI) was used. Mass spectra were recorded in positive ion mode,
3 kV capillary voltage, and 230 °C desolvation temperature.

3.4.3 Raw plant preparation and extraction

The aerial parts (leaves, stem, petals, and flowers) of St John s wort were washed in cold water
to clear them of mud and soil, dried, cut into small pieces, then ground using a ball mill until a
fine powder was obtained. 0.360 g of this powder was placed in a 1000 ml beaker, then 800 ml
distilled water was added. The beaker was placed on a heater at boiling temperature and stirred.
Concentration was performed for about 4 hours until the volume of the solution was reduced
to about 200 ml (water I). The same amount of powder was placed in a 400 ml beaker and 150
ml boiling water was added, the beaker was placed on the heater, stirred, and left at room
temperature for about 20 minutes (water I1). Subsequently, the aqueous extracts were filtered
through a filter paper (Whatman, no 589/2). The resulting filtrate was centrifuged at 24630 x g
for 30 minutes to remove residual particles. The supernatant was filtered through 0.22 pm
nylon syringe filter. The flow-through was collected (see Figure 2) and the solvent evaporated
under nitrogen gas at 30 °C to prevent oxidation.

For ethanol, methanol and acetone extraction, the process was modified as follows: 2 g of
powder was placed in a beaker and 150 ml of solvent (100% and 70% for each solvent) were
added. The solution turned dark red for EtOH 70% and acetone 70%, light red for EtOH 100%,
black red for MeOH 70%, and red for MeOH 100% and acetone 100%. The beaker was covered
with parafilm and stirred for 5 h at room temperature (RT). The supernatant was decanted and
stored at -80 °C. 200 ml of solvent was added to the sediment, the beaker was covered with
parafilm, and then stirred at RT for 17 h. The supernatant was decanted, added to the previous
supernatant and then stored at -80 °C. 100 mL of solvent was added to the sediment. The beaker
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was then covered with parafilm and stirred for 3.5 hours at RT. The solution turned slightly
reddish with a light brown haze. The supernatant was decanted and added to the previous one.
The solutions were filtered first with filter paper (Whatman, no 589/2) and then with Sartolab
vacuum filter180C5; 0.22 um polyethersulfon (PES) for ethanolic and methanolic extracts. For
acetonic extracts, 0.45 um PTFE filter was used (see Figure 2). The solvent was concentrated
by means of a rotary evaporator (water bath temperature = 37 ° C) as far as possible, and the
residual solvent was removed by freeze drying.

3.4.4 Standards and References compounds solutions

Five reference compounds (standards) were used in this study: chlorogenic acid, quercetin,
hyperoside, quercitrin hydrate and hypericin. These substances and different extracts were
solved in HPLC grade ethanol in different amounts as shown in Table 1 and filtered through a
0.45 um prefilter (wicom, Germany) before undertaking HPLC analysis.

Figure 3-2: Colors of extracts obtained using different solvents in this study; A) 100% acetone, B)
70% acetone, C) 100% methanol, D) 100% ethanol E) water (water | and water Il exhibited the same
color). Photograph courtesy of Corresponding author Abdalrahim Alahmad. Copyright 2020

3.4.5 Chromatography

3.4.5.1 High-performance liquid chromatography (HPLC)

For HPLC analysis a chromaster HPLC-diode array detection (DAD) system supplied with an
autosampler (5260 chromaster, VWR HITACHI, Germany) was utilized. The extract
compounds were identified by using column Kinetex C18 100 A (Phenomenex, Germany,
dimensions: 100 mm x 4.6 mm, 5 pum particle size) and guard column C18 4 x 3.0 mm
(Phenomenex, Germany) at room temperature (25+2°C). Solvent A was 0.1 % formic acid, and
solvent B was 0.1 % formic acid, 95 % MeOH, 5 % H.O. The mobile phase was freshly
prepared daily, filtered through a 0.45 um nylon filter and degassed after preparation for 15
min in an ultrasonic bath. The gradient mode shown in Figure S1 (0 min 95% A, 5% B; 82 min
0% A, 100% B; 92 min 0% A, 100% B; 93 min 95% A, 5% B; 100 min 95% A, 5% B) was
used with a flow rate of 1 mL/min. Specific amounts of the dried extract (Table 1) were
dissolved in HPLC grade ethanol. All samples were filtered through a 0.45 pum prefilter
(wicom, Germany) before undertaking HPLC analysis. The injection volume was 10 pL and
every sample solution was injected in triplicate at different time periods and with different
taken concentrations for all experiments, indicating that the method is accurate and repeatable.
For the identification of the compounds, standards such as: chlorogenic acid, hyperoside,
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quercitrin hydrate, quercetin and hypericin) were run under the same conditions, using dilutions
in HPLC grade ethanol (Table 1). The detection was performed at 260, 350 and 590 nm for all
samples and standards. St. John’s wort compounds of different extracts (Water | & I,
EtOH%100, EtOH%70, MeOH%100, MeOH%70, Acetone%100, and Acetone% 70) were
identified by comparing their retention times with each other and with the retention times of
standards, in addition to comparing their UV spectra and literature data.

Table 3-1: Overview of the measured samples, standards, and spiked samples

St. John’s Amount [mg] Standards Amount Ethanol Extract with Spiking
dissolved per [mg] per ml  Standards together Ratio
wort Extracts
ml EtOH EtOH
Vextract [1] +
VStandard [IJI]
Water | 20 Quercetin 0.5 Extract + Quercetin 100 + 50
Water |1 30
Ethanol 100 20 Chlorogenic 14 Extract + 13+5
% acid Chlorogenic acid
Ethanol 70 % 30
Methanol 100 33.8 Quercitrin 0.9 Extract + Quercitrin 120 + 20
% hydrate hydrate
Methanol 70 25
%
Acetone 100 33 Hyperoside 1.1 Extract + 50 + 50
% Hyperoside
Acetone 70 % 20
Hypericin 1.7 Extract + Hypericin 50 + 50

3.4.5.2 UV-vis spectra

UV spectra of pure hypericin and St. John's wort extracts were run with a chromaster 5430
diode array detector and spectra acquired over the absorption range of 200-800 nm.
Identification of hyperoside, quercitrin hydrate, quercetin and hypericin in the extracts (EtOH,
MeOH, and acetone; 100% and 70% respectively) was performed by comparing curves from
the maxima of absorptions of extracts at 260 nm at 19.9 min, 24.36 min, 29.4 min and 81.49
min respectively, with the UV-Vis spectra of the standards at the same wavelength and time.
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3.4.5.3 HPLC-MS spectra

For the HPLC-MS analysis, the column used in HPLC analysis was installed in another HPLC
device to which an MS device was directly connected. For high performance liquid
chromatography with mass detection (HPLC-MS) analysis, a Waters Acquity ultra
performance UPLC with a Kinetex 5 um C18-column (Phenomenex, 100x4.6 mm) was used
with a linear gradient of (A) water with 0.1% formic acid and (B) 0.1 % formic acid, 95 %
MeOH, 5 % H-O at a flow rate of 500 uL/min (initial: 95% A, 5% B; 82 min: 0% A, 100% B;
92 min: 0% A, 100% B; 93 min: 95% A, 5% B; 100 min: 95% A, 5% B runtime: 100 min).
The injection volume was 5 pL. A chromatogram was recorded in parallel to the mass
spectrum. Therefore, the UV measurement was only carried out at two wavelengths, namely at
260 nm and 350 nm. MS analysis was carried out on a Q-Tof Premier (Waters) using
electrospray ionization (positive ions, 3 kV capillary voltage; 250 °C desolvation temperature;
650 L/h desolvation gas flow (nitrogen)).

3.4.6 Determination of total phenolic content of crude extracts of Hypericum
perforatum L.

The total phenolic content of plant extracts was determined as shown in the references®*

with some modifications. Gallic acid represents one phenolic compound of Hypericum

Perforatum L., and was therefore used as a standard. 10 mg of the standard (gallic acid) was

dissolved in 100ml of distilled water to give a concentration of solution 100 pg/mL.

3.4.6.1 Preparation of the standard calibration curve of gallic acid

Aliquots of 0.25, 0.5, 1.0, 1.5 and 2.0 ml of the 0.1 mg/ml gallic acid solution were placed in
5 different 15ml glass test tubes. 2.5ml of a tenfold dilution of Folin-Ciocalteau phenol reagent
(1:10 v/v with distilled water) and 2.0 ml of a 7.5% w/v sodium carbonate (Na2COz) solution
were added to each tube. The volume in the tubes was increased up to 10 ml with distilled
water, resulting in gallic acid concentrations ranging from 2.5-20 pug/ml. Mixture of reagents
and water was used as a blank. The resulting solutions were put in a water bath at 45 °C for 30
minutes. Thereafter, the absorbance at 765nm was read using a UV-VIS Spectrophotometer.

3.4.6.2 Preparation of sample extracts solutions

10 mg of each of the extracts were dissolved in 10 ml of an appropriate solvent (water, ethanol
or ethanol) to get Img/ml solution. 1 mL of this solution was then put in a 15ml glass test tube
and color development was undertaken in the same manner as for the standard. The absorbance
of the test solutions at 765 nm against a reagent blank (appropriate solvent) was measured. All
the tests were done in triplicate, results averaged and expressed as mean + standard error of the
mean. The concentration of phenols in the test samples were determined by extrapolation from
the gallic acid standard calibration curve and calculated as mg of gallic acid equivalents (GAE)
per g of dried extract (de) (mg.GAE.g-1) using the formula as described by ¢ 57;

P=CxV/M

Where; P = Total phenolic content in milligrams per gram of the dry plant material (mg. g%),
C = Concentration of gallic acid established from the calibration curve in milligram per
milliliter (mg/ml), V = Volume of the extract solution in milliliters (ml), M = Weight of the
extract in grams (Q)
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3.4.7 Determination of antioxidant activity

3.4.7.1 DPPH

The antioxidant activity of water, ethanol and methanol extracts was measured depending on
their scavenging activity of the stable 1, 1- diphenyl-2-picryl hydrazyl (DPPH) free radical.
DPPH is a recognized radical and a scavenger (snare) for other radicals. Because of a powerful
absorption band at around 517 nm, the DPPH radicals have a profound violet color in solution,
and when neutralized they turn pale yellow or colorless. Therefore, the change in absorption at
517 nm allows the calculation of the number of primary radicals. The DPPH assay was
performed as previously described °8 °® with some modifications. Different concentrations (1-
500 pg/ml) of the extracts and standard were prepared, then 1 ml of each solution was added
to 3 ml of 0.004 % ethanolic DPPH free radical solution. The absorbance of the preparations
was measured after about 30 minutes of exposure to normal light at room temperature by a
UV-VIS spectrophotometer at 517 nm. The results were compared with the corresponding
absorption of standard ascorbic acid concentrations (1-500 ug/ml). Finally, the free radical-
scavenging ability (RSC) expressed as a percentage, as calculated by the equation:

RSC (%) = 100X (Ablank' ASampIe/AbIank)

The inhibitory concentrations (ICso) were determined. ICsg value indicates to the concentration
of sample required to scavenge 50% of the DPPH free radicals®® .

3.4.7.2 ABTS

We use spectrophotometric method to assess the loss of color when adding antioxidants to the
blue- green chromophore ABTS™" (2, 2-azino-bis (3-ethylbenzothiazoline- 6-sulfonic acid)).
ABTS " is reduced by antioxidants to ABTS and loses its color. ABTS antioxidant activity was
measured as described®® with some minor modifications. ABTS was prepared with 7 mM
concentration by using water as a solvent. The ABTS solution was mixed with 2.45 mM
potassium persulphate at a ratio of 1:1 (v/v). The mixture was placed in the dark at room
temperature for 18 hours. The ABTS™" solution was diluted about 20 times with water (or
ethanol or methanol based on the nature of the solvent employed in the extraction) to reach an
absorbance of 0.850 + 0.05 at 734 nm. 150 pL of this ABTS"* solution was added to 50 pL of
different concentrations of extracts and incubated for 6 min at room temperature. For the
control, 50 pL of solvents (water, ethanol and methanol) used in the respective extraction was
used in place of extract. Ascorbic acid was used as a positive control. Absorbance at 734 nm
was measured spectrophotometrically in 96-well microplate. The percentage of inhibition was
calculated utilizing the same equation as in DPPH assay and the radical scavenging activity
was expressed as the 1Csg value. The results of all experiments (samples, standards and blank)
were reported as mean + standard error of three separate determinations. Statistical analysis
was performed by analysis of variance using origin statistical software.

3.5 Results and Discussion

3.5.1 Extraction
The water | and water Il extraction processes resulted in yellow-brown solid with a yield of
21% for water | and 16% for water Il. The organic solvents resulted in a black-gray solid with
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a yield of 25.5% for ethanol 70% (light gray), 7% for ethanol 100% (black gray), 22.9% for
methanol 70% (light gray), 18% for methanol 100% (black gray), 23.2% for acetone 70% (light
gray) and 7% for acetone 100% (black gray). The yields resulting from the mixture of water
with organic solvents were much higher when compared with the yields of the pure organic
solvents. Also, extracting with water using the tea method resulted in higher yields than boiling
with water for a long time. By increasing the polarity of the solvent, higher yields were
obtained, indicating that mainly hydrophobic compounds were extracted. Therefore, we
conclude that extracting the plant with water using the tea method or using a mixture of water
with organic solvents produces higher yields of the resulting extract when compared with pure
organic solvents or continuous boiling with water for long periods.

3.5.2 Characterization of extracts using HPLC

Reversed phase chromatography has analytical and preparatory applications in the field of
phytochemical separation and purification and the active ingredients of a plant extract can be
isolated using an appropriate isolation procedure®?. During the protocol development process,
many factors were changed and tested, such as column type (nature of the stationary phase and
its particle size), mobile phase or gradient elution (the exact composition of the solvents, its
polarity and gradients of different solvents), flow rate, the temperature of the column, the
pressure used (maintaining linear velocity) and wavelength. Subsequently, we were able to
develop the protocol used, through which well-separated peaks were obtained without any
obvious overlap between them. The different extracts were measured using HPLC under the
same conditions and can thus be directly compared with each other. The chromatograms of the
measurement series at the three most important wavelengths (260 nm, 350 nm and 590 nm) are
shown in Figure 3. The respective graphs show no general differences between ethanolic,
methanolic and acetonic extracts with regard to position of the obtained peaks; only differences
in the intensity of the peaks were observed, as some solvents extract certain compounds more
effectively than others. The ethanolic, methanolic and acetonic extracts (whether 100% or
70%) are similar concerning the ingredients which are present, but differ in the concentration
of these ingredients. In contrast, the aqueous extract is completely different to the ethanolic,
methanolic or acetonic extracts. Aqueous extracts obtained by water | and water 11 extraction
procedure were identical, especially at 260 nm and 350 nm, where especially phloroglucinols,
flavonoids and phenolic acids could be expected (active constituents, hyperforin and its
derivatives). While the aqueous extract has fewer peaks or very low peaks (the peaks are
present, but when drawn in same scale as the chromatograms of organic extracts, peaks are not
visible due to their low intensity) at 590 nm of the chromatogram where e.g.
naphthodianthrones (hypericin exhibits a very low level of solubility in pure water because of
its hydrophobicity % %) could be expected. Also, it can be concluded that at 100 °C, in
particular, the strongly polar compounds are virtually all decomposed. Plant extracts are
usually composed of a mixture of different types of phytochemicals or specialized metabolites
with different polarity, in the reversed phase chromatography; the bioactive polar compounds
eluted prior to the less or non-polar one. This explains why in the water extract fewer peaks
appear at high retention times, because the high retention times correspond to the less or non-
polar specialized metabolites. It is clear that less or non-polar substances are more difficult to
extract from water. It should also be noted that some ingredients of St. John's wort are not
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stable at high temperatures and should therefore always be extracted at low temperatures. It is
also noteworthy that the main constituents in the St John’s wort extracts, especially hypericins,
may be retained by some cartridges filter during the filtration process 1" 2°. Hypericin and
pseudohypericin are substantially insoluble in water at ambient temperature, and can only be
obtained with less than 40% yield at higher temperatures* 1”1, When prepared by tea method,
the extract contains very little amounts of hyperforin'® 2. The concentration of chlorogenic

acid which has been detected in St. John’s wort is below 1% 7.

30 Ll at 260 nm

SRS S S Acetone(70%]) Extract

) | L f\___ A
25 L ;

e

Absorbance (mAU)

Ethanol(100%) Extract
i R

0.8 |

Oﬁ:l

Absorbance (mAU)

04

0.2

0.0

1ok at3§0 nm
— } ! | Acetone(70%) Extract
e I e e
8r i H ¥
5 : : H
F : ; ;
—~ Ethanol{100%) Extract |
¢ — :
=
@
e
2 S -
2 Ethanol{70%) Extract |
Methanol (70%) Extract
Water Extract |
0 f=rs
i L L
0 10 20 30 40 50 60 70 80 50
Time (min)
--at 590 nm
Acetone(70%) Extract
1 : S L
Ethanol(100%) Extract A
Ethanol(70%) Extract
JANE I h‘\
-JL Methanol (70%) Extract i \
‘Water Extract | | I
JL L L 1 1 I L 1 1 bl
0 10 20 30 40 50 80 70 80 90 100
Time (min)

Figure 3-3: HPLC chromatograms of aqueous extract, ethanolic extract (100% and 70%), methanolic
extract (100% and 70%) and acetonic extract (100% and 70%) of Hypericum perforatum L.
(detection at 260, 350 and 590 nm).
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3.5.3 Characterization of extracts with Standards using HPLC

In this series of measurements (Figure 4, 5), the extracts, standards and extracts spiked with
standards were measured under the same conditions. Standards were used to analyze the
constituents of St. John's wort extracts and were chosen to cover the complete chromatogram
as well as the most important wavelengths, and, based on their stability and solubility, in the
solvents used for extraction. Five standards were selected for this, which represent the most
important and best-known compounds of St. John's wort. These include quercetin and
quercitrin, which have been used as a hydrate, as well as hyperoside, chlorogenic acid and
hypericin. The first four mentioned standards cover the two important wavelengths at 260 and
350 nm and are distributed in the middle of the obtained chromatograms of St. John's wort
extract. Hypericin is represented at a high retention time (approximately 81,5 min) of the St.
John's wort chromatograms and also covers a significant absorbance at 590 nm (Figure 4).
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Figure 3-4: HPLC Chromatograms of standards; hyperoside, quercitrin _hydrate, quercetin,
hypericin, chlorogenic acid and ethanol extract separately at 260 nm, 350 nm and 590 nm
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Extracts were analyzed by addition of different standards (Figure 5). If the compound to be
examined was already present in the extract, the corresponding peak will increase in the
chromatogram by the added standard amount. This increase in the peak would thus provide a
good indication that it is the same compound. By adding the standards to be confirmed to the
sample, the effect of the column drifts can be prevented. Figure 5 shows four chromatograms,
each with a different standard added. Due to the addition of the respective standard, a peak
increased in each chromatogram (indicated by an arrow) when compared with chromatograms
of pure extract. Thus, within the scope of its analytical accuracy, this method indicates the
presence of the four compounds; hyperoside, quercetin, quercitrin hydrate and hypericin in the
ethanolic extract. This also applies for methanolic, acetonic, and aqueous extracts and also is
in agreement with the literature [7].

However, a final identification of substances is not possible using this method, as other
components could have the same retention time. This method of substance analysis by adding
a standard thus serves only as an indication of the presence of certain compounds and simplifies
the comparison of the chromatograms with the literature information. Therefore, further and
more precise analysis methods have been used for the final substance analysis.
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Figure 3-5: HPLC chromatograms of standards; hyperoside, quercitrin hydrate, quercetin, hypericin,
chlorogenic acid mixed together with ethanol extract at 260 nm, 350 nm and 590 nm

3.5.4 UV-Vis analysis
Each substance has a characteristic UV spectrum. The various substances separated via HPLC

can thus be identified by comparing the measured UV spectra with corresponding spectra from
the literature or measured for a standard. When analyzing St. John's wort extracts, it must be
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borne in mind that ingredients such as quercetin and other likely ingredients are sensitive to
changes in pH, which leads to the formation of new substances®. For this reason, UV spectra
of some peaks with suspected constituents of the measured samples (EtOH 100% or 70%) were
compared with the UV spectra of the standards, which were recorded under the same
conditions. Figure 6 shows the UV spectra of the measured standards hyperoside, quercitrin
hydrate, quercetin and hypericin each with the UV spectra of the selected corresponding peaks
of the ethanolic extract. The peaks selected are those that experienced a peak increase when
the ethanolic sample was spiked with the respective standards. In Figure 6 it can be clearly seen
that the UV—Vis spectrum for the peaks at retention time 19.907 min, 24.364 min and 29.404
min are completely identical with the UV-Vis spectra obtained for standards hyperoside,
quercitrin hydrate and quercetin respectively. Figure 6 d shows that the UV spectrum of the
hypericin standard differs slightly in its intensity from the selected peak of the ethanol sample
at the same time, although the peak of the sample is well isolated, possibly due to the difference
in concentration. The results of these comparisons show that this method is only of limited use
for the identification of analytes. UV—Vis analysis merely indicates the presence of these
compounds. The presence of other analytes at the same peak in the chromatogram can change
the UV spectrum significantly. Furthermore, other analytes can have the same UV spectrum at
the same retention time. For this reason, this method is only suitable for a quick and basic
orientation when interpreting chromatograms.
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Figure 3-6: Overlay UV spectrum of the peaks detected by HPLC-DAD. (a) Retention time 19.907
min and standard hyperoside at the same time; (b) retention time 24.364 min and standard quercitrin
hydrate at the same time; (c) retention time 29.404 min and standard quercetin at the same time and

(d) retention time 81.547 min and standard hypericin at the same time.
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3.5.5 Identification of the main compounds using HPLC-MS analysis

HPLC-MS method exhibits unique selectivity and sensitivity, because it combines high
performance liquid chromatography, which has strong separation ability, with the detection via
mass spectrometry, which has an unparalleled structural analysis ability. This technique is a
fast, specific, and delicate analytical method and is one of the most efficient processes for the
determination of metabolites, and has thus become a key tool in the metabolic exploration of
plant extracts®.

The measurement of the masses for the eluted components is preceded by the detection of UV
absorption at 260 nm and 350 nm for the ethanolic extract. The chromatograms of the sample
(Figures 7 and 8) correspond to the previous measurement (Figures 4&5). The mass spectrum
(Figure 9) of the ethanolic extract has many peaks over the entire spectrum, in particular in the
range between 50 and 70 min, in which there is a very strong superimposition of the peaks. To
provide a better overview, the peaks of the mass spectrum are marked with a number and shown
in Table S2 with the corresponding retention times and ion masses. For a clear comparison of
the chromatogram with the respective mass spectrum, the retention times of the chromatograms
and the mass spectra are compared in Tables 2 and 3. It should be noted that not all of the peaks
of the mass spectrum can be analysed, because some of the compounds cannot be detected
using a UV detector. However, most compounds can be detected using MS. The sample-
sparing electrospray method was used for the ionization of the sample, in which positively
charged ions are formed and there is negligible fragmentation of the sample molecules. The
comparison of the peaks from the chromatogram with the peaks from the mass spectrum shows
that the chromatogram peaks correspond to the mass spectrum peaks. In the respective tables
(Table 2 and 3), however, a mass spectra peak cannot be given for each chromatogram peak.
This can be demonstrated with a visual comparison, however. In the two chromatograms of the
ethanolic extract (Figure 7 and 8), it can be seen that almost all peaks are quite narrow. As a
result, the method used to separate the ingredients of the extract can be considered successful.
The peaks which cannot be separated completely are too similar in retention behavior to be
separated in one step with the chosen conditions. This requires fractionation of the eluate and
an additional HPLC separation. In view of the low concentrations of compounds in the
fractions, HPLC devices would have to be used for particularly small sample quantities. When
evaluating the mass spectrum (Figure 9), all peaks are more or less superimposed. Separate
groups were observed only up to 45 min. From 45 to about 72 min, so many peaks were
recorded that only the outstanding peaks can be viewed more closely.
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Figure 3-7: Chromatogram of the ethanolic extract (Ethanol 100%) at 260 nm.
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Figure 3-8: Chromatogram of the ethanolic extract (Ethanol 100%) at 350 nm.
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Table 3-2: Comparison of the peaks from the chromatogram of the ethanolic extract (ethanol 100%)
at 260 nm with the MS spectrum.

Time HPLC [min] Time MS [min] lon mass MS [m/z] Peak-Nr. in MS
29.45 - - -
29.77 - - -
32.10 32.00 303.04 18
35.43 35.37 303.05 20
40.42 40.23 539.09 25
53.72 - - -
62.63 62.54 553.37 36
64.28 64.28 559.36 37
64.87 - - -

Table 3-3: Comparison of the peaks from the chromatogram of the ethanolic extract (ethanol 100%)
at 350 nm with the MS spectrum.

Time HPLC [min] Time MS [min] lon mass MS [m/z] Peak-Nr. in MS
14.95 14.85 163.03 9
19.90 19.81 163.04 11
29.45 29.32 303.03 16
29.75 - - -
32.08 32.00 303.04 18
35.42 35.49 303.04 21
40.22 40.23 539.09 25
64.67 64.57 593.25 38
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Figure 3-9: Representation of the base peaks after HPLC separation of the sample (Ethanol 100%).
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Table 4 shows the substances identified from the mass spectrum of the ethanolic extract. With
the exception of hypericin, the most important and best-known compounds can be identified.
In positive ESI mode, the prominent protonated molecular ion [M+H]* at m/z 355.17 refers to
chlorogenic acid. The m/z 303.03 was characterized from the losses of sugar residue from rutin
und hyperoside respectively. m/z 303.04 indicates quercitrin without sugar residue, while m/z
303.05 matches quercetin, and m/z 539.09 was determined to be a characteristic fragment ion
of biapigenin. m/z 551.42 indicates adhyperforin and m/z 537.43 refers to hyperforin.
However, most of the compounds (Table S3) cannot be identified despite the huge number of
peaks. Possible reasons for this could be that not all peaks of the mass spectrum are taken into
account and many peaks are superimposed. This means that most of the peaks are still unknown
compounds because (i) some of the compounds cannot be detected using a UV detector; (ii)
because of interference, where some peaks may merge from several peaks; (iii) the molecular
weights may not be present in the device library. In order to be able to analyze these aspects,
additional HPLC separation steps of individual fractions must be carried out, as already
mentioned. Additional methods are also required in which molecular fragments arise during
the mass spectrometry measurement in order to enable an even more precise analysis.

Table 3-4: Peak identification from Table 7 with already known substances.

Table -Nr. Compound lon mass [m/z] Time [min] Peak-Nr.

8 Chlorogenic acid 355.17 26.97 15

5+6 Rutin und Hyperoside each without 303.03 29.32 16

sugar residue

15 Quercitrin without Sugar residue 303.04 32.00 18
1 Quercetin 303.05 35.37 20
1 Quercetin 303.04 35.49 21
1 Quercetin 303.05 35.59 22
16 Biapigenin 539.09 40.10; 40.23 24,25
23 Adhyperforin 551.42 71.28 43
3 Hyperforin 537.43 80.19 47

3.5.6 Total phenol

Most antioxidant activities from plant sources originate from phenolic compounds®” 8
Phytochemicals, particularly phenolic compounds in the plant extract, are the main bioactive
components known for their health benefits. Phenolic compounds consist of one aromatic ring
(phenolic acids) or more (polyphenols) with hydroxyl groups linked to their structure. Phenolic
compounds act as reduction agents, hydrogen donors, and singlet oxygen quenchers due to
their redox properties. The natural antioxidants in the plant show a wide range of biological
activities, including antibacterial, anti-inflammatory, antiviral, antiallergic, antithrombotic, and
vasodilatory actions. The phenolic content of the plant extracts of St John’s wort was
determined spectrophotometrically using the Folin-Ciocalteau assay and expressed as gallic
acid equivalents (GAE). There was no significant difference in the resulting phenolic
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compounds for the different water-based methods (Table 5). Although the difference is
minimal, we note that extracting the plant after the addition of boiling water gives a better result
than heating the water with the plant gradually. A significant difference was observed between
methanolic extract (93.2 mg GAE/g) and ethanolic extract (64.4 mg GAE/g). The value for
aqueous extracts is much higher than for methanol and ethanol; this may be due to the fact that
methanolic and ethanolic extracts do not dissolve fully in water. We note that the standard
calibration curve of Gallic acid (Y=0.06063X + 0.06734) is linear in the range of 0-20 pg/ml
with a correlation coefficient (r?) of 0.997 (Figure S2). The appropriate selection of the
extracting solvent is not as straightforward as it may seem. Effective extraction of phenolic
compounds relies on a suitable solvent selection, elevated temperatures, and mechanical
agitation. The solubility relies on the polarity of phenolic compounds that exist in the plant.
Phenolic compounds have the ability to form hydrogen bonding with water molecules, so they
are soluble in water, a polar solvent.

Table 3-5: Total phenolic contents for the studied extracts of St John’s wort

St John’s wort Total phenolics
(mg GAE/Q)
Water | 170.6 £1.7
Water |1 174.8 £+0.9
Ethanol extract 64.4+1.5
Methanol Extract 93.2+1.3

3.5.7 Antioxidant activity DPPH

In the DPPH test, we examined the capacity of the tested Hypericum Perforatum L. extracts to
act as donors of electrons or hydrogen atoms in the conversion of DPPH radicals into their
reduced form DPPH'-H. In the present study, aqueous, ethanolic and methanolic extracts were
investigated. All extracts showed free-radical scavenging activity, meaning that all the assessed
extracts were able to reduce the stable, purple-colored radical, DPPH: into the yellow-colored
DPPH:--H (Figure 11). Antioxidant activities of the phytochemicals existing in these extracts
perhaps rely on structural factors, like the number of keto groups, free carboxylic groups,
methoxyl groups, phenolic hydroxyl, flavone hydroxyl and other structural advantages®®. For
the calculation of the I1Cso values the following theoretical function were fit to the
measurements using Microsoft Excel solver (Figure 10):

f(x) = 1 + e-Bn@-In(0)

A, B, and C are the parameter of the function, x is the concentration and f(x) the corresponding
activity. Extracts mark by * the A value were set to the A value of the corresponding ascorbic
acid value, because otherwise no reasonable fit is obtained. The parameter errors are
determined by the invers of the Fisher information matrix. Using the error propagation
calculation the standard error of the ICso values as well as the confidential interval with alpha
= 0.05 are calculated. we found that 1Cso of the extracts of Hypericum Perforatum L. (St John'’s
wort) is 51 ug/ml for extract prepared by using 150 ml boiling water, 60 pg/ml for extract
prepared by using cold 750 ml water then boiling until the volume of the solution is reduced to
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approx. 100 ml, 75 pg/ml for ethanolic extract and 67 ug/ml for methanolic extract, which
indicates the remarkable antioxidant activity of the extracts.

The most powerful extracts in terms of antioxidant activity were those obtained from water |
method (Table 6). This can be explained by the difference in free radicals scavenging activity
of extracts based on their chemical composition and content of total phenols and flavonoids.
Generally, a positive correlation between phenols and antioxidant activity was found, but the
relationship is not obvious, as it depends on the complex composition of the sample. The pool
of the phenolic compounds can be low, but due to a high content of, e.g. ascorbate, the total
antioxidant status can be very high. The type of phenols and the amount of individual phenolic
compounds present in the extract effect the antioxidant properties, and different classes of
compounds with low and /or high antioxidant activity could be present in the extract. It is
important to analyze each class of compound and relate it to the antioxidant activity.
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Figure 3-10: Evaluation of IC50 of the St John’s Wort extract and standard ascorbic acid using
DPPH scavenging Assay
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Figure 3-11: shows the change in the structure of the 1,1-diphenyl-2-picrylhydrazyl compound from
the radical form to the reduced form with the change of its color

Data previously published indicate that there are significant differences in the results of
scavenging activities of Hypericum Perforatum L. (St John's wort) extracts, which are partly
related to the extraction medium (MeOH, EtOH, water or other solvents) and thus to the content
of the various phenolic compounds. Ethanolic samples, which contained the least amount of
phenols, showed a lower activity (ICso 75 pg /ml) in agreement with several studies that have
reported the relationships between the phenolic content and the antioxidant activity’®. The

correlation is shown in (Figure 12).

Table 3-6: Percentage of neutralization of DPPH radical by St John’s wort extracts in the DPPH

Assay
St John’s Concentration (ug/ml) ICso
Wort 500 300 100 50 10 15 mg/ml) +
Extract STD error
Water I 83.46 80.60 74.62 45.71 11.46 03.22 51+ 3.6
Water | 87.26 86.10 59.65 37.45 20.85 12.74 60 = 20
Ethanol 84.84 84.12 57.22 37.91 15.34 11.37 75+ 14
Methanol 82.12 80.28 65.42 39.88 10.03 00.83 67+4.4
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Figure 3-12: Correlation between phenolic content and antiradical activity for St. John’s Wort by

DPPH
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3.5.8 Antioxidant activity ABTS

The solvents used in the DPPH assay, methanol or ethanol, yield incorrect results for polar
antioxidants (DPPH is insoluble in water), so this method does not provide useful information
on the actual reaction of the antioxidant when viewed alone. In contrast, in ABTS assay, the
radical is produced in the water just before the test by the reaction of ABTS with an oxidizing
agent, such as potassium persulfate. The antioxidant activity is specified as the amount of
ABTS™ that is quenched after a specified period of time (ABTS'™ is a radical cation, so
antioxidants react with it by an electron transfer mechanism), and compared to the activity
produced by ascorbic acid. No distinction is made between radical trapping kinetics and
stoichiometry; the result relies on the time chosen before the absorption reading’ 2. ABTS is
often employed in plant medicine research to measure the antioxidant characteristics of
hydrogen-donating and chain-breaking antioxidant agents. This method is useable for both
hydrophilic and lipophilic antioxidants. For the calculation of the IC50 values the same
previous theoretical function used in the DPPH method was fit to the measurements. The
scavenging activities of ABTS radical cation of various extracts (water, ethanol and methanol)
of Hypericum perforatum L. are illustrated in Figure 13. The synergistic effects of these
extracts with various solvents on ABTS cation scavenging activity were calculated (Table 7).
The results clearly imply that the aqueous, ethanolic and methanolic extracts of Hypericum
perforatum L. inhibit ABTS radical or scavenge the radical in a dose-dependent manner. The
radical scavenging activity of extracts of Hypericum perforatum L. was estimated by
comparing the percentage inhibition of formation of ABTS"" radicals with that of ascorbic acid.
The activity was concentration-dependent, and the maximum scavenging activity was found in
the water extract 1l (ICso= 42 pg/mL), followed by water extract | (ICso= 51 ug/mL), then
methanolic extract (ICso= 71 pg/mL) and ethanolic extract (ICso= 97 pug/mL) (Figure 13). All
the extracts obtained with different solvents showed scavenging effects on ABTS"" in the pg/ml
range. This result is extremely promising because it indicates lower-cost extraction processes
can be achieved, as no expensive solvents are needed to obtain the same amount of phenols
and active substances from the plant.

Table 3-7: Percentage of neutralization of ABTS™" radical by St John'’s wort extracts in the ABTS

Assay
St John'’s Concentrations (pg/ml) ICso
wort 500 300 100 50 10 | ug/ml)+
Extract 15 STD error
Water Il 94.42 94.03 74.45 44.62 13.23 3.63 42 +£9.3
Water | 94.40 93.63 72.74 44.20 24.84 5.48 51+4.1
Methanol 94.57 93.11 51.66 33.38 24.77 9.93 71+ 14
Ethanol 93.07 92.30 45.67 26.32 11.17 7.57 97 £ 29
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Figure 3-13: Evaluation of IC50 of the St John’s wort extract and standard ascorbic acid using ABTS
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3.5.9 Statistical analysis

For the experimental technical harvesting methods, the statistical analysis showed the
correlation difference between the water | extract method and the ethanol 70% method is high
significance at p-value 0.007 while the water Il extract method lead to harvest with no
significant difference with ethanol 70% method. Therefore, it is recommended water 11 method
for extraction of a higher amount of harvest nearly to the level of ethanol 70% method rather
than the water | method. The statistical correlation showed no significance in the harvest when
using 70% and 100% of the methanol, acetone and ethanol solvents but our recommendation
is to use 70% of these solvents which give a high amount of harvest.

As for the HPLC diagrams, as shown in figures S3 to S10, the iterations of the eight extracts
have shifted to the right or to the left, although all the iterations of all extracts have the same
spectrum, that is, all of the peaks in the spectra are shifted by about the same time interval.
Also, the repetitions of the samples were using different concentrations, so the intensity of the
peaks varies from one plot to another according to the concentration taken. The main reasons
that affect the Rt in our case are, the pump was old and did not always work with the same
efficiency, and the column was used to a great extent, and for other experiments of other
students also during the process of repeating our experiments. But it is clear from the sampling
frequency plots (figures S3 to S10) that the protocol is repeatable and we will get the same
spectrum and the same peaks with the same time difference for each extract when the scan is
repeated.

3.5.9.1 Paired Samples T Test

To compare the DPPH scavenging activity of various extracts of St John’s Wort with Ascorbic
acid as standard the paired T-test showed that St John’s Wort extracts i.e. water extract | & 11
and Ethanol low significance difference with Ascorbic acid under the same condition, while
methanol extract has a higher significant difference with ascorbic acid at p Value 0.134. This
probably due to the preparation of ascorbic acid during this experiment and that is clearly
appeared with the lowest recorded number of DPPH activity in comparison to the other tested
group see tables S24 &26 in ESI.

There is a strong correlation between the DPPH scavenging activity of ascorbic acid and St.
John's Wort extracts as represented in table S25 in ESI. These correlations can be classified
into very strong correlations for both water extract | & 11 at values of more than 0.85 while the
correlation is moderate between 0.5 and 0.85 for ethanol and methanol extract. This means for
the highest DPPH scavenging activity, it is a preference for using water as an extraction solvent
rather than ethanol and methanol with St. John's Wort plant.

The same comparison has been done by ABTS method using paired sample T-test, the
difference between the St John’s Wort extracts i.e. water extract | , 11, Ethanol, methanol and
ascorbic acid was low at p-value ranged from 0.001- 0.007 as seen in tables S27 & 29 in ESI.
This means that the previously mentioned probability concerned with the preparation of
ascorbic acid during methanol extract would be correct. For testing the correlation between the
St John’s Wort extracts i.e. water extract I, 11, Ethanol, methanol and ascorbic acid standard by
ABTS, the same result shown in table S28 in ESI was confirmed like the previous mentioned
with DPPH.
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3.6 Conclusions

In the present study, the aerial parts (leaves, stem, petals, and flowers) of St John’s wort from
Al-Ghab Plain in Syria were harvested, cleaned with cold water, dried, ground and extracted
using different solvents such as water (either boiling with water for about 3 hours (water ) or
adding to boiling water for 20 minutes (water 1)), ethanol, methanol and acetone either pure or
mixed with water at 70%. The results indicate that preparing the extract using the tea method
(water Il) and using organic solvents mixed with water gave a high yield compared to the water
I method and pure organic solvents. A rapid, simple and reproducible high performance liquid
chromatography diode array (HPLC-DAD) and UV absorbance detection protocol was
developed to determine the phytochemical profiles present in the various extracts of St. John’s
wort from Syria. Concerning the presence of compounds, no general differences were observed
in the HPLC patterns of the eight extracts, with the exception of the patterns of aqueous extracts
at the wavelength 590 nm. This is the region of the appearance of hypericins, which do not
easily dissolve in water except at high temperatures and in very small proportions. The other
difference was in the intensity of the existing peaks, referring to the respecting concentrations
of the compounds. This can be explained by the fact that different solvents extract the
compounds in the plant in different proportions. High-performance liquid chromatography-
mass spectrometry (UPLC-MS) under positive ionization mode was conducted to separate the
bioactive molecules ions [M+H]* of the compounds in the extracts by their mass-to-charge
ratio (m/z) and to detect them qualitatively and quantitatively by their respective m/z and
abundance. Various techniques were used to identify the compounds: (i) Comparison with five
reference substances (chlorogenic acid, quercetin, hyperoside, quercitrin hydrate and
hypericin), (ii) comparison of the retention times of peaks in HPLC diagrams with those of
standards and those reported in the literature, (iii) comparing the UV absorption spectra of
peaks with the UV spectra of reference substances and spectra from the literature, (iv) matching
the prominent protonated molecular ions [M+1]+ of compounds with the molecular weights of
compounds known to be present in this plant. Ten compounds: hypericin, rutin, hyperoside,
quercitrin, quercetin, biapigenin, hyperforin, quercitrin hydrate, adhyperforin and chlorogenic
acid were identified, proven and confirmed. All St. John’s wort extracts (water | or water |,
ethanolic, methanolic and acetonic) were effective scavengers of the free stable ABTS™ and
DPPH-’ radicals, and particularly, extracts containing more phenolic compounds were more
effective scavengers. This antioxidant activity may be explained by the presence of
phytochemicals previously identified using HPLC; UV-VIS and HPLC-MS analysis, as they
have all been shown to have antioxidant activity.

3.7 Future Studies

The aqueous extract of this plant has been used in a previous own study " as a reducing agent
for silver ions into metallic silver, as well as a protective agent (capping agent or stabilizer) to
protect the silver nanoparticles and prevent their aggregation. This synthesis of AgNPs using
aqueous St John's wort extract from Syria represents a green, simple, one-pot method, which
is cost-effective, environmentally friendly, and provides natural capping agents for the
stabilization of AgNPs, without necessitating high temperature, pressure, energy and toxic
chemicals. Phenolic compounds originating from the aqueous St John's wort extract on the
surface of AgNPs played an important role in their antioxidant and anti-cancer activity, as
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shown in above-mentioned study. Current work examines the conjugation of AgNPs with
aptamers selective towards specific cancer cells. Thus, the phenolic compounds from St John'’s
wort on the surfaces of silver nanoparticles could have an important role in the targeted therapy.
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3.9 Supporting Informations

Table S 3-2: An overview of the most important HPLC protocols used previously in order to identify the most important Phytochemicals in various St. John's
Wort extracts

Elution Gradient Flow
,F\)I'; A B Elution n?ﬁ;ri (°-Ei) column used Identified compounds Ref
in
Hyperoside, Rutin, Quercitrin,
Quercetin, 13, 118-Biapigenin,
0,1 % aqueous 0 min 25% B Amentoflavone, Caffeoylquinic
1 formic acid with Acetonitril 6 min 100% B 1 50 Zorbax SB-C18 30 mm acid, Protopseudohypericin, 1
10 mmol/L 8 min 100% B x 2.1 mm x 3.5 um Pseudohypericin, Protohypericin,
CH3COONH;4 Hypericin, Hyperfirin,
Adhyperfirin, Hyperforin,
Adhyperforin
0-20 min 90% A Rutin, Hyperoside, Isoquercitrin
Adqueous 20% Aqueous 10% | 20-25 min 30% A Waters YMC ODS-AQ buerci trin duercetin '
2 methanol and methanol and | 25-30 min10% A 1 20 RP-18, 5 um, 120 A°, Pseudoh eriéin H erfc’Jrin 2
0,5% TFA 05%TFA | Until 60 min0 4.6X250 mm ypericin, Hyp ’
%A Hypericin
0 min 90 %A Neochlorogenic acid,
2 min 70 %A Caffeoylquinic acid type,
8 min 70 %A Chlorogenic acid, Rutin,
13 min 65 %A Hyperoside, Isoquercetin,
20 min 50 %A Quercetin 3-O-b-D-galacturonic,
3 Water/ formic acid methanol 22 min 50 %A 1 ) RP C18 column (25X0.4 | Quercetin 3-O-b-D-glucuronic, 35
(99:1) 30 min 30 %A cm, particle size 5 um | Quercitrin, Kaempferol 3-O-b-D-
35 min 30 %A rutinoside, Hyperoside-acetyl,
45 min 20 %A Rutin-acetyl, quercetin,
50 min 20 %A Kaempferol, Biapigenin,
55 min 5 %A Amentoflavone,
62 min 5 %A Protopseudohypericin,
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Chapter 3: Identification of Major Constituents of Hypericum perforatum L

65 min 90 %A Pseudohypericin, Protohypericin,
Hypericin, Hyperforin,
Adhyperforin.
Methanol/0.01 M octadecyl (Cig) column | Rutin, Isoquercitrin, Luteolin-4"-
Orthophosphoric i 80 min 1 20 (Hichrom 5 Cys, glucoside, Quercetin-4-
acid ph=7 7.75X300 mm, 5 um glucoside, Quercetin, Naringenin,
(50:50,v/v) particle size Luteolin, Apigenin
Neochlorogenic acid,
. Protocatechuic acid, 3-0-[Z]-p-
0,
(Ji;O?lr?qir/f ?L(I)nt? Coumaroylquinic acid, 3-0-[E]-p-
15 % B i’n A8 Coumaroylquinic acid,
min (0.5) 15’ to Cryptochlorogenic acid,
20 13 m|n (0.5) Mangiferin, Isoorientin,
’ Tl Cyanidin-3-0-a-L-rhamnoside,
MeCN/tetrahy | 20 to 50, 7 min . . - I
water/tetrahydrofu Supelco Discovery Cis, | Rutin, Hyperoside, Isoquercitrin,
o drofuran/TFA, | (0.55),50t0 65,5 | 0.5 AN -
ran/TFA, 97:2: 1 97: 21 min (0.6), 65 to 25cm x 4.6 mm, 5 um Migquelianin, Astiblin,
e 75 5 rﬁin, (0.6) Guaijaverin, Quercitrin,
75 ’to 100.5 m|n Quercetin-3-0-(2"" -acetyl)-p-D-
(0.7) isc;cratic galactoside, Quercetin,
Witﬁ 1’00 % B. 25 Biapigenin, Amentoflavone,
min (0.7) ' Pinocembrin-7-methyl ether,
o Pseudohypericin, Hyperforin,
Hypericin
0 min 10% B A Knauer (Berlin Quercetin-galacturonide, R_utin,
. 10 min 20% B Germany) column 120 X Hyper05|qe, Isoq-uerc.etrm,
Acetonitril+20 . : Quercetin-arabinoside,
.- 20 min 100 % B 4 mm i.d. was packed X .
Acetonitril+0.1% mM . . Quercetrin, Quercetin, 13-118-
. . _ . 30 min 100 % B with Apex-1 ODS, 5 N
acetic acid (5:95, ammonium ) 1 . Biapigenin, Amentoflavon,
_ 32min10% B pum, column packing L
v/v) acetat (95: 5, . . . Protopseudohypericin,
Bis 40 min material (Jones g, -
VIV) Chromatoaranh Pseudohypericin, Protohypericin,
Hen oedg Url)<)y Hypericin, Hyperforin,
goed, Adhyperforin
. Chlorogenic acid, Caffeic acid
0.1 % aqueous - 0 min 25% B reversed-phase Zorbax . L L
HCOOH with 10 | Acetonitrile & inq00e | 1 | 2 | CB-Cycolumn(a6x | Rutin Q“ﬁ;gg'r’;'ci;'yperfo“”'
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mmol/L 150 mm, i.d., 5 um
CH3;COONH,4 particle size)
Chlorogenic acid, Gallic acid,
0.01M Zorbax Eclipse XDB Cis | Trans- p-coumaric acid, Rutin,
8 Methanol ammonium isocratic mode 2 25 column with dimensions Hyperoside, Isoquercitrin, 10
acetate in (1:1) (5 um, 150 mm X 4.6 Quercitrin, Quercetin,
water mm) Pseudohypericin, Hypericin,
Hyperforin
Water with a0
0.05% 0 n;m 10/(? A h h Chlorogenic acid, Rutin,
9 Acetonitrile trifluoracetic 90% B, 0% C - - Lychromasphere 5 um Hyperoside, Isoquercitrin 1
. 50 min 80% A, Cig column from Merck P :
acid 506 B. 15% C Quercitrin
C: methanol ’
0 min 85% A,
15% B
12 min 80% A, . .
5 C, 15% & e
10 H0:H3PO, ACN 20min10%A, |, | g5 | Vydac201TP54,Cy, 3& i Ql‘fercetin ! »
(99.7:0.3 viv) C) MeOH 15% C, 75% B 5mm, 4.6 X 250 mm S S
. Pseudohypericin, Hypericin,
27 min 5% A, Hyperforin
15% C-80% B yp
30 min 85% A,
15% B
Acetonitrile+0.3% - .
11 phosphoric acid i 10 min 15 Cs regglrjtrer(]jr;phase PseudohypHerlc‘:alrr:,C::yperforln, 13
(90:10 v:v) yp
0 min 100%A
11()52)'2 805(;/0?’ 201 TP 54 RP-18 column | Chlorogenic acid, Rutin, Hyperoside,
W 0B, Y70~ (250 X 4.6 mm 1.D., 5 pm, Isoquercitirn, 7-O-
ater+ 85% . 30 min 70%A, . - -
R Acetonitrile 300 A, protected with an rhamnopyranoside, Quercitrin, 14
12 phosphoric acid 20%B, 10%C 1 30 . ; T
) c¢) methanol : Alltech direct-connect Quercetin, 13,118-Biapigenin,
(99.7:0.3 v/v) 40 min 10%A, . . - -
universal column prefilter Pseudohypericin, Hypericin,
75%B, 15%C of 2 um porosity Hyperforin, Adhyperforin
55 min 5%A, H ' '
80%B, 15%C
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Chapter 3: Identification of Major Constituents of Hypericum perforatum L

56 min100%A,
0%B, 0%C
65 min100%A,
0%B, 0%C
. A LiChrosorb RP 18
0,
0 mgnOZ/SB/O A column (125X4 mm
Methanol- 0._1 M aqueou_s 8 min 90% A, I.D., 5 um, Darmstadt, Hypericin, Protoh_yperlcm, ©
13 o , trithylammoni 0.6 Germany), protected Pseudohypericin,
acetonitrile (5:4) 10%B : . S
um acetat . with a LiChrospher 100 Protopseudohypericin
13 min 70% A,
RP 18 (4X4 mm I.D., 5
30%B
um, Merck).
0 min 87% A . .
1(.) mM 10 min 83% A Synergi MAX-RP 80A Rutin, Hyperoside, Isoquercitrin,
ammonium acetate o . column (150 X 4.6 mm, Jr .
_ Acetonitrile/M | 25 min 100% B ) . Quiercitrin, Quercetin, 13,118- 16
14 buffer pH =5.0 _ 1 40 | 4-pm particle size) from L .-
. . ethanol (9:1) After each run Biapigenin, Pseudohypericin,
adjusted with . Phenomenex (Torrance, S i
; L 10 min Hypericin, Hyperforin
glacial acetic acid R CA)
equilibration
50%
(ammonium
acetate-acetic
. acid buffer . C1s reversed-phase - -
15 50% Acetonitrile (0.3M 20 min 0.4 25 | column (5 um, 4.6 mm Hypericin, Protohypericin o
pH=6.96) + X 150 mm)
methanol (1:4,
vIv))
0 min 100% A
10 min 85% A,
15% B
30 min 70% A, Nova-Pack RP-18 clolumr.1 Chlorogenic acid, Rutin, Hyperoside,
(150 X 3.9 mm i.d.; 4um; o _ .
20%B+10%C . : Isoquercitrin, Quercitrin, Quercetin,
16 water 85% H3POs., CHsCN 40 mi Waters) provided with L X 18
min 10% A, 1 25 . . 13, 118-Biapigenin, Hyperforin,
pH 4.0 C) methanol 7506 Security Guard cartridge . .
0B, 15% C Cus (4 mm X 3.0mm i.d; Adhyperforin, Pseudohypericin,
55 min 5%A+80% 18 Phenomeﬁex) - Hypericin
B+ 15% C '
Total time 65 min
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0 min 10% A
i 0,
?3% nanlir:] 8(;): Kromasil 100 Css column
Water containin methanol 36 min 100; A (3.5 um, 4.6x150 mm,
17 0.2% formic acig containing 0.2% 45 min 10%: A 25 serial no. N45672; batch Hyperforin 19
' formic acid e TR-013407) (Teknokroma,
(equilibration) .
Barcelona, Spain)
ethyl acetate + 15.6
g/L solution of
sodium dihydrogen .
18 phosphate adjusted . . . IHyper5|I Gold RP18 dohvoerici - 20
to pH 2 with isocratic 10 min 40 column (150 X 4.6 mm, 5 Pseudohypericin, Hypericin
phosphoric acid + um).
methanol (39:41:160
VvIVIV)
Superspher RP 18 column
19 Methanol+ 0.1 M aqueous 0 min 70% A '\(AZ;%L()A' r?cr:}telctDed Svﬁlr?a Protopseudohypericin,
L ) triethylammoni 15 min 90% A - ) P Pseudohypericin, Protohypericin, 21
acetonitrile (5:4 viv) 200 LiChrospher 100 RP 18 -
um acetat 25 min70% A Hypericin
(4X4 mm 1.D., 5 pum,
Merck) precolumn
50 reversed stationary phase
Water+27g5 o5 column (Hypersil BDS 250
880 g water+80 g acetonitrille+g X 4 mm, 5 um particle size )
acetonitrile+ 2mL 85.04 0 min 100% A and 120 °A pore size; RUtOSlq
20 85% phosphoric methénolg+ 1 10 min 40% A Thermo Scientific, Hyperoside
acid L. 85% 45 min 40% A 30° | Schwerte, Germany) and Isoquercitrin 22
+ adjusted to > 53 min 0% A an RP precolumn (Hypersil uercetin
. phosphoric acid . Q
PH=2.8 with . 65 min 100% A BDS 50 x4 mm; 5 um Biapiaeni
: : + adjusted to ; : lapigenin
triethylamin PH=6.1 with particle size and 120 °A
trie;h ' lamin pore size; Thermo
y Scientific)

Pr. Nr. mean Protocol Number; Ref. mean Reference Number
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a) Table show mobile phase program b) diagram show mobile phase Program

Time Eluent A Eluent B
100
[min] [%] [%]
80
S
60
23]
0 95 5 z
40
82 0 100 g
92 0 100 w5
93 95 5 0
100 95 5 0 20 40 60 80 100

Time [min]
Figure S 3-1: mobile phase program a) table and b) diagram

Table S 3-3: Representation of the peak numbers of the mass spectrum of the sample (ethanol 100%)
with respective times and the positive ion mass

Peak-Nr. Time [min] lon mass [g] Peak-Nr. Time [min] lon mass [g]
1 2 141,00 28 52,14 625,39
2 2,65 114,98 29 52,31 301,15
3 2,87 206,87 30 53,20 609,37
4 4,40 262,11 31 56,05 591,37
5 4,63 130,04 32 57,46 609,38
6 10,89 120,08 33 58,09 591,36
7 11,51 100,07 34 60,08 591,36
8 12,13 141,00 35 61,50 575,37
9 14,85 163,03 36 62,54 553,37
10 17,63 147,04 37 64,28 559,36
11 19,81 163,04 38 64,57 593,25
12 21,03 291,07 39 66,36 557,35
13 22,14 409,17 40 66,96 571,37
14 24,66 241,06 41 68,84 575,38
15 26,97 355,17 42 70,01 537,40
16 29,32 303,03 43 71,28 551,42
17 31,26 325,21 44 72,90 117,00
18 32,00 303,04 45 75,77 117,00
19 33,30 191,07 46 77,86 685,47
20 35,37 303,05 47 80,19 537,43
21 35,49 303,04 48 84,44 117,00
22 35,59 303,05 49 84,70 116,99
23 37,45 237,15 50 84,83 116,99
24 40,10 539,09 51 84,93 116,99
25 40,23 539,09 52 85,06 116,99
26 48,27 531,31 53 85,34 116,99
27 49,79 625,38 54 87,35 141,02
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Table S 3-4: St. John's Wort substances are already known in the literature

Nr. Compound Molecular weight [g/mol]
1 Quercetin 302,238
2 Isoorientin 448,38
3 Hyperforin 536,797
4 Hypericin 504,45
5 Rutin 610,521
6 Hyperoside 464,379
7 Isoquercitrin 464,379
8 Chlorogenic acid 354,311
9 Neochlorogenic acid 354,311
10 Luteolin 286,239
11 Luteolin 5-glucoside 448,38
12 Luteolin 3-glucoside 448,38
13 Kaempferol 286,239
14 Caffeic acid 180,159
15 Quercitrin 448,38
16 Biapigenin 538,464
17 Protohypericin 506,466
18 Pseudohypericin 520,449
19 Protopseudohypericin 522,465
20 Apigenin 270,24
21 Mangiferin 422,342
22 Astilbin 450,396
23 Adhyperforin 550,824
24 Ferulic acid 194,186
25 Cryptochlorogenic acid 354,311
26 Protocatechuic acid 154,121
27 Quercetin-3-arabinoside 434,35
28 Miquelianin 478,362
29 Quercetin 3°-xyloside 434,353
30 Flavone 222,243
31 Nicotiflorin 594,522
34 Cyanidin 3-rhamnoside 433,389
35 3-p-Coumaroylquinic acid 338,312
36 Caffeoylquinic acid type 354,311

14 - T

\ ®  Average of Gallic acid

o -
@ =1

Absorbance

\.\

[=}
%)
T

L ]

Concentration {pg/mL)

Figure S 3-2: Standard calibration curve of absorbance against concentration of Gallic acid
prepared by using a UV-VIS spectrophotometer
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Figure S 3-4: repetition spectrums of water extract Il at the three wavelengths 260 nm, 350 nm and 590
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Figure S 3-6: repetition spectrums of acetone 100% at the three wavelengths 260 nm, 350 nm and 590
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Figure S 3-7: repetition spectrums of EtOH 70% at the three wavelengths 260 nm, 350 nm and 590
nm
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Figure S 3-8: repetition spectrums of EtOH 100% at the three wavelengths 260 nm, 350 nm and 590
nm
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Chapter 3: Identification of Major Constituents of Hypericum perforatum L

3.9.1 Statistical Analysis

3.9.1.1 ANOVA DPPH
Table S 3-5: Descriptives of Ascorbic Acid

Descriptives
Ascorbic Acid
95% Confidence Interval for

N Mean  Std. Deviation Std. Error Mean Minimum Maximum
Lower Bound  Upper Bound
500 3 88.2336 24407 .14091 87.6273 88.8399 87.95 88.37
300 3 87.8814 12203 .07046 87.5782 88.1845 87.74 87.95
100 3 87.5995 24407 .14092 86.9932 88.2058 87.32 87.74
50 3 86.8245 12203 .07046 86.5213 87.1276 86.68 86.89
10 3 22.6734 1.07818 .62249 19.9950 25.3517 21.62 23.78
1.5 3 4298 33419 19294 -.4003 1.2600 .05 .69
Total 18 62.2737 37.49732 8.83820 43.6267 80.9207 .05 88.37
Table S 3-6: Descriptives of Water Extract |
Descriptives
Water Extract |
St 95% Confidence Interval for
N Mean Deviation Std. Error Mean Minimum Maximum
Lower Bound =~ Upper Bound
500 3 83.7948 .24407 14091 83.1885 84.4011 83.51 83.94
300 3 82.8789 42275 .24407 81.8287 83.9290 82.46 83.30
100 3 64.6305 .32287 .18641 63.8284 65.4325 64.28 64.91
50 3 37.5749 44001 .25404 36.4818 38.6679 37.22 38.07
10 3 10.4653 .29206 .16862 9.7398 11.1908 10.15 10.73
15 3 .8668 12623 .07288 5532 1.1803 .72 .95
Total 18 46.7018 33.87808 7.98514 29.8547 63.5490 72 83.94
Table S 3-7: Descriptives of Water Extract Il
Descriptives
Water Extract 11
95% Confidence Interval for L )
N Mean S_td.- Std. Vean Minimu  Maximu
Deviation Error m m
Lower Bound Upper Bound
500 3 84.4994 .32288 .18641 83.6973 85.3015 84.15 84.78
300 3 83.6539 44000 .25404 82.5609 84.7469 83.30 84.15
100 3 74.2831 .32287 .18641 73.4810 75.0852 74.00 74.64
50 3 45.3907 .53194 .30712 44.0693 46.7121 44.90 45,95
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10 3 10.8934 .33066 .19091 10.0720 11.7148 10.63 11.26
1.5 3 3.6319 .21390 .12350 3.1006 4.1633 3.40 3.82
Total 18 50.3921  34.16053 8.05171 33.4044 67.3797 3.40 84.78
Table S 3-8: Descriptives of Ascorbic Acid of Ethanol
Descriptives
Ascorbic Acid of Ethanol
95% Confidence Interval for
N Mean S-td._ Std. Mean Minimu  Maximu
Deviation Error Lower m
Bound Upper Bound
500 3 90.1670 49086 .28340 88.9476 91.3863 89.80 90.72
300 3 89.7959 .37106 .21423 88.8742 90.7177 89.42 90.17
100 3 89.4249 55659 .32135 88.0422 90.8075 88.87 89.98
50 3 89.0538 49086 .28340 87.8344 90.2732 88.50 89.42
10 3 33.2096 4.90863 2.83400 21.0159 45.4034 29.50 38.78
1.5 3 10.7607 1.44903 .83660 7.1611 14.3603 9.83 12.43
Total 18 67.0686  33.52342  7.90155 50.3978 83.7395 9.83 90.72
Table S 3-9: Descriptives of Ethanol Extract
Descriptives
Ethanol Extract
95% Confidence Interval for o )
N Mean S-td.- Std. Mean Minimu  Maximu
Deviation Error m
Lower Bound Upper Bound
500 3 84.4156 .37106 .21423 83.4938 85.3373 84.04 84.79
300 3 83.6735 55659 .32135 82.2908 85.0561 83.12 84.23
100 3 56.0915 4.66904 2.69567 44.4930 67.6901 51.76 61.04
50 3 36.3018 2.83400 1.63621 29.2618 43.3418 33.21 38.78
10 3 12.9252 1.86761 1.07827 8.2858 17.5646 10.95 14.66
1.5 3 8.9672 2.04363 1.17989 3.8906 14.0439 6.86 10.95
Total 18 47.0625  31.36550 7.39292 31.4648 62.6602 6.86 84.79
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Table S 3-10: Descriptives of Ascorbic Acid of Methanol

Descriptives
Ascorbic Acid of Methanol
95% Confidence Interval for

Std. Minimu  Maximu
N Mean o Std. Error Mean
Deviation m m
Lower Bound Upper Bound
500 3 89.6414 .34503 19920 88.7843 90.4985 89.24 89.84
300 3 89.4422 .19920 11501 88.9474 89.9371 89.24 89.64
100 3 89.2430 .39841 .23002 88.2533 90.2327 88.84 89.64
50 3 88.2470 52705 .30429 86.9378 89.5563 87.65 88.65
10 3 2.1912 4.28634 2.47472 -8.4566 12.8391 -2.19 6.37
1.5 3 .3984 .99602 57505 -2.0758 2.8726 -.60 1.39
Total 18 59.8606 42.64608  10.05178 38.6532 81.0680 -2.19 89.84

Table S 3-11: Descriptives of Methanol

Descriptives

Methanol Extract

95% Confidence Interval for Mean

N Mean Std. Deviation Std. Error

Lower

Bound

Upper Bound

Minimum Maximum

500 3 87.2587 .51076

300 3 86.1004 33437

100 3 59.6525  1.95924

50 3 37.4517 33437

10 3 20.8494  3.86100

15 3 127413 .38610

Total 18 50.6757  30.26420

.29489 85.9899

.19305 85.2698

1.13117 54.7855

.19305 36.6211

2.22915 11.2582

22291 11.7822

7.13334 35.6256

88.5275

86.9310

64.5195

38.2824

30.4407

13.7004

65.7257

86.68

85.91

57.53

37.26

16.99

12.36

12.36

87.64

86.49

61.39

37.84

24.71

13.13

87.64

3.9.1.2 ANOVA ABTS
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Table S 3-12: Descriptives of Ascorbic Acid, Water Extract | and Water Extract 11

Descriptives
95% Confidence Interval

N Mean  Std. Deviation Std. Error for Mean Minimu | Maximu
Lower Upper m m
Bound Bound
500 3  94.9482 .00000 .00000 94.9482 94,9482 94.95 94.95
300 3 94.8618 .07479 .04318 94.6760 95.0476 94.82 94.95
) 100 3 94.6891 .00000 .00000 94.6891 94.6891 94.69 94.69
2z?§rb|c 50 3 94.6891 .00000 .00000 94.6891 94.6891 94.69 94.69
10 3 31.9948 .22436 12953 31.4375 32.5522 31.74 32.12
15 3 53109 12953 .07478 49891 5.6327 5.18 5.44
Total 18 69.4157 37.77652 8.90401 50.6298 88.2015 5.18 94.95
500 3 94.3949 .22064 12739 93.8468 94.9430 94.27 94.65
300 3 93.6306 .25478 14709 92.9977 94.2635 93.38 93.89
100 3 72.7389 .25478 14709 72.1060 73.3717 72.48 72.99
\I::j:zz:t | 50 3 44.2038 12739 .07355 43.8874 44,5203 44,08 44.33
10 3  24.8408 1.13225 .65371 22.0281 27.6534 23.57 25.73
15 3 54777 .00000 .00000 54777 54777 5.48 5.48
Total 18 55.8811 34.72717 8.18527 38.6117 73.1505 5.48 94.65
500 3 94.4228 12970 .07488 94.1006 94.7450 94.29 94.55
300 3 93.9905 .07488 .04323 93.8045 94.1765 93.90 94.03
100 3 74.4920 .19812 11438 73.9998 74.9842 74.32 74.71
::j:it " 50 3 44.6606 .39625 22877 43.6763 45.6450 44.23 45.01
10 3 13.1431 3.50994 2.02647 4.4239 21.8623 9.21 15.95
15 3 3.6749 .83386 48143 1.6035 5.7463 2.72 4.28
Total 18 54.0640 37.45843 8.82004  35.4363 72.6916 2.72 94.55
Table S 3-13: Descriptives of Ascorbic Acid and Ethanol Extract
Descriptives
95% Confidence Interval
N Mean | Std. Deviation Std. for Mean Minimu Maximu
Error Lower Upper m m
Bound Bound
500 3 95.0535 .00000 .00000  95.0535 95.0535 95.05  95.05
300 3 94.9198 .13369 07719  94.5877 95.2519 94.79  95.05
Ascorbic Acid 100 3 94.8307 .07719 04456  94.6389 95.0224 94.79  94.92
of Ethanol 50 3 94.7415 .07719 .04456 94.5498 94.9333 94.65 94.79
10 3 38.4581 20421 11790 37.9508 38.9654 38.24 38.64
15 3 10.9626 74435 42975 9.1135 12.8116 10.16 11.63
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TTta 71.4944 35.00766  8.25138  54.0855 88.9033  10.16  95.05
500 3 94.5254 .07647 .04415 94.3354 94.7154 94.44 94.57
300 3 93.1126 .35043 20232 92.2421 93.9831  92.85 93.51
100 3 51.6556 AT756 27572 50.4693 52.8419  51.13  52.05

Ethanol 50 3 33.3775 39735 22941 32.3904 34.3646 32.98 33.77

Extract 10 3 24.7682 57734 .33333 23.3340 26.2024 24.11 25.17
15 3 9.8896 .20233 11681 9.3870 10.3922 9.67 10.07
Tota

18 51.2215 33.49464 7.89476  34.5650 67.8780 9.67 94.57

Table S 3-14: Descriptives of Ascorbic Acid and Methanol Extract

Descriptives

95% Confidence Interval

Std. for Mean
N Mean Std. Error Minimum = Maximum
Deviation Lower Upper
Bound Bound
500 3 95.0552 .07647 .04415 94.8652 95.2452 94.97 95.10
300 3 94.9669 .00000 .00000 94.9669 94.9669 94.97 94.97
100 3 94.9227 .07647 .04415 94.7328 95.1127 94.83 94.97
Ascorbic Acid of
50 3 93.3775 .26490 .15294 92.7194 94.0355 93.11 93.64
Methanol
10 3 93.3775 .26490 .15294 92.7194 94.0355 93.11 93.64
1.5 3 6.0927 .39736 .22941 5.1056 7.0798 5.70 6.49
Total 18 79.6321 33.84988 7.97849 62.7989 96.4652 5.70 95.10
500 3 93.0680 .22234 .12837 92.5157 93.6204 92.94 93.32
300 3 92.2978 .33964 .19609 91.4541 93.1415 91.91 92.55
100 3  45.6568 .19608 11321 45.1697 46.1439 45.44 45.83
Methanol Extract 50 3  26.3158 .12837 .07411 25.9969 26.6347 26.19 26.44
10 3 11.1682 46284 .26722 10.0184 12.3179 10.65 11.55
1.5 3 7.5738 .33964 .19609 6.7301 8.4175 7.32 7.96
Total 18 46.0134 36.22642 8.53865 27.9984 64.0284 7.32 93.32

3.9.1.3 T- Test: DPPH
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Table S 3-15

Paired Samples Statistics

Mean N Std. Deviation = Std. Error Mean
) Ascorbic Acid 62.2737 18 37.49732 8.83820
Pairt Water Extract | 46.7018 18 33.87808 7.98514
) Ascorbic Acid 62.2737 18 37.49732 8.83820
Pair2 Water Extract 11 50.3921 18 34.16053 8.05171
) Ascorbic Acid of Ethanol 67.0686 18 33.52342 7.90155
Pairs Ethanol Extract 47.0625 18 31.36550 7.39292
) Ascorbic Acid o fMethanol  59.8606 18 42.64608 10.05178
Paird Methanol Extract 50.6757 18 30.26420 7.13334
Table S 3-16:

Paired Samples Correlations

N  Correlation Sig.
Pair1  Ascorbic Acid & WaterExtractl 18 .888™ .000
Pair2  Ascorbic Acid & Water Extract 11 18 .920™ .000
Pair3  Ascorbic Acid of Ethanol & Ethanol Extract 18 .834™ .000
Pair4  Ascorbic Acid of Methanol & Methanol Extract 18 822" .000

** Correlation is significant at the 0.01 level (2-tailed)
If the correlation is between 0.85 and 1, there is a strong correlation. If the correlation is between 0.5 and 0.85, there is a
moderate correlation. If the correlation is between 0.1 and 0.5, there is a weak correlation.

Table S 3-17:

Paired Samples Test

Paired Differences

Methanol Extract

95% Confidence )
Sig. (2-
Std. Std. Error Interval of the t df )
Mean o ) tailed)
Deviation Mean Difference
Lower Upper

Pair  Ascorbic Acid — 15.5718 3.82

17.28684 407455 6.97531 24.16840 17 .001
1 Water Extract | 5 2
Pair  Ascorbic Acid — 11.8816 3.42

14.72732 3.47126 455790 19.20535 17 .003
2 Water Extract Il 3 3

~ Ascorbic Acid of
Pair 20.0061 10.6619 451
3 Ethanol — Ethanol 8 18.79039 4.42894 4 29.35042 ; 17 .000
Extract
~ Ascorbic Acid of
Pair - 1.57
Methanol — 0.18488 24.74250 5.83186 21.48904 17 134

4 3.11928 5
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3.9.1.4 T-Test: ABTS
Table S 3-18:

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
Pairl  Ascorbic Acid 69.4157 18 37.77652 8.90401
Water Extract | 55.8811 18 34.72717 8.18527
Pair 2 Ascorbic Acid 69.4157 18 37.77652 8.90401
Water Extract Il 54.0640 18 37.45843 8.82904
Pair 3 Ascorbic Acid of Ethanol 71.4944 18 35.00766 8.25138
Ethanol Extract 51.2215 18 33.49464 7.89476
Pair 4 Ascorbic Acid of Methanol 79.6321 18 33.84988 7.97849
Methanol Extract 46.0134 18 36.22642 8.53865
Table S 3-19:

Paired Samples Correlations

N Correlation Sig.
Pairl  Ascorbic Acid & Water 18 .870™ .000
Extract |
Pair2  Ascorbic Acid & Water 18 .884™ .000
Extract 11
Pair3  Ascorbic Acid of Ethanol & 18 .748™ .000
Ethanol Extract
Pair 4 Ascorbic Acid of Methanol & 18 505" .033

Methanol Extract

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed).

Table S 3-20:

Paired Samples Test

Paired Differences

95% Confidence
Std. Std. Error Interval of the t df Sig. (2-
Mean Deviation Mean Difference tailed)

Lower Upper

Pair AscorbicAcid - 13.534
1 WaterExtractl
Pair AscorbicAcid - 15.351
2 WaterExtractll

18.71702 4.41164 4.22680 22.84231 3.068 17 .007

18.13452 4.27435 6.33359 24.36976 3.592 17 .002
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_AscorbicAcidofEt
Pair 20.272
hanol - 87 24.33708 5.73630 8.17033 32.37542 3534 17 .003

EthanolExtract
_AscorbicAcidofM
Pair 33.618
ethanol - 68 34.93250 8.23367 16.24715 50.99020 4.083 17 .001

MethanolExtract

Table S 3-21: Standard errors in DPPH method were calculated using the Fisher information matrix.
Confidence Interval was calculated using a significance level of Square 0.05.

ICso Confidence Interval Untere Grenze Upper limit STD Error
Water | 60 434 -32.5 152.4 20
Water 11 51 7.6 34.7 67.2 3.6
Ethanol 75 30.8 9.0 140.5 14
Methanol 67 9.5 46.5 86.8 4.4

Table S 3-22: Standard errors in ABTS method were calculated using the Fisher information matrix.
Confidence Interval was calculated using a significance level of Square 0.05.

1Cso Confidence Interval Untere Grenze Upper limit STD Error
Water | 51 8.6 33.0 69.9 4.1
Water Il 42 19.8 0.0 84.4 9.3
Ethanol 97 29.4 34.5 159.7 28.97
Methanol 71 61.8 -60.2 203.1 13.8
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3.10 Additional experiments for determination of organic compounds on the

surface of nanoparticles
Table SS 1: Representation of the peak numbers of the mass spectrum of the sample (ethanol 100%) with
respective times and the positive ion mass (The value is either the molecular weight of the compound plus
hydrogen, plus sodium, or plus ammonium, or it may refer to the higher-intensity fragment ion from this

compound)
Peak | Time Peak | Time Peak | Time Peak | Time

No | /min m/z No | / min m/z No | / min m/z No | / min m/z
1 0.429 | 140.996 | 48 24.371 | 343.000 [ 95 50.337 | 267.000 | 142 | 69.447 | 575.403

2 0.572 | 140.996 | 49 24.436 | 331.000 | 96 50.373 | 639.382 | 143 | 70.155 537
3 0.700 | 140.996 | 50 24.444 | 331.000 | 97 51.073 | 639.379 | 144 | 70.883 | 589.413
4 2.000 | 141.000 [ 51 24.660 | 241.060 | 98 51.237 | 335.000 | 145 | 71.181 | 589.413
5 2.650 | 114.980 [ 52 25.499 | 579.000 | 99 52.203 | 625.000 | 146 | 71.383 | 551.000
6 2.870 | 206.870 | 53 25.809 | 285.128 [ 100 | 52.546 | 607.000 | 147 | 71.692 | 116.998
7 2.974 | 206.000 [ 54 25.955 | 413.000 [ 101 | 53.200 | 609.370 | 148 | 72.020 | 116.998
8 3.190 325.000 55 25.964 | 413.000 102 53.345 | 609.368 149 72.265 | 116.998
9 3.228 104.097 56 26.090 | 219.090 103 53.672 | 317.220 150 72.347 | 116.998
10 3.246 | 104.097 57 27.021 | 355.170 | 104 | 54.346 | 623.390 | 151 | 72.637 | 116.998
11 3.263 | 325.000 [ 58 28.173 | 158.000 | 105 | 54.755 | 625.380 | 152 | 72.838 | 116.998
12 3.345 | 118.077 59 28.536 | 633.000 | 106 | 54.919 | 317.220 | 153 | 72.900 | 117.000
13 3.409 | 248.000 [ 60 28.799 | 545.000 | 107 | 55.182 | 295.198 | 154 | 73.247 | 683.000
14 3.418 | 248.000 [ 61 29.416 | 465.000 | 108 | 55.410 | 319.229 | 155 | 75.770 | 117.000
15 3.792 | 140.996 | 62 29.786 | 465.000 | 109 | 56.147 | 591.370 | 156 | 77.667 | 116.994
16 3.918 | 140.996 | 63 31.090 | 395.000 | 110 | 56.764 | 515.298 | 157 | 77.811 | 685.000
17 4210 | 140.996 | 64 31.110 | 395.000 | 111 | 57.272 | 609.377 | 158 | 77.860 | 685.470
18 4373 | 72.000 65 31.260 | 325.210 | 112 | 57.564 | 609.380 | 159 | 77.921 | 685.000
19 4519 | 261.108 | 66 32.000 | 303.040 [ 113 | 58.090 | 591.360 | 160 | 77.957 | 685.000
20 4.630 130.040 67 33.300 | 191.070 114 58.928 | 593.386 161 77.957 | 685.000
21 8.292 276.138 68 35.480 | 303.050 115 59.154 | 609.386 162 77.994 | 685.000
22 8.318 276.138 69 36.618 | 236.000 116 59.428 | 609.386 163 78.021 | 685.000
23 8.800 173.000 70 36.691 | 236.000 117 59.746 | 591.357 164 78.039 | 685.000
24 8.981 173.000 71 36.700 | 236.000 118 60.673 | 593.386 165 78.076 | 685.000
25 9.455 173.000 72 37.218 | 271.000 119 61.383 | 575.385 166 78.404 | 116.998
26 9.472 | 173.000 | 73 37.246 | 271.000 | 120 | 61.927 | 477.296 | 167 | 78.731 | 116.998
27 10.890 | 120.080 74 37.450 | 237.150 121 62.038 | 439.000 168 78.731 | 116.998
28 10.963 | 120.077 75 40.100 | 539.090 122 62.365 | 609.277 169 79.386 | 116.998
29 11.510 | 100.070 | 76 40.230 | 539.090 | 123 | 62.624 | 575.370 | 170 | 79.795 | 116.998
30 12.130 | 141.000 | 77 41.726 | 251.000 | 124 | 63.020 | 609.267 | 171 | 80.166 | 537.000
31 14.907 | 163.030 | 78 41.746 | 251.000 | 125 | 63.510 | 575.350 | 172 | 80.190 | 537.430
32 15.609 | 188.070 | 79 42.045 | 277.187 | 126 | 63.937 | 563.364 | 173 | 80.286 | 537.000
33 17.046 | 317.110 | 80 42.136 | 277.181 | 127 | 64.280 | 559.360 | 174 | 80.330 | 537.000
34 17.736 | 147.000 | 81 43.874 | 353.000 | 128 | 64.570 | 593.250 | 175 | 80.348 | 537.000
35 18.791 | 317.117 | 82 44,064 | 353.242 | 129 | 64.910 | 573.379 | 176 | 80.531 | 116.998
36 19.144 | 865.000 | 83 44.370 | 353.000 | 130 | 65.147 | 573.370 | 177 | 80.940 | 116.998
37 19.173 | 865.000 | 84 45347 | 549.320 | 131 | 65.246 | 437.348 | 178 | 81.268 | 116.998
38 19.226 | 379.000 85 45.347 | 549.323 132 65.392 | 689.000 179 84.440 | 117.000
39 19.682 | 293.000 86 45.546 | 311.227 133 65.682 | 601.000 180 84.700 | 116.990
40 19.869 | 163.040 87 45.855 | 116.990 134 65.691 | 601.000 181 84.830 | 116.990
41 21.154 | 291.070 88 46.454 | 549.314 135 65.801 | 559.379 182 84.930 | 116.990
42 21.946 | 469.000 89 46.738 | 643.400 136 66.360 | 557.350 183 85.060 | 116.990
43 21.972 | 469.000 90 47.264 | 275.170 137 66.909 | 535.289 184 85.340 | 116.990
44 22.140 | 409.170 91 48.374 | 531.310 138 66.960 | 571.370 185 85.523 | 149.000
45 22.826 | 287.000 92 49.509 | 625.377 139 67.537 | 533.413 186 85.768 | 135.000
46 22.890 | 287.000 93 50.273 | 641.000 140 67.982 | 575.394 187 85.850 | 149.000
47 24.035 | 307.115 | 94 50.300 | 267.000 | 141 | 68.637 | 575.380 | 188 | 85.950 | 121.000
189 | 87.350 | 141.020
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Depending on the values of the molecular ions present in the MS spectrum that was measured
for the St. John's wort extract (table ss1). A large number of compounds found in this plant
have been previously identified in many countries. Therefore, by comparing the values of
molecules ions from table ss1 with the molecular weights of the compounds previously known
to this plant (The value is either the molecular weight of the compound plus hydrogen, plus
sodium, or plus ammonium, or it may refer to the higher-intensity fragment ion from this
compound) and also by the appearance of some fragments in the MS1 diagrams of each peak
for many reasons, we identified about 60 compounds of it. Unfortunately, we cannot say that
we have identified them 100% until we can perform MS/MS analysis and we investigated this
through fragmentation and comparing the fragments for each compound separately.

ESI is a so-called 'soft ionization technique since there is very little fragmentation. This can be
advantageous in the sense that the molecular ion (molecular radical cations) (or more accurately
a pseudo molecular ion) is almost always observed, however very little structural information
can be gained from the simple mass spectrum obtained. Electrospray ionization (ESI) is a
technique to generate ions for mass spectrometry using electrospray by applying a high voltage
to a liquid to produce an aerosol. Due to relatively fragile biomacromolecules, their structures
are easily destroyed during the process of dissociation and ionization. The cone voltage is much
lower than the capillary (a few tens of volts) and is used to remove the solvent molecules
attached to the ions, by collision with the gas used to assist the spray. A higher cone voltage
leads to fragmenting of the ions, also by collision with the gas. Also if sufficient energy is
imparted to the analyte molecule during ionization, that excess energy may be transported into
vibrational degrees of freedom within the molecule, resulting in the rupture of chemical bonds
and the production of fragment ions.

Table SS 2: Identification of compounds in ethanol extracts of Hypericum Perforatum L. by HPLC-
ESI-QTOF MS Analysis

Peak Rt min Precursor lon | Formula Identified compounds
Nr. + Fragment
lons Used for
Assignment
[M+H]*, m/z
19 4519 283 Ci13HsOsNa | Norathyriol [M+Na]*
261 C13HgOs Norathyriol [M+H]*
31 14.907 377 CisHi1s0gNa | Neochlorogenic acid
[M+Na]*
34 17.736 361 Ci6H1g0sNa | 3-p-Coumaroylquinic  acid
[M+Na]*
40 19.869 377 CisH1s09Na | Chlorogenic acid [M+Na]*
41 21.154 313 CisH1406Na | Catechin [M+Na]*
45 22.826 309 CisH100sNa | Luteolin [M+Na]*
46 22.890 309 CisH100sNa | Kaempferol [M+Na]*
47 24.035 329 CisH1407Na | Epigallocatechin [M+Na]*
48 24.371 365 Ci9H1g06Na | 1,3,7-Trihydroxy-6-
methoxy-8-prenylxanthone
52 25.499 601 CaoH26012Na | procyanidin type B [M+Na]*
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57 27.021 377 CisHi1s0gNa | Cryptochlorogenic acid
[M+Na]*

59 28.536 633 Co7H30016Na | Rutin [M+Na]*

61 29.416 487 C21H20012Na | Hyperoside[M+Na]*

62 29.786 487 CnH20012Na | Isoquercitrin [M+Na]*

66 32 471 Cx1H20011Na | Quercitrin [M+Na]*

68 35.480 325 CisH1007Na | Quercetin [M+Na]*

72 37.218 293 CisH100sNa | Apigenin [M+Na]*

75 40.1 561 CsoH1s010Na | Amentoflavone [M+Na]*

76 40.23 561 CsoH1s010Na | 13,118-Biapigenin [M+Na]*

91 48.374 553 CaH26012Na | feruloyl-caffeoylquinic acid
[M+Na]*

92 49.509 625 CssHs4OgNa | Hyperforatone L [M+Na]*

93 50.273 663 CasH32017Na | Isorhamnetin-3-diglucoside
[M+Na]*

96 50.373 639 CssHss0sNa | Hyperforatone N [M+Na]*

97 51.073 639 CssHssOgNa | Hyperforatone O [M+Na]*

99 52.203 625 CssHs4OgNa | Hyperforatone M [M+Na]*

100 52.546 607 CasHs207Na | Hyperforatone | or K
[M+Na]*

101-102 From 53.2 to 63.020 609 CssHs4O7Na | Hyperforatone G &
& 111- 587 CssHs407 Hypericumoxide B-C & E &
112 & G-1&M

115-116

&122 &

124

103 53.672 339 Ci6H1207Na | Isorhamnetin [M+Na]*

104 54.346 623 CssHssO7Na | Hyperforatone H [M+Na]*

105 54.755 647 CaH32016Na | Isorhamnetin rutinoside
[M+Na]*

106 54.919 339 CisH1207Na | Tamarixetin [M+Na]*

108 55.410 341 CisH100gNa | Myricetin [M+Na]*

109 56.147 591 CasHs20sNa | 33-Deoxy-33-
hydroperoxyfurohyperforin
[M+Na]*

113 58.09 591 CssHs,OsNa | Furohyperforin - isomer A
hydroperoxide [M+Na]*

117 59.746 591 CssHs20sNa | Furohyperforin - isomer B
hydroperoxide [M+Na]*
[M+H]"

119 61.383 575 CssHs,OsNa | Furohyperforin [M+Na]*

123 62.624 575 CasHs20sNa | Furohyperforin analogue a
[M+Na]*

125 63.510 575 CssHs,OsNa | Furohyperforin analogue b
[M+Na]*

126 63.937 563 C3oH26011 Epi (Catechin)-4-Epi
(Afzelechin) [M+H]*

137 66.909 557 CasHs004Na | Pyrano[7,28-b]Hyperforin
[M+Na]*

140 67.982 575 CssHs20sNa | Oxepahyperforin [M+Na]*

141 68.637 575 CssHs,OsNa | 8-Hydroxyhyperforin - 8,1-

hemiacetal [M+Na]*
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142 69.447 575 CssHs,0sNa | 1-(2-Methyl-1-oxopropyl)-
2,12-dioxo-3,10B-bis(3-
methyl-2-butenyl)-63-(1-
methyl-1-hydroxyethyl)-
11B-methyl-11a-(4-methyl-
3-pentenyl)-5-oxatricyclo
[6.3.1.0*8]-3-dodecene

[M+Na]*

143 70.155 559 CssHs,O4Na | Hyperforin [M+Na]*

144 70.883 589 CssHs4OsNa | Furoadhyperforin isomer a
[M+Na]*

145 71.181 589 CssHs4OsNa | Furoadhyperforin isomer b
[M+Na]*

146 71.383 573 CssHs404Na | Adhyperforin [M+Na]*

3.10.1 Isolation and identification of capping agent St. John's wort bio

compounds from the surfaces of AgNPs
St John’s wort aqueous extract has compounds that reduce silver ions to silver metal, and there
are also compounds that adsorb on the surfaces of formed silver particles in nanosize to prevent
them from growing and aggregate and stabilizing them in colloidal solution. The extract can
also contain compounds that facilitate the growth and agglomeration, and here lies the
experience in manipulating the ratios and interaction conditions to obtain the highest yield and
the best specifications for the resulting nanoparticles. After obtaining the silver nanoparticles,
the product is washed several times with deionized water with centrifugation at very high
speeds to remove the organic compounds present in the solution and non-adsorbed on the
surfaces of silver nanoparticles. The metabolites adsorbed on the surfaces of silver
nanoparticles as a protective layer (capping agent or stabilizer) are very difficult to remove.
The purpose of its isolation is to identify the compounds that consist of this layer and their
proportion thus, we can highlight the contribution of these constituents to the subsequent
effects of silver nanoparticles in various fields, especially in the medical field. This also makes
it easier to understand, interpret and modify the surfaces of silver in order to combine them
with antibiotics and polymers to prepare targeted therapies. In this work, a special protocol was
developed to remove about 80% of these phytochemical compounds, and the protocol is as
follows: A mixture of organic solvents prepared as follows: 20% EtOH, 20% MeOH, 30%
acetone and 30% Ethyl acetate then prepared silver nanoparticles are dried from water using
lyophilization and mixed with an amount of the previously prepared organic solvent mixture.
The samples were put in an ultrasonic bath to break down the agglomerate resulting from the
drying process, thus dissolving the largest amount of these organic compounds in the organic
solvent mixture. The samples are then are centrifuged at 15000 rpm for one hour. The
supernatant is separated from the sediment, where the supernatant is kept in a dark bottle, and
the sediment is washed in the same way several times with the organic solvent mixture. Finally,
the supernatant is collected and the organic solvent mixture is evaporated using nitrogen, and
then the mass-produced by the supernatant is dissolved in ethanol only, and an HPLC,
HPLC/MS and MS/MS were performed for it to identify these phytochemical compounds and
their percentage. As for the sediment, a Thermogravimetric (TGA) and FTIR analysis were
performed to demonstrate the success of the used protocol to separate this organic layer from
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nanoparticle surfaces and to find out the percentage of organic compounds that have not been
isolated and that is still on the surfaces of silver nanoparticles.

Thermal decomposition analysis up to 1000 OC of biosynthesized silver nanoparticles and for
them after isolation the capping agent using a mixture of organic solvents proved that about
70-80% of this layer was removed (The weight decreased from 60% in the case of
biosynthesized AgNPs (figure SS1I a and b) to 12-18% (figure SS1I ¢ and d) after using the
previous protocol to obtain the capping agent). FTIR spectrum for sediment in figure SS1l1I
shows clearly that the intensity of the peaks in the spectrum have become very weak and some
of them completely disappeared, and this also proves that most of the organic layer that was
surrounding the nanoparticles as a protective layer was removed using the previously explained
protocol.

— Plant Extract
— AGNPS

— AgNPs after
isolation the surface Laye]

—— AgNPs after isolation II»
the surface layer b)

= AgNPs

Weight loss (%)
Transmittance(%)
3 8 B €

w
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Figure SS 1: 1) TGA curves of green-synthesized AgNPs and sediment (AgNPs) after isolation of the

organic layer at a heating rate of 1 'C min™* under N, atmosphere; 1) ATR-FTIR spectra of St John's

Wort Agueous Extract, St John's Wort-AgNPs and St John's Wort-AgNPs after isolating the surface
layer using a mixture of organic solvents in several stages .

When we look at Figure SS2 and compare the HPLC diagram of St. John's Wort extract and
the filtrate that isolated from the surfaces of silver nanoparticles, We can note that there are 8
peaks in the filtrate diagram, which are completely identical to the one in the sample diagram,
and this proves the presence of 8 compounds from the plant extract on the surfaces of silver
nanoparticles. Through the location of these peaks, which we identified earlier in the extract
itself (table SS2), as well as by performing HPLCESI-Q-TOF MS/MS analysis (Figure SS3)
for the filtrate, we were able to prove the presence of only these eight Phytochemicals from the
plant extract on the surfaces of silver nanoparticles. The eight identified compounds present on
the surfaces of AgNPs belong to different classes and they are Neochlorogenic acid (phenolic
acids or phenyl propane), Hyperoside, Isoquercitrin (flavonoid glycosides or Flavonol
glycosides), 13,118 Biapigenin (Biflavonoids), Furohyperforin, Hyperforin, Furoadhyperforin
and Adhyperforin (Phloroglucinols). These eight compounds are bioactive compounds of the
St. John's Wort plant, which have unique properties, especially in the medical field. They have
been used frequently in multiple treatments for different diseases.
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Figure SS 2: HPLC Chromatograms of Hypericum Perforatum L ethanolic extract and the
supernatant which taken from the surfaces of silver nanoparticles using the previous separation
protocol, after drying and then dissolving in only ethanol. Phytochemicals were identified in the
figure using the comparison with the previous diagrams for the plant extracts and what is prior

identified and mentioned in Table ....... and also using HPLC-ESI-MS and MS/MS analysis for this
layer. 1=Neochlorogenic acid; 2=Hyperoside; 3=Isoquercitrin; 4=I13,118-biapigenin;
5=Furohyperforin; 6= Hyperforin; 7=Furoadhyperforin; 8=Adhyperforin.
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Figure SS 3: HPLC-MS-MS spectra in positive ion electrospray analyses of the identified compounds
on the surface of Silver nanoparticles
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3.10.2 The importance of the eight Phytochemicals of St. John's wort plant,
which present on the surfaces of silver nanoparticles as a capping agent

Identifying the organic ingredients which present on the surfaces of silver nanoparticles as a
stabilizing and capping agent through the previous protocols noted that various classes are
found on the surfaces of these nanoparticles such as phenolic acids or phenyl propane;
Neochlorogenic acid, flavonoid glycosides or Flavonol glycosides; Hyperoside and
Isoquercitrin, Biflavonoids; | 3,11 8 Biapigenin, Phloroglucinols; Furohyperforin, Hyperforin,
Furoadhyperforin and Adhyperforin, where are believed to be the active components of St.
John's wort extract 1. Hyperforin is the major lipophilic constituents of St John’s wort leaves
and flowers, but it is oxidatively degradable, which causes the formation of many derivatives,
including Adhyperforin, Furohyperforin and others, which have almost the same specifications
and biological effects in various medical fields. Hyperforin and its derivatives are getting a lot
of attention in the medical field nowadays although their pharmacological activities are little
known. Hyperforin was suggested to be the most important compound in the St John’s wort
extract responsible for the antidepressant effect 2, in addition to antimicrobial, anti-
inflammatory, antiangiogenic and antitumor effects. Hyperforin discourage the synaptic
reuptake of monoamines so it promotes monoaminergic neurotransmission®. Hyperforin rising
the free cytosolic concentration of Na+, which results in inhibition of uptake of
neuromodulators such as glutamate, serotonin, dopamine and noradrenaline 4. Hyperforin also
inhibit some conducting channels like N-metil-D-aspartate (NMDA) receptors and voltage-
gated Ca?" channels °. Hyperforin activates the Transient receptor potential cation channel
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(TRPCB) especially in neurons, therefore it enhances the survival of these cells ® and modify
the dendritic spines, morphology, density and the major site of synaptic plasticity hippocampal
pyramidal neurons 7. Hyperforin has a strong antioxidant effect and is able to scavenge free
radicals, so it was used to produce UV-protective creams 8. Hyperforin encourage the evolution
of oligodendrocyte and mitochondrial role, block mitochondrial toxin-induced cytotoxicity in
distinguishing oligodendrocyte-like cells, and raise the number of ready functioning
oligodendrocyte in the brain suffering people with depression °. Hyperforin block prevent the
generation of Prostaglandin E2 and 5-Lipoxygenase (ALOXS5), which are the mediator of
inflammation in illnesses °. Hyperforin motivates the apoptosis of various cancer cells like
malignant melanoma, squamous cell carcinoma, lymphoma cells and mammary carcinoma. In
in vivo, Hyperforin prevents the expansion of autologous MT-450 breast carcinoma in
immunocompetent Wistar rats to a range identical to that of paclitaxel without any marking of
heavy toxicity 112, Hyperforin deactivate the spontaneous production of tubules by human
bone marrow endothelial cells, block the release of matrix metalloprotease 9, MMP-9, a
protease probably implicated in the first procedures of neo-angiogenesis and encourages
apoptosis of B-CLL cells 34, The effect of Hyperforin on cancer cells can be attributed to the
following activities: 1- inhibition of the genotoxic influence of carcinogens, this related to the
Hyperforin ability to slow down inflammatory mediators, regulating pH and ROS production.
2-Control of tumor growth and spread through preventing of cytokine and chemokine
production, weakening of neoangiogenesis and metalloproteinases by avoiding acidification of
the environment outside of the tumors and ROS generation inhibits cell proliferation and
induces apoptosis. 3- Bioavailability and wide range of procedures. Hyperforin is a natural
product of biological relationships for tumor inhibition and curing because its effects are
multidirectional against tumor growth and spread. It must be tested in conjunction with existing
anticancer nanoparticles to achieve additive effects. 4- Reduce the effectiveness of a number
of chemical treatment agents by enhancing drug metabolism and releasing °. Hyperforin also
exhibited an antimalarial effect and its effectiveness against Plasmodium falciparum was
established with an 1C50 at micro molar 6. Hyperforin showed a high influence against
methicillin-resistant strains of Staphylococcus aureus with a minimum inhibitory concentration
(MIC) amount of 1.0 pug/ml. The antibacterial activity against gram-positive bacteria of
Hyperforin was much greater than that against gram-negative bacteria. 1. Neochlorogenic acid
exhibited antioxidant and antibacterial effects. Its antibacterial effect is attributed to the tearing
of the bacterial membrane, which alters the intracellular potential and causes the death of
bacteria. Neochlorogenic acid showed an effect against four of the tested bacteria such as
faecalis, E. coli, B. cereus and S. aureus 81°, It also able to scavenge radicals in epithelial and
enteric neurons, so it helps prevent oxidative stress-induced disorders such as inflammatory
bowel disorders or neurodegenerative diseases 2°. Neochlorogenic acid had a clear effect on
colon cancer cells (Caco-2 cell line), as it caused a clear decrease in cell proliferation, where it
has been suggested that this compound may contribute significantly to inhibiting the formation
of cancers by scavenging reactive oxygen, promoting DNA repair and detoxifying
carcinogens?. It has been proven that Neochlorogenic acid can inhibit the growth of breast
cancer cells (MD-MGA-435), AGS cells and prevent tumors in the liver and bowel without
any effect on normal breast cells (MCF-10A) 2>24 Hyperoside have also antioxidant,
antimicrobial, anti-inflammatory and anti-cancer effects. Hyperoside had a clear effect on
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human colorectal cancer cells by promoting reactive oxygen species generation causing the
derangement of cellular antioxidant defense systems and cytochrome ¢ will move from
mitochondria to cytosol leading to apoptotic cell death 2°. Hyperoside inhibited
phosphoinositide 3-kinase (PI3K)/protein kinase B (Akt)/mammalian target of rapamycin
(mTOR)/p38 MAPK axis, at the same time enhanced the 5’AMPactivated protein kinase
(AMPK) signaling, prevent proliferation, and lead to apoptosis and autophagy, therefore,
Hyperoside is very important for the prevention of skin cancer 2. Hyperoside regulates FoxO1
via CCAT1 in T790M-positive NSCLC leading to block proliferation and produce apoptosis,
so Hyperoside is a promising substance in the treatment of non-small cell lung cancer %’. In
other studies, Liposomes that carry the Hyperoside to mitochondria of tumor cells at the
subcellular level have been developed as a dual-function tumor-targeting. liver cancer CBRH-
7919 cells in vitro and also in vivo died 28, Hyperoside prevented Lipopolysaccharide-caused
by proliferation and peregrination of human RA FLSs in vitro, minimized LPS-stimulated
fabrication of TNF-a, IL-6, IL-1 and MMP-9 in the cells and inhibit the promotion of the NF-
kB signaling pathway, Thus, administration of Hyperoside clearly decreased clinical outcomes
and attenuated synovial hyperplasia, inflammatory cell leaking and cartilage spoilage in CIA
mice 2°. Hyperoside enhanced autophagy and inhibited the mTOR/S6K and TLR4/Myd88/NF-
kB marking transduction channels in Anticardiolipin antibody caused by human umbilical vein
endothelial cells, thus curing antiphospholipid syndrome *°. isoquercitrin exhibited antioxidant
activity by suppressing lipid peroxidation through Intervention with enzyme efficiency, piling
up in the arterial wall and inhibiting hyperlipidemia 312, chelation of redox-active metals, raise
the sucking of vitamin C, save neural cells from oxidative stress caused by H202 %, arranging
the oxidative compound NO and NADPH manufacture ** and immediate scavenging of reactive
oxygen species like singlet oxygen, peroxyl, hydroxyl, peroxynitrite, and superoxide radicals
3539 Isoquercitrin binding to glycosylation allowed for more beneficial pharmacological
modulation and made it a favorable drug for the treatment of cancer . Isoquercitrin exhibited
powerful antiproliferative activities particularly in hepatocellular, breast, glioma (U-251),
ovarian adenocarcinoma (OVCAR-3), colon (SW480, DLD-1, and HCT116), colon
adenocarcinoma, breast adenocarcinoma (MCF-7), pancreatic, leukemia HL-60, Liver and
Bladder cancer cells 14", The mechanism by which Isoquercitrin affects various cancer cells
and tumors is represented by several effects, including the following: preventing proliferation,
enhancing apoptosis, Cell cycle arrest in G1 phase, promoting caspase-3, 8, and 9 and
minimizing the mitochondrial membrane possibility, blocking the expression level of the 6
opioid receptor, discouragement of extracellular signal-regulated kinase (ERK)
phosphorylation and enhanced phosphorylation of c-Jun N-terminal kinase (JUNK) and
preventing the nuclear transfer of B-catenin protein 33 42 4849 |n the tumor, Isoquercitrin
inhibited the tumor-promoting activity of hepatocytes in rats by anti-inflammatory influences.
enzymatically modified Isoquercitrin inhibited the alterations caused by BNF, inhibition of
tumor necrosis factor (TNF) transcription resulting from BNF, reduction proinflammatory
proteins (TNF-a) expression and cell cycle adjusting molecules (Cdc20 and Cdkn2b),
inhibition the TAA-induced tumor-enhancing efficiency and thus Significantly repressed the
growth of tumors °°-5, Biapigenin exhibited anticancer effects against human cervical cancers
(HeLa cells). Biapigenin was no cytotoxic against normal human keratinocyte cells (HaCa T
cell) >*. Nerve cell death and the ability of mitochondria to accumulate calcium decreased
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remarkably when exposure to Biapigenin, thus, Biapigenin prevented neurotoxicity and treated
mitochondrial dysfunction °°. Biapigenin as the most active biflavonoids exhibited
antimicrobial effects against Gram-positive and Gram-negative bacteria °¢. Biapigenin also at
very low concentrations suppressed the growth of Streptococcus pyogenes, P. aeruginosa,
Moraxella catarrhalis, E. coli, Micrococcus luteus, S. aureus and S. viridans strains >,
Biapigenin showed also anti-inflammatory activity as it prevented the forming of edema by up
to 70% and this was roughly within the range of indomethacin which is the standard anti-
inflammatory drug °°. The previous talk about the various medical activities shown by the eight
compounds that have been confirmed to exist on the surfaces of silver nanoparticles aims to
highlight their medical importance against microbes, bacteria, germs and cancer cells.
Therefore, based on what was mentioned previously, all the eight phytochemicals present on
the surface of nanoparticles as capping agent and stabilizers have sufficient bioavailability and
prevent the pathogenesis of various diseases. All of them have been applied to healing several
cancers. Therefore, the existence of these phytochemicals on the surfaces of silver
nanoparticles helps in the development of engineered nanoparticles with enhanced
antimicrobial, anti-inflammatory, antibacterial and especially anti-cancer activities, that is, this
layer enhances the antimicrobial and anticancer activity of silver nanoparticles. This
multiplying effect of silver nanoparticles with the layer on their surface helps on the creation
of new drugs to cure different, especially cancers. If these nanoparticles are conjugated with
antibodies and aptamers that are characterized by high selectivity, these drugs will go
immediately to the tumor and not to other healthy tissue avoiding any harmful side effects, as
a result, a drug of very high quality and effectiveness is obtained and this is the focus of our
future study.
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4 Chapter Four: Green synthesis of silver nanoparticles
using Hypericum perforatum L. aqueous extract with
the evaluation of its antibacterial activity against

clinical and food pathogens

4.1 Vorwort

This chapter contains the article “Chapter Four: Green synthesis of silver nanoparticles using
Hypericum perforatum L. aqueous extract with the evaluation of its antibacterial activity
against clinical and food pathogens” by Abdalrahim Alahmad®*, Wael A. Al-Zereini?*, Tahani
, Osama Al-Madanat?, Ibrahim Alghoraibi 4, Omar Al-Qaralleh?, Samer Al-Qaraleh?®, Johanna-
Gabriela Walter !, and Thomas Scheper *. Reproduced with permission from Pharmaceutics
2022 (14(5), 1104, DOI: 10.3390/pharmaceutics14051104). Copyright 2022 MDPI.

Da viele Mikroben gegen Antibiotika resistent geworden und daher schwer zu behandeln und
fiir den Menschen gefahrlich sind, daher hat die rasante Entwicklung der Nanotechnologie und
ihre Anwendungen in der Medizin eine optimale Ldsung gegen ein breites Spektrum
verschiedener Mikroben, insbesondere Antibiotikaresistenzen, bereitgestellt. In dieser Studie
wurde ein einstufiger Ansatz zur Herstellung von Silbernanopartikeln (AgNPs) verwendet,
indem Silbernitrat mit heilem wassrigem Extrakt aus Hypericum perforatum (Johanniskraut)
unter starkem Rihren gemischt wurde, um eine Agglomeration zu verhindern. Die erhaltenen
Silbernanopartikel wurden mit verschiedenen Techniken wie UV-VIS, XRD, EDX,
Zetapotential, DLS, SEM, TEM, TGA und NTA charakterisiert. Die biosynthetisierten
Silbernanopartikel waren sphérische, monodisperse, kubisch flachenzentrierte (fcc)
Kristallstrukturen, mit GrélRenbereichen zwischen 20 bis 40 nm und mit einer Deckschicht aus
organischen Verbindungen bedeckt, die ihm in Nanodimensionen eine Schutzschicht bildet
und ihn vor Agglomeration und Sedimentation bewahrt. AgNPs revealed antibacterial activity
against both tested Gram-positive and Gram-negative bacterial strains with MIC 6.25-12.5
pg/ml. Die spezifische Wachstumsrate von S. aureus war aufgrund der getesteten AgNPs bei
Konzentrationen > 2 MIC signifikant reduziert. AgNPs beeinflussten die Wundmigration in
Fibroblastenzelllinien im Vergleich zur Kontrolle nicht. Unsere Ergebnisse unterstrichen die
potenzielle Verwendung von mit Pflanzenextrakten verkappten AgNPs in der Pharma- und
Lebensmittelindustrie, um das Wachstum bakterieller Krankheitserreger zu kontrollieren.

4.2 Abstract

Since many types of microbes have become resistant to antibiotics and therefore difficult to
treat and pose a danger to humans, the rapid development of nanotechnology and its
applications in medicine has provided the perfect solution against a wide range of different
microbes, especially antibiotic-resistant ones. In this study, a one-step approach was used in
preparing silver nanoparticles (AgNPs) by mixing silver nitrate with hot Hypericum
perforatum (St. John's wort) aqueous extract under high stirring to prevent agglomeration. The
formation of silver nanoparticles was monitored by continuous measurement of the surface
plasma resonance spectra (UV-VIS). The effect of St. John's wort aqueous extract on the
formation of silver nanoparticles was studied by X-ray diffraction (XRD), Attenuated total
reflection-Fourier-transform infrared spectroscopy (ATR-FTIR), energy dispersive X-ray
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analysis (EDX), zeta potential, dynamic light scattering (DLS), scanning electron microscopy
(SEM), transmission electron microscopy (TEM), thermogravimetric analysis (TGA) and
nanoparticle tracking analysis (NTA). The obtained silver nanoparticles were spherical,
monodisperse, face-centered cubic (fcc) crystal structures, and with size ranges between 20 to
40 nm. They were covered with a capping layer of organic compounds, which forms a
protective layer for it in nano dimensions and prevents it from agglomeration and
sedimentation. AgNPs revealed antibacterial activity against both tested Gram-positive and
Gram-negative bacterial strains with MIC 6.25-12.5 pg/ml. The specific growth rate of S.
aureus was significantly reduced due to tested AgNPs at concentrations > %> MIC; AgNPs did
not affect wound migration in fibroblast cell lines compared to control. Our results highlighted
the potential use of AgNPs capped with plant extracts in pharmaceutical and food industries to
control bacterial pathogens’ growth.

Keywords Silver nanoparticles, green synthesis, Hypericum perforatum L, antibacterial.

4.3 Introduction

Recently, there is an increase in the number of emerged antibiotic-resistant bacterial strains,
the number of multidrug-resistant tumor cells, and the number of oxidative stress-associated
disorders; an increase that elevates the burden of treating such ailments. Moreover, the usage
of some synthetic drugs is associated with adverse effects on human health 1. The introduction
of bio- and nanotechnology-based techniques in medical research led to nanomaterials’
application in treating, diagnosis, control, and modulation of biological systems 2. Intriguingly,
nanoparticles were synthesized through chemical and physical methods; they are expensive,
environmentally un-favorable, and toxic that hindering the compatibility of resulting NPs for
biological applications 3. Therefore, using Biosystems as manufacturers of nanomaterials is
considered a safer and more eco-friendly method . Plant extracts provide agents that act as
reductants and stabilizers during the synthesis of nanoparticles; phenols, alkaloids, tannins,
flavonoids, and saponins among others are examples of such reagents °.

Silver nanoparticles (AgNPs) synthesized from plants embrace intrinsic therapeutic
characteristics with a multi-target effect; they exhibit a broad-spectrum antibacterial activity
and the ability to overcome the antibiotic resistance issue in microorganisms ®7. They were
applied in pathogen detection and diagnosis, drug delivery, coating of materials and devices
including textile, food, and medical applications &°. In comparison to gold, platinum, iron, and
zinc nanoelements, AgNPs exhibit very high bioactivity, low levels of cytotoxicity when used
individually or when been combined with various antibiotics to overcome the resistance of
bacteria to various drugs °; they alter microbial cell membrane and wall structures %2, induce
reactive oxygen species (ROS) production, DNA damage, and lead to cellular apoptosis and
necrosis 1315,

In the current study, the aqueous extract of Hypericum perforatum L . (St. John's wort) was
used to reduce AgNOs into AgNPs. The coating of the nanoparticles and their stabilization by
the plant phytochemical constituents was confirmed via chemical characterization and their
antibacterial efficiency against clinical and food pathogenic isolates was evaluated; their effect
on the growth kinetics and killing time of tested bacterial was elaborated herein.
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4.4 Materials and Methods

4.4.1 Chemicals and Instrumentation

Aerial parts of Hypericum perforatum L (St. John's wort) were collected in July—August from
the Ghab Plain in Syria, and harvested during the flowering season. Silver nitrate was
purchased from Sigma Aldrich. Whatman filter paper 90 mm was purchased from GE
Healthcare Life Sciences (Freiburg Germany). Deionized water (18.2 MQ cm, 25 °C) was
obtained from a Millipore Mill-Q system, Sartorius (Goettingen, Germany).

Absorption spectra of AgNPs were recorded using a NanoDrop Spectrophotometer (ND1000
from PeQLab). Dynamic light scattering and Zeta potential using Bettersize S3 plus from
Anton Paar. Fourier transformed infrared using Bruker FTIR Vertex 80v spectrometer. X-ray
diffraction (XRD) using Bruker D8 Advance diffractometer. Thermal gravimetric analysis
(TGA) using TGA/DSC 3+ from Mettler-Toledo, from 25 to 1000 °C at a rate of 0.5 °C per
minute with N2 gas flow. Scanning electron microscopy (SEM) and energy-dispersive Xx-ray
spectroscopy (EDXS) using JEOL JSM-6700F. Transmission electron microscopy (TEM)
using JEOL JEM-2100F-UHR, acceleration voltage of 200 kV. The surface morphology was
determined by the Atomic Force Microscopy measurements (AFM, Nanosurf easyScan2,
Switzerland). The AFM measurements were performed in contact mode.

NTA measurements were performed with a NanoSight LM10 (NanoSight, Amesbury, United
Kingdom), equipped with a sample chamber with a 635 nm laser and a Viton fluoroelastomer
O-ring. The samples were injected into the sample chamber with sterile syringes (Carl Roth
GmbH, Karlsruhe, Germany) until the liquid reached the tip of the nozzle. All measurements
were performed at room temperature. The software used for capturing and analyzing the data
was the NTA 2.0 Build 0033. The samples were measured for 60 s with manual shutter and
gain adjustments. The “single shutter and gain mode” was used to capture the monodisperse
AgNPs.

4.4.2 Synthesis of Hypericum perforatum L. aqueous extract mediated silver
nanoparticles (AgNPs) and their chemical characterization

Synthesis of AgNPs was done as mentioned in our previous publication (Alahmad et al., 2021)
with some modifications. Briefly, Hypericum perforatum aerial parts were cleaned and ground
to a fine powder. 3 g of the pulverized sample were boiled in 700 ml distilled water for 3 hours,
and the supernatant was filtered using a 0.22 um membrane filter. The resulting yellow-brown
extract was freeze-dried. Preparation of AgNPs was achieved by adding 10 mL of AgNO3 (0.5
M) dropwise to plant extract solution (0.075 g of the plant extract in 40 mL deionized water)
with stirring at 750 rpm and 80°C. the change of preparation color from pale-yellow to dark
brown indicated the successful formation of the AgNPs that was lifted in a dark place until
cooled down. The resulting nanoparticles were isolated, washed with deionized water, and
centrifugation at 15,000 rpm for one hour; the process was repeated at least 4 times. The
purified AgNPs were chemically characterized using ultraviolet light spectroscopy (UV-VI1S),
Dynamic Light Scattering (DLS) and Zeta Potential, Fourier Transform Infrared (FTIR)
Spectroscopy, x-ray diffraction (XRD), Scanning Electron Microscopy (SEM), Transmission
Electron Microscopy (TEM), Energy Disperse X-ray Spectroscopy (EDX), Atomic Force
Microscopy (AFM) and Nanoparticle Tracking Analysis (NTA).
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The aerial parts of the plant were brought from Syria in the spring and then ground and
extracted using 8 different solvents and the yields of biomass were calculated. The resulting
extracts were analyzed by using high-performance liquid chromatography- equipped with a
diode array detector (HPLC-DAD) coupled with UV-visible spectrophotometry at a full
spectrum (200-800 nm). Detection was carried out at 260 nm for phloroglucinols, 590 nm for
naphthodianthrones and 350 nm for other flavonols, flavones and caffeoylquinic acids. Many
conditions have been changed to develop the HPLC protocol which contains isolated and not
overlapping peaks. various standards were also used and finally, combined (HPLC-DAD) and
electrospray ionization—-mass spectrometry (LC-ESI-MS) have been used to identify ten
constituents (Hyperforin, Adhyperforin, Hypericin, Rutin, Quercetin, Quercitrin, Quercitrin-
hydrate, Hyperoside, Biapigenin and Chlorogenic acid) in these extracts, and this work is
described in detail in our previous article.

4.4.3 Antibacterial activity

The green synthesized AgNPs were tested for their antibacterial activity by well diffusion test,
and the lowest concentration needed to inhibit bacterial growth (MIC) was determined by
micro-broth dilution assay; both assays were performed as described in Al-Zereini ® and
according to Clinical and Laboratory Standards Institute guidelines, with some modifications.
AgNPs were tested against the Gram-negative bacteria [Pseudomonas aeruginosa (ATCC
13048), B-lactamase Klebsiella pneumoniae (clinical isolate), extended-spectrum B-lactamase
E. coli (ESBL, clinical isolate), and Escherichia coli (ATCC 25922)] and the Gram-positive
bacteria [Staphylococcus aureus (ATCC 43300), Bacillus cereus (ATCC 11778) and B. subtilis
(ATCC 6633)]. The clinical isolates were supplied by Dr. Haitham Qaralleh/Department of
Medical Laboratory Sciences-Mutah University and were identified by BIOMERIEUX
VITEK® 2 system. Overnight bacterial culture was seeded in Muller Hinton agar plates (MHA)
(Oxoid, UK) at cell density 10° cell/ml and in which 6 mm diameter wells were made using a
sterile Cork borer. To each well in the bacterial agar plates, either 120 pl aliquots (100 pg/well),
60 ul aliquots (50 pg/well) from AgNPs preparation, or aqueous plant extract (2.5 mg/well)
were applied. As a positive control, streptomycin (10 ug/disc, Bio Basic Inc, Canada) was used
and the results are presented as means of triplicate tests + SD.

However, in the micro-broth dilution assay, AgNPs and the positive control were tested starting
from 100 pug/ml and 50 pg/ml, respectively. Samples were serially diluted in 100 pl Muller
Hinton broth (MHB), to which 100 pl of tested bacterial strain was added to each well at a cell
density of 2 x 106 cell/ml. The preparation was incubated for 24 hours at 37 °C. Aliquots from
the preparations in micro-broth dilution assay, where there were no visible growths, were
platted on agar plates with proper medium and incubation for 24-48 hours to determine if the
nanoparticle has a bactericidal or bacteriostatic effect.

4.4.4 Effect of AgQNPs on growth Kinetics of S. aureus

Based on the AgNPs antibacterial activity results, S. aureus was selected to study their effect
on bacterial growth kinetics. S. aureus was cultivated at a cell density of 10° cell/ml in sterile
test tubes containing 10 ml of MHB (Oxoid, UK). Different concentrations of AgNPs (1, 3, 6,
12, and 24 pg/ml) were added to bacterial culture test tubes with incubation for 24 hours on an
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orbital shaker (Forma-Thermo electron cooperation, USA) at 37 °C and 150 rpm. A bacterial
culture test tube without AgNPs was used as a negative control. During the cultivation period,
1 ml sample was withdrawn after 3 hours intervals and up to 24 hours to measure bacterial
growth in terms of increase in the optical cell density at Asoonm (ODsoonm) using UV/Vis
spectrophotometer (Novaspec Model. 80-2088-64, Pharmacia Biotech, UK). The growth curve
was established by plotting ODsoonm Values against the treatment time. The specific growth rate
was calculated according to the formula:

U = In%-In*o/t-t;

Where p is the specific growth rate, X1 and Xz are the ODgoonm at time t1 and t2 of the bacterial
culture. The experiment was performed in triplicate and the results are presented as means of
three independent tests + SD.

4.4.5 Estimation of antibacterial activity of AgNPs in terms of CFU

Different concentrations of AgNPs (1, 3, 6, 12, and 24 pg/ml) were used to evaluate its effect
on S. aureus growth in terms of colony-forming units (CFU) on Muller Hinton agar plates. The
bacterium was grown overnight and then diluted to a cell density equivalent to 0.5 McFarland
(=1.5 x 108 CFU/mlI). They were diluted to 10°fold and 100 pl were spread on solid agar plates
containing different AgNPs concentrations. The plates were incubated for 24 hours at 37°C
and the grown colonies were photographed.

4.4.6 Time-kill Kinetics assay

The time-kill assay was performed for S. aureus culture exposed to %2 MIC, MIC, and 2 MIC
concentrations following the CLSI guideline 7. An overnight bacterial culture was centrifuged
at 4000 rpm for 1 hour to harvest the cells (Combi-514R, Korea). The harvested cells were
suspended in sterile normal saline (0.085% NaCl, w/v) and adjusted to 0.5 McFarland (1.5 x
108 CFU/mI). Aliquots of 1 ml from the prepared suspension were inoculated into test tubes
containing 10 ml MHB (Oxoid, UK) with concentrations of the AgNPs equal to ¥2 MIC, MIC,
and 2 MIC. All tubes were incubated at 37°C and samples were taken at intervals of 30 minutes
starting at the time of inoculation and up to 300 minutes. Estimation of the number of surviving
bacteria was carried out by spreading 100 pl from appropriate bacterial dilutions in sterile
normal saline onto the top of MHA plates with incubation at 37°C for 24 hours; the number of
bacterial colonies was counted and expressed as CFU/ml. Time—kill curves were constructed
by plotting the Logio (CFU/mI) against the exposure time (minutes). The assay was performed
in triplicate and the results are presented as means of three independent tests + SD

4.4.7 Wound migration assay

A wound migration assay was performed using the normal human dermal fibroblast cell line
(ATCC® PCS-201-012) and as described in Wadhwani et al. 8. Cells were cultured in a 12-
well microtiter plate as a monolayer; they were seeded at a cell density of 5 x 10* cell/ml. The
cells were grown for 24 hours in Dulbecco’s Modified Eagle Medium (DMEM; Gibco,
Germany) supplemented with 10% heat-inactivated fetal calf serum (Gibco, Germany), L-
glutamine, 65 pg/mL of penicillin G, and 100 pg/mL of streptomycin sulfate. They were
incubated at 37°C in a humidified atmosphere containing 5.0% CO>. Wound with uniform size
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was made in each well using sterile micro-tip; culture medium was aspirated from each well,
well was washed with sterile phosphate buffer solution (pH 7.4), and fresh media with different
concentrations of AgNPs (1, 3, 5, and 10 pg/ml) were added to each well seeded with the cell
line. Two wells containing a fresh medium without the test compounds were used as untreated
controls. The culture was photographed at O time and after 24 hours using an inverted
microscope (Nikon, Japan). Wound migration (closure) was measured by the following
equation:

% Wound migration = 1-(area of the wound at Ts/area of the wound at To) x 100
Where Ts is 24 hours from wounding and To is 0-hour wounding.

4.5 Result and Discussion

45.1 Chemical characterization of Hypericum perforatum L. phytochemicals-
capped AgNPs

The aqueous extract is used as a reduction agent for silver ions into metallic silver, as well as
a stabilizer to protect the silver nanoparticles (AgNPs) which are in their nanoscale size, thus,
preventing the aggregating. Synthesis of AgNPs using aqueous St John's wort extract was
green simple one-pot method, cost-effective, environmentally friendly, providing natural
capping agents for the stabilization of AgNPs which do not need to use high temperature,
pressure, and toxic chemicals. Besides, the coated functional groups that formed on the surface
of AgNPs from the plant extract lead to stabilizing these particles and played an important role
in their antioxidant and anti-cancer activity.

During the preparation process, the formation of the metallic silver particles via the silver ions
(Ag+) reduction with the St John's wort aqueous extract was observed by the color change to a
light or dark brown. Figure 1a exhibits the UV-Vis spectra of Phyto-capped AgNPs at various
times (fresh, month, and eight months). The absorption bands with a maximum of about 401,
405, and 425 nm are assigned to the plasmon resonance of metallic AgNPs indicating the
existence of monodispersed spherical silver nanoparticles in the colloidal solution. Several
research groups observed the surface plasmon resonance absorption band for AgNPs
synthesized by similar methods with different plant extracts between 400-430 nm °2, |t is
worth mentioning that the dispersion of the AgNPs is stable and that further aggregation after
8 months (Figure 1a) does not affect the stability of the nanoparticles, since the redshift of the
absorption band in the UV-Vis spectra is very small. These results reveal the formation of very
small silver nanoparticles during the preparation process 222,

The dynamic light scattering technique was used to estimate the mean size, size distribution,
and agglomeration potential of AgNPs 23, Figure 1b shows the diagram from the resulting
AgNPs diameter depending on the relative frequency number weight (%). The hydrodynamic
diameter distribution of green synthesized AgNPs in colloidal solution was found in the range
of 15-30 nm and the Polydispersity index (PDI) is 0.19.

The surface charge of AgNPs in the colloidal solution was calculated by employing zeta
potential measurements (Figure 1c). AgNPs showed around -19 mv negative effective charge
in an aqueous solution, which leads to less agglomeration and better physical stability. It is

195



Chapter 4: Antibacterial activity against clinical and food pathogens

documented that the nanoparticles stabilize well in colloidal solutions when the stabilizer on
their surface is well adsorbed 4. The dissociation of some H* and total protonation of the
hydroxyl groups of phytochemicals favor the repulsion between the nanoparticles, which
discourages their aggregation.

The ATR-IR diagram shown in Figure 1d confirms the existence of St. John's wort extracted
compounds on the surfaces of silver nanoparticles as a reducer and stabilizer. The presence of
moieties from Naphthodianthrone, Phloroglucinol, flavonoids, and bioflavonoids derivatives,
identified in our previous report on St. John's wort extract 2, cause the appearance of well-
known signals in the infrared region of the electromagnetic spectrum such as hydroxyl groups,
alkyl moiety, and aromatic rings. Indeed, the positions of these bands in the ATR-FTIR spectra
are considered a sensitive indicator of the conformational changes in the structure of the plant
compounds due to their adsorption on the surfaces of silver nanoparticles 2°. The band appears
in the region 675-900 cm™* corresponding to C-H aromatic out of the plane 2’. The weak bands
at 1230, 1242 &1251 cm™ correspond to C-O-C stretching in aromatic rings 2. Both peaks
around 1385 & 1445 cm™ are responsible for C-H stretching 2. The peak at 1527 cm™ is a
response to stretching OH and C=C aromatic. The bands near 1617 cm™ (sometimes 1640
cm 1) and near 1734 cm™* refer to C=0, *C-H, and C=0 stretching in the aromatic ring. Bands
in the range of 1923-2000 cm—1 prove the existence of an aromatic ring. While bands in the
range of 2900-2990 cm™* correspond to C-H stretching and the broad and intense band near
3400 cm? indicates the presence of O—H stretching in phenols 283031,

The XRD pattern shown in Figure 1le proves the formation of the nanocrystal structure of the
green synthesized silver nanoparticle. The nine special diffraction peaks at 20 values 27.82°,
32.25°,38.12°, 44.28°, 46.26°, 54.88°, 57.56°, 64.45°, and 77.38° which correspond to the planes
(210), (122), (111), (200), (231), (142), (241), (220) and (311) respectively possess well-
defined characteristic peaks corresponding to the face-centered cubic structure of pure metallic
silver (JCPDS file No. 04-0783) 32%3, The broadening of the diffraction pattern peaks indicates
the small average crystallite sizes of AgNPs which can be measured using Debye—Scherrer’s
equation 3. The average size of crystalline silver nanoparticles was found to be around 12 nm.

Figure 1f exhibits TGA analysis (25 to 1000 °C) of phytochemicals-coated AgNPs with a
heating rate of 1°C min. It is clear from this figure that decomposition occurs in 3 stages. The
moisture and accumulated water absorbed on the surface are lost in the first stage after heating
to 100°C. In the second (from 100°C to 160°C) and third stage (which extends up to 600°C),
The initial thermal deterioration of all the phytochemicals on the surface of these nanoparticles
occurs and then the complete degradation continues. Finally, the ash and the mineral
component stay due to the use of an inert atmosphere 3%,

Figures 2a,b show scanning electron microscopy (SEM) images of phytochemicals-coated
AgNPs. As shown in these images, most of the silver nanoparticles are spherical and
monodisperse with sizes ranging from 20-40 nm, while, other particles were aggregated with
each other without a specific shape. This aggregation is a result of the network of organic
compounds from St. John’s wort extract present as a capping protective layer on the surfaces
of the silver nanoparticles (Figure 2a,b). Moreover, scanning transmission electron microscopy
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dark-field (STEM-DF) images (Figure 2c) of green synthesized silver nanoparticles confirmed
that the particles' sizes were about 20-40 nm and they were spherical and monodispersed.

Atomic force microscopy (AFM) was used to verify the morphology and surface roughness of
silver nanoparticles. The magnification in particle size complexity is proportional to the size of
the AFM tip and in sample preparation "%, Figure 2d,e exhibits spherical silver nanoparticles
with grain diameters ranging from 20-40 nm, which agreed with those obtained from the DLS
results. Larger scans screening a few micrometers resulted in a maximum peak-to-valley
distance of 30 nm and a root mean square (RMS) roughness of 10 nm.

Figure 2f revealed the relative amounts of the elements in prepared AgNPs. EDX diagrams
recorded specific elemental silver peaks at 2.8 keV, 3.5 keV, and 3.8 keV identical to the
binding energies of Ag-L, Ag-M. This confirmed the existence of elemental silver in the
resulting final colloidal solutions. The presence of the carbon and oxygen peaks is related to
the organic layer from St John’s wort plant, which is present on the surfaces of nanoparticles
as a protective agent. As shown in Figure 2f, the relative amounts of carbon are much larger
than others because of the carbon from the holder.
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Figure 4-1: UV—Vis spectrum of ingredients-stabilized silver nanoparticles (AgNPs) using
Hypericum perforatum L. Aqueous Extract (a); hydrodynamic diameter distribution curve (b); zeta
potential distribution curve (c); ATR-IR spectra of the resulted AgNPs and Hypericum Perforatum L.
aqueous Extract (d); X-ray diffraction pattern of resulting AgNPs colloidal (e); thermal gravimetric
analysis of the resulting phytochemicals-AgNPs (f).
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Figure 4-2: SEM images of Hypericum Perforatum L. phytochemicals-capped AgNPs (a & b);
scanning transmission electron microscopy dark-field (STEM-DF) image (c); AFM image of
phytochemicals-capped AgNPs colloidal deposited as a film on glass slide by spin coating, scan
scale: 2 pmx2 um, the color bar shows the scale in Z-direction (d); 2um x2 pm AFM topography

image of phytochemicals-capped AgNPs displayed as a three-dimensional projection (e) and
guantitative results of energy dispersive X-ray (EDX) for phytochemicals-capped AgNPs (f).

Although the nanoparticle tracking analysis (NTA) is considered a more precise analytical
technique than the Dynamic light scattering method to evaluate particle size distribution 3940,
However, the particle size distribution calculated using this technique (Figure 3) reveals
monodisperse silver nanoparticles with an average diameter of 20-40 nm and confirms the DLS
results. Therefore, one can conclude that monodisperse phytochemicals-coated silver
nanoparticles with an average diameter between 20 and 40 nm have resulted.

Figure 4-3: Nanoparticle tracking analysis of Phytochemicals-capped AgNPs. Particle size vs.
particle concentration (a); representative nanoparticle tracking analysis video frame (b), particle size
vs. relative intensity (c), and particle size vs. light scattering intensity vs. particle concentration (3D
plot) are shown in (d).
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4.5.2 Evaluation of biological activities of Hypericum perforatum mediated
AgNPs

AgNPs revealed a broad-spectrum antibacterial activity against Gram-positive and negative
tested bacterial strains, except both E. coli strains that were resistant to tested nanoparticles.
The mean diameters of inhibition zones and the MIC values are presented in Table 1. According
to the measured inhibition zones, Gram-positive bacterial were more susceptible to AgNPs than
the Gram-negative ones in a concentration-dependent manner with less effectiveness against
B. subtilis among other Gram-positive species; they caused the formation of 13.3-32 mm
inhibition zones in Gram-positive bacteria (Fig. 4) and 13-19.7 mm in P. aeruginosa and K.
pneumonoiae at the highest tested concentration (100 pg/well). The concentration required to
cause the absence of growth in sensitive bacterial strains ranged from 6.25-12.5 pg/ml (MIC)
with bactericidal effect in most.

Table 4-1: Antibacterial activity of AQNPs and positive control against tested bacterial strains

Inhibition zone (mm % MIC (pg/ml)
Bacterial strain SD) S

(Lg/well) (10

50 100 pa/disc) AgNP S

S
Gram-positive
B. subtilis 11.7+0.6 13.3+06 233+16 125c 0.63s
B. cereus 1901 243+21 29.7+13 6.25s 0.31s
S. aureus 271715 320+£13 31.3+0.7 125c 0.63c
Gram-negative
E. coli NA NA 18.0+13 >100 5¢
E. coli (clinical) NA NA 123+0.7 >100 >10
K. pneumonia 10.3+0.6 13+1 15.7+0.7 12.5¢ 10c
(clinical)
P. aeruginosa 16.7+15 19.7+11 171+03 6.25s  2.5s
S: streptomycin s: biostatic c: biocidal NA: not active

Figure 4-4: Photograph showing the antimicrobial activity of AQNPs against B. cereus (A) and S.
aureus (B).

As S. aureus was the most susceptible bacterial test strain to AgNPs it was selected to estimate
the effect of nanoparticles on the growth kinetics of the bacterium (Fig. 5). As the concentration
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of the nanoparticle increases, a decrease in the ODeoonm Value was noticed in comparison to the
control culture and at different time intervals of sampling. Remarkably, the maximum cell
density attained was about 50% of that reached by the control culture as the bacterium was
exposed to almost %2 MIC concentration (6 pug/ml). Furthermore, at 12 pg/ml and 24 pg/ml, the
growth of S. aureus was totally inhibited with an undetectable increase in the ODgoonm Value
throughout the whole period of cultivation (24 hours). Such finding indicated that the AgNPs
have a toxic effect on the tested bacterium and their toxicity increase at higher concentrations
of the nanoparticles. Intriguingly, the specific growth rate of S. aureus in presence of AgNPs
declined with an increase in the tested nanoparticles concentrations to 6 pg/ml; at
concentrations over 6 pug/ml, the specific growth rate was almost zero highlighting the higher
toxicity of the nanoparticles on the bacterium (Table 2). The specific growth rate was decreased
from 0.21 ht in the control culture to 0.04 h*! in the culture exposed to 6 pg/ml AgNPs. In
terms of CFU, as the concentration of nanoparticles increased in Muller Hinton agar plates
there was a decrease in the number of growing colonies that were absent starting from
concentrations > 12 pg/ml, indicating a concentration-dependent antibacterial activity of
AgNPs (Fig. 6).

—e— Control
-+-3ug/ml
—=— 6 ug/ml
-+ - 12 pg/ml
—x--24 ug/ml

Optical density (ODggo nm)

27

Time (hours)

Figure 4-5: Growth curve of S. aureus in Muller Hinton broth containing different concentrations of
AgNPs

Time-Kill assay revealed that the effect of nanoparticles started after 90 min of incubation at
different MIC concentrations. Interestingly, at %> MIC concentration, the Logio (CFU/mI) was
decreased by 10% compared to the control culture (without AgNPs). However, an almost 103
fold reduction in Logio (CFU/mI) of S. aureus was noticed after 120 min of cultivation at MIC
and 2 MIC concentrations of AgNPs which indicated a bactericidal effect of the nanoparticles;
it caused the killing of the bacterium after 240 min of cultivation (Fig. 7).
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Table 4-2: Antibacterial activity of AGNPs and positive control against tested bacterial strains

Concentration Specific growth rate (h- Maximum growth intensity
(ng/ml) h (ODgoonm)
Control 0.21£0.012 0.91+0.17
1 0.09 + 0.007 0.86 £0.15
3 0.06 £0.015 0.63+0.11
6 0.04 £ 0.006 0.55+0.05
12 - 0.065 + 0.01
24 - 0.035 + 0.004

Control I pg/mL

Figure 4-6: Photograph of S. aureus grown on Muller Hinton agar as a function of AgNPs
concentrations.
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Figure 4-7: Time-kill curve of S. aureus in Muller Hinton broth medium supplemented with different
concentrations of AgNPs

The antibacterial activity of AgNPs toward both Gram types of bacteria in the present study
was in line with the previously reported broad-spectrum antibacterial effectiveness of the
nanoparticles in several studies, it was due to their multi-site action and intrinsic therapeutic
properties ’.

Also coincided with our results, Gram-positive bacteria were documented to be slightly more
sensitive than the negative ones to tested nanoparticles 443, Interestingly, it was postulated that
Ag" ions from the AgNPs have different targets between Gram-negative and positive bacteria
4 though the exhibited activity of AgNPs synthesized by Carduus crispus on both Gram-types
of bacteria was not affected by the difference in the bacterial wall 4°.

Worth noting, that the promising antibacterial activity of AgNPs was attributed to their ability
to destroy cell membranes, cause intracellular damage, alter genetic material, and cause
oxidative stress in the bacterial cell. Due to their size, nanoparticles have a large surface area
that enables them to attach to the cell wall, penetrate the cell, and cause a disturbance in the
membrane permeability leading to leakage of cell content 647, Worth noting, capping of the
nanoparticles with moieties of the lipophilic hypericin, hyperforin, and adhyperforin might
facilitate their diffusion across the hydrophobic cell membrane of the bacterial cells,
meanwhile, the presence of moieties from the flavonoid and phenols such as rutin, quercitrin
surrounding their surfaces could increase their capacity to form complexes with extracellular
and soluble proteins and with the cell wall 8. These chemical constituents were detected among
others in the extract of the St. John's wort in a previous report 2°. Moreover, AgNPs can bind
to sulfur and phosphorus-containing proteins leading to protein and nucleic acids inactivation
49 Furthermore, Ag+ ions, released through the oxidation dissolution process, alter the
respiratory chain and facilitate the generation of reactive oxygen species (ROS) via their
interaction with thiol groups of various enzymes and proteins, thus causing cell death through

the inactivation of DNA replication, ATP production, and activating the apoptosis pathway °*
52

The effect of the AgNPs on the fibroblast cell migration was examined by the wound migration
(contraction) method. The nanoparticles at concentrations of 1-5 pg/ml caused 52.2%-55.5%
contraction in the wound distance compared to 67.5% wound closure in untreated fibroblast
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cells (control) after 24 hours of treatment (Fig. 8). However, 31.6% of the wound distance was
contracted at 10 pg/ml of AgNPs, a concentration around the ICso of the nanoparticle to the
fibroblast cell line (data not shown); the decrease in the wound closure at this concentration
compared to other tested doses was due to the cytotoxic effect of the nanoparticles on the tested
fibroblast cells.

control 1 ug/ml 3 ug/ml 5 pg/ml 10 pg/ml

0 hour

24 hour--

Figure 4-8: Effect of different AQNPs concentrations on the wound contraction in the fibroblast cell
line.

% cell migration

control 1 pg/ml 3 pg/ml 5 pg/ml 10 pg/ml

Concentration

Figure 4-9: Percentage of fibroblast cell migration after 24-hour treatment with 0, 1, 3, 5, and 10
pg/ml AgNPs.

In fact, wound migration was non-significantly inhibited when fibroblast cells were treated
with 1-5 pug/ml AgNPs (inhibition 19%-23% compared to control), but it was significantly
inhibited at 10 pg/ml (inhibition 46.8%, p< 0.5) (Fig. 9). Fibroblast cells play a fundamental
role in body homeostasis through the secretion of growth factors, the release of matrix
metalloproteinases, collagen expression, and facilitating contraction of healing wounds 53,

Some studies had reported that AgNPs were able to promote fibroblast differentiation and
wound contraction in ex vivo systems using rodent models; the ability of these nanoparticles
to exert their wound healing effect is through modulation of inflammatory cytokines 6. On
contrary, in the current study, it was noticed that the nanoparticles at low concentrations (<
ICs0) caused an inhibition in fibroblast cells migration and wound contraction; a finding that
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coincided with the reported effect of the AgNPs in negative modulation of extracellular matrix
molecules (ECM) and laminin deposition, imbalanced expression of integrins, impaired
reorganization or F-actin cytoskeleton, and decreased human fibroblast migration 3. These
results revealed that the ability of AgNPs in promoting wound healing depends on the test
system employed, in vivo or in vitro, as well as the presence of bio-factors such as growth
factors and cytokines.

4.6 Conclusions

During the current study, the aqueous extract of the St. John's wort plant was used to synthesize
silver nanoparticles as an environmentally friendly, fast, and clean method. The synthesized
AgNPs were characterized by UV-VIS, DLS, zeta potential, FTIR, XRD, SEM, TEM, TGA,
and NTA. The resulting AgNPs were spherical in shape, monodisperse, with a face-centered
cubic crystal structures, and 20-40 nm in size. FTIR revealed the capping of AgNPs with
functional groups of St. John's wort extract. The green synthesized nanoparticles exhibited a
broad spectral antibacterial activity with Gram-positive test strains as the most susceptible
group. The presence of the plant functional group decorating the nanoparticles’ surfaces might
facilitate their binding to cellular targets and exert their activities. Their bacteriocidal effect on
S. aureus was noticed after 120 min of cultivation at MIC and 2 MIC concentrations; the
bacterial specific growth rate significantly declined as the concentration of the tested
nanoparticles increase up to ¥2 MIC and it was zero MIC and 2 MIC. Furthermore, the wound
migration (closure) did not affect with AgNPs treatments up to 10 pg/ml.
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5 Chapter Five: A study of additional applications of
biosynthesized silver nanoparticles using the agueous
extract of the St. John’s wort, as well as the
development of a protocol to conjugate it with the
aptamer which are selective ligands for targeting
cancer cells and the study of its selectivity and
internalization against cancer human non-small lung
cells (A549) and normal human bronchial epithelial
cells (BEAS2B)

5.1 Vorwort

This chapter contains Additional experiments and many other results that were not published
in articles till now due to lack of time, but they will be published very soon, Allah willing, after
the Ph.D. defense. Of course, we will note that in additional studies of the effect of the prepared
nanosilver, there is cooperation with universities in Saudi Arabia, Egypt and Syria, in addition
to Jordan, which is mentioned in the third article.

Im ersten Abschnitt wurde die Wirkung der biosynthetisierten Silbernanopartikel auf ein
breites Spektrum von Mikroben untersucht. Das Hauptziel bestand darin, die Auswirkung der
Lagerung von Silber fiir unterschiedliche Zeitrdume auf seine antibakterielle Aktivitat zu
untersuchen. Es wurde keine deutliche Veranderung der Aktivitat von Silber-Nanopartikeln
gegen die untersuchten Mikroben als Ergebnis der Lagerung iber mehrere Zeitrdume
beobachtet. Dann wurde ein Vergleich zwischen seiner Aktivitat und der von Silbernitrat und
der von Pflanzenextrakt allein durchgefuhrt, und die Ergebnisse waren sehr gut.

Im zweiten Abschnitt (In Zusammenarbeit mit Agypten) wurde die Wirkung der hergestellten
Silber-Nanopartikel auf gramnegative, grampositive Bakterien und pathogene Hefen
untersucht und ihre Wirkung mit Silbernitrat, Johanniskraut-Wéssriger Extrakt allein,
Antibiotika und Silber-Nanopartikel, hergestellt durch chemische Verfahren und unter
Verwendung von Citrat als Verkappungsmittel verglichen. Die Ergebnisse waren ebenfalls
hervorragend und sehr vielversprechend. Der Wirkungsmechanismus von Silbernanopartikeln
auf Bakterien wurde untersucht, indem das SEM-Bild von Bakterien vor und nach Kontakt mit
den Nanopartikeln untersucht wurde. Aus den Bildern war ersichtlich, wie das Silber auf seiner
Oberflache positioniert wurde, dann die Zellwand durchdrang und sie dann von innen
beeinflusste.

Im dritten Abschnitt (Kooperation mit Syrien) wurde die Wirkung der praparierten Silber-
Nanopartikel auf die Leishmaniose (L. tropica Syrischer Stamm (LT_SYR_24)) untersucht.
Mehrere Techniken wurden untersucht, um die Wirkung zu bewerten, einschlie3lich der
Zelllebensfahigkeit unter Verwendung des XTT-Assays, des Apoptose-Assays unter
Verwendung von Annexin V und des Zellzyklus unter Verwendung von Durchflusszytometrie.
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Im vierten Abschnitt wurde die fast zweijahrige Arbeit diskutiert, ndmlich die Entwicklung
eines Protokolls zur Bindung der préparierten Silber-Nanopartikel an ein Aptamer, das eine
sehr hohe Selektivitat gegentiber A549-Krebszellen aufweist. Viele Protokolle wurden befolgt
und viele Bedingungen getestet, bis wir ein geeignetes Protokoll erreichten, durch das wir eine
hohe Konjugationsrate erhalten und ohne dass die Aptamere ihre Wirksamkeit verlieren. Mit
Aptameren konjugierte Silbernanopartikel wurden mit verschiedenen Techniken und Geréten
charakterisiert, um die Bindung nachzuweisen. Die krebshemmende Wirkung von Aptamer-
konjugierten Silbernanopartikeln auf Lungenkrebszellen (A549-Zellen) und gesunde
Lungenzellen (BEAS-2B-Zellen) wurde mit mehreren Methoden untersucht einschlieBlich
Zellviabilitat mit dem CTB-Test, Zelllebensfahigkeit unter Verwendung von Calcein-AM und
Propidiumiodid (PI), Zelltod mit Annexin V Plus Propidiumiodid, Zellaufnahme unter
Verwendung von AAS und Zellmorphologie unter Verwendung von Lichtmikroskop und
konfokaler Mikroskopie.
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5.2 Studying the effect of storage of green-synthesized AgNPs on their
antimicrobial activities
5.2.1 Agar diffusion method

5.2.1.1 Bacteria strains used in the test:

0.5 McFarland Solution from the overnight Blood agar (SPML Riyadh, Saudi Arabia) cultures
of the following testing Microorganisms (Table x) were made in sterile normal saline using
DENSICHEK™ Plus Instrument, following company recommended protocol *.

Table 5-1: bacteria and yeast strains used for the study

Plate Microorganism name ATCC NO.
No
A S. aureus (wild type) 29213
A S. aureus (Methicillin resistant) 43300
A E. coli (Wild type) 25922
A E. coli (ESBL) 35218
B K. oxytoca ( Wild) 700324
B K. Pneumoniae (CRE) BAA-1705
B C. albican 14053
B C. auris Lab isolate

5.2.1.2 Inoculation of Agar plates

0.5 McFarland solution of the testing MOs was streaked on MHA or SDA using sterile Cotton
swab on a total of 3 plates for each testing microorganism. Each plate was assigned to a specific
set 1-3. Each set represent different sized nanoparticle.

5.2.1.3 Agar wells

A total of 7 Holes in each agar Plate were made using pre-Sterile Glass upper tip according as
shown in the in the following figure.

plate orientation |

Scheme of holes labeling on agar plate

5.2.1.4 Serial Dilution of Testing compounds
The stock solution of each testing Nanoparticle was serially diluted. Each hole was assigned a
specific dilution factor according to table 2
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Table 5-2: serial dilution of nanoparticles according to the hole number on agar plate

No | 1+ | 2 | 3 | 4 | 5 | 6 | 7 |
Dilution 1.0mg/ml 0.5 0.25 0.125 0.0625 0.03125 | 0.015625
mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml

5.2.1.5 Pouring of testing Nano-particles
Each hole was filled with 100uL of the diluted nanoparticle as table 2. The micropipette tip
was replaced every time to prevent cross contamination.

5.2.1.6 Incubation
The plates were immediately incubated upright position at 37°C for 24hrs.

5.2.1.7 Reading
The halo zone of inhibition (Fig. 1) was measured for each hole using ruler/ Vernier caliper
(table 3).

Set 1 Set 2 Set3

Bacteria

S. aureus
29213
Wild

S. aureus
43300
MRSA

E. coli
25922
Wild
type
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E.Coli
35218
ESBL

K.
oxytoca
700324

Wild

K.
pneumon
ia BAA-

1705
CRE

C.
albican
Wild
14053

C. auris
Clinical
Isolate

Figure 5-1: The halo zone of inhibition
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Table 5-3: Antibacterial activity of green synthesized AgQNPs using Hypericum perforatum L. aqueous extract at different times against tested bacterial
strains.

Set 1 (after 4 months of synthesis) Set 2 (after 7 months of synthesis) Set 3 (after one year of synthesis)

0.12 | 0.06 | 0.03 | 0.01 0.12 | 0.06 | 0.03 | 0.01 0.12 | 0.06 | 0.03 | 0.01
1 05 | 0.25 5 25 12 56 1 05 | 0.25 5 25 12 56 1 05 | 0.25 5 25 12 56
mg/ | mg/ | mg/ mg/ | mg/ | mg/ | mg/ mg/ | mg/ | mg/ mg/ | mg/ | mg/ | mg/ mg/ | mg/ | mo/ mg/ | mg/ | mg/ | mg/
ml ml ml ml ml ml ml ml ml

mi mi mi ml mi ml mi mi mi mi mi mi

Bacteria/
hole/set

1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7

S. aureus

29213 12 13 12 12 11 11 10 15 13 12 12 11 10 0 15 12 115 | 12 11 10 9

MRSA

43300 16 14 13 13 12 12 11 15 15 15 13 12 11 10 15 135 | 13 125 | 12 11 10

E. coli

25922 15 12 12 13 12 12 11 15 15 13 12 12 11 10 16 15 12 12 12 12 11

K.
pneumon
iae
ESBL
BAA-
1705

13 12 11 11 10 9 8 11 10 10 10 9 8 7 11 11 11 10 9 9 8

K.
oxytoca
w
(700324)

12 12 11 11 10 10 9 15 15 11 11 10 9.5 9 21 13 13 10.5 | 10 9 9

E. coli
CRE 10 10 9 10 8 8 8 14 11 105 | 10 10 9 9 11 11 11 10 9 9 9
35218

C.
albican 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14053

C. auris
Lab 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
strain
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5.2.1.8 Discussion

The results of Table 3 show the effect of hanoparticls stored for different periods of time on the growth
of different bacteria strains. As expected the the halo zone of growth inhibation is increased as the
concentration is increased (direct proporation) for the bacteria strains S. aureus 29213, MRSA 43300,
E. coli 25922, K. pneumoniae ESBL BAA-1705, K. oxytoca W (700324) and E. coli CRE 35218.
Whereas, no effect was seen using different concentrations and sizes of nanoparticles on C. albican
14053 and C. auris Lab strain.

The results did not show any significant change in the effect of silver on bacteria when used after long
periods of its synthesis, and this indicates that green synthesis of silver nanoparticles using our
developed protocol did not lose its effectiveness as a result of storage for relatively long periods of time.

5.2.2 Microtiter plate method
5.2.2.1 Microorganism’s strains

Multiple bacterial and Yeast colonies from the overnight Blood agar (SPML Riyadh, Saudi Arabia)
cultures were inoculated in Muller Hinton Broth (2X) (Thermo Fisher Scientific Inc.) or Sabouraud
Dextrose broth ( 2X) (Thermo Fisher Scientific Inc) respectively, and were incubated at 37°C in a
shaker for 24 hrs.

Table 5-4: Bacteria and yeast strains used for the study

P’I\la(:e Microorganism name ATCC NO.
A S. aureus (wild type) 29213
A S. aureus (Methicillin resistant) 43300
A E. coli (Wild type) 25922
A E. coli (ESBL) 35218
B K. oxytoca ( Wild) 700324
B K. Pneumoniae (CRE) BAA-1705
B C. albican 14053
B C. auris Lab isolate

5.2.2.2 Preparation of working Inoculum (5x10°CFU/mI density): (1ml/specie)

A density of 5 x 10° CFU/mL for each test microorganism is recommended by CLSI for MICs
determination. The following steps were followed

A 0.5 McFarland turbidity Standard (Density=1.5 x 108 CFU/mL) of MHB cultures were made either
by inoculating the overnight plates culture in the sterilized MHB in Glass tubes or by diluting the broth
Cultures using DensiCHEK™ Plus instrument (bioMérieux USA). A 3uL of the 0.5 McFarland in each
well had a final density of 5 x 10° CFU/mL as required.
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5.2.2.3 Pouring in Microtiter plate

3 column per 1 microorganisms was assigned as shown in table 04. Out of three one column was
assigned for each raw material and nanoparticles respectively. A total of 150 uL mixture according to
table 4, was poured in each well following addition of 50uL of testing compound. 100 pL sterile MHB
or SDB was added in NC well instead of testing microorganism while 50uL of sterile deionized water
that was also used for compounds dilutions was added in GC wells instead of testing compounds (table
5). During pouring the micropipette tip was changed to prevent cross contamination.

Table 5-5:
Ingredient Quantity per well
MHB (2X)/SDB (2X) 100 pL
0.5 McFarland testing MO 3L
Distill water 47 uL
Testing Compound 50 pL
Total volume 200 pL

Table 5-6: Micro-well plate testing arrangement scheme

Conc S. aureus ?I\/?Igrsij)s E. coli E. coli (ESBL)
Plate ' 29213 25922 35218
A 43300
Well CA T |CB|CA| T |CB|CA| T |CB|CA | T CB
Dilution 1 2 3 4 5 6 7 8 9 10 | 11 12
NC NG | NG | NG | NG | NG | NG | NG | NG | NG | NG | NG | NG
B . G [NG|NG| G |[NG|NG| G |[NG|NG |G NG | NG
220 pg/mi
C 2 G [NG|NG| G |[NGING| G [NG|NG |G NG | NG
110 pg/ml
D 3 G |[NG|NG | G |[NG|NG| G |[NG|NG |G NG | NG
55 pg/ml
4
E 275 G [NG|NG| G |[NGING| G NG| G |G NG | NG
ug/ml
5
F 13.75 G G NG| G G |[NG| G |NG|NG |G NG | NG
pg/ml
6
G 6.875 G G G G G G G |NG | NG |G NG | NG
ug/ml
H GC G G G G G G G G G |G G G
CA: Brown powder, T: Nanoparticle/brown liquid, CB: AgNo3/crystals
G: viable colony growth observed, NG= no growth observed during viable test
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Specie K. oxytoca K. pneumoniae C. albican C. auris
Plate 700324 CRE (Lab) 14053 Lab isolate
B Well CA| T |CB|CA| T |CB|CA| T |CB|CA| T CB
Dilution 1 2 3 4 5 6 7 8 9 10 | 11 12
A NC NG | NG | NG | NG | NG | NG | NG | NG | NG | NG | NG | NG
B 1 G [NG|NG| G |[NGING| G [NG|NG |G NG | NG
220 pg/mi
C 2 G [NG|NG| G |[NGING| G [NG|NG |G NG | NG
110 pg/ml
D 3 G [NG|NG | G |[NGING| G [NG|NG |G NG | G
55 pg/ml
E 4 G [NG|NG| G |[NG|NG| G G G |G G G
27.5
ug/ml
F 5 G |[NG|NG| G |[NG|NG| G G G |G G G
13.75
ug/ml
G 6 G |[NG | NG| G G |NG| G G G |G G G
6.875
pg/ml
H GC G G G G G G G G G |G G G
CA: Brown powder, T: Nanoparticle/brown liquid, CB: AgNo3/crystals
G: viable colony growth observed, NG= no growth observed during viable test

5.2.2.4 Preparation of Antimicrobial dilutes

The testing stock compounds were serially diluted according to table No 6. A 50uL of each diluted
compound working solution was poured in the specified Microplate well as shown in table 5. After
pouring, the micro well plates were sealed with sterile tape and were incubated at 37°C for 24 hours.

500ulL  500uL.  500uL 500ul.  500ul  500uL
Table 5-7: Testing compound dilution factors
Final Quantity 500uL 500uL 500uL 500uL 500uL 500uL 1000puL
Final 220 110 pg 27.5ug 13.75 ug 6.875
Concentration 440ug/ml pg/ml /ml 55 hg /ml /ml /ml pg/ml

5.2.2.5 Verification of final inoculum density:

To ensure that inoculum density of the MHB is within recommended range, a 10uL of
inoculum from each GC well was diluted in 10ml of Sterile 0.85% Saline. Then 100 L of
the dilute was spread on MHA/SDA plate following 24hrs incubation. After incubation at least
50 colonies count indicated the recommended density of 5x10° CFU/m.
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5.2.2.6 MIC reading

The turbidity of the micro well plates was observed using inverted mirror or Micro-well plate
reader for turbidity check.

5.2.3 Viability test

Since some of the wells were very dark to read, A 10uL of the specimen from the well was
inoculated on MHA/SDA following Incubation at 37C for 24hrs. No growth after incubation
indicated correct MIC determination.
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Figure 5-3: Viability test plate
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Table 5-8: The minimum inhibitory concentration of AgNPs, AgNO3 and St. John's Wort aqueous
extract against tested bacterial strains

5 - ] MIC (ug/ml)
acterial strain AgNPs St. John's wort extract AgNO:;
S. aureus (wild type) 27.5 X 13.75
29213
S. aureus (Methicillin 27.5 X 13.75
resistant) 43300
E. coli (Wild type) <6.88 X <6.88
25922
E. coli (ESBL) 35218 <6.88 X <6.88
K. oxytoca ( Wild) <6.88 X < 6.88
700324
K. Pneumoniae (CRE) 13.75 X <6.88
BAA-1705
C. albican 55 X 55
14053
C. auris 55 X 110
Lab isolate

5.2.3.1 Discussion

Through the results presented in Table 4, we note that the aqueous extract of St. John’s wort
did not show any activity against the eight strains of bacteria studied, while the silver prepared
by our method gave minimum inhibitory concentration values either identical to the values of
silver nitrate as in E. coli (Wild type) 25922, E. coli (ESBL) 35218, K. oxytoca ( Wild) 700324
and C. albican 14053 or higher than them as in S. aureus (wild type) 29213, S. aureus
(Methicillin resistant) 43300 and K. Pneumoniae (CRE) BAA-1705 or lower than them as in
C. auris Lab isolate. It is worth noting here that at the lowest concentrations at which bacteria
did not grow, we took a sample from them and conducted a viability analysis, and after 24
hours we did not notice any growth of bacteria, and this indicates that silver is lethal and
inhibiting growth at the same time.
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5.3 Comparison of the antimicrobial activities of Hypericum perforatum L.-
Mediated green synthesis of AgNPs with antibiotics, silver nitrate,
Hypericum perforatum L. aqueous extract and Citrate-capped AgNPs.

Methods for antimicrobial activity

Sample preparation

Different samples including silver nitrate, plant extract, and silver nanoparticles (prepared
either chemically or plant extract) were prepared at the same concentrations in water as solvent.

Tested organisms
The microorganisms used in the in vitro antimicrobial study were as follows:

Gram-positive bacteria: Bacillus subtilis (ATCC 6633), Bacillus cereus (ATCC 6629) and
Staphylococcus aureus (ATCC 6538).

Gram-negative bacteria: Escherichia coli (ATCC25922), Proteus mirabillus (ATCC9240)
and Salmonella enterica (ATCC 25566).

Pathogenic yeast: Candida albicans (ATCC 10231).

5.3.1 Antimicrobial assay

Qualitative evaluations were executed in nutrient agar plates according to a previous published
study 2 3. The inoculation of all microorganisms were prepared from fresh overnight broth
cultures using Brain Heart infusion broth medium incubated at 37°C. The inoculum size of
these pathogenic strains was prepared and adjusted to approximately 0.5 McFarland standard
(1.5 x 108CFU/ mL); 25.0 uL of both bacterial and yeast inocula were inoculated into each
plate after the medium cooled and solidified, containing 20.0 mL of the sterile nutrient agar
medium (NA). Several discs were punched out from these agar plates using 1.0 cm cork borer
followed by pipetting 100.0 uL of the previously prepared samples on the 0.9 cm well and
dispersed spontaneously with well diffusion method. Finally, These inoculated plates with
samples were placed in the refrigerator for one hour, followed by incubation at 37°C for 24
hours, and zones of inhibition (Z1) were measured in mm 2 3. Different type of antibiotic
standard were applied on the same test strains to compare with the tested samples of nano-
silver, silver nitrate and plant extract.

5.3.2 TEM Images

A few drops of the bacteria cells suspension are placed on a carbon-coated Cu grid and then
left on filter paper for about 5 minutes to dry. 3 drops of a 20% glutaraldehyde solution are
added to the sample and then left for 5 minutes to dry. 3 drops of 1% phosphotungstic acid
(negative stain for TEM) are added to the sample and then left for 5 minutes to dry. load on
TEM device; Jeol-HR. TEM, model-JEM-2100 Japan. Examine under a microscope and obtain
images.
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5.3.3 Results
Table 5-9: Antimicrobial activity of different concentrations of Silver nitrate Powder sample by
measuring Inhibition zone diameter (millimeter) after 24 hours incubation period and at 37 °C
applying the well diffusion technique

Code Silver nitrate Powder
Samples

Concentrati 0.0 10.0 25.0 50.0 100.0 150.0 200.0

on
Test bacteria ng/ml
1- Bacillus subtilis NiL NiL 12.0 15.0 17.0 20.0 22.0
2- Bacillus cereus NiL NiL NiL NiL 11.0 13.0 15.0
3- Staphylococcus aureus NiL NiL 11.0 15.0 16.0 17.0 19.0
4-  Escherichia coli NiL NiL 11.0 14.0 16.0 17.0 17.0
5-  Proteus mirabillus NiL NiL NiL 10.0 14.0 15.0 17.0
6- Salmonella enterica NiL NiL NiL 11.0 15.0 18.0 18.0
7- Candida albicans NiL NiL 20.0 27.0 30.0 34.0 40.0

*in this and other following tables: Nil: No antimicrobial activity.

Table 5-10: Antimicrobial activity of different concentrations of Silver nano particles reduced by
plant extract sample by measuring Inhibition zone diameter (millimeter) after 24 hours incubation
period and at 37 °C applying the well diffusion technique

Samples . .
Code Silver nano particles
Concentration

Test ng/ml 0.0 5.0 12.0 25.0 50.0 75.0 100.0
bacteria

1- Bacillus subtilis NiL NiL NiL 10 12.0 14.0 16.0
2- Bacillus cereus NiL NiL NiL 11 12.0 13.0 16.0
3- Staphylococcus aureus NiL NiL 11.0 15.0 16.0 17.0 18.0
4- Escherichia coli NiL NiL NiL 11.0 17.0 17.0 17.0
5- Proteus mirabillus NiL NiL NiL 12 15.0 17.0 17.0
6- Salmonella enterica NiL NiL NiL 11 15.0 17.0 17.0
7- Candida albicans NiL NiL NiL 10 11.0 13.0 14.0
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Table 5-11: Antimicrobial activity of different concentrations of plant extract sample by measuring
Inhibition zone diameter (millimeter) after 24 hours incubation period and at 37 °C applying the well
diffusion technique

Samples
Code plant extract sample

Concentration 00 100 250 500 1000 150.0  200.0
Test bacteria pg/ml
1 Bacillus subtilis NiL NiL NiL NiL NiL NiL NiL
2- Bacillus cereus NiL NiL NiL NiL NiL NiL NiL
3- Staphylococcus aureus NiL NiL NiL NiL NiL NiL NiL
4- Escherichia coli NiL NiL NiL NiL NiL NiL NiL
5- Proteus mirabillus NiL NiL NiL NiL NiL NiL NiL
6- Salmonella enterica NiL NiL NiL NiL NiL NiL NiL
7- Candida albicans NiL NiL NiL NiL NiL NiL NiL

Table 5-12: Antimicrobial activity of different concentrations of Silver nano particles produced
chemically by measuring Inhibition zone diameter (millimeter) after 24 hours incubation period and
at 37 °C applying the well diffusion technique

Samples Code Silver nano particles prepared chemically

Concentration 0.0 100 250 50.0 100.0 150.0 200.0

pg/ml

Test bacteria

1 Bacillus subtilis NiL NiL NiL NiL NiL NiL NiL
2- Bacillus cereus NiL NiL NiL NiL NiL NiL NiL
3- Staphylococcus aureus NiL NiL NiL NiL NiL NiL NiL
4- Escherichia coli NiL NiL NiL NiL NiL NiL NiL
5- Proteus mirabillus NiL NiL NiL NiL NiL NiL NiL
6- Salmonella enterica NiL NiL NiL NiL NiL NiL NiL
7- Candida albicans NiL NiL NiL NiL NiL NiL NiL
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Table 5-13: Antimicrobial activity of different antibiotics standard by measuring Inhibition zone
diameter (millimeter) after 24 hours incubation period and at 37 °C applying the well diffusion

technique

Samples Code antibiotics standard

Antibiotic name CN CTX E LEV CIP VA
Test bacteria
1- Bacillus subtilis 20.0 NiL 22.0 25.0 32.0 22.0
2- Bacillus cereus 16.0 NiL 16.0 27.0 22.0 18.0
3- Staphylococcus aureus 21.0 NiL 26.0 26.0 26.0 19.0
4- Escherichia coli 15.0 NiL NiL 25.0 25.0 NiL
5- Proteus mirabillus 12.0 NiL NiL 17.0 17.0 NiL
6- Salmonella enterica 16.0 NiL 16.0 22.0 22.0 20.0
7- Candida albicans 21.0 NiL 20.0 30.0 30.0 22.0
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Figure 5-4: Antimicrobial effects of silver nitrate
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Figure 5-5: Antimicrobial effects of silver nitrate

5.3.4 Discussion

The previous analyzes were conducted to compare the effect of silver nanoparticles, which we
prepared using an aqueous extract of St. John's wort, with silver nanoparticles prepared by a
chemical method using citrate, silver nitrate, aqueous extract of St. John's wort and some
antibiotics. Although half of the concentrations used of AgNPs synthesized using St. John's
wort compared with other materials were used due to the little amount of silver nanoparticles
at the time of analysis. However, the silver prepared in our way gave a very high efficacy
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comparable to silver nitrate alone, and perhaps better than it if we used the same concentrations.
Silver nanoparticles prepared by a chemical method using citrate and aqueous extract of St.
John's wort did not give any results at the concentrations used. This proves the effectiveness of
silver prepared using the aqueous extract of the St. John's wort against a wide range of
microbes, and therefore it is a promising material for industry to be used or combined with
antibiotics against multiple pathogens.

Figure 5-6: Transmission electron microscope (TEM) images of Candida albicans bacteria exposed
to silver nanoparticles (AgNPs): A: bacteria only, B: several images of bacteria with AgNPs, where
the different stages are illustrated which are nanoparticles attached on the cell wall, extrusion of
cytoplasmic contents, AgNPs-loaded cells and a fully lysed cell.
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5.4 Effect of green synthesized AgNPs on leishmaniasis
5.4.1 Materials and Methods
5.4.1.1 Leishmania culture

In this work, L. tropica Syrian strain (LT_SYR_24) was isolated and typed by PCR at the
Dermatology Hospital of Damascus University, Damascus, Syria 4. Leishmania cells were
grown in RPMI-1640 culture medium containing L-glutamine (Sigma, Germany),
penicillin/streptomycin 100 U/mL, and 10 % heat-inactivated fetal bovine serum FBS
(Cytogen, Germany). A direct counting method by hemocytometer chamber (Neubauer
chamber) was performed to estimate the number of L. tropica promastigotes. Stationary-phase
promastigotes of L. tropica were incubated in 96-well microplates (50000 cell/well) with the
different concentrations of Ag NPs (ug/mL = ppm) for 24 h at 26 °C.

5.4.1.2 Viability Assay by XTT

XTT is a colorimetric assay method based on the dye tetrazolium used to detect cell viability,
where only living cells can metabolize this yellow soluble dye and convert it to orange colored
formazan that can be measured at wavelength 450 nm. The viability test was performed for
leishmania cells (50000 cell/well) treated with Ag NPs in the presence of control untreated
cells. 20 pL of XTT mixture (Roche Diagnostics) was added to each well (96-well microplate)
and the microplate was incubated for 4 hours at 37 °C, after which the absorbance was read
using microplate reader device. Each treatment condition was performed in triplicate and the
average values of the absorbance readings for replicates were correlated to the control untreated
cells representing 100 % of cell viability.

5.4.1.3 Apoptosis Assay using Annexin V

Annexin V binding assay was performed using sSfGFP-Annexin-V as previously described for
cultured cell lines > ©. After treatment with the indicated concentrations of Ag NPs, the cells
(~10° cells) were harvested and centrifuged at 3000 rpm for 10 min. After discarding the
supernatant liquid, 500 pL of binding buffer HBS (10 mM Hepes, 150 mM NaCl, 2.5 mM
CaCl2, pH 7.4) and 5 uL sfGFP-Annexin-V (1 mg/mL) were added to the pellets and incubated
at 25°C under dark conditions for 5 min. Percentages of apoptotic cells, absorbing Annexin-V,
after treatment conditions were identified by flow cytometry.

5.4.1.4 Cell Cycle Assay

Leishmania cells (~10° cells) were harvested and centrifuged (3000 rpm) for 10 min. 500 pL
PBS was added to resuspend the cells. Then 95 % ethanol was added to a final volume of 2
mL, and was stored at 4 °C overnight. The cell sample was centrifuged and washed twice with
PBS, then was suspended and stained in 500 puL PBS containing 5 uL Propidium lodide (PI, 1
mg/mL) for 30 min in the dark. Cell cycle analysis was performed by flow cytometer.
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5.4.1.5 Flow Cytometry

PI and/or sSfGFP-Annexin-V stained leishmania promastigotes (~10° cell/mL) were analysed
by acquisition on a BD FACS Calibur™ flow cytometer (BD Biosciences) with a 488 nm argon
ion laser and a 635 nm red diode laser. The light scatter and fluorescent parameters were set at
logarithmic gain, and Leishmania cells were identified according to their characteristic forward
and side scatter properties, with 10000 total events per sample acquired. Flow cytometric data
acquisition and analysis were conducted by BD Cellquest™ Pro software. Graphs and
statistical analysis were achieved using GraphPad Prism 7.0. A probability value less than 0.05
(p < 0.05) was considered as statistically significant difference.

5.4.2 Results
5.4.2.1 Cytotoxicity of Ag NPs to L. tropica promastigotes

In order to calculate the percentage of apoptotic and alive cells in L. tropica promastigotes,
flow cytometry assay was employed after staining with Annexin-V. Here, this study showed
that the percentages of apoptosis induced in promastigotes exposed to 0.5 ug/mL and 1 ug/mL
concentrations of Ag NPs after 24 h incubation were estimated 46.8 % and 86.8 %,
respectively. However, the percentage of alive cells in the control group (without treatment)
was determined 98% (Fig. 7A). Percentage of apoptotic cells was found to increase in a dose-
dependent manner by increasing the concentration of Ag NPs, where the top effect on apoptosis
induction was achieved using the concentration of 1 pg/mL after 24 h, whereas 1C>° was at
concentration of 0.43 pg/mL of Ag NPs (Fig. 7B).

5.4.2.2 Effect of Ag NPs on the viability of L. tropica promastigotes

Cytotoxicity of Ag NPs against L. tropica promastigotes was investigated by optical density
(OD) following XTT assay (Fig. 7B). Parasite viability was found to decrease in a dose-
dependent manner by increasing the concentration of Ag NPs, where the top toxicity was
achieved using the concentration of 0.62 ug/mL after 24 h, whereas 1C>° was at concentration
of 0.29 pg/mL of Ag NPs.

5.4.2.3 Effect of Ag NPs on the cell cycle of L. tropica promastigotes

In order to ascertain the effect of Ag NPs on the cell cycle of Leishmania promastigotes, the
cells were incubated after treatment with the fluorescent DNA dye propidium iodide, and then
the cells were analyzed for their content of genomic DNA by flow cytometry, where it was
possible to distinguish between three phases of the cell cycle (G1, S and G2). The results
showed that treatment with Ag NPs (0.5 or 1 pg/mL) had no effect on the percentage of cells
in the G1 phase, while its effect was limited to decrease slightly the percentage of cells in the
G2 phase (Fig. 8A). Accurate statistical comparison of the data demonstrated that the ratio of
cells in the G1 phase is equal between the control and treated conditions, while showed a
significant increase in the percentage of cells in the S phase in the condition treated with 0.5
pHg/mL compared to the untreated control cells, and the difference was about 3.3 %. On the
other hand, the percentage of cells in the G2 phase decreased 5.4 % in this treated condition
compared to the control (Fig. 8B).
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5.4.3 Discussion

Leishmaniasis is still widely recognized as one of the major health problems worldwide. The
current treatment against leishmaniasis was not satisfactory, and the drugs used (glucantime
and pentostam) were not complete options due to high cost, toxicity, painful treatment, many
side effects, as well as emergence of drug resistance in some endemic areas. Therefore,
researchers are constantly striving to develop and design effective anti-Leishmania agents that
can fully achieve treatment goals. In several previous studies, the results showed that silver
nanoparticles have anti-leishmanial effect /. Mahbali et al. found with 100 ppm (100 pg/mL)
of nanosilver can damage 85% of infected macrophages with amastigotes of L. major & °. In
this study, the efficacy of different concentrations of Ag NPs against L. tropica promastigotes
was observed. Clear toxicity was observed for L. tropica in the presence of Ag NPs. The results
showed that the presence of living parasites decreased significantly by increasing the Ag NPs
concentration compared to the standard untreated cells. In other words, Ag NPs completely
inhibited the proliferation of L. tropica promastigotes after 24 h of treatment. Such toxic effect
was explained by apoptosis phenomena rather than clear cell cycle arrest. Many studies
reported similar effects of Ag NPs with different microorganisms °. In this regard, cytotoxic
effect of these nanomaterial against bacteria, viruses, fungi and different types of cancer has
been examined, and results demonstrated that Ag NPs has satisfactory levels of cytotoxicity
effect against these cancers and microorganisms 114,
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Figure 5-7: Effect of Ag NP on the viability and apoptosis of L. tropica cells. (A) L. tropica cells in
96-well plate (50000 cell/well) were treated for 24h with 0, 0.5 and 1 pg/mL of Ag NPs then
incubated with Annexin V (10 pg/ml) and the increase of their green fluorescence signal was analyzed
by flow cytometry. (B) After treatment with the indicated concentrations of Ag NPs (ug/mL),
percentage of viable cells was determined using XTT method and values were normalized to control
untreated cells. Percentage of apoptotic cells in the population was determined using Annexin V
assay.
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Figure 5-8: Effect of Ag NPs on the cell cycle of L. tropica cells. (A) Treated L. tropica cells with 0,
0.5 and 1 pg/mL of Ag NPs for 24 h were incubated with propidium iodide and their cell cycle was
analyzed by flow cytometry. (B) Statistical comparison of cell populations values at different cell
cycle phases between untreated and treated Leishmania (0.5 pg/mL of Ag NPs for 24 h), at least 3
experimental replicates were used. Two stars for statistical probability less than and four stars for
statistical probability p < 0.01 and four stars was used for p values less than 0.0001.
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5.5 Development of a protocol to prepare selective thiolate Aptamer-conjugated

silver nanoparticles and their effects on healthy and cancerous cells
The conjugation of Aptamers with silver nanoparticles in a controlled manner has been used
for many biological purposes like biosensing, imaging and diagnostics and targeted treatment.
In the context of cancer therapies aptamers have the ability to specifically bind to antigens
expressed on the cancer cell surface-mediated by molecular recognition. But the appropriate
surface conjugation strategies are often a prerequisite for every possible application as these
interactions ultimately affect the colloidal stability and efficacy of the nanoparticles. Generally,
the strategies for conjugation biomolecules or Aptamers to metal nanoparticles fall into four
categories *°:

* Binding of the biomolecule to the surface of the inorganic particle core through ligand
mediated binding, commonly by chemisorption, e.g. thiol groups.

* Electrostatic interactions between positively charged biomolecules and negatively charged
nanoparticles or vice versa.

* Covalent binding by conjugation chemistry, exploiting functional groups on both particle and
biomolecules.

* Non-covalent, affinity-based receptor—ligand systems.

AgNPs have a surface plasmon peak at 400 nm to display yellow color with even higher
extinction coefficients. AgNPs are an excellent substrate for surface enhanced Raman
spectroscopy (SERS), and possess strong anti-microbial activities. Therefore, DNA-
functionalized AgNPs may expand the toolbox of nanotechnology. The lack of work on AgNPs
can be attributed to difficulties associated with the preparation of their DNA conjugates 6. The
surface modified silver nanoparticles exhibit improved biocompatibility and intracellular
uptake required for drug delivery. The plasmonic nature of noble metal nanoparticles, such as
silver, is useful for imaging of the surface of certain cell types or specific areas within
individual cells for applications in imaging and cancer therapies. The photodynamic properties
of silver nanoparticles may be considered useful in the case of targeted cancer cell or tumor
destruction 7,

Because the functional group at the surface of silver nanoparticles are hydroxyl groups (most
of the compounds in the St. John's wort are phenols), So silver nanoparticles cant conjugate
with amine-modified aptamer through EDC/NHS carbodiimide chemistry (EDC/NHS coupling
chemistry). EDC/NHS coupling chemistry is commonly used to alter the surface chemistry of
NPs with biological molecules to reduce their toxicity. EDC is a water-soluble cross-linker
agent, which activates carboxyl groups and forms an amine-reactive O-acylisourea
intermediate that spontaneously reacts with primary amines to form an amide bond 1. One
of the important strategies that have been developed to attach aptamer to metal surfaces is
Sulfhydryl-Aptamer metal Coordination. The strength of the thiol-metal coordination
interaction provides the basis to fabricate robust self-assembled monolayers for diverse
applications. The attachment of thiolated nucleic acids to metal nanoparticles has enabled many
milestone achievements in nanobiotechnology. But the immobilization of thiolated Aptamers
(aptamer, after 5- thiol or 3-thiol modification) on the surface of metal nanoparticles such as
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gold and silver is not as easy as we think because both have a negative charge on their surface.
Initially, the conjugation of gold with thiolated aptamer was studied, and to overcome the
charge repulsion problem, salts such as sodium chloride were added. But adding high
concentrations of salt causes the gold nanoparticles to agglomerate before the aptamer coupling
with it. To solve this problem, salt was added gradually over several days and this method was
called salt-aging. This protocol has not been successful with silver nanoparticles by other
researchers. Other methods have been developed by other researchers to overcome this problem
in silver, such as using modified DNA with more thiol groups to better achieve DNA
attachment and coating AgNPs surface with a monolayer of gold or polymer, but it was
expensive and ineffective 192,

Used Aptamer

The aptamer (S15-Thiol) used in this thesis was purchased from Integrated DNA Technologies
(IDT) with the following properties:

Sequence: 5-/5ThioMC6-D/ACG CTC GGA TGC CAC TAC AGG CTA TCT TAT GGA
AAT TTC GTG TAG GGT TTG GTG TGG CGG GGC TAC TCA TGG ACG TGC TGG
TGAC-3

DNA Bases: 85 Molecular Weight: 26728.5 Extinction Coefficient: 805700
I/(mole.cm)

Thiol-modified oligos ordered from IDT are shipped in their oxidized form, with the sulfur
atoms protected by an S=S bond. Thus, Thiol-modified oligos need to be reduced before use.
Thiol-modified oligos require a reduction step to remove the protecting group from oligos
before they are used. One of these ways is to use Tris (2-carboxyethyl) phosphine (TCEP). An
excess concentration of TCEP.HCI (10 mM), dissolved in deionized water, was added to the
aptamers (100 uM). The mixture was stirred at a slow pace for two hours at room temperature.
The aptamers could then be used without the need to remove the TCEP from the mixture.

5.5.1 Experimental

5.5.1.1 Preparation of DNA-AgNPs

1) 500 pL of AgNPs (20-50 nm, 0.11 nM) and 2.5 pL of Aptamers (100 uM) were mixed and
stirred vigorously for 16 hours in the dark. 5 ul citrate buffer (500 mM, pH 3) was added and
after 10 minutes, another 5 ml was added. After 30 minutes, HEPES buffer (500 mM, pH 7.6)
is added in 3 successive batches, the time between them is 5 minutes. The sample is centrifuged
as follows: 5 minutes at 3000 rpm, 5 minutes at 6000 rpm and 20 minutes at 13000 rpm. The
filtrate is separated from the sediment, where 500 ul of HEPES buffer (5 mM, pH 7.6) is added
to the sediment, and the previous centrifugation process is repeated. The washing process is
repeated at least 3 times to get rid of all the amount of unbound aptamers. Finally, the resulting
Aptamer-AgNPs dissolved in deionized water or in HEPES buffer (5 mM, pH 7.6) and the
supernatants resulting from the centrifugation for the first time and for all later washing
operations are concentrated to a volume of 500 pl or 1 ml using a rotary evaporator to measure
the concentration of the free aptamer (unbound). Thus, through it, we can determine the amount
of the attached Aptamer at the surface of AgNPs.
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The purpose of adding the citrate buffer (500 mM, pH 3) is to reduce the PH of the solution, as
well as obtain a low concentration of salts (sodium ions), all in order to facilitate the binding
of the aptamers on the surfaces of silver nanoparticles. Because at PH=3, the charge density of
the AgNPs will be reduced and some of the DNA bases such as adenine and cytosine will be
protonated, thus charge repulsion between DNA and AgNPs and among DNA strands will be
significantly reduced. Because a little concentration of Na+ is still required since both AgNPs
and DNA were still negatively charged even at pH 3. Reducing the pH by adding citrate buffer
(500 mM, pH 3) was done in stages and not all at once because if the pH was lowered all at
once, it would cause agglomeration of silver nanoparticles without binding with the aptamer.
To determine the best pH value for the conjugation, different pH values (1, 3, 4, 5, 7 and 9) of
citrate buffer were used. The purpose of adding the HEPES buffer (500 mM, pH 7.6) is to
return the pH value of the solution to almost 7 after its binding with the aptamer.

» Other factors were also changed, such as the concentration of silver nanoparticles (0.11, 0.14,
0.3 and 0.5 nM) and incubation time (30 min, 60 min 16 hrs, 24 hrs and 48 hrs) to get the best
conditions for attached thiolated Aptamer on the surface of AgNPs via the silver—sulfur bond
(thiol-Ag linkage).

2) Thiolated Aptamer samples were used as received without further treatment (i.e. no TCEP
or DTT treatment). In a typical experiment, Thiolated Aptamer (100 uM, 2.5 pL) was mixed
with AgNPs (20-50 nm, 0.5 nM, 500pL) in a microcentrifuge tube (lower protein binding). The
mixture was then placed in a laboratory freezer (set at -20 °C) for 2 h, followed by thawing at
room temperature. Finally, the mixture was centrifuged and washed as described in the
previous protocol.

» Different factors were studied such as concentration of AgNPs (0.11, 0.14 and 0.5 nM),
Freezing degree (-20 and -80), Freezing time (2 h and 24 h).

5.5.1.2 Quantification of DNA loading density

1) To quantify the number of DNA strands attached to each AgNPs. Concentrated supernatants
measured using UV-vis spectrometry, where calibration stock Aptamer solution was prepared
by dissolving the DNA in a buffer or Milli-Q water. The DNA solution was then diluted to 1
and 0.5 uM in a used buffer or Milli-Q water to measure the actual DNA concentration using
UV-vis spectrometry.

2) Using Quant-iT™ OliGreen® ssDNA Kit (Cat. no. 011492): supernatants containing free
aptamers also contain phenols that have separated from the capping agent layer on the surfaces
of AgNPs. These compounds absorb UV at 230-240 nm and this peak overlaps with the
aptamer peak at 260 nm. Therefore, the previous method is considered unacceptable and does
not give the correct reading for calculating the concentration of the aptamer. This is what
prompted us to search for an accurate method for quantifying single-stranded DNA in
supernatants. the Quant-iT™ OliGreen® ssDNA reagent is an ultrasensitive fluorescent
nucleic acid stain for quantifying single-stranded DNA (ssDNA) in solution and enables
quantifying as little as 100 pg/mL ssDNA with a standard spectrofluorometer and fluorescein
excitation and emission wavelengths.
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* The Quant-iT™ OliGreen® reagent solution was prepared by diluting to a ratio of 1/1000
using HEPES buffer (5 mM, pH 7.6). For a standard curve, different concentrations of purely
used aptamer were prepared in the same buffer. 3 samples from each supernatant were used.
An equal volume from samples and the prepared standard with the reagent were mixed well
and incubated for 2 to 5 minutes at room temperature, protected from light. Equal volumes of
all previous samples plated in 96-well black microplates with Light Blocking Flat-Bottom and
then fluorescence measured using a fluorescence microplate reader and standard fluorescein
wavelengths (excitation ~480 nm, emission ~520 nm).

5.5.1.3 Characterization of DNA-AgNPs

5.5.1.3.1 DLS and Zeta potential

Dynamic Light Scattering (DLS) measures the Hydrodynamic Diameter of nanoparticles or the
Brownian motion in a dispersion. Hydrodynamic diameter is the size of a hypothetical sphere
that diffuses at the same rate as that of the particle being measured 22, By measuring the
hydrodynamic diameters of AgNPs and Aptamer-Conjugated AgNPs it can confirm the
attaching of aptamers on the nanoparticle surfaces. Before measuring the hydrodynamic
diameter, the concentrations of all samples were adjusted to be of the same absorbance value
using a UV-VIS spectrophotometer (NanoDrop 2000), then the hydrodynamic diameter was
measured using LitesizerTM 500 from Anton Paar and the conditions were Solvent: water,
temperature: 27°C and refraction index: (Ag) 0.135.

5.5.1.3.2 Zeta potential

On the surfaces of nanoparticles in a colloidal solution there are two layers of opposite ions,
one of which is called surface potential and the other is called Stern potential. The electric
potential at the edge of the double layer is the zeta potential, whose value plays an important
role in stabilizing the nanoparticles in the colloidal solution %,

5.5.1.3.3 Fourier transform infrared spectroscopy — attenuated total reflectance
(FTIR-ATR)

Infrared (IR) spectroscopy is an analytical instrument used to analyze samples in the form of
liquid, gas and solid which measure absorbance or transmittance on the y-axis and wavelength
or frequency on the x-axis. The electromagnetic spectrum of infrared radiation consists of three
regions, near, medium and far-infrared. Near-IR (12820-4000 cm-1) is suitable for quantitative
analysis, mid-IR (400—4000 cm-1) gives information about different functional groups, which
is very helpful in organic chemistry and Far-IR (33-400 cm-1), which is used to measure the
vibrations of molecules with heavy atoms 24, Ag2S were used to compare and all samples were
concentrated. The device used is Vertex 80V from BRUKER and the conditions were Pressure:
under vacuum (~1 hPa), Spectrum range: 50-650 cm-1, Method: ATR, Platinum, Diamond,
Type: A 225/QHP, Resolution: 2 cm-1 and Scans: 8.

5.5.1.3.4 Gel Electrophoresis

Gel electrophoresis is a method used to separate a mixed population of DNA or proteins in a
polyacrylamide or agarose matrix. Agarose gel is used to separate larger macromolecules such
as nucleic acids, while polyacrylamide is normally used for protein separation. The molecules
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are separated by their sizes and charges when an electric field is applied through the matrix 2°.
The most commonly used buffers for gel electrophoresis are TAE (TRIS-Acetate-EDTA) and
TBE (TRIS-Borate-EDTA), which exhibit good conductivity. EDTA in the buffer works as a
chelating agent that isolates divalent ions. In order to visualize the nucleic acids in the gel, dyes
are used and the gel is illuminated with UV light.

1 g of Agarose standard was solved in 100 ml Tris Acetate EDTA (TAE) solution. The mixture
was microwaved for 3 mins. Afterward, the solution was constantly stirred while cooling down.
The gel was put into the tray used for the electrophoresis and then covered with around 700 ml
of TAE solution. 15 pl of samples mixed with 5 pl of GreenGoTaq were then loaded into the
wells in the gel. The electrophoresis was carried out for around 20-35 mins at 100 V.

5.5.1.4 Cell Culture and evaluation of In Vitro Cytotoxicity effects

Normal human bronchial epithelial BEAS2B cells and Human NSCLC A549 were purchased
from (CLS Cell Lines Service GmbH, Eppelheim, Germany) and cultured in Dulbecco’s
modified Eagle medium (DMEM) (Merck KGaA, Darmstadt, Germany) supplemented with
10% fetal calf serum (FCS) (Merck KGaA, Darmstadt, Germany) and 1% penicillin-
streptomycin (PS). Cells were incubated and maintained at 37° C in a 5% CO2 humidified
atmosphere. The cells were sub-cultivated, when the confluence reached almost 80%. The
number of cells was calculated employing hemocytometer and suspended trypsinized cells. For
Cell Titer Blue (CTB, Promega, Germany) cell viability test, cell suspension with concentration
of 8 x 104 cell/mL was prepared and 100 L of suspension was added to every well of the 96-
well plate (VWR, Hannover, Germany), corresponding to 8000 cells per well. Plates were
incubated at cell culture conditions as stated above for 24 h, then the medium was removed
from wells and 100 pL of different concentrations (0, 1.13, 4.5, 18 and 80 pg/mL for A549
cellsand 0, 5, 10, 27 and 93 pg/mL) of Aptamer-conjugated AgNPs dispersed in medium were
added (three replicates per concentration). The control contained no AgNPs. Plates were
incubated at the same conditions as stated above for cell culture for 0, 3, 6, and 24 h for both
cells. After the incubation time specified for each sample, the medium was removed, then 100
pL of prepared CTB solution (Promega, Cat. Number G8080, Walldorf, Germany) (1:10 (v/v)
in basal medium) was added into every well, in order to evaluate cell viability (metabolic
activity and relative cell number). As blank for the measurement, three completely empty wells
were filled with Cell Titer Blue prepared solution, then the plates were incubated under the
same conditions mentioned previously for one hour. Current fluorescence was measured in
every well in the plates using a microplate fluorometer (544Ex/590Em) (Fluoroskan Ascent,
Thermo Electron Corp, Waltham, MA, USA). The fluorescence of blank was subtracted from
the fluorescence of every concentration then relative cell viability was expressed as a
percentage to positive control. The relative cell viability for every sample was commensurate
with values of fluorescence and was calculated according to the following formula: Relative
cell viability (%)= [(Fluorescence of sample—Blank) /(Fluorescence of control—Blank)] x 100

Origin (Version 2021) was used to calculate the half-maximal inhibitory value (1C50).

5.5.1.5 Cell viability analysis using calcein-AM and Propidium lodide (PI)
A549 and BEAS-2B cells were cultured in a 96-well plate (about 8000 cells in every well) and
incubated overnight. the medium was removed and Aptamer-AgNPs with various
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concentrations (60, 30, 15, 7.5 and 3.7 ug/ml) was added (volume 100 ul every well, With not
forgetting the control for healthy cells and cancer cells, where their medium was added in wells)
and incubated for 8 hours. the solutions from the wells were removed and mixed dye (calcein-
AM and Propidium lodide) solution (2 pg/ml) was added. after 10 min incubation, stained cells
were imaged using a fluorescence microscope (Olympus Ix50) equipped with an Olympus
camera (SC30, Japan) was used to capture the images of cells with CellSens Standard
(Olympus Co. Japan) software (Excitation filter: BPxxx—xxx, barrier filter: BAxxx) and Scale
bar 50 pm.

5.5.1.6 Cell death: flow cytometric analysis

The cell death events and types of cell populations (normal or dying cells) were studied after
treatment of A549 and BEAS-2B cells with Aptamer-conjugated silver nanoparticles. The
assay uses Annexin V—fluorescein isothiocyanate (FITC) and PI to identify phosphatidyl serine
sites on the membrane of apoptotic cells, as well as sites of membrane damage in necrotic cells,
respectively. Therefore, this assay measured two parameters: whether the cells have affinity
first to Annexin V-FITC and secondly whether the cells have an affinity to Pl. The assay gave
an overview of the cell population based on their respective affinities: apoptotic cells (Annexin
V-FITC positive and Pl negative or positive for both Annexin V-FITC and PI), necrotic cells
(Annexin V-FITC negative and PI positive) and viable cells (Annexin V-FITC negative and PI
negative). 24 well plate was used to culture A549 and BEAS-2B cells because analysis needs
at least 30000 cells for every concentration. After incubation 0fA549 and BEAS-2B cells for
3h with Aptamer-conjugated silver nanoparticles (5 concentrations for each cell type: 60, 30,
15, 7.5 and 3.7 pg/ml for A549 and 67, 38, 19, 12 and 6 pg/ml for BEAS-2B cells in addition
to the control), cells were trypsinized, sedimented and resuspended in binding buffer(every
sample in 100 uL binding buffer). four microliters each of the Annexin V-FITC and PI reagents
were added, and the tubes were thoroughly mixed and incubated for 10 minutes at room
temperature in the dark. Within 1 hour, flow cytometric analysis was done. A 488 nm
wavelength laser was used for excitation. early-stage apoptosis (Annexin V) was detected in
FL-1 using a 525/30 BP filter while Late-stage apoptosis and necrosis (PI) was detected in FL-
2 using a 575/30 BP filter. Using single-stained and unstained cells, standard compensation
was done in the Quanta SC MPL Analysis software (Beckman Coulter).

5.5.1.7 Cellular uptake of aptamer-coated Ag NPs

A549 cells and BEAS-2B cells were separately incubated with serial concentrations of
aptamer-coated AgNPs for 0, 3, 6 and 24 hours at 37 C. After the specified incubation period,
the cells were washed two times with PBS, trypsinized and concentrated HNO3 was added
over the night at room temperature. finally, Analysis of cellular silver content for every well
was performed using atomic absorption spectrometry (AAS). All analyses were performed in
at least three replicates.

5.5.2 Result and Discussion

The aim of this work was to evaluate the conjugation of thiolated aptamer on the surface of
green synthesized silver nanoparticles using Hypericum perforatum L. aqueous extract, then
study the effect of the resulting conjugated AgNPs on cancer cells (A549 cells) and healthy
cells (BEAS-2B cells), In order to prove that the aptamer did not lose its effectiveness during
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the conjugation process and at the same time study the toxicity effect of silver nanoparticles
prepared by the green method using the aqueous extract of the Hypericum perforatum L. plant
on cells, whether they were healthy or cancerous. This work will constitute an excellent
qualitative leap in the field of targeted therapy because here we do not need additional
processes to load the drug onto the nanoparticles, and at the same time we do not need many
complications to know the percentage of drug liberation from these nanoparticles when placed
on the surface or penetrating the cancer cells.

5.5.2.1 DLS and Zeta

The hydrodynamic diameters were measured for silver nanoparticles and all experimental
samples in HEPES buffer. Through the results of hydrodynamic diameter and zeta potential,
we note that the best conditions for conjugation in the first protocol used were the use of
nanosilver with a concentration of 0.11 nM and the pH value of the medium is 3 or 4 (the
results are close).

Table 5-14: the best samples were prepared by changing the different conditions

Sample hydrodynamic Zeta Apt/particle Ratio %

Nr. diameter (nm) (mV)

1 110 -36 1727 36
2 113 -34 79 4

3 103 -36 1781 37
4 114 -38 1127 24
5 167 -25 546 7.8
6 103 -37 1930 40
7 107 -36 1726 36

The first protocol: (1- AgNPs: 0.11 nM, PH: 3 and mix all night. 2- AgNPs: 0.11 nM, PH: 3
and mixing just one hour. 3- AgNPs: 0.11 nM, PH: 4 and mix all night. 4- AgNPs: 0.11 nM,
PH: 3 and mix all night with thermomixer). Second protocol: (5- AgNPs: 0.11 nM, freezing all
night at -20 "C. 6- AgNPs: 0.5 nM, freezing all night at -20 ‘C and 7- AgNPs: 0.5 nM, freezing
all night at -80 "C).

The hydrodynamic diameter of AgNPs in HEPES buffer was 101 nm and zeta potential -19.4
mV. We note that the value of the hydrodynamic diameter and the zeta potential of the
nanoparticles increases when they are bonded with the aptamer, and this result is expected and
logical as a result of the aptamer attachment on the surfaces of these nanoparticles. But by
comparing the best results in the previous table, we find that sample No. 6 is the best for us
because it gives a high conjugation rate and does not have aggregation and the resulting
concentration is sufficient to prepare suitable quantities for subsequent analyzes (toxicity
effects).

5.5.2.2 UV-VIS Spectroscopy

Through the figure 9, we notice that the peaks of the spectrum did not change much (slight
shift of 1 to 5 nm) when they are attached with the aptamer, and this indicates that the
conjugation was successful in most of the conditions followed and that the silver particles with
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the aptamer did not aggregate or precipitate in the solution, otherwise, we would have noticed
this by shifting the tops significantly or the emergence of shoulders.

5.5.2.3 Infrared Spectroscopy

To prove the conjugation between the aptamer and AgNPs was achieved successfully, the
FTIR-ATR spectra of Ag2S, AgNPs and the aptamer-modified AgNPs conjugated for the
different samples were carried out (Figure 10). As shown in the previous figure Ag.S has 3
distinct peaks in the infrared spectrum at around 150, 350, and 600 cm™. Free AgNPs do not
exhibit all of these peaks, specifically the two latter peaks. On the other hand, the spectra of
the conjugates can be correlated to that of Ag2S. The peak at 600 cm-1 corresponds to the peak
on the spectra from the report 2%, which states that this peak characterizes the vibration of Ag-
S. This result implies that a silver-sulfide bond between the aptamers and silver nanoparticles
was achieved during the conjugation. In comparison to this spectrum, that of However, on the
spectra of the conjugates, the peak at 600 cm-1 is slightly shifted and there is a second peak at
around 530 cm™. It could be assumed that the peaks were the results of the interactions between
AgNPs and aptamers.

0.7 —AgNPs 0.11 nM
.= AgNPs 0 11.nM_Verdiint ]
H —{with Aptamer BQ Min
0.8 - with Aptamer-onie day 1
; iwith Aptamer one day 2
“with Aptamer one day 3
0.5 -...==—{with Aptamer Fieezing -80
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Figure 5-9: UV-vis spectra of just AQNPs, Aptamer attached AgNPs at different condition
conjugation.
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Figure 5-10: IR-spectra of AgNPs, Ag2S and two examples of aptamer-modified AgNPs.

5.5.2.4 Gel Electrophoresis

Gel electrophoresis is a procedure for isolation and analyzing proteins, RNA and DNA
according to their molecular weight and charge. The bigger or longer the particles are, the lower
their ability to migrate through the gel. As shown in Figure 11, if the aptamers were attached
on the surface of silver nanoparticles, they would be larger and travel shorter than pure
aptamers, so exhibiting a shift in their band positions and less bright than the pure Aptamer.

Figure 5-11: Agarose gel electrophoresis analysis of AgNPs-attached aptamer produced using
various conditions in addition to a pure aptamer. It is clearly shown that pure aptamer gives high
brightness compared to samples with silver.

5.5.2.5 Determination of Time- and Dose-Dependent Cytotoxicity of Aptamer-
conjugated AgNPs

In CTB test for the evaluation of the cell viability, viable cells turn blue resazurin into pink
resorufin generating a fluorescent signal, while nonviable cells cannot do that because they lost
their metabolic activity. Both, the influence of exposure time, and Aptamer-conjugated AgNPs
dose were studied. The time ranged between 0, 3, 6 and 24 h, and the dose range of Aptamer-
conjugated AgNPs was between 1.13 pg and 90 pug/mL. The range of viability observed for
A549 cells and BEAS2B cells are shown in Figure 12. In fact, as shown in Figure 12, due to
the presence of aptamers on the surface of silver nanoparticles that have a high selectivity for
A549 cancer cells, it notice that AgNPs, from the first moments of incubation, affected cancer
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cells significantly, as the value of half-maximal inhibitory concentration 6. As is known, the
viability of cells decreases with increasing concentration and exposure time, as we note that
the value of 1C50 decreased by half after only 24 hours. While for healthy cells at time 0, no
difference was observed in cell viability, but with the increase in exposure time, the effect
appeared, but it remained very low compared to the effect on cancer cells. These promising
results could constitute the nucleus of a scientific leap in the field of selective medicine,
because usually we need to load the drug with the aptamer on the surfaces of the nanoparticles,
but in our case this silver alone is capable of killing cancer cells without resorting to additional
complex processes to load the drug in addition to the aptamer on the surfaces of the

nanoparticles, which their function is only to transport the drug.
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Figure 5-12: Relative cell viability (%) of A549 cells and BEAS-2B cells as a function of AgNPs
concentration for 0, 3, 6, and 24 h determined by cell titer-blue cytotoxicity assay. The experiments
were performed with three replicates and the standard deviation was calculated.
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5.5.2.6 Cell viability analysis using calcein-AM and Propidium lodide (PI)

Calcein-AM is the acetomethoxy form of calcein, a highly lipophilic, cell membrane permeable
dye. Intracellular esterase converts the non-fluorescent Calcein-AM to the highly fluorescent
calcein, which is retained within live cells and produces an intense green fluorescence. The
DNA-binding agent Propidium lodide is cell membrane impermeable and only enters dead
cells or those with damaged cell membranes. Intracellular PI binds DNA and undergoes an
approximate 40-fold enhancement in fluorescence intensity. As a result, live cells will produce
a strong green fluorescence resulting from the conversion of Calcein-AM to calcein, while dead
cells produce a strong red fluorescence due to the presence of Propidium lodide. As shown in
fluorescence microscope images of A549 adenocarcinoma lung cancer cells and BEAS-2B
cells treated with S15 aptamer—AgNPs conjugates after 8 h of incubation. Cells were stained
with calcein-AM (green) which detects enzymatic activity in live cells and propidium iodide
(red) which detects dead cells with compromised membranes. As shown in Figure 13,
compared with BEAS-2B cells, Aptamer-AgNPs demonstrated high inhibition against tumor
cells (A549). Besides, Aptamer-AgNPs exhibited enhanced therapeutic effects on cancer cells,
suggesting a high cytotoxic effect at low concentrations. Moreover, Aptamer-AgNPs under the
same conditions exhibited relatively low cytotoxicity against BEAS-2B. This result may be
attributed to the high selectivity of the aptamer present on the surfaces of silver nanoparticles,
which leads these particles immediately to the surfaces of cancer cells and then enters them
and destroys them. Overall, Aptamer conjugated silver nanoparticles can be efficiently used as
a targeting therapy for A549 tumors ',
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A349 Cells Control Aptamer-AgNPs 15 pg/ml A549 Cells

Aptamer-AgNDPs 7.5 pg/ml A549 Cells

BLEAS-2B cells control Aptamer-AgNPs 15 pg/ml BEAS-2B Cells

Aptamer-AgNPs 60 pg/ml BEAS-2B Cells Aptamer-AgNPs 7.5 ng/ml BEAS-2B Cells

b)

Aptamer-AgNPs 30 pg/ml BEAS-2B Cells Aptamer-AgNPs 3.7 ng/ml BEAS-2B Cells

Figure 5-13: fluorescence images of calcein-AM (green) and propidium iodide (red) stained human
A549 non-small cell lung carcinoma cells and normal human bronchial epithelial BEAS2B cells
which served as normal non-target cells, before and after Aptamer-AgNPs treatment.

5.5.2.7 Percentages of cell populations (live, early apoptosis and late apoptosis
(necrosis)) after treatment of A549 cells and BEAS-2B cells with
Aptamer-conjugated silver nanoparticles

In order to further understand the mechanisms of cellular damage seen in both cell lines, a flow
cytometry test was carried out. Treated and damaged cells for two used types were stained with
PI for necrosis and Annexin V for apoptosis. A549 cells and BEAS-2B cells were treated for
just 3h with Aptamer conjugated AgNPs and after that, late apoptotic, necrotic and live cells
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were then quantified using flow cytometry. Flow cytometric analysis revealed that the majority
of both cells (A549 and BEAS-2B cells) in the untreated control were viable, as they stained
negative for both Annexin V and PI (figure 14-18). In BEAS-2B cells, the dose-dependent
effect of Ag NPs on cell viability (Fig 16-18) was similar to that detected by the CTB assay,
and dose-dependent increase in necrosis/late apoptosis at high concentrations 67 and 38 pg/ml

Ag NPs (Fig. 14), whereas a slight

increase in early apoptosis was detected at lower

concentrations. there was a slight reduction in living cells at the concentrations 6 and 12 pg/ml
and a slight increase in early apoptotic cells compared to control, whereas a big reduction in
living cells at the very high concentrations 67 and 38 and 19 mg/ml and a big increase in
necrotic cell populations (positive for PI).
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5.5.2.8 Cellular uptake of Ag NPs

The results of cellular uptake of aptamer-coated AgNPs are shown in Figure 19. This parameter
was clearly dose-dependent, that is, there was a direct relationship between the uptake and
concentration of aptamer-coated AgNPs. It was found that BEAS-2B cells had a very much
lower uptake than A549 (cancer cells), especially at medium and low concentrations. The
difference was very clear. Interestingly, these results are in complete agreement with the results
of toxicity and other results to prove the very high selectivity of the aptamer towards cancer
cells, and this is promising for development the targeting therapy using silver as a drug via
knowing which concentrations are better, which will have a high effect only on cancer cells
without having any effect on healthy cells.
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Figure 5-19: total silver concentrations in A549 cells and BEAS-2B cells after exposure to Apt-AgNPs
for 3h.
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Figure 5-20: Optical microscope images of A549 cells showing the morphological changes induced
by the treatment for 3 hours with aptamer-conjugated AgNPs a) 60 pg/ml, b) 30 pug/ml, ¢) 15 pg/ml,
d) 7.5 pg/ml, e) 3.7 ug/ml and f) control. Scale bar 50 um.
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Figure 5-21: Optical microscope images of BEAS-2B cells showing the morphological changes
induced by the treatment for 3 hours with aptamer-conjugated AgNPs a) 60 pg/ml, b) 30 pg/ml, ¢) 15
pg/ml, d) 7.5 pg/ml, €) 3.7 pg/ml and f) control. Scale bar 50 pum.
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Figure 5-22: confocal microscope images of A549 cells Where a and b are the controls, and ¢ and d
are the cancer cells treated with AgNPs at a concentration of 16 xg/ml for 3 hours. The nuclear
region is shown in blue and stained with Hoechst 33342. The merging images of all the signals are
also produced. Scale bar 10 pm.
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Figure 5-23: confocal microscope images of BEAS-2B cells Where a and b are the controls, and ¢
and d are the cancer cells treated with AgNPs at a concentration of 16 xg/ml for 3 hours. The nuclear
region is shown in blue and stained with Hoechst 33342. The merging images of all the signals are
also produced. Scale bar 10 pm.
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6 Chapter Six: Summarizing Discussion and Conclusions

6.1 Vorwort

In dieser Arbeit wurde ein Protokoll zur Biosynthese von Silber-Nanopartikeln unter
Verwendung von waéssrigen Extrakten des Johanniskrauts aus Syrien entwickelt. Die
resultierenden Nanopartikel wurden mit vielen Techniken wie UV-VIS, DLS, Zetapotential,
XRD, EDX, SEM, TEM, AAS, TGA, FTIR-ATR, AFM und NTA-Analyse charakterisiert.
Dann die antioxidativen Aktivitaten unter Verwendung von DPPH-, ABTS- und SO-Assays,
antimikrobielle Wirkungen gegen etwa 20 verschiedene Arten (grampositive, gramnegative
Bakterien und pathogene Hefen), Anti-Leishmania-Aktivitit gegen den syrischen L. tropica-
Stamm (LT_SYR_24) und die Antikrebsaktivitat gegen Hela-, HepG2- und A549-Zellen
wurden untersucht. Alle Ergebnisse waren ausgezeichnet und sehr vielversprechend. Die
Pflanze wurde mit verschiedenen Lésungsmitteln extrahiert und ein Protokoll entwickelt, um
separate Peaks im HPLC-Diagramm zu erhalten. eine UHPLC-ESI-Q-TOF-MS-Analyse im
positiven lonenmodus wurde durchgefiihrt. Durch den Vergleich mit den Standards mit
Molekdl ionen konnten wir etwa 10 Verbindungen im Pflanzenextrakt identifizieren und
mithilfe von MS/MS konnten wir die organischen Verbindungen aus dem Pflanzenextrakt
identifizieren, die auf den Oberflachen von Silber-Nanopartikeln als Verkappungsmittel
vorhanden sind. Auflerdem wurde ein Protokoll entwickelt, um diese Nanopartikel zu
modifizieren und sie mit dem Aptamer zu konjugieren, das eine hohe Selektivitat fur
Lungenkrebszellen aufweist. Die Wirksamkeit dieser modifizierten Nanopartikel gegen
gesunde (BEAS-2B-Zellen) und kanzerdse Lungenzellen (A549-Zellen) wurde untersucht, um
herauszufinden, wie wichtig die Konjugation nur bei der Ausrichtung auf Tumorstellen ist.
Mehrere Techniken und Analysen wurden verwendet, um diese Aktivitdt zu bestimmen,
namlich: CTB-Test, Zelllebensféhigkeit mit Calcein AM+PI, Apoptose und Nekrose unter
Verwendung von Annexin+Pl und Morphologie unter Verwendung von Licht- und konfokalem
Mikroskop. Die Ergebnisse waren hervorragend und sehr vielversprechend und werden nach
weiteren Studien in vitro und in vivo die Grundlage fir die Entwicklung einer zielgerichteten
Therapie bilden.

Dieses Kapitel enthalt zunachst eine kleine theoretische Einfuhrung dann erkldren Sie die
vollstandigen Ergebnisse auf vereinfachte und préagnante Weise
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In ancient civilizations, such as the Greeks, Romans, and others, silverware or silver coins were
inserted into barrels of water or milk to keep water and other drinks pure for long periods and
to prevent ulceration and decomposition. In the early 1800s, doctors sewed surgical wounds
with silver wire and placed silver paper over wounds sustained to soldiers during World War |
to avoid infection and facilitate healing. Colloidal silver was used extensively in the early
twentieth century in medicine, for example as a bactericide in hospitals. This treatment is both
effective and safe, but its popularity declined during the age of antibiotics. But in the eighties,
the problem of bacterial resistance to antibiotics arose, and this is what revived interest once
again in silver, especially with the emergence of nanotechnology. Silver nanoparticles (AgNPs)
have received distinctive interest, particularly in biomedicine. AgNPs have very high activity
against most microbes and cancer cells. Interest in AgNPs has broadly increased in most other
cutting-edge medical applications, including wound repair, bone healing, dental material
filling, vaccine adjuvants, antidiabetic agents, and bioimaging.

The following are the most important uses of silver in the past and at present:

- Silver has the ability to murder more than 650 various fungi, germs, bacteria, viruses and just
in 5-7 minutes.

- Silver inhibited about 657 isolates belonging to 22 types of bacteria.

- A large number of studies have proven that silver in its various forms and at very low
concentrations was able to kill most of the different bacterial strains and species, including
gram-positive and gram-negative.

- Other studies also showed the ability of silver to kill various fungi.

- Silver is an antiviral agent: recent studies show the effect of AgNPs on herpes simplex virus
and influenza type 3 virus, in addition to its previously studied effect against a number of
viruses such as influenza A/H1IN1, murine norovirus (MNV)-1, monkeypox virus, HIV-1,
Tacaribe virus (TCRV), recombinant respiratory syncytial virus (RSV) and hepatitis B virus
(HBV).

- Silver nanoparticles are able to cure ulcerative colitis in mice and gastrointestinal diseases
such as diarrhea, ulcers, colitis and gastric dysfunction.

- Since silver is effective against bacteria and infections, so it is able to treat various skin
diseases such as warts, psoriasis, acne, lupus, dermatitis, hemorrhoids, eczema, rashes and
seborrhea.

- Silver can treat eye infections: silver nitrate has a long history in the treatment of ophthalmic
infections. However, AgNPs exhibited minimal toxicity against eye cells.

- Silver can treat cystitis: nanocrystalline silver has been reported to decrease bladder
inflammation.

- Silver can relieve allergies: contact allergies in murine models.

- Silver arsphenamine was utilized to heal syphilis while silver proteinases like Argyrols and
Protargol were used against gonorrhea.
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- Recent studies have proven the effectiveness of silver against diabetes by preparing it in green
ways.

- Silver has shown great efficacy against malaria.
- Several studies have proven the effectiveness of silver against chronic arthritis.

- Silver has been used to treat cough, tetanus, nervous and motor problems, appendicitis,
poliomyelitis, typhus, colds, ulcers, chronic fatigue syndrome, diphtheria, and scarlet fever.

- Colloidal silver produced by electrolysis of silver electrodes is still used in water and water
filters to provide safe drinking water in developing countries.

- Silver nanoparticles of different sizes and compositions showed great activity against a wide
range of cancer cells.

Cancer of its various types is one of the most common diseases that lead to many deaths in the
world, as the incidence of it is constantly increasing, which affects the population structure and
the economy of most countries of the world. Therefore, there is an urgent need to develop
effective and advanced treatment methods to reduce the adverse effects of cancer incidence.
The known treatments for cancer are radiotherapy, chemotherapy and surgery. In addition to
the side effects of traditional treatments, different tumors were able to develop resistance to
different drugs, so it was necessary to develop new drugs to treat these tumors. With the
emergence of nanotechnology and nanomaterials, interest has increased in to use of these
materials, which have unique chemical, physical and biological properties, in the treatment of
multiple diseases, with cancer at the forefront. Nanoparticles were used to transfer treatment
or as a treatment, as they reduced side effects by targeting only the affected areas. Among many
nanoparticles, silver nanoparticles have received the most attention as a treatment for tumors
and multiple cancer cells. AgNPs exhibited perfect activities against different cancer cells such
as colon cancer, breast cancer, ovarian cancer, cervical cancer, pancreatic ductal
adenocarcinoma, lung cancer, hepatocellular carcinoma, melanoma, osteosarcoma, etc. Several
studies confirm that different factors influence the anticancer activity of AgNPs such as sizes,
shapes, doses/concentrations in different tumor cells, pest pH, dose and exposure time, cell
lines and tumor microenvironment, Surface Charge and Protein Corona.

The preparation of silver nanoparticles using plant extracts has been getting a lot of attention
lately because of its easy availability, nontoxicity, simplicity, cost-effectiveness and high
reducing potential. Silver nanoparticles of different shapes and sizes were prepared using
different plant parts such as roots, fruit, stems, leaves, flower, peel, seed, leaves and others.
The various organic components present in these extracts such as phenols, flavonoids, lipids,
carbohydrates, proteins, amino acids and others where their functional groups reduce silver
ions to silver metal. The preparation of silver nanoparticles using plant extracts is affected by
several factors, including the concentration of silver nitrate and plant extract, temperature, PH
value, time and speed of the reaction, and according to the change of these factors, particles of
different sizes and shapes will be obtained. AgNPs synthesized by plant extracts or other
biogenic preparation exhibited the most motivating advantages because they had a more
effective and lower toxicity compared to nanoparticles prepared using chemical substances,
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perhaps due to the presence of an organic layer on its surface. according to the used part in the
plant extracts, the reaction conditions and the cancer cell line tested, different effects leading
to cell death have been reported, such as disruption of membrane integrity, decreased cell
growth, cytoplasmic condensation, cell clumping, cell shrinkage, and nuclear condensation and
fragmentation, DNA laddering, caspase-dependent and mitochondrial-dependent pathways.
Interestingly, most of the silver nanoparticles prepared using plant extracts showed no toxicity
or low toxicity with healthy cells compared to cancer cells. The reason for this behavior may
be found in a pH-dependent mechanism of AgNPs dissolution. Silver does not dissolve in acids
as a metal, but silver nanoparticles dissolve and release large amounts of silver ions in the
acidic medium. Since tumors have an acidic medium, silver nanoparticles affect tumors
significantly compared to their effect on healthy tissues. The estimation of the toxicity of metals
is accurately correlated to its bioavailability and evaluated by its solubility, oxidation state,
complexation ability towards biological targets (i.e. proteins or other coordinating species),
excretion and detoxification routes. In fact, Silver nanoparticles are insoluble compounds,
therefore they are non-reactive and less associated with toxic effects.

The currently increasing popular interest in silver as an alternative to standard antibiotics and
as a systemic treatment prompted further research into this compound, especially as it is
prepared in greenways. AgNPs among other metals is nowadays receiving the greatest interest
worldwide in order to develop a new generation of diagnostic tools and effective treatment
solutions for cancer cells. AgNPs in cancer diagnosis, their cytotoxicity, and their role as carrier
systems for cancer treatment, where, AgNPs can be used either as a direct therapy or as a drug
delivery system for cancer treatment.

6.2 Development of a protocol for green preparation of silver nanoparticles
from aqueous extract of Hypericum perforatum L. (St. John's Wort)

St John's wort aqueous extract was used as a source of the biological reducing and capping
agent in biosynthesis reaction of silver nanoparticles (AgNPs). A lot of parameters like the
amount of plant extract and its concentration, the silver nitrate concentration and its volume,
the reaction time and temperature, stirring speed were studied by conducting several
experimental trials. To reach the optimal protocol for preparing silver nanoparticles utilizing
aqueous extracts, several protocols have been tried. The final protocol can be summarized as
follows:

Aerial parts of Hypericum perforatum L (St. John's wort) were collected in July—August 2018
from the Ghab Plain in Syria (google maps: 35.586856, 36.355724 and 180-200 m above sea
level), and harvested during the flowering season. The plant was washed several times to
remove dust and possible sludge, dried at room temperature in the dark and ground in an
electric grinder. The powder (350 mg) was added to 800 ml of distilled water in a 1000 ml
Erlenmeyer flask. The mixture was heated to maintain a gentle boiling for 4 hours until the
volume was reduced to approx. 250 ml. The mixture was cooled to room temperature and
filtered with Whatman filter paper (Nr. 40). The supernatant was centrifuged at 23015 xg for
30 minutes and then filtered through a Sartolab Vakuumfilter 180C5, 0.22 um Polyethersulfon,
500 ml. The supernatant was kept it in the refrigerator at 4 ° C. 40 ml of the prepared extract
solution was heated to 80°C with stirring at 750 rpm. 10 mL of silver nitrate solution (0.05 M)
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was added drop by drop with continuous stirring at 750 rpm. When all the silver nitrate solution
is finished, the solution was removed from heating and stirring and left to cool at the
temperature of the laboratory and in the dark with coverage to prevent oxidation. The obtained
silver nanoparticles were washed with deionized water by use of centrifugal concentrators
(Vivaspin 10 kDa, PES) tubs 10 times or direct centrifugation at 15,000 rpm for one hour, and
the process was repeated at least 4 times to remove residual organic compounds and the
remaining nitrate ions. Finally, the resulting silver nanoparticles were stable with an average
diameter between 20 and 50 nm.

Figure 6-1: Images of some phytochemical-capped AgNPs

6.3 Characterization of Biosynthesized Silver nanoparticles

AgNPs were described using different apparatuses like ultraviolet light spectroscopy (UV-
VIS), Dynamic Light Scattering (DLS) and Zeta Potential, Fourier Transform Infrared (FTIR)
Spectroscopy, X-ray diffraction (XRD), Scanning Electron Microscopy (SEM), Transmission
Electron Microscopy (TEM), Energy Disperse X-ray Spectroscopy (EDX), Atomic Force
Microscopy (AFM) and Nanoparticle Tracking Analysis (NTA).
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Figure 6-2: a) UV—Vis spectrum of biosynthesized AgQNPs utilized Hypericum perforatum L. aqueous
Extract; b) FTIR-ATR spectra of St John's Wort Aqueous Extract and St John's Wort-AgNPs; ¢)
Dynamic light scattering data which characterize the hydrodynamic diameter for green synthesized-
AgNPs in the range of 25 nm with a Polydispersity index range of 0.19; d) X-ray diffraction pattern of
Biologically Synthesized Silver Nanoparticles using St John's Wort Aqueous Extract, the peaks in the
XRD spectrum are due to X-ray diffraction from the (111), (200), (220), (311) and (222) planes;
which can be called Miller indices; e) TGA curve of Hypericum perforatum L-stabilized silver
nanoparticles demonstrating the weight loss of organic compounds (Phytochemicals) adsorbed on the
surfaces of nanoparticles as a protective layer when the temperature increases and f) Zeta Potential.
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Figure 6-3: a, b and ¢) SEM images of Organically Coated Hypericum Perforatum L Green
Synthesized Silver Nanoparticles; AgNPs with white color with an average diameter of 20-50 nm,
While clearly visible the organic protective layer in dark gray surrounding these nanoparticles; d)

scanning transmission electron microscopy dark-field (STEM-DF); e, f) high-resolution transmission
electron microscopy (HRTEM) at different magnifications; g) AFM image of biogenic AgNPs
synthesized using Hypericum Perforatum L aqueous extract, scan scale: 500 nmx500 nm; h) 2um x2
um AFM topography image of phenolic compounds-capped AgNPs displayed as a three-dimensional
projection; i) EDX profile of biosynthesized silver nanoparticles and j) nanoparticle tracking analysis
of AgNPs. Particle size vs. particle concentration and representative nanoparticle tracking analysis
video frame.

Through the results presented in figure 2a, it noticed one intense peak in the UV-Vis spectrum
with a maximum of about 400 nm, which refers to the idealistic surface plasmon resonance
(SPR) of conducting electrons from the surface of silver nanoparticles. The surface plasma
resonance indicates that the obtained silver is very small and spherical because its value is very
sensitive to the size and shape of nanoparticles 1. FTIR, ATR spectrum (figure 2b) shows the
functional groups at the surface of AgNPs, i.e. prove the presence of biomolecules from St
John’s wort extract which stay as a capping agent surrounding the silver nanoparticles. St
John’s wort extracts include hydroxyl groups, alkyl moiety and aromatic rings. The presence
of the broad peak near 3400 cm—1 indicates the existence of (O—H) stretching in phenols and
the existence of bands in the range of 2900-2990 cm—1 matching to C-H stretching, peaks in
the range of 1923-2000 cm—1 confirm the presence of an aromatic ring, the peak near 1617
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cm—1 refer to C=0 stretching and C-C stretching in the aromatic ring, the band near 1734 cm—1
pointing to C=0 stretching, the bands near 1385 & 1445 cm—1 matching to C-H binding and
the peaks in the range of 670-770 cm—1 refer to C-H aromatic out of the plane 2 and other
peaks are mentioned in detail in Table S3 in the supplementary of the article . The
hydrodynamic average diameter, Polydispersity index (PDI) and zeta potential values of
biosynthesized AgNPs were 30-60 nm, 0.17-0.21 and -16 to -21 mV respectively (figure 2c
and f) . The size measured here is larger than what it gets using an SEM and TEM microscope
and this is very normal because the DLS method calculates the hydrodynamic diameter of
nanoparticles, that is, we measure their size with the organic coating layer on their surface as a
protective and stabilizer agent. The X-ray diffraction spectrum (figure 2d) exhibited several of
Bragg’s reflections at 2 theta diffraction angles: 38.25°, 44.44°, 64.5°, 77.58°, 81.71° which
refer to indices of (111), (200), (220), (311) and (222) planes respectively. These results prove
that the formed spherical AgNPs are face-centered cubic (fcc) crystalline in shape. The broad
of the peaks is due to AgNPs have a small size ” which can measure using Debye—Scherrer’s
equation. The XRD data were in agreement with the reference NIST M&A collection code: N
AL3281 Pattern: 03-065-2871. Figure 3e shows TGA analysis of green-synthesized AgNPs
with stabilizer at the surface with heating rate 0.5°C min from 25 °C to 1000 °C in flowing N2.
The decomposition takes place in 2 or 3 steps sometimes. The first phase of degradation
happened between 92 and 164 °C with a weight loss of 6.93% and this loss of weight may be
due to surface adsorbed H20O molecules and some molecules of hexose ring. The second and
third phases of the weight loss occurred between 170-315 and 324-492 °C consecutively, with
a weight loss of 50%, this weight loss was due to the combustion of the protective layer which
decomposition in two steps. The weight loss of the capped-AgNPs as a result of adsorption of
bioorganic metabolites at the surface of AgNPs (capping agent) was almost between 40-60 %,
this depends on the number of washing times with Vivaspin tubes and the conditions of
centrifugation used. In summary, the results of TGA analysis correspond to the results of FTIR
and prove that resulting silver nanoparticles from synthesis were mixed in nature with a
strongly coordinated metal-organic framework. SEM images (figure 3a,b and c) indicated that
biosynthesized AgNPs containing monodispersed spherical silver nanoparticles with sizes
ranging from 20-50 nm, in addition to the organic layer (The protective layer consisting of
phytochemicals from St. John's Wort aqueous extract that is adsorbed on the surfaces of these
nanoparticles to protect their particles in the nanosize from growing and agglomeration and to
make these nanoparticles stable in the colloidal solution) on its surface, which appear clearly
in these images. Scanning transmission electron microscopy dark-field (STEM-DF) and high-
resolution transmission electron microscopy (HRTEM) images at different magnifications
(figure 3d, e and f) exhibited that the size of these nanoparticles is in the range of 20-50 nm
and it is also spherical in shape. Atomic Force Microscope (AFM) images (figure 3g and h)
showed that Green-synthesized AgNPs are similar in size (30 nm) and shape (spherical) and
this indicates that they are spread uniformly. Energy-dispersive X-ray patterns (figure 3i)
showed several signals at 2.8, 3.5 and 3.8 keV which refers to the existence of AgNPs because
these values return to the binding energies of Ag-L, Ag-M 820, C and O peaks correspond to
phytochemicals compounds in St John’s wort aqueous extract which adsorbed at the surface of
biosynthesized AgNPs as a protective layer. The presence of Cu and others is due to the TEM
used grid and holder. Nanoparticle tracking analysis (NTA), is a more precise analytical
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instrument than the Dynamic light scattering method to evaluate particle size distribution 112,
So we carried out additional itemized size distribution measurements using this technique.
Particle size distribution of the number calculated using the NTA technique revealed
monodisperse silver nanoparticles with an average diameter of 18-50 nm and this agrees closely
with the results of DLS. It concludes that phytochemicals-coated silver nanoparticles with an
average diameter between 20 and 40 nm have resulted.

6.4 Identification of the organic compounds at the surface of silver
nanoparticles

In order to identify the organic compounds present on the surface of nanoparticles, a special
protocol was initially required to isolate the compounds in the plant extract using High-
performance liquid chromatography. In this study, the same aerial parts of the St. John's wort
(leaves, stem, petals, and flowers) that were used for the biosynthesis of silver nanoparticles
were extracted using different solvents: water at 100 and 37 ° C, ethanol 100% and 70% at 37
° C, methanol 100% and 70% at 37 ° C and acetone 100% and 70% at 37 ° C. The water | and
water |1 extraction processes resulted in a yellow-brown solid with a yield of 21% for water |
and 16% for water Il. The organic solvents resulted in a black-gray solid with a yield of 25.5%
for ethanol 70% (light gray), 7% for ethanol 100% (black gray), 22.9% for methanol 70% (light
gray), 18% for methanol 100% (black gray), 23.2% for acetone 70% (light gray) and 7% for
acetone 100% (black gray). The vyields resulting from the mixture of water with organic
solvents were much higher when compared with the yields of the pure organic solvents. Also,
extracting with water using the tea method resulted in higher yields than boiling with water for
a long time. By increasing the polarity of the solvent, higher yields were obtained, indicating
that mainly hydrophobic compounds were extracted. Therefore, we conclude that extracting
the plant with water using the tea method or using a mixture of water with organic solvents
produces higher yields of the resulting extract when compared with pure organic solvents or
continuous boiling with water for long periods. Many conditions have been changed such as;
different types of HPLC used Columns (Normal Phase, Reverse Phase, lon Exchange and Size
Exclusion Columns), flow rate, pressure, composition, concentrations and mix ratios changing
based on the time of the gradient in the mobile phase, Injected sample volumes and
temperature. Other variables have also been studied like: Checking the stability of the extracts
in the solvents, Introduction of a water pulse in a known gradient program, effects of an
Isocratic Initial Area, slightly inverted gradient, hart inverse gradient, basic characterization of
selected extracts with new extraction agents, effects of low temperature at 10 ° C, substance
analysis of an extract by adding different standards and Comparing the UV spectra of the
obtained peaks with the UV spectra of the expected compounds for these peaks to confirm that
these peaks belong to the proposed compounds. Finally, an easy and inexpensive protocol was
developed to obtain completely separate, non-overlapping peaks.

The extracts were analyzed by utilizing high-performance liquid chromatography- equipped
with a diode array detector (HPLC-DAD) coupled with UV-visible spectrophotometry at a full
spectrum (200—-800 nm). Detection was carried out at 260 for phloroglucinols (Hyperforin and
derivates), 590 nm for naphthodianthrones (Hypericins) and at 350 for other flavonols, flavones
and caffeoylquinic acids. The extract compounds were identified by using column Kinetex C18
100 A (Phenomenex, Germany, dimensions: 100 mm x 4.6 mm, 5 um particle size) and guard
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column C18 4 x 3.0 mm (Phenomenex, Germany) at room temperature (25£2°C). Solvent A
was 0.1 % formic acid, and solvent B was 0.1 % formic acid, 95 % MeOH, 5 % H20. The
mobile phase was freshly prepared daily, filtered through a 0.45 um nylon filter and degassed
after preparation for 15 min in an ultrasonic bath. The gradient mode was 0 min 95% A, 5% B;
82 min 0% A, 100% B; 92 min 0% A, 100% B; 93 min 95% A, 5% B; 100 min 95% A, 5% B
and the flow rate wasl mL/min.
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Figure 6-4: HPLC chromatograms of ethanolic extract of Hypericum perforatum L. (detection at 260,
350 and 590 nm) and it is almost the same for all extracts with other solvents, but the difference is
only in the intensity of the peaks.

Five standards (chlorogenic acid, quercetin, quercitrin hydrate, hyperoside and hypericin) were
used, and a comparison with their retention times was performed to identify these compounds
in the extracts. UV diagrams for the previously identified compounds have been extracted from
HPLC UV Detector and compared with what is in the literature to prove the presence of these
compounds.
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Combined (HPLC-DAD) and electrospray ionization—mass spectrometry (LC-ESI-MS) in
positive mode has therefore also been used to separate the bioactive molecules ions [M+H]+
of the compounds in the extracts by their mass-to-charge ratio (m/z) and to detect them
qualitatively and quantitatively by their respective m/z and abundance. For high-performance
liquid chromatography with mass detection (HPLC-MS) analysis, a Waters Acquity ultra-
performance UPLC with a Kinetex 5 um C18-column (Phenomenex, 100x4.6 mm) was used
with the same gradient for HPLC. A chromatogram was recorded in parallel to the mass
spectrum. MS analysis was carried out on a Q-Tof Premier (Waters) using electrospray
ionization (positive ions, 3 kV capillary voltage; 250 °C desolvation temperature; 650 L/h
desolvation gas flow (nitrogen)). Finally, by matching the prominent protonated molecular ions
[M+1]" or [M+Na]* of resulting compounds from MS analysis with the molecular weights of
compounds known to be present in this plant and through the previous result, 10 compounds
have been proven to be present in these extracts, namely hypericin, rutin, hyperoside,
quercitrin, quercetin, biapigenin, hyperforin, quercitrin hydrate, adhyperforin and chlorogenic
acid. In fact, about 60 compounds were known through correlating known masses with the
protonated molecular ions through mass analysis and through characteristic fragmentation
patterns. But since MS is not enough to say completely that it has been identified, it will be
confirmed by a later MSMS analysis.

Isolation and identification of organic compounds of St. John's wort at the surface of AgNPs:
In this research, a distinguished protocol was developed to remove about 80% of the
compounds of St. John's wort plant adsorbed on the surface of silver nanoparticles as a capping
agent, which can play an important role in their subsequent modification for use as a targeting
drug against incurable diseases, and the protocol is as follows: A mixture of organic solvents
prepared as follows: 20% EtOH, 20% MeOH, 30% acetone and 30% Ethyl acetate, was used
to wash the previously dried silver nanoparticles several times. After several times of washing
in the previous solution and then separating by centrifugation, all the filtrate is collected in one
tube and the solvents are evaporated to obtain a solid that is dissolved only in ethanol HPLC
Grade and an HPLC, HPLC/MS and MS/MS were performed for it to identify these
phytochemical compounds and their percentage. Thermogravimetric analysis (TGA) and FTIR
were used to prove the isolation of this capping agent from the silver nanoparticle's surface and
their approximate proportion.

TGA and FTIR analysis (figure 5a and b) proved that the capping agent surrounding the silver
nanoparticles was removed by 80% using the previous protocol, wherein the thermal
decomposition analysis up to 1000 0C, the percentage of broken materials decreased from 60%
to approximately 12% and in the FTIR spectrum, the intensity of the peaks decreased very
significantly, or sometimes the peaks disappeared.
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Figure 6-5: a) Thermogravimetric analysis diagram of AgNPs before and after isolation of the capping
agent layer; b) ATR-FTIR spectra of Hypericum perforatum L. aqueous Extract, biosynthesized
AgNPs before and after isolation of the capping agent layer and ¢) HPLC Chromatograms of St John's
Wort extract and the supernatant obtained from the organic layer on the surface of silver
nanoparticles.

By comparing the HPLC spectra of St. John's wort extract and the supernatant isolated from
the surfaces of silver nanoparticles using the previous protocol (figure 5c), we note that there
are 8 perfectly identical peaks in the plots and this confirms the presence of 8 compounds of
the plant extract on the surfaces of the silver nanoparticles. By comparing the location of these
peaks, which we had previously identified in the extract itself (i.e., by molecular ion identified
via MS analysis), as well as by performing a filtrate-only HPLCESI-Q-TOF MS/MS analysis,
we were able to demonstrate the presence of only these eight phytochemicals from the extract.
The eight identified compounds present on the surfaces of AgNPs belong to different classes
and they are Neochlorogenic acid (phenolic acids or phenyl propane), Hyperoside,
Isoquercitrin (flavonoid glycosides or Flavonol glycosides), 13,118 Biapigenin (Biflavonoids),
Furohyperforin, Hyperforin, Furoadhyperforin and Adhyperforin (Phloroglucinols). These
eight compounds are bioactive compounds of the St. John's Wort plant, which have unique
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properties, especially in the medical field. They have been used frequently in multiple
treatments for different diseases.

6.5 Total phenol and Antioxidant activities of St John’s Wort extracts

Total phenolic contents of St. John’s wort extracts (water 1 or water I, ethanolic and
methanolic) were estimated using Folin—Ciocalteu assay (figure 6b and d) and antioxidant
activity were determined using 2,2-diphenyl-1-picrylhydrazyl (DPPH) and (2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) assays (figure 6a and c). The free radical-
scavenging capacities for different extracts show that extraction by the tea method gave much
greater phenols and activity against the free radicals than the extraction with pure organic
solvents. Although it was not statistically proven that a direct relationship between the phenol
content and the antioxidant activity, in our case the extracts with the higher phenolic content
gave greater antioxidant activity.
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Figure 6-6: a,c) calculation of 1C50 of the Hypericum perforatum L. extracts using DPPH and ABTS
scavenging assays and b, d) association between phenolic content and antioxidant activity for
Hypericum perforatum L. extracts by DPPH and ABTS.
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6.6 Applications of biosynthesized AgNPs

6.6.1 Antioxidant activities

biosynthesized AgNPs using St. John's wort aqueous extract exhibited high scavenging activity
against several free radicals such as 1,1-Diphenyl-2-picrylhydrazyl Free Radical (DPPH), 2,
2 -azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) radical cation (ABTS), and superoxide
anion radical (SO).
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Figure 6-7: Antioxidant activity of AgNPs against DPPH free radical, ABTS radical and Superoxide
anion radical with comparing with their standards.

In DPPH assay, silver showed great activity in scavenging free radicals, that is, it was able to
reduce the radicals of purple color to yellow color. The IC50 value of AgNPs was 35.88 pug/ml,
which is very close to the value of the standard ascorbic acid (IC50 = 35.44 ng/ml), and this
indicates that the effectiveness of silver prepared by our method was very large and greater
than others prepared by others in the literature 37, In the ABTS assay, silver also exhibited
big scavenging activity against cation radicals. The IC50 value of AgNPs was 26.78 pg/ml,
which is also very close to the value of the standard ascorbic acid (IC50 = 23 pg/ml), and this
value is also higher effectiveness compared to others described in the literature 14 161819 |p
the SO assay, AgNPs exhibited very high scavenging activity against superoxide radicals. The
IC50 value of AgNPs was 27.77 pg/ml, which is much lower than the value of standard Gallic
acid 94 pg/ml and also less than the effect of silver mentioned in the literature 14 16182025,

6.6.2 Antimicrobial activities
Antimicrobial activity was carried out at 3 different times in different places.

6.6.2.1 First, in cooperation with the Faculty of Medicine and Department of
Biological Sciences at Mutah University in Jordan.

AgNPs were tested against Gram-positive bacteria [Staphylococcus aureus (ATCC 43300),
Bacillus cereus (ATCC 11778) and B. subtilis (ATCC 6633)] and against Gram-negative
bacteria [Pseudomonas aeruginosa (ATCC 13048), B-lactamase Klebsiella pneumoniae
(clinical isolate), extended-spectrum [-lactamase E. coli (ESBL, clinical isolate), and
Escherichia coli (ATCC 25922)]. Two different experiments were performed to measure the
antibacterial activity, namely the Well diffusion test and Micro-broth dilution assay, and both
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assays were performed according to Clinical and Laboratory Standards Institute guidelines,
with some modifications.

6.6.2.1.1 Well diffusion test

Overnight bacterial culture was seeded in Muller Hinton agar plates (MHA) (Oxoid, UK) at
cell density 106 cell/ml and in which 6 mm diameter wells were made using a sterile Cork
borer. To each well in the bacterial agar plates, either 120 pl aliquots (100 pg/well), 60 ul
aliquots (50 pg/well) from AgNPs preparation, or aqueous plant extract (2.5 mg/well) were
applied. As a positive control, streptomycin (10 pg/disc, Bio Basic Inc, Canada) was used and
the results are presented as means of triplicate tests + SD.

6.6.2.1.2 Micro-broth dilution assay

This method is used to measure the lowest concentration needed to inhibit bacterial growth
(MIC). AgNPs and the positive control were tested starting from 100 pg/ml and 50 pg/ml,
respectively. Samples were serially diluted in 100 pl Muller Hinton broth (MHB), to which
100 pl of tested bacterial strain was added to each well in a cell density 2 x 106 cell/ml. The
preparation was incubated for 24 hours at 37 °C. Aliquots from the preparations in micro-broth
dilution assay, where there were no visible growths, were platted on agar plates with proper
medium and incubation for 24-48 hours to determine if the nanoparticle has a bactericidal or
bacteriostatic effect.

6.6.2.1.3 Effect of AgNPs on growth Kinetics of S. aureus

To study the effect of AgNPs on the kinetics of bacterial growth. S. aureus was grown at a cell
density of 106 cells/ml in sterile test tubes containing 10 ml of MHB. Various concentrations
of AgNPs (1, 3, 6, 12, 24 ng/ml) were added to bacterial culture test tubes with incubation for
24 h on an orbital shaker at 37 °C and 150 rpm. A 1 ml sample was withdrawn after 3-h and
up to 24-h intervals to measure bacterial growth in terms of increase in the optical cell density
at A600nm (OD600nm) using UV/Vis spectrophotometer.

6.6.2.1.4 Determination of the antibacterial activity of AgNPs in relation to
colony-forming units (CFU)

Different concentrations of AgNPs (1, 3, 6, 12, and 24 pg/ml) were utilized to determine their
effect on S. aureus growth on Muller Hinton agar plates. The bacterium was grown overnight
and then diluted to a cell density equivalent to 0.5 McFarland (=1.5 x 108 CFU/ml). They were
diluted to 105 fold and 100 pl were spread on solid agar plates containing different AgNPs
concentrations. The plates were incubated for 24 hours at 37°C and the grown colonies were
photographed.

6.6.2.1.5 Time-kill Kinetics assay

aliquots of 1 ml from the prepared suspension (=1.5 x 108 CFU/ml) of S. aureus were
inoculated into test tubes containing 10 ml MHB with concentrations of the AgNPs equal to %2
MIC, MIC, and 2 MIC. All tubes were incubated at 37°C and samples were taken at intervals
of 30 minutes starting at the time of inoculation and up to 300 minutes. The number of surviving
bacteria was determined by spreading 100 pl of appropriate bacterial dilutions in sterile saline
over the top of MHA plates with incubation at 37 °C for 24 h; The number of bacterial colonies
was counted and expressed in CFU/mI. Time—kill curves were constructed by plotting the
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Logl0 (CFU/mI) against the exposure time (minutes). The assay was performed in triplicate
and the results are presented as means of three independent tests + SD.

6.6.2.1.6 Wound migration assay

Normal human dermal fibroblast cell line (ATCC® PCS-201-012) were cultured in a 12-well
microtiter plate as a monolayer; they were seeded at a cell density of 5 x 104 cell/ml. The cells
were grown for 24 hours in Dulbecco’s Modified Eagle Medium supplemented with 10% heat-
inactivated fetal calf serum, L-glutamine, 65 pg/mL of penicillin G, and 100 pg/mL of
streptomycin sulfate. They were incubated at 37°C in a humidified atmosphere containing 5.0%
CO2. Wound with uniform size was made in each well using sterile micro-tip; culture medium
was aspirated from each well, well was washed with sterile phosphate buffer solution (pH 7.4),
and fresh media with different concentrations of AgNPs (1, 3, 5, and 10 pg/ml) were added to
each well seeded with the cell line. Two wells containing a fresh medium without the test
compounds were used as untreated controls. The culture was photographed at 0 time and after
24 hours using an inverted microscope. Wound migration (closure) was measured by the
following equation:

% Wound migration = 1-(area of the wound at TS /area of the wound at TO) x 100, where TS
is 24 hours from wounding and TO is O hour wounding.

6.6.2.1.7 Results

Based on inhibition zones results, Gram-positive bacterial were more affected by AgNPs than
the Gram-negative in a concentration-dependent method with lower activity against B. subtilis
from other Gram-positive strains. Inhibition zones in Gram-positive bacteria were 13.3-32 mm
whereas 13-19.7 mm in P. aeruginosa and K. pneumonoiae as Gram-negative bacteria. The
Minimum concentration (MIC) required to cause no bacterial strains to grow was between 6.25
- 12.5 ug/ml with activities against most bacteria (table 1).

Table 6-1: Antibacterial activities (inhibition zones and MIC) of AgNPs against tested bacterial
strains

Inhibition zone (mm * SD) MIC (ug/ml)
Bacterial strain (ng/well) S

50 100 (10 pg/disc)  AgNPs S
Gram-positive
B. subtilis 11.7 0.6 13.3+0.6 233+1.6 12.5¢ 0.63s
B. cereus 190+1 243+21 29.7+1.3 6.25s 0.31s
S. aureus 27.7+1.5 320+1.3 31.3+0.7 12.5¢ 0.63c
Gram-negative
E. coli NA NA 18.0+£1.3 >100 5¢
E. coli (clinical) NA NA 12.3+0.7 >100 >10
K. pneumonia (clinical)  10.3 0.6 13+1 15.7+0.7 12.5¢ 10c
P. aeruginosa 16.7+1.5 19.7+1.1 17.1+0.3 6.25s 2.5s

Regarding the effect of silver nanoparticles on the kinetics of bacterial growth (the study was
done on S. aureus) (figure 8), it noted that with increasing the concentrations of AgNPs (at a
concentration of 6 pug/ml and below), the OD value at 600 nm decreased in different time
periods comparing the control culture. at a concentration of 6 pg/ml (% MIC), the maximum
cell density reached was about 50%, while at concentrations higher than 6 pg/ml, there was no
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growth at all throughout the entire cultivation period. The specific growth rate decreased from
0.21 h-1 in the control culture to 0.04 h-1 in the culture exposed to 6 ug/ml AgNPs (table 2).
Previous results indicate that AgNPs have a significant toxic effect on the tested bacteria and
that their toxicity increases with the increasing concentration of AgNPs.
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Figure 6-8: The growth curve of S. aureus in Muller Hinton broth contain various concentrations of
AgNPs

Table 6-2: Specific growth rate and maximum growth intensity (OD600nm) of S. aureus at different
concentrations of AgQNPs

Concentration (ug/ml) Specific growth rate (h?) Maximum growth intensity (ODsoonm)

control 0.21 £0.012 091+0.17
1 0.09 £ 0.007 0.86 £0.15
3 0.06 £0.015 0.63+0.11
6 0.04 £ 0.006 0.55+0.05
12 - 0.065+0.01
24 - 0.035 + 0.004

For the colony-forming unit (CFU), the number of colonies decreases with the increase in the
concentration of silver nanoparticles, and starting from 12 pg/ml, no colony remains, meaning
they all disappear.
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Figure 6-9: Time-kill curve of S. aureus in Mueller Hinton broth medium containing different
concentrations of AgNPs

Time-kill test (Fig. 9) shows that the effect of silver nanoparticles at different concentrations
begins after 90 minutes of incubation. At%2 MIC concentration of AgNPs, the Log10 (CFU/ml)
was decreased by 10% compared to the control culture, while at MIC and 2 MIC concentrations
of AgNPs, the Log10 (CFU/mI) was decreased almost 103 fold after 120 min of cultivation.
These results indicate that AgNPs killed bacteria after 240 minutes of cultivation.

Wound migration

The effect of the AgNPs on the fibroblast cell migration was studied. In fact, wound migration
was non-significantly inhibited when fibroblast cells were treated with 1-5 pg/ml AgNPs
(inhibition 19%-23% compared to control), but it was significantly inhibited at 10 pg/ml
(inhibition 46.8%, p< 0.5). Fibroblast cells play a fundamental role in body homeostasis
through the secretion of growth factors, the release of matrix metalloproteinases, collagen
expression, and facilitating contraction of healing wounds 6. These results revealed that the
ability of AgNPs in promoting wound healing depends on the test system employed, in vivo or
in vitro, as well as the presence of bio-factors such as growth factors and cytokines.

6.6.2.2 Second, in cooperation with the Department of Microbiology, College of
Medicine in Imam Abdulrahman bin Faisal University in Saudi Arabia.
6.6.2.2.1 Well diffusion test
The objective of conducting the analysis is to determine the effect of storing silver
nanoparticles prepared using aqueous extract of St. John’s wort in the refrigerator at a
temperature of 4 °C on their effectiveness against microbes. In general, measuring the
antimicrobial activity of silver nanoparticles after being stored for different periods. In this
experiment, silver was stored for different periods of time, which are 4 months, 7 months and
a whole year, then its activity against 8 different types of microbes was studied. As expected
the halo zone of growth inhibition is increased as the concentration is increased (direct
proportion) for six of the eight bacteria strains used. Whereas, no effect was seen using different
concentrations and sizes of nanoparticles on C. albican 14053 and C. auris Lab strain. The
results did not show any significant change in the effect of silver on bacteria when used after
long periods of its synthesis, and this indicates that the green synthesis of silver nanoparticles
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using our developed protocol did not lose its effectiveness as a result of storage for relatively
long periods of time.

Table 6-3: Bacteria and yeast strains used for the study

Microorganism name ATCC NO.
S. aureus (wild type) 29213
S. aureus (Methicillin resistant) 43300
E. coli (Wild type) 25922
E. coli (ESBL) 35218
K. oxytoca ( Wild) 700324
K. Pneumoniae (CRE) BAA-1705
C. albican 14053
C. auris Lab isolate

It is interesting to note in this analysis that there are 3 types of the same bacterial strains that
were studied in Jordan. But two of them in the previous analyzes in Jordan did not give any
activity, while here it gave a great result and great activity against these two strains. We can
explain this for several reasons. The first reason is that when preparing the samples, it was not
prepared well, or there was an error in preparing the required concentrations. The second
explanation is the proportion of the layer of organic materials on the surfaces of silver
nanoparticles, meaning that it was not washed well. This leads to the accumulation of a large
number of layers of organic matter on the surfaces of silver nanoparticles, thus hindering its
anti-bacterial activity.

6.6.2.2.2 Micro-broth dilution assay

This experiment was done for two main goals, the first is to measure the lowest concentration
needed to inhibit bacterial growth (MIC), and the second and most important objective is to
compare the antibacterial activity of silver prepared in our way with silver nitrate and aqueous
extract of St. John's wort.

Table 6-4: The minimum inhibitory concentration of AgNPs, AgNO3 and St. John's Wort aqueous
extract against tested bacterial strains

Bacterial strain MIC (pg/ml)
AgNPs St. John's wort extract AgNO:s
S. aureus (wild type) 275 X 13.75
29213
S. aureus (Methicillin 75 X 13.75
resistant) 43300
E. coli (Wild type) <6.88 X <6.88
25922
E. coli (ESBL) 35218 <6.88 X <6.88
K. oxytoca ( Wild) <6.88 X <6.88
700324
K. Pneumoniae (CRE) 13.75 X <6.88
BAA-1705
C. albican 55 X 55
14053
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Through the results presented in Table 4, we note that the aqueous extract of St. John’s wort
did not show any activity against the eight strains of bacteria studied, while the silver prepared
by our method gave minimum inhibitory concentration values either identical to the values of
silver nitrate as in E. coli (Wild type) 25922, E. coli (ESBL) 35218, K. oxytoca ( Wild) 700324
and C. albican 14053 or higher than them as in S. aureus (wild type) 29213, S. aureus
(Methicillin resistant) 43300 and K. Pneumoniae (CRE) BAA-1705 or lower than them as in
C. auris Lab isolate.

6.6.2.3 Third, in cooperation with the Chemistry of Natural and Microbial
Products Department, Pharmaceutical and Drug Industries Research
Institute, National Research Centre, Egypt.

The purpose of these analyzes is to the comparison of the antimicrobial activities of Hypericum

perforatum L.-Mediated green synthesis of AgNPs with antibiotics, silver nitrate, Hypericum

perforatum L. aqueous extract and Citrate-capped AgNPs.

Table 6-5: Bacteria and yeast strains used for the study

Microorganism name ATCC NO
Gram-positive

Bacillus subtilis 6633
Bacillus cereus 6629
Staphylococcus aureus 6538
Gram-negative

Escherichia coli 25922
Proteus mirabillus 9240
Salmonella enterica 25566
Pathogenic yeast

Candida albicans 10231

The concentration of silver nanoparticles used was about half the value of the concentrations
used from other materials and the results were comparable to the values of silver nitrate and
the antibiotics used. It is also interesting that silver nanoparticles prepared using citrate, sodium
hydroxide and aqueous extracts of St. John's wort did not give any antimicrobial activity. These
and previous results all prove the efficacy of silver prepared by our method against a wide
range of microbes, and therefore it can be promising for later application in products in the
market. Through the transmission electron microscope images (figure 10) of bacteria treated
with silver nanoparticles, we can monitor the different stages through which silver
nanoparticles are positioned on the cell wall first and then penetrate the cell membrane and
clump inside the cell and then affect it through the mechanisms that were previously proposed
by a large number of researchers 7.
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Figure 6-10: Transmission electron microscope (TEM) images of Candida albicans bacteria exposed
to AgNPs.

6.6.2.4 Fourthly, in cooperation with Division of Molecular Biomedicine,
Department of Molecular Biology and Biotechnology, Atomic Energy
Commission of Syria (AECS), P. O. Box 6091, Damascus, Syria.

In this section, the effect of silver nanoparticles prepared using aqueous extract of St. John's

wort on the Leishmania Tropica Syrian strain (LT_SYR_24) was studied.

6.6.2.4.1 Viability using XTT assay

L. tropica cells were incubated in 96-well microplates (50000 cells/well) for 24 h at 26 °C with
different concentrations of AgNPs, in addition to the presence of control cells, each sample
was replicated 3 times. Then 20 puL of XTT mixture was added to each well and the microplate
was incubated for 4 hours at 37 °C, after which the absorbance at wavelength 450 nm was
measured using a microplate reader device. The resulted values were correlated to the control
untreated cells representing 100 % of cell viability.

6.6.2.4.2 Apoptosis Assay using Annexin V

After incubating the cells with a series of silver concentrations, they were harvested using
centrifugation and then redispersed using a binding buffer HBS. Subsequently, 5 pL of sfGFP-
Annexin-V (1 mg/mL) was added and incubated in the dark for 5 minutes. Finally, the
percentage of apoptotic cells was calculated using flow cytometry.

6.6.2.4.3 Cell Cycle Assay

After incubating the cells with a series of silver concentrations, they were harvested using
centrifugation and then redispersed using PBS and 95 % ethanol and stored at 4 °C overnight.
Subsequently, the cells were centrifuged and washed with PBS, after that suspended and
stained using PBS and 5 pL of Propidium lodide (PI, 1 mg/mL) for 30 min in the dark. Finally,
the Cell cycle analysis was done using flow cytometry.
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6.6.2.4.4 Results

It showed (figure 11) that parasite viability decreases with increasing concentration of Ag NPs,
the maximal toxicity was achieved using 0.62 pg/ml concentration after 24 h, while IC50 was
at 0.29 png/ml Ag NPs concentration.
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Figure 6-11: Effect of AQNPs on a) apoptosis; b) viability and c) cell cycle of L. tropica cells.

When AgNPs were incubated with cells at concentrations of 0.5 pg/ml and 1 pg/ml for 24
hours, the percentage of induced apoptosis was 46.8% and 86.8%, respectively, compared to
control cells (figure 11 a and b). That is, the percentage of apoptotic cells increases with
increasing concentration of AgNPs, where the highest concentration of apoptosis is 1 pg/ml
after 24 hours, and 1C50 was 0.43 pg/mL. after treatment with AgNPs, the cells were incubated
with the fluorescent DNA dye propidium iodide, and then the cells were analyzed for their
content of genomic DNA by flow cytometry, where it was possible to distinguish between three
phases of the cell cycle (G1, S and G2) (Figure 11c). Statistical comparisons showed that the
percentage of cells in the G1 phase was equal between the control and treated conditions, while
it showed a significant increase of 3.3% of cells in the S phase at 0.5 ug/ml compared to the
control cells (Figure 11d), on the other hand, the percentage of cells in the G2 phase decreased
of 5.4% at 0.5 pg/ml compared to the control (Figure 11d).

6.6.3 Anticancer activities

Cell Titer-Blue or Cell Viability Assay has been performed for monitoring cell viability for
three types of cancer cells are HeLa, HepG2 and A549 cells after treatment with a series of
concentrations of silver nanoparticles prepared using aqueous extract of St. John's wort. This
method is based on the principle that living cells have the ability to convert resazurin (redox
dye) to resorufin (fluorescent product). The anti-cancer activity of silver nanoparticles was also
measured during different incubation periods of 2, 5, 8 and 24 hours.
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Figure 6-12: Relative cell viability (%) of Hela, Hep G2 and A549 cells as a function of AgNPs
concentration for 2, 5, 8 and 24 h determined by Cell titer-Blue cytotoxicity assay. The experiments
were performed with four replicates and the standard deviation was calculated.

Figure 12 shows that with the increasing concentration of AgNPs, the viability of cells for the
three types of cells studied in this research decreases significantly. This effect also varies
according to the time of exposure to the nanoparticles. The effect of silver nanoparticles
prepared by our method was clear and very significant on the types of cancer cells studied and
at relatively low concentrations, where the values of IC50 against Hela cells were 7.71, 7.87,
6.75 and 6.72 ug/mL; against HepG2 12.44, 9.52, 7.19 and 6.88 pug/mL and against A549 6.08
pg/mL at 2, 5, 8 and 24 h respectively. These results are very promising for the application of
silver prepared in this way in the fight against cancer, especially since there is an organic layer
on its surfaces that prevents its toxic effect on healthy cells, and this must be proven in later
studies, God willing.

6.7 Development of a protocol to prepare aptamer-Conjugated AgNPs

These experiments aim to conjugate single-stranded oligonucleotide-based aptamers (APTS),
which are excellent ligands for tumor cell targeting with AgNPs prepared using an aqueous
extract of St. John's wort. The process of coupling the aptamer with silver nanoparticles must
be well studied because it may affect the effectiveness of these nanoparticles later when
applied, or it may also affect the stability of these nanoparticles in the colloidal solution.
Therefore, a very large protocol and multiple conditions have been tried, such as pH
conjugation values, aptamer and silver nanoparticles used concentrations, using modified
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DNA, temperature, reaction time, stirring speed, adding salts at different reaction times to
screen the negative charges of the DNA and increase the DNA loading on the AgNPs (salt
aging), in addition to the buffer solution in which the coupling takes place and other conditions.
All the previous conditions were carefully studied to achieve the desired goal.

An appropriate protocol has been reached: thiolated Aptamer samples were used as received
without further treatment (i.e. no TCEP or DTT treatment) (100 uM, 2.5 pL) was mixed with
AgNPs (20-50 nm, 0.5 nM, 500 uL) in a microcentrifuge tube (lower protein binding). The
mixture was then placed in a laboratory freezer (set at -20 °C) all night, followed by thawing
at room temperature. Then, the mixture was centrifuged as follows: 5 minutes at 3000 rpm, 5
minutes at 6000 rpm and 20 minutes at 13000 rpm. The filtrate is separated from the sediment,
where 500 pl of HEPES buffer (5 mM, pH 7.6) is added to the sediment, and the previous
centrifugation process is repeated. The washing process is repeated at least 3 times to get rid
of all the amount of unbound aptamers. Finally, the resulting Aptamer-AgNPs dissolved in
deionized water or in HEPES buffer (5 mM, pH 7.6) and the supernatants resulting from the
centrifugation for the first time and for all later washing operations are concentrated to a
volume of 500 pl or 1 ml using a rotary evaporator to measure the concentration of the free
aptamer (unbound). Thus, through it, we can determine the amount of the attached Aptamer at
the surface of AgNPs. Through the previous protocol and using the methods mentioned, it was
found that the percentage of aptamer functionalized silver nanoparticles is about 40% of the
amount used and the number of aptamers on the surface of each nanoparticle is about 1930.

Using different characterization techniques for the resulting sample such as UV-VIS, DLS,
Zeta potential, FTIR-ATR, agarose gel electrophoresis and Quant-iT™ OliGreen® reagent to
prove the binding of aptamers on the surfaces of silver nanoparticles.

6.7.1 Study the anticancer effect of the selective sSDNA aptamer-modified
AgNPs on human non-small cell lung cancer A549 and normal human
bronchial epithelial BEAS2Bcells; in Vitro study.

6.7.1.1 Cytotoxicity effects

The previously mentioned test, CTB analysis, was used to evaluate the cell viability. Aptamer-

conjugated silver nanoparticles concentrations were 60, 30, 15, 7.5 and 3.7 pg/ml for A549

cells and 67, 38, 19, 12 and 6 pg/ml for BEAS-2B cells. The exposure times are 0, 3, 6, and 24

hours.

6.7.1.2 Cellular Viability--Calcein / Propidium lodide

No fluorescent calcein-AM dye turns into the fluorescent calcein dye by intracellular esterase
activity in live cells, while Propidium iodide (PI) does not enter viable cells, but in dead cells
it manages to reach the nucleic acids and enters them and binding to DNA by intercalating
between the bases, resulting in a significantly increased fluorescence and is thus used to
identify dead cells. Calcein and propidium iodide (PI) were used to evaluate cellular viability
and cell death.

6.7.1.3 Flow cytometry-based apoptosis and necrosis detection
Apoptosis is the body's way to eliminate cells in a systematic way and can be detected by
measuring the externalization of phosphatidylserine on the plasma membrane using
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fluorescent-tagged annexin V. When a cell dies, the cell membrane loses its integrity, allowing
anything to enter into the cell. Propidium iodide (PI) is a popular red-fluorescent nuclear and
chromosome counterstain. Since propidium iodide is not permeant to live cells, it is also
commonly used to detect dead cells in a population. PI binds to DNA by intercalating between
the bases with little or no sequence preference.

6.7.1.4 Cellular uptake of Ag NPs

The physical and chemical properties, such as size, shape, surface charge, composition and the
nature of the ligand on its surface, determine the mechanism (phagocytosis, micropinocytosis,
endocytosis, direct diffusion, or adhesive interactions) by which nanoparticles internalized by
cells. After exposing the cancer and normal cells to different concentrations of silver
nanoparticles at different times, they are washed thoroughly, and then the amount of silver that
entered the cells is determined through AAS.

6.7.2 Results

As shown in Figure 13, and from the IC50 values, it is evident that the effect of silver
nanoparticles loaded with aptamer on cancer cells is much greater than its effect on healthy
cells at different concentrations and different times of exposure. The aptamer-modified AgNPs
exhibited selective binding and internalization to target A549 cells, but not by normal human
bronchial epithelial BEAS2B, thus exhibiting high specificity. These results are excellent and
encouraging for later studies to use it as a targeting therapy, especially here that we do not need
to load the drug on the nanoparticles as well, since silver alone is able to kill cells without the
complications of loading the drug and the side effects that can result from loading the drug and
aptamers on their surfaces.

It noted from figure 14 that at high concentrations of silver nanoparticles loaded with aptamer,
most cells die in both types, but at medium and low concentrations of 30 and below, the effect
of silver nanoparticles on cancer cells is very large compared to healthy cells.
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Figure 6-13: in vitro cytotoxicity of aptamer conjugated silver nanoparticles against A549 and
BEASZ2B cells at different concentrations and various exposure times

Aptamer-AgNPs 30 pg/ml A549 Cells

Aptamer-AgNPs 30 pg/ml BEAS-2B Cells

Figure 6-14: fluorescence images of live cells (green) and dead cells (red) for A549 and BEAS 2B
cells before and after incubation with 30 ug/m/ Aptamer-AgNPs.
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For flow cytometric analysis, after only 3 hours of incubation with aptamer-modified AgNPs,
all cancer cells (A549) died completely, also at the lowest concentration of 3.7 ug/ml, while
healthy cells (BEAS-2B) died at very high concentrations, and at medium and low
concentrations, the effect of silver on them was limited (apoptosis more than necrosis) and also
depends on the concentration. Regarding the analysis of the cellular uptake of silver in
cancerous and healthy cells (figure 15), it was noted that the percentage of cellular uptake
increases with the increase in the exposure time, and it also increases with the increase in the
concentration of silver used for both cells, but what is interesting is that the percentage of
cellular uptake of silver in cancer cells is much greater than in healthy cells, and this confirms
the validity of previous results and at the same time proves the selective effectiveness of
aptamer towards cancer cells.
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Figure 6-15: The percentage of cellular uptake of Ag NPs in A549 cells and BEAS-2B cells after
exposure to Apt-AgNPs for 3h. The data are expressed as mean + SD of three independent experiments.
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6.8 Conclusions

In this work, an easy, fast, inexpensive, environmentally friendly and effective protocol was
developed to prepare silver nanoparticles using an aqueous extract of St. John's wort. different
techniques were used to characterize the resulting silver nanoparticles such as UV-VIS, DLS,
Zeta potential, FTIR-ATR, XRD, SEM, TEM, AFM, EDX, AAS and TGA and showed that
this green method produced stable spherical nanoparticles in the colloidal solution with a size
ranging from 20 to 50 nm and it has a crystalline structure as it is face-centered cubic and these
particles are surrounded by a protective layer of a group of phenolic compounds, which
maintains them in nanoscale dimensions and protects them from agglomeration and
precipitation in the solution and thus also maintains its stability.

The biosynthesized AgNPs showed very high effects against a range of free radicals as the
antioxidant concentrations against 2,2-diphenyl-1-picrylhydrazyl radical, superoxide anion
radical and 2, 2'-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) radical cation were very
low. AgNPs showed also very high cytotoxicity against various cancer cells such as Hela, Hep
G2 and A549 cells at low concentrations and short exposure times. Also, the effect of the
prepared silver nanoparticles on a large number of microbes, about 20 species (gram-positive
bacteria, gram-negative bacteria and Pathogenic yeast) at different storage times and in
comparison with silver prepared in a chemical way, with antibiotics, with silver nitrates, and
with the extract alone have been studied and was quite highly effective against almost all tested
microbes. The activity of prepared AgNPs was also studied against leishmaniasis, and the
results were very promising.

Since the toxicity and biological activity of obtained nanoparticles toward different pathogens
are affected by several factors, namely shape, size, size distribution, particle morphology,
particle content, surface area, surface charge, nature and components of the protective layer,
solubility ratio, interaction of particles in the solution, the type of reducing agent used, and the
efficiency of releasing ions from these particles. The main factor, unanimously by most
researchers, is the nature and components of the protective layer. Therefore, St. John's wort
was extracted using different solvents and the yield was determined, then a fast, simple, and
reproducible high-performance liquid chromatography- equipped with a diode array detector
(HPLC-DAD), coupled with UV-visible spectrophotometry at a full spectrum (200-800 nm)
were development to get separate and not overlapping peaks in the HPLC spectra which were
studied at three wavelengths (260 nm for phloroglucinols, 590 nm for naphthodianthrones and
at 350 nm for other flavonols, flavones and caffeoylquinic acids. high-performance liquid
chromatography combined with electrospray ionization—-mass spectrometry (LC-ESI-MS)
under positive ionization mode was conducted to separate the bioactive molecules ions
[M+H]+ of the compounds in the extracts by their mass-to-charge ratio (m/z) and to detect
them qualitatively and quantitatively by their respective m/z and abundance. by Comparison
with five reference substances (Chlorogenic acid, Quercetin, Hyperoside, Quercitrin hydrate
and Hypericin), comparison of the retention times of peaks in HPLC diagrams with standards
materials and what is reported in the literature, comparing the UV absorption spectra of peaks
with the UV spectra of reference substances and what is mentioned in the literature and by
matching the prominent protonated molecular ion [M+1]+ of compounds with the molecular
weights of these compounds which known previously in this plant, ten compounds: Hypericin,
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Rutin, Hyperoside, Quercitrin_hydrate, Quercetin, Biapigenin, Hyperforin, Quercitrin,
Adhyperforin and Chlorogenic acid were identified, proven and confirmed in St John’s Wort
plant extract. An easy and simple protocol was developed to isolate the organic layer present
on the surfaces of silver nanoparticles. Then, using the previously developed HPLC-MS
protocols, in addition to conducting a subsequent MSMS analysis, the phenolic compounds
existing on the surfaces of silver nanoparticles were finally determined, which are:
Neochlorogenic acid, Hyperoside, Isoquercitrin, 13,118-biapigenin, Furohyperforin,
Hyperforin, Furoadhyperforin and Adhyperforin. The total phenolic substance in the different
prepared extracts was quantified by Folin—Ciocalteu method and anti-radicals activity were
calculated using DPPH and ABTS approaches. The results showed that the tea extraction
method gave the highest percentage of phenols and the highest antioxidant activity, while the
pure organic solvents gave lower phenols and lower antioxidant activity.

Lung cancer is the most common and deadly cancer in the world, as it is currently the number
one Killer among other types of cancer and the number of people who die from this disease is
equivalent to those who die from breast, prostate and colon cancer combined. Since aptamers
are better than antibodies due to the ease of preparation and the ability to target cancer cells,
and after bitter attempts and many experiments, we have developed an easy, fast and simple
protocol to bind silver nanoparticles prepared using the aqueous extract of St. John's wort with
an aptamer that has high selectivity towards lung cancer cells. Several techniques have been
performed to demonstrate aptamer conjugation on the surfaces of silver nanoparticles such as
UV-VIS, DLS, Zeta potential, FTIR-ATR, gel electrophoresis and Quant-iT™ OliGreen®
ssSDNA Kit (Cat. no. 011492). CTB test, Cell viability analysis using calcein-AM and
Propidium lodide (PI), Cell death using flow cytometric analysis, Cellular uptake using AAS
analysis, light and confocal microscopy images showed high cytotoxicity and cellular
internalization through selective binding and targeting by aptamer in lung cancer cells (A549
cells) and not in other healthy cells (BEAS-2B cells).
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