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ABSTRACT 

The genus Tulbaghia has been used in traditional medicine to treat various ailments such as 

fever, earache, tuberculosis and esophageal cancer. However, there is limited scientific 

evidence to support its use. Therefore the objectives of this study were to perform 

phytochemical analysis, investigate the antioxidant, antimicrobial, anticancer, 

immunomodulatory activities and toxicity of crude acetone and water extracts from selected 

Tulbaghia species. 

 Standard methods were used for preliminary phytochemical analysis. The total phenolic 

content of the plant extracts was determined using the folin ciocalteu method whereas the total 

flavonoids were determined by using the aluminium chloride colorimetric method. DPPH and 

ABTS assays were used to evaluate the antioxidant activity. The antimicrobial activity was 

assessed by agar well diffusion, microtiter dilution and time kill assays.   

For anticancer studies, the antiproliferative activity of the extracts was evaluated using the 

MTT assay on Hkesc-1 and KB cells. Morphological changes of the cancer cells treated with 

extracts were examined using light microscopy. Induction of apoptosis was assessed using 

fluorescence microscopy and acridine orange/ethidium bromide staining. Flow cytometry 

analysis was conducted to examine the multicaspase activity and cell cycle arrest. For 

immunomodulatory activity, the Greiss reagent and Luminex cytokine assays were used to 

determine the effect of the extracts on NO production and the concentration of the cytokines in 

the treated cells, respectively.  

Toxicity of selected Tulbaghia species was examined by investigating the effect of the extracts 

on the metabolic activity and cell membrane integrity on the treated RAW264.7 cells using the 

MTT and LDH assays, respectively. The zebrafish assay was used to evaluate the 

embryotoxicity and teratogenic effects of crude acetone and water extracts of T. violacea at 24 

h intervals for 96 h post fertilisation (hpf). The percentage mortality, hatchability and heart rate 

were examined.  

Phytochemical screening of eight Tulbaghia species demonstrated the presence of   flavonoids, 

glycosides, tannins, terpenoids, saponins and steroids. The amount of total phenol and 

flavonoid content varied in different plant extracts  ranging from 4.50 to 11.10 milligrams gallic 

acid equivalent per gram (mg GAE/g) of fresh material and 3.04 to 9.65 milligrams quercetin 

equivalent per gram (mg QE/g) of fresh material respectively. The IC50 values based on DPPH 

and ABTS for T. alliacea (0.06 and 0.06 mg/mL) and T. violacea (0.08 and 0.03 mg/mL) were 
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generally lower showing potential antioxidant activities. For antimicrobial activity, the acetone 

extracts of T. acutiloba, T. alliacea, T. leucantha, T. ludwigiana, T. natalensis and T. simmleri 

showed moderate antimicrobial activity against all test organisms while the water extracts 

showed moderate to no activity. One species, T. cernua, showed poor activity against all the 

tested microbes. The acetone and water extracts of T. violacea showed the greatest antibacterial 

and antifungal activity against all the tested microorganisms with minimum inhibitory 

concentration ranging from 0.1 mg/mL to 3.13 mg/mL. The acetone extracts of T. violacea also 

exhibited both bacteriostatic/fungistatic and bactericidal/fungicidal activity depending on the 

incubation time and concentration of the extract. The bactericidal/fungicidal activity was 

observed at x2 MIC.  

The results for anticancer activity showed that treatment of Hkesc-1 cells with acetone and 

water crude extracts had anti-proliferative activity with IC50 values of 0.4 mg/mL and 1.625 

mg/mL, respectively while KB had 0.2 mg/mL and 1 mg/mL, respectively. Morphological 

changes such as blebbing, cell shrinkage and rounding were observed in the treated cells 

suggesting that apoptosis was taking place. AOEB staining showed that the level of apoptosis 

was dependent on the concentration of the extracts. The activation of multicaspase activity in 

both Hkesc-1 and KB treated cells was also concentration dependent leading to cell death by 

apoptosis and the induction of cell cycle arrest at the G2/M phase. 

 Immunomodulatory activity results indicated that cell viability was above 80% when 

concentrations of 50 µg/mL or less of both acetone and water crude was used. Treatment with 

the acetone extract had no significant effect (p>0.05) on the LPS induced NO production in 

RAW264.7 cells except at 50 µg/mL where significant inhibition was observed. The water 

extract had no significant effect (p>0.05) on NO production at all the concentrations. Treatment 

of LPSïinduced RAW264.7 cells with acetone extract stimulated the production of IL-1Ŭ, IL-

6 and TNF-Ŭ, but had no significant effect (p > 0.05) on IL-1ɓ.  On the other hand, treatment 

with the water extracts stimulated the production of IL-1Ŭ, IL-6 but had no significant effect 

(p>0.05) on TNF-Ŭ and IL-1ɓ. Treatment of LPS-induced RAW264.7 cells with the acetone 

extract had very little stimulatory effect on IL-4, IL-5 and IL-13 and no significant effect on 

IL-10 whereas for the water extract a significant stimulatory effect was only observed for IL-4 

after 48 h of treatment. High concentrations (>10000 pg/mL) of MCP-1, MIP1- ,h MIP1- ,̡ 

MIP-2, GCSF, GM-CSF, RANTES and IP-10 were also observed in acetone and water extract 

treated RAW264.7 cells.  
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For toxicity studies, acetone and aqueous crude leaf extracts from T. alliacea, T. simmleri, and 

T. violacea had a significant inhibitory (p<0.05) effect on the RAW264.7 cells after 48h 

treatment. Acetone extracts from T. alliacea, T. simmleri and T. violacea resulted in IC50 values 

of 0.48 mg/mL, 0.72 mg/mL and 0.1 mg/mL, respectively. Treatment with water extracts 

showed minimal toxic effect indicated by higher IC50 values of 0.95 mg/mL, 2.49 mg/mL and 

0.3 mg/mL for T. alliacea, T. simmleri and T. violacea, respectively.  The LDH release by 

macrophages after 24 h treatment with acetone extracts was observed to be concentration 

dependent while treatment with water extracts did not induce LDH release. The zebra fish assay 

showed a lethal dose (LD50) for the T. violacea acetone crude extract of 20 ɛg/mL whereas that 

for water extract was 85 ɛg/mL. The observed teratogenic effects included scoliosis, edema of 

the pericardial cavity, retarded yolk resorption, hook-like/bent tail and shorter body length. 

In conclusion, the results from this study indicate that the extracts from the eight Tulbaghia 

species examined contain phytochemicals that may have the antioxidant, antimicrobial, 

anticancer and immunomodulatory properties. Extracts from T. violacea were observed to be 

the most potent. This study thus supports the use of T. violacea in treating bacterial and fungal 

infections in traditional medicine.  The results of this study also confirm the anticancer potential 

of T. violacea. The immunomodulatory activity of the acetone and water extracts from T. 

violacea indicated a dominantly pro-inflammatory activity. Traditional medicine prepared 

form T. violacea may be of benefit to individuals with weak immune systems. The toxicity of 

selected Tulbaghia species was observed to be concentration, extract and time dependent. 

Therefore, traditional medicine prepared from Tulbaghia extracts should be taken with caution 

preferably in small doses over a short period of time. Future studies will focus on the 

identification of the bioactive compound(s) responsible for the antimicrobial, anticancer and 

immunomodulatory activities. 

 

Key words: Antioxidant activities, Anticancer activity, Apoptosis, Bacteriostatic, Cytokines, 

Embryotoxicity, Esophageal cancer, Fungicidal, LDH, Lipopolysaccharide, Macrophages, 

Multicaspase, Immunomodulation, Phenolic compounds, zebrafish 
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CHAPTER 1 GENERAL INTRODUCTION  

1.0 INTRODUCTION  

Medicinal plants have been used in traditional medicine for treatment of numerous human 

diseases for thousands of years in many parts of the world (Vindhya et al., 2014; Razafintsalana 

et al., 2017; Arulmozhi et al., 2018). In the developing world, especially in rural areas, 

traditional medicine continues to be a primary source of health care. Scientifically, medicinal 

plants have proven to be an abundant source of bioactive compounds, many of which have 

already been formulated into useful therapeutic substances or have provided a basis for the 

development of new lead molecules for pharmaceuticals (Anyanwu and Nwosu, 2014; 

Bouyahya et al., 2017).  

Infectious and degenerative diseases are the major causes of death world-wide (Namita and 

Mukwesh, 2012; Ogbole and Fasinu, 2018). The treatment of infectious diseases is considered 

a major challenge at present with many microbes developing resistance to widely used 

antibiotics. Drug resistance of microbial pathogens is an on-going global problem (Yadav and 

Khan, 2012; Moussaoui and Alaoui, 2016) and the incidence of multidrug resistance in 

pathogenic and opportunistic bacteria is on the rise (Dubey et al., 2012; Mohamed et al., 2010; 

Arulmozhi et al., 2018).  

Synthetic drugs currently used for the treatment of degenerative diseases like cancer and 

arthritis have side effects (Islam et al., 2013). Although treatments of cancer has enabled the 

disease to be manageable, chemotherapy and surgery treatments have side effects such as hair 

loss, nausea, vomiting, infections and fatigue (Breen et al., 2017). In addition, synthetic 

molecules like nonsteroidal anti-inflammatory drugs (NSAIDs) and selective COX 2 inhibitors 

are known for their side-effects such as increasing the incidence of adverse cardiovascular 

thrombosis (Damte et al., 2011).  

These health-related challenges have, therefore, necessitated a continuous search of potential 

bioactive compounds with diverse chemical structures and novel mechanisms of action from 

alternative sources such as medicinal plants (Ahmad and Beg, 2001; VijayaBarathi 2014; 

Savithramma et al., 2011). The importance of medicinal plants lies in their ability to produce 

bioactive compounds which are mainly the products of secondary metabolic pathways. These 

secondary metabolites include alkaloids, flavonoids, tannins and phenolics (Thiyagarajan and 

Uriyavathana, 2010; Narendra et al., 2013). These phytocompounds are known to possess high 

antioxidant, antimicrobial, anti-inflammatory and anticancer activities (Ignat et al., 2011). 
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Bioactive compounds that can either inhibit the growth of pathogens or kill them with little or 

no toxicity to host cells can be considered potential candidates for developing new drugs. It is 

expected that plant extracts showing target sites other than those used by antibiotics will be 

active against drug-resistant microbial pathogens (Ahmad and Beg, 2001). It is believed that 

compounds from natural plant origin will have less side effects compared to the synthetic drugs 

in current use (Al-Tohamy 2018). 

The genus Tulbaghia is reported to have nutritive, ornamental and medicinal value (Aremu and 

van Staden, 2013). This monocotyledonous group of herbaceous perennial bulbs is 

predominantly found in Southern Africa. For centuries, several Tulbaghia species have found 

diverse uses in traditional medicine (Lyantagaye 2011; Kubec et al., 2013). In this study, an 

analysis of the phytochemicals and biological activities of extracts from eight Tulbaghia 

species was carried out.  
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1.1PROBLEM STATEMENT  

The misuse and over-use of antibiotics has produced many resistant microbes. Infections such 

as tuberculosis and septicaemia, diseases of earlier centuries, are once again major causes of 

death (Shute 2014; Elisha et al., 2017). Resistance to antibiotics such as norfloxacin, 

ciprofloxacin and amoxicillin/clavulanic acid by Pseudomonas aeruginosa and 

enterohemorrhagic Escherichia coli are on the rise (Mwitari et al., 2013).  Multidrug resistance 

has made the treatment of diseases such as tuberculosis and pneumonia a huge challenge (de 

Oliveira-Júnior et al., 2018). The most common multidrug resistant bacteria include Gram 

positive (MR S. aureus, vancomycin resistant Enterococci) and Gram negative bacteria 

(members of Enterobacteriaceae producing plasmid-mediated extended spectrum ɓ-lactamase 

(ESɓL)) and others such as P. aeruginosa and Mycobacterium tuberculosis (Mambe et al., 

2016).  

Invasive fungal infections have also emerged as an important cause of morbidity and mortality 

in immune-compromised patients. These individuals are at high risk for contracting many 

opportunistic fungal diseases including candidiasis, aspergillosis, cryptococcosis and 

pneumocytosis. Although several antifungal drugs have been licenced in recent years, 

antifungal resistance has also become a major concern when treating immunecompromised 

patients (Chakrabarti 2011). 

Apart from microbial infections which are responsible for the high rate of mortality globally, 

cancer is one of the most life-threatening diseases which is characterised by proliferation of 

abnormal cells that invade and disrupt surrounding tissues. It constitutes serious public health 

problems in both developed and developing countries. The limited success of clinical therapies 

including radiation, chemotherapy, immunomodulation and surgery in the treatment of cancer, 

indicates that there is an urgent need for alternative strategies in cancer management (Tagne et 

al., 2014). 

Chronic inflammation is linked to a wide range of progressive diseases, including cancer, 

obesity, aging, diabetes, neurological diseases, metabolic disorder, and cardiovascular diseases 

(Islam et al., 2013). Non-steroidal anti-inflammatory drugs (NSAIDs) are commonly 

prescribed for treatment of pain and inflammatory conditions. However, many NSAIDs are 

associated with side effects such as gastrointestinal bleeding and suppressed function of the 

immune system. 
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Therefore challenges faced in the treatment of infectious and degenerative disease have 

triggered considerable interest in the search for new, efficient and cost effective ways for the 

control of diseases. New organic molecules with antioxidant, antimicrobial, anticancer and 

immunomodulatory activities derived from plants could be cost effective, with little or no side 

effects and readily available to the local population as a means of improving primary health 

care (Adwan et al., 2010; Ayed et al., 2016).  

 

1.2 MOTIVATION  

Medicinal plant-derived compounds have gained widespread interest in the search of 

alternative therapeutics because of the perception that they are safe and have a long history of 

use in traditional medicine for the treatment of various diseases (Chavanova et al., 2013; 

Teanpaisan et al., 2016). The use of phytochemicals for pharmaceutical purposes has also 

gradually increased in recent years in many countries. 

According to the World Health Organisation (WHO 2002), medicinal plants would be the best 

source to obtain a variety of drugs.  About 80% of individuals from developing countries use 

traditional medicine, which has compounds derived from medicinal plants (Al- Tohamy et al., 

2018). Plants produce a wide variety of secondary metabolites which are used either directly 

as precursors or as lead compounds in the pharmaceutical industry (Shute 2014).  

The genus Tulbaghia has great potential in terms of its pharmacology and phytochemistry (van 

Wyk 2011). This genus has received little attention when compared to the closely related genus 

Allium (Lyantagaye 2011; Kubec et al., 2013). Significant phytochemical and biological 

investigations have been done on only two species Tulbaghia violaceae and T. alliaceae 

despite the presence of approximately 30 species in the genus (Aremu and van Staden, 2013). 

The presence of sulphur compounds seem to be typical for the genus. Among these compounds 

kaempferol and other sulphur compounds are the most important and have received much 

attention because of their anticancer potential.  

Given the potential of medicinal plants, it is of great importance to investigate their 

antimicrobial, anticancer, immunomodulatory and toxicity profiles since a major part of the 

South African population still relies on them as a first line treatment (Akhalwayo et al., 2018). 

Therefore, establishing the efficacy and safety of these plant extracts would be beneficial. The 

potential of the genus Tulbaghia in treating various ailments needs verification. This study 
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aimed to investigate the phytochemical composition and bioactivities of eight Tulbaghia 

species. 

 

1.3 AIM  

To investigate the phytochemistry and biological activities of crude extracts from eight 

Tulbaghia species namely T. acutiloba, T. alliacea, T. cernua, T. ludwigiana, T.leucantha, T. 

natalensis, T. simmleri and T. violacea. 

1.4 OBJECTIVES 

The research objectives of this study were to: 

1. Prepare plant crude extracts and perform preliminary photochemical analysis of eight 

species of Tulbaghia according to the standard methods of Harborne (1973). 

2. Investigate the in vitro anti-oxidant activity of crude extracts of the eight plant species, 

using 2, 2 diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay and the 2, 2-

azino-bis (3-ethyl-benzthioziline-6-sulfonic acid) (ABTS assay). 

3. Determine the antimicrobial activities by microdilution assay and death kinetics of the 

eight crude plant extracts against Gram positive (S. aureus and E. faecaelis) and Gram 

negative bacteria (K. pneumoniae and P. aeruginosa), and the fungal species 

(C.albicans and C. neoformas). 

4. Investigate anticancer activity of the most potent plant extracts by assessing the 

morphology of treated KB and HKesc-1 cells using acridine orange/ ethidium bromide 

staining, caspase activity and cell cycle arrest through flow cytometry. 

5. Evaluate the immunomodulatory activity of the crude extracts by examining their effect 

on the production of NO and cytokines on LPS induced RAW264.7 cells through Griess 

reagent assay and Luminex assay, respectively. 

6. Investigate the toxicity of some crude extracts using the 3-[4, 5 ïDimethylthiazol-zyl)-

2, 5 diphenyltetreazolium bromide (MTT) cellular viability and LDH on RAW264.7 

cells and zebrafish assay. 
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CHAPTER 2 LITERATURE REVIEW  

2.1 MEDICINAL PLANTS  

South Africa is home to more than 30,000 species of higher plants of which at least 3000 

species could possibly be used medicinally (van Wyk and Prinsloo, 2018). The importance of 

using medicinal plants can be attributed to a number of reasons, including affordability, limited 

availability of Western medicine and the trust placed in herbal medicine due to the positive 

results obtained from its use (Maregesi et al., 2008). 

 Natural products, either as pure compounds, or standardised plant extracts, provide unlimited 

opportunities for new drug leads because of the unmatched availability of chemical diversity 

in the plant kingdom (Cos et al., 2006; Mgbeahuruike et al., 2017). According to Suleiman et 

al. (2010) natural products and related drugs are used to treat 87% of all categorised human 

diseases including bacterial infections, cancer and immunological disorders.  

In South Africa as in other developing countries, a major portion of the population treats 

diseases by using plants with medicinal properties (Street and Prinsloo, 2013). Plants have an 

almost limitless ability to synthesise secondary chemical substances which play a pivotal role 

in their ecophysiology (Briskin 2000) including a defensive role against herbivores, pathogen 

attack, and an attractant role toward beneficial organisms such as pollinators or symbionts. 

Some of these secondary-derived compounds have beneficial effects in the treatment of 

microbial infections in animals and humans (Suleiman et al., 2010). 

2.2 PHYTOCHEMICALS FROM MEDICINAL PLANTS  

A brief outline of the pharmacological applications of some of these phytochemicals is as 

follows: 

2.2.1 Alkaloids  

These are the largest group of secondary chemical constituents made largely of ammonia 

compounds. Some examples are provided in Figure 2.1. Alkaloids have pharmacological 

applications such as anaesthetics (e.g. cocaine) and central nervous system stimulants (e.g. 

caffeine). Plant-derived alkaloids are used clinically as a muscle relaxant, as antibiotics and 

anticancer agents such as vincristine (Madziga et al., 2010).  
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Figure 2. 1 Typical basic structure of alkoloids (Achinolu and Umesiobi, 2015). 

2.2.2 Glycosides  

Glycosides, in general, are defined as the condensation products of sugars (including 

polysaccharides) with a host of different varieties of organic hydroxyl compounds (Kar 2007) 

Cardiac glycoside comprise of two main classes of compounds that differ in the structure of 

their aglycone (R) as shown in Figure 2.2. 

 

                       Cardenolide 

Figure 2. 2 Basic structure of cardiac glycosides (Calderon-Mantano et al., 2014). 

Examples include cardiac glycosides (acts on the heart), anthracene glycosides (purgative, and 

for treatment of skin diseases) and chalcone glycoside which has anticancer activity (Firn 

2010). 

2.2.3 Flavonoids 

Flavonoids are an important group of polyphenols widely distributed among the plant flora 

(Kar 2007).  Chemically they are based upon fifteen-carbon skeleton consisting of two benzene 

rings (A and B), (Fig. 2.3) linked to a heterocyclic pyrane ring (C). They can be divided into a 

variety of classes such as flavones (flavone, apigenin and luteolin) and flavonols such as 

quercitin, kaempferol, myricetin and nariagenin (Kumar and Pandey, 2013). 
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Figure 2. 3 Basic flavonoid structure (Kumar and Pandey, 2013). 

Quercetin, kaempferol and quercitrin are common flavonoids present in nearly 70% of plants. 

Flavanols have several proven medicinal properties, such as anti-inflammatory, anti-oxidant, 

anti-allergic, antibacterial and antiviral effects (Wang et al., 2018). 

2.2.4 Phenolics 

Phenols are chemical components that occur in most plants as natural colour pigments 

responsible for colour. They are aromatic benzene ring compounds with one or more hydroxyl 

groups. Their most important role in plants may be defence against pathogens and herbivore 

predators (Subedi et al., 2014). Phenolics essentially represent a host of natural antioxidants 

with enormous ability to combat cancer and are also thought to prevent heart ailments to an 

appreciable degree and sometimes are anti-inflammatory agents (Cowan 1999).  

                                

Figure 2.4 Structure of phenolic acids (Luthria et al., 2015). 

2.2.5 Saponins 

Saponins are a major family of secondary metabolites that occur in a wide range of plants. They 

are a complex and chemically varied group of compounds consisting of triterpenoid and 

steroidal glycosides (Fig. 2.5) linked to oligosaccharide moieties (Aremu and van Staden, 

2013). The saponins in plants act as defense compounds against antifungal pathogens. In 

addition, many plant saponins have been isolated and present a broad spectrum of biological 

uses, such as anti-cancer, anti-inflammatory, ion channel blocking, immune stimulating and 

antifungal properties (Lanzotti et al., 2012; Wang et al., 2016).  
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Figure 2.5 General structure of saponins (Moses et al., 2014). 

2.2.6 Terpenoids 

Terpernoids are the largest and most widespread class of secondary metabolites mainly in 

plants. Chemically all terpenoids can be considered to be derived from the basic branched C5 

unit isoprene as shown in Figure 2.6 (Zhu et al., 2017). They have been found to be useful in 

the prevention and therapy of several diseases, including cancer. Terpenoids also possess 

antimicrobial, antifungal, antiparasitic, antiviral, antiallergenic, antispasmodic, anti-

hyperglycemic, anti-inflammatory and immunomodulatory properties (Mbaveng et al., 2014). 

 

Figure 2.6 Basic stucture of terpenoids (de Las Heras and Bosca, 2003). 

2.2.7 Steroids 

Steroids are biologically active organic compounds with four rings arranged in a specific 

molecular configuration as shown in Figure 2.7.  

                 

Figure 2.7 Basic structure of steroids (Gomes et al., 2015). 

Steroids extracted from plants are known to have cardiotonic effects and also possess 

antibacterial and insecticidal properties (Sandjo and Kuete, 2013).                                

 

http://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiTxdiH-_jeAhUDyxoKHR5FAVoQjRx6BAgBEAU&url=http://www.phytochemicals.info/phytochemicals/saponins.php&psig=AOvVaw0tSeDkZC-Dksmqhx2peOd4&ust=1543558840263710
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 2.3 EXTRACTION OF PHYTOCHEMICALS  

There are various phytochemical extraction techniques which include maceration, Soxhlet, and 

reflux extraction, ultrasound-assisted and microwave-assisted (Azmir et al., 2013).The 

maceration extraction is a solidïliquid extraction where the bioactive compound (solute) inside 

the plant material is extracted by soaking the plant material in a specific solvent for a period of 

time. The efficacy of maceration process is determined by two main factors, solubility and 

effective diffusion. The solubility is governed by basic rule of ñlike dissolves likeò which 

indicated that polar compounds dissolve in polar solvents, and nonpolar compounds dissolve 

in nonpolar solvents (Castro-López et al., 2017). Various solvents have been used to extract 

different phytochemicals. Plant material is either used as fresh or dried material. The plant 

material is pulverised by mechanical grinders and extracted by soaking in water or organic 

solvent of choice. No complicated utensil and equipment are needed for the set-up of a 

maceration extraction system that has made it a popular choice for researchers (Cheok et al., 

2014). The resulting extract is filtered, concentrated in-vacuo or by evaporation. This material 

can then be used to determine the presence of phytochemicals and analyses of bioactivities. 

2.4 MECHANISM OF ACTION OF PHYTOCHEMICALS  

There are different mechanisms of action of phytochemicals. They may inhibit 

microorganisms, interfere with some metabolic processes or may modulate gene expression 

and signal transduction pathways (Surh 2003). In general, the mechanism of action of 

phytochemicals is considered to be the disturbance of the cytoplasmic membrane, disrupting 

the proton motive force, electron flow, active transport, and coagulation of cell contents. Some 

specific biological activities are discussed below. 

2.4.1 Antimicrobial activity   

Medicinal plants are known to have phytochemicals that protect them against pathogenic 

insects, bacteria, fungi or protozoa (Elisha et al., 2017). Research studies have also shown that 

phytochemicals such as saponins, alkaloids, phenols and flavonoid exhibit antimicrobial 

activity against human pathogens (Boussoussa et al., 2016). Antimicrobial activity of  many 

medicinal plant species has been investigated by various researchers with plants such as 

Zanthoxylum chalbeum exhibiting strong antimicrobial activity against bacteria associated with 

periondontal dieases (Ocheng et al., 2014), Punica granatum and Indigofera daleoides showed 

antimicrobial activity against bacteria known to cause diarrhoea (Mathabe et al., 2006), 

Alcornea floribunda, Masanga cocropiodes, Tetracera potatoria and Xylopia aethiopica 
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exhibited effectiveness against mycobacteria species thus supporting its traditional use for 

treating tuberculosis (Fomogne- fodjo et al., 2014).  

Tulbaghia species have also shown great potential in inactivating a range of microorganisms 

affecting both humans and plants (Aremu and van Staden, 2013). Plant extracts may exhibit 

different modes of action against bacterial strains, such as interference with the phospholipids 

bilayer of the cell membrane which may result in a permeability increase and loss of cellular 

constituents (Kotzekidou et al., 2008).    

2.4.2 Antioxidant activity  

Antioxidants protect cells against the damaging effects of reactive oxygen species otherwise 

called free radicals such as singlet oxygen, super oxide, peroxyl radicals, hydroxyl radicals and 

peroxynite which results in oxidative stress leading to cellular damage (Mattson and Cheng, 

2006).  Natural antioxidants play a key role in maintaining health and the prevention of the 

chronic and degenerative diseases, such as atherosclerosis, carcinogenesis, neurodegenerative 

disorders and rheumatic disorder (Uddin et al., 2009; Jayasri et al., 2009). 

Antioxidants exert their activity by scavenging the ófree-oxygen radicalsô thereby giving rise 

to a fairly óstable radicalô. The free radicals are metastable chemical species, which tend to trap 

electrons from the molecules in the immediate surroundings. These radicals, if not scavenged 

effectively in time, may damage crucial bio molecules such as lipids, proteins including those 

present in all membranes, mitochondria and DNA resulting in abnormalities leading to disease 

conditions (Uddin et al., 2009). 

The human body produces an insufficient amount of antioxidants which are essential for 

preventing oxidative stresses. Therefore this deficiency has to be compensated by making use 

of natural exogenous antioxidants, such as vitamin C, vitamin E, flavones, carotene and natural 

products from plants.  Plants contain a wide variety of free radical scavenging molecules 

including phenols, flavonoids, vitamins, terpenoids that are rich in antioxidant activity 

(Anderson and Teuber, 2001; Cai et al., 2003).  Zou et al. (2016) reported the presence of more 

than 170 antioxidants from citrus fruits including vitamins, minerals, phenolic compounds, 

terpenoids and pectin. The mechanism of action of these antioxidants has been suggested to be 

either through inhibition of oxidant enzymes, interaction with redox signalling pathways, direct 

reaction with reactive oxygen species (ROS) or a chelator with transitional metals (Adewusi et 

al., 2011). 
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2.4.3 Immunomodulatory activity 

Inflammation is a normal biological process that occurs in response to tissue injury, microbial 

pathogen infection and chemical irritation (Islam et al., 2013; Dong et al., 2017). This 

biological process also involves the innate and adaptive immune systems. At a damaged site, 

inflammation is initiated by the migration of immune cells from blood vessels and the release 

of mediators, followed by recruitment of inflammatory cells and the release of reactive oxygen 

species (ROS), reactive nitrogen species (Stankoviĺ et al., 2016) and proinflammatory 

cytokines to eliminate foreign pathogens, resolving infection and repairing injured tissues 

(Min-Hsuing 2010). Thus, the main function of inflammation is beneficial for a hostôs defence 

system.  In general, normal inflammation is rapid and self-limiting, but aberrant resolution and 

prolonged inflammation causes various chronic disorders. Chronic inflammation is associated 

with a wide range of progressive diseases, including cancer, neurological disease, metabolic 

disorder and cardiovascular disease (Phuong et al., 2014). Many studies suggest that the 

elimination of chronic inflammation is a major way to prevent various chronic diseases (Kim 

et al., 2016). On the other hand, immunosuppression caused by excess stress, drug-associated 

adverse effects, reductions in body temperature, and excess bleeding can lead to poor quality 

of life and increased susceptibility to infections and disease. Subsequent infections will further 

deteriorate the immune system, leading to aggravation of disease (Park et al., 2018). 

Currently, nonsteroidal anti-inflammatory drugs (NSAIDs) are among the most widely used 

medication due to their efficacy in treating a wide range of pain and inflammatory conditions 

(Amessis- Ouchemoukh et al., 2014). However, the long-term administration of NSAID may 

induce gastro-intestinal ulcers, bleeding, and renal disorders due to their nonselective inhibition 

of both constitutive (COX-1) and inducible (COX-2) isoforms of the cyclooxygenases enzymes 

(Adebayo et al., 2015). Therefore, new immunomodulating and analgesic drugs lacking those 

side effects are being sought as alternatives to NSAIDs and opiates. 

Medicinal plants are believed to be an important source of new chemical substances with 

potential therapeutic effects (Kaushik et al., 2012). A study by Kenny et al. (2013) showed that 

potato glycoalkoloids and potato peel extracts possess anti-inflammotory effects in vitro by 

inhibiting the production of the chronic inflammation cytokines interleukin -2 (IL- 2) and 

interleukin -8(IL-8). Another study by Dzoyem and Eloff (2015) on twelve South African 

medicinal plants used traditionally to alleviate pain and inflammation showed that all plants 

extracts had anti-inflammatory activity with Burkea africana showing high activity and high 

amounts of phenolic and flavonoid content. The plant extracts exhibited anti-15-lipoxygenase 
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activity and inhibited nitric oxide production. Therefore there is need to investigate plants with 

potential immunomodulatory activity which may be useful in the prevention of diseases 

associated with inflammation. 

2.4.4 Anticancer activity 

 Cancer is a disease that severely affects the human population world-wide. There are many 

forms of cancer but they share similar characteristics such as insensitivity to signals which 

inhibit cell growth making their replication limitless. Apoptosis is evaded and never induced 

in cancer cells while angiogenesis is sustained within the tumour tissue allowing the survival 

of cancer cells. There is, therefore, a constant demand for new therapies to treat and prevent 

this life threatening disease (Greenwell and Rahman, 2015). Approximately, 60% of anticancer 

drugs are of natural origin with the plants being a significant source (Solowey et al., 2014). 

Examples of clinically useful antitumor agents derived from plants include paclitaxel, 

vincristine, and camptothecin. Many of these plant-derived anticancer agents have been 

discovered through large-scale screening programs (George et al., 2010). Anti- cancer agents 

act by inducing apoptosis and regulating other cancer characteristics (Yu et al., 2017). 

2.5 BIOASSAY METHODS 

2.5.1 Antimicrobial assays 

Common methods used in the evaluation of the antibacterial and antifungal activities of plant 

extracts include the agar well diffusion assay, microtiter dilution assay and time kill studies. 

These methods are relatively easy to carry out under laboratory conditions. 

2.5.1.1 Agar well diffusion assay 

The agar well diffusion method is widely used to evaluate the antimicrobial activity of plants 

or microbial extracts (Balouiri et al., 2016). The inoculated agar is poured into the assay plate 

(9 cm in diameter), and allowed to cool down on a levelled surface. Once the medium has 

solidified, wells of 4 mm in diameter, are cut out of the agar using sterile 200 ɛL micropipette 

tips. The antimicrobial agent is placed into each well and the plates are incubated at 37хC for 

24 hours. The diameters of the clear zone of inhibition are measured in mm using a ruler 

(Magaldi et al., 2003). The procedure is similar to the disc diffusion assay; the discs are 

supplemented with dilutions of the drug placed in wells which have been cut out in the agar. It 

is a cheap, simple and reliable method of antimicrobial drug susceptibility testing, 
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2.5.1.2. Microtiter dilution assay 

 The Minimum Inhibitory Concentration (MIC) assay is used to determine antimicrobial 

activity quantitatively based on the principle of contact of a test organism to a series of dilutions 

of test substance (van Vuuren 2008). In this method, susceptibility panels in 96-well microtiter 

plates containing various concentrations of antimicrobial agents are prepared. Then, 

standardized numbers of bacteria are inoculated into the wells of the microtiter plates and 

incubated overnight at 37°C. The MIC value is observed as the lowest concentration where no 

viability is observed in the wells after incubation. Compared with agar-based methods, broth 

microdilution can decrease much labour and time (Wikaningtyas and Sakandar, 2016). 

2.5.1.3 Time kill studies 

 Assays for the rate of killing bacteria by crude drugs or extracts are carried out using a 

modified plating technique (Chen et al., 2016). Bacterial cells in the exponential growth phase 

are cultured and diluted to approximately 105 -106 CFU/mL. Solutions of test compounds with 

concentrations corresponding to 1/2 MIC, MIC and 2 MIC are added into the inoculum 

suspension. Mueller Hinton broth inoculated with each bacterial strain without the test 

compound acts as the control. The inoculum cultures are incubated at 37°C on an orbital shaker 

at 200 rpm. Samples are removed from each inoculum culture at different time points and ten-

fold serially diluted in 0.9% normal saline and 100 ɛL sub-cultured from each dilution on 

Mueller Hinton agar. Viable counts are calculated in the units of CFU/mL and kill curves 

plotted with time (h) against logarithm of the viable count (log10 CFU). Bactericidal effects of 

a compound is taken as Ó3 log10 decrease in viable counts relative to initial inoculum (Chen et 

al., 2016). 

2.5.2 Antioxidant assays  

Numerous studies have been conducted in order to evaluate the antioxidant capability of certain 

compounds or plant materials. A wide variety of methods have been developed for the 

investigation of antioxidant activity including the 2, 2-diphenyl-1-picrylhydrazyl radical 

(DPPHÅ) assay and 2, 2ǋ-azino-bis (3- ethylbenzthiazoline-6-sulphonate) radical cation 

(ABTSÅ+) assay (Noipa et al., 2011). 

2.5.2.1 DPPH 

The DPPH method is one of the simplest assays and has commonly been used for assessing 

antioxidant activity of natural colorants (anthocyanins and carotenoids) and phenolic 

compounds (Cai et al., 2003). DPPH is a stable free radical which has an unpaired valence 



15 
 

electron at one atom of the Nitrogen Bridge. Scavenging of DPPH radical is the basis of the 

popular antioxidant assay (Sharma and Bhat 2009).  

 

 

 

Figure 2.8 The reaction of DPPH free radical with antioxidant where AH is donor molecule 

and A. is free radical produced (Musa et al., 2016). 

The DPPH alcohol solution is deep purple in colour with an absorption peak at 517 nm, which 

disappears with the presence of the radical scavenger in the reactive system and when the odd 

electron of the nitrogen in the DPPH are paired. The reactive rate and the ability of the radical 

scavenger depends on the rate and the peak value of disappearance of the DPPH. Compared 

with other methods, the DPPH assay has many advantages, such as good stability, credible 

sensitivity, simplicity and feasibility (Deng et al., 2011). 

2.5.2.2. ABTS assay 

The ABTS assay is a remarkable tool for determining the antioxidant activity of hydrogen-

donating compounds and chain-breaking antioxidant (Huang et al., 2016).  

 

Figure 2.9 ABTS chemical reaction (Boligon et al., 2014). 
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The ABTS assay is based on the generation of a blue/green ABTS_+ that can be reduced by 

antioxidants which is applicable to both hydrophilic and lipophilic antioxidant systems, 

(Floegel et al., 2011). The content of antioxidants in the sample is determined as a percentage 

decrease of colour intensity (% of inhibition) related to the negative control. 

2.5.3 Immunomodulation Assays 

2.5.3.1 Griess reagent assay 

After pre-incubation of RAW 264.7 cells with LPS (1 µg/mL) and treatment with plant extracts 

for 24 h, the quantity of nitrite accumulated in the culture medium is measured as an indicator 

of NO production based on the Griess reaction. The quantity estimation of nitrite is based on a 

sodium nitrite standard calibration curve generated using serial dilutions of NaNO2 in fresh 

culture medium (Moro et al., 2012). 

2.5.3.2 Cytokine assays 

Cytokines are bioactive proteins produced by many different cells of the immune system. Due 

to their role in different inflammatory disease states and maintaining homeostasis, there is 

enormous clinical interest in the quantitation of cytokines. The typical standard methods for 

quantitation of cytokines are immunoassay-based techniques including enzyme-linked 

immunosorbent assays (ELISA) and bead-based immunoassays read by either standard or 

modified flow cytometers. 

 

Figure 2.10 Overview of the bead-based immunoassays. Different color coded with dyes that 

fluoresce either red or green are used. The instrument measures the bead color intensity and 

the mean fluorescence intensity of the labelled detection antibody which is typically labelled 

with streptavidin/phycoerythrin (Skenken and Poschenrieder, 2015). 
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2.5.4 Anticancer Assays 

Apoptosis is characterised by cell morphological changes, chromatin condensation, DNA 

cleavage and nuclear fragmentation. The most commonly used methods include morphological 

imaging (through light, fluorescent and electron microscopy), immunohistochemical (Caspase 

detection through flow cytometry), biochemical (DNA electrophoresis or flow cytometry based 

methods and immunological through Elisa assays (Ulukaya et al., 2011). 

2.5.5 Toxicology studies 

Although traditional plant medicine is considered generally safe and has been used for 

centuries, it cannot be taken for granted that these treatments are free of potentially toxic, 

mutagenic and/or carcinogenic properties (Taylor et al., 2001). For example, several studies 

have indicated that the use of plant extracts in high doses could lead to toxic injury to the 

kidneys and may interfere with renal tubular function and induce acute renal failure (Colson 

and De Broe 2005; Ijeh and Ukweni 2007). There is therefore a need to investigate safer 

concentrations of ethno-medicinal preparations. 

2.5.5.1 In vitro  toxicity evaluation 

These methods are based on the extraction of active compounds from herbs and incubating 

different cell lines with these extracts at various concentrations. After exposure of the cells to 

the herbal extracts, cytotoxicity is assessed by different methods such as microscopic cell 

morphology evaluation, MTT (methyltetrazolium) assay (Chanda & Nagani, 2013) and lactate 

dehydrogenase activity (LDH) (Donmez et al., 2012). Such in vitro toxicological studies have 

the advantage of having relatively well controlled variables and they are widely accepted as 

the most effective safety and toxicity tests in pharmaceutical development (Lee et al., 2000).  

 

 

Figure 2.11 MTT (yellow) reduction in live cells by mitochondrial reductase results in the 

formation of soluble formazan (purple) which characterized by high absorptivity at 570 nm. 

https://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjvvofikOXeAhWOx4UKHT8sBe0QjRx6BAgBEAU&url=https://www.biotek.com/resources/application-notes/quantifying-cytotoxicity-of-thiostrepton-on-mesothelioma-cells-using-mtt-assay-and-the-epoch-microplate-spectrophotometer/&psig=AOvVaw3CiUYY9pZHJoykUQ1yCepD&ust=1542877375636321
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The MTT assay relies on the metabolic activity of a cell. It is used to assess how effectively 

the mitochondrial dehydrogenases of viable cells metabolically reduce pale yellow MTT salt 

(3-[4, 5-dimethylthiazol-2-yl] -2, 5-diphenyl tetrazolium bromide) to insoluble purple formazan 

product [1-(4, 5-dimethylthiazol-2-yl)-3, 5 diphenylformazan] (Masson-Meyers et al., 2016). 

The production of formazan is directly proportional to the number of metabolically viable cells 

(Pozzolini et al., 2013; Stepanenko, 2015). Therefore absorption of dissolved formazan in the 

visible region correlates with the number of intact alive cells, since dead cells following toxic 

damage cannot metabolize MTT (Ulukaya 2008; Stockert 2012). 

On the other hand, the LDH assay is centered on the activity of the intercellular enzyme lactate 

dehydrogenase. The enzyme lactate dehydrogenase is an exclusively intercellular enzyme. 

However, when cellular irritancy happens the cell membrane is compromised resulting in the 

leakage of cytosolic components including lactate dehydrogenase into the surrounding medium 

(Abe  2000; Lobner 2000; Fotakis 2006). 

 

Figure 2.12 LDH assay quantitatively measures the stable, cytosolic, lactate dehydrogenase 

(LDH) enzyme, which is released from damaged cells. 

 This assay therefore detects the leaked lactate dehydrogenase and based on the amount of this 

enzyme in the surrounding environment, it is possible to deduce the level of cell membrane 

damage incurred by the cells. The released LDH is measured with a coupled enzymatic reaction 

that results in the conversion of a tetrazolium salt (iodonitrotetrazolium (INT)) into a red color 

https://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjEifH8juXeAhVkxYUKHdYQBE4QjRx6BAgBEAU&url=https://www.gbiosciences.com/Bioassays/CytoScan-LDH-Cytotoxicity-Assay&psig=AOvVaw1tU5oHFKYmTDaaAe6X9e-X&ust=1542877003887776
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formazan by diaphorase. The resulting formazan absorbs maximally at 492 nm and can be 

measured quantitatively at 490 nm (Scherließ 2011). 

2.5.5.2 In vivo toxicity evaluation  

For all in vivo methods, samples to be tested are administered to the testing animals (rats, mice, 

etc.) at a definite dosage regimen, usually as described by the respective method. Animal 

models which use minimal number of animals being exposed to non-lethal doses are preferred 

(Ukelis et al., 2008). After a specified period of time, the tested animals are sacrificed and 

tissues or blood are used for the assay (Zou et al., 2016). 

 

 

Figure 2.13 Scheme of the zebrafish acute toxicity test procedure (Yang et al., 2018). 

 

Zebrafish embryo as an animal model is a very reliable and important tool due to its very rapid 

developmental processes, high fecundity, transparency, easy maintenance in the laboratory, 

accessible to experimental manipulation and similarity to the embryonic development of higher 

forms of vertebrates (Ramagosa et al., 2016). The use of zebrafish is, however, not only limited 

to toxicity screening (Ismail et al., 2017). 

2.6 THE GENUS TULBAGHIA  

2.6.1 Description of the Tulbaghia genus 

Tulbaghia L. is one of the 30 genera in the family Amaryllidaceae with approximately 600 

species. Taxonomically, the family is widely distributed in the Mediterranean, Europe, Asia, 

North and South America and South Africa (Benham 1993). Tulbaghia is commonly known 

as ñwild garlicò, ñsweet garlicò or ñpink agapanthusò due to its close relationship to the genus 

Agapanthus. A prominent feature of the genus is the ógarlic-like odourô (alliaceous odour) 
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produced due to the cysteine-derived sulphur compounds released from wounded or decaying 

tissue and organs such as leaves and rhizomes (Kubec et al., 2013). 

The genus Tulbaghia comprises approximately 63 species which are mostly rhizomatous plants 

with about 30 indigenous to the Southern Africa region (van Wyk and Gericke, 2000). For 

centuries members of the genus have found use in medicine, as ornamentals and in culinary 

practices. Researchers have highlighted the great potential of the genus Tulbaghia due to their 

nutritive, ornamental and medicinal value (van Wyk 2011). Some of the more important species 

are discussed below. 

2.6.1.1 Tulbaghia acutiloba 

Tulbaghia acutiloba has green recurved flowers with a fleshy orange to reddish brown ring on 

the stamens. The corona is half as long as the flowers and the tepals are often much reflexed. 

The leaves are up to 4-5 mm wide. The species is mostly summer growing and winter dormant. 

In very mild winters, the leaves will stay on the plant. It can flower several times a year. It 

takes 3 years to bloom this species from seed.  T. acutiloba is found on dry rocky grassland in 

the Eastern Cape Province of South Africa (Archer and Victor 2005; Pooley 2015). Tulbaghia 

acutiloba leaves are used as culinary herb and snake repellent (Aremu and van Staden, 2013). 

 

Figure 2.14 T. acutiloba (Pooley 2015 pg 511). 

2.6.1.2 T. alliacea 

Tulbaghia alliacea is a geophyte with rhizome up to 10 cm long. The leaves are 15-25 cm ×       

0.3-0.5 cm, strap shaped, smelling of onion when bruised.  The flowers are borne in an 

umbellate cluster of 6-10 individuals on a scape 15-30 cm long. The perianth tube and segments 

are green; corona orange-brown; corona lobes fused into a 3-6 crenate fleshy collar, 4-8 mm 

long, on which the upper anthers are inserted.  
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Figure 2.15 T. alliacea (van Wyk et al., 2013 pg 299). 

Tulbaghia alliacea is found in the Western and Eastern Cape Provinces, KwaZulu-Natal, 

Mpumalanga and Gauteng in clay or loam soils, in a variety of habitats (Archer and Victor 

2005; van Wyk et al., 2013).  Tulbaghia alliacea has the same common name as T. violacea, 

i.e., Wild garlic (English), Wildeknoffel (Afrikaans), Isihaqa (Zulu) and Moelela (Sotho). 

Tulbaghia alliacea has been reported to be used as a remedy for fevers, rheumatism and 

paralysis (Jäger and Stafford, 2012) in traditional medicine. Rhizome infusion is administered 

as anemas for fits in the Eastern Cape, (Aremu and van Staden, 2013). 

2.6.1.3 Tulbaghia cernua 

Tulbaghia cernua is a perennial that grows up to 30 cm. The leaves are strap-shaped and 

arranged like a fan. The brown flowers are unusual and the plant is highly aromatic. T. cernua 

is commonly found in the Gauteng, Limpopo and Northwest province (Archer and Victor, 

2005). Tulbaghia cernua is used for ornamental purposes (Aremu and van Staden, 2013). 

 

 

Figure 2.16 T. cernua flowers (Archer and Victor, 2015). 
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2.6.1.4 Tulbaghia ludwigiana 

Tulbaghia ludwigiana has a branched rootstock, topped by a reduced corm-like structure. The 

flowering stems are 40-60 cm tall, rigid, bright green, distichously arranged. Flowers are in 

umbels of eight or nine, green with a yellow corona and about 1.2 cm long. It is found in Natal 

and Eastern Cape in grassland from sea level to 1400 m (Pooley 2005). Tulbaghia ludwigia is 

traditionally used as a love charm (Pooley 2005). 

 

Figure 2.17 T. ludwigiana (Pooley 2015 pg 511). 

 

2.6.1.5 Tulbaghia leucantha 

Tulbaghia leucantha is about the only wild garlic that prefers a damp spot. They are quite 

common along seepage zones in the Drakensberg. 

 

Figure 2.18 Tulbaghia lecantha (Pooley  2005 pg 93). 
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The Highland wild garlic is a perennial herb growing from small corms that arise from a 

rhizome. It is a very variable specie. Leaves are normally linear. Several green and white 

flowers occur on every inflorescence with conspicuous fleshy light red inner coronas.  

Tulbaghia leucantha, commonly known as fonteinknoffel in Afrikaans, smells of garlic, as do 

several of the other species of the genus (Archer and Victor, 2005). It is used as a culinary herb 

and a Protective charm (Pooley 2005). 

2.6.1.6 Tulbaghia natalensis 

Tulbaghia natalensis is normally found in rocky or marshy ground and can be up to 40 cm tall. 

The glaucous leaves are strap-shaped and upright. In spring it bears wonderfully fragrant 

flowers with creamy tepals and a greenish-yellow corolla in the centre which emits a spicy 

fragrance late afternoon (Archer and victor, 2005). Tulbaghia natalensis, also known as sweet 

garlic, is used as a culinary herb and snake repellent (Pooley 2005). 

 

 

Figure 2.19 T. natalensis (Archer and Victor, 2005) 

2.6.1.7 Tulbaghia simmleri  

Tulbaghia simmleri is a clump-forming, evergreen perennial to 250 mm, with a bulb-like 

rootstock. Leaves are grey-green, flat and strap-like.  



24 
 

 

Figure 2.20  T. simmleri (van Wyk et al., 2013 pg 299). 

 

The inflorescence is an umbel of pink to mauve-pink, occasionally white, strongly fragrant, 

tubular flowers. Each flower is made up of six, fleshy perianth segments, with a raised corona. 

In T. simmleri the corona is made up of 6 lobes which are united to form a tube for about one 

third of its length. Tulbaghia simmleri is endemic to a relatively small area in the northern 

Drakensberg of Mpumalanga and Limpopo, where it occurs as isolated plants on rocky ledges 

(Archer and 2005; van Wyk 2013). Tulbaghia simmleri is often used as a substitute for 

Tulbaghia violacea (van Wyk et al., 2002) when the latter is not available. 

2.6.1.8 T. violacea 

Tulbaghia violacea is a fast-growing, bulbous plant that reaches a height of 0.5 m. The leaves 

are long, narrow, strap-like, a bit fleshy and smell strongly of garlic when bruised. The pinkish-

mauve tubular flowers, clustered into umbels of up to 20 flowers, are held above the leaves on 

a tall flower stalk, and appear over a long period in summer (January to April). The fruit, 

triangular capsules, are grouped into a head, and when ripe they split to release the flattened, 

hard black seeds. This drought-resistant plant stretches from the Eastern Cape, KwaZulu-Natal 

and Limpopo, to as far north as Zimbabwe (Archer and Victor, 2005; van Wyk et al., 2013).       
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Figure 2.21 T. violacea (van wyk et al., 2013 pg 299). 

 

Tulbaghia violacea commonly known as wild garlic (English), Wildeknoffel (Afrikaans), 

Isihaqa (Zulu) and Moelela (Sotho) is used in traditional medicine for problems like fever, 

colds, asthma, tuberculosis, stomach-ache, and cancer of the oesophagus ( Aremu and van 

Staden, 2013 ). 

2.6.2 Bioactive components of Tulbaghia 

There are many chemical constituents that have been identified in the family Amarylliadaceae.  

Tulbaghia violacea has been found to be rich in sulphur compounds that account for the 

characteristic odour and the medicinal properties of both the Tulbaghia and Alluim species 

(Lyantagaye 2011). The characteristic flavour of garlic (Allium sativum) and related alliums 

occurs when the enzyme Alliinase (EC.4.4.1.4) hydrolyses the S-alka (en)yl-L-Cys Sulfoxides 

(ACSOs) to form pyruvate, ammonia and sulphur containing volatiles.   The enzyme C-lyase 

has been identified in the genus Tulbaghia and is associated with the formation of marasmicin 

(Lancanster et al., 2000; Kubec et al., 2002). 

 

 

 

Figure 2.22 Formation of marasmicin in Tulbaghia viloacea Harv. (Kubec et al., 2002). 
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 Many of these compounds have been shown to possess antimicrobial, antifungal and 

anticancer properties (Bungu et al., 2006; Jäger and Stafford, 2012) which supports the use of 

some Tulbaghia species in traditional medicine. 

2.6.3 Antioxidant activity of Tulbaghia 

There are several studies on the antioxidant activity of T. violacea (Aremu and van Staden, 

2013).  The antioxidant activities of T. violacea have been done mostly on the rhizomes and 

moderate activity was observed (Naidoo et al., 2008; Olorunnisola et al., 2012; Soyngibe et al., 

2013). Given the potential antioxidant activity of the Tulbaghia there is need to further 

investigate different parts of the plant as well as unexplored Tulbaghia species. 

2.6.4 Antimicrobial activity of Tulbaghia 

Antibacterial activities of various extracts from Tulbaghia violacea have been tested against a 

wide range of microorganisms affecting both humans and plants. There is wide variation in the 

antimicrobial activity of T. violacea reported by different researchers. However, it has been 

established that crude extracts of T. violacea exhibits a broad spectrum antibacterial activity 

against organisms such as Bacillus subtilis, Staphylococcus aureus and Escherichia coli 

(Aremu and van Staden, 2013). Tulbaghia violacea and T. alliacea have also been shown to 

have antifungal activities (Lindsey and van Staden, 2004).  The presence of antimicrobial 

activity in T. violacea makes it incumbent to examine the other species in the genus for similar 

properties. 

2.6.5 Immunomodulatory activity of Tulbaghia 

There are few studies that indicate the immunomodulatory potential of Tulbaghia species 

(Gaidamashvili and van Staden, 2006; Ncube et al., 2012). A study by Gaidamashvili and van 

Staden (2006) indicated low anti-inflammatory activity of lectin-like proteins from T. violacea. 

Further investigations of the immunomodulatory activities of the Tulbaghia species is 

necessary.  

2.6.6 Anticancer activity of Tulbaghia 

Tulbaghia is used in traditional medicine to treat oesophageal cancer (van Wyk and Gericke, 

2000; Bungu et al., 2006; Aremu and van Staden, 2013). Oesophageal cancer is the ninth most 

common cancer in the world and the second most common cancer among South African men. 

It also has one of the lowest possibilities of cure, with the 5-year survival rate estimated to be 

only 10% overall (Skerman et al., 2011). Studies done so far indicate that T. violacea inhibits 

growth and induces apoptosis in cancer cells ( Bungu et al., 2006; Thamburan et al., 2009; 
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Lyantagaye 2013; Saibu et al., 2015). However there are a limited number of studies done on 

the anticancer activity of the species. Therefore more studies are warranted to investigate the 

anticancer activity of the Tulbaghia species on oesophageal cancer.  

2.6.7 Toxicity of Tulbaghia 

The consumption of traditional medicine prepared from T. violacea has been associated with 

effects such as abdominal pain, gastro-enteritis, and cessation of gastro-intestinal peristalsis, 

contraction of the pupils and sloughing of the intestinal mucosa (Aremu and van Staden, 2013). 

Current studies show that T. violacea has a potential of being toxic (Resende et al., 2012; 

Olorunisola et al., 2013) whereas others reported no toxicity (Bamuamba et al., 2008; Soyngibe 

et al., 2013).  There was a need for further investigations to clarify the safety and toxicity of 

species in the genus Tulbaghia. 
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CHAPTER 3 PHYTOCHEMICAL ANALYSIS AND ANTIOXIDANT ACTIVITY OF 

EIGHT TULBAGHIA  SPECIES 

ABSTRACT 

 Medicinal plants are known to produce a wide variety of bioactive compounds such as 

phenolics, vitamins and terpenoids which are known to have antioxidant properties. 

Antioxidants scavenge free radicals or reactive oxygen species and can be extremely important 

in inhibiting oxidative stress that leads to degenerative diseases. The aim of this study was to 

assess the phytochemicals and antioxidant activities of crude extracts from selected species in 

the genus Tulbaghia. Standard methods were used for preliminary phytochemical analysis. The 

total phenolic content of the plant extracts was determined using the folin ciocalteu method 

whereas the total flavonoids were determined by using the aluminium chloride colorimetric 

method. DPPH and ABTS assays were used to evaluate the antioxidant activity.  Phytochemical 

screening of selected Tulbaghia species demonstrated the presence of   flavonoids, glycosides, 

tannins, terpenoids, saponins and steroids. The amount of total phenol and flavonoid content 

varied in different plant extracts  ranging from 4.50 to 11.10 miligrams gallic acid equivalent 

per gram (mg GAE/g) of fresh material and 3.04 to 9.65 milligrams quercetin equivalent per 

gram (mg QE/g) of fresh material respectively. The IC50 values based on DPPH (0.06 and 0.08 

mg/mL) and ABTS (0.06 and 0.03 mg/mL) for T. alliacea and T. violacea respectively, were 

generally lower showing potential antioxidant activities. There is a need to isolate and examine 

individual compounds from Tulbaghia species for antioxidant activity as some compounds 

work best as single entities. 

 

Keywords: Tulbaghia ssp., Phytochemicals, Antioxidant activities, Phenolic compounds. 
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3.1 INTRODUCTION  

The human body has complex antioxidant defence systems that include the antioxidant 

enzymes: superoxide dismutase, glutathione peroxidase, catalase and non-enzymatic 

antioxidants such as glutathione, Vitamin E and C, thiol antioxidants, melatonin, carotenoids 

and other compounds (Subedi et al., 2014). Although almost all organisms possess antioxidant 

and repair systems to protect them against oxidative damage, these systems are insufficient to 

prevent the damage entirely (Magalhães et al., 2014; Ke et al., 2009) which therefore results in 

oxidative stress. 

Oxidative stress caused by free radicals is related to the development of multiple diseases in 

which inflammation plays an important role, such as rheumatoid arthritis, asthma, chronic 

obstructive pulmonary disease, cardiovascular, neurodegenerative and autoimmune diseases, 

and some cancers (Cai et al., 2004; Deng et al., 2011; Huang et al., 2016 ). Hence, free radicals 

are important mediators that provoke or sustain inflammatory processes and, consequently, 

their neutralization by antioxidants can prevent inflammation. Currently available synthetic 

antioxidants, like butylated hydroxyl anisole (BHA), butylated hydroxyl toluene (BHT), 

tertiary butylated hydroquinone and gallic acid esters have been reported to cause several side 

effects (Adebayo et al. 2015). 

Therefore, investigations are now focused on naturally occurring bioactive compounds from 

sources such as medicinal plants (Jimenez et al., 2005).  Plant phytochemicals not only 

counteract free radical induced oxidative stress but also overcome the side effects of synthetic 

antioxidants (Subedi et al., 2014). Antioxidant compounds which are responsible for reducing 

cellular oxidative stress could be isolated and then can serve as leads for the development of 

novel drugs for the prevention and treatment of many human diseases. Medicinal plants contain 

a wide variety of phytochemicals, such as flavonoids, anthocyanins, cartenoids, dietary 

glutathionine, vitamins and endogenous metabolites and such natural products are rich in 

antioxidant activities (Atala et al., 2009). 

These plant-derived antioxidants have been shown to function as singlet and triplet oxygen 

quenchers, peroxide decomposers, enzyme inhibitors and synergists (Choi et al., 2002).This 

study evaluates the phytochemical, total phenolics and antioxidant activities of selected 

Tulbaghia species. The genus Tulbaghia (family Amaryllidaceae) includes approximately 30 

species of mostly rhizomatous plants endemic to southern Africa (Aremu and Van Staden, 

2013). Their natural distribution covers southern Tanzania,  Malawi, Botswana, Zimbabwe, 
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Mozambique, Lesotho and South Africa, with the majority of species growing in the Eastern 

Cape, southern KwaZulu-Natal, Gauteng, Limpopo and Mpumalanga provinces (Ranglová,  et 

al., 2015 ; Zschocke and van Staden,  2000). The most popular member of the genus is 

Tulbaghia violacea which is known under a variety of common names, such as 

wild/sweet/society garlic, pink agapanthus, wilde knoffel (Afrikaans), itswele lomlambo 

(Xhosa), mothebe (Sotho) and isihaqa (Zulu) (Ranglová et al., 2015). 

Tulbaghia plants have been widely used in traditional medicine for the treatment of numerous 

ailments. Uses include the treatment of fits, fevers, rheumatism, paralysis, headaches, high 

blood pressure, heart problems, chest complaints, stomach ailments and constipation/colic 

(Jäger  and Stafford 2012 ; Ncube et al., 2012 ; Raji et al., 2012 ;Saibu et al., 2015). The plants 

are also extensively used to treat various microbial infections, including oral, ear and 

pulmonary infections (Ranglová et al., 2015; Moodley et al., 2014; Ncube et al., 2011). 

3.2 MATERIALS AND METHODS  

3.2.1 Plant material 

The eight Tulbaghia plant samples (T. acutiloba, T. alliacea, T. cernua, T.leucantha, T. 

ludwigiana, T. natalensis, T. simmleri and T. violacea) were obtained from different indigenous 

plant nurseries in Gauteng, South Africa. Plants were kept in a greenhouse at Vaal University 

of Technology. The herbarium samples were authenticated by a botanist. Voucher specimens 

were deposited in the AP Goossens Herbarium, North West University, Potchefstroom, South 

Africa. 

3.2.2 Preparation of plant powder material and acetone crude extracts 

Fresh leaf material was freeze dried and then ground into a fine powder. The powdered material 

was stored in airtight bottles at 4°C till use. For crude extracts, ten grams of fresh leaves from 

eight samples were homogenized in 100 ml of absolute acetone in separate preparations. The 

homogenate from each plant was allowed to stand for 24 hours then filtered with No. 1 

whatman filter paper. The acetone was evaporated under fume hood and the extract was kept 

at 4°C until use. 

3.2.3 Phytochemical screening 

Phytochemical constituents of Tulbaghia leaf extracts were determined according to the 

standard methods of Harbone (1973). 

3.2.3.1 Alkaloids: Half a gram of the powdered leaf material was stirred in 5 mL of 1% aqueous 

hydrochloric acid on a water bath and filtered. The extract was divided into two portions, 1 mL 
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of the first portion was treated with a few drops of Mayerôs reagent and the second portion was 

treated with Drangendorffôs reagent. Turbidity or precipitation with either of those reagents 

was taken as preliminary evidence for the presence of alkaloids in the extract. 

3.2.3.2 Tannins: Half a gram of powdered samples were boiled in 20 mL of water in a test tube 

and filtered. Few drops of 0.1% ferric chloride was added and observed for brownish green or 

a blue black coloration as indication of tannins. 

3.2.3.3 Phlobatanins: Half gram of powdered samples were extracted in 10 mL of distilled 

water. 4 ml of the filtered aqueous extract was boiled with 1% aqueous hydrochloric acid and 

observed for deposition of red precipitate as indication of phlobatannins. 

3.2.3.4 Saponins: Approximately 2 g of powdered samples were boiled in 20 mL of distilled 

water in a water bath and filtered. 10 mL of the filtrate was mixed with 5 mL of distilled water 

and shaken vigorously and observed for a stable persistent froth. The frothing was mixed with 

3 drops of olive oil and shaken vigorously again and then observed for the formation of 

emulsion as indication of saponin. 

3.2.3.5 Steroids: Two millilitres of acetic anhydride was added to 0.5 g of acetone extracts 

with 2 ml of suphuric acid. The colour change from violet to blue or green was an indication 

of steroids. 

3.2.3.6 Terpenoids (Salkowski test): Five milliliter of extracts were mixed with 2 mL 

chloroform and 3 mL sulphuric acid was carefully added to form a layer. A reddish brown 

colouration of the interface was taken as an indication of terpenoids. 

3.2.3.7 Cardiac glycosides (Keller-Killani test) : Five milliliter of the extract was treated with 

2 mL of glacial acetic acid containing one drop of ferric chloride solution. This was underlayed 

with 1 mL of concentrated H2SO4. A brown ring of the interface indicated presence of 

glycosides. 

3.2.3.8 Flavonoids: One gram of the powdered material was heated with 10 ml of ethyl acetate 

in the water bath for 3 min. The mixture was filtered and 4 ml of the filtrate was shaken with 1 

mL of dilute ammonia solution. Development of yellow/green coloration was taken as 

indication of flavonoids. 
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3.2.4 Quantitative phytochemical screening 

 

3.2.4.1 Total phenol content 

The total phenolic content of the extracts was determined by using the Folin ciocalteau reagent 

method (McDonald et al., 2001). Dilute acetone plant extracts (0.5 mL of 1mg mL-1) or gallic 

acid (standard) were mixed with Folin Ciocalteau reagent (5 mL, 1:10 diluted with distilled 

water) and aqueous sodium carbonate (4 mL, 1M). The mixture was allowed to stand for 15 

minutes and total phenols were determined spectrophotometrically at a wavelength of 760 nm. 

The standard curve was prepared by using 0, 50, 100, 150, 200, 250 mg L-1   of gallic acid in 

methanol: water (50:50, v/v). The total phenol values were expressed in terms of gallic acid 

equivalent (mg g-1 extracted compound) (Paumorad et al., 2006). 

3.2.4.2 Total flavanoid content 

The aluminium chloride colorimetric method (Chang et al., 2001) was used to determine the 

flavonoid content. Plant extracts (0.5 mL, 0.1 mg/mL) were diluted with acetone to 2 mL and 

then mixed with 0.5 mL of aluminium chloride (1.2 %) and potassium acetate (120 mM). The 

mixture was allowed to stand for 30 minutes at room temperature and then the absorbance was 

measured at 415 nm. Quercetin was used as a standard. Flavanoid content is expressed in terms 

of quercetin equivalent (mg g-1 of extracted compound) (Kallel et al., 2014). 

3.2.5 Antioxidant activity 

3.2.5.1 Analysis of extracts by TLC 

Four microliters of 100 mg/mL plant extracts were loaded individually on the baseline of two 

thin layer chromatography plates (Fluka, silica gel F254 plates).  Benzene: ethanol: ammonium 

hydroxide (BEA) (36: 4: 0.4), was used as the separating solvent. One TLC plate was sprayed 

with freshly prepared vanillin spray reagent (0.1 g vanillin, 28 mL methanol, and 1mL 

sulphuric acid) to visualise separated compounds and was heated at 110ʐC for optimal colour 

development. Anti-oxidant activities were determined by spraying the second developed TLC 

plate, with a solution of DPPH (1, 1-diphenyl-2-picrylhydrazyl) spray reagent. The plate was 

allowed to stand for approximately 5 minutes and the colour change was noted for compounds 

with the ability to scavenge the radical, reducing the DPPH, resulting in a colour change from 

a deep purple to a yellow-white color. 

3.2.5.2 DPPH assay 

 A 1 mL aliquot of a suspension of the extracts (from 0.01 mg/mL to 0.5 mg/mL) were mixed 

with 1 mL of 0.12 mM DPPH solution. After shaking, the mixture was incubated at ambient 

temperature in the dark for 30 minutes, following which the absorbance was measured at 517 
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nm using a UV-160A spectrometer. Acetone was used as negative control while L-ascorbic 

acid was taken as a positive control. Radical scavenging activity was expressed as percentage 

inhibition and calculated using the formula:  

% scavenging activity = [(AcontrolïAtest)/Acontrol]x 100  

where Acontrol is the absorbance of the control (DPPH solution without test sample) and Atest is 

the absorbance of the test sample (DPPH solution plus antioxidant). IC50 value denotes the 

concentration of sample which is required to scavenge 50% of DPPH free radicals. 

3.2.5.3 ABTS assay 

 Serial dilutions of plant extracts were prepared, ranging from 0.01 mg/mL to 0.5 mg/mL. L- 

ascorbic acid was used as a positive control while acetone was used as a negative control. A 7 

mM stock solution of ABTS was prepared in double distilled water. The ABTS radical cation 

was then prepared by addition of 88 µL of 140 mM potassium persulfate (K2S2O8) to 5 mL of 

ABTS. This solution was stored in the dark for 12-16 hours in order to stabilize it before use. 

The concentrated ABTS+ solution was diluted with cold ethanol shortly before conducting the 

assay to a final absorbance of 0.70 + 0.02 at 734 nm at 37 ǓC, in a cuvette. The total scavenging 

capacity of the extracts was quantified through the addition of 1000 µL ABTS+ to 50 µL of 

plant extract. The solutions were heated on a heating block to 37ǓC for 4 minutes, after which 

the absorbance was read at 734 nm on a spectrophotometer (Re et al., 1999). All assays were 

done in triplicates. 

3.2.5.4. Statistical analysis 

All experiments were performed in triplicates. The data were analyzed using Microsoft Excel 

and expressed as mean ± standard deviation (n=3). IC50 was calculated using the software 

program Graphpad Prism version 7.0. Differences were considered to be significant when p-

values were below 0.05 (p < 0.05). 
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3.3. RESULTS  

 

3.3.1 Preliminary phytochemical analysis 

Preliminary phytochemical analysis was done on eight selected Tulbaghia species and the 

results showed the presence of flavonoids, glycosides, tannins, terpenoids, saponins and 

steroids (Table 3.1). 

Table 3. 1 Preliminary phytochemical analysis of eight Tulbaghia species 

 Plant species 

T. acutiloba T. alliacea T. cernua T. leucantha T. natalensis T. ludwigiana T. simmleri T. violacea 

         Alkaloids -- -- -- -- -- -- --         -- 

       Flavonoids ++ ++ ++ ++ ++ ++ ++        ++ 

       Glycosides ++ ++ ++ ++ ++ ++ ++        ++ 

    Phlobatanins -- -- -- -- -- -- --         -- 

           Tannins ++ ++ ++ ++ ++ ++ ++         ++ 

      Terpenoids ++ ++ ++ ++ ++ ++ ++         ++ 

         Saponins ++ ++ ++ ++ ++ ++ ++         ++ 

          Steroids ++ ++ ++ ++ ++ ++ ++         ++ 

*++ present; ï absent 

 

3.3.2 Total phenolic and flavonoid content 

 

The amount of total phenolic acid content varied in different plant extracts, ranging between 

4.50 and 11.10 mg GAE/g of fresh material.  There was no significant difference (p > 0.05) in 

the total phenolic compounds between all extracts except T. violacea. T. violacea exhibited a 

significantly higher (p < 0.05) total phenolic content compared to all other extracts (Table 3. 

2). On the other hand, the total flavonoid content of the plant extracts ranged between 3.05 and 

9.65 mg QE/g of fresh material. Total flavonoids exhibited significant differences (p < 0.05) 

among all extracts except between T. simmleri and T. natalensis. T. violacea had the highest 

total flavonoid content at 9.65 mg QE/ g of fresh material.  
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Table 3.2 Total phenol and flavonoid content of selected Tulbaghia species. 

 

Sample 

Total phenolic content 

(mg GAE/g fresh wt of  

Sample) 

Total flavonoid content  

( mg QE/ g fresh weight of sample) 

T. acutiloba 5.12 ± 1.96a 4.56 ± 0.79c 

T. alliacea 9.21 ± 2.88a 7.99 ± 0.41d 

T. cernua 4.50 ± 1.44a 3.04 ± 0.15e 

T. leucantha 6.70 ± 1.63a 6.56 ± 0.34f 

T. ludwigiana 7.64 ± 0.94a 7.14 ± 0.23g 

T. natalensis 7.01 ± 1.44a 6.22 ± 0.43h 

T. simmleri 6.70 ± 0.94a 6.06 ± 0.58h 

T. violacea 11.10 ± 1.44b 9.65 ±1.32i 

Results are presented in fresh weight as means ± SD, n=3. Means within a column with 

identical superscripts do not differ significantly (p Ó 0.05) while means with different 

superscripts show a significant difference (p< 0.05).  

3.3.3 TLC of phytochemicals 

For the qualitative detection of the antioxidant capacity of the plant extracts, TLC plates spotted 

with plant extracts were developed in BEA. Figure 3.1A shows the extracted compounds. The 

TLC plate was sprayed with DPPH in methanol (Fig. 3.1B) to enable visualisation of separated 

spots exhibiting antioxidant activities (Glod et al., 2015).  
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Figure 3.1  Chromatograms of crude extracts sprayed with vanillin/sulphuric acid reagent (A) 

1.Trolox, 2. T. acutiloba, 3. T. alliacea, 4. T. cernua, 5. T. leucantha, 6. T. ludwigiana, 7. T. 

natalensis, 8. T. simmleri 9. T. violacea to show compounds extracted with acetone and 0.2 % 

DPPH (B) to indicate extracts with antioxidant activity. 

All the samples showed numerous migrated spots having different intensities (Figure 3.1B), 

indicating the potential of radical scavenging capacity of the extracts. 

3.3.4 DPPH assay and ABTS assay 

In vitro antioxidant activity of the crude extracts was examined using DPPH and ABTS assays. 

The degree of colour change in the assays is proportional to the concentration and potency of 

the antioxidants. A large decrease in the absorbance of the reaction mixture indicates 

significant free radical scavenging activity of the compound under test (Saeed et al., 2012). 

Figure 3.2 and 3.3 illustrate the scavenging effects of samples on DPPH and ABTS radicals.  




























































































































































































































































































