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ABSTRACT 

 

Nanotechnology has emerged as an elementary division of modern science and 

stemmed directly from green chemistry twelve basic concepts, it receives global attention due 

to its unique character and ample applications. It also has great potential to mitigate the 

challenges they face in various fields, especially medical sector. Nanodrugs are increasingly 

considered as a potential candidate to carry therapeutic agents safely into a targeted 

compartment in an organ, particular tissue or cell.  

In this study, twenty (20) Libyan plants were selected and evaluated for their potential 

to synthesis gold and silver nanoparticles. The screening of the different plant extracts was 

performed using 96 well plate method at 25 °C and 70 °C. The NPs formation was confirmed 

and characterized using UV- Vis, DLS, HR-TEM and EDX. A well-defined NPs were obtained 

at high temperature (70 °C).  

The Au NPs had an average diameter of 92 nm at 25 °C and 66 nm at 70 °C. The zeta 

potential values were observed to be negative (-14 to -24) and indicate the stability of the Au 

NPs. The HR-TEM showed polydispersity, which decreased at higher temperature (70 °C). 

The stability of Au NPs in nutrient broth prior was conducted as well. All the Au NPs under 

study showed stability, only minimal changes in the UV-Vis spectra can be observed. Two 

plant extract viz Pistacia atlantica, Junipers phoenicea showed consistent results and forming 

stable and smaller NPs compared to others, both of the plant extracts and the corresponding 

NPs were tested against Streptococcus mutans and showed MIC value ~ 49 g/mL. 

 In case of silver NPs, two plant extracts viz J. phoenicea, Rosmarinus officinalis, 

showed superior results than the others; both plants produced stable and small Ag NPs. The 

antibacterial activity against S. mutans demonstrated MIC valus ~ 50 g/mL. 

The synthesised NPs showed a promising bioactivity for developments of new 

antibacterial agents against S. mutans strains. Dose-dependent activity was observed for the 

tested NPs.  
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The obtained results gave insight into the importance of the natural products as efficient 

method for preparation of new bioactive and safe alternative treatment for different human 

pathologies including bacterial infection. 

Keywords:  

Nano-biotechnology, Libyan medical flora, Plant extract, Antibacterial activity, Gold 

nanoparticles, Silver nanoparticles, Dental caries, Streptococcus mutans 
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Chapter 1 

INTRODUCTION 

1.1 General introduction 

 

The last century has witnessed the progress of the pharmaceutical industry, and many 

drugs have been introduced to treat different human diseases. Although there have been many 

improvements in human disease treatments and drug discovery, there are grave diseases like 

cancer and HIV, which are still quite difficult to treat. The uncontrolled use and drug delivery 

resulted in harmful side and toxic effects due to powerful and toxic drugs being released too 

quickly [Park et al., 2015]. There is considerable evidence from recent studies supporting 

positive correlations between the uncontrolled drug use and many humans associated diseases. 

Additionally, many drug resistant diseases have been generated due to the excessive use of 

antibiotics [Swain et al., 2014]. 

Green bio-economy based strategies have been initiated in the last century to counter 

the negative effects of chemical pollutions and their adverse effects on human health as well 

as the environment. Consequently, and as a result of tremendous chemical (including 

pharmaceutical) pollutions, the green chemistry concept has been implemented. The green 

chemistry dedicated to design new effective, safe, and innovative chemicals (drugs) without 

harming the environment and protect the economy growth. 

Nanotechnology has emerged as an elementary division of modern science and 

stemmed directly from green chemistry twelve basic concepts, it received global attention due 

to its unique character and ample applications. They also have great potential to mitigate the 

challenges they face in various scientific fields such as the medical, fuel and energy sectors 

[Cele et al., 2015]. The notable development of nanotechnology in recent years, new 

approaches for drug design based on the state‐of‐the‐art nanotechnology have been receiving 

significant attention. Nanodrugs are increasingly considered as a potential candidate to carry 

therapeutic agents safely into a targeted compartment in an organ, particular tissue or cell. 

Different NPs have been introduced using polymers, metals, and ceramics, and 

according to their manufacturing methods and materials, these particles can take various shapes 

and sizes with distinct properties. 
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Metallic nanoparticles, especially noble metals such as silver and gold have been 

developed and reported to have interesting applications including in different medical fields 

[Isaac et al. 2014]. Various physical and chemical methods have been employed to synthesize 

metal nanomaterials [Akhtar et al., 2013; Iravani et al., 2014]. These methods are expensive 

and include the use of many toxic and harmful chemicals to the environment and living 

organisms. Thus, there is an obvious need for an alternative, cost-effective and at the same time 

safe and environmentally friendly routes toward the manufacturing nanomaterials [Lukman et 

al., 2011]. 

In recent years, there has been growing interest in the green synthesis of nanoparticles, 

through applications of biological natural resources, using biotechnology tools that are 

considered safe and environmentally sound as an alternative to conventional chemical methods. 

This has led to the concept of green nanotechnology [Joerger et al., 2000]. In general, this 

technique means the synthesis of nanomaterials using biological methods involving 

microorganisms, plants, viruses. The principles of green nanotechnology are now a reference 

and guide for researchers and scientists around the world as a basic section of modern science 

for the development of less dangerous techniques and a new era in the field of materials science 

and are gaining international attention because of their extensive applications [Parashar et al., 

2009]. 

Green synthesis of nanoparticles using aqueous plant extracts seems to be a very 

effective method in developing a rapid, clean, nontoxic, and eco-friendly technology. The use 

of plant biomass or extracts for the biosynthesis of novel metal nanoparticles from silver and 

gold would be more significant if the nanoparticles are synthesized in a controlled manner 

according to their shape and size. It is also a very rapid and cost-effective approach that can be 

easily scaled up for bulk production of nanoparticles [Akhtar et al., 2013; Shankar et al., 2004; 

Iravania et al., 2011]. Owing to the rich biodiversity of plants, their potential use toward the 

synthesis of these nobel metal (gold and silver) nanoparticles is yet to be explored. However, 

their potential is still not fully utilized for the manufacture of green metal nanoparticles. 

The flora of Libya can be distinguished by regions, the Mediterranean, the semi-desert 

and the desert regions. The Mediterranean coast of Libya is characterized by its rich 

biodiversity with strong links to the eastern Mediterranean region (Palestine to Greece). 

Despite the immense development of the pharmaceutical industry, large populations in the 

world including some desert areas in Libya rely on medicinal plants for diseases treatment. 
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Libya is a vast desert country with a vast wealth of medicinal plants linked to a popular medical 

heritage developed by the evolution of civilizations [Radford et al. 2011].   

 

1.2 Problem statement  

The expected effect of nanomaterials on human health is remarkable. However, 

nanoparticles (NPs) can also have harmful effects on the environment.  

The unique behavior of nanomaterials is directly related to its small sizes and high 

surface to mass ratio. The advantage of such tiny materials is their capability to penetrate the 

cell surface and produce biological effects. However, there is a high risk of nano-pollutants 

from the uncontrolled use and emission of NPs. These nanopollutants, together with the use of 

toxic compounds, as capping materials, are chemically active and can easily interfere with the 

biological system and cause unexpected environmental problems. In addition, the conventional 

methods used for preparation of NPs (e.g. gold/silver) involve many virulent chemicals, which 

can cause direct harm to the environment. This project is designed to screen selected Libyan 

medicinal plant extracts to synthesize gold and silver nanoparticles, which will nontoxic and  

biocompatible with nature. 

There are a wide range of innovative biological applications of NPs in diagnosis, 

treatment of illnesses and drug delivery. Hence, the search for biocompatible and toxin-free 

NPs is mandatory for future applications of these materials in nanomedicine. The natural 

bioactive compounds under consideration in this project (according to the literature review) are 

safe and proved to be multifunctional and multi-therapeutics as well. 

The current uncontrolled use of drugs causes many side effects including drug 

resistance phenomena (e.g. antibiotics resistive bacteria, some resistive cancers) as well as 

polluting the environment. Effective multifunctional and biocompatible drugs are therefore 

required to decrease such resistivity. This project will study in detail the possibility to merge 

multifunctional bioactive natural products to prepare NPs for effective antibacterial treatment. 

. 

 

 

 



4 
 

1.3 The aim of the Study 

The main aim of this study is to explore the potential of selected Libyan medicinal 

plants as effective source(s) for synthesizing biocompatible gold and silver NPs and to test the 

antibacterial activity of the most stable NPs. 

 

1.4 Research questions 

a) What are the possibilities of synthesizing nanoparticles from the selected plant 

extracts?  

b) Is the use of plant extracts effective as an eco-friendly method for the synthesis of 

NPs? 

c) What is the effect of temperature change on the synthesis of the nanoparticles? 

d) Will the resultant NPs be stable in biological media? 

e) Will the resultant NPs and their plant extracts have any antibacterial activity against S. 

mutans? 

 

1.5 The sub-objectives  

a. Collection of samples of the selected plants from their natural environments 

and identification, documentation by taxonomist. 

b. Preparation of the plant extracts. 

c. Screening of the extracts for the possibility of the synthesis nanoparticles 

(Au/Ag NPs).  

d. Study the effect of temperature on the synthesis of NPs. 

e. Assessing the stability of the NPs, and select the most stable ones. 

f. Evaluate the antibacterial activity of synthesized NPs against S. mutans “the 

etiological agent of dental caries”. 
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Chapter 2 
 

Literature Review 

2.1 Introduction 

The field of nanotechnology introduced new materials with new dimensions and 

different properties as compared to their larger counterparts and this can be attributed to their 

high surface-to-volume ratio. Due to these unique properties, they make excellent candidates 

for biomedical applications as a variety of biological processes occur at nanometer scale. The 

wide range of applications reported for different nanoparticles indicated a significant impact 

on the industrial sector as well as society. Recently, different applications for nanotechnology 

have been reported in different fields such as electronic storage systems, magnetic separation 

and preconcentration of target analytes, targeted drug delivery, and vehicles for gene and drug 

delivery [Rudge et al., 2001; Kang et al., 1996; Appenzeller 1991]. 

The size range of nanoparticles used in the field of biotechnology vary mainly between 

10 and 500 nm. These nanosize entities generate possible communications with different 

biomolecules on the cell surfaces and within the cells in ways that can be decoded and 

designated to various biochemical and physiochemical properties of these cells. Similarly, its 

potential application in drug delivery systems and noninvasive imaging offered various 

advantages over conventional pharmaceutical agents [Mody et al., 2009]. 

 For medical applications the NPs should be: 

1- Stable, biocompatible, and nontoxic, 

2- Selective to specific biological sites,  

3- Conjugate with different ligands with specific binding activity, 

4- Attach to therapeutic substances to increase the concentration at the pathological site.  

Metallic nanoparticles such as gold and silver have shown great potential as diagnostic and 

therapeutic agents and there are many scientific reports supporting their power and efficiency. 

Metallic nanoparticles (MNPs) have found significant utility over a diverse spectrum of 

biomedical activities such as imaging, sensing, and therapeutics. They have provided an 

invaluable advance in the detection, diagnosis, and therapy of different human cancers and this 

has led to the development of a completely new discipline, nano-oncology. Colloids of gold, 
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silver, platinum, and palladium have been widely used and accepted in clinical trials for 

treatment of cancer. Nanostructures have attracted considerable interest as theranostic agents, 

but their pharmacokinetics, biodistribution, side effects, and safety profile within the human 

body, need more thorough investigation for future applications [Ackerson et al., 2005; Roux et 

al., 2005; Wilton-Ely 2008]. 

 

The antibacterial, antifungal, antiviral, and antimicrobial properties of plasmonic 

nanomaterials are already well established and this could be a future strategic approach for the 

design and development of nanodrugs in the pharmaceutical industries. Toxicological studies 

based on numerous nanocomposites have provided sufficient data regarding their non-toxicity, 

but possible toxic side effects upon incorporation into the human body cannot be ruled out 

completely. The biocompatibility issue related to nanomaterials can be addressed by 

considering the dose of nanoparticles and the surface modulation. These two aspects in 

conjunction provide a reliable and sufficient approach to the use of nanomaterials in clinical 

applications. 

It is of utmost importance to test nanoparticles and biological interactions in order to 

modify the nanostructures for optimal biocompatibility and thereby prevent damage to healthy 

tissues. In addition, the incorporation of MNPs in diagnostic and detection devices is likely to 

grow, as the translation of these devices are much less complicated than in vivo therapeutic 

applications. At the same time, more advanced diagnostic devices can be created with the help 

of MNPs. There are other lesser known MNPs such as Rh, Ru, Ir, and Os nanocomposites, 

whose diagnostic, sensing, and therapeutic abilities need to be understood in more detail and 

there is still much work to be done in the area to realise the full benefits of nanobiotechnology 

in the field of healthcare and environmental preservation. 

 

2.2 Gold Nanoparticles 

In the 1850 Michael Faraday observed that the colloidal gold solutions have properties 

that differ from the bulk gold especially when it comes in contact with the light [Hayat 1989]. 

The colloidal solution with size less than 100 nm has an intense red color while larger sizes 

show a dirty yellowish color [Murphy et al., 2008]. These unique interactions with light 

resulted in the localized surface plasmon resonance which after absorption of the light can be 

transformed into heat. 
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Au NPs have the advantage of ease of functionalization with therapeutic agents through 

covalent and ionic binding. Combining Au NPs and other materials can result in nanoplatforms, 

which can be useful for biomedical applications. Biomaterials such as biomolecules, polymers 

and proteins can improve the therapeutic properties of nanoparticles, for examples, Serum 

albumin is a versatile, non-toxic, stable, and biodegradable protein, in which structural domains 

and functional groups allow the binding and capping of inorganic nanoparticles. Au NPs coated 

with albumin have improved properties such as greater compatibility, bioavailability, longer 

circulation times, lower toxicity, and selective bioaccumulation [Bolanos et al., 2019]. 

Au NPs were prepared using individual amino acids such as glutamic acid, 

phenylalanine and tryptophan with optimum concentration of amino acids (25 mM). The size 

of nanoparticles obtained were 5–20, 10–20 and 20–30 nm, respectively. The results obtained 

from experimental and quantum calculations confirmed that amino acids have strong bonds. 

Amino acids have an advantage over other compounds for containing both basic and acidic 

groups in the same molecules this advantage give strong interactions with the Au NPs surface 

and also can be used to bind other bioactive compounds to the surface [Zare et al., 2014]. 

The conjugation of Au NPs with arginine–glycine–aspartic acid peptide (RGD) and a 

nuclear localization signal peptide (NLS) were studied in-vitro against human oral squamous 

cell carcinoma. RGD is known to target αvβ6 integrins receptors on the surface of the cell, 

whereas NLS sequence lysine–lysine–lysine–arginine–lysine sequence is known to associate 

with karyopherins (importins) in the cytoplasm, which enables the translocation to the nucleus. 

The results showed that the RGD-Au NPs specifically target the cytoplasm of cancer cells over 

that of normal cells, and the RGD/NLS-Au NPs specifically target the nuclei of cancer cells 

over those of normal cells [Makey et al., 2010]. 

Au NPs have emerged as a therapeutic agent, and are useful for imaging, drug delivery, 

and photodynamic and photothermal therapy. The properties and applications of Au NPs 

depend upon its shape, and size and due to these unique optical properties. Gold nanoparticles 

are the subject of substantial research, with enormous applications including biological 

imaging, electronics, and materials science [Rao et al., 2000]. 

Photothermal therapy (PTT) is a procedure in which a photosensitizer is excited with specific 

band light (mainly IR). This activation brings the sensitizer to an excited state where it then 

releases vibrational energy in the form of heat. The heat is the actual method of therapy that 

kills the targeted cells. One of the biggest recent successes in photothermal therapy is the use 
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of gold nanoparticles. PTT of Au NPs   <5 nm coated with Bovine Serum Albumin (BSA) was 

tested against three types of cancer cell lines; Rhabdomyosarcoma, Murine fibroblast and RAW 

264.7 monocyte-macrophage at different concentration using low power laser irradiation, green 

(532 nm) and near-infrared (NIR) (800 nm) at 0.5, 1, 2 and 3 min, separately. Prominent results 

were demonstrated in the green and NIR region by pH -induced aggregation effect of small 

nanoparticles inside the cancer cells, which make the small-sized BSA-Au NPs  are promising 

agents for cancer photothermal therapy [Al-Jawad et al., 2018]. 

Resveratrol was used as reducing and capping agents for the synthesis of Au NPs. 

Increasing the payload of resveratrol to threefold increased in the anti-cancer effects with 

optimal cellular uptake after 24-hour incubation. A synergistic approach facilitated by gum 

Arabic increased the overall stability and provided a protein matrix support for enhanced 

resveratrol loading onto the surface of the Au NPs [Thipe et al., 2019]. 

Radiolabeling is a well-known technique for assessment of the biological uptake and 

pharmacokinetics of synthetic nanomaterials. Several γ-ray-emitting radionuclides including 

positron emitters (β+ decay) have been extensively used for developing nanomaterial-based 

diagnostic agents [Geol et al., 2017]. These radiolabelled NPs can be used to visualize tumor 

tissues in living subjects as well as other important biological phenomena. Gold-198 is a typical 

β-ray-emitting radioisotopes with reasonable half-life (198Au, t1/2=2.70 days). Also, it is 

available and can be produced easily from its 197Au isotope. 

Gold-198 has a  decay energy of 0.960 MeV. Its average penetration depth in tissue is 

sufficient to provide therapeutic effects to destroy tumor cells. Gold NPs in general and 

especially the 198Au isotope, have favourable physicochemical properties, and attracted interest 

for the radiotherapy research in cancer fields. The core-shell nanostructure silica-coated 198Au 

NPs was prepared using neutrons in a nuclear reactor, and was stable [Jung et al., 2010]. 

Mangiferin is a bioactive compound distributed in many natural sources especially 

mango and honey bush. The compound was used as reducing and stabilizing agent to prepare 

198Au NPs. The laminin receptor specificity of mangiferin affords specific accumulation of 

therapeutic payloads of this new therapeutic agent within the prostate tumors. The intratumoral 

delivery of MGF-198Au NPs, show the retention of over 80% of the injected dose (ID) in 

prostate tumors up to 24 h. By three weeks post treatment, tumor volumes of the treated group 

of animals showed an over 5-fold reduction as compared to the control saline group [Al-Yasiri 

et al., 2017].  
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Mangiferin Epigallocatechin gallate (EGCG) 

Figure 2.1, Chemical structures of mangiferin and epigallocatechin gallate 

Another study by the same group, using epigallocatechin gallate, 198Au NPs produced 

and showed a selective binding with excellent affinity to Laminin67R receptors, which are over 

expressed in prostate tumour cells. The studies showed 80% reduction of tumor volumes after 

28 days demonstrating significant inhibition of tumor growth compared to controls 

[Khoobchandani et al., 2016]. 

Intratumoral injection of gold nanoparticles coated with EGCG can achieve a favorable 

gold distribution, namely high gold retention in tumor site and low gold leakage into normal 

tissues, leading to pronounced tumor inhibition without perceived host toxicity. Accordingly, 

EGCG, as an FDA‐approved phytochemical for application in humans, has the potential to be 

employed for fabricating other therapeutic payloads for targeted delivery. 

Animal studies on Au NPs have shown that gold nanoparticles modified with certain 

thiol monolayers such as tiopronin can cause renal complications and morbidity. Although 

these effects may be eliminated by coadsorbing small amounts of polyethylene glycol (PEG) 

onto the nanoparticle surface, PEG can also lower cellular internalization efficiency and 

binding interactions with protein disease targets, significantly reducing the potential for using 

Au NPs as therapeutics. On the other hand, glutathione-coated Au NPs (1.2 nm ± 0.9 nm) cause 

no morbidity at any concentration up to and including 60 μM and target primary organs 

although providing gradual dissipation and clearance over time. This study suggests that 

glutathione may be an attractive alternative to PEG in the design of Au NPs therapeutics 

[Simpson et al., 2013]. 

 

2.3 Silver Nanoparticles 

Like gold nanoparticles, silver has a long history and was initially used to stain glass 

yellow. Currently, there is also an effort to incorporate Ag NPs into a wide range of medical 
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devices, including bone cement, surgical instruments, and surgical masks. Moreover, it has also 

been shown that ionic silver, in the right quantities, is suitable in treating wounds [Atiyeh et 

al., 2007]. Due to their attractive physiochemical properties these nanomaterials have received 

considerable attention in biomedical imaging using SERS. In fact, the surface plasmon 

resonance and large effective scattering cross-section of individual silver nanoparticles make 

them ideal candidates for molecular labelling [Schultz et al 2000]. 

The interesting property of the noble metals is a promise that they would be 

continuously used as newer applications and protocols are being developed. Silver 

nanoparticles possess anticancer and antitumour properties by inhibiting angiogenesis around 

tumour tissues. This has led to extensive research regarding the potential application of Ag NPs 

in cancer treatment both in vitro and in vivo. These studies have been conducted on different 

cancerous cell line models such as MCF-7, B10F17, A549, SiHa, and HeLa cell lines.  

Ag NPs were synthesized using the leaf extracts of Cynara scolymus (Artichoke) 

applying microwave irradiation.  The anti-cancer potential with photodynamic therapy (PDT) 

was evaluated against MCF7 breast cancer cells using MTT assay. Mitochondrial damage and 

intracellular reactive oxygen species (ROS) production were observed upon treatment with Ag 

NPs (10 μg/mL) and PDT (0.5 mJ/cm2) showed significant reduction in cell migration, 

expression of Bax and suppression of Bcl-2. Significantly, biosynthesized Ag NPs showed a 

broad-spectrum anti-cancer activity with PDT therapy and therefore represent promoting ROS 

generation by modulating mitochondrial apoptosis induction in MCF7 breast cancer cells 

[Erdogan et al., 2019]. 

In another study, the aqueous extract of Nepeta deflersiana was used to synthesize Ag 

NPs. The anticancer potential of the Ag NPs were investigated against human cervical cancer 

cells (HeLa) using MTT, neutral red uptake (NRU) assays, and morphological changes. The 

concentration-dependent cytotoxic effect was observed with a significant increase in ROS and 

lipid peroxidation (LPO), along with a decrease in MMP and glutathione (GSH) levels. The 

cell cycle analysis and apoptosis/necrosis assay data exhibited Ag NPs-induced SubG1 arrest 

and apoptotic/necrotic cell death [Al-Sheddi et al., 2018]. 

Using Anthemis atropatana extract, Ag NPs were synthesized and evaluated for its 

anticancer activity against colon cancer cell lines (HT29) using MTT assay. The Ag NPs had 

maximum cytotoxicity on HT29 cancer cell line at 100 μg/mL concentration, the real time PCR 
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and flow cytometry results confirmed the apoptotic effects of Ag NPs [Dehghanizade et al., 

2017]. 

The synergistic cytotoxic effects of a curcumin derivative and Ag NPs was studied. The 

Ag NPs were synthesized using a curcumin derivative, ST06. The synthesized nanoparticles 

ST06-Ag NPs were assessed in vitro for its cytotoxic effects by MTT assay and showed 

significant growth inhibition of human cervical cancer cell line (HeLa). In addition, in vivo 

studies carried out in EAC tumor-induced mouse model (Ehrlich Ascites carcinoma) using 

ST06-Ag NPs, revealed that treatment of the animals with these nanoparticles resulted in a 

significant reduction in the tumor growth, compared to the control group animals. The tumor 

suppression is associated with the intrinsic apoptotic pathway. Together, the results of this 

study suggest that ST06-Ag NPs could be considered as a potential option for the treatment of 

solid tumors [Murugesan et al., 2019]. 

The Ag NPs synthesized using aqueous latex extract of Euphorbia antiquorum L 

exhibited significant antimicrobial and larvicidal activity against bacterial human pathogens as 

well as disease transmitting blood sucking parasites such as Culex quinquefasciatus and Aedes 

aegypti (3rd instar larvae). Additionally, the Ag NPs has shown potential anticancer activity 

against human cervical carcinoma cells (HeLa) at IC50 = 28 μg/mL [Rajkuberan et al., 2017]. 

The anti-aging effect of Ag NPs synthesized using Symphytum officinale leaf extract 

were investigated in HaCaT keratinocyte cells. The Ag NPs significantly inhibited the 

production of matrix metalloproteinase-1 and IL-6 but increased the expression of procollagen 

type 1. The data suggest that Ag NPs have photoprotective properties and may have potential 

to be used as an agent against photoaging [Singh et al., 2018]. 

Recently, increased ROS levels and altered redox status in cancer cells have become a 

novel therapeutic strategy to improve cancer selectivity over normal cells. Ag NPs display anti-

leukemic activity via ROS overproduction, and it can improve therapeutic efficacy of ROS-

generating agents against leukemia cells. Ag NPs synthesized by N-(4-

hydroxyphenyl)retinamide (4-HPR), a synthetic retinoid, was used as a drug model of ROS 

induction to investigate its synergistic effect with Ag NPs. The combination of Ag NPs together 

with 4-HPR as capping agent showed more cytotoxicity and apoptosis via overproduction of 

ROS in comparison with that alone. As a result, Ag NPs combined with ROS-generating drugs 

could potentially enhance therapeutic efficacy against leukemia cells, thereby providing a 

novel strategy for Ag NPs in leukemia therapy [Guo et al., 2015]. 
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Monomeric polymer encapsulated Ag NPs have shown antileukemic properties against 

AML human cell lines in a dose and size dependent manner. The Ag NPs induce apoptosis and 

DNA damage through the production of ROS and release of silver ions (Ag) from 

nanomaterials. The production of ROS by Ag ions is pH dependant (only acidic) and confers 

their anticancer and antitumour activity [Ge et al., 2013]. 

The synthesis of Ag NPs using leaf extract of Podophyllum hexandrum Royle and their 

effects against human cervical carcinoma cells by MTT Assay, The overall result indicates that 

Ag NPs can selectively inhibit the cellular mechanism of HeLa by DNA damage and caspase 

mediated cell death [Jeyaraj et al., 2013]. 

Halloysite Nanotubes (HNTs) are aluminosilicate clay-based nanotubes which are 

abundant in nature. The multilayer hollow tubular structure of HNTs results from the wrapping 

of the 1:1 aluminosilicate clay mineral sheets under specific geological conditions. Al, Si, H, 

and O are the four main elements which formulated the composition of these clay-based 

nanotubes [Saif et al., 2018]. 

 

Recently, incorporation of HNTs with various antimicrobial agents as interfacial 

materials between these nanotubes and pathogenic microorganisms, for the development of 

antimicrobial nanocomposites with enhanced antimicrobial activities has gained researcher’s 

interest. Metal nanoparticles including Ag NPs with HNTs have been used for the synthesis of 

antimicrobial nanocomposites. 

In another study, surface modified HNTs with silver nanoparticles (Ag NPs) as an 

interface between these nanotubes and bacterial cells exhibited an inhibition zone of 19.2 mm 

against E. coli, indicating their excellent antibacterial behavior. The mechanism of antibacterial 

activities of Ag NPs may be due to the attachment of Ag NPs to the membrane of 

microorganism and destruction of the cell membrane [Song et al., 2019]. 

 

2.4 Preparation 

The most prevalent method for the synthesis of monodisperse spherical gold 

nanoparticles was pioneered by Turkevich et al. in 1951 and later refined by Frens et al. in 

1972. This method uses the chemical reduction of gold salts such as hydrogen tetrachloroaurate 

(HAuCl4) using citrate as the reducing agent. This method produces monodisperse spherical 

gold nanoparticles in the range of 10–20 nm in diameter. However, the synthesis of larger Au 
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NPs with diameters between 30 and 100 nm was reported by Brown and Natan via seeding of 

Au3+ by hydroxylamine [Brown & Natan 1998]. Subsequent research led to the modification 

of the shape of these Au NPs resulting in rod, triangular, polygonal rods, and spherical particles 

[Jana et al., 2001a; 2001b; Subrata et al., 2007]. These ensuing Au NPs have unique properties, 

providing a high surface area to volume ratio. Moreover, the gold surface offers a unique 

opportunity to conjugate ligands such as oligonucleotides, proteins, and antibodies containing 

functional groups such as thiols, mercaptans, phosphines, and amines, which demonstrates a 

strong affinity for gold surface [Alivisatos et al., 1996]. The realization of such gold 

nanoconjugates coupled with strongly enhanced LSPR gold nanoparticles have found 

applications in simpler but much powerful imaging techniques such as dark-field imaging, 

SERS, and optical imaging for the diagnosis of various disease states [El-Sayed et al., 2005]. 

The preparation of nanoparticles follows two different strategies, top-down and bottom-

up. The top-down processes involve bulk materials which are reduced to particles with nano-

dimension using various physical and chemical methodologies. On the other hand, in a bottom-

up approach, nanoparticles are constructed through the assembly of the atoms, the molecules, 

or the clusters and thus this is generically termed self-assembly. The most commonly utilised 

and easiest bottom-up approach is the chemical reduction of metal ions in solutions. In 

principle, an ionic salt is reduced using various reducing agents under appropriate reaction 

conditions and in presence of a stabilising agent [Schulz-Dobrick et al., 2005; Liu et al., 2017].  

A plethora of reducing agents, such as Na-citrate, hydrazine, hydrogen, LiAlH4, 

NaBH4, and alcohols can be used. According to the Lee–Meisel method, nitrate and sulphate 

salts are reduced using NaBH4, sodium citrate, and hydrogen. The pH of the medium plays a 

crucial role in modulating the size and shape of the particles [Dong et al., 2009; Lee and Meisel 

1982].  

At high pH, owing to faster reduction, both rod and spherical nanoparticles were found, 

while at relatively lower pH triangular and other polyhedral structures were obtained because 

of the slower reaction [Sanvicens & Marco, 2008].  

Similarly, Au NPs can be prepared from an aqueous solution of HAuCl4 using citrate 

as the reducing agent. The average particle size can be controlled by varying the ratio of 

reducing/stabilising agents as well as the pH of the system. Another popular nanoparticle 

fabrication process involves microemulsions. The process gained popularity owing to its ease 

of operation and control over the size and shape of the products, where, two separate 
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microemulsions containing salts and reducing agents are mixed together in presence of 

amphiphile. This method offers benefits to prepare thermodynamically stable and 

monodispersed nanoparticles [Holmberg 2003]. 

Importantly, control over the particle size can easily be achieved without any template. 

Considering the excess use of chemicals and solvents in the chemical synthesis of 

nanoparticles, greener approaches with minimal use of such hazardous chemicals have been 

developed. One major driving force for these greener approaches is nature’s efficiency in 

making these nano-materials. Mimicking nature, may not be not easy, but it has allowed 

chemists to develop several green synthetic protocols for nanoparticle synthesis using water as 

the medium and proteins or carbohydrates as capping agents. Starch has been used as both a 

reducing and stabilizing agents as well [Dahl et al., 2007; Raveendran et al., 2003]. 

The nature of engineered nanomaterials and their proposed uses provides compelling 

reasons for the implementation of green chemistry in the development of the new materials and 

applications. The technology is early in development and expected to be widely applied and 

distributed. 

Traditional medicinal plants have been used as medical treatments for many diseases 

for thousands of years in many countries of the world. The use of medicinal plants in the 

pharmaceutical field has increased significantly and many researchers in this field have focused 

their research on the study of these plants which are spread around the world. Medicinal plants 

are used for various therapeutic purposes. Medicinal plants contain various compounds that 

have different roles in a biological system including plant protection from diseases. These 

compounds showed potential for treatment of human pathologies related to pathogenic 

microorganisms. Additionally, and in the last few years, aqueous extracts from a couple of 

hundreds plant materials were used successfully for the preparations of different metal NPs, 

the previous sections included some examples. The advantage of the use of medicinal plant 

extract is the safety for medical applications which can’t be offered using harsh chemicals.     

 

2.5 Libyan flora 

Libya is located in the northern part of Africa and occupies an area of about 1.7 million 

square kilometres, (mostly desert). The most important areas for plant diversity are the coastal 

strip and the mountains of the Mediterranean coast (1900 km). The Mediterranean coast of 
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Libya is characterized by its rich biodiversity. The region of the Green Mountain contains about 

50% of the natural plants throughout the country. Plants are predominantly Mediterranean, with 

stronger links to the eastern Mediterranean (Palestine to Greece) than the rest of North Africa., 

and the island of Crete [Radford et al., 2011; Boulos 1971]. Libyan medicinal plants are used 

largely in traditional medicine for the treatment of different diseases. Some of the important 

Libyan medicinal plants selected under this study listed below with the chemical and 

pharmacological importance. 

 

Figure 2.2: Libyan map / https://ar.wikipedia.org 

 

2.5.1 Pistacia atlantica (Anacardiaceae) 

Pistacia atlantica is a well-known herbal medicine in the 

Middle Eastern and Mediterranean areas and used 

traditionally for stomach diseases, renal disorders, wounds 

and coughs. The plant showed different pharmacological 

properties such as antioxidant, antidiabetic, antihyperlipidemic, anti-inflammatory, anti-

cancer, antibacterial. The plant contains triterpenes (oleanolic, ursonic, masticadienonic, 

masticadienolic, morolic, and 3-O-acetyl-3-epiisomasticadienolic acids), phenolic such as 
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gallic acid and gallic acid methyl ester, luteolin, luteolin 7-glycoside, chlorogenic acid, 

kaempferol, naringin and naringin 7-glucoside, kaempferol-3-O-glucoside, quercetin-3-

glucoside, quercetin-3-galactoside, quercetin-3-rutinoside, quercetin-3-glucoside-7-O-

galactoside, vicenin 2 [Bagheri et al. 2019; Mahjoub et al. 2018; Amri et al. 2018; Hajjaj et 

al. 2018;]. The aqueous extract was reported for preparation of different NPs such as Ag 

NPS, Ag2S NPs, Pd NPs, Au NPs. [Zahedifar et al., 2019; Hamedani 2019]. 

 

2.5.2 Pituranthos tortuosus (Apiaceae)  

Pituranthos tortuosus (Coss.) Maire (Apiaceae), grows 

naturally in North Africa, the plant is used traditionally 

to relief stomach pains, against intestinal parasites, 

when blood is excreted in the urine or when coughing 

blood, and for the regulation of menstruation for asthma 

and against scorpion’s stings. The plant contains furanocoumarins [Mighri et al. 2015; 

Abdel-Kader 2003]. 

2.5.3 Artemisia absinthium (Asteraceae) 

Artemisia absinthium Linn (Asteraceae family) is an 

aromatic, bitter, shrubby plant.  The aerial parts used 

traditionally as anti-helminthic, and intermittent for 

digestive problems. It exhibits various pharmacological 

activities such as anthelmintic, stomachic, diabetes, liver tonic and anti-inflammatory, and 

antidote of insects bite. The plant contains different constituents such as essential oil rich in 

thujone and thujole, flavonoids, sesquiterpenes, amino, fatty, and organic acids and tannins 

[Ashraf et al., 2019; Abdullah et al., 2018; Goud & Poornima 2018]. The plant extract was 

used to generate Ag NPs and their antifungal activities were evaluated against different 

Candida species. [Rodriguez-Torres et al., 2019]  
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2.5.4 Artemisia herba-alba (Asteraceae)  

 Artemisia herba-alba, is an important medicinal plant 

native to the Mediterranean area, Western Asia (Arabian 

Peninsula) and South-western Europe. It is widely used 

traditionally for diabetes, infections, worms and has 

antispasmodic properties, it was reported as a traditional 

remedy of enteritis, and various intestinal disturbances, among the Bedouins in the Negev 

desert. The plant extract showed hypoglycaemic, antioxidant, antimicrobial, cytotoxic 

activities. It contains flavonoids, coumarins, terpenoids, fatty acids, carbohydrates, organic 

acids and alkaloids [Aziz et al., 2018].  

 

2.5.5 Helichrysum stoechas (Asteraceae)  

Helichrysum stoechas (L.) Moench is a typical 

Mediterranean plant growing in North Africa, 

traditionally has been used as an ornamental, medicinal 

and food plant.  It showed anti-inflammatory, anti-α-

glucosidase and anti-dipeptidyl peptidase-4, antiproliferative, antioxidant, antidiabetic and 

neuroprotective activities.  The phytochemical analysis showed phloroglucinols, phenolic 

acids, flavonoids, and sesquiterpene [Silva et al., 2017; Les Francisco et al., 2017; El-

Dahmy 1993].   

 

2.5.6 Juniperus phoenicea (Cupressaceae)  

Juniperus phoenicea L. (The Phoenician juniper) is a 

Mediterranean plant growing in the North Africa and 

naturalized as ornamental trees. Different part of the plant 

used in traditional medicine to treat different diseases such 

as gout, arthritis and rheumatism. The plant extract showed antibacterial, antioxidants anti-

inflammatory, cytotoxicity, and antidiabetic (increase insulin level) activities. The chemical 

constituents of the plant include flavonoids, phenolic acids, and diterpenes [Boussida et al., 

2018; Hasan & Ali  2017; Al-Ahdab 2017]. The plant was used previously to synthesize Ag 

NPs [Maeh et al., 2019]  
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2.5.7 Globularia alypum ( Globulariaceae )  

Globularia alypum L.  is a Mediterranean plant.  The aqueous 

extract is widely used to treat various ailment including 

constipation, peptic ulcer, diabetes, insomnia, hernia and 

intestinal pain. The plant extract showed different biological 

activities such as Antifungal, antibacterial, antioxidant, anticoagulant and protective effect 

against oxonate-induced hyperuricemia and renal dysfunction. The plant contains different 

chemical constituents such as flavonoids, iridoids, and alkaloids [Kraza et al., 2019; Ghlissi 

et al., 2019; Hajjaj et al. 2018; Sertic et al., 2015]. 

 

2.5.8 Ajuga iva (Lamiaceae)   

Ajuga iva is an aromatic plant belong to family Lamiaceae. 

The plant is used extensively in traditional medicines for 

treatment of different diseases, it has different biological 

activities such antidiabetic and anti-inflammatory, [Medjeldi 

et al 2018; Tahraoui et al. 2017; Boudjelal et al. 2015], the 

plant not explored yet for the synthesis of metal nanoparticles. 

 



20 
 

2.5.9 Rosmarinus officinalis (Lamiaceae)    

Rosmarinus officinalis (Rosemary) is a common herbal 

medicinal plant belong to the family Lamiaceae. 

Rosemary also has been used extensively as a medicinal 

herb for its astringent, spasmolytic, anti-inflammatory, 

expectorant, carminative, antirheumatic, analgesic, antimicrobial, and hypotensive 

properties. The use of the rosemary leaf to treat dyspepsia, high blood pressure, and 

rheumatism was approved by the German Commission E at doses of 4 to 6 g/day. Other 

pharmacologic effects attributed to rosemary include antimutagenic, anticancer, 

hepatoprotective, and antioxidant activities. Some reports indicated the use of rosemary in 

the synthesis of silver NPs [Nancy & Elumalai. 2019; Ando et al., 2019; Velgosova & 

Veselovsky 2019; Arassu et al., 2018] . 

 

2.5.10 Cymbopogon schoenanthus (Poaceae)  

Cymbopogon schoenanthus is an aromatic plant cultivated 

in north Africa for its essential oil. It’s very common in 

traditional medicine, is used as antispasmodic, anti-fever, 

stomachic anti-malarial, and anti-helminthic, 

antispasmodic, diuretic, sedative, digestive and anti-

parasitic. It has antifungal and anti-inflammatory activties [Ben Othman et al., 2017; Al-

Ali et al., 2017; Kadri et al., 2017; Hashim et al., 2017]. The plant extract was used 

recently to synthesize zinc oxide NPs [Awad et al., 2019]. 
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2.5.11 Peganum harmala (Zygophyllaceae)   

Peganum harmala L. is native to eastern 

Mediterranean region. The plant is widely distributed 

and used as a medicinal plant in North Africa and 

Middle East. The seeds used extensively in 

traditional medicine, for its curing properties such as 

anti-inflammatory, antidiabetic, antibacterial, for skin problems, respiratory system, and 

tumours. The biological activities attributed to the alkaloidal content especially harmaline. 

[Moloudizargari et al., 2013]. The plant reported in the synthesis of different types of NPs 

such as Iron oxide, zinc oxide, silver, and gold [ Miri et al., 2019; Moustafa Al-Omari 

2019; Alomri et al., 2018; Azizi et al., 2017; Amin et al., 2014] 

 

 

2.6 Oral Diseases  

Oral diseases are major health problems representing a serious infectious disease. Oral health 

affects the general quality of life and is associated with poor oral health, chronic diseases and 

systemic diseases. More than 750 species of bacteria live in the mouth cavity and can cause a 

number of oral diseases. The increasing resistance of bacteria to antibiotics represents another 

challenges for the current treatment, and there is a need for alternative prevention and treatment 

options that are safe, efficacious and cost-effective [Palombo 2011]. 

2.7 Tooth Decay  

Tooth decay occurs by the acid on the surface of the enamel. Acid is produced as a result of 

the interaction of the bacteria with different sugars in the dental biofilm (plaque) on the surface 

of the teeth. Acid production leads to loss of calcium and phosphate from the enamel. With 

inappropriate health hygiene this can lead to a cavity, and subsequently weaken the teeth and 

many inflammation problems. [Featherstone, 1999] 

2.8 Streptococcus mutans  

Streptococcus mutans is a facultatively anaerobic, Gram-positive bacterium and a group of 

lactic acid bacteria commonly found in the human oral cavity and is a significant contributor 

to tooth decay. Streptococci represent 20% of the oral bacteria and, along with sucrose, 

essentially determine the development of biofilms.14-16 Even though Streptococcus mutans 
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could be antagonized by the leading oral colonists, once they become dominant in mouth 

biofilms, tooth decay can develop and thrive. While S. mutans grow in biofilm cells maintain 

a balance of metabolism involving the production and detoxification reactions. Biofilm is the 

sum of microorganisms and can actually generate various toxic compounds that interfere with 

the growth of other competing bacteria [Hamada & Slade 1980]. 
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Chapter 3 

Materials and Methods 

This chapter provides an overview of the experimental procedures that were followed 

to fulfill the aims and objectives of this study. It represents the motive for the choice of the 

green biosynthesis method and the techniques used in the study and the experimental approach 

followed in pursuit of the objectives of this study. Several activities were covered in this 

chapter, including: 1) selection and screening of different plants extracts; 2) preparation of the 

aqueous extracts; 3) synthesis of nanoparticles; and 4) characterization of the nanoparticles via 

different characterization techniques; 5) antimicrobial activity test.  

3.1 Materials and Instruments 

Gold salt (sodium tetrachloroaurate(III) dihydrate) and silver nitrate were purchased 

from Sigma-Aldrich (Cape Town, South Africa), 96-well microtitre plates were obtained from 

Greiner Bio-One GmbH (Frickenhausen, Germany). Alamar blue dye was obtained from 

Invitrogen Corporation (San Diego, CA, USA). Streptococcus mutans ATCC ® 25175TM was 

obtained from Quantum Biotech. Neomycin antibiotic was purchased from Sigma-Aldrich 

(Cape Town, South Africa). Brain heart infusion and nutrient broth were purchased from 

Quantum Biotech (Cape Town, South Africa). Centrifugation for the extracts was done using 

Allegra® X-12R (Beckman Coulter, Cape Town, South Africa). The extracts were freeze-dried 

using FreeZone 2.5 L (Labconco, Kansas City, MO, USA).  

UV-Vis spectra were recorded using POLARstar Omega microplate reader (BMG 

Labtech, Cape Town, South Africa). The particle size, size distribution and zeta potential 

measurements of the freshly synthesized NPs in solution were analyzed using Zeta Sizer 

(Malvern Instruments Ltd., Malvern, UK). The NPs were centrifuged using Centrifuge 5417R 

(Eppendorf AG, Hamburg, Germany). TEM analysis was done using FEI Tecnai G2 20 field-

emission gun (FEG) High Resolution Electron Micrsoscope. The crystallographic properties 

were recorded by using X-ray Diffraction (XRD) Model smart lab (Cuka: α=1.5406 Å), 

operating at a current of 200 mA and a voltage of 45 kV in Bragg-Brentano geometry. 
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3.2 Plant collection and extract preparation  

The plant species under this study were collected from North African region after 

getting the required collection permits. Plant samples are represented in Table 3.1. The aerial 

parts of each plant were collected randomly from Northern area of Libya “called the Green 

Mountain” during April and May 2016. Figure (2.1) is representing all collected plant samples. 

After collection, the fresh samples were cleaned and dried in shade for two weeks, then grinded. 

Powder materials were packed and stored at 4 °C until use. Plant materials were extracted 

“separately” by adding a fixed amount of powder to boiled distilled water (50 mL distilled 

water/5 g plant) with shaking for a period of (30 minutes – 1.0 h). The supernatants were 

centrifuged at 3750 rpm for one hour to remove the solid materials using an Allegra® X-12R 

centrifuge (Beckman Coulter, Cape Town, South Africa). The supernatant for each extract was 

then filtered through 0.45 µm filters, and freeze dried using free zone 2.5L freeze dryer 

(Labconco, USA). A stock solution of 10 mg/mL was freshly prepared for each extract before 

the screening step.   
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Table 3.1: List of the collected plant species from the Green Mountain area “Libya” 

Herbarim No. Family Plant name No 

S17 ANACARDIACEAE Pistacia atlantica 1 

S20 APIACEAE 

 

Anethum graveolens 2 

S16 Pituranthos tortuosus 3 

S6 

ASTERACEAE 

Artemisia absinthium 4 

S10 Artemisia herba-alba 5 

S1 Chamomilla pubescens 6 

S14 Helichrysum stoechas 7 

S2 CUPRESSACEAE Juniperus phoenicea 8 

S18 FABACEAE Retama raetam 9 

S5 LAMIACEAE Ajuga iva 10 

S7 

LAMIACEAE 

Marrubium vulgare 11 

S15 Rosmarinus officinalis 12 

S19 Salvia officinalis 13 

S13 Thymus capitatus 14 

S8 Teucrium polium 15 

S3 PLANTAGINACEAE Globularia alypum 16 

S12 POACEAE Cymbopogon schoenanthus 17 

S11 NITRARIACEAE Peganum harmala 18 

S4 RHAMNACEAE Ziziphus lotus 19 

S9 RUTACEAE Ruta graveolens 20 
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Globularia alypum Cymbopogon schoenanthus Peganum harmala 

  

 

Ziziphus lotus Ruta graveolens  

 

Figure 3.1: Aerial parts of the selected plant species under study. 
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3.3 Biosynthesis of the gold and silver nanoparticles (Au and Ag NPs)  

Gold and silver salts were added separately at a concentration of 1 mM and 3 mM, 

respectively in 96-well plates to test the reducing ability of the selected plant extracts. Also, 

different concentrations of plant extracts (from 10.0 to 0.0195 mg/300 μL) were used. These 

different concentrations of extracts were obtained by serial dilution. 250 μL of gold or silver 

salt were added to 50 μL of the increased concentrations of plant extracts by (ratio 5:1) in every 

96-well plate separately.  

Interactive activity was observed at two different temperatures by incubating the 

samples at 96-well plates, at 25 °C and 70 °C for one hour, while stirring at 40 rpm. It was 

measured and confirmed by recording the UV-Vis spectrum from range 300 nm to 800 nm in 

the above-mentioned conditions and adding 200 μL of nanoparticles synthesized to 100 μL of 

sterile dH2O by ratio 2:1 in each hole using a POLAR star Omega microtitre plate reader (BMG 

Labtech, Germany). Concentrations were selected from the extracts that gave the best peak in 

the initial test. By raising the level of tests for the three selected concentrations to the final 

volume of 1.5 ml or 3 ml in a sterile dH2O warehouse in Eppendorf tubes or vials. 

Concentration ratios were adjusted to be appropriate for scale-up volumes to maintain a ratio 

of reagents. After all the samples were incubated under the same conditions above, the 

nanoparticle solution was centrifuged twice at 10000 rpm, for 10 minutes at 25 °C using sterile 

dH2O. The centrifuge 5417R (Eppendorf AG, Germany) was used to purify and concentrate 

the nanoparticles. The nanoparticles were re-suspended in sterile dH2O to 10 mg/mL stock 

solution. 

 

3.4 Characterization techniques  

3.4.1 UV visible spectroscopy 

It is one of the popular characterization techniques to determine particle formation and 

its optical properties. It refers to absorption spectroscopy or reflectance spectroscopy in the 

ultraviolet-visible spectral region UV-Vis absorbance spectroscopy was carried out to monitor 

the formation of nanoparticles (with a SPECTROstar Nano, BMG labtech UV-Vis 

spectrophotometer). The UV-Vis absorption spectra were recorded immediately after the 

preparation.  
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3.4.2 Dynamic light scattering (DLS) Analysis 

DLS was used to measure the hydrodynamic size and zeta potential at 25 °C. 1.0 mL 

of the synthesized NPs was placed in the cuvette. The measurement was done three times and 

takes the average was calculated for the hydrodynamic size and the charge. These 

measurements were performed on all samples and selected concentrations.  

 

3.4.3 High resolution transmission electron microscopy (HR-TEM) and energy dispersive 

X-ray spectroscopy (EDS) analysis 

Samples were prepared for the study of the surface morphology of the biosynthesized 

NPs by placing one drop of each sample on the surface of the carbon-coated copper mesh. The 

samples were dried under the light of the xenon lamp for 10 minutes. Elemental analysis of the 

NPs was done by recording the EDS- spectra of the samples. The TEM analysis of the sample 

coated grids was done by monitoring TEM images. The size of the nanoparticles was 

determined with ImageJ software.  

3.4.4 X- ray diffractometer (XRD) 

The structure and crystallinity of lyophilized powdered samples of nanoparticles (Ag 

NPs and Au NPs ) were analysed using XRD. The XRD patterns were acquired from Model 

smart lab (Cuka; α1=1.5406 Å) refractometer operating at a current of 200 mA and a voltage 

of 45 kV in Bragg-Brentano geometry, scan speed 2,000 degree/min. It is an essential technique 

for phase identification and crystal structure refinement. The XRD spectra were recorded in a 

specific range using an X-ray source of Cu Kα (λ=0.154 nm) monochromatic radiation.  

 

3.5 Stability analysis 

The stability of the synthesized NPs in different biological media was determined by 

incubating the NPs in the media for a period of 24 h. First, the NPs were centrifuged at 10,000 

rpm for 5 min. The pellets were washed three times with distilled water to remove 

phytochemicals that are not capping the gold nanoparticles. The NPs were re-suspended in 1 

mL autoclaved distilled water and 50 μL was added to 150 μL of selected biological media for 

tests by (rate 3:1). The mixture was incubated at 37 °C for 24 hours in a 96-well microtitre 
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plate. The stability of the NPs was evaluated by measuring the changes in UV-Vis spectra after 

0, 2, 4, 6, 12 and 24 h using a POLARstar Omega microtitre plate reader (BMG Labtech, 

Germany). 

3.6 Antibacterial evaluation 

Three plant extracts “P. atlantica, J. phoenicea, and R. officinalis” with their 

corresponding NPs (Ag and Au NPs) were selected further for antibacterial evaluation against 

S. mutans. The Alamar blue assay was used to evaluate the inhibition of bacterial growth 

against S. mutans ATCC ® 25175, by both the NPs and the plant extracts. The bacterial strains 

activated in brain heart infusion medium at room temperature and incubated for 24 hours at 37 

°C while shaking overnight. The bacteria were transferred into nutrient broth media after 

centrifugation. The density was adjusted at 0.5 OD at 450 nm (McFarland standard) using a 

Polystar Omega microplate reader to maintain the final number of 5X10-6 CFF. Bacteria were 

incubated overnight for 24 hours at 37 °C. Activity against bacteria was observed by the level 

of turbidity change after incubation for 24 hours. 

To determine the MIC values of the tested samples, 150 μl of bacterial broth was mixed 

in a 96 microtitre plate with 50 μl of NPs and plant extracts (concentrations ranged from 50 to 

0.039 μg/mL). Neomycin antibiotic was used as a positive control. Positive controls were also 

prepared by mixing 150 μL of bacterial culture with 50 μL of nutrient broth (concentrations 

ranged from 50 to 0.039 μg/mL). The plates were incubated at 37 °C for 24 hours, after which 

10.0 μL of Alamar blue dye was added to each well. Additional plates were incubated for 2 

hours. Absorbance was then recorded at 570 nm. To assess whether the NPs and plant extracts 

interfere with the Alamar blue probe, a control sample was also prepared by mixing 50 μL of 

NPs and plant extracts (for each concentrations) with 150 μL of nutrient broth.   
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Chapter 4 

Results and Discussion 

Twenty plant species were randomly collected from the Green Mountain area in the 

northern part of Libya. The plants were documented and extracted using water. The aqueous 

extracts were tested for their ability to form a stable metal NPs with Au and Ag. 

The synthesis of the NPs particles went through two phases: 

1- Screening of the 20 extracts according to the previous designed protocol [El-Bagory 

et al., 2016] and determining the most appropriate extract(s) to synthesis the metal 

NPs. The quality of the NPs produced was judged through the investigation of 

different characterization techniques such as UV, DLS, TEM, EDS, and XRD. The 

stability study was performed as well. 

2- The selected extract(s), was further evaluated for more informations in terms of 

kinetics and antibacterial activity. 

In this chapter, the results obtained from these techniques will be discussed. 

 

Some of the selected plant materials have been used extensively in Libyan traditional 

medicine, for example P. atlantica, A. absinthium, A. herba-alba, J. phoenicea and R. 

officinalis are well-known and widely distributed among the traditional healers and 

incorporated into many herbal formulations for treatment of different human diseases. The  

details of each of these plants were given in section 2.5 of the literature review. 

4.1 Determination of the optimum concentration 

As previously reported twenty plants were collected, extracted and been used for 

synthesizing gold and silver nanoparticles. Figure 4.1 reveals the efficiency of all selected 

plants for synthesizing gold NPs at 70 °C. Some extracts showed decreased efficiency at lower 

temperature (25 °C). The initial results confirmed the importance of temperature in the 

synthesis process of NPs. Changes in the color is considered as the first indication for the 

formation of gold NPs. The results show the color changing from yellow to red based on the 

temperature and concentration.   

On the other hand, Figure 4.2 represents the effect of temperature and concentration of 

the twenty plants extracts on the formation of silver NPs. The results show that only fifteen 
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plant extracts were able to produce silver nanoparticles at 70 oC. The variation in reducing 

power on the 20 species is expected because of the different chemical constituents exist in each 

species [El-Bagory et al., 2016]. Additionally, the results confirmed the effect of temperature 

and incubation time on the synthesis process. The initial indication for the formation of silver 

NPs is the change in the color to yellow and dark brown. The color density of nanoparticles 

increased with increasing reaction time. The phenomenon that makes this observation possible 

is called surface plasmon resonance (SPR), which is unique to metallic nanoparticles and gives 

a characteristic wavelength of certain metallic particles that depends on the shape and size of 

nanoparticles. 

The results in Figures 4.1 and 4.2 reveal that the optimum concentration (OC) is 

variable based on the plant species. Generally, it was observed that the OC decreased with the 

increase in temperature as can be seen in Tables 4.1 and 4.2. This is directly related to the 

activation energy acquired at higher temperature which facilitates and speeds up the chemical 

reaction. Similar results were observed in a study of local plant extracts from South Africa [El-

Bagory et al. 2016]. 

 

Figure 4.1: The screening of the selected plant extracts for the biosynthesis gold NPs at 25 

°C and 70 °C 
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Figure 4.2: The screening of the selected plant extracts for the biosynthesis silver NPs at 25 

°C and 70 °C 

 

4.2 Characterisation of the biosynthesized nanoparticles 

4.2.1 Uv–vis spectrophotometric analysis 

When an object is subjected to a light beam, it absorbs certain photons while others get 

transmitted, scattered or reflected. Therefore, measuring the interaction of light with an object 

can predict the presence and size of that object. The maximum absorbance (λmax) indicates the 

wavelength at which the nanoparticles absorb. The shift towards longer wavelengths represents 

an increase in average particle size and vice versa.  

Preliminary characterization of the silver and gold NPs was performed to investigate 

the optical properties of the synthesised NPs. Controlling the size, shape, and stability of 

nanoparticles are important factors for effective industrial applications [Mishra et al. 2011]. 

Time-dependent formation of silver and gold NPs was observed using uv–vis. 
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spectrophotometer. The very first indication for success of nanoparticle synthesis is the change 

in colour. The colour changes were due to the excitation of surface plasmon vibrations, which 

is a characteristic feature of synthesized nanoparticles [Song et al. 2009]. For the Au NPs the 

colour change from red/red wine to sapphire red and for Ag NPs from yellow/yellow-brown to 

dark brown (Figures 4.1 and 4.2).  

Figures 4.3 and 4.4 depict the uv-vis spectra of a typical gold and silver NPs solution 

at different temperatures. It was observed that the maximum absorptions of gold NPs 

represented in Table 4.1 where it occurs between 500 and 600 nm. On the other hand, Table 

4.2 shows that the absorption of the biosynthesized silver NPs occurs between 400 and 500 nm 

due to SPR .  

Five plant extracts, A. graveolens, A. iva, M. vulgare, G. alypum, and P. harmala did 

not change colour when they tested with gold salt at 25 °C (Table 4.1). While for silver NPs; 

A. graveolens, P. tortuosus, R. raetam, A. iva, P. harmala, C. pubescens, M. vulgare, S. 

officinalis, T. polium, C. schoenanthus, and R. graveolens showed no change in colour at the 

same temperature (25 °C) (Table 4.2). These results directly related the chemical constituents 

of each of the tested plant extracts, which is the main factor when compared with other potent 

extracts.  

The shape of surface plasmon peaks is also affected; at higher temperature (70 °C) a 

sharp peak was observed compared to the one at room temperature (25 °C). This could be 

attributed to an increase in the efficiency of the reaction. This observation may refer to the 

generation of smaller, more consistent particles that appear to be more favourable because the 

nanoparticles formed are better defined. At 70 °C, the reaction can also result in higher 

production of nanoparticles where higher optical density has been observed that can give an 

indication of the concentration of nanoparticles produced in specific reaction conditions. At 

low temperatures, the chemical reaction is much slower, leading to lower productivity and 

giving chances for size increase. This also, may be attributed to the rate of the reaction of the 

chemical constituents in each plant extract. This was observed by Dzimitrowicz et al. 2019 

who demonstrated through the results of ATR-FTIR analysis of environment-friendly Au NPs 

which revealed multiple compounds involved in Au NPs synthesis of different extracts. There 

are many factors that contribute to differences in size and other physical-chemical properties 

including changes in incubation time, temperature, and the chemical constituents of the plant 

extract [Dzimitrowicz et al., 2019]. The absorption at the longer wavelength is attributed to 

SPR stimulation and indicates significant variation in the shape of nanoparticles and mainly 
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the formation of spherical NPs. The maximum absorption data was recorded from all tested 

plants.  
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Figure 4.3: Comparison of the UV spectra of Au NPs produced at 25 (green curves) and 70 

oC (red curves) 

 

 

 

Figure 4.4; Comparison of the UV spectra of Ag NPs produced at 25 (green curves) and 70 

oC (red curves) 
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4.2.2 Dynamic light scattering analysis 

Dynamic light scattering (DLS) was used to determine parameters such as size (average 

diameter), polydispersity index (PDI) and zeta potential (ZP) of the biosynthesized 

nanoparticles. Tables 4.1 and 4.2 represent the average results of the synthesized nanoparticles 

from the twenty Libyan plant species. The size of the nanoparticle remains the most important 

parameter as the chemical and physical characteristics of the nanoparticle associated with their 

function are dependent on it. One of the important features of NPs is its surface- to volume 

ratio which is inversely proportional to the diameter of the nanoparticle. The smaller the 

nanoparticle, the larger its surface area and therefore more binding sites for various applications 

such as drug and gene delivery. The effects caused by the different reaction conditions which 

were studied under controlled conditions were assessed by DLS to observe the influence of 

these parameters on the particles’ size. The changes were observed to be unique to each plant 

extract from which the NPs have been derived [Lee et al., 2014]. DLS results showed the 

average diameter of the synthesized Au NPs within the range of 27-157 nm at room temperature 

and 12 - 119 nm at 70 °C. The wide range in size may be attributed to the efficiency of each 

plant to work as a reducing agent as well as an effective capping agent.  

The results reveal that, P. atlantica and S. officinalis were the most effective extracts 

out of the 20 plants tested in this study in terms of facilitating the production of Au NPs with 

an average size of 27 nm at 25 °C and 12 nm at 70 °C, respectively. On the other hand, the 

synthesized Ag NPs from these twenty plants had an average diameter within a range of 20 - 

154 nm at room temperature and 37-161 nm at 70 °C. A. herba-alba and G alypum were 

observed to be the best plant extract out of the 20 plants tested in this study in terms of 

facilitating the production of Ag NPs with an average size of 20 nm at 25 °C and 37 nm at 70 

°C, respectively. The size of biosynthesized Au NPs is greatly affected by the type of 

compounds in the extracts used for the synthesis process. In this study, smaller nanoparticles 

were also observed at a higher temperature than at low temperature, also the decrease of the 

extract concentration produce smaller nanoparticles [Cele et al., 2009].  

The PDI shows the measure of molecular mass distribution of the synthesized 

nanoparticles. The results showed that some plants had higher PDI at room temperature while 

others had insignificant differences at the different temperature conditions which may attribute 

to the heterogeneity of the chemical components of the plants. C. schoenanthus and S. 

officinalis showed efficiency in the synthesis process of Au NPs at 70 oC with an average 
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diameter of 33 and 12 nm, respectively. These results were in agreement with the UV-vis 

spectroscopy analysis where it shows SPR peaks at 546 and 526 nm, respectively.   

The variations observed in the average diameter of the Au NPs synthesized from the 

two extracts could be due to the contribution of the organic layer which is dependent on plant 

constituents [Yu 2007]. The behaviour of the phytochemicals at different temperatures could 

contribute to their effectiveness in reducing the gold salt to nanoparticles. Hence, the 

complexity of the phytochemicals presents in the plant extracts and their unique characteristics 

seems to be the main factor that could be contributing to the unpredictable results of the reaction 

products in this study. It is worth stating that the nanoparticles were observed to be fairly stable 

regardless even though the zeta potential is being below the acceptable range of stability 

observation by this method.  All the plants gave rise to Au NPs with a negative zeta potential 

which corresponds to a negative surface charge of the nanoparticles. This negative surface 

charge leads to greater stability of the nanoparticles through columbic repulsion forces that are 

induced by this surface charge leading to decreased aggregation of the nanoparticles [Lukman 

et al. 2011]. Hence, zeta potential measurements were an effective parameter in the final 

selection of the best plant extract in the biosynthesis process. The ZP results show more 

stability of the resultant Au NPs at the high temperature of the synthesis process. 
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Table 4.1. The optimum concentration (OC), particle diameter (PD), polydispersity index (Pdi), λmax and average zeta potential values (ZP) of 

the Au NPs synthesised from the tested plant extracts at 25 ˚C and 70 ˚C. 

 

No Plant Name 
25 ˚C 70 ˚C 

OC (mg/mL) Pdi PD (nm) λmax (nm) ZP (mV) OC (mg/mL) Pdi PD (nm) λmax (nm) ZP (mV) 

1 P. atlantica 0.31 0.711 27 526 -13 0.15 0.666 24 538 -20 

2 A. graveolens # # # # # 0.62 0.476 48 546 -16 

3 P. tortuosus 5.00 0.638 30 538 -16 0.62 0.645 28 538 -15 

4 A. absinthium 2.50 0.516 42 536 -15 0.62 0.628 29 546 -15 

5 A. herba-alba 5.00 0.447 50 540 -19 2.50 0.442 55 538 -20 

6 C. pubescens 5.00 0.653 154 536 -17 0.62 0.487 56 538 -11 

7 H. stoechas 1.25 0.440 55 542 -15 2.50 0.845 36 524 -17 

8 J. phoenicea 0.62 0.436 46 536 -13 0.62 0.513 40 536 -16 

9 R. raetam 2.50 0.261 469 572 -13 5.00 0.222 794 584 -13 

10 A. iva # # # # # 2.50 1.000 16 538 -18 

11 M. vulgare # # # # # 0.62 0.604 33 550 -14 

12 R. officinalis 0.62 0.515 67 540 -17 0.31 0.455 55 532 -20 

13 S. officinalis 2.50 0.582 39 542 -18 5 0.944 12 526 -17 

14 T. capitatus 0.62 0.490 116 542 -16 0.31 0.450 78 550 -20 

15 T. polium 1.25 0.482 109 538 -14 0.62 0.520 43 538 -13 

16 G. alypum # # # # # 0.31 0.451 65 548 -19 

17 C.schoenanthus 5.00 0.609 34 546 -11 0.62 0.621 33 546 -16 

18 P. harmala # # # # # 5.00 0.351 119 536 -24 

19 Z. lotus 1.25 0.554 36 534 -13 1.25 0.639 26 538 -16 

20 R. graveolens 2.50 0.436 117 542 -13 0.625 0.317 77 552 -14 

# No nanoparticles were formed at this condition. 
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Table 4.2. The optimum concentration (OC), particle diameter (PD), polydispersity index (Pdi), λmax and average zeta potential values (ZP) of 

the Ag NPs synthesized from the tested plants at 25 ˚C and 70 ˚C.  

 

 

 

 

 

 

 

 

 

 

 

# No nanoparticles were formed at this condition. 

 

No. Plant Name 
25 ˚C 70 ˚C 

OC (mg/mL) Pdi PD (nm) λmax (nm) ZP (mV) OC (mg/mL) Pdi PD (nm) λmax (nm) 
ZP 

(mV) 

1 P. atlantica 0.02 0.380 109 420 -33 0.02 0.639 119 414 -32 

2 A. graveolens # # # # # # # # # # 

3 P. tortuosus # # # # # # # # # # 

4 A. absinthium 0.31 0.492 50 418 -26 0.62 0.682 40 418 -23 

5 A. herba-alba 2.50 0.617 20 414 -24 062 0.343 54 432 -26 

6 C. pubescens # # # # # 0.31 0.472 77 432 -26 

7 H. stoechas 0.31 0.418 154 416 -18 0.31 0.525 112 412 -25 

8 J. phoenicea 2.50 0.659 40 428 -16 1.25 0.369 83 430 -18 

9 R. raetam # # # # # # # # # # 

10 A. iva # # # # # # # # # # 

11 M. vulgare # # # # # 1.25 0.604 136 414 -17 

12 R. officinalis 0.15 0.589 39 436 -35 0.15 0.588 55 436 -22 

13 S. officinalis # # # # # 1.25 0.715 101 438 -27 

14 T. capitatus 0.62 0.640 31 420 -20 0.31 0.504 51 428 -21 

15 T. polium # # # # # 0.31 0.689 161 438 -19 

16 G. alypum 0.15 0.601 52 430 -30 0.31 0.537 37 416 -17 

17 C.schoenanthus # # # # # 1.25 0.527 44 434 -19 

18 P. harmala # # # # # # # # # # 

19 Z. lotus 0.62 1.000 26 432 -21 2.50 0.600 63 432 -20 

20 R. graveolens # # # # # 0.62 0.493 234 444 -18 
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4.2.3 High resolution-Transmission Electron Microscopy (HR-TEM ) analysis 

The TEM images of the biosynthesized selected samples are shown in Figures (4.5 and 

4.6). The results show variable geometrical shapes and sizes based on the tested plant extract. 

The EDS results have also been included in this study. The nanoparticles synthesized from the 

different extracts revealed various shapes and relative sizes as observed from the TEM images 

(Figure 4.5).  

Shapes such as spheres, pentagons, hexagons, and triangles were observed among the 

biosynthesized Au NPs. Gold spheres and pentagons being the most dominant. Overall, larger 

particles from ~ 150 nm in size were mostly triangular, truncated triangular, and hexagonal in 

shape. On the other hand, smaller nanoparticles were mostly, spherical, pentagonal and 

hexagonal. This mixture of geometrical shapes is a common feature of Au NPs as reported 

before [Chen et al. 2010; Foss et al. 1994], and is attributed to the different phytochemicals 

reducing agents in the plants extracts. The results also reveal that temperature in synthesis 

reaction plays a role in the shape, and size of the nanoparticles. For example, it is observed that 

at 25 °C the nanoparticles are more uniform in shape and size compared to those synthesized 

at 70 °C. The dominant shapes in both conditions were hexagonal and spherical, although 

triangular and pentagonal shapes were also observed. The nanoparticles were observed to be 

smaller at 70 °C but more, heterogeneous at 70 °C compared to 25 °C.  

TEM images show only a few particles in each frame, hence statistically reliable 

distributions of these shapes and sizes cannot be evaluated using TEM [Zeiri et al. 2014]. 

Moreover, Pistacia Atlantica shows no apparent difference in Au NPs shapes at 25˚C and 70˚C. 

One interesting observation from the TEM images is the presence of a halo around some of the 

nanoparticles which could be revealing the biological layer on the nanoparticles caused by the 

phytochemicals and or proteins capping the metal nanoparticles. This halo around Au NPs 

synthesised from medicinal plant extracts was also observed by El-bagory et al., [2016]. This 

halo was also observed by Zeiri et al., [2014] which has a width of 2 to 3 nm, and was suggested 

to protect the Au NPs from aggregation. 
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A. absinthium at 25  °C A. absinthium at 70 °C 

    

H. stoechas at 25 °C H. stoechas at 70 °C 

Figure 4.5: TEM images of the synthesised Au NPs  at (25°C and 70°C), the red arrow 

shows the halo. 

 

TEM images show that most silver nanoparticles synthesized at different concentrations 

of collected plant extracts are spherical. This can be seen in Figure 4.6. These spherical shapes 

are a common feature in Ag NPs as reported by Ahmed et al., [2016]. In Figure 4.6, the 

temperature of the synthesis reaction did not play a vital role in the shape and size of the 

nanoparticles, and it was observed that the nanoparticles at both low and high temperatures 

were close in shape and size. The dominant forms in both cases were the spherical form. It has 

been observed that silver nanoparticles synthesized with plant extracts are surrounded by a thin 

layer that may be from some organic matter [Shankar et al., 2004; Song and Kim 2009; 

Banerjee et al., 2014]. This aura can be seen in Figure 4.6 as indicated by red arrows. 
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A. 

herba-alba 

(70 °C) 

 

Figure 4.6: TEM images of the synthesised Ag NPs at (25°C and 70°C). 

 

The Energy Dispersive X-ray analysis (EDS) spectroscopy analysis of the Au NPs 

confirmed the presence of gold and ions in the samples selected for TEM analysis. The presence 

of Au peaks in the spectrum confirming the synthesis of the gold nanoparticles (Figure 4.7). 

Strong Au optical adsorption peaks were observed at around 2.4, 9.7 and 11.5 KeV, which are 

consistent with a previous study [Arunachalam et al., 2013]. The presence of other strong peaks 

is due to the contribution of some of the extracts components in the solution and the 

characterization equipment, such as the copper grid. The presence of peaks for carbon, copper, 

and silicon in some samples is attributed to the TEM grid and the detector window, whereas 

the presence of calcium, oxygen, potassium, and chloride is suggested to be traced from the 

phytochemicals of the extracts [Zeiri et al., 2014]. 

EDS results reveal strong signal in the silver region and confirms the formation of silver 

nanoparticles which may have originated from the biomolecules bound to the surface of the 

silver nanoparticles (Figure 4.8). The presence of Ag peaks in the spectrum confirm the 

synthesis of Ag NPs. The EDS spectrum demonstrates a strong silver signal as well as weak 

signal oxygen, chloride, and carbon peak, which may have originated from the biomolecules 

associated with the surface of silver nanoparticles. Copper and carbon peaks may result from 

their presence in the same networks, suggesting that silver ions are reduced [Rodriguez-Leon 

et al., 2013; Rao et al., 2000]. In general, silver nanoparticles show a typical optical absorption 

peak of about 3 kV due to surface plasma resonance which is consistent with a previous study 

[Kotakadi et al., 2014]. There are no peaks for silver compounds observed. This determines 

that the silver compound has been fully reduced to Ag NPs as specified. While the 3 kV 

spectrum signal indicates a strong signal for nanoparticle particles [Sathishkumar et al., 2009]. 
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Figure 4.7: EDS spectra of some Au NPs synthesized from A (P. atlantica at 25 °C) and B 

(P. atlantica at 70 °C) showing Au peaks in red arrows. 
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Figure 4.8: EDS spectra of Ag NPs synthesized from C (R. officnalis at 25 °C) and D (J. 

phoenicea, at 70 °C) showing Ag peaks in red arrows. 
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4.2.4 Stability Assay 

Studying the stability of the prepared nanoparticles is an important step to insure the 

effect of time on the structure and the functionality of the particles. Observations of zeta 

potential values of biosynthesized NPs have been carried out to assess their stability. In general, 

zeta potentials can be used to predict the long-term stability of NPs in a solution, where the 

volume of the charge reflects the forces of mutual antagonism between the particles [Chanda 

et al. 2011]. All plant extracts showed the potential of negative zeta potentials as shown in 

Tables 4.1 and 4.2 where it can be the cause of the nanoparticles stability in solutions. The 

biologically stable NPs (reflected by minimal changes in UV-Vis spectra) should not be 

clustered in a wide range of environmental conditions (eg, salts and biological additives). For 

further stability evaluation, the NPs were incubated for extended periods under different 

biological solutions. The results reveal good stability for some biosynthesized nanoparticles. 

This increases their potential in a biological application where we can conclude that their 

physical and chemical properties will be better preserved in the biological environment. It has 

been noted that the NPs remains stable in different biological media.  

The stability of the NPs was monitored by recording ultraviolet spectra through 

different time periods. The Au NPs synthesized from P. Atlantica and J. Phoenicea were 

represented in Figure 4.9, no.1 and 8, While Ag NPs synthesized from J. Phoenicea and R. 

officinalis were represented in Figure 4.10, no.8 and 12, all of them showed excellent stability 

by maintaining surface plasmon resonance. This suggests that these nanoparticles are very 

stable in different environmental conditions and therefore can be used in various medical and 

calibration applications [Von-White et al. 2012]. On the other hand, none of the other NPs from 

other plant extracts showed similar stability at incubation with the same biological solutions.  

Gold NPs synthesized from A. graveolens and G. alypum ; Ag NPs generated from C. 

pubescens and S. officinalis did not show the same simple changes in their respective UV 

spectra as shown in Figures 4.9 and 4.10, respectively. It is suggested that flattening in their 

SPR contributes to the formation of larger particles. During the incubation period, where their 

low intensity can also contribute to reducing the number of NPs. The researchers concluded 

that the proteins in the middle layer of NPs are stabilized and that the natural aura of NPs 

enhances their stability through possible interaction with media components in a way that is 

conducive to their stability [Sabuncum et al., 2012]. It can be observed that the size of NPs can 
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play a role in the interaction of NPs with the biological environment, leading to different 

observed results [Shang et al. 2014]. 

 

 

Figure 4.9: Stability assay of the Au NPs observed from uv-vis spectra after 24 h. upon 

incubation with nutrient broth media 
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Figure 4.10: Stability assay of the Ag NPs observed from uv-vis spectra after 24 h. upon 

incubation with nutrient broth media 
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4.3 Selection of the effective plant extract(s) 

Three plants were selected for further study. These are P. atlantica, J. phoenicea, and 

R. officinalis. The selection was done based on the TEM, UV, DLS stability results of the 

biosynthesized NPs using these plants extracts. The efficiency of these extracts was clear from 

the beginning where it shows rapid interaction, colour change which was initial confirmation 

of the formation of the NPs. The stability of the NPs synthesized from these extracts in the 

biological medium has been mentioned early. Further characterization will be reported to reveal 

the nature of these synthesized NPs as well as its activity in biological applications.  

4.3.1 X-ray diffraction (XRD)  

XRD analysis was carried out to identify the crystallographic structure of the gold and 

silver NPs synthesized from the three selected plant extracts (P. atlantica, J. phoenicea, and R. 

officinalis). A smart lab diffractometer with a monochromatic CuKα1=1.5406 Å was used 

under operating voltage of 45 kV and a current of 200 mA in the Bragg-Brentano geometry. 

The biosynthesized nano-powder displays crystal clearly an amorphous signature. The four 

peaks corresponding to the standard gold and silver Bragg reflections (111), (200), (220), and 

(311) did not appear due to the amorphous nature of the prepared NPs [Krishnamurthy et al., 

2014; Mehta et al., 2017].  

 

4.3.2 Kinetic study 

The kinetics of the nanoparticles formation were studied by examining the changes in 

the λmax of the plant extract/gold salt mixtures over 24 h. P. atlantica and J. phoenicea-NPs 

started to form and show λmax above 1 Absorbance unit (AU) immediately with gold salt (Figure 

4.6). This increase in λmax is due to an increase in the number of NPs [Ahmad et al., 2003]. P. 

atlantica and J. phoenicea-NPs reached a maximum value after 60 min and then remained 

unchanged suggesting the reaction was complete at 60 min (Figure 4.11). On the other hand, 

for silver, the J. phoenicea, and R. officinalis-NPs started to change colour and the λmax 

increased above 0.5 absorbance unit only after 40 min (Figure 4.12). Indicating the presence 

of lower reduction power phytochemicals in J. phoenicea and R. officinalis-NPs. The results 

in Figure 4.7 shows no constant λmax after 1 h of incubation. Consequently, the full maturation 

of Ag NPs requires a minimum of 24 h.   
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Figure 4.11: Kinetic study of Au NPs using (A) P. atlantica, (B) R. officinalis and (c) λmax 

values versus time 

  

Figure 4.12: Kinetic study of Ag NPs via (A) J. phoenicea, (B) R. officinalis and (c) λmax 

values versus time 
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4.3.3 Evaluation of Antimicrobial activity of the gold and silver NPs                     

The antibacterial effect of various plant extracts is well documented and known. 

However, the antimicrobial effect of biosynthesized metallic NPs using plant extracts is still 

largely unexplored and could be useful as a new antibacterial agent [Shankar et al. 2004]. For 

this reason, antibacterial activities of the synthesized NPs from the selected plant extracts, P. 

atlantica, J. phenicia, and R. officinalis, have been investigated. Alamar blue (resazurin) was 

used to measure bacterial growth after treatment. Resazurin undergoes a change in chromatic 

response to reduce cellular metabolism to yield a highly fluorescent compound that can be 

quantified by measuring its fluorescence [Palombo 2011].  

The minimum inhibitory concentration (MIC) (P <0.05) was known as the lowest 

concentration of tested samples inhibits the growth of tested bacterial strains compared to the 

value of negative control. Antibacterial evaluation was performed against the main cause of 

tooth decay, S mutans. The three selected plants extracts (R. officinalis, J. phoenicea, and P. 

atlantica) and the biosynthesized gold and silver NPs were tested.  Neomycin antibody was 

used as a positive control. The results reveal different activity of the tested samples against S 

mutans.  But what was interesting in Figures 4.13 and 4.14, P. atlantica extract and Au NPs 

synthesized via the same extract reveal same MIC value. Also, gold and silver NPs synthesized 

via J. phoenicea and the extract itself reveal similar MIC value.  

Figure 4.15 shows slight differences in MIC values for the plant extract and its NPs, 

this may be due to the fact that bacteria adopt resistance mechanisms against free 

phytochemicals or that there is some synergistic activity between NPs and phytochemicals 

[Naimi & Khaled 2014]. This difference is also likely to be attributed to differences in the 

chemical nature of phytochemicals present in water extracts. The smaller size of NPs compared 

to the size of bacteria is thought to enable NPs to kill the bacterial cell by adhering to the cell 

wall [Abdulameer & Mahdi 2015]. NPs can then penetrate the cell wall of bacteria and induce 

death by influencing respiratory mechanisms and dividing cells by binding to compounds 

containing protein or phosphorus, such as DNA [De Haetano et al. 2015]. It is believed that the 

difference in activity against bacterial strains is dictated by the nature of the bacterial cell wall. 

i.e, the cell wall of the gram-positive germ strains contains an eptidoglycan nebula compared 

to the cell wall of gram negative bacteria [Huang et al. 2007]. As a result, the natural product / 

NPs conjugate can penetrate the cell wall of gram-negative bacteria and exert antibacterial 

activity more easily than gram-positive bacteria [Leela & Munusamy 2008].  
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Accordingly, the results showed that plant extracts had a bacterial activity at different 

concentrations tested in this study consistent with NPs. Antibacterial activity of the NPs can 

also be linked to an increase in the concentration of active phytochemicals that limit NPs. Thus, 

when bacteria are exposed to NPs, an enhanced antibacterial effect is obtained. It is also 

possible that the NPs are more targeted or closer to bacterial cells than free phytochemicals. 

Further support for the role of phytochemicals in inhibiting bacterial growth. Hence, we can 

speculate that the properties of phytochemicals that capping the NPs are an important factor in 

determining antibacterial activity regardless of the size of the NPs. Hence, R. officinalis, J. 

phoenicea, and P. Atlantica may be used in dental protection treatments for decay related 

problems. 

 

Figure 4.13: Antibacterial activity of P. atlantica and its Au NPs, MIC’s were represented by 

red color. Neomycin (yellow) was used as positive control. 
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Figure 4.14: Antibacterial activity of J. phoenicea and its Au, Ag NPs, MIC’s were represented 

by red color. Neomycin (yellow) was used as positive control. 

 

 

 Figure 4.15: Antibacterial activity of R. officinalis and its Ag NPs, MIC’s were represented 

by red color. Neomycin (yellow) was used as positive control. 
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Chapter 5 

 

Conclusion and Future Prospects 

 

Different plant extracts were successfully tested for their ability to synthesize NPs. 

Nanoparticles formation was tested in both temperature (25 °C and 70 °C). The optimal 

concentration of plant extract was determined for all 20 plants at each temperature. 

The resultant NPs were characterized using uv-vis, DLS, HR-TEM and EDX. All four 

of these techniques confirmed the formation of colloidal NPs. The NPs formation and the 

physicochemical properties (size, charge, and shape) were dependent on several factors, 

include the chemical nature of plant constituents, the concentration of the extract, and the 

temperature, as well as incubation time 

The DLS data showed that the Au NPs had an average diameter of 92 nm at 25 °C and 

66 nm at 70 °C. The zeta potential values were observed to be negative for all the synthesized 

Au NPs , which corresponds to a negative surface charge of the nanoparticles and contributing 

to the stability of the Au NPs , and prevents aggregation. The HR-TEM showed the morphology 

and polydispersity, which reveals the uniformity of the synthesized Au NPs. 

 The Au NPs had shapes observed to be dominantly quasi-spherical and pentagonal 

respectively and also revealed the crystalline nature of the Au NPs. A halo surrounding the 

nanoparticle surface is also observed which possibly reveals the presence of a layer of 

biological material surrounding the nanoparticle. 
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The stability of all synthesized Au NPs was studied by incubating the Au NPs in 

nutrient broth prior to antibacterial evaluation. All the Au NPs under study showed stability, 

only minimal changes in the UV-Vis spectra of the Au NPs can be observed. 

The antibacterial activity of P. atlantica, J. phoenicea plant extracts, and their 

respective Au NPs was studied using the microtiter method. The growth inhibition as 

demonstrated by the changes in the turbidity of the sample observed through optical density 

analysis was determined for each sample. Both Au NPs and their respective crude plant extracts 

showed significant dose-dependent antibacterial activity against S. mutans. It is probable that 

these nanoparticles possess an added pharmacological effect due to the phytochemicals capping 

the metallic nanoparticles. These nanoparticles have revealed promising bioactivity for 

developments of new antibacterial agents against S.aureus strains. It was observed that as the 

concentration of the Au NPs tested in this study increased, the antibacterial activity also 

increased demonstrating a dose-dependent activity of Au NPs.  

These results showed that these two plant extracts and their respective Au NPs are 

potential antimicrobial agents against S. mutans. Their activity against other gram negative and 

gram positive bacterial strains and fungal species should be evaluated further, as well as its 

mechanisms of action. For applications in the development of antimicrobial agents, its toxicity 

must be investigated. 

On the other hand, the DLS data of the synthesized Ag NPs showed that an average 

diameter of 58 nm at 25 °C and 91 at 70 °C. The zeta potential was observed to be negative for 

all the synthesized Ag NPs, which prevents aggregation. The HR-TEM showed the 

morphology and polydispersity. It has been observed that Ag NPs have approximately one 

shape. Where the spherical shape or spherical shape predominates over most of the domestic 



61 
 

product. A halo surrounding the nanoparticle surface as also observed which possibly reveals 

the presence of a layer of biological material surrounding the nanoparticle. 

The stability of all synthesized Ag NPs was studied by incubating the Au NPs in 

nutrient broth prior to the antibacterial evaluation. All the Au NPs under study showed stability, 

only minimal changes in the UV-Vis spectra of the Ag NPs can be observed. 

The antibacterial activity of J. phoenicea, R. officinalis plant extracts and their 

respective Ag NPs was studied using the microtiter method. The growth inhibition as 

demonstrated by the changes in the turbidity of the sample observed through optical density 

analysis was determined for each sample. Both Ag NPs and their respective crude plant extracts 

showed significant dose-dependent antibacterial activity against S. mutans. AgNPs are well 

known for their antibacterial activity, in this case the synthesised NPs may enhance the 

antibacterial of the capping agent and/or a kind of synergetic activity between them.  

These nanoparticles have revealed promising bioactivity for developments of new 

antibacterial agents against S. mutans strains. It was observed that as the concentration of the 

Ag NPs tested in this study increased, the antibacterial activity also increased demonstrating a 

dose-dependent activity of Ag NPs.  

These results show that these two plant extracts and their respective Ag NPs are potential 

antimicrobial agents against S. mutans. Their activity against other gram negative and gram 

positive bacterial strains and fungal species should be evaluated further, as well as its 

mechanisms of action. For applications in the development of antimicrobial agents, its 

toxicity must be investigated. 

The field of green nanotechnology has opened great opportunities and possibilities, 

which bring hope to the pharmaceutical sector. Further optimization of synthesis and an in-

depth characterization of these nanoparticles will lead to knowledge-based advancement in the 
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field of green nanotechnology. Different experimental conditions yield different nanoparticles 

in varying yields. Therefore, in line with the effort is being done towards the advancement of 

desired physicochemical properties which are towards establishing desired characteristics for 

various applications, optimal experimental conditions are crucial for obtaining desired 

characteristics and nanoparticle yield. 

It is suspected that different phytochemicals are involved in synthesis. The synergistic 

effects of plant phytochemicals may play a key role in the bioactivity. More stable and potent 

formulations can also be explored by developing conjugates with the identified active 

phytochemicals which will probably confer increased stability of the active compounds or 

currently available antibiotics and increase their availability in the target site. These 

interactions and benefits are already expected from the synthesized nanoparticles and can be 

further enhanced to fit desired applications. 

The analysis of the effect of these nanoparticles on various cells and the evaluation of 

their genotoxicity should be done to increase the understanding of their safety and increase 

their potential for biomedical applications. This will also give clear results when the 

nanoparticles are used in combination with other drugs for delivery or as part of combinatorial 

medicine as their effects will be fully understood. These studies will also give a clearer 

understanding of their sole therapeutic effects and mechanisms. 
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