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SAMMENDRAG

Nanopartikler er vanligvis definert som partikler i en storrelsesorden 1-100 nm, og disse
partiklene har ofte andre egenskaper enn ikke-nano materiale med samme kjemiske
komposisjon. I de seneste drene har interessen og bruken av nanopartikler gkt, det samme har
ogsa interessen for & forsta partiklenes oppfoersel, innvirkning og skjebne i miljoet. I de siste
tidrene har det ogsd vert spesielt fokus pa seken etter mer gko-vennlige syntesestrategier,
spesielt i farmasoytisk industri. De tre hovedomrddene hvor prinsippene for grenn kjemi kan
anvendes i syntesen av nanopartikler av metall er: “capping agent”, reduksjonsmiddel og
losemiddel. Sammen med bruken av reagenser og lesemidler med lav toksisitet, er ogsa lav
energikonsumpsjon ensket. Bladbaerekstraktene (V. myrtillus og V. gaultherioides) er kjente
reduksjonsmidler, og fungerer ogsd som “capping-agent” i syntesen. Siden ekstraktene er
vandige er det heller ikke behov for toksiske eller farlige lesemidler i syntesen. Selve
syntesen foregdr ogsa under relativt lave temperaturer (50°C og 70°C), noe som ogsd har
positiv effekt pa energikonsumpsjonen.

Hovedfokuset i denne studien var & anvende prinsippene for grenn kjemi i syntesen av
metalliske nanopartikler av kobber og selv, ved & bruke ekstrakt fra bldbaer for a redusere
metallforloperne i stedet for miljeskadelige og toksiske materialer. Bruken av verdifulle
biprodukter fra landbruk bidrar ogsa til en merverdi for storskalaproduksjon. Siden sterrelse
og struktur pa de metalliske nanopartiklene har vist seg & vaere viktig for antimikrobiell effekt,
ble storrelse og form karakterisert ved hjelp av transmisjonselektronmikroskopi (TEM). Det
antimikrobielle potensialet av forskjellige typer nanopartikler ble sammenlignet og korrelert
til produksjonsmetode. For & sikre anvendelighet av det utviklede systemet i behandling av
hudinfeksjoner, ble cytotoksisiteten til nanopartiklene analysert i keratinocytter.

Vi klarte & syntetisere metalliske nanopartikler av kobber og selv ved & bruke ekstrakt fra to
arter av blabar som reduksjonsmiddel, og sterrelse og form av nanopartiklene ble
karakterisert med TEM analyse. Selv om nanopartiklene av kobber ikke viste forventet
antibakteriell effekt under forholdene anvendt i denne studien, viste nanopartiklene av sglv
antibakteriell effekt, selv om effekten var lavere enn for saltlesningen med metallforlaper
alene. Dette kan muligens korreleres med at suspensjonene med nanopartikler ikke var
stabile; nanopartiklene (og ekstraktet) aggregerte og sedimenterte tydelig under oppbevaring.
Av mest sannsynlig samme grunn viste alle suspensjonene toksisitet mot keratinocytter ved
alle konsentrasjoner testet i cytotoksisitetsanalysen.

For a kunne konkludere om de syntetiserte nanopartiklene faktisk er lovende antibakterielle
midler, samt 4 bestemme tilsynelatende toksisitet, md videre eksperimentering utferes. Disse
kan utferes ved & variere konsentrasjon av ekstrakt og metallforleper, eller ved a tilsette ikke-
toksiske stabilisatorer som for eksempel citrat fra plantekilder, for & lage en nanopartikkel-
suspensjon med lengre holdbarhet. Temperatur og reremetode under syntese kan ogsa
optimaliseres for & oppnd bedre stabilitet av suspensjonen.
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ABSTRACT

Nanoparticles are usually defined as particles in a size range of 1-100 nm, and these particles
often have different properties than the non-nanoscale material of the same chemical
composition. In recent years, as the interest and use of nanoparticles has increased and so has
the interest in understanding their behaviour, impact and fate in the environment. In the last
decades, there has been special focus on the search for more eco-friendly synthesis strategies,
especially in the pharmaceutical industry. The three main areas where the principles of green
chemistry could be applied in the synthesis of metal nanoparticles are: the capping agent, the
reducing agent and the solvent. Along with the use of reagents and solvents with low toxicity,
a low power consumption is desirable. The blueberry extracts (V. myrtillus and V.
gaultheroides) are the known reducing agents as well as the capping agents. Since the extract
is aqueous there was no need for toxic or dangerous solvents to be employed in the synthesis
either. Finally, the synthesises were performed at relatively low temperatures (50°C and
70°C), which also positively affects the power consumption.

The main aim of this study was to apply the principles of green chemistry on the synthesis of
metallic copper and silver nanoparticles, using extract of blueberries to reduce the metal
precursors instead of more environmentally damaging and toxic materials. Employing
valuable agricultural by-products also represent an added value for large scale production.
Since the size and structure of metal nanoparticles has been shown to be important for the
antimicrobial effect, the nanoparticles size and shape were characterised by transmission
electron microscopy (TEM). The antimicrobial potential of different types of nanoparticles
were compared, and correlated to the manufacturing procedure. To assure the applicability of
the developed system in treatment of skin infections, the cytotoxicity of nanoparticles was
assayed in keratinocytes.

We managed to synthesise the copper and silver nanoparticles by using extracts of two
different species of blueberry as a reducing agent and the size and structure of the metal
nanoparticles were characterised by TEM analysis. Although the copper nanoparticles did not
exhibit expected antibacterial effect under the conditions applied in our study, the silver
nanoparticles did exhibit antibacterial effect, although less than detected for the metal
precursor salt solution alone. This might be correlated to the fact that the nanoparticle
suspensions were not stable; the nanoparticles (and extract) clearly aggregated and
precipitated upon storage. Most likely for the same reason, all nanoparticle suspensions
showed toxicity toward keratinocytes at all concentrations tested in the cytotoxicity assay.

To conclude whether the synthesised nanoparticles are indeed promising antibacterials, as
well as address apparent toxicity, further experiments should be performed. These can be
done by varying the concentration of extract and metal precursor or by non-toxic stabilizers,
such citrate from other plant sources, in order to obtain nanoparticle suspensions with longer
shelf-life. The temperature of synthesis and stirring method could also be optimized.
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LIST OF ABBREVIATIONS

AR — Antibiotic resistance

Ag-NPs — Silver nanoparticles

Cu-NPs — Copper nanoparticles

Cu(Ac), — Cu(CH3COO),

FRAP — Ferric reducing antioxidant power
G — V. gaultheroides

gaultheroides — V. gaultheroides

M — V. myrtillus

myrtillus — V. myrtillus

MTT - 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
NP - Nanoparticle

ROS — Reactive Oxygen Species

RSA — Radical scavenging activity

TEM — Transmission Electron Microscopy
TMA — Total monomeric anthocyanins
TSP — Total soluble polyphenols

XPS — X-ray photoelectron spectroscopy
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1 INTRODUCTION

Antibiotic resistance (AR) is becoming one of the greatest health challenges worldwide. The
widespread use of antibiotic since the discovery of penicillin in 1928 has worked as an
accelerator for the development of resistance. Up until the mid 1980s more than 25 new
antibiotics were discovered or synthesised (1). The effectiveness of these drugs is reduced as
more and more resistance occurs. Diseases that in the last decades have been easy to treat,
will become more difficult to treat, or even become untreatable. Pneumonia, a disease that
became easily treatable after the introduction of penicillin is getting more difficult to treat,
which puts the lives of patients at risk. Common infections, surgical procedures,
immunocompromised patients and neonatal will be at an increased risk of severe
complications when antibiotics ceases to be effective. Antibiotic resistance can be defined as
a microorganism’s resistance against an antibiotic therapy that they originally were sensitive
to. Today drug resistant bacteria are being treated by antibiotics in higher doses,
administering several antibiotics and prolonging the treatments (2). This leads to increased
toxicity and side effects, which again requires more supervision and treatment. This rapid
increase of antibiotic resistance makes it necessary to search for alternative treatments,
preferably treatments that do not cause, or are highly unlikely to cause, bacterial resistance(3).
Vaccines could be an interesting approach, even though preventive vaccines against bacterial
infections so far have limited applications (3, 4). Another strategy would be to enhance the
activity of antibiotics that already exist. Some problems of antibiotic resistance might be
bypassed by using nanoparticles to encapsulate antibiotics (5-7).

A promising approach against antibiotic resistance, that is already widely utilised, is based on
finely divided metals, such as silver, gold or copper. Metallic nanoparticles (5-100 nm) are
widely used in disinfection of drinking water, as wound dressings and for other antimicrobial
purposes (2). There is still some concern about the prolonged exposure to nanoparticles of
metals, although this seems to primarily apply to ions or salts of metals and not the metallic
nanoparticles (e.g. Ag’, Cu’) (2, 8-10). However, nanoparticles may have an adverse effect on
the environment (11-14). As far back as to the ancient Egyptians copper has been used as a
biocide. It has been used to disinfect drinking water, wounds, prevent spreading of disease
and treat skin diseases (15). In the mid 1700s copper (copper sulphate solution) was
discovered to be an effective fungicide. Research done the last century has discovered that
copper has antifungal, molluscicidal, antibacterial and antiviral properties (16). An interesting
discovery is that bacteria exposed to metallic copper surfaces are completely inactivated, as
opposed to entering a viable but non-cultivable physiological state (17). Even though copper
has this effect on microorganisms it is considered safe for humans, and is, in fact, essential for
normal human physiology and wound healing (18, 19). Copper ions (together with silver ions)
are used for water treatment in hospitals, which is an important way to prevent the spread of
infections (20). However, although copper has many positive and useful properties, it may be
toxic to marine life and other organisms. Recently, major technological advancements have
allowed us to obtain metallic copper (i.e. Cu’) in the form of nanoparticles with a narrow size
distribution and high uniformity. The production of copper nanoparticles (Cu-NPs) is less
common than Ag or Au nanoparticles because of the lower reduction potential of copper,
which facilitates re-oxidation from Cu” to CuO (and partially Cu,0). However, when they are
synthesized all these nanoparticles are rather toxic, and non-eco-friendly reagents are used in
synthesis. Moreover, organic solvents are often used in the process of copper nanoparticle
production (21).
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Here it would be interesting to apply the principles of the so called “green chemistry and
engineering” to develop a process that uses less toxic reagents and solvents, producing less
toxic waste and byproducts with lower impact on human health and the environment.
Preferably the process should also cost less than processes already in use today. Synthesis of
Cu - NPs has already been performed using extracts from the leaves of the Magnolia kobus
tree, making nanoparticles that had up to 99% antibacterial effect (22). Several other plant
extracts have also been used for the synthesis of Cu-NPs, as well as for the synthesis of Au
and Ag nanoparticles (23-27).

In this thesis, we applied the principles of green chemistry by using extracts from a perhaps
even more readily available source: blueberries. The polyphenols found in the berries of V.
myrtillus L. and V. uliginosum L. subsp. gaultherioides were used as a reducing agent in the
synthesis of Cu-NPs. This allowed the use of water as solvent decreasing the use of non-eco-
friendly ingredients further. Additionally, the synthesis was performed at lower temperatures
(50-70°C), and in the perspective of a scalable process this will reduce the cost of the process
even more. The green synthesis of Cu-NPs and the design and preparation of biocompatible
vectors for the nanoparticles are an interesting approach to a more eco-friendly solution to
antibiotic resistance.
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1.1 Metal nanoparticles from plant extracts

Nanoparticles are usually defined as particles with a size around 1-100 nm (28). These

particles often have different properties than the non-nanoscale particles of the same chemical
composition (see Figure 1) (29). As the interest and use of nanoparticles has increased, so too
has the interest in understanding their behaviour, impact and fate in the environment (28, 29).

Surface

Oxidation - 0 0 o acido-basicity
for gxampl_e HS/\HLOH ; o
proteins, lipids NH, Nanoparticle

Adsorption of

(o] . .
B /\HL Size-dependent crystalline structure. (in)organic
S OH For example change in morphology, electronic < compounds -
NH, and atomic structure, phase transformation. for example

| As(OH),

Size <30 nm

Fenton reaction - Size-dependent interfacial properties and reactivity.

for example Fe2*
OH

?

Size-dependent mechanisms of toxicity?
For example ROS generation, enzyme, lipid or protein,
adsorption and oxidation, release of toxic ions.

0,
Ultraviolet /J;
2

Electron transfer
and ROS generation 0~ O,

H,0,

Dissolution and
release of ions -
for example
Ag*, Cd*, Fe?*

Figure 1 - A number of physiochemical mechanisms can occur at the surface of an

inorganic nanoparticle. The potential relationship between the size dependence of the crystalline structure
of nanoparticles (typically <30 nm), their interfacial properties (for example dissolution, oxidation,
adsorption/desorption, electron transfer, redox cycles, Fenton reactions and surface acido-basicity) and potential
mechanisms of toxicity (for example, the generation of ROS, the release of toxic ions, the oxidation of proteins

and the adsorption of pollutants). OH-, hydroxyl radical; O2--, anion superoxide. Figure and caption from
Auffan et al. (29)

1.1.1 Green chemistry

In the last twenty years there has been more focus on the search for more eco-friendly
synthesis strategies, especially in the pharmaceutical industry (30). Green chemistry and
green engineering has been strongly encouraged by the international community (31).
Applying the principles of green chemistry (32) to the synthesis of metal nanoparticles, we
pay particular attention to three main factors: The capping agent, the reducing agent and the
solvent. The use of reagents and solvents with low toxicity and low power consumption is
desired. To guide the growth and morphology and give stability to the nanoparticles, capping
agents are used. The most used capping agents are long hydrocarbon chain with heteroatoms,
such as oleylamine (OAm), a primary alkyl amine that acts as an electron donor at higher
temperatures and has affinity for metals through the NH, functional group;
Dimethyldodecylamine, which presents acute toxicity with oral intake, skin contact and
inhalation, and has a harmful effect to the aquatic environment; Troctylphosphine which is
irritating to eyes and corrosive upon skin contact (33). Because of their toxicity, they should
be removed before nanoparticles can be used for any further applications. In addition, some
polymers, dendrimers and polysaccharides are used as capping agents.
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| Nanoparticle synthesis l

! {

Top down methods Bottom up methods
(size reduction) (build up from smaller entities)
® Mechanical milling/ball milling o Chemical/electrochemical precipitation
o Chemical etching  Vapor deposition
o Thermal ablation/laser ablation ® Atomic/molecular condensation
® Explosion processes —>{ e Sol-gel processes
o Sputtering o Spray pyrolysis
e Laser pyrolysis
o Aerosol processes

o Bioreductions

NADP

I Metal nanoparticles I

o Using cell-free extracts
(plants, microorganisms, macrofungi, macroalgae)

o Using whole organism/tissue
(plants, mushrooms, seaweeds, microbial cells)

Figure 2 - Various approaches for making nanoparticles and cofactor dependent
bioreduction. Figure and caption from Mittal et al. (27).

The reduction process is a fundamental step in the synthesis of nanoparticles. The commonly
used reducing agents are sodium borohydride (NaBH4), hydrazine (N2H4) and formaldehyde.
All of these reagents are toxic and polluting for the environment. Other organic molecules of
vegetable origin may however be used as efficient reducing agents and at the same time be
sustainable for the environment. Polysaccharides, for example, which react with the metals
through the hydroxyl groups and have a very low cytotoxicity. Other types of plant-derived
molecules known for antioxidant effects, such as the polyphenols content in many small
fruits, including blueberries of the species Vaccinium myrtillus L. and Vaccinium uliginosum
L. subsp. gaultherioides, can be used. These molecules are weaker reducing agents than those
commonly used, but since they are water-soluble they allow complete dispersion in water.
The organic solvents normally used in the synthesis of nanoparticles are toxic for the
operator, difficult to separate from the nanoparticles after synthesis and they require complex
and expensive disposal procedures. Water, however, is non-toxic, non-flammable and has
economic advantages.

Together with performing theses synthesises at low temperatures green chemistry will be

better for the operators, the environment and more economically advantageous, especially
when applied at an industrial scale.
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Bioreducing agents
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Growth

Stabilization

Figure 3 — Mechanism of nanoparticle synthesis (M' = metal ion). Figure and caption from
Mittal et al. (27)

Page 8 of 71



1.1.2 Plant extracts

For this study, aqueous extracts obtained from different species of wild and cultivated berries
were used: V. myrtillus L. and V. uliginosum L. subsp. gaultherioides.

Y

Figure 4 — V. myrtillus (left) and V. galtherioides (rigt) 34, 35

V. myrtillus is a local resource that is used not only as food, but as a supplement because of
the high content of antioxidants. V. gaultherioides is also called “false blueberry” because of
its similarity to blueberries yet has a much less palatable taste. These two species have
different compositions of substances, polyphenols, contained in the fruit. The composition of
total soluble polyphenols (TSP), total monomeric anthocyanins (TMA), radical scavenging
activity (RSA) and ferric reducing antioxidant power (FRAP) of the blueberries used in this
thesis have previously been analysed by Ancilotti et al.(36). This data (Table 1) shows that
the V. myrtillus had the highest values of TSP, TMA, RSA and FRAP. They also contained
more of the polyphenol class anthocyanines. This group includes the phenolic compound with
the strongest reduction power, delphinidine, which also seem to exist at higher concentrations
in V. myrtillus compared to V. gaultherioides (36, 37).

Table 1 - Composition of TSP, TMA, RSA and FRAP in V. myrtillus and V.
gaultheroides gathered autumn 2015 (36).

Total Total ) L Antioxidant
raphenrs | oo | Antitin | iy
Species cate(cmhii eq (mg cy.anidin-%l- (ng _II)PPH 8 eq
o dw) gluc"séjve) cqg mg’ dw) ol dw)
V. myrtillus 33.5£6.0 26.8 £4.5 154 +27 132+ 14
V. gaultherioides 25.6+3.4 123+£2.2 113+23 95+ 14
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1.1.3 Copper nanoparticles from plant extracts

A “green” method for the synthesis of copper nanoparticles is by the reduction of the metal
salt precursor in an aqueous phase with plant extracts (23). However, as mentioned above, the
copper metal of the nanoparticles often has a high tendency to oxidize, which makes it a less
stable product compared to what one would get by using metals such as gold and silver. The
standard reduction potentials of gold, silver and copper in solution are:

AuCly - (aq) +3 ¢ — Au(s) +4 Cl (aq), E° (V) =1.00
Ag (aq)+e & Ag(s), E° (V)=0.7996
Cu*"(aq)+2 ¢ — Cu(s), E° (V)=0.337

The standard reduction potential of gold is much lower than that of copper; it is therefore
easier for the gold to be reduced, while it is easier for copper to undergo the reverse process,
oxidation. To obtain metallic copper nanoparticles a reducing agent with an adequate
reduction potential, less than 0.337 V, must be used.

Voltammetry studies have been done on polyphenols in acetonitrile, which have shown a
correlation between the number of hydroxyl groups bound to the B ring of a polyphenol, and
the reducing power (38). An increase in OH groups led to an increase in reducing power.
Another voltammetry study on polyphenols found in the plant Vitis vinifera showed an
increase in reduction power as the pH increased from 3.5 to 7.0 (37). From these studies, it
appears that the phenolic compound class with the strongest reduction power is delphinidine.
This polyphenol should be abundantly present in V. myrtillus fruit (36). It must, however, be
considered that the reduction potential of these types of molecules appear highly variable and
dependent upon conditions such as solvent and pH (37).

1.1.4 Silver nanoparticles from plant extracts

The use of silver ions, metallic silver and silver nanoparticles is being investigated for use in
burn and wound treatment, water treatment, fabrics and other areas (39). They also show low
toxicity against human cells, high thermal stability and low volatility (39, 40). There is some
concern that high or prolonged exposure to silver will lead to agyrosis and argyria, which
causes permanent discolouration of skin and organs as well as possible decrease in kidney
function and eyesight, and liver toxicity (41-43).

Silver nanoparticles has been shown to be superior against bacterial strains of S. aureus and
E. coli compared to copper nanoparticles (44-46). The antibacterial mechanism of action is
believed to be binding to thiol groups in the respiratory enzymes of the cell. It binds to the
cell wall and membrane, inhibiting the respiration process (40). Silver ions are also
antibacterial, but their mechanism of action is not fully understood. It is suggested that when
silver ions enter the cell they turn the DNA molecule to its condensed form, stopping
replication, which then leads to cell death (47, 48). Silver nanoparticles show greater
antibacterial effect because of their extremely large surface area that gives a much better
contact with microorganisms. The silver nanoparticles (Ag-NPs) bind to proteins in the cell
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membrane and also penetrate inside the organism. The Ag-NPs interact with thiol groups in
proteins, inhibiting cell division, which leads to cell death. Some of the metallic Ag-NPs
release ions, which further increases antibacterial activity (48-50). According to Castellano
(51) metallic silver is chemically inert, but when it comes in contact with moisture, as for
example when in contact with skin when in a wound dressing, it is ionised and exhibits an
antibacterial effect. Metallic silver in nanoparticle form makes this process go much faster,
increasing amount of silver ions released, giving an increase in toxic effects.

Many different plant extracts have been used to synthesise silver nanoparticles before, as
listed in a review by Prabhu and Poulose (42).
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1.2 Characterization of nanoparticles

Nanoparticles are primarily characterized for their size and surface properties. There are
different methods available to determine the size of nanoparticles; in this project, we focused
on transmission electron microscopy. This technique is particularly suited for inorganic (i.e.
oxides or salts) nanoparticles, which are not deformed by the drying process in sample
preparation. X-Ray photoelectron spectroscopy was also performed on the suspensions with
CuCl, and Cu(Ac); as metal precursors. This was done to further verify the synthesis of
metallic nanoparticles, and if possible, quantify the amount of metallic nanoparticles
compared to CuO and unreacted salt of the copper precursor.

1.2.1 Transmission electron microscopy (TEM)

The transmission electron microscope is an instrument that works under high vacuum, by
sending a beam of electrons, coming from a source such as a tungsten filament, toward the
sample. The sample is placed on a standard TEM 3.05mm diameter grid ring. The electrons
interact with the sample as they pass through it and this interaction forms an image, which is
then magnified and focused onto a fluorescent screen placed below. TEM generally has a
resolution of about 0.2 nm. Heavy metals, such as gold and copper, are visible with a good
contrast compared to the organic component of the plant extract.

Normally biological samples are fixated by embedding it in a plastic or by using a negative
staining material, in order to withstand the vacuum and to facilitate handling. Negative
staining has been used for study and identification of lipid aggregates (like liposomes) in
aqueous solutions (52). This sample pre-treatment is not necessary for metal nanoparticles,
thus allowing much less artifacts to affect the measurement.

Electron gun

Condensor aperture =

Specimen port Objective aperture

XX

Objective lens

. Diffraction lens
Intermediate aperture
Intermediate lens

XXX

<A\

. Projector lenses
Binoculars

/D Fluorescent screen

d Image recording system J

D

Figure 5 - Diagram outlining the internal components of a basic TEM system (53)
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1.2.2 X-ray photoelectron spectroscopy

The XPS technique uses a source that emits a monochromatic X-ray beam, which then
interacts with the atoms of the sample placed on the support, causing the emission of
electrons. An electron collection lens collects these electrons. The emitted electron has a
kinetic energy that depends on the energy of the x-ray radiation and energy of binding that it
had with the nucleus of the atom:

Ebth—(Ek—(D)

Ey is the binding energy, hv is the energy of x-ray photons, Ei is the kinetic energy of the
electron and @ is the work function of the instrument.

Once electrons are separated according to their kinetic energy, it is possible to determine the
binding energy with the atom from which they were expelled. This is therefore a very
sensitive and quantitative technique, which allows us to identify the various atomic species
present in a sample, but also the degree of oxidation in which they are present and, based on
the signal intensity, even in what quantity.

The supports, on which the samples are placed, can be of various materials. To analyse the
copper samples a gold support was used and because of the vacuum it was cooled with liquid
nitrogen. Gases and solvents trapped in the sample tend to be evaporated when under vacuum,
which reduces the vacuum in the machine and making it impossible to complete the scan.
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1.3 Evaluation of antimicrobial activity

1.3.1 Sensitivity assay

A sensitivity assay, or broth microdilution method, can be carried out to evaluate the
sensitivity of a bacterial culture to an antibacterial sample (54). The assay can be carried out
in a microtiter plate by incubation of a bacterial strain in the presence of two-fold dilution of
the nanoparticles preparation. The wells are filled with a defined amount of inoculum,
medium and antibacterial sample. Then it is diluted exponentially column 1 till 11, the wells
in column 12 are used for positive and negative controls.

The minimum inhibitory concentration (MIC), defined as the lowest concentration of a
sample that still shows inhibition on the growth of the bacteria (55), can be determined by
performing a sensitivity assay. The MIC can be used to quantitatively measure the
antibacterial activity of nanoparticles from plant extract.

1.3.2 Agar diffusion testing

Also referred to as disk diffusion sensitivity testing, is a way to test to what extent a
bacterium is affected by an antibiotic (56). Small round paper plates are infused with a sample
or an antibiotic and placed on an agar plate where the bacterium has been spread. It is then
left to incubate overnight. If the sample kills or inhibits the bacterium, there will be an area
around the disk where there is no visible growth of bacteria. This area is called the zone of
inhibition. The diameter of the zone of inhibition tells us how strong the antibacterial effect is.
A strong antibiotic will create a large circle, since a lower concentration is needed to inhibit
growth or kill the bacteria.
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1.4 Toxicity evaluation

Since silver, and in recent years also copper, have been used in wound dressings or the
disinfect wounds (23, 40, 51), it was decided to test the cytotoxicity of nanoparticles in
keratinocyte culture to assure the applicability of developed system in treatment of skin
infections.

1.4.1 Cytotoxicity assay

To test the toxicity of the metal nanoparticles a MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) based colorimetric assay was used. This assay is based on the
cleavage of MTT from a yellow tetrazolium salt to purple formazan crystals, by metabolically
active cells (57-59). This metabolization of MTT is due to the pyridine nucleotide cofactors
NADH and NADPH (60). The purple formazan crystals that are formed are solubilized,
colouring the solution, which is then quantified by a microplate reader.
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2 AIMS OF THE STUDY

The aim of this study was to apply the principles of green chemistry on the synthesis of
metallic copper and silver nanoparticles, using extract of blueberries to reduce the metal
precursors.

Since size and structure of metal nanoparticles has been shown to be important for the
antimicrobial effect, the nanoparticles size and shape were characterised by transmission

electron microscopy.

Moreover, we compared the antimicrobial potential of different types of nanoparticles and
prepared from different blueberry extracts.

Finally, the cytotoxicity of nanoparticles was assayed in keratinocyte culture to assure the
applicability of developed system in treatment of skin infections.
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3 MATERIALS AND METHODS

3.1 Chemicals and solutions

Table 2 — List of chemicals

Preparation of berry
extract

Synthesis of copper and silver
nanoparticles

Sensitivity assay

e Distilled H,O

e FEthanol-water
80/20 (v/v)
solution with
2mM NaF

o Freeze-dried V.
myrtillus and V.
gaultherioides
berries

e Ice for water bath

e Berry extract
Distilled/Sterile H,O
CuCl,

Cu(Acetate),
CU.NO3

AgNO;

E. coli ATCC 35218

S. aureus ATCC 29213

S. aureus ATCC 25923

Luria Bertani (LB)

broth medium

LB agar

e Ampicillin I mg/ml
solution

e NaCl 0.9% (w/v)

solution

Cytotoxicity assay

e Cell Proliferation Kit I (MTT) from sigma-aldrich
e Culture medium; ROMI 1640 containing 10% heat inactivated FCS (fetal calf serum),
2 mM glutamine and 1pg/mL actinomycin C, (actinomycin D).
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3.2 Equipment

Table 3: List of equipment

Analytical balance -

Centrifuge -

Heating plate/magnetic stirrer -

Vortex mixer -

Autoclave

Spectrophotometer Nach

Tubes for spectrophotometer -

Modified glass tubes (light bulb shape) -

Agar plates -
Microtiter plates -
BioPhotometer Eppendorf
Microplate reader TECAN infinite m200

PRO

Transmission Electron Microscope TEM CM12 PHILIPS
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3.3 Plant extract preparation

Freeze-dried samples of the whole fruit of V. myrtillus L. and V. uliginosum L. subsp.
gaultherioides were used. The berries had been picked from 10 (myrtillus) and 11
(gaultherioides) different areas in Tuscany. An “average sample mix” was prepared by taking
1.0 g of sample from each area and mixing them, this mix of berries was then used for extract
preparation. Approximately 2.0 g of sample of V. myrtillus L. and V. gaultherioides was
weighed. These were each placed in two different flasks with a magnet bar for stirring. 60 mL
of extraction solution, a mixture of ethanol/water 80/20 (v/v) containing 2.0 mM of NaF, was
added to each. Sodium fluoride was used to inhibit polyphenol oxidase, an enzyme found in
most fruits that oxidises the polyphenols, rendering them unable to reduce the copper ions
from 2+ to 0. The samples were then stirred for 15 minutes in an ice bath, covered from light.
Afterwards the samples were centrifuged for 5 minutes at 5000 rpm. The supernatant (extract)
was decanted and stored; additional 60 mL of the extraction mixture was added to the pellet
and the extraction process repeated one more time. The extraction solutions were afterwards
placed in a rotary evaporator, to remove the ethanol. From 120 mL of solution, 24 mL of
ethanol free solution was obtained. After ethanol was removed, the extract was filtered first
through a 1.0 um filter and then a 0.22 pm filter. This way the seeds and other solid parts are
removed, as well as sterilising the extract.

For the next synthesises, extract was prepared with 1.5 g of freeze-dried berry and two

extractions with 45 mL of extraction solution. From 90 mL of solution, 18 mL of ethanol free
solution was obtained.
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3.4 Synthesis of metal nanoparticles at 70°C

3.4.1 First synthesis

Four samples were prepared by adding 2.0 mL of metallic precursor (0.25 M solutions of
CuCl; and Cu(CH3COO),) to 18 mL of the extracts of V. myrtillus (M) and V. gaultherioides
(G). Two “blank” samples, containing only the extracts, were prepared as controls.

Table 4 - Overview of samples for first synthesis

Sample composition

2.0 mL 0.25 M CuCl; + 18.0 mL myrtillus extract

2.0 mL 0.25 M Cu(CH3COOQ), + 18.0 mL myrtillus extract

2.0 mL 0.25 M CuCl, + 18.0 mL gaultherioides extract

2.0 mL 0.25 M Cu(CH3COOQ), + 18.0 mL gaultherioides extract
20.0 mL myrtillus extract

20.0 mL gaultherioides extract

AN N[ |W[N|—

For the first 2 hours, the tubes were heated at ~ 70 °C in a water bath covered from light with
aluminium foil. A magnet stirrer was used during the whole synthesis. The temperature was
monitored throughout the synthesis with a thermometer. The temperature oscillated between
69 and 71 °C. After the first two hours, the heating was turned off and the stirring continued
at room temperature (~ 20-25 °C) for an additional 22 hours (total time for synthesis 24
hours).

3.4.2 Second synthesis
For the second synthesis at 70°C silver nitrate solution was used in two different
concentrations: 0.25M and 0.125M.

Table 5 - Overview of samples prepared for second synthesis

Sample composition

1 1.0 mL 0.25 M AgNOs + 9.0 mL myrtillus extract

1.0 mL 0.25 M AgNOs + 9.0 mL gaultherioides extract
3 1.0 ml 0.125 M AgNOs + 4.5 mL myrtillus extract

+ 4.5 mL distilled H,O

4 1.0 mL 0.125 M AgNO; + 4.5 mL gaultherioides extract
+ 4.5 mL distilled H,O

5 5.0 mL myrtillus extract

6 5.0 mL gaultherioides extract

The synthesis itself was performed as described for the previous synthesis; the only difference
was that the stirring for 22 hours was not performed to reduce the time of the synthesis.
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3.5 Synthesis of nanoparticles at 50°C

For the synthesis at 50°C the following samples were prepared:

Table 6 - Overview of samples prepared for third synthesis

Sample compostition

1.0 mL 0.125 M CuNOs + 4.5 mL H,O + 4.5 mL myrtillus extract

1.0 mL 0.125 M AgNO; + 4.5 mL H,O + 4.5 mL myrtillus extract

W N | — [ F

1.0 mL 0.125 M CuNOs; + 4.5 mL distilled H,O + 4.5 mL
gaultherioides extract

1.0 mL 0.125 M AgNO; + 4.5 mL distilled HO + 4.5 mL
gaultherioides extract

5

5.0 mL V. myrtillus extract + 5.0 mL distilled H,O

6

5.0 mL gaultheroides extract + 5.0 mL distilled H,O

The synthesis was performed in a heating chamber at 50°C on an orbital shaking machine
using sterilised glass beads as agitators inside the tubes. The samples were shaken for 2 hours.
After the 2 hours, the heat and shaking was turned off, and the samples were kept still and

protected from light overnight.

Page 21 of 71




3.6 Purification of copper nanoparticles

A washing was performed by putting 1.0 mL of synthesised nanoparticle suspension (CuCl, +
G, CuCl, + M, Cu(CH;3COO;), + G and Cu(CH3COO,), + M) into 10 eppendorf tubes.

1.
2.

3.

>

=0 0N

These tubes were then centrifuged at 15 000 rpm for 10 minutes.

The supernatants were decanted into another container and the pellet was re-
suspended in 1.0 mL of a 1.0 M citric acid solution.

The tubes were centrifuged again at 15 000 rpm for 10 minutes

Supernatants were decanted into a new container and the pellets were re-suspended in
1.0 mL of 1.0 M citric acid solution

Then the tubes were centrifuged again at 15 000 rpm for 10 minutes

The supernatants were decanted into a new container

Pellets were re-suspended in distilled water (MilliQ) to remove the citric acid.

The samples were then centrifuged one last time at 15 000 rpm for 10 minutes.
Supernatants were decanted into a new container.

. The pellets were then suspended in 1.0 mL of MilliQ water. The pellet in two of the

eppendorf tubes of each sample were suspended in only 0.5 mL of MilliQ water, as to
make 2 times the original concentration of nanoparticles. 1 tube of each sample was
not re-suspended in water, in order to ease the lyophilisation before XPS analysis.

3.7 Transmission electron microscopy analysis

All samples containing nanoparticles and metal precursor were analysed by TEM. A small
drop of sample was put on a standard TEM 3.05mm diameter grid ring, the liquid was
evaporated and the grid was then inserted into the TEM. Four to eight images were taken of
each sample to assure a representative sample. The machine used was TEM CM12 PHILIPS,
equipped with an OLYMPUS Megaview G2 camera, at accelerating voltage of 100 keV.

3.8 X-ray photoelectron spectroscopy

The Eppendorf tubes from the purification process where the pellet had not been re-suspended
were lyophilized as preparation for the XPS analysis. Samples were put on a gold plate
support and analysed.
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3.9 Agar disk diffusion antibacterial testing

As a way of testing antibacterial activity of the samples of the first nanoparticle synthesis
(CuCl, and Cu(Ac)y), an agar disk diffusion antibacterial test was performed (56). S. aureus
or E. coli cells were spread on Luria Bertani (LB) agar plates (10 g bacto-tryptone, 5 g yeast
extract, 10 g NaCl and 15 g technical agar per liter medium) (61, 62) with the help of sterile
glass beads, to form a uniform bacterial lawn. Afterwards, six, standard, sterile paper disks
were placed evenly spaced from each other on the agar plates, then 20 puL of sample was
carefully dripped onto the disk. The plates were then incubated overnight at 37°C. The day
after the diameter of the zone of inhibition was measured to qualitative compare the
antimicrobial activity of different samples.

3.10 Antibacterial testing in tube with liquid medium

To test the samples” antibacterial activity suspended in a liquid medium, as opposed to when
it is allowed to precipitate in the microtiter plate or only diffuse through a paper disk and agar,
a liquid medium antibacterial test was performed:

Sterile plastic tubes (15 mL), each containing 1,0 mL of LB medium at 1.5x concentration,
0.1 mL of bacterial solution (S. aureus ATCC 29213 that was pre-inoculated a day in
advance) and 0.35 mL of sample, were prepared. One additional tube was prepared with
ampicillin (1pg/mL) as a positive control. LB 1.5x medium composition: 15 g bacto-tryptone,
7.5 g yeast extract and 15 g NaCl per liter medium.(61)

After incubation overnight, 10 pL was taken from the tubes and diluted in sterile NaCl 0.9%
solution up to 1 mL, then 100 pL was spread on a LB agar plate and left to incubate
overnight. The day after, the colonies on the plates were counted to determine the viability of
the bacterial culture and compare the antimicrobial activity of different samples.
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3.11 Sensitivity assays

One strain of E. coli and one strain of S. aureus were cultured in Luria Bertani (LB) broth.
The broth contains 10g bacto-tryptone, 5g yeast extract and 10g NaCl per liter. The bacteria
were incubated at 37°C on an orbital shaker (130 rpm) overnight. Afterwards the bacterial
culture was diluted 10 times in a saline solution and ODggonm Was recorded and adjusted to
reach ODgoonm = 0.2. A BioPhotometer (Eppendorf), zeroed against saline solution, was used
to record the absorbance.

Round bottomed, transparent, 96 well (8x12) microtiter plates were used for the sensitivity
assay. First all the wells in the plate were first filled with 50 uL of LB using a multi-channel
pipette. For each sample, 50 uL. of undiluted suspension was put into 1A-H wells and mixed 5
times (for this a single-channel pipette was used, changing tip for each different sample).
Then using a multi-channel pipette w/o changing tips, 50 pL from wells 1A-H was withdrawn
and transferred to the 2A-H wells and mixed 5 times, this was then repeated for the whole
plate until the 11A-H wells; after the mixing 50 pL were removed from the 11A-H wells. The
12A-H wells were used as positive and negative control, and as chemicals sterility control or
to see the OD of the samples alone (the samples with containing extracts had a very
overpowering colour). The plates were then incubated for 24 h at 37°C. A TECAN infinite
m200 PRO microplate reader was used to read the OD600 nm: Mode: Absorbance,
wavelength: 600 nm, bandwidth: 9 nm, number of flashes: 25, settle time: 0 ms.
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3.12 Cytotoxicity assay

A Cell Proliferation Kit I (MTT) from Sigma-Aldrich was used to test the toxicity of the
metal nanoparticles and controls. The cytotoxicity assay procedure for Cat. No. 11 465 007
001 was followed:

Table 7 - Procedure for cytotoxicity assay

Step | Action

1 WEHI-164 cells were preincubated at a concentration of 1*10° cells/mL in
culture medium with 1pg/mL actinomycin C1 for 3 hours at 37°C and 5-6.5%
COa.

2 Cells were seeded at a concentration of 5*10° cells/well in 100 pL culture

medium containing 1 pg/mL actinomycin C; and various amounts of sample
(1 pL, 5 uL and 10 pL) into tissue culture grade, 96 wells, flat bottom
microplates.

Blank = 100 pL. medium

Control =90 puL cell suspension + 10 pL medium

Sample =90, 95 or 99 uL cell suspension + 10, 5 or 1 puL sample

Cell cultures were incubated for 24 hours at 37°C and 5-6.5% COs,.

4 After incubation 10 pL of MTT labelling agent was added to each well (final
concentration of 0.5 mg/mL).

5 The microplates were then incubated for 4 hours in a humidified atmosphere
(37°C and 5-6.5% COy).

6 110 pL of the Solubilization solution was added to each well.

7 The plates were then allowed to stand overnight in the incubator in a

humidified atmosphere (37°C and 5-6.5% CO).

8 The purple formazan crystals were checked for complete solubilisation and the
spectrophotometric absorbance of the samples was measured using a
microplate reader.
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4 RESULTS AND DISCUSSION

4.1 Synthesis of metal nanoparticles at 70°C

The synthesis procedure used here is similar to most procedures involving plant extract in the
synthesis of metal nanoparticles (22, 27, 63). This is a bottom up synthesis; where the
nanoparticles are formed by the joining of smaller entities (27).

4.1.1 First synthesis of copper nanoparticles at 70°C

The setup of the synthesis is shown in Figure 6. The colour of the samples changed very little
when adding the metal precursors, becoming slightly darker purple, which might be expected
considering the blue colour of the metal precursor solution. The difference in extract colour
between the gaultherioides and myrtillus extract is also very noticeable; the myrtillus has a
much stronger and “blueberry-like” colour, while gaultherioides is more transparent and less
purple. The samples containing the metal precursor Cu(CH3COO); had bit darker colour. No
apparent change in colour from the start of the synthesis till the end was detected. One might
have expected a slight shift towards a more copper metal (redish-yellow-brown) colour, as
more and more copper ions were reduced to metallic Cu-NPs (64). After the end of the
synthesis the samples were stored in a refrigerator at around 5°C. After overnight storage in
the refrigerator, a dark precipitate was seen in the bottom of the tubes. This could indicate that
the suspended Cu-NPs are not stable in suspension and tend to aggregate.

Kartell

Figure 6 - Setup for the synthesis of nanoparticles at 70°C under vigorous magnetic
stirring.

Page 26 of 71



The absorption spectra were recorded at different times during the synthesis
spectrophotometrically, at the wavelength 400-900nm with 2 nm steps. However, these had
no clear peaks or notable change at 580 nm, which is mentioned in literature to be the peak
absorbance for copper nanoparticles (64, 65) were detected. This could be caused by the
overpowering absorbance of the extract itself, that itself has a purplish-red colour, making it
difficult to observe. It could, of course, also mean that a very small portion of the ions are
reduced to metallic NPs, although the TEM images indicate that metallic NPs have been made
in the synthesis (Figure 9, Figure 10, Figure 12, Figure 14 and Figure 16)
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4.1.2 Second synthesis of silver nanoparticles at 70°C

In Figure 7 we see the difference in colour between the extracts with and without silver
nitrate. The myrtillus extract has a stronger red-violet colour, while the gaultherioides extract
has a more transparent colour. The myrtillus extract does not change its colour even at higher
concentrations of silver nitrate; it becomes more transparent, but keeps its purple colour. This
might be because the myrtillus extract has a much stronger colour than the gaultherioides
extract. The silver gives a slight grey-black tint to the solutions, as is more apparent in the
tubes with gaultherioides extract. There was no change in colour from the start of the
synthesis till the end; however, a dark coating that was quite difficult to remove, could be
seen in the tubes. This is probably one of the silver salts with low solubility in water, e.g.
Ag>S (66). Some liquid silver salts that are exposed to light could also cause the dark colour,
e.g. silver halides (67, 68). These same salts might also be the reason we see the grey-black
tint in the samples after addition of silver nitrate. Samples were stored in a refrigerator at
around 5°C, until further testing.

ndnbn

Figure 7 — Colour change of silver nanoparticles during the synthesis at 70°C.
Diluted 1:39 (v/v) sample, makes it easier to see difference in colour. From left: gaultherioides (G) extract,
myrtillus (M) extract, AgNO; 0.0125 M + G extract diluted 1:1 (v/v), AgNO; 0.0125 M + M extract diluted 1:1
(v/v), AgNO; 0.025 M + undiluted G extract, AgNO; 0.025 M + M.
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4.2 Synthesis of copper and silver nanoparticles at 50°C

After addition of copper and silver metal precursor there was a slight colour change of the
nanoparticle suspension. In tube 1 and 3 (see Table 6) were copper nitrate was added to
extract, the suspension became slightly darker purple, while in tube 2 and 4 (see Table 6)
were silver was added, the suspension got a greyish tint to them. The same colour was
observed in tube 3 and 4 from the left in Figure 7, from the synthesis of silver nanoparticles at
70°C. There was no great change in colour from the start of the synthesis till the end of the
synthesis. One might expect the colour of the suspensions with added copper solution to turn
a bit more towards red; since CuNO; has a strong blue colour, while metallic copper
nanoparticles should have a typical copper red colour (64). The next day, after they had been
stored protected from light at room temperature (=25°C), there was a purplish-black
precipitate at the bottom of the tubes; this was easily re-suspended by shaking the tube. The
samples were then stored in a refrigerator at around 5°C until further testing.
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4.3 Purification of copper nanoparticles

After the first centrifugation (step 1 in purification process, section 3.6) there was a dark
pellet at the bottom of the Eppendorf, while the liquid did not seem to have lost much of its
original colour (see first and fifth tube in Figure 8). The pellet itself was very difficult to re-
suspend, so a vortex was used to ease this process and save time. The suspension had a much
lighter colour than the original suspension (second and sixth tube in Figure 8), the change was
most detectable for the suspensions with the gaultherioides extract (tube 6). After the second
re-suspension of the pellet, almost all colour disappeared from the suspension and after the re-
suspension and centrifugation in MilliQ the liquid was colourless with just a weak tint of pink
and the pellet was almost non-existent.

Figure 8 - Liquid decanted after each centrifugation step. From left to right: the 4 first tubes are
CuCl, + myrtillus; First decanting, second decanting (with citric acid sol.), third decanting (with citric acid sol.),
fourth decanting with MilliQ water. The 3 next tubes are CuCl, + gaultherioides. First decanting, second
decanting (citric acid sol.), third decanting (with citric acid sol.).

Since almost all the extract seems to be lost during the purification process, there is not
enough extract left to work as a capping agent for the nanoparticles. It also seems as though a
great deal of the copper nanoparticles, and most certainly the ions, are lost during the process.
A better way of preparing the nanoparticle suspension as well as a way of controlling particle
size, would be to use a more diluted extract for the synthesis (22). Other groups that have
washed/purified the copper nanoparticles used a much shorter purification procedure with
only deionised water (22, 69). Citric acid was used to protect/reduce the amount of oxidation
of the metallic Cu-NPs. The last washing with MilliQ water was to remove most of the citric
acid, since it was thought it could work as a carbon source for the bacteria during the
antibacterial testing. Suspensions containing citric acid would have been interesting to test,
since the citric acid could have worked as a stabiliser for the nanoparticles, together with the
extract (64, 70, 71).
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4.4 Transmission electron microscopy

To determine if the synthesis of metal nanoparticles was successful, and to determine the
particle size, the transmission electron microscopy was used. The metallic nanoparticles
would be seen as dark spherical particles, in contrast to the crystalline structure of the
precursor salts of the metals (10, 13, 22, 26, 33). As detectable in the TEM images after the
purification of the copper nanoparticles (Figure 17-Figure 23), we can also see what is most
likely copper oxide as the crystalline structures were also observed. This is to be expected
since, as mentioned in the Introduction (section 1.1.3), the metallic copper will oxidise rather
easily.

4.4.1 TEM images of nanoparticle suspensions of CuCl, + M/G and Cu(Ac), +
M/G synthesised at 70°C

Figure 9 — CuCl, + gaultherioides

Some larger aggregations around 50-100 nm in size were observed. Bar scale 100 nm.

1gure 10 - CuCl;, + gaultherioides.

Most of the sample consisted of very small spherical particles ranging from 2-4 nm. Bar scale 50 nm.
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Figure 11 — CuCl, + myrtillus.
Several of these crystalline structures were observed, sizes ranging from 40-200 nm, with what seems to be
aggregations of spherical particles and/or berry extract surrounding them. Bar scale 200 nm.

Figur 12 12 myrtillus.

Spherical structures ranging from around 50-100 nm. Bar scale 200 nm.
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Figure 13 - Cu(Ac), + gaultherioides.

A large amount of small spherical particles, trapped in a web of what is most likely the berry extracts. Bar scale
50 nm.
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Figure 14 - Cu(Ac), + gaultherioides.

Very small spherical particles ranging from around 3-10 nm. Bar scale 100 nm.
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Figure 16 - Cu(Ac); + myrtillus.

Large amounts of small spherical particles around 4-10 nm, a few larger particles above 20 nm were observed.
Bar scale 100 nm.
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4.4.2 TEM images of purified nanoparticle suspensions of CuCl, + M/G and
Cu(Ac), + M/G synthesised at 70°C

Figure 17 — Purified sample of Cu(Ac); + gaultherioides

Most of the sample contained crystallised structures in clusters like this. Ranging from small (around 10nm) to
large 40-70 nm. Bar scale 200 nm.

Figure 18 — Prﬁed sample of Cu(Ac); + gaultheriides.

Clusters that might contain metallic nanoparticles. Bar scale 200 nm.
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Figure 19 — Purified sample of Cu(Ac); + yrtillus.

Sample contained mostly a mesh of the extract. Some particles were found, with a size ranging from 10-20 nm.
Bar Scale 200 nm.
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Figure 20 — Purified sample of CuCl, + gaultherioides.

Consisted of large crystallic particles, mostly in clusters. Bar scale 500 nm.

Lungheza; u.uq.

Lungheza: 70,88 nm

Liinghezza: 182,65 nm

.

| nguré 21 — Purified sample of CuCl, + gaultherioides.

o

Mostly crystallic particles with very different sizes and some rod structures. Bar scale 1 pm.
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Figure 22 — Purified sample of CuCl, + myrtillus.

Large tight clusters with particles ranging from 20-25 nm. Bar scale 100 nm.

L ) hEET e
4 pamnerza; 13,131

“Wonm

Figure 23 _ Purified sample of CuCl, + inyrtillus.

More clusters that also shows the mix of what seems to be the metallic nanoparticles and crystalline structures.
Size from around 10 nm to 30 nm. Bar scale 200 nm.
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4.4.3 TEM images of nanoparticle suspensions of AgNO; and CuNO; (0.0125M)
nanoparticle‘sv + M/G (diluted 1:1, v/v) sytsied at 50°C

Figure 24 gNO3 + myrtillus.

The sample has a wide distribution of size, mostly spherical particles from 7-15 nm. A few particles were quite a
bit larger, ranging from 20-30 nm. Bar scale 200 nm.

11430m
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.W‘ 1076 nm
< ghezza: 7,28 nm
phezza: 10,41 nm

200 nim

Figure 25 — AgNOs + gaultherioides.

Sample contains mostly spherical particles ranging from around 7-11 nm. A few larger particles around 20 nm
were also observed. Bar scale 200 nm.
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Figure 26 — CuNO; + myrtillus.

A large part of the sample consists of spherical nanoparticles around 6 nm. Bar scale 100 nm.
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Lunghezza: 29,54 nm
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Figure 27 — CuNO; + myrtillus.

Some aggregates of nanoparticles, ranging from 20-50 nm, much larger than rest of the sample were found.
Bar scale 200 nm.
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Figure 28 — CuNO; + gaultherioides. ‘

Sample consisted of aggregates of nanoparticles with sizes ranging from 17-30 nm. Bar scale 200 nm.
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4.4.4 TEM images of nanoparticle suspensions of AgNQO; at 0.025M with
undiluted extract and AgNO; at 0.0125M with extract diluted 1:1.
Synthesised at 70°C

100 nm

Figure 29 - AgNO (0.025) + undiluted gaultherioides extract.

Small spherical nanoparticles ranging from 5-10 nm was observed. Bar scale 100 nm.

100 nm

Figure 30 - AgNO (0.025) + undiluted gaultherioides extract.

Some loose aggregations of small spherical nanoparticles 5-20 nm. Bar scale 100 nm.
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Figure 31 — AgNOs3 (0.0125) + gaultherioides extract diluted 1:1 (v/v).

A sparse amount of nanoparticles ranging from 5-10 nm was observed. Most of the particles were around 5 nm.
Bar scale 100 nm.
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Mostly loose aggregates of spherical nanoparticles ranging from 6-10 nm.
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Figure 33 — AgNO; (0.0125M) + myrtillus extract diluted 1:1 (v/v).

A sparse amount of free spherical nanoparticles around 8-14 nm was observed. Bar scale 100 nm.

=

Figure 34 — AgNO3 (0.0125M) + diluted myrtillus extract 1:1 (v/v).

Several aggregations of this size were seen in the sample. The spheres varied in sizes from around 10 nm to
more than 100 nm. Bar scale 100 nm.

The descriptive summary of the observed TEM images is presented in Table 8.
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Table 8 - Summary of nanoparticle sizes as determined in TEM analysis

Synthesis at 70°C Sizes determined in Synthesis at 50°C Sizes
with forceful TEM with an orbital determined in
magnetic stirring shaker TEM
CuCl 0.025 M + Few spherical particles CuNO; 0.0125M + 6-10 nm
myrtillus 50-100 nm myrtillus

Cu(Ac)2 0.025 M + 4-10 nm CuNO; 0.0125M + 15-30 nm
myrtillus gaultherioides

CuCl, 0.025 M + 5-10 nm AgNO3 0.0125M + 5-20 nm
gaultherioides myrtillus

Cu(Ac), 0.025 M + 3-10 nm AgNO3 0.0125M + 5-20 nm
gaultherioides gaultherioides

AgNO;3 0.0125 M + 8-18 nm

myrtillus

AgNO;3 0.0125 M + 5-8 nm

gaultherioides

AgNO3 0.025 M + 4-9 nm

myrtillus

AgNO3 0.025 M + 5-10 nm

gaultherioides

TEM images from the first synthesis with the gaultherioides extract show very small,
spherical nanoparticles ranging 3-10 nm (Figure 10, Figure 13 and Figure 14), with some
large particles of 50-100 nm in the sample with CuCl, + gaultherioides extract (Figure 9).
The samples with myrtillus extract had a higher number of larger particles. CuCl, + M
showed several large, crystalline structures (Figure 11), possible salt crystals of unreacted
precursor, and some spherical nanoparticles ranging from 50-100 nm (Figure 12). The
samples that had Cu(Ac), as a metal precursor had several rod-shaped particles (Figure 15),
but also a large amount of small spherical nanoparticles ranging from 4-10 nm (Figure 16).
The nanoparticles, with the same concentration of metal precursor and extract, synthesised at
70°C are smaller than those synthesised at 50°C. This to be expected considering other reports
on similar findings (22). No attempts to synthesise nanoparticles at a higher temperature than
70°C were done since the polyphenols might decompose, lowering the reducing capabilities
of the extract. Prior to the synthesis at elevated temperature, one should evaluate the stability
of extracts. This is also the reason that the extract and nanoparticle suspension was protected
from light as much as possible; UV-light exposure decomposes polyphenols as well (72-74).
Also since this was an attempt of a green chemistry approach to the synthesis of metal
nanoparticles, lower temperatures were preferred because of the energy saving aspect. The
synthesis of metal nanoparticles at room temperature (= 25°C) was not performed, since it
would most likely be a much slower process (22) and the synthesis would not have a defined
“end”. This might cause very different results according to what time the metal precursor and
extract was mixed, and at what time the tests were performed.

As seen in the TEM images of the purified samples (Figure 17-Figure 23), there is a large
degree of crystallisation, meaning there is little or no metallic copper (Cu”) nanoparticles left
in the suspension. Which is to be expected considering how easily metallic copper is oxidised
(see introduction section 1.1.3). Since a large amount of the capping agents are removed
during the purification procedure, the surface of the nanoparticles are less resistant to
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oxidation . Therefore, it was decided not to perform a purification of the nanoparticles made
in later synthesises.

It was hypothesised that the lack of antibacterial effect from the copper nanoparticles might
be because the particles were too small, since most studies use Cu-NPs that are quite larger
than what we have prepared here; around 20 nm or larger (22, 23, 44). One study prepared
Cu-NPs that were around 5-10 nm that showed antibacterial effect and non-cytotoxicity (75).
However, this might be because their NPs were considerably more stable and they did not
have the same problems regarding aggregation and precipitation.

A new synthesis was therefore performed using an orbital shaker, lower temperature and
lower concentration of both metal precursor and extract. From the TEM images of the
samples from this synthesis we see that the nanoparticles are in general larger (Figure 24-
Figure 28) than the nanoparticles prepared at a higher temperature and with more vigorous
stirring (Figure 9-Figure 16 and Figure 29-Figure 34). Another way to control size could be
by adjusting the amount of metal precursor but keeping extract undiluted, or by keeping metal
precursor concentration the same and diluting the extract. This has been done by others as a
way of modifying size of copper and silver nanoparticles (22, 46).
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4.5 X-ray photoelectron spectroscopy

The XPS analysis showed no signs of copper, copper oxide or any of the copper salt
precursors, neither for the purified or untreated samples. Considering the high loss of both
extract and most likely Cu-NPs and copper ions, after the purification process, it could be
expected not to detect them in the XPS analysis. Since the XPS is only able to read the
surface area of the sample (ca. 0-10 nm), the reason that we could not detect the copper in the
untreated samples might be because of the amount of extract that is now covering the Cu-NPs
and the unreacted metal precursor salt. Others did not encounter the same problem, although
they used a diluted extract for their synthesis than we did (22).
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4.6 Antimicrobial potential of nanoparticles

The exact concentration of metal nanoparticles in the suspensions is not determined, but we
know that metal nanoparticles should exhibit a greater antibacterial effect than the salt
solution. Therefore, one would expect more inhibition of bacteria by samples containing
nanoparticles than for the salt solutions. The aggregation and precipitation observed during
storage of the nanoparticles may interfere with the testing, especially those where the
suspensions are static (broth microdilution on microtiter plates and agar disk diffusion tests).

4.6.1 Agar diffusion testing

After incubation at 37°C the diameter of the inhibition zone was measured. Results are

summarised in Table 9 below.

Table 9 — Inhibition zone (mm) for samples from the first synthesis.
* = No growth observed underneath the disks. 1 parallel for each strain.

# Sample

E. coli ATCC
35218

S. aureus
ATCC 25923

S. aureus
ATCC 29213

1 M

2 G

Ampicillin (1 pg/mL)

30

21

NaCl 0.9%

CuCl, 0.025M

*

Cu(Ac), 0.025M

*

CuChL +M

6.5

Cu(Ac), + M

7.0

CuCL +G

7.5

Cu(Ac), + G

O[R[N |n| =|W|!

Purified CuCl, + M

[S—
S

Purified Cu(Ac), + M

—
—

Purified CuCL + G

[S—
\S]

Purified Cu(Ac), + G

[S—
(8]

Purified, 2x concentration
CuCL +M

14 | Purified, 2x concentration
Cu(Ac), + M

15 | Purified, 2x concentration
CuCl, + G

16 | Purified, 2x concentration
Cu(Ac), + G
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As seen in Table 9 the S. aureus ATCC 29213 seems to be more sensitive to the copper, both
the ions and the nanoparticle samples. None of the purified samples exhibited any
antibacterial effect, which might be because a large amount of the copper is lost in the
purification process.

Additionally, as seen in the TEM images of the purified samples (Figure 17-Figure 23), there
might be only copper oxide left, and no metallic copper nanoparticles. As seen in for the
copper salt solution controls (Number 3 and 4 in Table 9) against S. aureus ATCC 29213,
there was no growth of S. aureus directly underneath the disk, but no inhibition beyond the
disk. This made us suspect that the agar absorbs too much of the metal ions and nanoparticles,
and not letting them diffuse properly. Therefore, it was decided not to use the disk diffusion
test for testing the antibacterial effect of the nanoparticles from the other synthesises.

Other studies using disk diffusion testing did not report the same problem (45, 65). Since one
could also see aggregation and precipitation of what is most likely metal nanoparticles and
some extract when the suspensions are left standing for a couple of hours, it was decided not
to use the disk diffusion test for antibacterial testing of the samples from the other
synthesises. Another reported method used for testing of the copper nanoparticles consisted of
a sterile latex sponge dipped in copper nanoparticle solution and then put in a flask of liquid
medium (22), however, these materials and amount of copper nanoparticles were not
available. It was decided that a liquid medium antibacterial testing might be a better way of
testing the antibacterial activity.
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4.7 Antibacterial testing in tubes with liquid medium

Only the S. aureus ATCC 29213 strain was used in the antibacterial testing in tubes with
liquid medium, since it showed more sensitivity to the copper nanoparticles. Our version of
the test is very similar to the one used by Lee et al (22), but instead of using a sponge dip-
soaked in the nanoparticle suspension we put the suspension directly into the tube. In Table
10 the results of the counting of the bacterial colonies after plating of the tubes incubated in
an orbital shaker for 24 hours at 37°C at 130 rpm are summarized. The purified samples
showed no inhibition of bacterial growth, which might be because a large loss of metal NPs
during the purification process. It is worth noticing that it seems the extracts alone have some
inhibiting effect on bacterial growth; this was not seen in either the disk diffusion test or the
microtiter plate test. The non-purified nanoparticle suspensions (#5-8 in Table 10) seem to
affect the growth of bacteria, however the plates appear to be contaminated (Figure 35).

Figure 35 - Plate of sample #5 (see Table 10) CuCl, + myrtillus extract.
1 = colony with a very strong yellow colour not similar to the S. aureus strain that was inoculated in the liquid
medium. 2 = White colony that is slightly off compared to the white coloured colonies of the S. aureus strain
that was inoculated.

The reason that this test gave result different from the disk diffusion test is most likely
because the extract and nanoparticles tended to aggregate and sediment. Since the disk
diffusion and microtiter plates are static, all the particles stay in one place or sediment,
making it difficult for the nanoparticles to affect the bacteria. Lee et al. (22) found that their
biologically synthesised Cu-NPs were stable for up at least 30 days, compared to their
chemical synthesis of Cu-NPs which precipitated within 24 hours. They also saw that the
more stable Cu-NPs exhibited stronger antibacterial effect than the less stable Cu-NPs.
Keeping the Cu-NPs suspended during the incubation might be one of the reasons we see
more growth inhibition than in the other two antibacterial tests. What should also be noted is
that since the medium is water based and the tubes are agitated, there is an increased risk that
a large amount of the metallic Cu-NPs have been oxidised. This is not necessarily all
negative, since CuO also has been shown to show antibacterial effect (63, 76), but it makes it
difficult to evaluate the antibacterial effect of the metallic Cu-NPs alone. It might also be that
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it was simply too low concentration of Cu-NPs, CuO and copper ions to exhibit an
antibacterial effect, therefore higher concentrations should be tested. It could also be that the
concentration of the extract is too high, covering the copper and restricting it from exerting its
effect on the bacteria. Clearly, it is crucial to optimize the concentration of extracts used in the
green synthesis.

It would have been interesting to try a liquid medium antibacterial test on an E. coli or B.
subtilis strain too, since antibacterial effect has been detected against both of these bacteria in
other studies; even greater activity than Ag-NPs against B. subtilis was reported (22, 44, 45).

Table 10 — Antimicrobial evaluation. 1 parallel with S. awreus ATCC 29213.

*= Contamination because none of the colonies resemble the colour or shape of inoculated S. aureus strain.

Sample Result

M 3 visible colonies

G No growth

CuCl, 0.025M No growth

Cu(Ac), 0.025M 11 colonies, most likely contamination*

CuCl, + M 51 colonies, most likely contamination™®

Cu(Ac), + M 5 colonies, most likely contamination®

CuClL + G 80 colonies, at least 2 contaminants*

R [QA[ NN || W |—H

Cu(Ac) +G 8 colonies, most likely contamination®

O

Purified CuCl, + M

[S—
S

Purified Cu(Ac), + M

—
—

Purified CuClL + G

[S—
\S]

Purified Cu(Ac), + G

[S—
W

Purified, 2x concentration
CuCL +M

14 Purified, 2x concentration No inhibition
Cu(Ac), + M

15 Purified, 2x concentration
CuCl, + G

16 Purfied, 2x concentration
Cu(Ac), + G
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4.8 Sensitivity assays

Exact concentration of the metal nanoparticles is not known, since there was no way of
measuring it. The synthesis will most likely not reduce 100% of the copper and silver ions to
metallic copper and silver nanoparticles. Since the ions themselves should have some
antibacterial effect we operated with the concentration to be more or less the same as for the
concentration of metal precursor. If the metallic nanoparticles had greater antibacterial effect
than the ions, as seen in several other studies (49, 50), we should have seen a decreased MIC
for the samples compared to the copper and silver salt solutions.

The purified Cu-NP formulations did not show any antibacterial effect in both concentrations
that were prepared. This, along with the TEM images showing a large grade of crystallisation,
is why it was decided not to purify the nanoparticles from the other synthesises.

As seen in the tables in the Appendix there is a very high absorbance in the wells with the
highest concentration of NPs. For example, as seen in Table 22 row D, the absorbance is very
high in column 1-4, but in column 5 it reaches its lowest point before increasing again from
column 6 and onwards. It would be reasonable to assume that the absorbance seen in the first
wells is then caused by the colour of the sample, and as the concentration of sample
decreases, the bacteria are no longer inhibited and starts growing again from the well in
column 6. This could also mean that if the wells up to column 5 had been plated, we would
have seen an inhibition of growth. In row F and H (Table 22) we see that for the Ag-NP
suspensions the problem with disturbance of OD was smaller. The disturbance is much lower
for the H row, were the extract has already been diluted. For the Ag-NP suspensions there was
a much smaller pellet in these wells, also for the Ag-NPs synthesised at 70°C and for both
concentrations 0.0125 M and 0.0250 M. This means that the Ag-NPs are probably more stable
in suspension than the Cu-NPs.

It was observed that wells containing sample had a small pellet of dark material in the bottom,
especially in the wells with higher concentration. This is most likely the same kind of
precipitate as seen in the tubes when they are left standing for a while, and one of the reasons
the disk diffusion test did not work properly. The interference of the extract on the absorbance
makes it difficult to get a correct reading. A reading of the plate at t, (just after adding of the
bacteria) should have been done. This way the difference in Optical Density (OD) could have
been calculated: AOD = tys-ty. If there had been time, the wells would have been plated to
accurately define a MIC value. Others who used microtiter plates for testing metal
nanoparticles, plated the wells to determine MIC, used a colour indicator or an automatic
microtiter fluorescence assay (77-79). One could also have attempted to put the microtiter
plates on a shaker during the incubation, which would help keep the nanoparticles dispersed
in the suspension. Changing the synthesis to different metal concentrations and dilutions of
the extract could make a composition that stays stable for longer, which in turn could have
increased antibacterial effect compared to the suspensions prepared in these experiments (22,
27, 33).
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4.9 Cytotoxicity assay

Although we have not detected the expected antimicrobial activity of NPs, it was important to
evaluate their potential toxicity. Considering that silver NPs are widely used as wound
dressings (40, 51), we selected one of the most commonly used keratinocytes as a model cells
to determine potential cytotoxicity.

The results of the cytotoxic assay are presented below in simplified tables of the microplate
readings (Table 11-Table 13).

Table 11 - Cytotoxicity results plate 1.

CuCl, and Cu(Ac), (2.5%10>M). CT = Cytotoxic, NCT = Live cells/not cytotoxic. * = Somewhat cytotoxic,
interference of absorbance caused by colour of extract.

1 pL sample | 5 pL sample 10 uL sample
1 2 |3 [4]5]6 7 8 |9 [10 |11 12

A Blank wells
G B NCT NCT | CT NCT?*
M C | Blank NCT CT CT Control | B
Cu(Ac),+G |D CT CT CT L
Cu(Ac), +M | E CT A
CuCh+G F | Control CT CT [NCT? CT Blank | N
CuClL+M G CT K

H Blank wells

Table 12 — Cytotoxicity results plate 2.

CuNO3 and AgNO3 (1.25*%10-2 M). CT = Cytotoxic, NCT = Live cells/not cytotoxic. * = Somewhat cytotoxic,
interference of absorbance caused by colour of extract.

1 pL sample 5 pL sample | 10 pL sample
1 2 (3 |4 5 [6]7 8 ]9 |10 |11 12

A Blank wells
G B NCT NCT NCT?*
M C | Blank NCT NCT CT Control | B
AgNO;+G | D CT CT CT L
AgNO3 +M E A
CuNO;+G | F | Control CT CT CT Blank | N
CU.NO3 +M G K

H Blank wells
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Table 13 - Cytotoxicity results plate 3.

AgNO;j; at concentrations of 0.0125 M and 0.025 M. CT = Cytotoxic, NCT = Live cells/not cytotoxic.
* = Somewhat cytotoxic, interference of absorbance caused by colour of extract.

1 uL SuL 10 uL
sample sample sample
1 21314 5 |el7]18]9]10 11 12
A Blank wells
G B NCT NCT* CT
M C | Blank NCT NCT* CT Control | B
AgNO3 (0.0125M) | D CT CT CT L
+G A
AgNOs3 (0.0125M) | E NCT?* NCT?* NCT?* N
+M Control Blank | K
AgNO3(0.025M) | F
+G CT CT CT
AgNO3(0.025M) | G
+M
H Blank wells

All suspensions containing metal nanoparticles tended to aggregate and precipitate; as a result
all exhibited a high cytotoxic effect. The extract alone did not precipitate, which might
explain why it does not show the same kind of cytotoxicity. At the higher concentrations of
extract (the wells were 5 pL and 10 pL are added) we saw an increase in cytotoxicity.
However, in the 5 pLL wells for the extracts alone in plate 1 and 3 (Table 11 and Table 13) the
OD was higher than in a well where there is no live cells left, but lower than in the control
wells, which shows starting toxicity. The wells with 10 pL of the extract showed the same
tendency. In those wells, as well as in all the wells with 10 pL of sample, the readings showed
still higher absorbance than in the blank wells. This is probably because of the strong colour
of the extract, which causes a higher reading of absorbance. The same was observed in the
microtiter plates for antibacterial testing. To lower the toxicity, a way of stabilising the
suspension should be developed. If the nanoparticles are kept in suspension, instead of
aggregating and precipitating, the toxicity should decrease. Several studies show that copper
is non-cytotoxic, while Ag-NPs seem to have a higher toxicity (75, 80-82).
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S CONCLUSION

We were able to synthesise the copper and silver nanoparticles by using extracts of two
different species of blueberry as a reducing agent.

Size and structure of the metal nanoparticles were characterised by TEM analysis and found
acceptable. Moreover, we confirmed that the conditions applied during the synthesis have an
effect on the size and structure of nanoparticles

However, our copper nanoparticles did not show antibacterial effect in our study, probably
due to their instability and tendency to aggregate. Our silver nanoparticles did exhibit an
antibacterial effect; however, it was not greater than, or equal to, the antibacterial effect of the
silver nitrate solution alone. More experiments where synthesis of nanoparticles is performed
with different concentrations of metal precursor and extract to optimize a composition
assuring a more stable nanoparticle suspension. Another possibility is to make the synthesis in
the presence of biocompatible molecules, which can be absorbed on the nanoparticle surface
while stabilizing the suspension by electrostatic repulsions. For this purpose a good candidate
is the citrate ions, which can be obtained in large quantities from plant extracts, thus
complying to green chemistry requirements.

All the nanoparticle suspensions showed toxicity toward keratinocytes in toxicity assay. This
is however not conclusive evidence for their toxicity since the suspensions very unstable,
causing the nanoparticles and extracts to aggregate and precipitate. Toxicity testing should be
repeated when a more stable suspension of the nanoparticles has been prepared.
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6 FUTURE PERSPECTIVES

In this study we prepared copper and silver nanoparticles by using extracts of blueberries (V.
myrtillus and V. gaultherioides) as a reducing and capping agent. Green chemistry criteria
(low temperatures, non toxic solvents, etc.) were also followed in the process.

The nanoparticles synthesised exhibited no (Cu-NPs) or low (Ag-NPs) antibacterial effect,
respectively, and all of them exhibited high toxicity towards keratinocytes. This is believed to
mainly be caused by a tendency of the nanoparticle suspensions to aggregate and precipitate.
Therefore, the main focus of future experiments should be on optimizing a composition and
synthesis procedure to obtain a more stable nanoparticle suspensions. This should be possible
by varying the concentration of extract and metal precursor salt. Another possibility would be
to add other biocompatible molecules to help stabilize the suspension. One of these molecules
could be citrate ions, which are obtainable in large quantities from plant extracts, which
means the principles of green chemistry are still being followed.

A way to properly determine how much nanoparticles are synthesised and reaction speed
should be applied. UV-vis spectrometry has been reported in several other studies as a way to
do this; and it might be easier to do this once a synthesis with a more diluted extract is used,
causing less interference of the absorption spectra by the extract itself and making it easier to
find a peak absorbance that can be attributed to the copper and silver nanoparticles alone.

Antibacterial testing and toxicity assays should be repeated when a more stable suspension of
nanoparticles is prepared. For antibacterial testing, it might be suitable to use a method that
makes it comparable to other studies and experiments (e.g. broth dilution assay on microtiter
plates or antibacterial testing in agitated liquid medium). If the suspension is more stable,
using the disk diffusion test might be possible too.
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Appendix

Microtiter Plates

Table 14 - E. coli ATCC 35218 plate 1. CuCl, and Cu(CH;3;COO), synthesised at 70 °C.
Metal concentration 2.5*10’2, undiluted extract.

<>

1,123 1,050 1,322 1,308 1232 1,170 1,147 1,116 1,104 1,112 1,100 1,136
1,066 1,064 1225 1,189 1202 1,141 1,127 1,064 1,078 1,044 1,082 1,027
1315 0,888 1,207 1,179 1,199 1,111 L116 1,099 1,079 1,053 1072 1,051
0,830 1257 1490 1338 1,169 1,09 1,102 1,067 1,029 1,035 1039 1,030
0,737 1283 1482 1321 1,172 1,104 1,087 1,063 1,056 1,043 1,040 1,042
1,535 1,000 1349 1209 1,196 1,150 1,107 1,093 1,078 1,081 1,072 1,062
1,519 0911 1411 1218 1,185 1,137 1,112 1,097 1,074 1,095 1,077 1,057
0,999 1,071 1,418 1281 1224 1,068 1,138 1,117 1,096 1,115 1,103 1,137

T QM mogaw >

Table 15 - Overview of samples in plate in Table 14

1
CuCl, +M
CuCl, +M
CuCl, +M
myrtillus extract
myrtillus extract
Cu(CH;C0O0), + M
Cu(CH;C0O0), + M
Cu(CH;C0O0), +M

=slialic-lleliwii@livelieg

Table 16 - E. coli ATCC 35218 plate 2. CuCl, and Cu(CH;COO), synthesised at 70°C.
Metal concentration 2.5*10’2, undiluted extract.

<>

0,658 1217 1425 1341 1,179 1211 1,182 1,189 1,184 1213 1231 0,144
0,565 1,068 1355 1256 1,194 1214 1,177 1,165 1,161 1,180 1204 0,172
0,536 0,968 1,297 1248 1207 1,186 1,177 1,163 1,168 1,172 1,193 1,040
1,074 1,183 1,397 1311 1217 1225 1,173 1,159 1,155 1,158 1,183 0,177
1,088 1,194 1,403 1,350 1206 1215 1,164 1,157 1,154 1,156 1,184 1,043
0,650 0,975 15363 1283 1256 1226 1,192 1,171 1,165 1,18 1212 0,190
0,629 1,049 1413 1267 1,184 1,182 1,179 1,152 1,168 1,190 1,200 0,189
0,938 1,181 1,449 1,369 1245 1209 1,191 1,184 1,182 1212 1221 0229

T QM momgaQw >
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Table 17 - Overview of samples in plate in Table 22

1
CuCl, + G
CuCl, + G
CuClL, +G
gaultherioides extract
gaultherioides extract
Cu(CH;CO0), + G
Cu(CH;C0O0), + G
Cu(CH;C0O0), + G

T mg0w >

Table 18 - S. aureus ATCC 25923 plate 1. CuCl, and Cu(CH3COOQ); synthesised at
70 °C. Metal concentration 2.5%102, undiluted extract.

1,387 0413 0399 0445 0532 0353 0417 0431 0,537 0,500 0,555 0,589
1,191 0483 0475 0507 0,651 0,625 0,577 0414 0430 0397 0375 0,518
1,398 0,528 0,481 0,721 0,796 0463 0461 0402 0,503 0382 0,395 0,385
0,763 0,754 0,431 0865 0942 0,726 0,570 0,404 0,430 0,382 0,380 0,395
0,925 0,800 0456 0,763 0,704 0474 0370 0,409 0397 0384 0,397 0,452
1,619 0,806 0,521 0,510 0,646 0,593 0,580 0483 0,599 0432 0337 0,396
1,448 0,810 0,519 0,603 0,602 0,595 0469 0,582 0392 0465 0362 0,446
1,558 1,140 0483 048 0,582 0458 0394 0359 0517 0483 0,555 0,692

A
B
C
D
1g
F
G
H

Table 19 - Overview of samples in plate in Table 18

1
CuCl, +M
CuCl, +M
CuCl, +M
myrtillus extract
myrtillus extract
Cu(CH;C0O0), + M
Cu(CH;C0O0), + M
Cu(CH;C0O0), +M

T|QiHm|gQ|w >
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Table 20 - S. aureus ATCC 25923 plate 2. CuCl, and Cu(CH3COOQ); synthesised at
70 °C. Metal concentration 2.5%102, undiluted extract.

<>

0,773 0,320 0,385 0,395 0355 0368 0432 0438 0451 0420 0417 0,090
0,749 0,319 0414 0376 0494 0457 0,293 0,297 0300 0,266 0,266 0,106
0,697 0324 0391 0447 0440 0487 0360 0278 0,270 0,271 0,269 0,099
0,197 0,392 0344 0317 0,284 0,280 0,277 0,255 0,268 0,263 0,262 0,099
0,251 0,342 0397 0310 0,284 0,283 0,294 0,267 0,269 0258 0,286 0,109
0,888 0,491 0428 0358 0323 0410 0,292 0,293 0286 0275 0,265 0,115
0,824 0,390 0464 0371 0438 0429 0443 0302 0,285 0,296 0,295 0,360
0,648 0,584 0451 0375 0,643 0392 0,523 0390 0,527 0416 0435 0,089

T QMo gaQw >

Table 21 - Overview of samples in plate in Table 20

1
CuClL+G
CuClL +G
CuClL+G

gaultherioides extract

gaultherioides extract
Cu(CH;C0O0), + G
Cu(CH;CO0), + G
Cu(CH;C0O0), + G

Q| g E >

Table 22 - E. coli ATCC 35218. Copper and silver nitrate synthesised at 50°C. Metal
concentration in original sample: 1,25%107%, extract diluted 1:1.

<>

1,191 1,312 1,072 0986 0940 0910 0903 0,893 0865 0,893 0910 0,048
1,011 1,129 1,005 0955 0913 0,894 0,857 0,838 0819 0837 0,870 0,048
0,548 0,908 0950 0,886 0,869 0,871 0,883 0845 0,869 0,858 0,864 0,838
0,782 0,274 0,194 0,134 0,090 0453 0,676 0,752 0,760 0,780 0,815 0,854
0,253 0,855 0,890 0,884 0,866 0,882 0929 0895 0,863 0,849 0,854 0,608
0,310 0,275 0,178 0,124 0,094 0,072 0,602 0,733 0,757 0,775 0,816 0,379
0,557 0,657 0,719 0,803 0,861 0927 0918 088 0,88 0,847 0,887 0919
0,087 0,076 0,064 0,059 0,056 0,053 0471 0837 0,836 0,840 0,868 1,597

T QMmO gaw >
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Table 23 - Overview of samples in plate in Table 22.

1 12

A M Positive control
B G Positive control
C | CuNO3+M Negative control
D | AgNO3+M Negative control
E CuNO3 + G M extract

F AgNO3 + G G extract

G | CuNO31.25 CuNO3 +M
H | AgNO31.25 AgNO3 + M

Table 24 - S. aureus ATCC 25923. Copper and silver nitrate synthesised at 50°C. Metal
concentration in original sample: 1.25%107, extract diluted 1:1.

<>

0,317 0328 0,298 0423 0443 0,554 0,638 0,648 0,879 0992 0,892 0,062
0,277 0,298 0,261 0,267 0,283 0,342 0,244 0,400 0417 0,743 0,654 0,048
0,762 0,419 0463 0414 0,724 0,646 0,870 0,501 0,722 0941 0,755 0,921
0,756 0,202 0,605 0,093 0,080 0,066 0,090 0553 0376 0513 0,503 0,836
0,18 0,276 0,510 0481 0984 0,999 0,651 0,800 0,727 0,768 0,746 0,067
0,293 0,233 0,159 0,097 0,072 0,064 0440 0,202 0383 0433 0,522 0,050
0,598 1,042 0,553 0870 0822 1,013 0,89 0916 0827 0,825 0,662 0,048
0,069 0,061 0,060 0,056 0056 0,053 0,150 0,253 0,744 0,885 0,892 0,045

T QMmoo QW

Table 25 — Overview of samples in plate in Table 24.

1 12
A M Positive control
B G Positive control
C CuNO; +M
D AgNO; +M
E CuNO; +G Negative controls
F AgNO3 +G
G CuNO; 1.25M
H | AgNO;1.25M
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Table 26 - S. aureus ATCC 29213. Copper and silver nitrate synthesised at 50°C. Metal
concentration in original sample: 1.25%107%, extract diluted 1:1.

<>

0,306 0,387 0879 0842 0932 0830 0821 0,749 0,751 0,724 0,712 0,049
0,356 0,340 0833 1,076 1,040 0889 0876 0,730 0,601 0,596 0,613 0,048
0,429 0,569 0,661 0949 0,824 0,685 0,768 0,647 0,600 0,701 0,599 0,741
0,662 0,210 0,162 0,113 0,082 0,131 0,525 0,558 0,587 0,754 0,589 0,797
0,168 0,299 0983 0945 0,813 0,607 0,712 0,567 0,689 0,554 0,696 0,574
0,424 0,221 0,142 0,093 0,074 0418 0,585 0,779 0,658 0,593 0,608 0,536
0,138 0,547 0,662 0,674 0,619 0,651 0,549 0,669 0,651 0,636 0,572 0,116
0,058 0,056 0,061 0,057 0,060 0,053 0510 0,623 0,768 0,770 0,824 0,071

T QMmoo aw >

Table 27 — Overview of samples in plate in Table 26

1 12

A M Positive control

B G Positive control

C CuNO3 +M Negative
control

D AgNO3 +M Negative
control

E CuNO3 + G CuNO3 + G

F AgNO3 +G AgNO3 +G

G| CuNO31.25M CuNO3 1.25M

H| AgNO3125M | AgNO31.25M

Table 28 - E. coli ATCC 35218 plate 1. AgNO3 1.25*10’2M, extract diluted 1:1, and
2.5*10”M with undiluted extract, synthesised at 70°C.

<>

1,695 1,276 1,126 1,053 0,990 0,956 0945 0,950 0954 0947 0965 0,873
1,508 1,291 1,114 1,037 0,965 0948 0921 0,894 0,886 0,897 0948 0,043
1,513 1,312 1,107 1,050 0974 0926 0,883 0,884 0,863 0,891 0,920 0,043
1,179 1,426 1,350 1,099 1,040 0981 0914 0925 092 0923 0928 0,911
2,187 1,951 1,046 0,545 0350 0,220 0,146 0,088 0,126 0,050 0,700 0,886
1,251 0,616 0,247 0,141 0,098 0,082 0,835 0,890 0,899 0863 0,878 0,912
1,208 0437 0,224 0,139 0,095 0,074 0,830 0878 0878 0869 0,899 0,876
1,401 0,875 0,223 0,132 0,100 0,073 0,855 0,904 0895 0894 0970 1,999

T QTmmY QW
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Table 29 - Overview of samples in plate in Table 28

1

12

Ag 125+ M1/2

Negative control

Ag 125+ M1/2

Negative control

Ag 125+ M1/2

Negative control

myrtillus extract

Positive control

AgNO; 2.5%10"-2

Positive control

AgNO; 2.5 + M1/1

Positive control

AgNO; 2.5 + M1/1

myrtillus

Q|| mg| QW >

AgNO; 2.5 + M1/1

AgNO; 2.5%10°-2

Table 30 - E. coli ATCC 35218 plate 2. AgNO; 1.25%10™M, extract diluted 1:1, and
2.5*10>M with undiluted extract, synthesised at 70°C.

<>

T QMmoo QW

0,301
0,307
0,304
1,239
1,635
0,923
0,891
1,200

0,198
0,181
0,190
1,043
1,072
0,255
0,274
0,317

0,146
0,131
0,136
1,263
0,663
0,167
0,169
0,162

0,091 0,068 0,737
0,089 0,064 0,831
0,094 0,138 0,771
1,099 1,052 1,011
0416 0271 0,187
0,116 0,082 0,064
0,122 0,153 0,068
0,113 0,082 0,067

0,928 0,946
0,907 0,927
0,893 0,897
0,979 0,940
0,120 0,056
0,864 0,935
0,878 0,912
0,770 0,930

0,935
0,892
0,882
0,929
0,048
0,905
0,896
0,928

0,910
0,874
0,896
0,909
0,716
0,887
0,938
0,908

Table 31 - Overview of samples in plate in Table 30

1

12

A | Agl.25+Gl1/2 Negative control
B | Ag1.25+Gl1/2 Negative control
C | Agl.25+Gl12 Negative control
D | gaultherioides extract | Positive control
E | Ag2.5%10"-2 Positive control
F | Ag2.5+Gl1/1 Positive control
G | Ag2.5+Gl1/1 M+ Ag1.25

H | Ag2.5+Gl1/1 M+ Ag2.5
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0,916
0,881
0,877
0,914
0,848
0,891
0,917
0,957

0,043
0,821
0,043
0,941
0,941
0,938
0,333
1,160



Table 32 - S.aureus ATCC 25923 plate 1. AgNO3 1.25%102M, extract diluted 1:1, and
2.5*10"2M with undiluted extract, synthesised at 70°C.

<>

0,662 0611 0470 0736 0815 0831 0896 0905 0,713 0,822 0870 0,139
0,396 0322 0340 0280 0320 0314 0284 0541 0343 0349 0287 0,044
0,366 0324 0309 0293 0273 0274 0202 0378 0298 0261 0211 0,044
0,629 0340 0340 0337 0,353 0308 0262 0338 0332 0397 0201 0273
2,230 1,803 0854 0481 0303 0194 0,121 0077 0062 0071 0119 0,276
0,925 0528 0203 0,128 0,105 009 0,197 0349 0256 0,199 0251 0,342
1,101 0,592 0,194 0,126 0,097 0085 0,191 0348 0344 0269 0305 0,568
1,225 0,787 0202 0,122 0,092 0099 0229 0480 0,619 0,557 0561 2,114

T QH oo aw >

Table 33 — Overview of samples in plate in Table 32

1 12

Ag2.5+Ml1/1 myrtillus
Ag2.5+Ml/1 Ag2.5%10"-2

A | Agl1.25+M1/2 Negative control
B | Agl1.25+M1/2 Negative control
C | Agl.25+Ml1/2 Negative control
D | myrtillus extract Positive control
E | Ag2.5%10"-2 Positive control
F | Ag25+Ml/1 Positive control
G

H

Table 34 - S. Aureus ATCC 25923 plate 2. AgNO; 1.25%10M, extract diluted 1:1, and
2.5%10>M with undiluted extract, synthesised at 70°C.

<>

0,255 0,195 0,138 0,098 0,072 0,134 0,210 0,607 0,877 0,771 0,721 0,045
0,282 0,200 0,161 0,105 0,086 0,123 0,206 0,253 0,309 0,229 0,289 0,043
0,298 0,280 0,161 0,092 0,080 0,140 0,199 0,250 0,322 0,185 0,191 0,044
0,308 0322 0252 0,29 0,292 0312 0,259 0230 0,214 0,190 0,201 0,237
1,383 0,802 0,363 0,195 0,138 0,093 0,072 0,058 0,085 0,134 0,215 0,269
1,020 0,224 0,152 0,107 0,097 0,074 0,160 0,218 0,209 0,198 0,306 0,304
1,139 0,249 0,172 0,126 0,087 0,073 0,199 0,215 0,205 0,222 0314 0,575
1,096 0,280 0,159 0,099 0,094 0,068 0,153 0,205 0,502 0,570 0,473 1,416

T Q=" mYdaw >
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Table 35 - Overview of samples in plate in Table 34

1 12

A | Ag1.25+Gl1/2 Negative control
B | Agl.25+Gl1/2 Negative control
C | Agl25+Gl1/2 Negative control
D | gaultherioides extract | Positive control
E | Ag2.5%10"-2 Positive control
F | Ag2.5+Gl1/1 Positive control
G | Ag2.5+Gl1/1 M+Agl25M
H | Ag2.5+Gl/1 M+Ag25M
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