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ABSTRACT 

Background: Tuberculosis (TB) is implausibly still considered as one of the leading causes 

of death, in the 21st century. Despite the curative treatments and measures of control in the 

communities, TB plays a significant role in human infectious disease. Studies have shown that 

there is an emergence of major drug-resistant TB.  

Aim: This study was aimed at evaluating the biological activities of silver and gold 

nanoparticles capped with selected medicinal plant extracts against Mycobacterium 

tuberculosis.   

Methodology: P. africanum and Z. mucronata barks and leaves were collected in the 

Vhembe district of Limpopo. Plant phytochemical constituents were extracted using distilled 

water and absolute methanol. The silver nanoparticles (AgNP) and gold nanoparticles (AuNP) 

were capped using crude extracts through the process of green synthesis; and were 

characterized by Ultraviolet-Visible spectrophotometry (UV-VIS), and transmission electron 

microscopy (TEM). Metabolites present in the plant extracts were profiled using liquid 

chromatography mass spectrometry (LC-MS). Cytotoxicity activity of plant extracts and 

nanoparticles were determined by MTS assay on HEK293 cells. The anti-inflammatory activity 

was determined through the nitric acid synthase (NOS) inhibitory test. The antimycobacterial 

activity was determined using microbroth dilution. 

Results: Following extraction by maceration, methanol was able to yield more extracts 

compared to distilled water due to their differences in polarity. The selected plants were found 

to contain numerous antioxidant significant for anti-inflammatory and cytotoxic activity. The 

metabolites play a role in the formation of the nanoparticles. Plant extracts and gold 

nanoparticles had little impact on the cell lines, thus were concluded to be non-toxic. Whilst 

silver nanoparticles exhibited toxic activity on the cell line at both concentrations, hence were 

considered toxic to human. Silver nanoparticles of ZML and ZHL, and gold nanoparticles and 

plant extracts of PML exhibited anti-inflammatory activity at 100 µg/mL, whereas PML was 

able to decrease nitrite concentration at both concentrations.  

Conclusion: Adoption of TB strategies recommended by World Health Organization (WHO) 

to reduce TB deaths and incidence rate by 90% and 80%, respectively, (less than 20 TB cases 

per 100 000 population). 

 

Keywords: DR-TB, Nanoparticles, Peltophorum africanum, Tuberculosis, Ziziphus 

mucronate 



iii 
 

 

DECLARATION 

 

I, Matshoene Violet Motene, declare that this dissertation is my original work and has not been 

submitted for any degree at any other institution or University. The dissertation does not 

contain other persons’ writing unless specifically acknowledged and referenced accordingly. 

 

 

 

 

Signed:    Date: 16 May 2023 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iv 
 

LIST OF ABBREVIATIONS 

µl Microliter  

G Grams  

Ml Milliliters  

mg/ml Milligrams per milliliter 

Nm Nanometer  

Min Minutes  

Mm Millimeters  

mM Millimolar  

AgNO3 Silver nitrate 

CO2 Carbon dioxide 

MTS 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-

2-(4-sulpfophenyl)-2H-tetrazolium) 

TEM Transmission electron microscopy 

XRD X-ray diffraction 

UV-VIS Spec Ultraviolet visible spectrophotometry 

UV Ultraviolet 

M. tuberculosis Mycobacterium tuberculosis 

Z. mucronate Ziziphus mucronata  

P. africanum Peltophorum africanum 

TB Tuberculosis 

DR-TB Drug resistant tuberculosis 

HIV Human immunodeficiency virus 

MtbC Mycobacterium tuberculosis complex 

LCMS Liquid chromatography mass spectroscopy 

STI Sexual transmitted infections 

AuNP or (g) Gold nanoparticles 

AgNP or (s) Silver nanoparticles 



v 
 

µg/ml Microgram per mililiters 

IC50 Half maximal inhibitory concentration 

PHL Water extracts of Peltophorum africanum leaves 

PHB Water extracts of Peltophorum africanum bark 

PML Methanol extracts of Peltophorum africanum leaves 

PMB Methanol extracts of Peltophorum africanum bark 

ZHL Water extracts of Ziziphus mucronata leaves 

ZHB Water extracts of Ziziphus mucronata bark 

ZML Methanol extracts of Ziziphus mucronata leaves 

ZMB Methanol extracts of Ziziphus mucronata bark 

NO Nitric oxide 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vi 
 

LIST OF TABLES 
 

Table   Page no.  

4.1 The compounds present in the P. 
africanum plant, determined by using 
global natural products social molecular 
networking (GNPS) software. 

21 

4.2 The results obtained after analysis with the 
LC-MS and using GNPS to determine 

putative annotations. Compounds 
detected in Z. mucronata and their 
biological activities are shown below. 

23 

4.3 Antimycobacterial activity screening of 
plant extracts, silver, and gold 
nanoparticles at 5 mg/mL concentration. 

33 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



vii 
 

LIST OF FIGURES 
 

Figure  Page no. 

2.1 Mechanism of synthesis of silver 
nanoparticles mediated by nitrate 
synthase enzyme. 

8 

2.2 Mechanism of plant extract mediated 
AuNP synthesis and stabilization. 

9 

2.3 An image of Ziziphus mucronata leaves 
and fruits. Z. mucronata is a hardy, 
medium sized, deciduous tree that has 
both straight and hook thorns. The leaves 
are glossy that turn golden yellow in 
autumn seasons. 

11 

2.4 Image of Peltophorum africanum. The tree 
is medium sized with spreading and 
sparse crown, and is frequently branched 
from near the bottom of the bark. The bark 
is brown in color, fissured and rough with 
crevices. 

12 

3.1 An illustration of the MIC microtiter plate 
after addition of resazurin. Blue indicating 
positive antimicrobial activity, and pink 
indicates potential resistance of the 
microorganisms. 

17 

4.1 Percentage of the mass obtained after 
macerating powdered plants using 
absolute Methanol and distilled water for 
78 hours. 

19 

4.2 Chromatographs of compounds present in 
(A) P. africanum bark, (B) P. africanum 
leaves, (C) Z. mucronata bark, and (D) Z. 
mucronata leaves. 

20 

4.3 Solutions of (A) silver and (B) gold 
nanoparticle synthesized using different 
plants of P. africanum and Z. mucronata 
after 24 hours. 

25 

4.4 Images and histogram plots illustrating 
sizes of gold nanoparticles (a. PMB, b. 
PHL, c. ZMB, d. ZHL) and silver 
nanoparticles (e. PHB, f. ZMB) viewed 
under transmission electron microscope 

27 

4.5 Cytotoxicity of 8 plant extract samples in 
Vero cells after 48 hours of treatment. 
Melphalan (30 µM) was used as positive 
control. Error bars indicate standard 
deviation of quadruplicate values obtained 
from a single experiment. 

28 

4.6 Cytotoxicity of 8 Gold (g) nanoparticle 
samples in Vero cells after 48 hours of 
treatment. Melphalan (30 µM) was used as 
a positive control. Error bars indicate 

29 



viii 
 

standard deviation of quadruplicate values 
obtained from a single experiment. 

4.7 Cytotoxicity of 8 Silver (s) nanoparticle 
samples in Vero cells after 48 hours of 
treatment. Melphalan (30 µM) was used as 
a positive control. Error bars indicate 
standard deviation of quadruplicate values 
obtained from a single experiment. 

30 

4.8 NO production in LPS activated 
macrophages treated with different 
concentrations of samples as indicated in 
the Figure. “g” indicates gold nanoparticles 
and “s” indicates silver nanoparticles. Bar 
graph represents quadruplicate values of 
one experiment. Error bars represent the 
standard deviation of the mean. (Z: 
Ziziphus mucronata; P: Peltophorum 
africanum; M: Methanol extract; H: 
Distilled water extract; L: Leaves; B: Bark). 

31 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ix 
 

TABLE OF CONTENTS 
ABSTRACT........................................................................................................................................... ii 

DECLARATION .................................................................................................................................. iii 

LIST OF ABBREVIATIONS .............................................................................................................. iv 

LIST OF FIGURES ............................................................................................................................ vii 

CHAPTER 1 ........................................................................................................................................ 11 

GENERAL INTRODUCTION ........................................................................................................... 11 

1.1 BACKGROUND ................................................................................................................. 11 

1.2 PROBLEM STATEMENT ................................................................................................. 12 

1.3 STUDY RATIONALE ......................................................................................................... 13 

1.3 OBJECTIVES ..................................................................................................................... 14 

1.3.1 PRIMARY OBJECTIVE ............................................................................................ 14 

1.3.2 SECONDARY OBJECTIVES ................................................................................... 14 

1.4 RESEARCH QUESTIONS................................................................................................ 14 

CHAPTER 2 ........................................................................................................................................ 15 

LITERATURE REVIEW .................................................................................................................... 15 

2.1 TUBERCULOSIS ............................................................................................................... 15 

2.1.1 INTRODUCTION ........................................................................................................ 15 

2.1.2 PATHOGENESIS AND VIRULENCE FACTORS OF MYCOBACTERIUM 

TUBERCULOSIS ....................................................................................................................... 15 

2.2.1 INTRODUCTION ........................................................................................................ 16 

2.2.3 SYNTHESIS OF NANOPARTICLES ...................................................................... 17 

2.3 BACKGROUND ON MEDICINAL PLANTS .................................................................. 18 

2.5.1 ZIZIPHUS MUCRONATA (WILLD.) ........................................................................ 19 

2.5.2 PELTOPHORUM AFRICANUM (SOND.) .............................................................. 20 

CHAPTER 3 ........................................................................................................................................ 23 

MATERIALS AND METHODS ........................................................................................................ 23 

3.1 ETHICAL CLEARANCE ................................................................................................... 23 

3.2 CHEMICALS AND REAGENTS ...................................................................................... 23 

3.3 PLANT MATERIALS AND STORAGE .......................................................................... 23 

3.3 PREPARATIONS OF EXTRACTS .................................................................................. 23 

3.4 LCMS ANALYSIS .............................................................................................................. 24 

3.5 SYNTHESIS OF SILVER AND GOLD NANOPARTICLES ........................................ 24 

3.6 CHARACTERIZATION OF NANOPARTICLES ........................................................... 25 

3.6.1 TRANSMISSION ELECTRON MICROSCOPY (TEM) ........................................ 25 

3.7  CYTOTOXICITY ASSAY .................................................................................................. 25 



x 
 

3.7.1 SAMPLE PREPARATION ........................................................................................ 25 

3.7.2 CELL LINE MAINTENANCE ................................................................................... 25 

3.7.3 MTT ASSAY ............................................................................................................... 25 

3.8 ANTI-INFLAMMATORY TESTING ................................................................................. 26 

3.8.1 SAMPLE PREPARATION ........................................................................................ 26 

3.8.2 ANTI-INFLAMMATORY SCREENING PROTOCOL ........................................... 26 

3.8.3 CYTOTOXICITY SCREENING PROTOCOL ......................................................... 26 

3.9 ANTIMICROBIAL TESTING ............................................................................................ 27 

3.10 DATA ANALYSIS AND STATISTICAL ANALYSIS .................................................... 28 

CHAPTER 4 ........................................................................................................................................ 29 

RESULTS AND DISCUSSION ........................................................................................................ 29 

4.1 EXTRACTION ..................................................................................................................... 29 

4.2 LCMS ANALYSIS .............................................................................................................. 30 

4.3 SYNTHESIS AND CHARACTERIZATION OF NANOPARTICLES .......................... 35 

4.3.1  SYNTHESIS OF NANOPARTICLES ...................................................................... 35 

4.3.2 TRANSMISSION ELECTRON MICROSCOPY ..................................................... 37 

4.4  CYTOTOXICITY ................................................................................................................ 38 

4.5 ANTI-INFLAMMATORY ACTIVITY ................................................................................ 41 

4.5.1 ANTI-INFLAMMATORY SCREENING ................................................................... 41 

4.5.2 VIABILITY SCREENING .......................................................................................... 42 

4.6 ANTI-MYCOBACTERIAL ACTIVITY .............................................................................. 43 

CHAPTER 5 ........................................................................................................................................ 45 

CONCLUSION AND RECOMMENDATIONS ............................................................................... 45 

5.1 CONCLUSION .................................................................................................................... 45 

5.2 LIMITATIONS ..................................................................................................................... 46 

5.3 RECOMMENDATION........................................................................................................ 46 

REFERENCES ............................................................................................................................... 47 

 

 



11 
 

CHAPTER 1 

GENERAL INTRODUCTION 

1.1 BACKGROUND  

Tuberculosis (TB) is an ancient disease with origins that dates back to 500 BCE 

(Gerszten et al., 2001). Tuberculosis is still considered as one of the leading causes 

of death in the 21st century (Camirero et al., 2021). Despite the curative treatments 

and measures of control in the communities, TB plays a significant role in human 

infectious disease. The World Health Organization (2020) reported that in 2018, there 

were 10 million new cases of tuberculosis worldwide with mortality rate ranging up to 

1.5 million.   

In most patients with human immunodeficiency virus (HIV), the leading cause of death 

is tuberculosis (WHO, 2015; WHO, 2011a). Patients that are HIV positive become 

susceptible to TB, often get infected with this disease prior symptoms of acquired 

immunodeficiency syndrome (AIDS) become apparent (WHO, 2020a; WHO, 2008b; 

Lall & Meyer, 2001). World Health Organization (2018) has shown that there is an 

emergence of major drug-resistant TB. 

One of the key factors leading to the growth in global tuberculosis incidence since 

1980 is the multi drug-resistant Mycobacterium tuberculosis strains (WHO, 2015). 

Multidrug resistant (MDR) tuberculosis variants are characterized as M. tuberculosis 

strains that are resistant to at least Isoniazid and Rifampicin, which are the first-line 

therapies used in tuberculosis treatment (WHO, 2011b; Lawn & Wilkison, 2006). 

Furthermore, tuberculosis caused by resistant strains to first-line therapies, 

fluoroquinolones, plus at least one of three injectable second-line treatments, such as 

capreomycin, kanamycin, and amikacin, is known as Extensive Drug Resistant (XDR) 

TB (WHO, 2011b; Lawn & Wilkison, 2006). 

TB is a major global concern since it infects millions of people each year (Madisha et 

al., 2016), governing the critical need of new anti-TB drugs. The evolution of 

antimicrobial resistance in TB has become a major public health concern in many 

developing countries. Prolonged treatment and affordability of anti-TB drugs are the 

major factors affecting treatment outcome. As a result, there is an immediate need for 

new, low-cost TB medications with high efficacy and fewer side effects.  
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Plants have been shown to be a valuable source of future pharmaceuticals and a good 

option for drug prospecting in the management and treatment of infectious diseases 

(Eddouks et al., 2012; Street & Prinsloo, 2012). African culture is replete with medicinal 

plants (Buwa & Afolayan, 2009) and antimicrobial agents are known to be produced 

by many higher plants (van Wyk & Gericke, 2003). Medicinal plants   all around the 

globe have been discovered to have antibacterial effects (Street & Prinsloo, 2012; 

Mann et al., 2008). However, local herbalists who use plants for medicinal purposes 

have no scientific knowledge of the structural functions of the chemicals in the herbs 

before prescribing to patients. Therefore, laboratory screening of these herbs is 

required to validate the medicinal uses of plants and to assess the toxicity level and 

components of such plants. 

Nanoparticles are the breakthrough to medicinal studies. Application of nanoparticles 

allows for early detection of diseases and decreases damage to healthy cells in the 

body because they are developed to be attracted to sickly cells, permitting direct 

treatment directly on these cells. In a study conducted by Kasithevar et al. (2017), it 

was observed that nanoparticles affect the permeability of cell membrane and 

deteriorate cell growth behavior, thus restricting replication of the pathogenic cells and 

eventually resulting in cell death (Ponsanti et al., 2020). Nanotechnology has gained 

a lot of interest and has a wide range of processes that decrease toxic substances to 

remediate the environment. Modern alternative metal nanoparticle synthesis includes 

the use of inactivated plant tissue, plant extracts, exudates, and other parts of living 

plants (Parson et al., 2007). Currently, nanoparticles are developed for drug, heat, and 

light delivery to specific cells (Huong and Thang, 2020). 

 

1.2 PROBLEM STATEMENT 

Studies have shown that there is a rapidly aggressive emergence of multi-drug 

resistant Mycobacterium tuberculosis strain that contributes to global health problems, 

as represented by the current tuberculosis status and antimycobacterial-drug crisis 

(Tăbăran et al., 2020). This is influenced by lack of TB status monitoring in rural areas, 

linked with increasing incidences of HIV and AIDS. World Health Organization 

reported that in 2018, there were 10 million new cases of tuberculosis worldwide with 

mortality rate ranging up to 1.5 million (WHO, 2019). 
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South Africa has been reported to have the eighth highest TB burden in the world; with 

nearly 360 000 people infected with TB in year 2019, of which 58 000 died from the 

disease, according to National Institute of Communicable Diseases (NICD). In 2021, 

TB was the leading cause of death. This shows that there is an urgent need of 

development of anti-TB drugs for treatment of emerging TB diseases in South Africa. 

With the discovery of potential anti-TB medicinal plants and nanoparticles may provide 

solutions as alternative anti-TB treatment therapy.  

 

1.3 STUDY RATIONALE  

Recent investigations have revealed an upsurge in tuberculosis infections. 

Mycobacterium tuberculosis has developed resistance to medications such as 

rifampicin and isoniazid, which were once considered the greatest treatment of this 

disease (Caminero et al., 2021; WHO, 2019). According to the WHO (2018), there 

were approximately 490 000 incidents of rifampicin-resistant tuberculosis (RR-TB) 

worldwide, with isoniazid-resistant tuberculosis accounting for 78% of those cases. 

It was reported that when patients with tuberculosis are treated effectively, they 

become non-infectious quickly, but untreated or undetected TB cases cause the most 

transmission (Nardell and Dharmadhikari 2010; Santha et al., 2002). Therapy failure, 

relapse, poor adherence to past treatment by the patient, and treatment after default 

are just some of the issues that make tuberculosis management difficult (Caminero, 

2005). Other variables include HIV infection and diabetes, as well as the long-term 

use of anti-TB drugs (Jibrin et al., 2012). 

Nanotechnology and nanoparticle research has yielded a deal of fascinating new 

tactics and ideas that could help to improve TB treatment. The model of new anti-

tuberculosis therapy based on gold and silver nanoparticles has the potential to curb 

the resistance of TB to treatments (Tăbăran et al., 2020). 

This current study focused on providing potential solutions for prevention of 

emergence and transmission of drug-resistant tuberculosis (DR-TB) as the second 

line of treatment has less efficacy against the disease, requires long treatment duration 

and have toxic side effects (Zager and Nerney, 2008; WHO, 2007). Furthermore, 

failure of the currently available treatment subsequently led to relapse and high 

mortality rates (WHO, 2019).  
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To counter the challenges associated with tuberculosis resistance and treatment 

failure, finding, or producing therapeutic drugs that are administered in short and single 

courses may be of solution. Thus, this study will investigate whether silver and gold 

nanoparticles capped with selected medicinal plant materials provide a short and 

effective treatment.  

 

1.3 OBJECTIVES 

1.3.1 PRIMARY OBJECTIVE 

The primary objective of this study was to evaluate the biological activities of selected 

medicinal plant capped silver and gold nanoparticles against Mycobacterium 

tuberculosis. 

1.3.2 SECONDARY OBJECTIVES 

The secondary objectives of this study were to: 

• Profile compounds in the crude extracts using LC-MS 

• Nanoparticle synthesis using plants by green synthesis technology  

• Characterize the synthesized silver and gold nanoparticles using 

transmission electron microscope (TEM) 

• Determine the toxicity using the MTS assay and anti-inflammatory activity 

using the nitric oxidase assay 

• Determine antimycobacterial activity of the crude extracts and nanoparticles 

using broth-microdilution assay 

 

1.4 RESEARCH QUESTIONS 

• Do metal nanoparticles have different biological activities based on their 

nature? 

• Will the nanoparticles have enhanced biological activities compared to the 

medicinal plants? 
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• Which metal nanoparticles will provide the solution to emergence of drug 

resistant TB? 

CHAPTER 2 

LITERATURE REVIEW 

2.1 TUBERCULOSIS 

2.1.1 INTRODUCTION 

Tuberculosis (TB) is a disease that is caused by bacilli bacteria called Mycobacterium 

tuberculosis, in humans (Kaforou et al., 2022). The disease is transmitted through 

inhalation of aerosolized droplets infected with M. tuberculosis; and affects the lungs 

and extrapulmonary sites of the human body (WHO,2013). TB is primarily caused by 

Mycobacterium tuberculosis, and to a lesser extent, infections with other mycobacteria 

such as M. africanum, M. bovis, M.  canetti, M. caprae, , and on rare occasions, M. 

pinnipedii or M.  microti (Thoen et al., 2014; Kiers et al., 2008; Richter et al., 2003). 

The exact involvement of several newly integrated members of MtbC, such as M. 

mungi, in human tuberculosis is yet unknown (Alexander et al., 2010). MtbC bacteria 

are non-motile bacilli with a thick, non-sporulated, lipid-rich cell wall that belong to the 

Actinomycetales order (Tăbăran et al., 2020). The advent of drug resistant MtbC 

strains in recent decades has posed new obstacles to anti-TB control and prevention 

efforts. 

 

2.1.2 PATHOGENESIS AND VIRULENCE FACTORS OF MYCOBACTERIUM 

TUBERCULOSIS 

The pathogenicity of MtbC is established by the abundance of virulence factors and 

literature dedicated to these factors is vast (Echeverria et al., 2018; Smith, 2003). This 

plays a crucial development of the disease, giving tuberculosis a peculiar course of 

biological events and manner of interacting with immune cells (Tăbăran et al., 2020). 

The virulence factors of MtbC were classified into nine categories by Forrellad et al. 

(2013), according to their bacterial location, chemical structure and their activity: (i) 

bacterial-wall proteins and lipoproteins (including secretion systems cell wall), (ii) 

proteases, (iii) regulator gene, (iv) virulence factors involved in the metabolism of lipids 
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and fatty acids (v) protein kinases, (vi) proteins involved in metal transport, (vii) 

proteins that suppress the antimicrobial effectors of macrophage, (viii) proteins of 

unknown function and (ix) other virulence proteins. 

2.2 NANOTECHNOLOGY AND NANOPARTICLES 

2.2.1 INTRODUCTION 

Nanoparticle science and nanotechnology have provided innovative and practical 

solutions for diseases caused by bacterial infections and several critical issues by 

connecting interdisciplinary areas of research such as medicine, physics, and 

chemistry (Sathiyavimal et al., 2018). Although metallic silver has a long history of use 

in medical, its popularity distinctly declined following the development and broad 

usage of antibiotics (Shankar et al., 2016). 

Nanoparticles’ main advantage is their usefulness in transportation and delivery of 

wide array of molecules; and have a high loading capacity of substances (Kesharwani, 

2020). Nanoparticles have different biological and structural properties; these 

properties play roles in the increase of solubility, protection of the content and capsule, 

bioavailability and uptake of the molecules transported (Kesharwani 2020).  

Recent reports have shown that nanoparticles have a high antimycobacterial effect in 

both bacterial cultures and within macrophages, thus, the exploration of this new-

concept of antimycobacterial-nanoparticles could change the current optics regarding 

TB-therapy (Montelongo et al., 2019; Mohanty et al., 2013). 

 

2.2.2 NANOPARTICLES AND TUBERCULOSIS 

With the increased interest in nanoparticle field, nanoparticles can be used for drug 

delivery, detection of infections, and enhancement of anti-TB drugs (Hussain et al., 

2013; Anisimova et al., 2000). In a study performed by Zahoor et al. (2005), testing 

inhalable alginate nanoparticles’ efficacy of drug delivery in guinea pigs for treatment 

of tuberculosis. The guinea pigs were nebulized with antitubercular drugs that were 

gelificated with alginate nanoparticles. It was found that 15 days post nebulization, the 

drugs were still detectable in the spleen, lungs, and liver; whilst nanoparticle free drugs 

stayed in animals’ system for 1 day. The nanoparticles controlled or delayed the 

removal time of the antituberculosis drugs from the animals’ system, thus, they can 



17 
 

serve as ideal carriers of controlled release of anti-TB drugs. A similar study by 

Anisimova et al. (2000), found that the synergy of nanoparticles and anti-TB drugs 

(Isoniazid and Streptomycin) enhanced antimicrobial effects on the M. tuberculosis. 

2.2.3 SYNTHESIS OF NANOPARTICLES 

A. SILVER NANOPARTICLES  

Green synthesis of silver nanoparticles has gained significant interest over chemical 

and physical procedures (Shedbalkar et al., 2014; Thakkar et al., 2010). Formation of 

silver nanoparticles is dependent on reduction of Ag+ by a combination of biomolecules 

such as amino acids, enzymes, polysaccharides, proteins, and vitamins (Anupam et 

al., 2019). As shown in Figure 2.1, the biomolecules reduce nitrate (NO3
-) to nitrite 

(NO2
-); in this reduction process, an electron is donated to a silver ion (Ag+) which is 

then reduced to a metallic silver (Ag0) (Kalimuthu et al., 2008). 

  

 

 

 

 

 

 

 

 

 

Figure 2.1: Mechanism of synthesis of silver nanoparticles mediated by nitrate synthase 
enzyme. 

 

B. GOLD NANOPARTICLES 

Gold nanoparticles are a promising solution to a variety of biomedical challenges 

(Mikhailova, 2021). The synthesis and formation of gold nanoparticles is dependent 

on the biomolecules (such as flavonoids and phenolic acids) present in the plant 

extracts; the biomolecules form an intermediate complex with Au3+, which undergoes 

oxidation to keto-forms, resulting in reduction of the trivalent gold into gold 

Ag+ NO3
- 

Ag0 
NO2

- 

NADH+H 

NAD+ 

2 H+ 
Nitrate  

reductase 

AgNO3 
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nanoparticles (El-Borady et al., 2020; Islam et al., 2019; Vijaya et al., 2019; Rajan et 

al., 2015). 

 

Figure 2.2: Mechanism of plant extract mediated AuNP synthesis and stabilization. Image 

adapted from https://www.researchgate.net/figure/General-mechanism-of-plant-extract-

mediated-synthesis-and-stabilization-of-AuNPs_fig1_315797627. 

 

2.3 BACKGROUND ON MEDICINAL PLANTS 

2.3.1 INTRODUCTION 

 

Medicinal plants have been used since the beginning of human civilization. Numerous 

cultures have found remedies within their habitat and are still relying on indigenous 

medicinal plants for health care needs (Eddouks et al., 2012; Street and Prinsloo, 

2012). South Africa accounts for almost 10% of the world’s higher plant species, with 

a variety of around 30,000 flowering plant species (van Wyk and Gericke, 2003; Louw 

et al., 2002). These plants are widely used for several human health, social, and 

economic support systems. Furthermore, benefit studies have revealed the variety and 

complexity of compounds that contribute to various usages of plants in treating 

numerous ailments including life-threatening diseases such as diabetes, cancer, and 

HIV/AIDS  (Street and Prinsloo, 2012). 

https://www.researchgate.net/figure/General-mechanism-of-plant-extract-mediated-synthesis-and-stabilization-of-AuNPs_fig1_315797627
https://www.researchgate.net/figure/General-mechanism-of-plant-extract-mediated-synthesis-and-stabilization-of-AuNPs_fig1_315797627
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2.3.1 PHYTOCHEMICAL CONSTITUENTS AND ANTIOXIDANTS OF MEDICINAL 

PLANTS 

Medicinal plants contain vast range of phytochemicals. Bioactive phytochemicals or 

secondary metabolites have been reported to have biological activities such as 

immune system activation, antimicrobial influence, anti-cancer, detoxification of 

enzyme modulation, antioxidant activity, anti-inflammatory, anti-diabetic, and 

cardiovascular disease (Leonov et al., 2015; Chandra et al., 2014; Sasidhana et al., 

2011). Though the phytochemicals are not nutritionally necessary, they play a role in 

prevention of diseases.  

The secondary metabolites found in plants are varied, allowing production of several 

drug extracts that can be tested on host cells to assess toxicity levels before usage as 

alternative treatment for diseases (Rauf et al., 2013). Classes of phytochemicals such 

as saponins, flavonoids, alkaloids, phenols, and terpenoids are among the bioactive 

compounds; the combination of these compounds may be responsible for the efficacy 

of the plant extracts. Mazid et al. 2011, reported that therapeutic phytochemical 

compounds are obtainable in all parts of the plants, that is, roots, barks, seeds, and 

bulbs. 

The phytochemical compounds with antioxidant activity play a major role in reduction 

of oxidant and reactive oxygen species that cause diseases and human disorders 

(Halliwell et al., 1981). The antioxidant agents function by deactivating or stabilizing 

free radicals to prevent them from attacking healthy cells within humans (Djeridane et 

al., 2006). Medicinal plant extracts with abundant antioxidant agents have been found 

to have potential therapeutic activity against diseases (Govind, 2011). 

 

2.4 PLANTS USED IN THIS STUDY 

2.4.1 ZIZIPHUS MUCRONATA (WILLD.) 

Ziziphus mucronate (Willd.) commonly known as Buffalo thorn (English), 

Mutshetshethe (Venda), Mokgalo, Moonaona (Sotho), is a medium sized tree 

belonging to Rhamnaceae family (Magwede et al., 2018).  
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Figure 2.3: An image of Ziziphus mucronata leaves and fruits. Z. mucronata is a hardy, 
medium sized, deciduous tree that has both straight and hook thorns. The leaves are glossy 
that turn golden yellow in autumn seasons. Image adapted from 
https://www.plantbook.co.za/ziziphus-mucronata/ on 17 November 2022. 

 

Ziziphus mucronata is abundant in areas that are dominated by thorny vegetation in 

both tropical and temperate climates. It is widely spread in South Africa, Zimbabwe, 

Senegal, and Chad (Maier et al., 2006). This plant is used to treat various STIs in 

some regions of Zambia (Chinsembu, 2016); and is used to remedy glandular 

swellings, measles, tuberculosis and boils in South Africa (Olajuyigbe and Afolayan, 

2012). The dried roots or bark is crushed and boiled in water; one cup of the decoction 

is drunk three times daily (Chinsembu et al., 2019). 

 

2.4.2 PELTOPHORUM AFRICANUM (SOND.) 

Peltophorum africanum (Sond.) commonly known as African wattle (English), Musese 

(Venda), Mosehla, Motlepe, Mosese (Sepedi), belonging to Fabaceae family. 

https://www.plantbook.co.za/ziziphus-mucronata/
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Figure 2.4: Image of Peltophorum africanum. The tree is medium sized with spreading and 
sparse crown and is frequently branched from near the bottom of the bark. The bark is brown 
in color, fissured and rough with crevices. Image adapted from 
https://www.plantbook.co.za/peltophorum-africanum/ on 17 November 2022. 

 

 

This plant is widely spread across in the northern provinces of South Africa, namely 

Limpopo, Gauteng, Mpumalanga, KwaZulu-Natal and North West (Reynolds, 2001). 

Peltophorum africanum is used to treat tuberculosis and chronic cough, HIV and 

gonorrhea (Chinsembu et al., 2019; Semenya and Maroyi, 2019). The dried bark is 

boiled for 5 to 11 minutes, and the extracts are taken orally, three times per day 

(Semenya and Maroyi, 2019). 

 

2.5 SUMMARY OF THE LITERATURE REVIEW 

 

Tuberculosis is a disease caused by Mycobacterium tuberculosis. and is one of the 

leading killer diseases globally. The disease is spread through inhalation of infected 

air droplets and affects the lungs and extrapulmonary parts of the human body. The 

spread and recurrence  of tuberculosis is influenced by the emergence of resistant 

strains of M. tuberculosis, and current anti-TB treatments are becoming obsolete. This 

encourages new production of anti-TB therapy methods.  

https://www.plantbook.co.za/peltophorum-africanum/
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Some medicinal plants contain secondary metabolic compounds that have been 

reported to have anti-tuberculosis properties. Secondary metabolites have been 

reported to have biological activities such as immune system activation, antimicrobial 

influence, anti-cancer, detoxification of enzyme modulation, antioxidant activity, anti-

inflammatory, anti-diabetic, and cardiovascular disease (Leonov et al., 2015; Chandra 

et al., 2014; Sasidhana et al., 2011). Though the phytochemicals are not nutritionally 

necessary, and sustain life of humans, they play a role in prevention of diseases.  

The secondary metabolites found in plants are varied, allowing production of several 

drug extracts that can be tested on host cells to assess toxicity levels before usage as 

alternative treatment for diseases (Rauf et al., 2013).  

Nanoparticles have shown great importance in transportation and delivery of wide 

array of molecules; and have a high loading capacity of substances (Kesharwani, 

2020). Nanoparticles have different biological and structural properties; these 

properties play roles in the increase of solubility, protection of the content and capsule, 

bioavailability and uptake of the molecules transported (Kesharwani 2020).  

Thus, with the properties of nanoparticles and the compounds found in plants, the 

synergy may be of solution for treatment and prevention of re-emergence of resistant 

M. tuberculosis strains. 
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CHAPTER 3 

MATERIALS AND METHODS 

3.1 ETHICAL CLEARANCE 

This study is part of a much broader research project, ethical approval was obtained 

from the Health, Safety and Research Ethics Committee of the University of Venda 

(SMNS/14/MBY/30/1210). The medicinal plants were purchased from traditional 

healers. 

 

3.2 CHEMICALS AND REAGENTS 

Chemicals were obtained from Sigma-Aldrich (Sigma-Aldrich, Saint Louis, MO, USA) 

such as Dimethyl Sulfoxide (DMSO), Ammonium Hydroxide was purchased from 

Rochelle chemicals (Gauteng, RSA), Methanol was obtained from Merck chemical 

(Kenilworth, NJ; USA), Silver nitrate was bought from Associated Chemical Enterprise 

(Gauteng, RSA). 

 

3.3 PLANT MATERIALS AND STORAGE 

Plant leaves and tree barks were collected at Shakadza, Vhembe district, with the aid 

of traditional herbalists to help identify the plant. The leaves and barks were washed 

with clean water to remove potential contaminants and soil residues, then cut into 

small pieces (between 2-4cm in length, 1cm width) before drying at 27°C for 2 weeks. 

The dried leaves and barks were ground using a Retsch SM 100 grinder (Thermo 

Fischer Scientific, Waltham, MA, USA) and stored in a clean, empty plastic bag in 

darkness, at room temperature, until further use. 

 

3.3 PREPARATIONS OF EXTRACTS 

The plant compounds were extracted using absolute Methanol and distilled water. An 

amount of 50 g of the ground tubers were weighed and soaked at room temperature 

for 72 hours in 500 ml of each solvent in 1000 ml bottles (Das et al., 2010). The 

supernatants were centrifuged using a Heraeus Multifuge X3R centrifuge (Thermo 
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Fisher Scientific, Waltham, MA, USA) at 5000 rpm for 10 minutes at 4℃. The extracts 

were concentrated using a rotary evaporator (BUCHI, Flawil, Switzerland).  

 

3.4 LCMS ANALYSIS 

Phytochemical analysis was done following the method performed by Akpalo et al. 

(2020), with slight modifications; using LC-QTOF-MS, model LC-MS 9030. The 

compounds were detected between 200 and 600 nm of 4 nm step. Mobile phase of 

the high-performance liquid chromatography (HPLC) consisted of 0.1% (v/v) formic 

acid in water (solvent A) and acetonitrile: 0.1% formic acid (1:1, v/v) (solvent B). A 100 

mm x 2.1 mn with particle size of 2.7 µm C18 column (Shim Pack Velox, Shimadzu, 

Kyoto, Japan) was operated at 26°C, with injection volume of 5 µl, and 1 ml/min flow 

rate. The compounds were identified using liquid chromatography mass spectrometry 

(LC-MS) based on their absorbance spectrum, retention time and comparation of 

mass fragmentation from literature. 

 

3.5 SYNTHESIS OF SILVER AND GOLD NANOPARTICLES 

Green synthesis of silver and gold nanoparticles was done as described by Tamilarasi 

and Meena (2020), with slight modifications. Aqueous solution (1 mM) of silver nitrate 

(AgNO3) and gold tetrachloroaurate (AuCl4) were prepared and used for the synthesis 

of silver and gold nanoparticles. A 6 ml of plant extracts were added to each 40 ml of 

1 mM AgNO3 and AuCl4 solutions. The synthesis of silver and gold nanoparticles were 

carried out at room temperature for 24 hours in dark conditions. The nanoparticle 

solution thus obtained were purified by repeated centrifugation at 14,000 rpm for 20 

minutes at ambient temperature, followed by redispersion of the pellet of silver and 

gold nanoparticles into acetone. After air drying of the purified nanoparticles, they were 

stored in 15 ml Eppendorf tubes; at 4℃ for silver nanoparticles and room temperature 

for gold nanoparticles, further analysis. 
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3.6 CHARACTERIZATION OF NANOPARTICLES 

3.6.1 TRANSMISSION ELECTRON MICROSCOPY (TEM) 

Transmission electron microscopy T(EM) analysis were done to visualize the shape 

as well as the morphology of the green-synthesized silver and gold nanoparticles. In 

this study, only nanoparticles that exhibited biological activity were characterized. The 

nanoparticles were dissolved in 70% ethanol. A drop of the solution was dispersed on 

a carbon capped copper grid and dried at room temperature. Then screened in 

JEM2100F Transmission Electron Microscope (JEOL, Musashino, Japan). The sizes 

of the nanoparticles were measured using the ImageJ software version 1.52 v and 

size distribution were determined using Origin software. 

 

3.7  CYTOTOXICITY ASSAY 

3.7.1 SAMPLE PREPARATION 

The nanoparticles and plant extracts were reconstituted in DMSO at a stock 

concentration of 100 mg/mL and were stored at 4°C for further use. 

3.7.2 CELL LINE MAINTENANCE 

The Vero cells (African green monkey kidney cell line) were purchased from Cellonex, 

South Africa. The cells were maintained in DMEM with 10% FBS, in 10 cm culture 

plates and incubated at 37°C in a humidified atmosphere with 5% CO2. 

3.7.3 MTT ASSAY 

Amounts of 100 µl of the cells were seeded in 96-well plates at 4000 cells/well and left 

overnight to attach. The sample treatments were prepared in complete medium and 

100 µl was added to cells and were incubated for 24 hours. The treatments were 

aspirated, and 100 µl of 0.5 mg/mL MTT in complete medium was added to each well. 

The cells were incubated for 3 hours. DMSO at 100 µl was added each well and 

absorbance was measured at 540 nm using a BioTek PowerWave XS 

spectrophotometer (Winooski, VT, USA). 
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3.8 ANTI-INFLAMMATORY TESTING 

3.8.1 SAMPLE PREPARATION 

The nanoparticles and plant extracts were solubilized using DMSO to make a 100 

mg/mL stock solution. The samples were stored at 4°C until used. Aminoguanidine 

(AG) was used as a positive control.  

3.8.2 ANTI-INFLAMMATORY SCREENING PROTOCOL 

This procedure was performed as described by Mabasa et al. (2021). RAW 264.7 cells 

were seeded in RPMI1640 culture medium supplemented with 10% FBS into 96-well 

plates at a density of 1 × 105 cells per well and allowed to attach overnight. After 24 

hours, the culture medium was removed and 50 µL sample aliquots were added to 

give a final concentration of 50 and 100 µg/mL. To assess anti-inflammatory activity, 

50 µL of LPS containing medium was added to the corresponding wells. A 100 µL of 

aminoguanidine was added as a positive control. Cells were incubated for 24 hours. 

To quantify the nitric oxide (NO) production, 50 µL of the spent medium was 

transferred to a new 96-well plate. Sulfanilamide solution and NED solution was 

prepared as per manufacturer’s instructions. Sulfanilamide solution was added to the 

spent culture medium at 50 µL and incubated for 10 minutes at room temperature in 

the dark. The NED solution was the added to each well at 50 µL and further incubated 

for 10 minutes at room temperature in the dark. The absorbance was measured at 540 

nm (BioTek PowerWave XS spectrophotometer). A standard curve using sodium 

nitrate dissolved in the culture medium was used to determine the concentration of 

NO in each sample. 

3.8.3 CYTOTOXICITY SCREENING PROTOCOL 

To confirm the absence of toxicity as a contributory factor, cell viability was assessed 

using MTT. This was done by the removal of the remaining of the medium and 

treatments in each well and replacing it with medium containing 0.5 mg/mL and 

incubated for 30 minutes at 37°C. Thereafter the MTT was removed and 100 µL DMSO 

was added to each well to solubilise the formazan crystals. Absorbance was measure 

at 250 nm using a BioTek PowerWave Xs spectrophotometer (Winooski, VT, USA). 

 



27 
 

3.9 ANTIMICROBIAL TESTING 

The antimycobacterial activity of the plant extracts, silver and gold nanoparticles was 

tested against Mycobacterium smegmatis mc2155. The M. smegmatis was maintained 

in Middlebrook 7H9 (Fluka M7H9) broth that was supplemented with glycerol, 

Middlebrook growth supplement OADC (Oleic Albumin Dextrose Catalase), and tween 

80 at 37˚C.  

The minimum inhibitory concentration (MIC) to inhibit the growth of the M. smegmatis 

was determined following a procedure described by Eloff (1998), with moderate 

change for Mycobacteria (McGaw et al., 2008). The extracts were reconstituted in 

DMSO to a final concentration of 5 mg/ml, followed by a two-fold serial dilution in a 96-

well microtiter plates to achieve a series of concentrations. Dimethyl sulfoxide was 

used as negative control and isoniazid was a positive control. The plates containing 

M. smegmatis were incubated for 72 hours at 37˚C, thereafter 20 µL of 0.002% of 

resazurin was added and further incubated for 4 hours. Growth inhibition was indicated 

by a consistent blue resazurin colour, while presence of viable microorganisms was 

indicated by a pink colour (Farkas et al., 2018).  

 

 

Figure 3.1: An illustration of the MIC microtiter plate after addition of resazurin. Blue indicating 
positive antimicrobial activity, and pink indicates potential resistance of the microorganisms. 
Adapted from https://www.researchgate.net/figure/Resazurin-Microtitre-Assay-REMA-for-
determining-the-MIC-of-vasicine-against-one-of-the-fig2_282335785/amp on 17 November 
22. 

https://www.researchgate.net/figure/Resazurin-Microtitre-Assay-REMA-for-determining-the-MIC-of-vasicine-against-one-of-the-fig2_282335785/amp%20on%2017%20November%2022
https://www.researchgate.net/figure/Resazurin-Microtitre-Assay-REMA-for-determining-the-MIC-of-vasicine-against-one-of-the-fig2_282335785/amp%20on%2017%20November%2022
https://www.researchgate.net/figure/Resazurin-Microtitre-Assay-REMA-for-determining-the-MIC-of-vasicine-against-one-of-the-fig2_282335785/amp%20on%2017%20November%2022
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3.10 DATA ANALYSIS AND STATISTICAL ANALYSIS 

Each experiment was at least performed in triplicate. All data shown in the tables and 

figures were quantified using Microsoft Excel, ImageJ, Origin 2023; and data were 

subjected to t-test, statistical significance was considered at p ˂0.05. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

4.1 EXTRACTION 

The plant compounds were extracted using two solvents with different polarities, 

distilled water (polar/ more polar) and absolute methanol (non-polar). Figure 4.1 shows 

the yield of extraction, where methanol was most effective with the highest yield. 

Methanol has the capability of extracting most phytochemical compounds that are anti-

inflammatory and antimicrobial (Nigussie et al., 2021; Truong et al., 2019). Some of 

the phytochemical constituents such as phenolic compounds (Tamilarasi & Meena, 

2020) play a role in the formation nanoparticles by acting as reducing agents (Huong 

and Thang, 2020). 

 

Figure 4.1:  Percentage of the mass obtained after macerating powdered plants using 

absolute Methanol and distilled water for 78 hours. 
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4.2 LCMS ANALYSIS 

The results obtained after analysis with the LC-MS are shown in Table 4.1 and Figure 

4.2. The representation of base peak intensity chromatograms in Figure 4.2 indicate 

that these plants are phytochemically rich, containing a wide array of metabolites; as 

is shown by the separation of metabolites in methanol extracts of P. africanum and Z. 

mucronata, indicating differences in metabolite profiles of these species. It is also 

observed that the leaves (chromatogram B and D) have more compounds compared 

to the bark parts (chromatogram A and C). The tables below (Table 4.1 and Table 4.2) 

show that the leaves contain phytochemical compounds that have biological 

significance to human health, and the leaves are the only part reported to have anti-

tubercular activity (Lawal et al., 2014). 
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Figure 4.2: Chromatographs of compounds present in (A) P. africanum bark, (B) P. africanum 
leaves, (C) Z. mucronata bark, and (D) Z. mucronata leaves. 

 

 

4.2.1 PELTOPHORUM AFRICANUM  

Some studies have reported that P. africanum contains a variety of phytochemical 

compounds or secondary metabolites that are beneficial to human health. Mazimba 

(2014) showed that the plant has phytochemicals in all parts of the plants, e.g., 

catechin, epigallocatechin-3-O-gallate, and betulinic acid in leaves and flowers; 

bergenin, kaempferol, quercetin, myricetin and rutin in bark and flowers; and red 

colored gallotannin in roots and bark. In this study, the phytochemicals were profiled 

based on their biological activity and mostly their effects on symptoms of tuberculosis 

disease. Table 4.1 shows some of the phytochemical compounds after analyzing using 

liquid chromatography mass spectrometry. 

Table 4.1: The compounds present in the P. africanum plant, determined by using global 

natural products social molecular networking (GNPS) software.  

Compound 
name 

Part Phytochemical 
class 

Biological activity Reference  

Epicatechin 
gallate 
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Martin et al., 2021 
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center/dictionary.html?t
erm=21422 

25 October 2022 

Bergenin  Bark  

Leaves 

 

Polyphenols  Antarthritic 

Immunomodulatory 

Antidiabetic 

Osteogenic 

Wound-healing 
effects 

Anti-inflammatory 

Anti-HIV  

Anti-plasmodial 

Antioxidant 

Hou et al., 2019  

Kumar et al., 2019 

Singh et al., 2017 

Wang et al., 2017 

Bajracharya, 2015  

Jain et al., 2014 

Mukherjee et al., 2013 

Veerapur et al., 2012 

Procyanidin 
B1 

Bark  Polyphenol 
flavonoids 

Inhibits hepatitis c 
virus RNA 
replication  

Exhibit anti-
inflammatory 
effects 

Li et al., 2010 

Procyanidin 
C1 

Bark  Tannins   Antioxidant  

Senotherapeutic 
activity 

Xu et al., 2021 

Cianidanol  Bark  Flavonoids  Antioxidant Aronson 2016 

Quercetin 3-
O-glucuronide 

Leaves  Flavonoids  Antioxidant  

Antidepressant 

Guo et al., 2013 

Rutin  Leaves  Flavonoids  Antioxidant  

Antibacterial 

Anti-inflammatory 

Antiprotozoal 

Antiplasmodic 

Antihypertensive  

Antiviral  

Patel and Patel, 2019  

Kaempferol Leaves  Flavonoids  Anti-inflammatory 

Anti-cancer 

Antioxidant  

Rho et al., 2011 

Luteolin  Leaves  Flavonoids  Inhibits 
angiogenesis 

Induce apoptosis 

Reduce tumor 
growth in-vivo 

Lopez-Lazaro 2009 

https://www.xmri.com/resource-center/dictionary.html?term=21422
https://www.xmri.com/resource-center/dictionary.html?term=21422
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Chemotherapeutic 

Chemopreventive 
potential 

 

4.2.2 ZIZIPHUS MUCRONATA 

Ziziphus mucronata is scientifically known to possess anti-inflammatory, antioxidant 

and antibacterial properties (Sameera and Mandakini, 2015; Najafi, 2013). It was 

reported that drinking a concoction of the whole plant boiled in water for three days, 

can treat bronchitis, fever, loss of appetite, anemia, weakness of the body, and liver 

problems (Mongalo et al., 2020; Koeven, 2001). Table 4.2 indicates the 

phytochemicals that may play a role in treatment of these diseases. 

 

 

Table 4.2: The results obtained after analysis with the LC-MS and using GNPS to determine 

putative annotations. Compounds detected in Z. mucronata and their biological activities are 

shown below. 

Compound 
name 

Part Phytochem
ical class 

Biological 
activity 

Reference  

Catechin Bark  

Leaves  

Polyphenols  Antioxidant 

Antiviral  

Antimicrobial  

Anti-inflammatory 

Anti-allergenic 

Anti-cancer 

Bae et al., 2020 

Hydroquinidine Bark 

 

Alkaloids Inhibits actions of 
parasympathetic 
nervous system 

Anti-arrhythmia 
agent 

Maintenance of 
sinus rhythm  

Hermida et al., 2004 

Canrenone  Bark  

Leaves  

Steroids  Diuretic  https://pubchem.ncbi.nlm.ni
h.gov/compound/Canrenon
e#:~:text=Canrenone%20is
%20an%20aldosterone%2
0antagonist,excretion%20a

https://pubchem.ncbi.nlm.nih.gov/compound/Canrenone#:~:text=Canrenone%20is%20an%20aldosterone%20antagonist,excretion%20and%20inhibiting%20potassium%20excretion
https://pubchem.ncbi.nlm.nih.gov/compound/Canrenone#:~:text=Canrenone%20is%20an%20aldosterone%20antagonist,excretion%20and%20inhibiting%20potassium%20excretion
https://pubchem.ncbi.nlm.nih.gov/compound/Canrenone#:~:text=Canrenone%20is%20an%20aldosterone%20antagonist,excretion%20and%20inhibiting%20potassium%20excretion
https://pubchem.ncbi.nlm.nih.gov/compound/Canrenone#:~:text=Canrenone%20is%20an%20aldosterone%20antagonist,excretion%20and%20inhibiting%20potassium%20excretion
https://pubchem.ncbi.nlm.nih.gov/compound/Canrenone#:~:text=Canrenone%20is%20an%20aldosterone%20antagonist,excretion%20and%20inhibiting%20potassium%20excretion
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nd%20inhibiting%20potassi
um%20excretion  

05 December 2022 

Quercitrin  Leaves  Flavonoids  Antioxidant 

Protects 
neurovasculature 
structure in skin 
caused by 
oxidative stress 

Anti-inflammatory 

Tang et al., (2019)  

 

Eriodictyol-7-
O-glucoside 

Bark 

Leaves  

Flavanones  Protects against 
cisplatin-induced 
toxicity 

Antioxidant 

Anti-inflammatory 

Tomaino et al., 2010 

Hyperoside  Bark 

Leaves  

Flavanol 
glycosides 

Anti-inflammatory 

Antioxidant 

Anti-diabetic 

Anti-thrombotic  

Shukla et al., 2019 

Isorhamnetin 
3-galactoside 

Leaves  Flavonoids Antioxidant 

Anti-inflammatory 

Neuroprotective  

Kim et al., 2013 

Theaflavin  Bark  Polyphenols  Antioxidant 

Anti-inflammatory 

Anti-bacterial  

Anti-cancer 

Nephroprotective 

Rohini et al., 2018 

Myricetin 3-O-
rutinoside  

Bark 

Leaves  

Flavonoids Antibacterial  

Antioxidant 

Anticarcinogenic  

https://pubmed.ncbi.nlm.nih
.gov/compound/44259428  

05 December 2022 

https://pubchem.ncbi.nlm.nih.gov/compound/Canrenone#:~:text=Canrenone%20is%20an%20aldosterone%20antagonist,excretion%20and%20inhibiting%20potassium%20excretion
https://pubchem.ncbi.nlm.nih.gov/compound/Canrenone#:~:text=Canrenone%20is%20an%20aldosterone%20antagonist,excretion%20and%20inhibiting%20potassium%20excretion
https://pubmed.ncbi.nlm.nih.gov/compound/44259428%2005
https://pubmed.ncbi.nlm.nih.gov/compound/44259428%2005
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Rutin  Leaves  Flavonoids  Antioxidant  

Antibacterial 

Anti-inflammatory 

Antiprotozoal 

Antiplasmodic 

Antihypertensive  

Antiviral  

Patel and Patel, 2019 

Procyanidin B1 Bark 
and 
leaves 

Polyphenol 
flavonoids 

Inhibits hepatitis 
C virus RNA 
replication  

Exhibit anti-
inflammatory 
effects 

Li et al., 2010 

Cianidanol  Bark  Flavonoids  Antioxidant Aronson 2016 

Procyanidin 
C1 

Bark 
Leaves  

Tannins   Antioxidant  

Senotherapeutic 
activity 

Xu et al., 2021 

 

 

4.3 SYNTHESIS AND CHARACTERIZATION OF NANOPARTICLES 

4.3.1  SYNTHESIS OF NANOPARTICLES 

The initial confirmation of formation of the gold and silver nanoparticles is by visually 

observing the changes in color of the solution. Plants have enzymes, proteins or 

phytochemicals that aid in the reduction of metal ions that result in formation of metal 

nanoparticles (El-Borady et al., 2020; Priya and Priya, 2020; Islam et al., 2019; Vijaya 

et al., 2019; Rajan et al., 2015). Figure 4.3 shows the color change after 24-hour 

incubation. The Eppendorf tubes have different shades of brown (A) and purple (B), 

which indicates that the darker the solution, the more nanoparticles formed (Tamilarasi 

and Meena, 2020).  
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Figure 4.3: Solutions of (A) silver and (B) gold nanoparticle synthesized using different plants 
of P. africanum and Z. mucronata after 24 hours. 

 

4.3.2 TRANSMISSION ELECTRON MICROSCOPY 

The nanoparticle sizes and distribution were determined by using transmission 

electron microscope. Transmission electron microscopes operate on the principle of 

imaging structural features and crystalline structures,  by shining a high energy beam 

of electrons through thin sample. Collectively, the nanoparticles synthesized in this 

study were clustered, and few were scattered (Figure 4.4). As shown in the histogram 

figures, majority of the nanoparticles, both gold and silver nanoparticles, were 

generally small, with sizes ranging from 5 nm up to 30 nm. Large nanoparticles were 

limited, ranging up to 180 nm in sizes. The gold nanoparticles have inconsistent 

shapes, PMB(g) formed oval, hexagonal and triangular shaped nanoparticles, 

whereas ZML(g) and ZMB(g) were oval. Silver nanoparticles were unusual shapes for 

both ZMB(s) and PHB(s) nanoparticles. 

A B 
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Figure 4.4: Images of the silver and gold nanoparticles viewed under a transmission electron 
microscopy; and histogram plots illustrating sizes of gold nanoparticles (a. PMB, b. PHL, c. 
ZMB, d. ZHL) and silver nanoparticles (e. PHB, f. ZMB) viewed under transmission electron 
microscope. 

A B C 

D E F 

A B C 

D E F 

B A C 
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Aspects such as size, shape, and distribution, are dependent on the reducing agents 

or phytochemical compounds from the medicinal plants used in the synthesis (Marslin 

et al., 2018; Baharara et al., 2014). Nanoparticle sizes, distribution and shapes affect 

the biological activities of the nanoparticles. The sizes and surface chemistry 

properties of nanoparticles influence the entry and penetration of nanoparticles into 

pathogenic microorganisms or diseased cells (El-Rafie et al., 2013). After entry into 

the cells, the nanoparticles bind with merpapto groups of bacterial proteins, causing 

inhibition of DNA replication and lead to cell death (Li et al., 2018). 

4.4  CYTOTOXICITY  

The Vero cell line was used to carry out the in vitro cytotoxicity assay. The results 

obtained show the cell viability after treatment with plant extracts, gold, and silver 

nanoparticles (Figures 4.5 - 4.6). Collectively, the plant extracts and gold nanoparticles 

exhibited relatively low cytotoxic activity on the Vero cells compared to the silver 

nanoparticles at both 50 µg/mL and 100 µg/mL concentrations.  
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Figure 4.5: Cytotoxicity of 8 plant extract samples in Vero cells after 48 hours of treatment. Melphalan 
(30 µM) was used as positive control. Error bars indicate standard deviation of quadruplicate values 
obtained from a single experiment. 

 

The silver nanoparticles of PHL, PHB, ZML and ZMB exhibited significant cytotoxicity 

at both treatment concentrations [p-values were (0.0035; 0.0011), (0.00006; 0.0004), 

(0.000004; 0.000002), (0.00002;0.00002) respectively), while ZHL showed toxicity at 

concentration of 100 µg/mL. A study done by Speshock et al (2010), reported that 

silver nanoparticles significantly reduced the viability on Vero cells at 75 to 100 µg/mL 

after 48 hours of incubation. Another study performed by Hussein et al (2020), showed 

that 100 µg/mL concentrations of silver nanoparticles exhibited significant cytotoxic 

activity on Vero.  It can be concluded that silver nanoparticles can be harmful to human 

normal cells at concentrations ≥50 µg/mL. 

 

0

20

40

60

80

100

120

140

U
n

tr
ea

te
d

M
el

p
h

al
an 5

0

1
0

0

5
0

1
0

0

5
0

1
0

0

5
0

1
0

0

C
el

l v
ia

b
ili

ty
 (

%
)

ZLH               ZLC                ZBH               ZBC

0

20

40

60

80

100

120

140

U
n

tr
ea

te
d

M
el

p
h

al
an 5

0

1
0

0

5
0

1
0

0

5
0

1
0

0

5
0

1
0

0

C
el

l v
ia

b
ili

ty
 (

%
)

ZHL g            ZHB g           ZML g           ZMB g



40 
 

 

Figure 4.6: Cytotoxicity of 8 Gold (g) nanoparticle samples in Vero cells after 48 hours of 
treatment. Melphalan (30 µM) was used as a positive control. Error bars indicate standard 
deviation of quadruplicate values obtained from a single experiment.  
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Figure 4.7: Cytotoxicity of 8 Silver (s) nanoparticle samples in Vero cells after 48 hours of 
treatment. Melphalan (30 µM) was used as a positive control. Error bars indicate standard 
deviation of quadruplicate values obtained from a single experiment.  

 

4.5 ANTI-INFLAMMATORY ACTIVITY 

4.5.1 ANTI-INFLAMMATORY SCREENING 

The anti-inflammatory activity of plant extracts, gold and silver nanoparticles were 

evaluated using the Griess assay and RAW 264.7 macrophages. The cytotoxic effect 

of sample treatment on the RAW cells was determined to accurately establish potential 

anti-inflammatory effect. A decrease in nitrite concentration in response to LPS 

activation of RAW 264.7 macrophages without effecting cell viability, as seen with cells 

treated with aminoguanidine (AG), indicates anti-inflammatory activity. In this study, 

the anti-inflammatory activity of Z. mucronata methanol extracts were not considered 

due to the cytotoxicity at both 50 and 100 µg/mL concentrations. 

Silver nanoparticles of ZML (p ≤ 0.0000015) and ZHL (p ≤ 0.00033), and gold 

nanoparticles and plant extracts of PML (p ≤ 0.0000011 and p ≤ 0.000016 respectively) 

exhibited anti-inflammatory activity at 100 µg/mL, whereas PML was able to decrease 

nitrite concentration at both concentrations. The P. africanum plants contains 

numerous flavonoids that have been reported to have anti-inflammatory activities as 

reported in Table 1.  
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Figure 4.8: NO production in LPS activated macrophages treated with different concentrations 
of samples as indicated in the Figure. “g” indicates gold nanoparticles and “s” indicates silver 
nanoparticles. Bar graph represents quadruplicate values of one experiment. Error bars 
represent the standard deviation of the mean. (Z: Ziziphus mucronata; P: Peltophorum 
africanum; M: Methanol extract; H: Distilled water extract; L: Leaves; B: Bark). 

 

4.5.2 VIABILITY SCREENING  

To evaluate the viability of cells following exposure of the RAW 264.7 cells to the plant 

extracts, gold and silver nanoparticles, the cells were exposed to 50 µg/mL and 100 

µg/mL of compound samples. The viability of the cells was based on mitochondrial 

dehydrogenase’s formation of formazan (MTS assay) (Alsaleh et al., 2019). The data 

(Figure 4.9) obtained after exposure shows that compound samples are not 

associated with reduction of cell viability at both concentrations, except silver 

nanoparticles of ZMB that majorly reduced the cell viability. Thus, the silver 

nanoparticles of ZMB were disregarded for anti-inflammatory analysis due to their 

toxicity to the cells. 
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Figure 4.9: Cell viability (%) of LPS activated macrophages after 24 hours pf exposure to 
treatments. “g” indicates gold nanoparticles and “s” indicates silver nanoparticles. Bar graph 
represents quadruplicate values of one experiment. Error bars represent the standard 
deviation of the mean. (Z: Ziziphus mucronata; P: Peltophorum africanum; M: Methanol 
extract; H: Distilled water extract; L: Leaves; B: Bark). 

 

4.6 ANTI-MYCOBACTERIAL ACTIVITY 

The minimum inhibitory concentration assay was used to determine the lowest 

concentration of sample compounds active against M. smegmatis. Table 4.3 shows 

the sample compounds that exhibit antimycobacterial activity. Plant extracts (PHB, 

PMB, ZMB and ZHL) and silver nanoparticles (ZML, ZHB, ZML and ZMB) showed 

activity; gold nanoparticles had little to no activity against M. smegmatis. P. africanum 

was reported to possess phytochemicals such as flavanols, benzenoids, condensed 

flavonoids in the bark part (Mazimba, 2014) that have antioxidant and antibacterial 

activity (Ramabulana et al., 2021). As shown in Table 4.1, P. africanum and Z. 

mucronata contains significant number of flavonoids that can act against the M. 

smegmatis.  
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Table 4.3: Antimycobacterial activity screening of plant extracts, silver, and gold 

nanoparticles at 5 mg/ml concentration. 

Samples (mg/ml/) Active Inactive  

PHL  X 

PHB X  

PML  X 

PMB X  

ZHL X  

ZHB  X 

ZML  X 

ZMB X  

PHL(g)  X 

PHB(g)  X 

PML(g)  X 

PMB(g)  X 

ZHL(g)  X 

ZHB(g)  X 

ZML(g)  X 

ZMB(g)  X 

PHL(s)  X 

PHB(s)  X 

PML(s)  X 

PMB(s)  X 

ZHL(s) X  

ZHB(s) X  

ZML(s) X  

ZMB(s) X  

 

Silver nanoparticles have been reported to have the ability to attach and enter cells 

due to their small sizes (Koduru et al., 2018). In this study, the silver nanoparticles 

ranged up to 30 nm. In a study by Praba et al. (2013), they synthesized silver 

nanoparticles chemically and tested against M. tuberculosis H37Rv (ATCC 27294) 

and M. smegmatis mc2155 strains. It was found that the silver nanoparticles had no 

effect on the strains, however, they inhibited growth of the organism after treatment 

with chloroform. Since this current study synthesized nanoparticles using medicinal 

plants, it is proof that plants enhance biological activity of nanoparticles. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATIONS 

 

5.1 CONCLUSION 

This study was aimed to evaluate the efficacy of silver and gold nanoparticles capped 

with selected medicinal plants against tuberculosis. The secondary objectives were 

derived to achieve the primary objective. 

The first secondary objective was to profile phytochemical compounds from the 

medicinal plants using liquid chromatography mass spectroscopy (LC-MS). The plants 

had abundant antioxidant agents that played a major role in the synthesis and 

biological activity of the silver and gold nanoparticles. 

Secondly, the synthesis of silver and gold nanoparticles using green technology was 

done. The nanoparticles were synthesized successfully. A color change from clear to 

brown for silver nanoparticles, and grape-purple for gold nanoparticles, was observed 

after 24 hours; indicating positive nanoparticle formation. 

Thirdly, the nanoparticles were characterized using transmission electron microscopy 

(TEM). The shapes for gold nanoparticles were oval, hexagonal, and triangular; whilst 

silver nanoparticles had irregular shapes. The nanoparticles were analyzed using 

software to determine the sizes.  

The fourth objective was to determine the toxicity of the compound samples using MTT 

assay on Vero cells. Gold nanoparticles and plant extracts were not toxic to the cells; 

silver exhibited toxic activity of the cells at 50 and 100 µg/mL. 

The fifth objective was to determine anti-inflammatory activity on RAW 264.7 cells. 

Silver nanoparticles of ZML and ZHL, and gold nanoparticles and plant extracts of 

PML exhibited anti-inflammatory activity at 100 µg/mL, whereas PML was able to 

decrease nitrite concentration at both concentrations. 

Finally, the sixth objective was to evaluate antimycobacterial activity on M. smegmatis. 

Plant extracts (PHB, PMB, ZMB and ZHL) and silver nanoparticles (ZML, ZHB, ZML and ZMB) 

showed activity; gold nanoparticles had little to no activity against M. smegmatis. 
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This study showed that the selected plants were a good source for nanoparticle 

synthesis. The transmission electron microscope (TEM) images were useful in proving 

the formation, size, shape, and distribution of the nanoparticles. The efficacy of some 

silver nanoparticles on M. smegmatis showed that they can render antimycobacterial 

efficacy and strengthen medicinal value of plants. The MTT assay showed that gold 

nanoparticles safer compared to silver nanoparticles, which exhibited toxic activity on 

the cells. Yet the silver nanoparticles were able to decrease nitrite production. 

Although the silver nanoparticles had good anti-inflammatory and antimycobacterial, 

they are unsafe for human consumption. 

  

5.2 LIMITATIONS 

Due to unforeseen circumstances (availability of equipment, loadshedding), the 

nanoparticles were not analyzed using FTIR and X-ray to determine the chemical 

compositions. 

 

5.3 RECOMMENDATION 

Most of the nanoparticles did not have activity on M. smegmatis. Testing the silver and 

gold nanoparticles on clinical strains of M. tuberculosis may be essential to observe 

the antimycobacterial effects.  
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