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ABSTRACT

The genusTulbaghiahas been used in traditional medicine to treat various ailments such as
fever, earache, tuberculosis and esophageal cancer. However, tHengeid scientific
evidence to goport its use. Therefore the objectives of this study wereperform
phytochemical analysis, investigate the antioxidant, antimiatobianticancer,
immunomodulatonactivities and toxicity of crude acetone and water eksr&rom selected
Tulbaghiaspecies.

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 usitige aluminium chloride colorimetric metho®PPH and

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

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

For ant i c ameaejrolifeative dctivitysof thetextracts was evaluated using the
MTT assayon Hkesel and KB cells. Morphological changes of the camedis treated with
extracts were examined using light microscopy. Induction of apoptosis was assessed using
fluorescence mroscopy and acridine orange/ethidium bromide staining. Flow cytometry
analysis was conducted to examine the multicaspase activity and cell cycle Borest.
immunomodulatory activity,hte Greiss reagent and Luminexakine assays were used to
determinehe effect of the extracts on NO production and the concentration of the cytokines in

the treated cells, respectively.

Toxicity of selectedlulbaghiaspeciesvas examined by investigating the effect of the extracts

on the metabolic activity antell membane integrity on the treated RAW264.7 cells ushmey

MTT and LDH assays, respectivelyth e zebrafi sh assay was us
embryotoxicity and teratogenic d&ff gcaotbadeacrtr
h intervals for 9%hb pestehéemgel meatabnt ghph

were examined.

Phytochemial screening of eightulbaghiaspecies demonstrated the presence of flavonoids,
glycosides, tannins, terpenoids, sapsnand steroidsThe amount of total phenol and
flavonoid content varied in different plant extracts ranging from 4.50 to 11.liQramhs gallic

acid equivalent per gram (mg GAE/qg) of fresh material and 3.04 to 9.65 milligrams quercetin
equivalent per gam (mg QE/g) of fsh material respectively. Th€sb values basd on DPPH

and ABTSfor T. alliacea(0.06 and 0.06ng/mL) andT. violacea0.08 and 0.03 mg/mlwere
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generally lower showing potential antioxidant activitiésr antimicrobial activity,lie acetone
extracts ofT. acutiloba, T. alliacea, T. leucantha, T. ludwigiana, T. natalesusisI . simmleri
showed moderate antimicrobial activity against all test organisms while the water extracts
showed moderate to no activity. One specles;ernua showed poor activity against all the
tested microbes. The acetone and water extradtswdlaceashowed the greatest antibacterial

and antifungal activity against all the tested microorgasisvith minimum inhibitory
con@ntration ranging from 0.1 mg/nth 3.13 mg/mL The acetone extracts 6f violaceaalso
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 arthitaehenant & Hkesd cellsiwithi atetone saido w e d
water crude extractsad antiproliferative activity with 1Go values of 0.4 mg/mL and 1.625
mg/mL, respectively whileKB had 0.2 mg/mL and 1 mg/mLrespectively. 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 theaei$. The activatio of multicaspase activity in
bothHkescl and KBtreated cells was also concentration dependent leading to cell death by

apoptosis and the induction of cell cycle arrest at tid@hase.

Immunomodulatoryactivity results indicaté that cell viability was above 80%when
concentrations of 50 pg/mabr less of both acetone and water crude was Usedtment with

the acetone extract had no significant effget0(05) on the LPS induced NO production in
RAW264.7 cells except at 50y/mL where significant inhibition was observed. The water
extract had no significant effeq@0.05) on NO production at all the concentrations. Treatment
of LPS induced RAW264.7 cells with acetone extract stimulated theugtimeh of IL-1 U ,- | L
6 and TNFU but had no significant effecip(> 0.05) on I-1 b . On the other
with the water extracts stimulated the production eflllU , -6 HutLhad no significant effect
(p>0.05)on TNFU andb. LTr e at 4nduned RAM26417 BeSs with the acetm
extract had very little stimulatory effect on-#, IL-5 and IL-:13 and no significant effect on
IL-10 whereas for the water extract a significant stimulatory effect was only observeédfor IL
after 48 h of treatment. High concentrations (>10000 pg/milyiGP-1, MIP1-h, MIP1-i ,
MIP-2, GCSF, GMCSF, RANTES and H20 were also observed in acetone and water extract
treated RAW264.7 cells.



For toxicity studiesacetone and aqueous crude leaf extracts Troatliacea, T. simmlefiand

T. violaceahad asignificant inhibitory (p<0.05) effect on the RAW264.7 cells after 48h
treatment. Aetone extractsom T. alliaceg T. simmleriandT. violacearesulted inCsovalues

of 0.48 mg/mL, 0.72 mg/mL and 0.1 mg/mtespectively.Treatment with \ater extracts
showedminimal toxic effect indicated by higher kgvalues of 0.95 mg/in 2.49 mg/mL and

0.3 mg/mLfor T. alliacea, T. simmlerand T. violacea respectively. The LDH release by
macrophages after 24 treatment with acetone extracts was observed to be cormentra
dependent while treatment with water extracts did not induce LDH reledsee.e br a f i s h a-=
showkdt hal sgofelr. (lvibDeod eatceerae cr uedge/ mikeraas oOha
for eateactg/walsTBed obserekefdedttes at mglemded scol
the pericardial cavity,i kretbéeindaddyshlbrtesoibp

I n conclusion, the results from tHhRHius baghdn
species examioelle nciocnatlasi nt hpaghtyt may have t he
anticancer and i mmu Bxoacts fcomll. dalaccamere pbseovgddorbe | e s
the most potent. Ais studythussupporsthe use ofl. violacean treating bacterial and fungal
infections in traditional medicin€l he results of thistudyalsoconfirm the anticancer potential

of T. violacea The immunomodulatory activity ahe acetone and water extracts fram

violacea indicated a dominantlypro-inflammatory activity. Traditional medicine prepared

form T. violaceamay be of benefit to individuals with weak immune syssefrhe toxicity of
selectedTulbaghiaspecieswas observed to be concentration, extract and time dependent.
Therefore, traditi oTuallb aageldirsehotug dp rhbep d rakae nf wo
preferably in smal.l d o s éure cstudies willafocus oo the per
identification of the bioactive compound(s) respblesfor theantimicrobial,anticancer and

immunomodulatoryactivities

Key words: Antioxidant activities,Anticancer activity Apoptosis Bacteriostatic Cytokines,
Embryotoxicity Esophageal canceFungicida)] LDH, Lipopolysaccharide Macrophages

MulticaspaselmmunomodulationPhenolic compoundgzebrafish
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ABBREVIATIONS

ABTS:

AOEB:

BEA:

BHA:

BHT:

CFU/mL;

COX-2:

DMEM:

DMSO:

FBS:

DPPH:

EAC:

EC:

ESCC:

FET:

GAE:

HKESC1:

[Cso:

IL1-b :

IL-6:

INT:

KB:

LDH:

2, 2-azinc-bis (3-ethylbenzthioziine-6-sulfonic acid)
Acridine orangéEthidium bromide
BenzeneEthanol: Ammonia

Butylated hydroquinone

Butylatedhydroxyl toluene

Colony Forming Units per millilitre
Cyclo-oxygenase?
Dul beccods Modified Eagl esd
Dimethyl Sulfoxide

Foetal Bovine Serum

2, 2 diphenyl-picrylhydrazyl

Esophageal adenocarcinoma

Esophageal cancer

Esophageal squamous cell carcinoma

Fish embryo toxicity test

Gallic acid equivalent

Esophageal cancer cell line

concentration of sample which is required to scavenge 50%
Il nterl eukin 16D

Interleukin 6

p-iodonitrotetrazolium chloride

Human oral cancer cell line

Lactate dehydrogenase

Vil



LDso:
LPS:
MCP-1:
MEA:
MHA:
MIC:
MTT:
NO:
QE:
TLC:
TFC:

TPC:

TNF-U :

WHO:

Lethal dose

Lipopolysaccharide

Monocyte chemoattractant protein
Malt Extract Agar

Mueller HintonAgar

Minimum Inhibitory Concentration
[3(4, 5 dimethylthiazol2-yl-2, 5-diphenyltetrazolium bromide]
Nitric oxide

Quercetin equivalent

Thin Layer Chromatography
Total Flavonoid Content

Total Phenolic Content
Tumournecrosis factealpha

World Health Organisation
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CHAPTER 1 GENERAL INTRODUCTION

1.0INTRODUCTION

Medicinal plants have been used in traditional medicine for treatmemiroérous 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 sowfcleealth 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 moleculésr pharmaceuticals (Anyanwu and Nwos2014
Bouyahya et al., 2017).

Infectious and degenerative diseases are the major causes of deatwider{@amita and
Mukwesh 2012; Ogbole and Fasin®018). The treatment of infectious diseases is considered

a mgjor challenge at present with many microbes developing resistance to widely used
antibiotics. Drug resistance of microbial pathogens is agasmg global problem (Yadav and

Khan 2012 Moussaoui and Alaoui2016) and the incidence of multidrug resistamce
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,&013). 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 fatigieeen et al., 2017)ln addition, synthetic
molecules likenonsteroidal antinflammatory drugs (NSAIDs) and selecti@©X2 inhibitors

are known for their sideffects such as increasing the incidence of adverse cardiovascular
thrombosis (Damte et al., 2011).

These healthelated challenges have, therefore, ssitated 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 €4 VijayaBarathi 2014;
Savithramma et al., 2011). The impanta 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
Uriyavathana2010; Narendra et al., 2013). These phytocompounds are kngvassess high

antioxidant, antimicrobial, anthflammatory and anticancer activities (Ignat et al., 2011).
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Bioactive compounds that can either inhibit the growtpathogens or kill them witlittle 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 drugesistant microbial pathogens (Ahd and Beg2001). It is believed that
compounds from natural plant origin will have less side effects compared to the synthetic drugs
in current us€Al-Tohamy 2018)

The genug ulbaghiais reported to have nutritive, ornamental and medicinal value (Aeatd

van Staden, 2013). This monocotyledonous group of herbaceous perennial bulbs is
predominantly found in Southern Africa. For centuries, seviartddaghiaspecies have found
diverse uses in traditional medicine (Lyantagaye 2011; Kubec et al., 201Bis biudy, an
analysis of the phytochemicals and biological activities of extracts from &iglbaghia

species was carried out.



1.JPROBLEM STATEMENT

The misuse and owerse of antibiotics has produced many resistant microbes. Infestichs

as tuberculosis and septicaemia, diseases of earlier centuries, are once again major causes of
death (Shute 2014; Elisha et aRp17). Resistance to antibiotics such as norfloxacin,
ciprofloxacin and amoxicillidlavulanic acid by Pseudomonas aerugisa and
enterohemorrhgic Escherichia colare on the rise (Mwitari et al., 2013). Multidrug resistance

has made the treatment difeases such as tuberculosis and pneumonia a huge chélenge
Oliveira-Junior et al., 2018). The most common multidrugstast bacteria include Gram
positive (MR S. aureus vancomycin resistanEnterococc and Gram negative bacteria
(members oEnterobacteriaceaproducing plasmiime d i at ed e xt elactdmade s pect
(ESbL)) and PoaeluginossanddMycoldactearns tuberculosigMambe et al.,

2016).

Invasive fungal infections have also emerged as an important causebadity@and mortality

in immunecompromised patients. These individuals are at high risk for contracting many
opportunistic fungal diseases inding candidiasis, aspergillosis, cryptococcosis and
pneumocytosis.Although several antifungal drugs have been licenced in recent years,
antifungal resistance hadso become a major concern whegating immumecompromised
patients (Chakdzarti 2011).

Apart from microbial infections which are responsible for the high rate of mortality globally,
canceris one of the mostfi-threatening diseases which is characterisegrbiiferation of
abnormal cellshat invade and disrugurrounding tissues. It cstitutes serious public health
problems in both deva@ped and developing countriéhe limited success of clinical therapies
including radiation, chemotherapy, immunomodulation and surgery in the treatment of cancer,
indicates that there is an urgent némdalternative 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 disease
(Islam et al., 2013). Nosteroidal antinflammatory 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 supfirasted of the

immune system.



Therefore challenges faced in the treatment of irdestiand 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
immunomodulatongctivities derived from plantsould be cost efféve, with little or noside

effects and readily available to the local population as a means of improving primary health
care (Adwan et al., 2010; Ayed et al., 2016).

1.2MOTIVATION

Medicinal plantderived compounds have gained widespread interest ans#arch 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 phytochemicalptarmaceutical purposes has also

gradually increased irecent years in many countries.

According to the World Health Organisatipf&vHO 2003, medicinal plants would be the best
source to obtain a variety of drugs. About 80% of individuals from develapingtries use
traditional medicine, which has compounds derived from medicinal plart3 ¢Abmy et al.,

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

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

The genudulbaghiahas 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 spe€igbaghia violaceae and T. alliaceae
despite the presence of approximately 30 specid®igenus (Aremu and van Stad2a}3).

The presence of sulphoompounds 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 mednal 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).
Therdore, establishing thefficacyand safetyf these plant extracts would be beneficial. The

potential of the genu$ulbaghiain treating various ailments needs verification. This study



aimed to investigate the phytochemical composition and bioactivitiesigbt Tulbaghia

species.

1.3 AIM
To investigate the phytochemistry and biological activities of crude extracts from eight
Tulbaghia species namely. acutloba, T. alliacea, T. cernud. ludwigiana, T.leucantha, T.

natalensis, T. simmleandT. 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 offulbaghiaaccording to the standard methods of Harborne (1973).

2. Investigate then vitro antroxidant activity of crude extracts of the eight plant species,
using 2, 2 diphenyl-picrylhydrazyl (DPPH) radical scavenging assay and th& 2,
azinao-bis (3-ethykbenzthioziine-6-sulfonic acid) (ABTS assay).

3. Determine the antimicrobial activities by microdilution assay and death kinetics of the
eightcrude plant extracts against Gram posit8edureus and E. éaaelig and Gram
negative bacteriaK( pneumonia and P. aeruginosa and the fungal species
(C.albicans and C. neoformas

4. Investigate antiancer activity of themost potentplant extracts by assessing the
morphology of treed KB and HKesd cells using eridine orage/ ethidium bromide
staining, @aspase activity and cell cycle arrest througtvfitytometry.

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. Investigatethe toxicity d somecrude extractsising the g4, 57 Dimethylthiazoizyl)-

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

cells and zebrafish assay.



CHAPTER 2 LITERATURE REVIEW
2.1MEDICINAL PLANTS

South Africa is home to more th&®,000 species of higher plantswlich at least 3000
species could possibly be used medicinalgn Wyk and Prinslod@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 dgileads 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 Pri8IR). 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 bemelfiorganisms such as pollinators or symbionts.
Some of these secondaigrived compounds have beneficial effects in the treatment of

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

2.2PHYTOCHEMICALS 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. Alkalmade pharmacological
applicationssuchas anaesthetic®.g. cocaine) and central nervous system stimula@tg. (
caffeine). Planterived alkaloids are used clinically as a muscle relaxant, as antibiotics and

anticancergents suchsvincristine (Madziga et al., 2010).
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Figure 2.1 Typical basic struire 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 orghpdroxyl compounds (Kar 2007)
Cardiac glycoside comprise of two main classes of compounds that diffex strtitcture of

their aglycone (R) as shown in Figure 2.2.

Cardenolide

Figure 2. 2 Basic structure of cardiac glycosides (Caldekéamtano et al., 2014).

Examples include cardiac glycosides (acts orhdaat), 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
(Kar2007). Chemically they are based upon fiftearbon 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 lutealinflavonols such as

guercitin, kaempferol, myricetin and nariagenin (Kumar and Par2fd3).
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Figure 2. 3 Basic flavonoid structure (Kumar and Pand2y13).

Quercetin, kaempferol and quercitrin are common flavonoids present in nearly 70% of plants.
Flavanols have several proven medicinal properties, such asftatimatory, antoxidant,

anttallergic, antibacterial andntiviral effects (Wang et al., 201L8

2.24 Phenolics

Phenols are chemical components that occur in most plants as natural colour pigments
responsible for colouilhey are aromatic benzene ring compounds with one or more hydroxyl
groups.Their most important role in plants may be defencersgaiathogens and herbivore
predatos (Subedi et al., 2014Phenolics 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 areiafttmmatoryagents Cowan 1999).

@NLDH
HO

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 widefatags. 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 agdifisigal pathogens. In
addition, many plant saponins have been isolated and present a broad spectrum of biological
uses, such as asntancer, antinflammatory, ion channel blocking, immune stimulating and

antifungal poperties (Lanzotti et al., 201®/arg et al., 2016).
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Figure 25 General structure of saponifidoses et al., 2014).

2.2.6 Terpenoids

Terpernoids are the largest and most widespread class of secondary metabolites mainly in
plants.Chemically all terpenoids cdre considered to be derived from the basic branched C5
unit isopreneas shown in Figure 2.@hu et al., 2017)They have been found to be useful in

the prevention and therapy sé\eral diseases, including cancer. Terpen@i® possess
antimicrobal, antifungal, antiparasitic,antiviral, antiallergenic, antispasmodic, anti

hyperglycemic, antinflammatoryand immunomodulatory properti@glbaveng et al., 2014).

P

Figure 2.6 Basic stucture of terpenoidde Las Heras angosca,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.

R3
12 18 17

R2
16

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 Kaetke3).
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2.3EXTRACTION OF PHYTOCHEMICALS

There are various phytochemical extraction techniques which include maceration, Soxhlet, and
reflux extraction, ultrasoundssisted and microwaaassisted (Azmir et al., 2013).The
maceration extraction is a sdlitjuid extraction where thigioactive 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 solwi | ity i s governed by basic rul
indicated that polar compounds dissolve in polar solvents, and nonpolar compounds dissolve
in nonpolar solventsGastreLdépezet al., 2017). Various solvents have been used to extract
differert phytochemicals. Plant material is either used as fresh or dried materigblafie
material ispulverisedby mechanical grinderand extractedby soaking in water or organic
solvent of choice. No complicated utensil and equipment are needed for {ine skfa
maceration extraction system that has made it a popular choice for researchers (Cheok et al.,
2014). The resulting extract is filtered, concentratedacuoor by evaporation. This material

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

2.4MECHANISM 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 signaltransduction pathwaysSurh 2003). In general, the mechanism of actidn
phytochemicalss 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 flaverbidit 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 chalbeuexhibiting strong antimicrobial aefty against bacteria associated with
periondontal diease®©¢heng et al., 2034Punica granatunandindigofera daleoideshowed
antimicrobial activity against bacteria known to cause diarrhoea (Mathabe et al., 2006),

Alcornea floribunda Masanga cocropides Tetracera potatoriaand Xylopia aethiopica
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exhibited effectiveness againstycobacteriaspecies thusupporting its traditional use for
treating tuberculosis (Fomogidio et al., 2014).

Tulbaghiaspecies havalso shown great potential in inactivey a range of microorganisms
affectingboth humans and plants (Aremu arah Staden2013). Plant extracts may exhibit
different modes of action against bacterial strains, such as interference with the phospholipids
bilayer of the cell membrane which measult 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 singlgygen, 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.,.9208yasri et al., @9).

Antioxidants exert thei-oxpgeéenviagi bgl sGaveac
to a fairly O0stable radical é. The free radic
electrons from the molecules in the immediate surroundings. These radicals, if not scavenged
effectively in time, may damage crucial bio molecules sudip@s, proteins including those

present in all membranes, mitochondria and DNA resulting in abnormalities leading to disease
conditions (Uddin et al., 2@).

The human body produces an insufficient amount of antioxidants which are essential for
preventingoxidative 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 scagengilecules
including phenols, flavonoids, vitamins, terpenoids that are rich in antioxidant activity
(Anderson and TeubeR001; Cai et al.2003). Zou et al2016)reported the presence of more

than 170 antioxidants from citrus fruits including vitasyi 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 oxygempacies (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 (Islamakt 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 vesselshendlease

of mediators, followed by recruitent of inflammatory cells arttierelease of reactive oxygen
species (ROS), reactive nitrogen specfeSt ank ovi [ amd promflammator 0 1 6)
cytokines to eliminate foreign pathogens, resolving infection and repairing injured tissues
(Min-Hsuing 2010). Thus, the main function of
system. In general, normal inflammation is ragoid sellimiting, 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 cardiovaslar 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 handmmunosuppression caused by excess stress,adsagiated
adveseeffects, reductions in body tempéure, and excess bleeding dead to poor quality

of life and increasedusceptibility to infections andisease. Subsequent infections vulther

deteriorate the immurgystem, lading to aggravation of disease I(Pat al., 2018).

Currently, onsteroidal antinflammatory 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 laagn administration of NSAID may
induce gastrantestinal ulcers, bleeding, and renal disorders due to their nonselective inhibition
of both constitutive (COXL) and inducible (COX) isoforms of the cyclooxygenases enzymes
(Adebayo et al., 2015). Thereforeew immunomodulating and analgesic drugs lacking those

side effects are being sought asraltives to NSAIDs and opiates.

Medicinal plants are believed to be an important source of new chemical substances with
potential therapeutic effects (Kaushik £t 2012). A study by Kemy et al. (2013) showed that
potato glycoalkoloids and potato peel extracts possessnfathmotory effectan vitro by
inhibiting the production of the chronic inflammation cytokines interleuRin(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 aninflammatory activity withBurkea africanashowing high activity and high

amounts of phenolic and flavonoid content. The plant extracts exhibited &pioxygenase
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activity and inhibited nitric oxie production. Therefore there is need to investigateswith
potential immunomodulatorgctivity which may be useful in the pwention ofdiseases

associated with inflammation

2.4.4 Anticancer activity

Cancer is a disease that severely affects the human populationwiaeldThere are many
forms of cancer but they share similar characteristics such as insensitivity to siQiels
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 demancevoithrerapies to treat and prevent
this life threatening disease (Greenwell &ahman2015). Approximately, 60% of anticancer
drugs are of natural origin with the plants being a significant source (Solowey et al., 2014).
Examples of clinically useful amtimor agents derived from plants include paclitaxel,
vincristine, and camptothecin. Many of these plaetived anticancer agents have been
discovered through larggcale screening programs (George et al., 2010)- Aaticer agents

act by inducing apoptasand 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 assangcrotiter dilution assay and time kill studies.

These methods are relatively easy to cautyumder 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 usimgiste e 200 €L mi cr
tips. The antimicrobial agent is placed into each well and the plates are incubate@ fir37

24 hours. The diameters of the clear zone of inhibition are measured in mm using a ruler
(Magaldi et al., 2003). The procedure is sanito 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, susdgypplainels in 9éwell 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 valu®served as the lowest concentration where no
viability is observed in the wells after incubation. Compared with-bgaed methods, broth
microdilution can decrease much labour and time (Wikaningtyas and Sakandar, 2016).

2.5.1.3 Time kill studies

Assaysfor 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 400° CFU/mL. Solutions of teéscompounds 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 inoculuntuces are incubated &7°C on an orbital shaker

at 200 rpm. Samples are removed from each inoculum culture at different timegmoines
fold serially diluted i n -cOtur@d%omeachitution amal i ne
Mueller Hinton agar. Viable counts are calcatatin the units of CFU/mL and Kkill curves
plotted with time (h) against logarithm of the viable countJ@2f-U). Bactericidal effects of

a compound i soddcradseimviadescouSreldtive ¢o initial inoculum (Chen et
al., 2016).

2.5.2Antioxidant 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;dibhenytl-picrylhydrazyl radical

( DPPHA) a s s -aznobia 113d ethy@benzthtarglingd-sulphonate) radical cation
(ABTSA+) aeatal@9ll)( Noi pa

2.5.2.1 DPPH

The DPPH method is one of the simplest assays and has commonly been used fogassessi
antioxidant activity of natural colorants (anthocyanins and carotenoids) and phenolic

compounds (Cai et al., 2003)PPH is a stable free radical which has an unpaired valence
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electron at one atom of the Nitrogen Bridge. Scavenging of DPPH radical msis of the
popular antioxidant assay (Sharma dstoat 2009).

0,N N

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 alcohddolution 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 abiigyradical
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).

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

donating compounds and chdireaking antioxidant (Huang et al., 2016).

Poatssium Persulfate

ABTS S

‘)“ . . S
\Q:%“‘"j:]:j/ - . ’m\@:ku-b(::@/w.}
"ANTIOXIDANT" & =
i.e. Trolox

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-AB¥ES can be reduced by
antioxidants which is applicable to both hydrophilic and lipophilic antioxidant systems,
(Floegel et al., 2011). The otent 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 pg/ménd 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 estmadtnitrite is based on a
sodium nitrite standard calibration curgenerated using serial dilutions of NajNi@ fresh

culture mediun{Moro et al., 2012)

2.5.3.2 Cytokine assays

Cytokines are bioactive proteins produced by many different cells aitinemne 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
guantitation of cytokines are immunoasgmsed teaniques including enzyrlknked
immunosorbent assays (ELISA) and bémded immunoassays read by either standard or

modified flow cytometers.

Anazlyte

P

IL-2 P
Detection Ab
with Biotin and Output
Bead with Variable Streptavidin/PE = Bead Type
Red and Green =
Dye with Targeted ow )
Capture Ab Cytometer « Detection Ab

= or — Mean

Luminex- Fluorescence
n_-43 — ). Equivalent Intensity (MFI)
IL-10 @ ’ -

Figure 2.10 Overview of the beathased 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 typedelled

with streptavidin/phycoerythrin (Skenken and Poschenrj&fdrs).
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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 mettiads 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 assaysk@jla 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 carcinogerecoperties (Tayloet 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; ljeh and Ukwer2007. There is therefore a need to investigate safer

concentrations foethnemedicinal preparations.

2.5.5.1In 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 methaths asumicroscopic cell
morphology evaluation, MTT (methyltetrazolium) as¢@handa & Nagani, 2013nd lactate
dehydrogenase activity (LDH) (Donmez et al., 2012). Saalitro toxicological studies have

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

the most effective safety and toxicity tests in pharmaceutical develobeerdt al, 2000).

T
e |
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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.
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The MTT assay relies on the metabolic activity of a dels used to assess howesftively

the mitochondrial dehydrogenases of viable cells metabolically reduce pale yellow MTT salt
(3-[4, 5-dimethylthiazol2-yl] -2, 5-diphenyl tetrazolium bromide) to insoluble purple formazan
product [1(4, 5dimethylthiazol2-yl)-3, 5 diphenylformazgn(MassonMeyers et al., 2016).

The production of formazan is directly proportional to the number of metabolically viable cells
(Pozzolini et al., 203; Stepanenko, 20)5Therefore absorption of dissolved formazan in the
visible region correlates with thmumber of intact alive cellsince dead cells following toxic
damage cannot metabolize MTUlukaya 2008 Stockert2012).

On the other handhé LDH assay is centered on the activity of the intercellular enzyme lactate
dehydrogenase. The enzyme lactaghydirogenase 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 @00; Fotakis 2006).

Formazan

k Diaphorase

Dehydrogenase
(LDH)

lodonitrotetrazolium |
Pyruvate 5

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

(LDH) enzyme, whichs released from damaged cells.

This assay therefore detects the leaked lactate dehydrogenase and based on the amount of this
enzyme in the surrounding environmeibtis possible to deduce the level of cell membrane
damage incurred by the cellhe released LDH is measured with a dedgenzymatic reaction

that results in the conversion of a tetrazolium salt (iodonitrotetrazolium (INT)) into a red color
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formazan by diaphoras&he resulting formazan absorbs maximally at 492 nm and can be
measured quantitatively at 490 ri8cherliel22011)

2.5.5.2In vivo toxicity evaluation

For allin vivomethods, 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 téetital doses arergferred

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

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

- Collection& .

coagulated embryos,
! ! ! ] O!

40 embryos/group e

lack of somite formation,

non-detachment of the tail,

five test concentrations, Jack of heartbeat,

"‘ negative control, tord malf .
( ) solveit contiol notochord malformation,

waste : .
e (O internal plate control  hatching

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 inrdteriabo
accessible to experimental manipulation and similarity to the embryonic development of higher
forms of vertebrates (Ramagosa et al., 20L6¢. use of zebrafish is, however, not only limited

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

2.6 THE GENUSTULBAGHIA

2.6.1 Description of theTulbaghia genus

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

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

North and South America and South Africa (Benham 198G@baghiais commonly known

as fAwild garlico, fi s w e eetto itg Aoselralatodship to théigenush Kk a g
Agapanthus A prominent featur4ikhé oHdeumgéngqgallisa

19



produced due to the cystetderived sulphur compounds released from wounded or decaying
tissue and organs such as leavasrlwzomes (Kubec et al., 2013).

The genudulbaghiacomprises approximately 63 species which are mosizomatous plants
with about 30 indigenous to theo@&hern Africa region (van Wyk an@ericke 2000). For
centuries members of the genus have fourinisnmedicine, as ornamentals and in culinary
practices. Researchers have highlighted the great potential of theTgdinaghiadue to their
nutritive, ornamental and medicinal value (van Wyk 2011). Some of the more intspégies

are discussed below.

2.6.1.1Tulbaghia acutiloba

Tulbaghia acutilobaas green recurved flowers with a fleshy orategeeddish brown ringn

the stames The corona is half as long as the flowers and the tepals are often much reflexed.
The leaves are up te%mm wide. The spcies 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 séledacutilobais found on dry rocky grassland in

the Eastern @peProvince of South AfricgArcher and Victor 2005; Pooley 2013)ulbaghia

acutilobaleaves areused as culinary herb and snake repellent (Aremu and van S2ad&).

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

2.6.1.2T. alliacea

Tulbaghia alliaceas a geophyte with rhizome up to 10 cm long. Tdaves ard5-25 cm x
0.3-0.5 cm, strap shaped, smelling of onion when bruisé&tie flowers areborne in an
umbellate cluster of-80 individuals on a scape-B3® cm long. The perianth tube and segments
are green; corona orangeown; corona lobes fused into é&6Xrenate fleshy collar,-& mm

long, on which the upper anthers are inserted.

20



Figure 2.15T. alliacea(van Wyk et al.2013 pg 299).

Tulbaghia alliacea is found in the Western and Eastern Cape Provinces, KwdYatial,
Mpumalanga and Gauteng in clay or loam soils, in a variety of habitatb€Aand Victor

2005 van Wyk et al., 2013).Tulbaghiaalliaceahas the same common namelaviolacea,

i.e., Wild garlic (English),Wildeknoffel (Afrikaans), Isihaga (Zulu) and Moelela (Sotho).
Tulbaghia alliaceahas been reported to be used as a remedjefarenr Ise U mant and
par alageainsd (St2a0fli2o)r d r adi t iRhniazl o nmree dii ncfiunsei on i s
as anemas for fits in the Eastern Cape, (Are

2.6.13 Tulbaghia cernua

Tulbaghia cernuas a perennial that grows up to 30 cm. The leaves are-shegped and
arranged like a fan. The brown flowers are unusual and the plant is highly ardma&mua
is commonly found in the Gauteng, Limpopo and Northwest provincehék and Victor

2009. Tul baghiias w@eredudad or o Amemnt ahdpuapoSeaden

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

Tulbaghia ludwigianéhas a branched rootstock, topped by a reduced-tkerstructure. The

flowering stems are 460 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 lonfpub@inNatal

and Eastern Cape in grémsd from sea level to 1400 m (Pooley 200bu | baghi a sl ud wi
traditionally used as a |l ove charm (Pool ey

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

2.6.1.5Tulbaghia leucantha

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

common along seepage zones in the Drakensberg.

Figure 2.18 Tulbaghia lecanthdPooley 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 iomemas.

Tulbaghia leucanthacommonly knowras fonteinknoffel in Afrikaansmells of garlic, as do

several of the other species of the genusliér and Victor2005).ltisusedasatui nar y her [
anad Protective charm (Pooley 2005) .

2.6.1.6Tulbaghia natalensis

Tulbaghia natalensis normally found in rocky or marshy ground and can be up to 40 cm tall.
The glaucous leaves are stsigaped and uprightn spring it bears wonderfully fragrant
flowers with creamy tepals and a greenighllow corolla inthe centre which emits a spicy
fragrance late afternoon (gher and victar2005). Tulbaghia natalensjsalsoknown as sweet
garlic, is used as aulinary herb and snake repellent (Pooley 2005).

Figure 2.19T. natalensigArcher and Victor2005)

2.6.1.7Tulbaghia simmleri

Tulbaghiasimmleriis a clumpforming, evergreen perennial to 250 mm, with a Hikb

rootstock. Leaves are grgyeen, flat and stralike.
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Figure 2.20 T. simmleri(van Wyk et al., 2013 pg 299).

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

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

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

third of its length.Tulbaghiasimmleriis endemic to a relatively small area in the northern
Drakensberg of Mpumalanga and Limpopo, where it occurs as isolated plants oledyss/

(Archer and 2005; van Wyk 2013)J.u |l baghi ai ssfitnenmlaesrs@ dsubst it ut
Tul baghi aaami WNy&kc eavh@h .t heob&d)ter is not avai

2.6.1.8T. violacea

Tulbaghiaviolaceais a fastgrowing, bulbous plant that reaches a height of 0.5 m. The leaves
are lorg, narrow, straglike, a bitfleshy and smell strongly of garlic when bruised. The pinrkish
mauve tubular flowers, clustered into umbels of up to 20 flowers, are held thieokeaves 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 droughksistant plant stretes from the Eastern Cape, KwaZNatal

and Limpopo, to as far north as Zimbabwedier and Victor2005; van Wyk et al., 2013).
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Figure 221 T. violacea(van wyk et al., 2013 pg 299).

Tulbaghia violaceacommonly known as i garlic (English), Wildeknoffel (Afrikaans),

Isihaga (Zulu) and Moelela (Sotho) is usedriaditional medicine for problems like fever,

colds, asthma, tuberculosis, stomaadne, and cancer of the oesophagdsr e mu and v al
Sta@é®n,3 ).

2.6.2 Bioactive components ofulbaghia

There are many chemical constituents that have been identified in the family Amarylliadaceae.
Tulbaghia violaceahas been foundo be rich in sulphucompounds that account for the
characteristic odour and the medicinal properties of bothr thieaghiaand Alluim species
(Lyantagaye 2011). The characteristic flavour of gawitiym sativum and related alliums
occurs when the enzyme Alliinase (EC.4.4) hydrolyses the-8lka(en)ytL-Cys Sulfoxides
(ACSOs) to form pyruvate, ammonia and sulphur containing volatiles. The e@zyase

has been identified in the gentislbaghiaand is associated with the formation of marasmicin
(Lancansteet al.,2000; Kubec et al., 2002).

O K N CSi 12 H,0 (||J
S S 7 -8 lvase /SVSOH -1/2H,
NS COOH T T
(RsRc)-s-(methylthiomethyl) cysteine-4-oxide Marasmicin

Figure 2.22 Formation of marasmicin ifiulbaghia viloacealarv. (Kubec et al., 2002).
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Many of these compounds have been shown to possess antimicrobial, antifungal and
anticancer properties (Bungu al.,2006;Jagerand Stafforg2012) which supports the use of
someTulbaghiaspecies in traditional medicine

2.6.3 Antioxidant activity of Tulbaghia

There are several studies on the antioxidant activifyy. ofiolacea(Aremu andvan Staden

2013). The antioxidant activities of. violaceahave beemone 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 thalbaghiathere isneed to further
investigate different p&s of the plant as well as unexplorédlbaghiaspecies.

2.6.4 Antimicrobial activity of Tulbaghia

Antibacterial activities of various extracts frofalbaghia violacedave been tested against a
wide range of microorganisms affecting both humans and plants. There is wide variation in the
antimicrobial activity ofT. violaceareported by different researchers. However, it has been
established that crude extractsTofviolaceaexhibits a broad spectrum antibacterial activity
against organisms such &acillus subtilis, Staphylococcus aureaad Escherichia coli
(Aremu andvan Staden2013).Tulbaghia violaceaandT. alliaceahave also been shown to
have antifungal activiies (Lindseyand van Stader004). The presence of antimicrobial
activity in T. violaceamakes it incumbent to examine the other species in the genus for similar

propeties.

2.6.5 Immunomodulatory activity of Tulbaghia

There ae few studies that indicate the immunomodulatory potentialubaghia species
(Gaidamashvili and van Staden, 2006; Ncube et al., 2&12udy by Gaidamashvili and van
Staden (2006) indicated low aimiflammatory activity of lectirlike proteins fronil. violacea
Further investigations of the immunomodulatory activities of fhelbaghia species is

necessary
2.6.6 Anticanceractivity of Tulbaghia

Tulbaghiais used in traditional medicine to treat oesophageal cancer (van Wyk and Gericke
2000; Bungu et al., 2006; Aremu and van Sta@6t3). 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 tyedr survivakate estimated to be

only 10% overall (Skerman et al., 2011). Studies done so far indicat€. thialaceainhibits

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). Howeberé 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 th&ulbaghiaspecies on oesophageal cancer.

2.6.7 Toxicity of Tulbaghia

The consumption dfraditional medicine prepared from violaceahas been associated with
effects such aabdominal pain, gastrenteritis,and cessationf gastraintestinal peristalsis,
contraction of the pupils and sloughing of the intestinal mucdsa(u and van Stadg2013).
Current studies show thdt violaceahas a potential of being toxic (Resende et al., 2012,
Olorunisola et al., 2013) whereas others reported no toxicity (Baiaet al., 2008; Soyngibe

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

species in the gendsilbaghia

27



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 extremedyimpor

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 genugulbaghia.Standard methods were used for prefany phytochemical analysis. The

total phenolic content of the plant extracts was determined using the folin ciocalteu method
whereas the total flavonoids were determined by usinglimainium chloride colorimetric
method DPPH and ABTS assays were usgdvaluate the antioxidant activiti?hytochemical
screening of selectetllbaghiaspecies demonstrated the presence of flavonoids, glycosides,
tannins, terpenoids, saponins and sterditi® amount of total phenol and flavonoid content
varied in diffeent plant extracts ranging from 4.50 to 11.10 miligrams gallic acid equivalent
per gram (mg GAE/Q) of fresh material and 3.04 to 9.65 milligrams quercetin equivalent per
gram (mg QE/qg) of fresh material respectively. TheyMalues based on DPPH (0.06de0.08
mg/mL) and ABTS (0.06 and 0.03 mg/mL) for alliaceaandT. violacearespectively, were
generally lower showing potential antioxidant activitiesere isaneed to isolate and examine
individual compounds fronTulbaghiaspecies for antioxidardactivity as some compounds

work best as single entities.

Keywords:Tulbaghiassp., Phytochemicals, Antioxidant activities, Phenolic compounds.
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3.1 INTRODUCTION

The human body has complex antioxidant defence systems that include the antioxidant
enzynes: superoxide dismutase, glutathione peroxidase, catalase andnayomatic
antioxidants such as glutathione, Vitamin E and C, thiol antioxidants, melatonin, carotenoids
and other compoundSubedi et al., 2094Although almost all organisms possessa@itiant

and repair systems to protect them against oxidative damage, these systems are insufficient to
prevent the damage entirely (Magalhées et al., 2014; Ke 208B) whicltherefae results in

oxidative stress.

Oxidative stress caused by freslicals 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 cames (Cai et al., 200Peng et al., 20LHuang et al., 2015 Hence, free radicals

are important mediators that provoke or sustain inflammatory processes and, consequently,
their neutralization by antioxidants can prevent inflammat@urently availal® 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, investigationare 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
artioxidants (Subedi et al., 20)4Antioxidant compounds which are responsible for reducing
cellular oxidative stress could be isolated and ttemserve as leads for the development of
novel drugs for the prevention and treatment of many human diseases. Megd&ritetontain

a wide variety of phytochemicals, such as flavonoids, anthocyanins, cartenoids, dietary
glutathionine, vitamins and endogenous metabolites and such natural produdth ane

antioxidant activitiesAtala et al., 200P

These planterivedantioxidants have been shown to function as singlet and triplet oxygen
guenchers, peroxide decomposers, enzyme inhibitors and synergists (Choi et all,h&)02).
study evaluates the phytochemical, total phenolics and antioxidant activities of selected
TulbaghiaspeciesThe genuslulbaghia(family Amaryllidaceae) includes approximately 30
species of mostly rhizomatous plants endemic to southern Afieamu and Van Staden,

2013). Their natural distribution covers southern TanzanialaM, Botswana, Zimbabwe,
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Mozambique, Lesotho and South Africa, with the majority of species growing in the Eastern
Cape, southerdwaZulu-Natal, Gauteng, Limpopand Mpumalanga provinces (Ranglova, et
al., 2015 ;Zschocke and van Staden, 200The most popular member of the genus is
Tulbaghia violaceawhich is known under a variety of common names, such as
wild/sweet/society garlic, pink agapanthus, wilde knoffel (Afrikaans), itswetslalmbo
(Xhosa), mothebe (Sothahd isihaga (Zulu) (Ranglow al., 2015).

Tulbaghiaplants 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, stheomplaints, stoath ailmentsand constipation/colic
(Jager 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 (Ranglow al., 2015; Moodley et al., 2014; Ncube et al., 2011).

3.2 MATERIALS AND METHODS

3.2.1 Plant material
The eight Tulbaghia plant samplesT. acutiloba, T. alliacea, T. cernua, T.leucantha, T.

ludwigiana, T. natalensis, T. simmleri and T. violgosareobtained 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 Goossenshiaeium, North West UniversifyPotchefstroom, South

Africa.

3.2.2 Preparation of plant powder material and acetone crude extracts
Freshieafmaterial was freeze dried and then ground into a fine powder. The powdered material

was stored in airtight bottlest 4°C till use. For crude extractentgrams 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 fiter 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 dfulbaghia leaf extracts were determined according to the

standard methods of Harbone (B%.7

3.2.3.1 Alkaloids Half a gram of the powdereeldf material was stirred in 5 nuf 1% aqueous

hydrochloric acid on a water bath and filtered. The exttastdivided into two portions, 1 mL
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of the first portion was tentamthestcondipartionwas f e w
treated with Drangendorffds reagent . Tur bi di
was taken as preliminary evidence for the presence of alkaloids in the extract.

3.2.3.2 TanninsHalf a gram of powd®d samples we boiled in 20 mlof 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.

3.2.3.3Phlobatanins Half gram of powderedamples were extracted in 10 roE 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 SaponinsApproximately 2 g of podered samples were boiled in 20 ok distilled

water ina water bath and filtered. 10 nalf the filtrate was mixed with 5 imof distilled water

and shaken vigorously and observed for a stable persistent froth. The frothing was mixed with
3 drops of oliveoil and shaken vigorously again and then observed for the formation of

emulsion as indication of saponin.

3.2.35 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 vidteblue or green was an indication

of steroids.

3.2.3.6 Terpenoids(Salkowski test) Five milliliter of extracts were mixedvith 2 mL
chloroform and 3 mlsulphuric acid was carefully added to form a layer. A reddish brown

colouration of the interface waaken as an indication of terpenoids.

3.2.3.7 Cardiac glycosides (KelleKillani test) : Five milliliter of the extract wageéated with
2 mL of glacial acetic acid containing one drop of ferric chloride satufidis was underlayed
with 1 mL of concentragd HSQs. A brown ring of the interface indicated presence of

glycosides.

3.2.3.8 FlavonoidsOne 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 mtiefittrate was shakenith 1
mL of dilute ammonia solution. Development of yellow/green coloration wasntals

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 tngrfeplin ciocaltau reagent

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

acid (standard) were mixed thiFolin Ciocalteu reagent (5 mL1:10 diluted with distilled

water) ad aqueous sodium carbonate (4,MM). 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, 15@50éng L* of gallic acid in
methanol: water (50:504/v). The total phenol values were expressed in terms of gallic acid
equivalent (mg g extracted compound) (Paumorad et al., 2006).

3.2.4.2 Total favanoid 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/mieye diluted with acetone to 2 mL and

then mixed with 0.5 miof aluminium chloride (1.2 %) and potassium acetate (hRN). The

mixture was allowed to stand for 30 minutes at room temperature and ¢reostirbance was
measured at 415 nm. Quercetin was used as a standard. Flavanoid content is expressed in terms

of quercetin equivalent (mg*gpf extracted compound) (Kallel et al., 2014).

3.2.5 Antioxidant activity

3.2.5.1 Analysis of gtracts by TLC
Fourmicroliters of 100 mg/mlplant 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 visuse separated compounds and Wweated at 1¥C for optimal colour
developmentAnti-oxidant activities were determined by spraying the second deekipe

plate, with a solution of DPPH (1;diphenyt2-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,tieguh a colour change from

a deep prple to a yellowwhite color.

3.2.5.2 DPPH assay
A 1 mL aliquot of a suspension of the extracts (from 0.@Imk to 0.5 mg/mL) were mixed
with 1 mL of 0.12 mM DPPH solution. After shaking, the mixture was incubateanaient

temperature in the dark for 30 minutes, following which the absorbance was measured at 517
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nm using a UV160A spectrometer. Acetone was used as negative control whsedrbic
acid was taken as a positive control. Radical scavenging activitgxpasssed as percentage
inhibition and calculated using the formula:

% Scavenging aCt'V'ty = [(Antroif Atesb/AcontroﬂX 100
where Aontrol is the absorbance of the control (DPPH solution without test sample)arid A
the absorbance of the test sample (DPPH solution plus antioxidagi)valGe denotes the

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

3.2.5.3 ABTS assay
Serial dilutions of plant extracts were prepared, rangiogn .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 tlen prepared by addition of 88 jdf 140 mM potassium persulfate {80g) to 5 mL of
ABTS. This solution was stored in the dark for1l@2 hours in order to stabilize it before use.
The concentrated ABTSolution was diluted with cold ethanol shortly before conducting the
assay to a final absorbance of 0#70.02 at 734 nm at 3Z, in a cuvette. The total scavenging
capacity of the extracts was quantifigtetough the addition of 1000 pABTS" to 50 pyL o

plant extract. The solutions were heated on a heating block&of@74 minutes, after which

the absorbance was read at 734 nm on a spectrophotometer (Re et al., 1988ayAlhere
done in triplicates.

3.2.5.4, Statistical analysis

All experimentswere performed in triplicates. The data were analyzed using Microsoft Excel
and expressed as mean * standard deviation (n=g)w& calculated using the software
program Graphpad Prism version 7.0. Differences were considered to be significam-when
values were below 0.0 € 0.05).
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3.3.RESULTS

3.3.1 Preliminary phytochemical analysis

Preliminary phytochemical analysis was done on eight sel@aiéshghiaspecies and the
results showd the presence of flavonoidslygpsides, tannins, terpenoidsaponins and
steroids (Table 3.1).

Table 3.1 Preliminary phytochemical analys$ eight Tulbaghiaspecies

Plant species

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

Alkaloids - - - - -
Flavonoids ++ ++ ++ ++ ++ ++ ++ 1+
Glycosides ++ ++ ++ ++ ++ ++ ++ ++

Phlobatanins -- -- - - -

Tannins ++ ++ ++ ++ ++ ++ ++ ++
Terpenoids ++ ++ ++ ++ ++ ++ ++ +4
Saponins ++ ++ ++ ++ ++ ++ ++ ++
Steroids ++ ++ ++ ++ ++ ++ ++ ++

*++ presentj absent

3.3.2 Total phenolic and flavonoid content

The amount of total phenolic acabntent varied in different plant extracts, ranging between
4.50 and 11.10 mg GAE/qg of fresh material. There was no significant diffeqgnrde.Q5) in

the total phenolic compounds between all extracts exttegiblacea T. violaceaexhibited a
significantly higher p < 0.05) total phenolic content compared Hoother 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 significifférences | < 0.05)

among all extracts except betweEnsimmleriand T. natalensisT. violaceahad the highest

total flavonoid content at 9.65 mg QE/ g of fresh material.
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Table 32 Total phenol and flavonoid content of selectfedbaghiaspecies.

Total phenolic content Total flavonoid content

Sample (mg GAE/g fresh wt of ( mg QE/ g fresh weight of sample)
Sample)
T. acutiloba 5.12+1.98 4.56 +0.79
T. alliacea 9.21 +2.88 7.99 + 0.4¢
T. cernua 450 +1.44 3.04 £0.15
T. leucantha 6.70 + 1.63 6.56 + 0.34
T. ludwigiana 7.64 £ 0.94 7.14 £0.28
T. natalensis 7.01+1.44 6.22 + 0.48
T. simmleri 6.70 + 0.94 6.06 + 0.58
T. violacea 11.10 + 1.44 9.65 +1.32

Results are presented in fresh weight as means + SD, n=3. Means within a column with
identical superscripts do not differ significantlp ( @O05) while means with different

superscripts show a significant differenpe (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 compblmds.
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. leucantha6. T. ludwigiana 7. T.
natalensis8. T. simmleri9. T. violaceato show compounds extracted witretane 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 scavengingaseity of the extracts.

3.3.4 DPPH assapnd 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 absorbaifictheo 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.
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