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ABSTRACT

People from the Southern African region have been using the fauna and flora of the region in
their homes for millennia to treat all sorts of ailments and complaints with great success. This
knowledge transfer was done through ’apprenticeships’ and oral communication. Certain
communities consider medicinal plants to be safer than drugs and that they can treat more
than one ailment. This study investigated cytotoxic effect, antimicrobial, anti-inflammatory,
antioxidant, and antidiabetic properties of eight selected South African plants for medicinal
purposes. Plant species were collected from the Walter Sisulu National Botanical-Gardens
and were extracted with 90% methanol (1 g/10 ml) and concentrate to 10 mg/ml.
Antimicrobial activities were determined by the microplate dilution method to establish the
ability of the plant extracts to inhibit or kill pathogenic organisms with minimal inhibitory
concentrations and minimum bactericidal concentration. Cytotoxicity effects were
determined with Alamar blue and crystal violet cell viability assays, against C2C12 and
RAW 264.7 cells. Anti-inflammatory effects were identified with stimulated
lipopolysaccharide RAW 264.7 cells, and nitric oxide inhibition was measured with Griess
reagent assay. The estimation of preliminary phytochemical, antioxidant (DPPH and ABTS
radical scavenging), and alpha-amylase inhibition were determined with standard methods.
The plant extracts inhibition and bactericidal effects were observed against all bacteria,
namely: Lippia javanica (0.25+0.00 to 1.13£0.29 mg/ml); Ziziphus mucronata leaf
(0.44+0.00 to 1.00+0.00 mg/ml); Erythrina lysistemon (0.44+0.00 to 1.08+0.00 mg/ml) and
Schkuhria pinnata (0.5£0.00 to 1.34+£0.00 mg/ml). All plant extracts exhibited flavonoids,
phenols, terpenoids, and coumarins. The antioxidant inhibition was observed above 80% for
Schkuhria pinnata, Lippia javanica, Clerodendrum myricoides, and Erythrina lysistemon.
Also, these plant species exhibited an alpha-amylase inhibitory effect of 80%. The ICso
values were > 1000 pg/ml. All plant extracts demonstrated some degree of an anti-
inflammatory effect. However, Clerondendrum myricoides (35% - 89%), Lippia javanica
(26% - 77%), Erythrina lysistemon (23% - 76%), Schkuhria pinnata (27% - 65%), and
Vernonia oligocephala (16% - 58%) with 1Cso value >1000 pg/ml, exhibited a marked anti-
inflammatory effect. Therefore, the presence of phenolic, flavonoids, anti-inflammatory,
antioxidants, and a-amylase properties are potential solutions towards the management of
diabetes and other chronic inflammatory diseases.

Keywords: medicinal plants, antimicrobial, cytotoxicity, anti-inflammatory, antidiabetic,

antioxidant



CHAPTER ONE: INTRODUCTION

1.1 Introduction
The use of medicinal plants dates back to ancient times for the treatment of various ailments (Petrovska, 2012;

Yuan et al., 2016). Medicinal plants play an important role as a source of natural ingredients for preserving
human health (Sofowora et al., 2013). Additionally, medicinal plants have been evaluated for various purposes
such as the production of flavours, fertilizers and fragrances (Dar et al., 2017). Researchers have recently
focused on the evaluation of medicinal plants’ ability to treat and manage various aliments (Anand et al.,
2019; Street & Prinsloo, 2013). The search for plant with medicinal properties has given way to some
ethnobotanical studies that have documented indigenous plant species, the mode of preparation, and uses by

endemic communities in some parts of Uganda (Tabuti et al., 2010; Tugume et al., 2016).

Although medicinal plants have been used for centuries, their safety and efficacy were not reported in earlier
literature (Mahomoodally, 2013; Petrovska, 2012; Ekor, 2014). A medicinal plant consists of secondary
metabolites that contribute to therapeutic properties, such as antioxidant, anti-microbial, antidiabetic, anti-
inflammatory, anti-cancer, immune-modulatory and reno-protection effects (Londonkar et al., 2013;
Tungmunnithum et al., 2018). Recently, more researchers have been investigating the respective therapeutic
and phytochemical properties of medicinal plants (Wintola & Afolayan, 2015; Egamberdieva, 2016). Eight
plant species were selected in this study for their use in African traditional medicine (ATM) as shown in
Table 1. These selected plants were justified in a review and their medicinal uses clearly articulated (Nkala et
al., 2019). There is a need to evaluate plants with antidiabetic and anti-inflammatory activities for the

treatment and management of diabetes mellitus and other cardiovascular diseases.
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Table 1: Medicinal uses, photochemistry, and biological activities of plants of interest

FAMILY NAME | BOTANICAL NAME MEDICINAL USE BIOLOGICAL
ACTIVITY

Euclea crispa Ebenaceae Microbial infections and Antimicrobial activity and
cough antifungal

FEuclea natalensis | Ebenaceae Blood system disorders, Antibacterial, antifungal,
digestive system antiviral, antidiabetic,
disorders, genitourinary antioxidant, anti-plasmodia,
system disorders, larvicidal, antischistosomal,
infections and infestations | and molluscicidal

Schkuhria pinnata | Asteraceae Stomach problems, Antibacterial,
mastitis and eye anti-inflammatory and anti-
infections. diarrhea

Ziziphus Rhamnaceae Skin infections, wounds, Anthelmintic and

mucronata body pains, infertility in antimicrobial activities
women; boils, sores and
swellings.

Lippia javanica Verbenaceae Cold, cough, fever, Antimicrobial activity,
malaria, wounds, diarrhea, | anticancer, anti-amoebic,
chest pains, bronchitis, antidiabetic, antimalarial,
and asthma. antimicrobial, antioxidant,

anti-plasmodia and
pesticide effects

Vernonia Asteraceae Stomachic and bitter tonic | Antimalarial and

oligocephala antiviral

Clerodendrum Lamiaceae Gonorrhea, rabies, Antimicrobial activity and

myricoides measles, glandular TB, antifungal.
colic, eye disease, malaria,
body swellings, wound
dressings and
hemorrhoids.

Erythrina Fabaceae Wounds, analgesic and Antioxidant properties,

lysistemon anti-inflammatory. anti-plasmodia, anti-

inflammatory,
antibacterial and fungicidal
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1.2 Background to the study

Medicinal plants are also referred to as medicinal herbs; they play a pivotal role in ATM, and were used in
ancient times. Plants possess secondary metabolites such as phytochemicals with a biological activity used for
the treatment and management of diabetes mellitus (DM) and cardiovascular diseases.

e African traditional medicine (ATM) is referred to as knowledge, skills, and practices based on the
theories, beliefs, and experiences indigenous to different cultures that are used to maintain health, as
well as to prevent, diagnose, improve, or treat physical and mental illnesses.

o Phytochemicals are chemicals that are derived from plants through primary or secondary metabolites.

e Cardiovascular diseases generally refer to conditions that involve narrowed or blocked blood vessels
that can lead to a heart attack, chest pain (angina) or stroke.

e Diabetes mellitus is commonly known as diabetes. It is a metabolic disorder characterised by a high

blood sugar level over a prolonged period.

There are three types of diabetes.

1) Type 1 diabetes results from the pancreas’ failure to produce enough insulin due to the loss of beta
cells. It is referred to as insulin-dependent diabetes mellitus (IDDM) or juvenile diabetes.

2) Type 2 diabetes begins with insulin resistance, which is a condition in which cells fail to respond to
insulin properly. This is referred to as non-insulin-dependent diabetes mellitus (NIDDM) or adult-
onset diabetes.

3) Gestational diabetes occurs during pregnancy when a pregnant woman without a previous history

of diabetes develops high blood sugar levels.

1.3 Problem statement
From 1980 to 2014 the global prevalence of DM jumped with a staggering 314 million cases ( 108 million to

422 million) according to a study done by the World Health Organisation (WHO, 2016). DM is a metabolic
disorder characterised by hyperglycaemia due to a defect in insulin production and/or resistance by the cells
(Rajalakshmi et al., 2009). It was estimated that DM would increase from 4% in 1995 to 5.4% in 2025 (Bears
et al., 2004). In South Africa, the prevalence of DM in adults is on the rise. In the short space of nine years,
DM prevalence increased from 5.5% in 2000 to 9% in 2009 (Bertram et al., 2013; Pheiffer et al., 2018).
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On average, in 2009 a diabetic patient paid R9,000 more for hospitalisation costs than non-diabetic patients
as reported in a study, namely, R27,000/2,250 USD and R18,000/1,500 USD, respectively (Manyema et al.,
2015; Ncube-Zulu & Danckwerts, 2004). This is the global context where the total health expenditure is
projected to be between 1.1 to 2 billion USD in 2030 (Zhang et al., 2010). Poor management of DM can lead

to neurological, cardiovascular, retinal, and renal complications (Rahmatullah et al., 2012).

Plants used for medicinal properties in the fight against DM have been shown to alleviate one or more
symptoms (Rahmatullah et al., 2012). A total cure for the disease still eludes the medical fraternity though
(Rahmatullah et al., 2012). Medicinal plants have been shown to be effective in delaying complications of
diseases and rectifying metabolic abnormalities (Shukia et al., 2000). The use of plants for medicinal

purposes has the advantage of having few or no side effects (Shukia ef al., 2000).

1.4 Aims

This study aimed at investigating the cytotoxicity effects, anti-inflammatory, antioxidant, antimicrobial, and
antidiabetic properties of selected South African plants for medicinal purposes. Essentially, plant species that
demonstrate one of the following properties, namely, antidiabetic, antioxidants and anti-inflammatory, could
be useful towards the treatment and management of DM and other cardiovascular diseases. Furthermore, plant

species should be none toxic to be fit for human use.

1.5 Objectives

There were three objectives in this study.
(1) To evaluate eight selected South African plant extracts for minimum inhibitory concentration and
minimum bactericidal concertation against selected four bacterial strains.
(i1) To evaluate the cytotoxicity and anti-inflammatory effects of eight selected South African
medicinal plants against C2C12 cells and RAW 264.7 cells.
(ii1)) To determine whether the preliminary screening of phytochemicals, antioxidants and alpha-
amylase inhibitory activities of the selected eight South African plant extracts could be pertinent

for medicinal purposes.
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1.6 Research questions
1. Do the selected plants possess either bactericidal or bacteriostatic actions?

How many of the selected plant species possess anti-inflammatory effects?
Do the selected plants possess any cytotoxicity effects against C2C12 cells and RAW 26477
How many phytochemicals can be found in the selected plant species?

Which plant species consists of the highest total phenolic content and total flavonoid content?

A i

Do the selected plant species possess either antioxidant or alpha-amylase inhibition effects?

1.7 Significance of the study

ATM has been used since ancient times for the treatment of various ailments (Atanasov et al., 2015). ATM
has been reported to be used by a lot of people in Africa as primary healthcare (Abdullahi, 2011).
Communities strongly believe that ATM is much safer compared to conventional drugs (Sofowora et al., 2013;
Deutschlinder et al., 2009). However, very few medicinal plants have been scientifically validated for their
safety and efficacy (Mahomoodally, 2013). Recently, more researchers have developed an interest in the
scientific validity of ATM, and this has been triggered by drug resistance that has been a growing problem
with conventional drugs (Zhang et al., 2018; Mahomoodally, 2013; Mills et al., 2005). Essentially, a search
for alternative medicine is imperative. Medicinal plants have been shown to contribute meaningfully to the

pharmacology industry toward drug discovery (Atanasov et al., 2015; Leonti & Casu, 2013).

Developments have focused on drug discovery due to secondary metabolites found in medicinal plants that
can be used for the treatment and management of malaria, cancer, diabetes, cardiovascular diseases, and
neurological affliction (Pan et al., 2013; Ginsburg & Deharo, 2011). Interestingly, the selected plant species
have been reported for their use in ATM by traditional healers, but their safety and efficiency are lacking
(Nkala et al., 2019).

This study aimed to make a significant contribution toward the body of knowledge in terms of the ability of
the selected medicinal plants possessing the following properties: antioxidant, anti-inflammatory, antidiabetic,
and antimicrobial capabilities. Importantly, plant species must not be toxic to ensure their safety. A medicinal
plant that possesses these bioactive serves as a good candidate for the treatment and management of diabetes

and other cardiovascular diseases (Gothai ef al., 2016; Choudhury et al., 2017).
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1.8 Research methodology

1.8.1 Sample collection and extraction
Plant species (n=8) were collected from the Walter Sisulu National Botanical Gardens in South Africa in

February 2017. The voucher specimen number is held at the Walter Sisulu National Botanical Gardens
herbarium. The plant material was air-dried in a well-ventilated room. After drying, the plants were grounded

into a powder and stored away from light at room temperature.

1.8.2 The determination of minimal inhibitory concentration (MIC) and minimal
bactericidal concentration (MBC)
The microplate dilution method was used to determine the ability of plant extracts to inhibit or kill pathogenic

organisms with minimal inhibitory concentrations (MICs) and minimal bactericidal concentration (MBC),

which was developed by Eloff (1998).

1.8.3 The evaluation of the cytotoxicity and anti-inflammatory effects of selected South
African medicinal plants against C2C12 cells and RAW 264.7 cells.

The cytotoxicity effect of plant extracts was assessed against C2C12 cells and RAW 2647 cells using Alamar
Blue cell viability assay (Rampersad, 2012; Zachari et al., 2013), and crystal violet cell viability assay
(Feoktisova et al., 2016, Sliwka ef al., 2016). Furthermore, anti-inflammatory effects were determined by the
ability of the plant extracts to inhibit the production of nitric oxide (NO) and assessed using Griess assay

(Promega), against RAW 264.7 cells, which was previously described by Lim et al., (2018).

1.8.4 The estimation of the preliminary screening of phytochemicals, phenolic content,
flavonoid content, antioxidants and alpha-amylase inhibitory activities of the selected
South African plant extracts for medicinal purposes.

A phytochemical analysis was conducted with standard methods. The following phytochemicals were

analysed: tannins, saponins, flavonoids, quinones, phenols, terpenoids, alkaloids, glycosides, cardiac
glycosides, coumarins, betacynanin, anthocyanin, and steroids (Rajesh ef al., 2014; Mujeeb et al., 2014). The
total phenol content was determined by Folin Ciocalteu, which was previously described by  Skerget ef al.,
(2005). Essentially, the flavonoids total content was analysed with a method that was previously described by
Pranoothi ef al., (2014). The antioxidant activity was analysed using DPPH radical-scavenging assay as

described by Blois (1958). Furthermore, the DPPH results were confirmed with ABTS radical scavenging
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assay which was described by Re et al., (1999). The ability of medicinal plants to inhibit alpha-amylase was
analysed as described by Saha and Verma (2012).

1.8.5 Data analysis

The assay was performed in triplicates and repeated three times. All data were expressed as mean and standard
deviation using MS Excel 2013 and ANOVA GraphPad Prism 5. Linear regression analysis was used to

calculate the ICso values.

1.9. Limitations of the research

The aim of the study was to undertake an investigation into cytotoxicity effects, anti-inflammatory,
antioxidant, antimicrobial and antidiabetic properties of selected South African plants for medicinal purposes
using in vitro testing. The study did not cover in vivo testing due to time constraints. The work that was done

was deemed adequate for a PhD level.

1.10. Organisation of the research dissertation
This dissertation is organised as follows.

» Chapter one: Introduction
This chapter introduces a laboratory study on the medicinal plants used to treat and manage diabetes and other
cardiovascular diseases. In this introductory chapter, the rationale for this study is explained and an overview
of the dissertation is provided. The chapter starts by presenting the context within which this study was
conducted as well as the researcher's background. It then proceeds to explain the rationale and objectives of
the study. The theoretical background used in this study is presented. Finally, an overview of how the study
was conducted is provided.

» Chapter two: Literature review (paper I)
This chapter presents a review article titled: A review on selected African medicinal plants with effective in
the management of type II diabetes mellitus. It was published in ACTA Scientific Pharmaceutical Sciences,
3(8), 2019.

» Chapter three: Objective 1 (paper II)
In this chapter the first objective is listed. A published paper is included. It is titled: he in vitro evaluation of

some South African plant extracts for minimum inhibitory concentration and minimum bactericidal
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concentration against selected bacterial strains, and was published in the International Journal of Scientific
and Research Publications, 9 (7), 2019.

» Chapter four: Objective 2 (paper III)
This chapter presents findings from the second objective. A manuscript was published in February 2020. Its
title is: The evaluations of cytotoxicity and anti-inflammatory effects of selected South African medicinal
plants against C2C12 cells and RAW 264.7 cells. The manuscript was published in the International Journal
of Scientific and Research Publications, 10(2). 2020.

» Chapter five: Objective 3 (paper IV)
This chapter presents the third and final objective of this study as well as a manuscript that has been submitted
to a journal for consideration. This chapter focuses on the estimation of the preliminary screening of
phytochemicals, phenolic content, flavonoid content, antioxidants and alpha-amylase inhibitory activities of
the selected South African plant extracts for medicinal purpose. The manuscript was accepted by International
Journal of Pharma and Bio Sciences (in press).

» Chapter six: Conclusion and recommendations
In this chapter the conclusions that were derived from the findings of this study on the use of traditional
medicine for the treatment and management of diabetes and other cardiovascular diseases are presented. The
conclusions are based on the plant biological activities analysed in this study. The implications of these

findings and the resultant recommendations are explained.

1.11. Summary
South Africa is home to thousands of plant species, and each species has unique and beneficial bioactive

compounds (Street & Prinsloo, 2013). The use of medicinal plants in ATM practice is due to affordability as
compared to conventional drugs; most importantly ATM has been reported to have less side effects
(Mahomoodally, 2013). Furthermore, it is imperative to validate medicinal plant safety and efficiency in order
to contribute data on their safety for human use within ATM (Ngcobo et al., 2011). This study highlights in
vitro biological activity determined from the selected medicinal plants. The following activities were validated:
antimicrobial, phytochemicals, total phenolic content, total flavonoid content, antioxidant, and alpha-amylases.
In addition, the cytotoxicity of medical plants was validated together with anti-inflammatory capabilities.
Interesting, plant species exhibited good antioxidant, anti-inflammatory and antidiabetic properties thus have
the potential to be used in the treatment and management of diabetes. Chapter two covers a review article
published in ACTA Scientific Pharmaceutical Sciences. The manuscript focuses on selected South African

plants with effectiveness in the management of Type II diabetes mellitus.
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CHAPTER TWO: LITERATURE REVIEW (PAPER 1)

In this chapter a review of related literature on the selected South African plants, and their use in treatment and
management of diabetes type II, within African traditional medicine, are presented and discussed. The selected
medicinal plants are FEuclea crispa (leaf), Euclea natalensis (leaf), Schkuhria pinnata (leaf), Ziziphus
mucronata (leaf), Ziziphus mucronata (fruits), Lippia javanica (leaf), Vernonia oligocephala (leaf),

Clerodendrum myricoides (leaf), and Erythrina lysistemon (leaf).

A literature review for this chapter was published as a journal article. The details are as follows.
Paper 1 Nkala BA., Mbongwa HP., Qwebani-Ogunleye T. (2019). A review on selected African
medicinal plants with effectiveness in the management of type II diabetes mellitus. Acta

Scientific Pharmaceutical Sciences, 8 (3): 47-54.
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Abstract

Type II diabetes mellitus is a metabolic disorder characterised by hyperglycaemia due to a defect in insulin production and/or

resistance by the cells. Bioactive compounds with antidiabetic, antioxidant and anti-inflammatory properties are potential

solutions towards the management of type Il diabetes mellitus. Bioactive compounds, which naturally occur in medicinal plants,

such as antioxidants, play a vital role in scavenging free radicals. Free radicals are naturally formed in the body and play a pivotal

role in many normal cellular processes. However, at high concentrations, free radicals can be hazardous to the body and damage all

major components of cells, including DNA, proteins, and cell membranes. The damage to cells caused by free radicals, especially the

damage to DNA, may play a role in the development of cancer, neurodegenerative disorders, cardiovascular diseases, diabetes and

other chronic health conditions. Therefore, it is anticipated that increased knowledge of plants with hypoglycaemic, antioxidant

and anti-inflammatory activity will not only impact, but also revolutionize phytomedicine industrial and pharmaceutical processes.

This review will look into the investigation of plants used for the treatment and management of diabetes type II.

Keywords: Antidiabetic; Antioxidant; Anti-Inflammatory; Hypoglycaemic and Natural Products

Introduction

Type 11 diabetes mellitus (T2DM)is a metabolic disorder

characterised by hyperglycaemia due to a defect in

insulin production and/or resistance by the cells. In the past
decades (34 years from 1980 to 2014), has witness global
prevalence of T2DM jumped a staggering 314 million cases from
108 million to 422 million according to a study done by the World
Bears., et al. [2] estimated that T2DM

would increase from 4.0% in 1995 up to 5.4% in the year 2025. In

Health Organisation [1].

South Africa, the prevalence of T2DM in adults is on the rise too.
In the short space of 9 years T2DM prevalence increased from
5.5% in

2000, to 9.0% in the year 2009 [3].

The effects of T2DM is further observed with the economic
devastation experienced by the suffers of diabetes whom
on average R9,000 higher hospitalisation costs as compared
to the non-diabetic in in 2009 as reported by Ncube-Zulu
and Danckewert [4], in their study that reported R27, 000 (2,250
USD) per hospitalisation compared to R18, 000 (1,500 USD) for
non- diabetic patients. This is the global context where the total
health expenditure is projected to be between 1.1 to 2.0 billion
USD in
2030 [5].

are not

Moreover, the current conventional drug therapies
the
exacerbating the problem is the various associated adverse

completely effective in T2DM management,

effects of these therapies currently in usage [6].
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The search for alternative therapies to address such challenges
is therefore imperative [7]. Plants used for their medicinal
properties in fight against T2DM have shown to be able to
alleviate one or more symptoms. A total cure for the disease still
eludes the medical fraternity [8]. Medicinal plants have also
showed to be effective in delaying complications of the diseases
and rectifying metabolic abnormalities. The use of plants for
medicinal purposes has the advantage of having none or few side

effects [9].

Natural products continue to play a significant role in drug
discovery and development. Plants are recognised as a useful
source of highly biological active drugs for the treatment
of various ailments. Thus, promising plants should continue to be
fractionated and evaluated for their efficacy and toxicity potential;
especially in the local context. South Africa boasts a rich fauna and
flora kingdom and much success has already been reported in
human and animal practise involving the tapping into the
potential of using plants for their medicinal
[10,11].

helminthic activity, anti- malarial activity, anti-diarrhoeal activity,

properties
These include the treatment of infections, anti-

anti-cancer activity and antidiabetic potential [12,13].

According to the World Wild Fund (WWF), South Africa’s
Western Cape is more botanically diverse than the richest tropical
rainforest in South America, including the Amazon. It contains
3.0% of the world’s plant species and 20% of Africa's. Of the more
than
8,500 fynbos species, nearly 6,000 of them are endemic [14]. Very
few of these plants have been explored for their phytochemicals
and pharmacological potential so the chances of finding plants
with medicinal purposes definitely exists [15]. Furthermore,
bioactive compounds with anti-inflammatory, antioxidant and
antidiabetic properties are potential solutions towards the

management of T2DM.
Medicinal plants

Medicinal plants serve as important sources of pharmaceutical,
cosmetic and traditional medicine [16]. However, their use in
these industries has declined since the discovery of synthetic
drugs and their production at a larger scale. Interestingly, despite
this decline it is important to note that, half of these synthetic
drugs are of natural origin are synthesized using chemical
characteristics and structure derived from their natural
counterparts, thereby, highlighting the importance of medicinal

plant’s role in drug

48
discovery [17]. Medicinal plants play an important role in

providing promising solutions for the treatment and management
of certain diseases [18]. The use of medicinal plants in drug
discovery by the international community is expected to increase,
as more literature, focusing on their safety and efficacy, becomes
available [18].

While the global community tries to come to terms with the use
of plants for medicinal use. The use of traditional medicine
practices has been entrenched in cultural practice throughout
developing countries [19]. WHO [20] estimated that 75% of South
Africans rely on traditional medicine as the primary treatment for
their healthcare needs. The use of medicinal plants in the South
African traditional medicine context can be traced back thousands
of years through cave drawings [21]. The harvesting of these
plants has led to the establishment of shops and ultimately growth
of commercial trades, which include healing, therapeutic and
spiritual purposes. The informal trade of these plants are boosted
as the adoption of the use of traditional medicines in urban
settings continues [22]. Liu and Wang [23] have estimated that
approximately 85,0000 plant species are used globally. Essentially,
in the United States represents 35% of this market, followed
closely by Europe that encompasses Germany, France, UK, Italy
and Scandinavia, with 33%. Africa contributes less than 1% to the
market (USD 520 million) [24].

Herbal medicine in the global market from African

Only a few of these plants have been used for herbal medicine
in Africa make their way onto the global market. These plant
species include Agathosma betulina (Buchu), Aloe ferox (Cape aloe),
Aspalathus linearis (herbal tea), Herpagophytum procumbens
(devil's claw), Hypoxis hemercollidea (African potato), Merwilla
natalensis (Scilla natalensins
(Umckaloabo),

aethiopicus

planch), Pelargonium sidoides
Sclerocarya  birrea
(wild  ginger)

(cancer bush) [15]. Interestingly, these species contain among

(marula), Siphonochilus

and  Sutherlandia  frutescens

other things antioxidant, anti-inflammatory and antidiabetic
properties; of which are essential constitute for the treatment and
management of diabetics and other cardiovascular disease. In a
review by Street and Prinsloo [15] detailed on phytochemicals and
bioactivity of these commercially use medicinal plants. It is
antioxidant

the

evident that certain plants possess antidiabetic,

and anti-inflammatory properties; of which is key

towards the treatment and management of certain diseases.
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Inflammation has been defined as a major factor for

the progression of various chronic diseases/disorders,
including diabetes, cancer, cardiovascular diseases etc. [25]. The
production of free radical from different biological and
environmental sources are due to an imbalance of natural
antioxidants which further leads to various inflammatory
associated diseases [26]. It has been observed that natural
compound based antioxidant and anti-inflammatory have gain
momentum for the preventive role in protecting against the
based

antioxidants and anti-inflammatory are one of the more valuable

generation of free radicals and therefore natural
therapeutic agents to reduce the illnesses triggered by oxidative
stress [27].

The use of plants is motivated by their affordability,
beliefs

that certain communities have. Essentially, the following factors

availability and most importantly by the remedial
need to be taken into considerations when dealing with plants
such as the right time for harvesting, collection and use, does not
address critical concerns such as safety, efficacy and the mode of

action; which is not thoroughly understood.
Aetiology of type II diabetic mellitus

T2DM is one of the top six leading causes of diseases in the
world and it accounts for death of approximately 1.6 million
people in 2015 [1]. T2DM results from the inability of the
pancreas to produce insulin or the inability of the body’s
metabolic system to use the insulin produced. Various pathogenic
processes are involved in the development of diabetes.
These range from autoimmune destruction of the (3-cells of the
pancreas in insulin deficiency to abnormalities that result in
resistance to insulin action [28]. The cause of diabetes is not
thoroughly understood, however, it is believed that it is
associated with various factors such as - genetics bad dietary
habits, obesity and the adoption of a sedentary lifestyle. The
disease is noticeable from the first stage, which is an increase in
glucose or hyperglycaemia. This is due to the body being unable to
metabolise sugar and other dietary substance like lipids and
proteins and will lead to disorders affecting almost all of the body
[29]. Diabetic patients are prone to develop chronic illness
retinal and renal

resulting in neurological, cardiovascular,

complications, which may lead to premature death [30].

49
The management of type II diabetes mellitus

Daily management of T2DM

Daily management of T2DM involves, among other things, the
control of blood glucose levels, which should be between 4.0 to 6.0
mmol/L [28]. Primarily lifestyle interventions are used for T2DM
management, but if these lifestyle interventions fail to control
blood glucose levels then it becomes crucial to consider
pharmacological treatment. Essentially, the following therapies
should be considered namely: - taking insulin injections,
administering oral medication, following a healthy diet, being
physically active, controlling blood pressure levels (i.e. should be
kept below 130/80mmHg) and controlling cholesterol levels (i.e.
5 mmol/L or less) [31]. In addition to diabetic medication, one
should consider interventions such as making healthy choices,
being physical active, controlling blood pressure and controlling

cholesterol levels [20].

Drug treatment

The initial and standard drug that is used for the treatment of
type 2 diabetes in adults is metformin. In some instances,
metformin is contraindicated or not tolerated. The following drugs
are considered namely: - a dipeptidyl peptidase-4 (DPP-4)
inhibitor or pioglitazone or a sulfonylurea [32]. It is imperative to
exercise caution when prescribing pioglitazone, when a person is
at high risk of the adverse effects of the drug. The reason being,
pioglitazone is associated with an increased risk of heart failure,
bladder cancer and bone fracture [33]. Metformin can also be used
in conjunction with insulin injection or added, especially when
glycaemic targets are not met. In order to control glycaemic bolus

insulin can be used, since it is rapid-acting analogues [34].

The management of T2DM is a global concern and it has been
observed that available therapy is not being tolerated by patients
due to side effects mentioned here above. The side effects can of
serious concern such as liver problems, lactic acidosis and
diarrhoea [35]. Interestingly, the available therapy is mainly
responsible for the improvement insulin sensitivity, increasing
insulin production and decrease the amount of glucose in the
blood.

However, side effects are not satisfactory and it is imperative to
investigate on natural compounds for the treatment of T2DM,

of which is believed to have lesser adverse effects [36].
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Alternative treatment

The conventional drugs that are used for the management of
diabetes have been observed to have some adverse effects.
Therefore, it is vital to investigate alternative therapies that have
less or no side effects and which are effective in the management
of diabetes. Some medicinal plants have been demonstrated to
have lesser side effects and have ability to treat various diseases
[37].
medicinal plants that have anti-hyperglycaemic activities have

Moreover, natural bioactive compounds isolated from
been confirmed experimentally [38]. Bioactive compounds that
are associated with antidiabetic effects are glycosides, alkaloids,
citric acid, malic acid, polyterpenes, cyanhidric acid, essential oils,
allicine, nerolidol, pectins, terpenoids, flavonoids, carotenoids,
sterols, triperpenes and protein (bixine) [12]. Medicinal plants
have been used in ancient times throughout the world for the
management of T2DM [39].

It has been noted that, the use of medical plants in

the developing countries has gained momentum, whereby
many people do not have access to conventional antidiabetic
therapy. Essentially, it is not only about the affordability of a
convectional drug, but the cost of transport to the nearest health
care facilities plays a role in making convectional drug
issues [40]. The

shown interest in the investigation of

unaffordable among other developed

countries have also
antidiabetic herbal remedies as an alternative therapy. It is
believed that they are motivated by factors such as adverse
reactions, high secondary failure rates and cost of conventional
drugs [41]. Furthermore, WHO has endorsed the use of medicinal
plants for the management of T2DM and further recommended
research on the evaluation of

more hypoglycaemic/

hyperglycaemic properties of diverse plant species [42].

The mechanism of action is not thoroughly understood,
however, natural plants have been observed to restore pancreatic
tissue by causing an increase in insulin output or decrease in the
intestinal absorption of glucose. Essentially, treatment with plants
has been observed to protect B-cells and smoothing out
fluctuation in glucose levels. The other possible mechanism of
action that has been reported is the inhibition of a-glucosidase
and o-amylase, the effects on glucose uptake and glucose
transports, the enhancement of insulin secretion and
pancreatic B-cell proliferation, the inhibition of protein tyrosine
phosphate 1B activity and antioxidant activity have been studied

in depth [43].

50
For the purpose of the broader study, plants will be

investigated for antidiabetic, antioxidant and anti-
inflammatory properties. Essentially, the purpose of this review
reflects on the selected African medicinal plants that has been
reported by healers and herbalist to be used in the treatment of
diabetes. It is imperative to note that not all of these plants are
scientifically validated for their use in the traditional medicine
practices. However, few of these plants have been reported for
their phytochemistry, bioactivity; and most importantly for their

use in the treatment and management of diabetes.

Lippia javanica (The lemon bush tea/or fever tea)

Xhosa people use it to disinfect meat that has been
contaminated by anthrax. It has been reported to be used in
various traditional medicine such as have further reported this
plant to be used for the treatment of various ailments including
diabetes, fever, cough, bronchitis and influenza. L.

alkaloids,

terpenoids, flavonoids, tannins and saponins. It is important to

Jjavanica
consists of the following phytochemicals sterols,
note that nothing has been reported on bioactivity of this plant in
literature [44,45].

Euclea natalensis (Natal guarri)

It has variety of traditional remedies such as to treat worms,
stomach disorders, toothache, headache, chest complaints pleurisy,
urinary tract infections, venereal diseases, schistosomiasis,
dysmenorrhoea and for scrofulous swellings, abnormal growths
on skin and leprosy. Furthermore, Deutschldnder., et al. [12]
reported that this plant is used by Venda herbalist for the
treatment of diabetes. The phytochemicals and bioactivity of this

plant was reported on the review by Deutschlander., et al. [12].

Schkuhria pinnata (Dwarf marigold)

S. pinnata have been used as a bactericide in open wounds, to
treat acne, malaria and inflammation, and as a blood purifier and
diuretic. In addition to this, this plant is used by traditional healers
and herbalist in Ga-Rankuwa, Gauteng to treat diabetes.
The phytochemicals and activity of S. pinnata has not been

reported on in literature [12,46].

Clerodendrum myricoides (Blue cat’s whiskers)

It has numerous medicinal uses ranging from the treatment of
snakebites, reduce bodily swellings, relief indigestion, to treat
colds, chest pains and headaches, as well as being applied to

bleeding gums. In addition to this, C. myricoides has been reported
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to be used for the treatment of impotence. Impotence is defined as
one the manifestations of autonomic neuropathy in diabetes.
Nothing has been reported on phytochemicals in C. myricodes,
except on its family (Verbernaceae) reported to have various
compounds such as anthraquinines, terpenes, steroidal saponins,
alkaloids and flavonoids. Furthermore, nothing has been reported
on C. myricodes bioactivity except for Clerodedrum genus [47].

Euclea crispa (Blue guarri)

It is used for stomach disorders, measles, coughs and
constipation. It has been further reported to be taken orally as a
remedy for diabetes and also prevents rheumatisms and epilepsy
[47]. According to our knowledge nothing has been reported on E.

crispa phytochemicals or bioactivity in literature.

Ziziphus mucronata (Buffalo thorn)

It has various medicinal uses per each region and the most
common one is to treat boils, swollen glands, wounds and sores.
The decoction of Z. mucronata has been reported to be used in the
The
confirmed antidiabetic activity of Z mucronata. Furthermore,

treatment of diabetes. invivo studies conducted have
phytochemicals such as alkaloids was reported in this plant
[12,48].

Vernonia oligocephala (Bicoloured-leaf vernonia)

The medicinal use for this plant is used to relief of stomach
ache reliever which is taken a tonic. The phytochemicals that has
been identified from V. oligocephala are flavonoids, glycoside,
polyphenols, saponins and steroids. In Eastern and West Cape
Province this plant has been reported to be used for treatment of

diabetes by traditional healers [49].

Erythrina lysistemon (Coral tree)

The bark is used to treat sores, wounds, abscesses and
arthritis. Furthermore, the leaves infusions are used as ear drops
to relieve earache, and decoctions of the roots are applied to
sprains. E. lysistemon poses the following phytochemicals flavones,
isoflavones, isoflavanones, alkaloids, pterocarpans phenolic
acids. Essentially, the bioactivity of these phytochemicals have
been validated. Nothing has been reported for the treatment of
diabetes for this plant, however, it is promising plant due to its

phytochemicals identified [50].
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Conclusion

Type Il diabetes mellitus (T2DM) is a major endocrine disorder
and its growth or prevalence is ascribed to a number of factors
that include but are not limited to obesity, social structure,
hormonal imbalance, and hereditary. The use of medicinal plants
has been observed since the ancient time for the treatment of
various diseases. Essentially, medicinal plants have been noted to
have lesser side effects; hence, the need to explore rich and
potential plants with antidiabetic activity became necessary.
The poor management of the diabetes can lead to neurological,
cardiovascular, retinal and renal complications. Medical plants
with antidiabetic, antioxidant and anti-inflammatory activities
are essential for the management of diabetics and other related
cardiovascular diseases. However, from our review, it is apparent
that plants possess essential compounds to fight diseases such
antidiabetic, antioxidant and ant-inflammatory properties. Certain
medical plants have shown to have hypoglycaemic effects and can
be used for the treatment of type of secondary complications of
type II diabetes mellitus. Researchers have reported on the ability
of plant to treat and manage T2DM, however, it is imperative to
understand the exact mechanism of action of medicinal plants

with antidiabetic and insulin mimetic activity.

Antioxidants have been demonstrated for their ability to
scavenge free radical and this have served a key element towards
the prevention and treatment of disease associated with oxidants
or free radicals. It is important to note that antioxidants are
derived from food and medicinal plants; of which more research
have been focusing on them for various nutritional function and
health benefits. The availability of antioxidants varies from plants
to plants that is why it is imperative to investigate plants broadly
in search for potential plants species. The ability of medicinal
plants to possess anti-inflammatory properties have been

explored.

T2DM has been observed to be a global concern, of which
affecting large population. It is associated with decreased insulin

production or resistance towards its action. Medicinal

plants ability to treat diabetes patients, both insulin dependent
and non- insulin dependent diabetes has been widely reported.
justified the role of medicinal

Recent developments have

plants for the management of diabetes, however, it would
be unwarranted to assure that all plants can be blindly used

in diabetic patients.
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Medicinal plants with promising antidiabetic, antioxidant and
anti-inflammatory effect will need to be further validated for toxic
effects, herb-drug interaction etc. In our future studies, selected
plants will be evaluated for their cytotoxic effect, antidiabetic,
antioxidant and anti-inflammatory properties and moreover,
the minimal inhibitory concentration and minimal bactericidal
concentration will also be studied. Therefore, it is anticipated that
increased knowledge of plants with hypoglycaemic, antioxidant
and anti-inflammatory activity will not only impact, but also
industrial

revolutionize phytomedicine and pharmaceutical

processes.
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CHAPTER THREE: OBJECTIVE ONE (PAPER II)

In this chapter an in vitro evaluation of some South African plant extracts for minimum inhibition concentration
and minimum bactericidal concentration against selected bacterial strains is presented and discussed. The ability
of eight selected South African plants was evaluated for their antimicrobial activity against Escherichia coli,

Pseudomonas aeruginosa, Staphylococcus aureus, and Enterococcus faecalis.

The results of the in vitro evaluation were published in a journal.

Paper 11 Nkala BA., Mbongwa HP., Qwebani-Ogunleye T. (2019). The in vitro evaluation of some South
African plant extracts for minimum inhibition concentration and minimum bactericidal
concentration against selected bacterial strains. International Journal of Scientific and Research

Publications, 9 (7): 996-1004
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ABSTRACT

Bacterial infections are one of the world’s most pressing public health problems. The major challenge in anti-bacterial treatment is
the development of antibiotic resistant bacterial strains. This then reduces the number of drugs available for treating bacterial
infections. In this study, antimicrobial activity of nine South African crude plant extracts were investigated for the first time
against Escherichia coli (E.coli), Pseudomonas aeruginosa (P. aeruginosa), Staphylococcus aureus (S. aureus) and Enterococcus
faecalis (E. faecalis). The minimum inhibitory concentrations of the crude plant extracts were determined. Four plant extracts
showed good inhibition effects against all four bacteria used which are Lippia javanica (0.25+0.00 to 1.13+£0.29 mg/ml); Ziziphus
mucronata leaf (0.44+0.00 to 1.00+£0.00 mg/ml); Erythrina lysistemon (0.44£0.00 to 1.08+0.00 mg/ml) and Schkuhria pinnata
(0.5£0.00 to 1.34+£0.00 mg/ml). Similarly, gentamycin (positive control) had inhibitory effects ranged from 0.92+0.29 to
2.00+0.00 mg/ml against all four bacteria used. For the bactericidal effects, four plant extracts that showed bactericidal effects
against three bacteria used (E.coli, S. aureus and E. faecalis). The plant extracts are Lippa javanica (0.25+0.00 to 1.00+0.00
mg/ml); Ziziphus mucronata leaf (0.25+0.00 to 2.00+£0.00 mg/ml); Erythrina lysistemon (0.5+£0.00 to 2.00£0.00 mg/ml) and
Schkuhria pinnata (0.5£0.00 to 2.00£0.00 mg/ml. Furthermore, none of the plant extract showed bactericidal against P.
aeruginosa. The results of this study suggests that four plants that demonstrated inhibition effect and bactericidal effects which
supports their used in the traditional medicine treatment of various ailments.

Keywords: bacterial infections, antimicrobial activities, pathogens, inhibition, bactericidal.

1.0 INTRODUCTION

Bacterial infections are caused by pathogenic microorganisms that have the ability to cause diseases in humans (Alberts et
al.,2002; Ryan et al., 2014). Not all bacteria are pathogenic, the ones that are pathogenic are responsible for causing diseases in
humans. The most prominent pathogenic microorganism is Mycobacterium tuberculosis which is responsible for the highest
tuberculosis burden in humans; and accounts for about 2 million deaths per year, mostly in sub-Saharan Africa (Chan et al., 2013;
Ryan et al., 2014). Another globally important genera of pathogens are Streptococcus and Pseudomonas which are responsible for
diseases such as pneumonia. Genera such as Shigella, Campylobacter and Salmonella are mainly responsible for foodborne
illnesses. In addition to this, they can further cause infections such as tetanus, typhoid fever, diphtheria, syphilis and leprosy (Ben-
Noun, 2009; Chan et al., 2013).

The increase of antimicrobial resistance is a global concern. It is characterised by multidrug-resistance which is mainly caused by
gram-negative bacteria (Exner et al., 2017). This is due to genetic mutations and can also be triggered by misuse of antimicrobial
drug prescriptions (Mwambete, 2009). Gram-negative strains that contribute towards multidrug-resistance have been reported and
these include, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, Enterobacter spp and Escherichia coli
(Exner et al., 2017). Although more attention has been focused on multi-drug resistance (MDR) associated with gram- negative
bacteria, and gram-positive antimicrobial resistance are also a serious concern (Doemberg et al., 2017). For example, methicillin-
resistant Staphylococcus aureus (MRSA) is a typical example that has raised increased global concern as a cause of community-
acquired and healthcare-associated infection. = Gram-positive organisms including bacteria of the genera
Staphylococcus, Streptococcus and Enterococcus, are among the most common bacteria causes of clinical infection (Johnson ef al.,
2005; Klevens et al., 2007). The substantial increase in the drug resistance of antibiotics in recent years poses an ever-increasing
therapeutic challenges.
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The organisms play a pivotal role in developing resistance to antibiotics. However, patients are also partly responsible for
antibiotic resistance due to overuse, misuse, and/or lack of adherence to the prescription, failure to complete the course which has
led to ever-increasing levels of resistance to antibiotic treatment (Franco et al., 2009; Prestinaci et al., 2016). Drug resistance has
become particularly problematic in recent times because of the slow pace at which novel antibiotics are being discovered while
antibiotic use continues to rise (Li and Webster, 2018). Due to the prevalence of microbial resistant strains, there is a need to focus
on the plant species that show antimicrobial activities. The identification of plant species with antimicrobial properties is of great
importance for therapeutic treatment of patients (Artizzu et al., 1995; 1zoo et al., 1995; Eloff, 1998; Selvamohan ef a/.,2012).

It is important to evaluate the ability of plant extracts to inhibit the growth of known pathogenic microorganisms. The general
method used by most investigators is agar diffusion assay for the determination of microbial activities (Nascimento et al., 2000;
Al-Hussainin and Mahasneh, 2009). For the interest of this study, a sensitive and quick microplate method previously described by
Eloff (1998) was used. This method is useful when investigating extracts with unknown components. Furthermore, this technique
addresses shortfalls that have been observed on the agar diffusion; such as microbial effects may be inhibited by extrinsic factors
or contamination (Marsh and Goode, 1994). Moreover, this method clearly distinguishes between bactericidal and bacteriostatic
effects and it can determine minimum inhibitory concentration (Eloff, 1998). In addition, the minimum bactericidal concentration
can be defined as the lowest concentration that can kill any visible bacterial growth (Sen and Batra,2012).

2.0 METHODS AND MATERIALS

2.1 PLANT COLLECTION AND EXTRACTION

Plant species (n=9) were collected from Walter Sisulu National Botanical Gardens in South Africa, in February 2017 (see Table 1
here below). The voucher specimen is held at Walter Sisulu National Botanical Gardens herbarium. The plant material was air-
dried in a well ventilated room. After drying, the plants were ground into fine power and stored away from light at room
temperature.
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Table 1: Eight plant species with accession numbers and voucher specimen numbers use in this study.

DERIRES NAME FAMILY PART ACCESSION VOUCI;?)%I?;‘CSTP;:]S IMEN
NUMBER
DATE NUMBER
1 Euclea crispa Ebenaceae Leaf 24/1982 11/10/1982 24, Behr, CM
2 FEuclea natalensis Ebenaceae Leaf 178/1987 10/6/1987 479; Steel, B.S
3 Schkuhria pinnata | Asteraceae Leaf N/A N/A N/A
4 Ziziphus Rhamnaceae Leaf 36/1982 15/10/1982 39; Behr, C.M
mucronata
5 Ziziphus Rhamnaceae Fruit 36/1982 15/10/1982 39; Behr, CM
mucronata
6 Lippia javanica Verbenaceae Leaf 16/2014 22/1/2014 28; Kondlo, M
7 Vernonia Asteraceae Leaf 268/2013 12/05/2013 29; Hankey, A.J
oligocephala
8 Clerodendrum Lamiaceae Leaf 11/1987 2/2/1987 367, Steel, B.S
myricoides
9 Erythrina Fabaceae Leaf 21/1982 7/10/1982 22; Behr, C.M
lysistemon

2.2 Preparation of crude extracts for biological assays

The ground plant extracts (leaves and fruit) were extracted with 90% methanol (1 g/10 ml) in clean honey jars and vigorously
shaken for 3 hours. The crude extracts were filtered through Whatman No.1 filter paper and dried at room temperature under a
stream of cold air. The crude extracts were reconstituted in methanol, dichloromethane and acetone at a concentration of 10 mg/ml
for all assays.

2.3 Bacterial strains

The antimicrobial activities of the plant extracts were tested against gram-negative bacteria [Escherichia coli (NCTC10538) and
Pseudomonas aeruginosa (ATCC27853)] and gram-positive bacteria [Staphylococcus aureus (NCTC10538) and Enterococcus
faecalis (ATCC29212)]. These bacterial strains were donated by the Pearson Institute of Higher Education, South Africa and the
University of Pretoria Paraclinical Department. The bacterial strains were continuously maintained in nutrient agar and Mueller-
Hinton agar sub-cultured weekly in order to ensure that fresh cultures were used each time for an inoculum preparation.

2.4 Determination of minimal inhibitory concentration (MIC)

Minimal inhibitory concentrations (MIC’s) were determined using the microplate dilution method developed by Eloff (1998).
Methanol (MeOH) crude plant extracts were re-dissolved in 50% distilled water and 50% solvent, namely MeOH,
dichloromethane (DCM) and acetone (AC) to a concentration of 8 mg/ml. One hundred microliters (100 pl) of dissolved plant
extract and a positive control, gentamicin (Sigma-Aldrich, Cat No, 1405-41-0) were serially diluted with distilled water in a 96
well plate. Bacterial suspension (100 pl), standardised to McFarland standard No. 0.5, was added to each well. The following
concentrations of plant extracts were used in these experiments: 2, 1, 0.5, 0.25, 0.125, 0.062, 0.031 and 0.015 mg/ml respectively.
Sealed plates were incubated at 37°C for 24 hours. To indicate growth, 40 pl of p-iodonitrotetrazolium violet (INT) (Sigma-
Aldrich, Cat NO. 18377), was dissolved in distilled water and added to the microplate wells were incubated at 37°C for 30-45
minutes. The presence of bacterial growth was observed as a pink/red colour, and clear wells indicated the inhibition of bacterial
growth by the plant extract. The extract dissolving solvents (MeOH, DCM and AC) were used as negative controls and
gentamicin served as a positive control (50 pg/ml). The assay was performed in quadruplicates and repeated three times.

2.5 Determination of minimal bactericidal concentration (MBC)

Minimal bactericidal concentration (MBC) was recorded as the lowest concentration of the crude plant extract that killed 100% of
the test organisms. MBC was determined by adding 50 pl aliquots of the serial dilution which did not show any visible growth
after incubation in the MIC assay, and 50 pl of INT, to 100 pl of Muller-Hinton broth. The plates were incubated at 37°C for 24
hours. The presence of bacterial growth was indicated by a pink/red colour, and clear wells indicated the inhibition of bacterial
growth by the plant extract. The lowest concentration indicating inhibition of growth was recorded as the MBC.
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2.6 STATISTICAL ANALYSIS
The assay was performed in quadruplicate and repeated three times. All data was expressed as mean and standard deviation using
S Excel 2013 and ANOVA GraphPad Prism 5.

3.0 RESULTS

Antimicrobial effects of eight plant species were evaluated in terms of their ability to inhibit growth of the selected bacterial
strains. Eight plant parts were screened and found to be active against one or more of bacterial strains used (see Table 2). There
was no significant difference observed between the solvents used in reconstitution of the extracts. For the results interpretation, an
inhibition effect below 1 mg/ml was considered to be a good activity effect and anything above 1 was considered as moderate
activity. Essentially above 2 mg/ml was not considered active effect in this study.
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Table 2: Minimal inhibitory concentration of eight plant species expressed in mean and standard deviation.

E. coli P. aeruginosa S. aureus E. faecalis
Plant Species Plant part | Solvent (mg/ml) (mg/ml) (mg/ml) (mg/ml)
Mean+ SDV Mean+ SDV Mean+ SDV Mean+ SDV
Leaf MeOH 1.75+0.00 2.00£0.00 1.67+0.00 1.6320.00
Euclea crispa
DCM 1.75+0.00 2.0040.00 1.60+0.58 1.4440.00
EA 1.28+0.00 1.50+0.71 1.34+0.00 1.3840.00
Leaf MeOH 1.25+0.00 1.00£0.00 1.3320.00 1.1240.00
Euclea natalensis
DCM 1.75+0.00 2.0040.00 1.60+0.58 1.55+0.58
EA 1.38+0.00 2.00£0.00 1.4120.00 1.4320.00
leaf MeOH 1.00+0.00 1.25+0.00 1.25+0.58 1.3440.00
Schkuhria pinnata
DCM 1.00=0.00 1.2540.00 1.1020.00 1.1320.58
EA 0.50+0.00 0.63+0.00 0.74+0.58 0.94:+0.00
leaf MeOH 0.50+0.00 0.63+0.00 0.82+0.58 0.83+0.00
Ziziphus mucronata
DCM 1.00=0.00 0.88+0.00 0.84+0.00 0.82+0.00
EA 0.50+0.00 0.44+0.00 0.61+0.58 0.67+0.00
fruit MeOH 1.00+0.00 0.50+0.00 1.15+0.00 0.98+0.00
Ziziphus mucronata
DCM 1.75+0.00 2.0040.00 1.60+0.58 1.55+0.58
EA 1.50+0.58 2.00+0.00 1.3120.00 1.06+0.00
leaf MeOH 0.25+0.00 0.50+0.87 0.5320.00 0.4940.00
Lippia javanica
DCM 0.50+0.00 1.13+£0.29 1.11+0.58 1.03+0.29
EA 0.50+0.00 0.50+0.29 0.4320.00 0.50+0.87
leaf MeOH 1.06+0.87 1.0040.00 1.26+0.00 1.26+0.58
Vernonia oligocephala
DCM 1.2520.00 1.00£0.00 1.25+0.58 1.3440.00
EA 1.75+0.00 2.0040.00 1.67+0.00 1.63+0.00
leaf MeOH 1.75+0.00 2.0040.00 1.52+0.58 1.4940.58
Clerodendrum myricoides
DCM 1.2520.00 1.00£0.00 1.17+0.58 1.1740.58
EA 1.75+0.00 2.0040.00 1.67+0.00 1.63+0.00
leaf MeOH 1.00+0.00 0.88+0.00 0.91+0.58 1.0840.00
Erythrina lysistemon
DCM 0.50+0.00 1.0040.00 1.00£0.58 1.09+0.58
EA 0.50+0.00 0.4440.00 0.50+1.01 0.5240.00
. MeOH 1.7520.00 2.00£0.00 1.31+0.14 1.1940.00
Gentamacin
DCM 1.19+0.00 2.0040.00 1.01+0.29 0.92+0.29
EA 1.1920.00 2.00£0.00 1.21£0.58 1.1440.00

MeOH: methanol; DCM: dichloromethane; EA: ethanol; E. coli: Escherichia coli; P. aeruginosa: Pseudomonas aeruginosa; S. ureus:

Staphylococcus aureus; and E. faecalis: Enterococcus faecalis.
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3.1 Determination of minimal inhibitory concentration (MIC)

Table two lists the antimicrobial activity of all plant extracts. The following four plant extracts showed good antimicrobial activity
against all four bacteria used which are Lippia javanica (0.25+0.00 to 1.13+£0.29mg/ml); Ziziphus mucronata leaf (0.44+0.00 to
1.004+0.00 mg/ml); Erythrina lysistemon (0.44+0.00 to 1.08+£0.00 mg/ml) and Schkuhria pinnata (0.5+£0.00 to 1.34+0.00 mg/ml).
Furthermore, it can be seen that the other five plant extracts showed good inhibition effects against three bacterial straight which were
below 1.75+£0.00 mg/ml, except for P. aeruginosa (2.00£0.00 mg/ml). This suggests P. aeruginosa is resistance against plant extracts
used. Similarly, gentamycin (positive control) had inhibitory effects ranged from 0.92+0.29 to 2.00+0.00 mg/ml against all four
bacteria used.

3.2 Determination of minimal bactericidal concentration (MBC)

Table 3 represents minimum bactericidal effects of nine plant extracts against all four bacteria used. Interestingly, the four plant
extracts that showed inhibition effects (see Table 3) have demonstrated bactericidal effects against three bacteria used (E.coli,
S.aureus and E. faecalis). The plant extracts are Lippa javanica (0.25+£0.00 to 1.00+£0.00 mg/ml); Ziziphus mucronata leaf
(0.25+0.00 to 2.00+0.00 mg/ml); Erythrina lysistemon (0.5+0.00 to 2.00+0.00 mg/ml) and Schkuhria pinnata (0.5+0.00 to
2.004+0.00 mg/ml. Moreover, the bactericidal effects for other four plant extracts was observed to be 1.67+0.58 against F.coli, S.
aureus and E. faecalis. Essentially, no bactericidal effect was observed for Euclea crispa. None of the plant extracts used
showed bactericidal effects against P. aeruginosa. This indicates that P. aeruginosa is residence against plant extracts tested
against.
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Table 3: Minimal bactericidal concentration of nine plant extracts expressed in mean and standard deviation.

E. coli P. aeruginosa S. aureus E. faecalis
Plant Species Plant part Solvent (mg/ml) (mg/ml) (mg/ml) (mg/ml)
Mean+ SDV | Meant SDV Mean+ SDV Mean+ SDV
Leaf MeOH 2.00+0.00 2.00£0.00 2.00+0.00 2.00£0.00
Euclea crispa
DCM 2.00+0.00 2.0040.00 1.67+0.58 1.00+0.00
EA 1.00=0.00 2.00£0.00 2.00+0.00 2.00£0.00
Leaf MeOH 1.00+0.00 2.0040.00 2.00+0.00 0.50+0.00
Euclea natalensis
DCM 2.00+0.00 2.00£0.00 1.67+0.58 1.00£0.00
EA 1.00=0.00 2.00£0.00 2.00+0.00 2.00£0.00
Leaf MeOH 1.00+0.00 2.0040.00 0.25+0.00 2.00+0.00
Schkuhria pinnata
DCM 0.50+0.00 2.00£0.00 1.0020.00 1.67+0.58
EA 2.00+0.00 1.0040.00 1.00£0.00 2.00+0.00
Leaf MeOH 0.50+0.00 1.0020.00 0.2520.00 1.00£0.00
Ziziphus mucronata
DCM 2.00+0.00 2.0040.00 1.00+0.00 1.00+0.00
EA 0.50+0.00 1.0040.00 1.00+0.00 0.50+0.00
Fruit MeOH 0.50+0.00 2.00£0.00 2.00+0.00 0.5040.00
Ziziphus mucronata
DCM 2.00+0.00 2.0040.00 1.67+0.58 1.67+0.58
EA 0.50+0.00 1.0020.00 2.00+0.00 2.00£0.00
Leaf MeOH 0.25+0.00 0.50+0.00 0.25+0.00 0.50+0.00
Lippia javanica
DCM 1.0020.00 2.00£0.00 0.71£0.51 1.00£0.00
EA 1.00=0.00 0.2540.00 0.75+1.08 0.5040.00
Leaf MeOH 1.00+0.00 2.0040.00 1.67+0.58 2.00+0.00
Vernonia oligocephala
DCM 1.00=0.00 0.50+0.00 1.33£0.58 1.00£0.00
EA 2.00+0.00 2.0040.00 1.67+0.58 2.00+0.00
Leaf MeOH 2.00+0.00 2.00£0.00 1.0020.00 2.00£0.00
Clerodendrum myricoides
DCM 1.00+0.00 2.0040.00 1.50+0.87 1.67+0.58
EA 2.00+0.00 0.50+0.00 0.42+0.14 2.00+0.00
Leaf MeOH 1.00+0.00 1.00£0.00 0.50+0.43 2.00£0.00
Erythrina lysistemon
DCM 2.00+0.00 2.0040.00 1.42+1.01 0.67+0.29
EA 1.00=0.00 0.2540.00 0.19£0.11 0.5040.00
) MeOH 2.00+0.00 2.0040.00 0.25+0.33 1.00+0.00
Gentamacin
DCM 0.06+0.00 2.0040.00 0.83£1.01 0.50+0.43
EA 0.06+0.00 0.2540.00 2.00+0.00 0.5040.00

MeOH: methanol; DCM: dichloromethane; EA: ethanol; E. coli: Escherichia coli; P. aeruginosa: Pseudomonas aeruginosa; S. aureus:

Staphylococcus aureus; and E. faecalis: Enterococcus faecalis.
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4.0 DISCUSSION

The plant crude extracts were screened for their minimum inhibitory concentration and minimum bactericidal concentration using
eight different concentrations; against four pathogenic organisms. The findings of this research have shown that all plant extracts
demonstrated inhibitory effects against pathogenic organisms tested against. However, only four plant extracts showed good
inhibition effects against all three bacteria sued which are Lippia javanica, Ziziphus mucronata leaf, Erythrina lysistemon and
Schkuhria pinnata. Similarly, positive control had inhibitory effects were comparable to those plant extracts gave good inhibition
effects in all four pathogenic organisms used.

For the bactericidal effects, the four plant extracts that demonstrated good inhibition effects which are mentioned above also
demonstrated good bactericidal effects only against three bacteria used. It was observed that P. aeruginosa did not demonstrate
bactericidal effect against plant extract used.

The antimicrobial effects of plant extracts that showed inhibitory effects in our experiments are in agreement with their known
medicinal use. For example, Lippia javanica has been reported to be used by Xhosa people to disinfect meat that has been
contaminated by anthrax. In addition to that, it has been reported to be used for fever, cough, bronchitis and influenza (Van Wyk et
al., 2009; Van Wyk, 2011). Ziziphus mucronata has been reported to have various medicinal used per each region and the most
common one is to treat boils, swollen glands, wounds and sores (Palmer and Pitman 1972). Interestingly, Erythrina lysistemon
bark is used to treat sores, wounds, abscesses and arthritis. Furthermore, the leaves infusions are used as ear drops to relieve
earache, and decoctions of the roots are applied to sprains (Van Wyk et al., 1997). Lastly, Schkuhria pinnate have been used as a
bactericide in open wounds, to treat acne, malaria and inflammation, and as a blood purifier and diuretic (Bussmann et al., 2008).

In this study, four microorganisms were used as to assess the ability of plant extracts to inhibit their growth. These were gram-
negative [E. coli and P. aeruginosa] and gram-positive [S. aureus and E. faecalis]. It was observed that plant extracts
demonstrated a degree of inhibition towards both gram-negative and gram-positive bacteria. Generally, gram-negative bacteria are
resistance to most of antibiotics, mainly lipophilic and amphiphilic. This is mainly due to outer membrane in gram negative
bacteria, which excludes certain drugs and antibiotics from penetrating the cell (Miller, 2016; Mia-Prochnow, 2016). In contracts
to gram positive bacteria do not have outer membrane, so they are more susceptible to antibiotics (Verma, 2012; Mai-Prochnow,
2016).

In our findings P. aeruginosa was observed to be resistance towards most plant extracts tested. This was having been previously
reported in literature that Ps. aeruginosa has the ability to develop resistance to antibiotics rather rapidly over several generations.
Essentially, resistance strains make it difficult to treat once in a host, such as a human or other animal, is infected (Griffin ef al.,
2004). The sensitive organisms (E.coli) demonstrated to be sensitive in our findings and this is due to the fact that E. coli is well
characterised, widely available and sensitive to antibiotics (Livermore et al., 2008).

5.0 DISCUSSION

To this effect, the findings suggest that there is a great need for further development of antimicrobial agents that may contribute to
the improvement of future chemotherapeutic agents from medicinal plants. It was seen that Lippia javanica, Ziziphus mucronata
leaf, Erythrina lysistemon and Schkuhria pinnata showed a good inhibitory and bactericidal effects against bacteria used. In four
pathogenic organisms used, only P. eruginosa demonstrated some degree on resistance is certain plant extracts used. Interestingly,
E.coli was observed to be sensitive strain in almost all plant extracts tested followed by S. aureus. The plants contain
diverse class of compounds which possess biologically active agents. The plant extracts have exhibited excellent antimicrobial
activities, with minimum inhibitory concentrations comparable to those of standard drugs. The future work involves identification
of the active compounds and characterization.
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CHAPTER FOUR: OBJECTIVE TWO (PAPER I1I)

In this chapter the evaluation of cytotoxicity and the anti-inflammatory effects of selected South
African medicinal plant extracts against C2C12 cells and RAW 264.7 cells are presented and
discussed. The manuscript was published in February 2020 in the International Journal of

Scientific and Research.

Paper 111 Nkala BA., Mbongwa HP., Qwebani-Ogunleye T. (2020). The evaluation of
cytotoxicity and anti-inflammatory effects of selected South African medicinal
plants against C2C12 and RAW 264.7 cells. International Journal of Scientific
and Research Publications, 10 (2): 207 — 220.
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ABSTRACT
Medicinal plants are used in traditional medicine throughout the world. In addition to this,

certain communities consider medicinal plants to be safer than drugs and able to treat more than
one ailment. This study aimed to evaluate the cytotoxicity and anti-inflammatory effects of
Euclea crispa (leaf), Eulea natalensis (leaf), Schkuhria pinnata (leaf), Ziziphus mucronata (leaf),
Ziziphus mucronata (fruits), Lippia javanica (1eaf), Vernonia oligocephala (leaf), Clerodendrum
myricoides (leaf), and Erythrina lysistemon (leaf) in C2C12, and RAW 264.7 cells. Plants were
extracted with 90% methanol (1 g/10 ml) and diluted in distilled water to give a final
concentration of 10 mg/ml. C2C12, and RAW 264.7 cells were treated for 24 h with various
concentrations of plant extracts (10 - 1000 pg/ml). Cytotoxicity was evaluated with Alamar Blue
and crystal violet cell viability assays. RAW 264.7 cells were stimulated with lipopolysaccharide
(LPS) to produce nitric oxide (NO). Thereafter, the anti-inflammatory effect of the plant extracts
was assessed by their ability to inhibit NO production, using the Griess reagent assay. None of
the plants extracts demonstrated cytotoxic effects at the concentrations used against RAW 264.7
cells with LCso value >1000 pg/ml. However, a degree of cytotoxicity in all plant extracts
against C2C12 cells in higher concentrations was observed with LCsp <1000 pg/ml. All plant
extracts demonstrated some degree of anti-inflammatory effect. However, plant extracts
exhibited marked anti-inflammatory activities. These were Clerondendrum myricoides (35% -
89%), Lippia javanica (26% - 77%), Erythrina lysistemon (23% - 76%), Schkuhria pinnata (27%
- 65%), and Vernonia oligocephala (16% - 58%) with 1Cso value >1000 pg/ml. The present
findings suggest that these plants’ extracts may serve as a promising therapeutic agent for
inflammatory diseases and authenticates their use in traditional medicine.

Keywords: Cytotoxicity, Cell viability, Medicinal plants, anti-inflammatory, inhibition.
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1. Introduction

Medicinal plants are widely utilized in traditional medicine throughout the world (Deutschlédnder
et al., 2009; Yuan et al., 2016). Essentially, certain communities consider medicinal plants to be
safer than drugs, and able to treat more than one ailment (Pan ef al., 2013; Sofowora et al., 2013).
The selected South African plants have been reported for the treatment of numerous ailments by
the traditional healers. The plants of interest for this study were Euclea crispa (leaf), Eulea
natalensis (leaf), Schkuhria pinnata (leaf), Ziziphus mucronata (leaf), Ziziphus mucronata
(fruits), Lippia javanica (leaf), Vernonia oligocephala (leaf), Clerodendrum myricoides (leaf),
and Erythrina lysistemon (leaf) (Nkala et al., 2019a). The present study seeks to validate the
usefulness of these medicinal plants by traditional healers.

Essentially, Euclea crispa (leaf) has been reported to be used to treat stomach disorders, measles,
coughs, constipation, diabetes, rheumatism, and epilepsy (Raimondo et al., 2009). Deutschlander
et al., (2009) described the use of Eulea natalensis in a variety of traditional remedies for worms,
stomach disorders, toothache, headache, chest complaints, pleurisy, urinary tract infections,
venereal diseases, schistosomiasis, dysmenorrhoea, scrofulous swellings, abnormal growths on
skin, leprosy, and diabetes (Maroyi, 2017). Schkuhria pinnata has been reported to be useful as a
bactericide in open wounds, to treat acne, malaria, inflammation, as a blood purifier, diuretic,
and treatment of diabetes (Bussmann et al., 2008; Deutschlinder et al., 2009). Ziziphus
mucronata has been used for the treatment of boils, swollen glands, wounds, sores, and diabetes
(Deutschlander et al., 2009; Ibrahim and Islama, 2017). Interestingly, Lippia javanica has been
used to disinfect meat that has been contaminated by anthrax (Van Wyk, 2011). In traditional
medicine, Lippia javanica has been used for the treatment of diabetes, fever, cough, bronchitis,
and influenza (York, 2012; Arika et al., 2016). Vernonia oligocephala has been used for the
relief of stomach ache, and the treatment of diabetes (Amusan et al., 2007). Clerodendrum
myricoides has been reported to be used for snakebites, to reduce bodily swellings, relieve
indigestion, to treat colds, chest pains, headaches, as well as being applied to bleeding gums, and
to treat impotence (Raimondo et al., 2009). Erythrina lysistemon has been reported to be used for

the treatment of sores, wounds, abscesses, arthritis, and to relieve earache (Farag et al., 2016).
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Essentially, medicinal plants needed to be validated for safety, to ensure that they are not
cytotoxic. The cytotoxicity profiling of these plant species plays an important role to support
their use in the medicinal plants' practice. The cell-based assay is often the preferred method of
screening for cytotoxicity in various cell lines, including C2C12 cells, and RAW 264.7 cells
(Kaur and Dufour, 2012).

The C2C12 cells are a murine myoblast cell line, derived from satellite cells (Yaffe and Saxel,
1977). Essentially, myoblast becomes myocyte during myogenesis to form muscle fibers in
skeletal muscles (Hyejin et al., 2017). C2C12 cells are mononucleated, fusiform structures which
progressively fuse to form plurinucleate syncytia that further differentiate in culture to acquire
the morpho-functional features of the muscle cells (Yaffe and Saxel, 1977; Burattini et al., 2009;
Girgis et al., 2013). These cells are well-established mouse myoblast cells used widely as an in
vitro model of skeletal muscle (Burattini et al, 2009; Morissette et al, 2009; Girgis et al., 2013;
Hyejin et al, 2017; Musso et al., 2019). Furthermore, C2C12 cells have been used to assess the
cytotoxicity effects of medicinal plants (van Huyssteen et al., 2011; Beseni et al., 2019), and also
have been used for glucose regulation as to access the ability of medicinal plants to regulate
glucose blood levels (Harbilas et al., 2009; Javad et al., 2011; Padmanabha and Kaiser, 2011;
Beseni et al., 2019).

The RAW 264.7 cells are commonly used as a model of mouse macrophages for the study of
cellular responses to microbes and their products (Berghaus et al., 2010). Hence, they have been
described as an appropriate model of macrophages, and ultimately capable of performing
pinocytosis and phagocytosis (Taciak ef al., 2018). The cells can increase nitric oxide (NO)
production when stimulated with lipopolysaccharide (LPS), and this enhances phagocytosis
(Fuentes et al., 2014). RAW 264.7 cells has been widely used in medicinal plant’s research with
particular focus on cytotoxicity effects and anti-inflammatory effects (Soromou et al., 2012;
Razali et al, 2014; Lee et al., 2017; Soonthornsit ef al., 2017; Kamtchueng et al., 2017,
Kudumela et al., 2018; Ayupova et al., 2019). The ability of plant extracts to inhibit
macrophage functions by decreasing the production of inflammatory mediators such as NO,
prostaglandins, and cytokines has been observed (Jo et al., 2010). The potential of plant extracts
to inhibit NO production in tissue culture medium has been reported (Lee et al., 2010). This
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study aimed to evaluate the anti-inflammatory effects of the plant extracts in lipopolysaccharide
(LPS)-stimulated RAW 264.7 cells. Besides, the cytotoxicity effects of the plant extract against
C2C12 cells, and RAW 264.7 cells was evaluated.

2. Materials and methods

2.1 Collection and extraction

Plant species (n=9) were collected from Walter Sisulu National Botanical Gardens, South Africa,
in February 2017. The plant species collected has previously described in this theses in chapter 3,
section 2.1 (Table 1). The voucher specimens are held at Walter Sisulu National Botanical
Gardens herbarium. The plant material was air-dried in a well-ventilated room. After drying, the

plants were ground into a powder and stored away from light at room temperature.

Table 1: Accession numbers and voucher specimen numbers of the nine plant species used in

this study.
NAME FAMILY PART | ACCESSION ngf]lz-‘,l g,}}EDOF SO L

NUMBER

DATE NUMBER

Euclea crispa Ebenaceae Leaf 24/1982 11/10/1982 24, Behr, CM
FEuclea Ebenaceae Leaf 178/1987 10/6/1987 479; Steel, B.S
natalensis
Schkuhria Asteraceae Leaf N/A N/A N/A
pinnata
Ziziphus Rhamnaceae Leaf 36/1982 15/10/1982 39; Behr, C.M
mucronata
Ziziphus Rhamnaceae Fruits 36/1982 15/10/1982 39; Behr, CM
mucronata
Lippia javanica | Verbenaceae Leaf 16/2014 22/1/2014 28; Kondlo, M
Vernonia Asteraceae Leaf 268/2013 12/05/2013 29; Hankey, A.J
oligocephala
Clerodendrum Lamiaceae Leaf 11/1987 2/2/1987 367, Steel, B.S
myricoides
Erythrina Fabaceae Leaf 21/1982 7/10/1982 22; Behr, CM
lysistemon

Page 39 of 139



2.2 Preparation of crude extracts for cytotoxicity assays

The ground plant extracts (leaves, and fruits) were extracted with 90% methanol (1 g/10 ml) and
vigorously shaken for 3 h. The crude extracts were filtered through Whatman No.1 filter paper
and dried at room temperature under a stream of cold air. The crude extracts were reconstituted

in distilled water at a concentration of 10 mg/ml for all assays.

2.3 Cell cultures

2.3.1 C2C12 (ATCC CRL -1772)

The C2C12 (ATCC CRL-1772) cell line is derived from mouse skeletal muscle; myoblasts
originally derived from satellite cells from the thigh muscle of a two-month-old female C3H
mouse donor 70 h after a crush injury (Yaffe and Saxel, 1997). The cells were donated by the
Department of Biotechnology at Vaal University of Technology, South Africa. The cells were
cultured in 75 cm? tissue culture flasks in Dulbecco’s Modified Eagle’s Minimum (DMEM)
containing L-glutamine and supplemented with 1.0 mM Penicillin/Streptomycin and 10% heated
foetal bovine serum (FBS). Thereafter, flasks were incubated at 37°C in a humidified atmosphere
of 5% CO;. The medium was changed every second day until 80-90% confluent growth was
reached. Thereafter, cells were trypsinised with 0.25% trypsin EDTA. Essentially, cell viability
was monitored with Trypan Blue and microscopically analysed using Countess II. The total
concentration of cells was 1.16 x 10° cells/ml, of which 95% were viable (1.10 x 10° cells/ml).
Cells (5 x 10* cells/ml) were seeded into 96-well plates and cultured overnight in a humidified

atmosphere of 5% CO; before treatment with various plant extract concentrations.

2.3.2 RAW 264.7 (ATTCC - TIB71)

The RAW 264.7 (ATTCC — TIB71) macrophage cell lines are monocyte/macrophage-like cells,
originating from Abelson leukaemia virus-transformed cell line derived from BALB/c mice
(Fuentes et al., 2014). These cells were also donated by the Department of Biotechnology at Vaal
University of Technology, South Africa. The RAW 264.7 cells were cultured in 75 cm? tissue
culture flasks in Dulbecco’s Modified Eagle’s Medium (DMEM) containing L-glutamine and
supplemented with 1.0 mM Penicillin/Streptomycin and 10% heated foetal bovine serum (FBS).
Thereafter the flask was incubated at 37°C in a humidified atmosphere of 5% CO,. The medium

was changed every second day until 80-90% confluent growth was reached. Thereafter, cells
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were trypsinised with 0.25% trypsin EDTA. Essentially, cell viability was monitored with
Trypan Blue and microscopically analysed using Countess II. The total concentration was 2.40 x
106 cells/ml, of which 98% were viable (2.40 x 10° cells/ml). Cells (5 x 10* cells/ml) were
seeded into 96-well plates and cultured overnight in a humidified atmosphere of 5% CO; before

treatment with various concentrations of plant extract.

2.4 Cell viability assays

2.4.1 Alamar Blue cell viability assay

Cytotoxicity was quantified using the Alamar Blue cell viability assay (Thermo Fisher), as
previously described by Al-Nasiry et al (2007). C2C12 cells and RAW 264.7 cells were seeded
with a density of 5 x 10* cells/ml in 96-well plates and incubated in a humidified atmosphere of
5% COs. After 24 h of incubation, cells were rinsed twice with phosphate-buffered saline
(Lonza), followed by the addition of 200 pl of plant extracts in varying concentrations (10, 50,
100, 250, 500, 1000 pg/ml, respectively). This was done in triplicates and the experiment was
repeated three times. The plant extracts, which were dissolved in distilled water were incubated
for 24 h in a humidified atmosphere of 5% CO; together with the positive control (hydrogen
peroxide) and negative control (media). After the incubation period, 30 pl of Alamar Blue was
added to each well, thereafter plates were shaken and incubated for 4 h in the dark. Cell viability
was analysed at 570 nm and 600 nm with an Epoch 2 microplate reader (BioTek). Hydrogen
peroxide (H202) was used as a positive control. The percentage of viable cells was calculated

according to the equation below:

Percentage viability = (Sample absorbance) x 100

(Positive control absorbance)

2.4.2 Crystal violet cell viability assay

Crystal violet (CV) cell viability assay is widely used for cytotoxicity and cell viability studies
with adherent cell cultures (Feoktistova et al., 2016). Essentially, CV is a triarylmethane dye
that can bind to ribose type molecules such as DNA in nuclei. Interestingly, dead cells detach

from cell culture plates during washing steps, and only viable cells remain attached to the dish
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(Feoktistova et al., 2016). For this experiment, C2C12 cells and RAW 264.7 cells were seeded in
96-well plates and incubated in a humidified atmosphere of 5% CO; for 24 h. After 24 h of
incubation, cells were rinsed twice with phosphate-buffered saline (Lonza), followed by
treatment with 200 pl of plant extract at varying concentrations (10, 50, 100, 250, 500, 1000
png/ml respectively). This was done in triplicates and repeated three times. The plant extracts,
which were dissolved in distilled water, were incubated for 24 h in a humidified atmosphere of
5% CO: together with the positive control (hydrogen peroxide), untreated cells and negative
control (media). After the incubation period, cells were washed twice with phosphate-buffered
saline (Lonza). After washing, 50 ul of crystal violet staining was added to all wells and plates
were shaken for 20 min with Micro shake, ELISA Plate Shaker. Thereafter, plates were washed
under running water and left to stand overnight to drain excess water before reading. The cell
biomass was suspended in 70% ethanol and shaken for 20 minutes before analysis of cell
viability at 570 nm and 600nm using an Epoch 2 microplate reader (BioTek). Hydrogen peroxide
(H202) was used as positive control. The percentage of viable cells was calculated according to

the equation here below:

Percentage viability =  (Sample absorbance) x 100

(Positive control absorbance)

2.5 Measurement of inhibition of nitric oxide (NO) production in LPS-stimulated RAW
264.7 cells.
Nitric oxide (NO) released from RAW 264.7 cells was assessed using the Griess assay (Promega)
as previously described by Lim et al. (2018). RAW 264.7 cells were stimulated with 3 pul of
lipopolysaccharide (LPS: Escherichia coli, serotype 011: B4, Sigma), and cells were seeded in
96- well culture plate at a density of 5 x 10* cells/well. The cells were incubated for 24 h under a
humidified atmosphere of 5% CO- before treatment with various concentrations of plant extract
(10, 50, 100, 250, 500, 1000 png/ml respectively). This was done in triplicates and repeated three
times and further incubated for 24 h under a humidified atmosphere of 5% CO; before the
addition of 20 ul Griess reagent. After the incubation period, 50 pl of supernatant from the test
culture was mixed with 50 pl of Griess reagent [1% sulfanilamide, 0.1% N-1(1-naphtyl)-
ethylenediamine diehydrochloride, 2.5% phosphoric acid] followed by incubation for 10 minutes
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at room temperature. The optical density at 540 nm was measured with a microplate reader
(BioTek). The results were expressed as inhibition of NO production compared to the control

(LPS) using the equation below.

Percentage NO inhibition = (Sample absorbance) x 100

(Positive LPS Control absorbance)

3. Statistical analysis

All data were expressed as mean and standard deviation using MS Excel 2013 and ANOVA
GraphPad Prism 5. Two-way repeated-measures analysis of variance (ANOVA), followed by
Bonferroni posthoc test was used to analyse the data. Values were considered to be significantly

different from the control if p < 0.0001.

4. Results

4.1 Alamar Blue cell viability

The LCso (ng/ml) was determined after treating the cells with plant extracts (10 — 1000 pg/ml)
for 24 h (Table 1). The plant extracts exhibited LCso value of <1000 pg/ml for all plant extracts
against C2C12 cells. Interestingly, the plant extracts exhibited a different LCso value of >1000
pg/ml for RAW264.7 cells. Plant extracts demonstrated cytotoxicity effects in higher
concentrations for only C2C12 cells (Fig 1) and no cytotoxicity effect was observed for
RAW264.7 cells (Fig 2). The untreated cells were used to establish significant difference against
samples and it was observed, (Fso, 198y = 41.80, p<0.0001; two-way ANOVA) for C2C12 and
RAW264.7 cells were (Fso, 198y = 99.02, p<0.0001; two-way ANOVA) (Fig 1 and Fig 2). A
dose-response was observed whereby a decrease of cell viability with the increase of
concentration was noted. The plant extracts were compared with the positive control (H202) and
a significant difference was observed, (F(so, 198y = 41.80, p <0.0001). In addition to this, untreated
cells were compared with all plant extracts in all concentrations, and all plant extracts shown
significant difference (F (50, 198) = 41.80, p <0.0001); except Erythrina lysistemon (L) was not
significantly different with untreated cells at 10 pg/ml.
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Table 1: The lethal concentration (LCso) in pg/ml and R? of Alamar Blue cell viability after
treating with C2C12 cells, and RAW 264.7 cells with plant extracts (10 — 1000 pg/ml).

Plant species Parts Cells
C2C12 RAW264.7
LCso (ng/ml) R? LCso (ng/ml) R?

Euclea crispa Leaf 566.502 0.9167 | 2276.466 0.8581
Euclea natalensis Leaf | 454.497 0.9172 | 3814.954 0.8742
Schkuhria pinnata Leaf |206.079 0.9797 | 2458.681 0.9538
Ziziphus mucronata Leaf | 150.210 0.9420 | 1491.555 0.9780
Ziziphus mucronata Fruits | 251.699 0.9534 | 2582.656 0.9456
Lippia pinnata Leaf | 185.906 0.9744 | 2477.176 0.9302
Vernonia oligocephala Leaf 192.524 0.9709 | 210.502 0.9167
Clerodendrum myricoides Leaf | 508.834 0.9503 | 636.916 0.9167
Erythrina lysistemon Leaf | 773.427 0.9643 | 1213.327 0.9215
H,0, - 4382 - 360.604
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Figure 1: Cell viability was evaluated with the Alamar Blue assay. C2C12 cells were treated
with various plant extracts (10 — 1000 pg/ml) for 24 h. The data are presented as mean + S.D
of triplicates experiments with similar results. (Significant treatment effect, F(so, 198y = 41.80,
p<0.0001; two-way ANOVA). * There is a significant difference at 10, 50, and 100 ug/ml for
most plant extracts (p < 0.0001, Bonferroni posthoc test), except Euclea natalensis at 10

pg/ml. *** HyO, differ from untreated cells (p < 0.0001, Bonferroni posthoc test).
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Figure 2: Cell viability was evaluated with the Alamar Blue assay. RAW 264.7 macrophages
were treated with various plant extracts (10 — 1000 pg/ml) for 24 h. The data are presented as
mean £+ S.D of triplicate experiments with similar results. (Significant treatment effect, F(so,
198) = 99.02, p<0.0001; two-way ANOVA). * All plant extracts were significantly different
from untreated cells at all concentrations (p < 0.0001, Bonferroni posttest). *** Significant

difference between H>O; differ from untreated cells (p < 0.0001, Bonferroni posttest).
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5.1 Crystal violet cell viability

The LCso (ng/ml) was obtained after treating the cells with plant extracts (10 — 1000 pg/ml) after
24 h (Table 2). The crystal violet cell viability assay was used to complement the Alamar Blue
cell viability assay. The cytotoxicity was observed in all plant extracts in higher concentrations
with LCso values >700 pg/ml against C2C12 cells (Fig 3). Similarly, no cytotoxicity was
observed for plant extracts against RAW264.7 cells (Fig 4) with LCso values <800 pg/ml in all
plant extracts. A dose-response was observed whereby a decrease of cell viability with the
increase of concentration and cytotoxicity effect was observed in higher concentrations against
C2C12 cells (Fig 3). None of the plant extracts demonstrated cytotoxicity effects in all plant
extracts tested against RAW 264.7 cells (Fig 4). The untreated cells were used to establish
significant difference against samples and was observed, (Fso, 198y = 25.82, p<0.0001; two-way
ANOVA) for C2C12 and RAW 264.7 was (F(so, 1908y = 99.21; p<0.0001; two-way ANOVA). A
dose-response was observed whereby a decrease of cell viability with the increase of

concentration was noted.

Table 2: The lethal concentration (LCso) in pg/ml and R? of crystal violet cell viability after
treating C2C12 and RAW 264.7 cells with plant extracts (10 — 1000 pg/ml).

Plant species Parts Cells
C2C12 RAW264.7
LCs(ng/ml) | R? LCs(ng/ml) | R?

Euclea crispa Leaf |416.535 0.8756 | 764.374 0.8936
Euclea natalensis Leaf | 649.733 0.9557 | 844.167 0.9654
Schkuhria pinnata Leaf | 145.619 0.9803 | 314.539 0.9234
Ziziphus mucronata Leaf | 133.374 0.9439 | 448.896 0.9187
Ziziphus mucronata Fruits | 164.421 0.9654 | 775.017 0.8732
Lippia pinnata Leaf 410.436 0.9585 | 2115.634 0.9233
Vernonia oligocephala Leaf |211.676 0.9453 | 2754.673 0.8878
Clerodendrum myricoides Leaf | 537.150 0.9726 | 1545.962 0.9598
Erythrina lysistemon Leaf | 591.764 0.9787 | 866.625 0.9148
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Figure 3: Cell viability was evaluated with the crystal violet assay. C2C12 cells were treated
with various plant extracts (10 — 1000 pg/ml) for 24 h. The data are presented as mean + S.D
of triplicates results. (Significant treatment effect, F(so, 108y = 25.82, p<0.0001; two-way
ANOVA). * All plant extracts were significantly different from untreated cells at all
concentrations (p < 0.0001, Bonferroni posttest), except Euclea natalensis, Lippia javanica,
Clerodebdrum myricoides, and Erythrina lysistemon at 10 ng/ml. *** Significant difference

between H>O» and all concentrations of plant extracts (p < 0.0001, Bonferroni posttest).
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Figure 4: Cell viability was evaluated with the crystal violet assay. RAW 264.7 cells were
treated with various plant extracts (10 — 1000 pg/ml) for 24 h. The data are presented as
mean £+ S.D of triplicate results. (Significant treatment effect, Fso, 198y = 99.21, p<0.0001;
two-way ANOVA). * All plant extracts were significantly different from untreated cells at all
concentrations (p < 0.0001, Bonferroni posttest). *** Significant difference between H>O>

and all concentrations of plant extracts (p < 0.0001, Bonferroni posttest).

5.2 Inhibition of nitric oxide (NO) production in LPS-stimulated RAW 264.7 cells.

The concentration in pg/ml at which 50% inhibition of NO production was achieved in inhibition
concentration (ICso) was obtained after treating RAW 264.7 cells with plant extracts (10 — 1000
pg/ml) for 24 h (Table 3). All plant extracts exhibited ICso values >1000 pg/ml, except for

Schkuhria pinnata, Ziziphus mucronata (fruits), Lippia pinnata, Clerodendrum myricoides, and
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Erythrina lysistemon. The anti-inflammatory effect of plant extracts was evaluated after RAW
264.7 cells were stimulated with LPS to produce NO (Fig 5). Plant extracts exhibited various
degrees of inhibition of NO production in a dose-dependent manner. Interestingly, the following
plant extracts demonstrated a degree of NO inhibition effects. Euclea crispa (17%- 25%), and
Eucela natalensis (4% - 23%) caused 50% inhibition of NO production at 100, 250, and 500
pg/ml. Similar effects were observed for Ziziphus mucronanta (L) (3% - 25%), and Zisiphus
mucronota (fruits) (3% - 26%) at 100, and 250 pg/ml, respectively. In addition to this, five other
plant extracts exhibited a good inhibition of NO production at higher concentrations (250 — 1000
pg/ml), these were Clerondendrum myricoides (35% - 89%), Lippia javanica (26% - 77%),
Erythrina lysistemon (23% - 76%), Schkuhria pinnata (27% - 65%), and Vernonia oligocephala
(16% - 58%).

Table 3: The concentration of plant extracts that caused 50% inhibition of NO production (ICso)
in LPS-stimulated RAW 264.7 cells.

Plant species Parts ICso (ug/ml) R?

Euclea crispa Leaf 1242.366 0.9878
Euclea natalensis Leaf 1588.573 0.9533
Schkuhria pinnata Leaf 348.859 0.9484
Ziziphus mucronata Leaf 11949.000 0.9612
Ziziphus mucronata Fruits 499.600 0.9371
Lippia pinnata Leaf 177.902 0.9487
Vernonia oligocephala Leaf 2634.965 0.9483
Clerodendrum myricoides Leaf 707.335 0.9858
Erythrina lysistemon Leaf 264.287 0.9506
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Figure 5: The effect of nine plant extracts on the production of NO in LPS-stimulated RAW
264.7 cells. Cells were treated with various plant extracts (10 — 1000 pg/ml) and stimulated
with LPS (3 pul) for 24h. NO production was measured in the cultured cell supernatant by
Griess reagent. The results are expressed in percentage inhibition of NO production. The data
are presented as mean = S.D of triplicates results. (Significant treatment effect, Fs, 150) = 50.
57, p<0.0001; two-way ANOVA). * All plant extracts significantly different from untreated
cells at all concentrations (p < 0.0001, Bonferroni posttest), except Euclea crispa at 500 and
1000 pg/ml, Euclea natalensis at 100, 250, and 500 pg/ml, and Ziziphus mucronata (L) and
Ziziphus mucronata (F) at 100 pg/ml, and 250 pg/ml the significant difference between

control, and all concentrations of plant extracts (p < 0.0001, Bonferroni posttest).
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5. Discussion

The purpose of this study was to evaluate the cytotoxicity and anti-inflammatory effects of
Euclea crispa (leaf), Eulea natalensis (leaf), Schkuhria pinnata (leaf), Ziziphus mucronata (leaf),
Ziziphus mucronata (fruits), Lippia javanica (1eaf), Vernonia oligocephala (leaf), Clerodendrum
myricoides (leaf), and Erythrina lysistemon (leaf) against C2C12 cells, and RAW 264.7 cells
(Fig 1 to Fig 4). The cytotoxicity effect was observed in higher concentrations for all plant
extracts against C2C12 cells, and exhibited LCso value of <1000 pg/ml. In contracts, no
cytotoxicity was observed in all plant extracts against RAW 264.7 cells, and LCso value of >
1000 pg/ml. All plant extracts demonstrated some degree of anti-inflammatory effect (Fig 5).
However, five plant extracts exhibited marked anti-inflammatory activities. These plants
Clerondendrum myricoides (35% - 89%), Lippia javanica (26% - 77%), Erythrina lysistemon
(23% - 76%), Schkuhria pinnata (27% - 65%), and Vernonia oligocephala (16% - 58%).

The findings of this study have shown that all plant extracts exhibited a decrease in cell viability
against of C2C12 cells, and this was observed only at the highest concentration of 1000 pg/ml.
The results can be interpreted that these plant extracts only shown a decrease in cell viability at
the highest concentration, but it does not mean that they are toxic to the cells. None of the plant
extracts exhibited cytotoxicity effects against RAW 264 cells in all concentrations used. The cell
viability was observed to have a dose-response where cell viability decreases with an increase in
concentration. Essentially, Alamar Blue cell viability assay was noticeable to agree with crystal
violet cell viability assay. Seven plant extracts did not show any cytotoxicity effects even in the

high concentrations (1000 pg/ml) against RAW 264.7 cells.

The results of this study were noticed to be least toxic when compared with other researchers.
Euclea crispa was observed with LCso value of 566.502 ng/ml in this study. In other studies, the
toxicity of Euclea crispa was observed against breast cancer cells in Combretum molle
(Rademana., et al 2017). The ICso value of Euclea crispa extract was reported as low as 45.7
pg/ml and as high as 167.2 pg/ml. The cytotoxicity of Euclea natalensins was observed in higher
concentrations with LCso value of 454.497 ng/ml. Similarly, cytotoxicity was reported on Euclea

natalensis in another study where plant extracts were treated with Chang liver cells was reported
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cytotoxicity as low as 131.3 ng/ml and as high as 108.9 ng/ml (Ojewole, 2004). The cytotoxicity
of Schkuhria pinnata with LCso value of 206.079 png/ml against C2C12 cells and no toxicity was
observed against RAW 264.7 cells with LCso value of 2458.681 pg/ml. In contracts, Kudumela.,
et al (2018) described S. pinnata as most toxic in plant extracts against Vero cells using MTT
assay with LCso <25.0 pg/ml. Furthermore, studies are required to confirm the toxicity of S.
pinnata, hence both methods used in both occasions are sensitive enough to detect cytotoxicity
on plant extracts in cells (Hamid et al., 2004), since no agreement on the outcomes in both

studies.

In the present study, Ziziphus mucronata did not show any cytotoxicity effects with LCso values
of 2582.656 pg/ml against RAW 264.7 cells, however, it was toxic against C2C12 cells with
LCso value of 150.210 pg/ml. Previous studies have reported cytotoxicity of Ziziphus mucronata
with LCso value ranged from 0.10 pg/ml to 0.22 pg/ml against Bovine dermis and Vero cells
(Mongalo ef al., 2018). In other studies, no cytotoxicity was reported for Z. mucronata in RAW
264.7 cells with LCso value as low as >50 pg/ml. Furthermore, selective cytotoxicity was
reported for Z. mucronata against U937 cancer to be >500 ug/ml (Sigidi et al., 2016). In the
present study, cytotoxicity was observed for Lippia javanica with LCso values value of 185.906
pg/ml against C2C12 cells, and interesting no cytotoxicity was observed against RAW 264.7
cells with LCso value of 2477.176 ng/ml. Makhafola et al., (2019) confirmed our findings of L.
Jjavanica on liver cells with reported LCso value >1000 pg/ml, of which is in agreement with
RAW 2643.7 cells. The cytotoxicity effects were observed for Vernonia oligocephala against
both cells with LCso value <250 pg/ml. Furthermore, nothing has been reported in the literature
on V. oligocephala cytotoxicity. The cytotoxicity effects were observed for Clerodendrum
myricoides against both cells LCso values <650 pg/ml. In other studies, reported C. myricoides
cytotoxicity of ICso value below 1 pg/ml against breast cancer cells (Tuasha et al., 2019). In
contracts to the present study, Kamanja ef al., (2018), reported cytotoxicity levels showing high
LCso <1000 pg/ml in chloroform extracts and lower LCso (>1000 pg/ml) in methanol extracts.
Essentially, the toxicity of this plant depends on the solvent used, however, it has been noticeable
to be safe for use in traditional medicine space (Kamanja et al., 2018). No cytotoxicity was
observed for Erythrina lysistemon with noticeable LCso values ranged from 773.427 pg/ml to
1213.327 pg/ml. In other studies, cytotoxicity was reported for E. lysistemon with ICso value
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below 100 pg/ml using MTT against C3A human liver cells (Mukandiwa et al., 2012). This plant
extract has been observed to have contradiction results and further animal studies can validate its

toxicity, which will confirm its medicinal use.

In addition to this, the ability of plant extracts to inhibit NO production by RAW 264.7 cells —
stimulated with LPS was assessed (Fig 5). All plant extracts exhibited a degree of NO inhibition
effects against all concentrations used. Essentially, inhibition of NO production was observed for
Euclea crispa at 500 and 1000 pg/ml with ICso value of 1242.366 ng/ml, Euclea natalensis at
100, 250, and 500 pg/ml with ICso value of 1588.573 pg/ml, Ziziphus mucronata (L) with ICsg
value of 11949.000 pg/ml, and Ziziphus mucronata (F) at 100 pg/ml, and 250 pg/ml with ICso
value of 499.600 pg/ml. Furthermore, Clerondendrum myricoides, Lippia javanica, Erythrina
lysistemon, Schkuhria pinnata, and Vernonia oligocephala were observed to inhibit NO
production at higher concentrations (100 — 1000 pg/ml) LPS induced RAW 264.7 cells. The ICso
values ranged from 707,335, 177.902, 264.287, 348.859, and 2634.965 pg/ml, respectively
against RAW 264.7 cells.

Interestingly, the inhibition NO production was observed for Eucela crispa which ranged from
17 to 25% and more prominent in higher concentrations (100, 250, and 500 pg/ml), and ICso
value was noted to be 124.366 pg/ml. Although, no study in the literature to substantiate these
findings, the results validate the use of this plant in traditional medicinal practice. The uses
include treatment stomach disorders, measles, coughs, constipation, remedy for diabetes, and
also prevents rheumatisms and epilepsy (Raimondo et al., 2009; Deutschldnder et al., (2009).
Similarly, Euclea natalensis was observed to have a similar inhibition effect as E.crispa. The NO
inhibition ranged from 4% to 23% which was more effective in higher concentrations (100, 250,
and 500 pg/ml), and ICso value of 1588.573 ng/ml was observed. No other studies have been
reported for inhibition of NO production by E. natalensis. These study results validate E.
natalensis for conventional medicinal applications. This plant has been used for snakebite cure,
hypertension, vomiting, measles, roundworms, stomach problems, toothache, venereal diseases,

and injuries (Maroyi, 2017).
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Schkuhria pinnata was also observed to be effective at higher concentrations with inhibition of
NO production from 27% to 65% at 100 to 1000 pg/ml with ICso value of 348.859 pg/ml. In
another study, a similar pattern was reported whereby inhibition was more effective in higher
concentrations, which ranged from 64% to 98% respectively (Kudumela et al., 2018). A good
inhibition of NO production was observed for Ziziphus mucronata which ranged from 3% to
26% with ICso value of 11949.000 pug/ml. In contracts, Z. mucronata the inhibition of NO
production was reported at 150% at ICso value of 50 pg/ml (Sigidi ef al., 2016).

The inhibition of NO production for Lippia javanica was also observed to range from 26% to
77% with 1Cso value measured at 177.902 pg/ml. Dzoyem and Eloff, (2014) reported on the
inhibition of NO production was of L. javanica which was reported at 97% for 25 pg/ml with
ICso value of 18 pg/ml. The results validate the use of L. javanica in traditional medicine uses
such as herbal tea and ethnomedicinal applications for (in descending order of importance) colds,
cough, fever or malaria, wounds, repelling mosquitos, diarrhea, chest pains, bronchitis, and

asthma (Maroyi, 2017).

Essentially, NO inhibition was observed for Vernonia oligocephala to be effective in higher
concentrations, and ranged from 26% to 58% and ICso value noticeable to be 2634.965 pg/ml.
No other studies have been found to substantiate these finding and to the best of our knowledge,
these findings complement the use of this plant in traditional medicine practice. The medicinal
use includes treatment of abdominal pain, colic, and other complaints as well as to drive away
hailstorms. In addition to this, used as a remedy to treat mild forms of diabetes (Amusan ef al.,
2017). The inhibition of NO production ranged from 35% to 89% for Clerodendrum myricoides
was only observed in higher concentrations (250 — 1000 pg/ml) with ICso value of 707.335
pg/ml. Similarly, inhibition of NO production ranged from 23% to 76% for Erythrina lysistemon
was only prominent at higher concentrations (250 — 1000 pg/ml) with ICso value of 264.287
pg/ml.

The anti-inflammatory effects may be associated with antioxidant properties. Interestingly, these
plant extracts exhibited ROS inhibition activity in high concentrations. It is imperative to further

evaluate anti-inflammatory efficacy in vivo as to substantiate these findings and to ensure that is

Page 55 of 139



safe for human use. Inflammation has been implicated to be associated with the pathogenesis of
conditions such as infections, arthritis, type 2 diabetes mellitus, obesity and cancer (Johnson et
al., 2012; Maconi et al., 2014). Non-steroidal anti-inflammatory drugs (NSAIDs) are commonly
prescribed for pain and inflammation conditions (Yuan et al., 2006). Unfortunately, NSAIDs
have been reported to be associated with adverse side effects such as gastrointestinal bleeding
and suppressed the function of the immune system (Hougee, 2008). They have been increased
research on the use of natural-source concerning anti-inflammatory properties because it has
been reported to have fewer side effects as opposed to NSAIDs (Maroon et al., 2010; Pelkonen
et al., 2014; Nondo et al., 2015). Medicinal plants consist of major natural bioactive compounds
that attribute to scavenging ROS such as antioxidants (Singh., et a/ 2016; Engwa, 2018). In this
study, it can be seen that plant extracts possess protective effects on cells. The results support the
uses of these medicinal plants in African traditional, complementary and alternative medicine
practice (Nkala., et al 2019a). Essentially, four plant extracts that demonstrated promising anti-
inflammatory effects which can be a good candidate for the treatment or management of
inflammatory diseases. Even though all plant species in this study demonstrated a degree of
cytotoxicity against C2C12 cells in higher concentrations. Similarly, these plants exhibited anti-

inflammatory abilities, of which counteract for their cytotoxicity observed against C2C12.

The findings of the current study complement our previous review of the uses of selected
medicinal plants by healers (Nkala et al., 2019a). To this date, the selected South African plants
have been validated for minimum inhibition concentration (MIC) and minimum bactericidal
concentration (MBC) (Nkala et al., 2019b), and most importantly, they have been recently
confirmed for being none cytotoxicity against RAW 264.7 cells, however, toxicity was observed
against C2C12 in higher concentrations. Furthermore, they have been observed to possess anti-

inflammatory potential.

6. Conclusion

None of the selected South African plants demonstrated cytotoxicity effects in RAW 264.7 cells.
The observed cytotoxicity effects were against C2C12 cells in higher concentrations. Importantly,
this will need further validation in animal studies to confirm these findings. Furthermore, the

results demonstrated these selected South African plants exhibited a degree of anti-inflammatory
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activity in LPS-induced RAW 264.7 cells. Therefore, the findings suggest that Clerondendrum
myricoides, Lippia javanica, Erythrina lysistemon, Schkuhria pinnata, and Vernonia
oligocephala can be a promising therapeutic agent for inflammatory diseases. Further studies are

required to evaluate these plant extracts for antioxidants and antidiabetic potential.
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CHAPTER FIVE: OBJECTIVE THREE (PAPER 1V)

In this chapter, the evaluation of the preliminary screening of phytochemicals, antioxidant, and
alpha-amylase inhibitory activities of the selected South African plant extracts for medicinal
purposes, are presented and discussed. The manuscript has been accepted for the publication in

the International Journal of Pharma and Bio Science for consideration.

Paper IV Estimation of preliminary screening of phytochemicals, total phenolic content,
total flavonoid content, antioxidant, and alpha-amylase inhibitory activities of the
selected South African plant extract for medicinal purposes. “International

Journal of Pharma and Bio Sciences” (in press).
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ABSTRACT
Medicinal plants serve as important sources of pharmaceutical, cosmetic and traditional medicine.
Natural products continue to play a significant role in drug discovery and development.
Bioactive compounds, which naturally occur in medicinal plants, such as antioxidants, play a
vital role in scavenging free radicals. The purpose of this study was to evaluate preliminary
phytochemicals, total phenolic content, total flavonoid content, antioxidants, and alpha (a)-

amylase potential of selected South African plant extracts.

In a qualitative analysis the phytochemical compounds such as tannins, saponins, flavonoids,
quinones, phenols, terpenoids, alkaloids, glycosides, cardio glycosides, coumarins, betacyanin,
anthocyanin, and steroids were screened and quantified. In addition to this, antioxidants were
analysed using DPPH and ABTS radical scavenging assays. Out of thirteen phytochemicals
analysed, ten phytochemicals were present. The antioxidant inhibition was observed in four plant
species whose scavenging activity was above 80% and these plants are Schubria pinnata, Lippia
Jjavanica, Clerodendrum myricoides, Erythrina lysistemon, respectively. Also, these plant species
exhibited an alpha-amylase inhibitory effect of 80%. The ICso values were > 1000 pg/ml. These
findings confirm the presence of phenolic, flavonoids, antioxidants, and a-amylase properties,
and are potential solutions towards the management of diabetes and other chronic inflammatory
diseases.

Keywords: phytochemicals, phenolic, flavonoid, antioxidants, alpha-amylase, medicinal plants
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1. INTRODUCTION

Phytochemicals are chemicals produced by plants either through primary or secondary
metabolism (Kennedy & Wightman, 2011). In general, phytochemicals play an important role in
protecting plant growth or act as a defense against competitors, pathogens, or predators (Saxena
et al., 2013). Importantly, phytochemicals have been reported to protect humans against diseases
(Roa, 2003). The protective role of secondary metabolites extends to antioxidants free radical-
scavenging, UV light-absorbing, antimicrobial, and anti-proliferative agents (Saxena et al., 2013;
Wink, 2003; Kurutas, 2016). Antioxidants have also been defined as chemical substances that
protect the body cells from injury by free radicals (Lobo et al., 2010). As delineated by Knight
(1995) and Lobo (2010), free radicals contribute to more than one hundred disorders in humans,
including atherosclerosis, arthritis, ischemia-reperfusion injury of many tissues, central nervous
system injury, gastritis, and cancer. Furthermore, the protective effects from antioxidants have
been observed to be useful towards the prevention of lipids damage, protein, and DNA using
preventing radicals initiation, breaking chain propagation or suppressing formation (Kurutas,
2016). Moreover, these antioxidants can prevent deteriorating diseases such as cancer, and also
slow down the ageing process (Bahiense et al., 2017; Kada et al., 2017). These metabolites are
essentially used in traditional medicine to treat and manage certain diseases (Boadu & Asase,

2017).

Phytochemicals extracted from plants are classified into three major groups: terpenoids, phenolic
metabolites, and alkaloids (Harborne et al., 1999). Approximately 10, 000 phytochemicals have
been identified thus far (Zhang ef al., 2015). The well described phytochemicals are alkaloids,
tannins, flavonoids, saponins, glycosides, and other phenolic compounds, due to their biological
activities screened from medicinal plants thus far (Dluya et al., 2017; Ali, 2011; Bossou et al.,

2013; Mladenka et al., 2018; Sayhan et al., 2017; War et al., 2012).

Very few of these medicinal plants have been explored for their phytochemicals, and
pharmacological potential so the chance of finding plants with medicinal uses exists
(Mgbeahuruike et al., 2017; Street & Prinsloo, 2013). Furthermore, bioactive compounds with
anti-inflammatory, antioxidant and antidiabetic properties are potential solutions towards the

management of diabetes, and other chronic inflammatory diseases (Huang et al., 2016). The free
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radicals are naturally formed in the body, and play a pivotal role in many normal cellular
processes (Diplock et al., 1998; Valko et al., 2007). However, at high concentrations, the free
radicals can be hazardous to the body and may damage all major components of cells, including
DNA, proteins, and cell membranes (Phaniendra et al., 2015). The damage to cells caused by
free radicals, especially the damage to DNA, may play a role in the development of cancer,
neurodegenerative disorders, cardiovascular diseases, diabetes, and other chronic health
conditions (Halliwell, 1994; Diplock et al., 1998; Valko et al., 2007). Africa is host to a large
percentage of the global floral diversity (Aslan ef al., 2013). Only a few of these plants have
been explored for their pharmacological potential; most of these plants therefore remain
untapped, especially in the southern African region (Street & Prinsloo, 2013). Therefore, the
purpose of this study was to evaluate preliminary phytochemicals, total phenolic content, total
flavonoid content, antioxidants, and alpha (a)-amylase potential on selected South African plant

extracts.

2. MATERIALS AND METHODS

2.1 Chemicals and reagents

All the chemicals and reagents used in this study were of analytical grade: quercetin, gallic acid,
ascorbic acid, aluminium chloride, sodium carbonate, sulphuric acid, ferric chloride, Fehling's A
and B, Rutin, folin Cocteau reagent, dragendorff reagent 2,2-diphenyl-1-picryhydrazyl (DPPH),
and 2, 2’-azinobis (3-ethylbenzthiazoline-6-sulphonic acid (ABTS).

2.2 Plant collection and extraction

Plant species (n=9) were collected from the Walter Sisulu National Botanical Gardens in South
Africa in February 2017. The plant species collected has been described in this thesis in Chapter
3, section 2.1 (Table 1). The voucher specimen number is held at the Walter Sisulu National
Botanical Gardens herbarium. The plant material was air-dried in a well-ventilated room. After

drying, the plants were grounded into a powder and stored away from light at room temperature.
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Table 1: Accession numbers and voucher specimen numbers of the nine plant species used in

this study.
NAME FAMILY | PART | ACCESSION | YOUCHER OF SPECIMEN

NUMBER COLLECTED

DATE NUMBER

Euclea crispa Ebenaceae Leaf 24/1982 11/10/1982 | 24, Behr, C.M
Euclea Ebenaceae Leaf 178/1987 10/6/1987 479; Steel, B.S
natalensis
Schkuhria Asteraceae Leaf N/A N/A N/A
pinnata
Ziziphus Rhamnaceae | Leaf 36/1982 15/10/1982 39; Behr, C.M
mucronata
Ziziphus Rhamnaceae | Fruits 36/1982 15/10/1982 39; Behr, CM
mucronata
Lippia javanica | Verbenaceae | Leaf 16/2014 22/1/2014 28; Kondlo, M
Vernonia Asteraceae Leaf 268/2013 12/05/2013 | 29; Hankey,
oligocephala Al
Clerodendrum | Lamiaceae Leaf 11/1987 2/2/1987 367, Steel, B.S
myricoides
Erythrina Fabaceae Leaf 21/1982 7/10/1982 22; Behr, CM
lysistemon

2.3 Preparation of plant extracts

The grounded plant extracts (leaves and fruits) were extracted with 90% methanol (1 g/10 ml),
and vigorously shaken for 3 hours. The crude extracts were filtered through Whatman No.1 filter
paper and dried at room temperature under a stream of cold air. The crude extracts were

reconstituted and concentrated at 10 mg/ml.

2.4 Qualitative phytochemical tests

2.4.1 Test for alkaloids

A few drops of concentrated hydrochloric acid (HCl) were added to 2 ml of each plant extract
solution in a test tube. The dragendorff reagent was then added to the solution. The formation of

orange precipitation indicated the presence of alkaloids.
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2.4.2 Test for cardiac glycosides

Plant extract (0.25 g) was dissolved into 1 ml methanol (MeOH) in a test tube. Two ml of glacial
acetic acid and a few drops of 5% ferric chloride were added. In addition to this, 1 ml of
concentrated sulphuric acid (H2SO4) was carefully added on the side of the test tube. The

formation of the brown ring at interface indicated the presence of cardiac glycosides.

2.4.3 Test for flavonoids
Plant extract (0.75 g) was dissolved in 3 ml of MeOH in a test tube. Four ml of 1 N sodium
hydroxide (NaOH) was added into the test tube. The formation of dark yellow colour was

observed which indicated the presence of flavonoids.

2.4.4 Test for phenols
Plant extract (0.25 g) was dissolved in 1 ml MeOH into a test tube. Two ml of distilled water was
added into the test tube followed by 0.5 ml of sodium carbonate (Na2CO3) and 0.5 ml Folin

Ciocalteuau’s reagent. The formation of a blue/green colour indicated the presence of phenols.

2.4.5 Test for saponins
Plant extract (0.5 g) was dissolved into 2 ml of boiling water in a test tube. This was allowed to
cool, and shaken well to mix thoroughly. The presence of foam indicated the presence of

saponins.

2.4.6 Test for steroids
Plant extract (0.25 g) was dissolved into 1 ml MeOH in a test tube. Two ml of chloroform was
added followed by 1 ml of H>SOs. The formation of the reddish-brown ring at interface indicates

the presence of steroids.

2.4.7 Test for tannins
Plant extract (0.25 g) was dissolved into 1 ml MeOH in a test tube. Two ml of 10% ferric
chloride (FeCls) was added into the test tube. The formation of dark blue or greenish-grey

colouring indicated the presence of tannins.
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2.4.8 Test for anthocyanin and betacyanin
Plant extract (0.5 g) was dissolved into 2 ml MeOH in a test tube. One ml of 2 N NaOH was
added and heated for 5 min at 100°C. The formation of bluish-green colour indicated the

presence of anthocyanin; the formation of yellow colour indicated the presence of betacyanin.

2.4.9 Test for coumarins

Plant extract (0.25 g) was dissolved into 1 ml MeOH in a test tube. The test tube was covered
with filter paper which was moistened with 1 ml NaOH. The test tube was placed in boiling
water for a few minutes. Then the filter paper was removed, and examined under UV light for

yellow fluorescence to indicate the presence of coumarins.

2.4.10 Test for carbohydrates (Fehling’s Test)

Plant extract (0.5 g) was dissolved in 2 ml of methanol in a test tube. One ml of Fehling’s A and
1 ml of Fehling's B were added into the test tube. Test tubes were placed in a boiling water bath
for a few minutes. The test tube content was mixed as it started to boil. Colour change and
precipitate formation were observed. Formation of a yellow or brownish-red precipitate indicated

the presence of reducing sugars.

2.4.11 Test for quinones
Pant extract (0.25 g) was dissolved in 1 ml MeOH in a test tube. One ml of concentrated H2SO4

was added into the test tube. The formation of red colour indicated the presence of quinones.

2.4.12 Test for terpenoids
Plant extract (0.25 g) was dissolved into 1 ml MeOH into a test tube. Two ml of chloroform was
added into the test tube, and followed by 1.5 ml concentrated H>SO4 was carefully added. The

formation of reddish-brown colour at the interface indicates the presence of terpenoids.

2.5 Determination of total phenolic content
The total phenolic content was evaluated by Folin Ciocalteu’s method. One ml of plant extract
(50, 150, 300, 450 pg/ml), and standard gallic acid (50, 100, 150, 300, 400, 450 pg/ml), were

placed in test tube, and 5 ml of distilled water and 0.5 ml of Folin Ciocalteu’s reagent were
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mixed and shaken. After 5 min, 1.5 ml of 20% of sodium carbonate (Na;CO3) was added and
made up to 10 ml with distilled water. This was incubated for 2 h at room temperature, and ab
intense blue colour developed. After incubation, absorbance was measured at 750 nm with a
spectrophotometer (Anthos Zenyth 200 UV/Vis spectrophotometer). The experiment was
performed in triplicates. The blank was done using reagent blank with solvent. The calibration
curve was plotted using standard gallic acid. The data for total phenolic contents of plant extracts
were expressed as mg of gallic acid equivalent weight (GAE)/100 g of dry weight (Samidha et
al.,2014; Aryal et al., 2019).

2.6 Determination of total flavonoid content

The total flavonoid content was evaluated with the aluminium chloride colourimetric assay. One
ml of plant extract (50, 150, 300, 450 pg/ml), and 1 ml of standard quercetin solution (50, 100,
150, 300, 400, 450 png/ml), were added into test tubes and followed by 4 ml of distilled water,
and 0.3 ml of 5% sodium nitrite solution. After 5 min, 0.3 ml of 10 % aluminium chloride was
added. At the 6™ min, 2 ml of 1 M sodium hydroxide was added. The final volume was adjusted
to 10 ml with distilled water and mixed well. The formation of orange yellowish colour was
observed. The absorbance was measured at 510 nm with Athos Zenyth 200 UV/Vis
spectrophotometer. The plant experiment was performed in triplicates. The blank was done using
distilled water. Quercetin was used as a standard. The calibration curve was plotted using
standard quercetin. The data of total flavonoids of plant extracts were expressed as mg of

quercetin equivalents to 100 g of plant dry mass (Aryal ef al., 2019, Chandra et al., 2014).

2.7 In vitro antioxidant assay - 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
assay

The DPPH radical-scavenging activity was carried out using the methods previously described
by Alara et al., (2017). Essentially 0.3 mM of DPPH was prepared fresh in an ethanoic solution,
and 10 mg of each plant extract in various concentrations (10, 30, 40 and 50 mg/ml) was
dissolved in 2 ml of methanol. Thereafter, 0.1 ml of prepared plant extract was added into a test
tube containing 1.9 ml of DPPH radical solution. The mixtures were vortexed thoroughly and
incubated in room temperature in the dark for 30 min. The absorbance was measured at 515 nm

using Anthos Zenyth 200 UV/Vis spectrophotometer. Methanol was used as a blank. Ascorbic
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acid (Sigma-Aldrich, Johannesburg, South Africa) was used as a standard drug. The percentage
of DPPH inhibition was evaluated using an equation that was previously described by Omede et

al., (2018).

(%) inhibition = (Abs Control — Abs Sample) X 100
Abs control

The extracts with a scavenging activity higher than 80% were considered active. For extracts that
had a scavenging activity ranged between 50% and below 80% inhibition were considered

moderate, and inactive were extract with <50% inhibition, and those inactive were rejected.

2.8 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging
activity assay

The ability of selected plant extracts to scavenge free radical activities was determined by ABTS
radical decolourisation assay. The assay was previously described by Re ef al., (1999), and was
further modified for this study. Briefly, ABTS+ cation radical was produced by the reaction
between 7 mM ABTS in water, and 2.45 mM potassium persulfate (1:1), stored in the dark at
room temperature for 12 — 16 h before use. ABTS+ solution was then diluted with methanol to
obtain an absorbance of 0.700 at 734 mM. After the addition of 5 ul plant extract to obtain 3.995
ml of diluted ABTS+ solution, the absorbance was measured at 30 min after the initial mixing.
The methanol solvent blank was run in each assay. The ABTS scavenging capacity of the extract
was compared to butylated hydroxytoluene (BHT). The percentage inhibition of absorbance at

734 mM was calculated using the formula below.

Scavenging capacity (%) = 100 — [OD sample — OD sample blank] x 100%
OD control — OD control blank

Where OD either represents optical density or absorbance.

2.9 Alpha-amylase (o-amylase) inhibition assay
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Different concentrations (50, 150, 250, 350, 450 pg/ml) of each plant extract (500 ul) were
incubated with 500 pl of a-amylase enzyme solution (2 units/ml) that was obtained by dissolving
0.001 g of a-amylase in 100 ml of 0.02 M sodium phosphate buffer pH 6.9 with 6.7 mM sodium
chloride) at room temperature (32°C) for approximately 10 min. After the incubation period this
was followed by the addition of 500 pul of 1% starch solution (1 g of potato starch was dissolved
in 100 ml of boiling distilled water and stirred for 15 min) and incubated at room temperature
(32°C) for a further 10 min. After the incubation period, 1 ml of 3,5-dintro salicylic acid (DNSA)
reagent was obtained by dissolving 1 g of DNSA in 50 ml of distilled water and added to 30 g of
sodium potassium tartrate in small lots, until the solution turned milky yellow. In the mixture
above, 20 ml of 2 N sodium hydroxide was added and it turned transparent orange-yellow colour
and this was made up to a mark of 100 ml in a volumetric flask. The stop reagent added in a
solution and it was wrapped with foil and kept in the dark. and was incubated in a hot water bath
(85°C) for 5 min. The reaction was observed after the 5 min incubation time; the colour changed

to orange-red and was removed from the water bath and cooled to room temperature.

The mixture was further diluted with 5 ml distilled water. The different plant extract
concentrations were performed in triplicates. Individual blank was performed by replacing an
enzyme with a buffer. Controls were performed by replacing plant extracts with solvent.
Acarbose™ (500 pg/ml) was used as positive controls in the following concentrations (100, 200,
300, 400 and 500 pg/ml). Absorbance was measured at 540 nm with Anthos Zenyth 200 UV/Vis
spectrophotometer. The percentage inhibition of a-amylase was analysed using the equation

below.

%1nh1b1t10n = (A 540 Control — B 540 Extract) X 100

A 540 Control

3. STATISTICAL ANALYSIS

The experimental results were expressed as mean + standard deviation of three parallel
measurements. Linear regression analysis was used to calculate the ICso values. Significance
difference (**p < 0.05) and (***p<0.0001) was determined using student “t” test by one-way

ANOVA, Tukey’s multiple comparison test, and Dunnet test in Prism version 5.0.
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4. RESULTS

The purpose of this study was to evaluate preliminary phytochemicals, total phenolic content,
total flavonoid content, antioxidants, and alpha (a)-amylase potential on selected South Africa
plant extracts. Thirteen phytochemicals were screened using standardised methods (Table 1).
Furthermore, the determination of total phenol content and total flavonoid content was conducted
in this study (Fig. 1, Fig. 2, and Table 2). In addition, the ability of plant extracts to scavenging
free radicals was evaluated using DPPH radical scavenging assay (Fig. 3 1 and Fig. 4), and
ABTS radical scavenging assay (Fig. 5). Finally, the ability of the plant extracts to inhibit a-

amylase (Fig. 6) was also evaluated.
4.1 The qualitative results of phytochemicals

The qualitative phytochemicals investigations showed the presence of phytochemicals in various

concentrations. The results are summarised in Table 2 below.
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Table 2: Qualitative analysis of phytochemicals results of nine plant extracts

Euclea crispa L - - + + + - + + - + - + +
Euclea natalensis L - - + + + - + + - + + + +
Schkuhria pinnata L + - + + - - - - + + - n +
Ziziphus mucronata L + - + + + - + + + + + + +
Ziziphus mucronata F + - + + + - + + + + + + +
Lippia javanica L + + + + + + + - + + - - +
Vernonia oligocephala L + - + + + + + + - + - - +
Clerodendrum myricoides L + + + + + + + + - + - - +
Erythrina lysistemon L + + + + - + + + - + - + +

L: Leaf; F: fruit; 2ALK: Alkaloids; ®°CAR: Cardiac glycosides; ‘FLA: flavonoids; PHE: phenols; *SAP: saponins; 'STE: steroids; ¢TA:
tannins; "ANT: anthocyanin; ‘BEC: Bectacynin; /COU: coumarins; “CRB: carbohydrates; "QUI: quinones; ™"TEP: terpenoids; +:

present and -: absent.
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5.2 The determination of total phenolic content

The gallic acid solution of concentration (50 — 450 pg/ml) conformed to Beer's Law at 750 nm with a
regression coefficient (R?) = 0.9928. The plot has a slope (m) = 0.00061 and intercept = 0.03671. The
equation of standard curve is y = 0.00061x + 0.03671 (Table 3 and Fig. 1).

Gallic acid
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Fig. 1: Total phenolic content for standard gallic acid. R? value represented mean data of n=3.

4.2 The determination of total flavonoids

The quercetin solution of concentration (100 — 500 mg/ml) conformed to Beer's Law at 510 nm with a
regression coefficient (R?) = 0.9586. The plot has a slope (m) = 0.0001839 and intercept = 0.01839. The
equation of standard curve is y = 0.0001839 x + 0.01839 (Table 3 and Fig 2).

Quercetin
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Fig. 2: Total flavonoids content for standard quercetin. R2 value represents the mean data set of (n=3).
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Table 3: Total phenolic content and total flavonoids content of the selected South African plant extracts

TFC

(mg of quercetin

equivalent/g dry
Plant species Plant parts Concentrations TPC material)
(ng/ml) (mg GAE/g) *

Euclea crispa Leaf 50 36,60+ 0.94 4,60 +0.94
100 46,19+ 1.41 10,90 + 0.94

150 57,79+ 0.94 32,95+ 0.94

250 70,39+ 1.41 36,43 +1.41

300 71,99+ 2.36 38,80 +1.41

400 82,58+ 0.94 49,26 +£0.94

450 93,18+ 1.41 61,05+2.36

FEuclea natalensis Leaf 50 13,51+ 0.94 6,18 +0.94
100 36,67+ 0.94 12,81 +1.41

150 61,75+ 1.41 16,75 +1.41

250 72,26+ 0.94 32,50 £ 1.41

300 82,77+ 0.94 48,24 +1.41

400 93,28+ 1.41 64,33 +1.89

450 93,80+ 1.89 79,74 £ 1.41

Schkuhria pinnata Leaf 50 1,93+ 0.47 3,70 £ 1.89
100 7,72+ 0.47 18,39 £ 0.94

150 21,23+ 1.41 34,09 £ 1.41

250 38,60+ 0.47 49,11 +0.94

300 44,39+ 0.94 64,81 £1.41

400 50,18+ 1.89 80,17 +1.41

450 55,96+ 1.41 82,34+ 1.41
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TFC

(mg of quercetin

equivalent/g dry
Plant species Plant parts Concentrations TPC material)
(ng/ml) (mg GAE/g) *
Ziziphus mucronata Leaf 50 7,72+ 0.47 2,24 +£0.94
100 19,30+ 1.41 3,70 +£1.89
150 30,88+ 1.89 4,60 + 0.94
250 36,67+ 0.94 5.39+0.94
300 47,25+ 0.94 26,45+ 1.41
400 57,83+ 1.41 47,17+ 1.41
450 68,40+ 0.94 67,56 +0.94
Ziziphus mucronata Fruits 50 13,51+ 1.41 2,58 +1.41
100 25,09+ 1.41 3,36+ 1.41
150 46,32+ 0.94 4,60 + 0.94
250 55,97+ 1.41 7,75 +£0.94
300 66,54+ 0.94 34,02+ 1.41
400 77,12+ 1.41 60,29 + 1.89
450 87,70+ 1.41 65,56 +0.94
Lippia javanica Leaf 50 1,93+ 0.47 3,03+0.94
100 5,79+ 0.94 4,94 +1.41
150 7,72+ 0.47 20,87 £ 1.41
250 21,23+ 1.41 36,81 +1.41
300 34,74+ 0.94 53,08 +1.89
400 48,25+ 0.94 68,69 +1.41
450 61,76+ 1.41 74,62 +1.41
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TFC
(mg of quercetin
equivalent/g dry
Plant species Plant parts Concentrations TPC material)
(ng/ml) (mg GAE/g) *
Vernonia oligocephala Leaf 50 1,93+ 0.47 291+1.89
100 3,86+ 0.94 23,48 +£1.89
150 5,79+ 0.47 44,06 +1.89
250 5,72+ 0.94 64,30 +1.41
300 23,44+ 1.41 74,88 £ 1.41
400 39,16+ 1.41 79,88 £ 1.41
450 54,88+ 0.94 85,45+ 1.41
Clerodendrum myricoides Leaf 50 3,86+ 0.94 2,58 +£1.41
100 7,72+ 0.94 3,70 +£1.89
150 11,58+ 1.41 19,06 + 1.89
250 19,30+ 1.41 34,09 £ 1.41
300 35,02+ 1.41 49,78 +1.89
400 50,74+ 1.89 64,14 £0.47
450 66,46+ 0.94 80,51 +1.89
Erythrina lysistemon Leaf 50 17,37+ 0.94 6,51 £1.41
100 42,46+ 1.89 7,30+ 1.41
150 52,91+ 1.89 23,48 £2.36
250 63,37+ 1.41 38,66 + 1.89
300 73,82+ 0.47 54,17 +1.89
400 84,28+ 2.83 70,02 +£2.36
450 94,74+ 0.94 75,87 +1.41

*all values are expressed as mean =+ standard error means (SEM) (n=3), TPC = Total phenolic content,

and TFC = Total flavonoids content.
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4.3 In vitro antioxidant assay - 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) radical

The determination of antioxidant activity from nine plant extracts was evaluated using DPPH radical
scavenging activity. The standard curve of ascorbic acid was measured and shown in Fig. 3. The results
are expressed in percentage of inhibition; of which active extract was above 50% and anything below
50% was considered inactive and rejected. Four active plant extracts are summarised (Fig. 4) below.
One-way ANOVA was used to establish statistical significance between plant extracts and
concentrations used. A degree of significance was observed with one or two concentrations used. The
inhibition effects that were observed were: Schkuhria pinnata showed 95% inhibition (50 mg/ml);
Lippia javanica showed 95% inhibition (50 mg/ml); Clerodendrum myricoides showed 93% inhibition
(50 mg/ml); and Erythrina lysistemon showed 92% inhibition (50 mg/ml), respectively. A significant
difference between groups was observed **(P<0.005) between S. pinnata vs C. myricoides, S. pinnata

vs E, lysistemon, and L. javanica vs E. lysistemon. It can be further seen that the inhibition had a dose-
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Fig. 3: In vitro antioxidant (DPPH) assay for standard Ascorbic acid. R? values represented mean data

set of n=3.
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Fig. 4. DPPH scavenging activities for Schkuhria pinnata (ICso = 38.244 mg/ml), Lippia javanica
(ICso = 34.966 mg/ml), Erythrina lysistemon (ICso = 37.828 mg/ml), and Clerodendrum myricoides
(ICs0 = 38.939 mg/ml). L: Leaf, and F: fruit. (Significant, **p<0.005).
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4.4 ABTS radical scavenging activity assay

The four plant extracts that demonstrated good scavenging activity against DPPH radical assay were
further validated with ABTS and similar results were observed (Fig. 5). The inhibition effects and ICso
value were observed Clerodendrum myricoides showed 88% inhibition (0.04 mg/ml). The ICso value of
7.148 mg/ml for Erythrina lysistemon showed 86% inhibition (0.04 mg/ml), The ICso value of 5.353
mg/ml Schkuhria pinnata showed 85% inhibition (0.04 mg/ml). The ICso value of 0.944 mg/ml and
Lippia javanica showed 83% inhibition (0.04 mg/ml), and ICso value of 0.759 mg/ml. The standard
inhibitor BHT showed 97% (0.04 mg/ml). The significant difference between plant extracts and BHT

was observed to be **(p<0.05).

Schkuhria pinnata (L) == Clerodendrum myricoides (L) < HBT

Lippia javanica (L) W= Lrythrina lysistemon (L)

150=

100=

% Inhibition

50+

Concentration (mg/ml)

Fig. 5: ABTS scavenging activities for Schkuhria pinnata (1Cso = 0.944 mg/ml), Lippia javanica
(ICso = 0.759 mg/ml), Erythrina lysistemon (ICso = 5.353 mg/ml), and Clerodendrum myricoides
(ICso = 7.148 mg/ml). L: Leaf, and F: fruit. (Significant between groups and control (HBT (ICso =

2.763 mg/ml)), **(p<0.005).
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4.5 In vitro inhibitory a-amylase assay

Nine selected plant extracts were used to assess the ability of a-amylase inhibitory effects and were
compared with a known inhibitor (Acarbose™). A degree of a-amylase was observed in all plant
extracts which ranged from 9% to 98%. However, only four plant extracts demonstrated a good
inhibition effect, and similar results were observed for Acarbose™. Essentially, plant extracts were
further quantified by chromogenic DNSA method and good inhibition effects was observed and lower
ICso values for Schkuhria pinnata (ICso = 52.673 pg/ml), and Clerodendrum myricoides (1Cso = 322.287
pg/ml) showed 98% inhibition (450 pg/ml), Erythrina lysistemon (ICso = 205.089 pg/ml) showed 97%
inhibition (450 pg/ml), and Lippia javanica (ICso = 247.708 pg/ml) showed 96% inhibition (450 pg/ml).
The standard inhibitor Acarbose™ (ICso = 291.395 ug/ml) showed 87% (450 pg/ml). The significant

difference was observed between groups **(p<0.05) and between groups and control *** (p<0.0001).
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Fig. 6: a-amylase inhibition activity of Acarbose™ and nine selected plant extracts. L: Leaf, and F:
fruit. The four plant extract exhibited good a-amylase inhibition and lower ICso values were
measured for Schkuhria pinnata (ICso = 52.673 pg/ml), and Clerodendrum myricoides (ICso =
322.287 pg/ml) showed 98% inhibition (450 ng/ml), Erythrina lysistemon (ICso = 205.089 pg/ml)
showed 97% inhibition (450 ug/ml), and Lippia javanica (ICso = 247.708 pg/ml) showed 96%
inhibition (450 pg/ml). The standard inhibitor Acarbose™ (ICso =291.395 pg/ml) showed 87% (450
pg/ml). The (Significant between groups was observed to be**p<0.05, and for control vs groups to

be ***p<0.0001).
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5. DISCUSSION

This study aimed to evaluate preliminary phytochemicals, total phenolic content, total flavonoid content,
antioxidants, and alpha (a)-amylase potential on selected South Africa plant extracts. In the quantitative
analysis, the phytochemicals that were analysed ranged from 7 to 10 out of 13 tested phytochemicals
identified. The total phenolic content was determined and results were shown (Fig. 1 and Table 1). For
total flavonoid content the results were shown (Fig. 2 and Table 2). Four plant extracts demonstrated
scavenging activities above 80%, namely, Schkuhria pinnata, Lippia javanica, Clerodendrum
myricoides, and Erythrina lysistemon (Fig. 4 and Fig. 5). Similarly, these plant extracts also exhibited
a-amylase inhibition effects of up to 98% (Fig. 6).

5.1 Total phenolic content, total flavonoid content and qualitative of phytochemicals

In this study it was observed that plant extracts exhibited total phenolic content, however, Erythrina
lysistemon (94.71 = 0.94 GAE/g), Euclea crispa (93.18 +1.41 GAE/g), Euclea natalensis (93.18 = 1.89
GAE/g), Ziziphus mucronata (87.7 = 87.7 GAE/g) exhibited high total phenolic in high concentration
(450 pg/ml) (Table 3). The total flavonoid content was also observed to have relatively high results.
Interestingly, no similar plant extracts exhibited similar results as the total phenolic content. However,
the following plants exhibited high total flavonoid content in higher concentrations (450 pg/ml). The
plant extracts were Vernonia oligocephala (85.45 £ 1.41 mgG/g), Schkuhria pinnata (82.34 £ 1.41
mgG/g), and Clerodendrum myricoides (80.51 £1.89 mgG/g) (Table 3).

The qualitative phytochemicals investigations conducted on selected plant extracts showed the presence
of various phytochemicals constituents. All plant extracts indicated the presence of flavonoids,
phenolics, coumarins, and terpenoids. Alkaloids were not present in Euclea crispa, and Euclea
natalensis. Cardiac glycosides were present in Lippia javanica, Clerodendrum myricoides, and
Erythrina lysistemon. Saponins were present in FEuclea crispa, Euclea natalensis, Vernonia
oligocephala, Lippia javanica, and Clerodendrum myricoides. Steroids were present in Lippia javanica,
Veronia oligocephala, Clerodenrum myricoides, and Erythrina lysistemon. Tannins were present in all
the plant extracts, except Schkuhria pinnata. Bectaynin was present in Schkuhria pinnnata, Ziziphus
mucronata (leaf and fruits), and Lippia javanica. Anthocynin were absent in Schkuhria pinnnata, and
Lippia javanica. Carbohydrates were present in Euclea natalensis and Ziziphus mucronata (leaf and

fruits). Quinones were not present in Lippa javanica, Vernonia oligocephala and Clerodendrum
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myricoides. The phytochemicals identified in this study have been extensively studied for their uses as

described in the literature.

Flavonoids are naturally found in fruits, vegetables, grains, bark, roots, stems, flowers, tea, and wine
(Panche et al., 2016; Ali, 2011). Interestingly, flavonoids play an important role in the following
industries: nutraceutical, pharmaceutical, medicinal and cosmetic applications (Panche et al., 2016).
Recent research has shown that flavonoids contribute towards anti-inflammatory, anti-mutagenic and
anti-carcinogenic properties coupled with their capacity to modulate key cellular enzyme function

(Kumar & Pandey, 2013; Ayaz et al., 2019).

Phenols are organic compounds and are found in various plant species, and have protective effects
against infection and herbivory by an insect (Ali, 2011). The protective effects contribute to anti-
inflammatory and antiseptic and can have anti-viral properties (Cianciosi ef al., 2018; Shahidi & Yeo,
2018). Coumarins are an aromatic organic chemical compound that is a colourless crystalline solid with
a sweet odour resembling the scent of vanilla and a bitter taste (Jain & Joshi, 2012). They are naturally
found in various plant species and can serve as a defence against predators (Yamane et al., 2010).
Coumarins have been reported to possess a biological activity and have limited approval for a few
medical uses as pharmaceuticals, such as in the treatment of lymphedema (Musa et al., 2008).
Terpenoids are natural chemical compounds that are present in all living organisms (Pichersky &
Raguso, 2018). They are found in abundance mostly in green plants and, particularly, flowering plants,
when compared with living organisms (Bergman et al., 2019). Essentially, they have a variety of
functions such as hormones, components of electron transfer systems, protein modification agents,

membrane fluidity determinants, and antioxidants (Tan et al., 2018, Bergman et al., 2019).

Alkaloids naturally occur in plants, and are more common in certain families of flowering plants
(Hussain et al., 2018). The most common alkaloids are morphine, codeine, erogonive, and ephedrine
(Sayhan et al., 2017; Harborne, 1993). They provide protective effects on plants against predators such
as insects (War et al., 2012; Furstenberg-Hagg et al., 2013). They ave diverse medicinal properties such
as relief of pain (morphine) (Shoaib et al., 2016; Hussain et al., 2018), treatment analgesic (codeine)
(Bhandari et al., 2011), treatment of arrhythmias (quinidine) (Eyal, 2018), and are useful for blood-

vessel constrictors (ergonovine and ephedrine) (Hartmann, 2004). In addition to this, ergonovine is used
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to reduce uterine haemorrhage after birth (Weeks, 2015; Chelmow, 2008), Ephedrine has been used
often for the relief of discomfort associated with common colds, sinusitis, hay fever, and bronchial
asthma (Thacher, 1946). Cardiac glycosides are a class of organic compounds found in various medical
plants (Musa et al., 2008). Compounds that have been isolated from cardiac glycosides, such as
digitoxin, digoxin, and convallotoxin, have been reported to support heart strength and rates of
contraction (Grosso et al., 2017; Ambrosy et al., 2014). Moreover, cardiac glycosides have an
additional function, namely, a diuretic effect that stimulates urine production and aids in the removal of
fluid from tissues and the circulatory system (Mladenka ef al., 2018). Essentially, cardiac glycosides are

also used as treatments for congestive heart failure, and cardiac arrhythmias (Mashour ef al., 1998).

Saponins are a class of chemical compounds that are widely found in varies plant species (Faizal &
Geelen, 2013). Researchers have investigated numerous properties of including beneficial and
detrimental effects on human health, pesticidal, insecticidal, molluscicidal and fungicidal activity,
bitterness and sweetness and other industrial applications such as foaming and surface-active agents
(Wagner, 2000; Kharkwal et al., 2012; Wisetkomolmat et al., 2019; Bossou et al., 2013). The steroids
are biologically active organic compounds, which are found in various plants, animals and fungi
(Dembitsky et al., 2017). The biological function of steroids is to alter membrane fluidity, and also
molecule signalling (Dufourc, 2008). Steroids are hormones that play an important role in alterations in

anatomy and physiology during important developmental stages (Zubeldia-Brenner et al., 2016).

Tannins are polyphenolics that are produced by plants and are bitter (El Gharras, 2009). The bitterness
in tannins serves as a protective mechanism against predators such as insects and grazing animals (War
et al., 2012). Tannins are also useful in curing leather because of their tendency to contract and astringe
tissues by binding with precipitating proteins (Ashok & Upadhyaya, 2012). Anthocyanins are water-
soluble and they can have a red, blue or black pigment which is found in plants and vegetables
(Archetti et al., 2009). Anthocyanin is usually found on the blueberry, raspberry, black rice, and black
soybean (Khoo ef al., 2017). The importance of plants with pigmentations is mainly for signalling, and
in attracting in pollinating and dispersal agents and repelling herbivores (Lee, 2005). Anthocyanins are
used in the food industry as an additive and possess anti-oxidant properties (Khoo et al., 2017).
Similarly, bectacyanin are yellow indole-derived pigments found in plants (Khoo et al., 2017). They are

commonly noticeable in the petals of flowers but may colour the fruit, leaves, stems, and roots of plants
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that contain them (Khoo et al., 2017; Miguel, 2018) They are used as an additive as food dye; they

have also been observed to possess antioxidants (Miguel, 2018).

Carbohydrates are commonly found in organisms and plants (Ainsworth & Bush, 2011). They are
among the first organic compounds formed during photosynthesis (Ainsworth & Bush, 2011). Their key
function is a source of energy by all cells (Jéquier, 1994). They can be used for the production of
cellulose in cell walls, for the synthesis of storage products such as starch (Stein & Granot, 2019).
Quinones are secondary metabolites that are found in various plant species (Lu et al., 2013). They
possess biological activities, such as a purgative effect, and also antibacterial and anti-cancer activities
(Koyama et al., 2010; Bolton et al., 2000). Moreover, quinine has been instrumental in the derivatives

of various natural and artificial colouring substances (dyes and pigments) (Yusuf et al., 2017).
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5.2 In vitro antioxidant assay - 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) radical

The antioxidant activity was determined using DPPH radical scavenging assay and ascorbic acid was
used as a standard. The ascorbic acid solution of concentration (10 — 50 mg/ml) conformed to Beer's
Law at 593 nm with the regression coefficient (R?) = 0.9973. The plot has a slope (m) = 0.02703 and
intercept = 0.2324. The equation of standard curve is y = 0.02703x — 0.2324 (Fig. 3). The results were
expressed as a percentage of inhibition and ICso (where 50% concentration of the extract scavenged free
radical). The lower the ICso (ug/ml) value the higher the percentage of free radicals. The plant extracts
with a scavenging activity higher than 80% were considered active. For extracts that had scavenging
activity ranged between 50% and below 80% inhibition were considered moderate and inactive were
extract with <50% inhibition, and those inactive were rejected. The antioxidant using DPPH radical
scavenging activity revealed that four plant extracts scavenged free radicals namely: Schkuhria pinnata
(ICso = 38.244 mg/ml), Lippia javanica (1Cso = 34.966 mg/ml), and Erythrina lysistemon (ICso = 37.828
mg/ml) (Fig. 4).

5.3 ABTS radical scavenging activity assay

The plant extracts that were considered active from DPPH were further verified with ABTS antioxidant
assay. The results were expressed as percentage inhibition and ICso (where 50% concentration of the
plant extract scavenged free radical). Essentially, the lower ICso (mg/ml) value the higher the percentage
inhibition of free radicals. The antioxidant determined using ABTS radical scavenging activity revealed
Schkuhria pinnata (ICso = 0.944 mg/ml), Lippia javanica (1Cso = 0.759 mg/ml), Erythrina lysistemon
(ICs0 = 5.353 mg/ml), Clerodendrum myricoides (1Cso = 7.148 mg/ml), (HBT (ICso = 2.763 mg/ml) (Fig.
5). Natural bioactive compounds such as antioxidants normally occur in medicinal plants and they play
a pivotal role in scavenging free radicals (Babajide et al., 2010; Kalaivani & Mathew, 2010). In this
study, four plant species exhibited high antioxidant activities in both DPPH and ABTS radical assays.
These plant species can play a pivotal role in the prevention of various degeneration diseases, and these
results confirm their use in traditional medicine practice purposes (Rice-evans et al., 1995; Xu et al.,

2017).
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5.4 In vitro inhibitory a-amylase assay

The plant extracts that were studied demonstrated some degree of a-amylase inhibition, however, a
good inhibition was noticeable. Schkuhria pinnata (ICso = 52.673 ug/ml), and Clerodendrum
myricoides (1Cso = 322.287 pg/ml) showed 98% inhibition (450 pg/ml), Erythrina lysistemon (ICso =
205.089 pg/ml) showed 97% inhibition (450 pg/ml), and Lippia javanica (ICso = 247.708 pg/ml)
showed 96% inhibition (450 pg/ml). The standard inhibitor Acarbose™ (ICso = 291.395 pg/ml) showed
87% inhibition (450 pg/ml) (Fig. 6).

The oxidative damage to cells caused by free radicals, especially the damage to DNA, may play a role
in the development of cancer, neurodegenerative disorders, cardiovascular diseases, diabetes, and other
chronic health conditions (Halliwell, 1994; Diplock et al., 1998; Valko et al., 2007; Oyedemi et al.,
2017), and play a significant role in the pathogenesis of metabolic syndrome including diabetes
mellitus (DM). The ability of medicinal plants to inhibit a-amylase is an important therapeutic target in
the regulation of postprandial increase of blood glucose in diabetic patients (Oyedemi et al., 2017).
Importantly, the plant species that exhibited good a-amylase inhibition activity can be a candidate for

use in the blood glucose regulation in diabetic patients.
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6. CONCLUSION

This study has shown the presence of medicinally important properties in plant species studied. The
presence of phytochemicals in plant species showed the usefulness of these plant species in traditional
medicine practices. Also, certain plant species demonstrated antioxidant potential; and a-amylase
inhibition potential was observed. The results suggest that the presence of phenolic, flavonoids,
antioxidants, and a-amylase properties are potential solutions towards the management of diabetes and
other chronic inflammatory diseases. The results support the use of these plants in the management of

various ailments in traditional medicine practices.
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CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS

6.1 Introduction
People from the Southern African region have used fauna and flora in their homes for millennia to treat

all sorts of ailments and complaints with great success. This knowledge transfer was done
through ’apprenticeships’ and oral communication. However, the challenge remains that these
medicines have not been tested through comprehensive evidence-based scientific or clinical studies.
There is a fallacious view that herbal medicines are harmless and free of side effects because they
are 'natural’. In recent times, there have been several cases of hepatic injury and even death associated
with their use (Popata et al., 2002). Administration of the traditional Zulu remedy impila (Callilepis
laureola) in high doses results in severe or fatal hepatotoxicity and, in some cases, nephrotoxicity
(Popat et al., 2001). Patients poisoned with impila characteristically show severe hypoglycaemia as a
precursor to catastrophic hepatocellular necrosis (Seedat & Hitchock, 1971; Frenzel & Teschke, 2016;
Bye & Dutton, 1991). Therefore, the aim of this study was to undertake an investigation into
cytotoxicity effects, antimicrobial, anti-inflammatory, antioxidant, and alpha-amylase properties of
eight selected South African plants for medicinal purposes. There were nine plants extracts of the

selected plants.

The research findings of this study in terms of its research objectives are summarised in this chapter.
The conclusions are based on the results which were presented in published papers in Chapters three to
five. Recommendations are based on the findings. Conclusions are provided. Lastly, the limitations of

this research and suggestions for further research are offered.
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6.2 A summary of the objectives

The aim of this study was to undertake an investigation into cytotoxicity effects, antimicrobial, anti-
inflammatory, antioxidant, and alpha-amylase properties of eight selected South African plants for

medicinal purposes.

The plant species that demonstrated one of the following properties: antidiabetic, antioxidants, and anti-
inflammatory in order to be useful in the treatment and management of diabetes mellitus (DM) and
other cardiovascular diseases.
The objectives of the study were as follows.
(1) To evaluate eight selected South African plant extracts for minimum inhibitory concentration
and minimum bactericidal concertation against selected four bacterial strains.
(i1) To evaluate the cytotoxicity and anti-inflammatory effects of selected South African medicinal
plants against C2C12 cells and RAW 264.7 cells.
(ii1)To estimate the preliminary screening of phytochemicals, antioxidants, and alpha-amylase

inhibitory activities of the selected South African plant extracts for medicinal purposes.

6.3. Conclusions drawn from the research findings

The eight selected South African plant species demonstrated some degree of antimicrobial activities,
antioxidant, anti-inflammatory, and a-amylase inhibition effects. In addition to this, cytotoxicity of
medicinal plants against C2C12 cells and RAW 264.7 cells was validated. The results suggest that
Schkuhria pinnata; Lippia javanica; Clerodendrum myricoides; and Erythrina lysistemon exhibited good
antimicrobial, anti-inflammatory, and antioxidant properties amongst the studies of the plant species.
Therefore, the presence of phenolic, flavonoids, antioxidants, and a-amylase properties are potential
solutions towards the management of diabetes and other chronic inflammatory diseases. Furthermore,
the selected plants may serve as a promising therapeutic agent for inflammatory diseases and this
authenticates their use in traditional medicine. The conclusions drawn from this study are presented

below.
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6.3.1 Antimicrobial activities
Antimicrobial activity of the nine selected South African crude plant extracts (Euclea crispa (leaf),

Eulea natalensis (leaf), Schkuhria pinnata (leaf), Ziziphus mucronata (leaf), Ziziphus mucronata (fruits),
Lippia javanica (leaf), Vernonia oligocephala (leaf), Clerodendrum myricoides (leaf), and Erythrina
lysistemon (leaf)), was investigated against Escherichia coli, Pseudomonas aeruginosa, Staphylococcus
aureus and Enterococcus faecalis. The minimum inhibitory concentrations of the crude plant extracts
were determined. Good inhibition and bactericidal effects against all four bacteria were shown by four
plant extracts: Lippia javanica (leaf); Ziziphus mucronata (leaf); Erythrina lysistemon,; and Schkuhria
pinnata. Similarly, gentamycin (positive control) had inhibitory effects. However, none of the plant
extracts showed bactericidal against Pseudomonas aeruginosa. The results of this study suggest that
four plant species that exhibited inhibition effect and bactericidal effects does support their use in the
traditional medical treatment of various ailments. Furthermore, these promising plants can be of great

importance in the treatment of various ailments.

6.3.2. Cytotoxicity and anti-inflammatory effects

The cytotoxicity and anti-inflammatory effects of plant extracts were validated against C2C12 cells and
RAW 264.7 cells. It was observed that none of the plants' extracts exhibited cytotoxic effects at the
concentrations used against RAW 264.7 cells. However, a degree of cytotoxicity in all plant extracts
against C2C12 cells at higher levels was observed. All plant extracts demonstrated some degree of anti-
inflammatory effect. Plant extracts that exhibited marked anti-inflammatory activities were
Clerondendrum myricoides; Lippia javanica; Erythrina lysistemon; Schkuhria pinnata; and Vernonia
oligocephala. These indings suggest that these plants’ extracts may serve as a promising therapeutic
agent for inflammatory diseases and thus authenticate their use in traditional medicine. The plant

species that exhibited a certain level of toxicity should be used with caution within ATM practice.
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6.3.3 Phytochemicals screening, antioxidants, and alpha-amylase effects

The phytochemicals, total phenolic content, total flavonoid content, antioxidants, and alpha (a)-amylase
effects were evaluated for the selected South African plant extracts. All plant extracts exhibited
flavonoids, phenolics, coumarins, and terpenoids. The other seven phytochemicals were not present in
all of the plant extracts. Interestingly, all plant extracts showed total phenolic and total flavonoid
content; however, total phenolic content was observed to be higher to Erythrina lysistemon; Euclea
crispa,; Euclea natalensis; and Ziziphus mucronata. The highest total flavonoid was seen for Vernonia
oligocephala; Schkuhria pinnata; and Clerodendrum myricoides. The antioxidant and a-amylase
inhibition was observed in four plant species, namely: Schkuhria pinnata; Lippia javanica,
Clerodendrum myricoides; and Erythrina lysistemon. These findings suggest that the presence of
phenolic, flavonoids, antioxidants, and a-amylase properties are potential solutions towards the

management of diabetes and other chronic inflammatory diseases.

6.4. Recommendations

Medicinal plants possess natural occurring bioactive compounds such as antimicrobial, antioxidant,
anti-inflammatory, and antidiabetic properties (Gothai et al., 2016). South Africa is rich in plant
diversity hence the use of plants in ATM since ancient times; however, a number of plant species
lack authentication scientifically (Street & Prinsloo, 2013; Kamsu-Foguem & Foguem, 2014). This
finding of this study demonstrated the following in terms of certain plant species:

(1) showed no cytotoxicity effects,

(i1) exhibited antimicrobial properties in all pathogenic organisms used,

(ii1) anti-inflammatory properties were evident,

(iv)antioxidant activities were evident,

(v) the presence of phytochemicals, total phenolic, and total flavonoid properties, and

(vi)antidiabetic properties were also observed.
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The results of this study substantiate the use of these plants within the ATM system. However, there is a
need for recommendations based on the findings.

e Attention should be given to those plant extracts that demonstrated cytotoxicity effects against a
cell line. It is recommended that they should be used with caution.

e Interestingly, plant species may show cytotoxicity effects, but on the other hand may exhibit
anti-inflammatory effects. This could be due to synergistic interaction since medicinal plants are
typically used for the treatment of more than one aliment (Kudumela et al., 2018; Naz et al.,
2017; Sigidi et al., 2016). It is recommended that future studies should seek to identify the
typical modes of action of these active extracts.

e It is recommended that the biologically active properties observed in these plant extracts should

be further verified by in vivo studies.
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CHAPTER ONE: INTRODUCTION

1.1. Introduction

The use of medicinal plants date back to ancient times for the treatment of various ailments
(Petrovska, 2012, Yuan er al., 2016). Medicinal plants play an important role as a source of
natural ingredients for preserving human health (Sofowora er al., 2013). Additionally,
medicinal plants have been evaluated for various purposes such as the production of flavours,
fertilizes and fragrances (Dar et al., 2017). Recently, researchers have been focusing on the
evaluation of medicinal plants’ ability to treat and manage various aliments (Anand et al., 2019,
Street and Prinsloo, 2013). The search for plants medicinal properties has given way to some
ethnobotanical studies that have documented indigenous plant species, the mode of preparation,
and uses by endemic communities in some parts of Uganda (Tabuti et al., 2010, Tugume ez al.,

2016).

Although medical plants have been used for centuries, safety and efficacy were not reported in
earlier literature (Mahomoodally, 2013, Petrovska, 2012, Ekor, 2014). The medical plant
consists of secondary metabolites that attribute to therapeutic properties, such as antioxidant,
anti-microbial, anti-diabetic, anti-inflammatory, anti-cancer, immune-modulatory and reno-
protection effects (Londonkar et al., 2013, Tungmunnithum et al., 2018). Recently, more
researchers have been investigating the therapeutic properties and phytochemical properties of
medicinal plants (Wintola and Afolayan, 2015, Egamberdieva, 2016). Therefore, there is a need
to evaluate plants with antidiabetic and anti-inflammatory activity for the treatment and

management of diabetes mellitus and other cardiovascular diseases.
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1.2. Background to the study

The medicinal plants are also referred to as medicinal herbs, they play a pivotal role in African
traditional medicine (ATM) and has been used in ancient times. Plants possess secondary
metabolites such as phytochemicals with potential or biological activity that are used for the

treatment and management of diabetes mellitus and other cardiovascular diseases.

* African traditional medicine: is referred to as knowledge, skills, and practices based
on the theories, beliefs, and experiences indigenous to different cultures that are used
to maintain health, as well as to prevent, diagnose, improve, or treat physical and
mental illnesses.

* Phytochemicals: are chemicals that are derived from plants through primary or
secondary metabolites.

e Cardiovascular diseases: are generally refers to conditions that involves narrowed or
blocked blood vessels that can lead to a heart attack, chest pain (angina) or stroke.

* Diabetes mellitus: commonly known as diabetes, is a metabolic disorder characterised

by a high blood sugar level over a prolonged period.

There are four types of diabetes:

s Type 1 diabetes: results from the pancreases’ failure to produce enough insulin due to
the loss of beta cells. It is referred to as "insulin-dependent diabetes mellitus" (IDDM)
or "juvenile diabetes".

s Type 2diabetes: begins with insulin resistance a condition in which cells fail to respond
to insulin properly. This is referred to as "non-insulin-dependent diabetes mellitus”
(NIDDM) or "adult-onset diabetes”.

* Gestational diabetes: is the third main form, and occurs when pregnant without a

previous history of diabetes and develop high blood sugar levels.
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1.3. Problem Statement
In the 34 years from 1980 to 2014, the global prevalence of diabetes mellitus (DM) jumped a

staggering 314 million cases, from 108 million to 422 million according to World Health
Organisation (WHO, 2016). DM is a metabolic disorder characterized by hyperglycaemia due
to a defect in insulin production and/or resistance by the cells (Rajalakshmi et al., 2009). It was
estimated that DM would increase from 4 percent in 1995 up to 54 percent in the year 2025
(Bears er al., 2004). In South Africa, the prevalence of DM in adults is on the rise too. In the
short space of 9 years, DM prevalence increased from 5.5% in 2000 to 9% in the year 2009
(Bertram et al., 2013, Pheiffer et al., 2018).

On average, a diabetic patient pays R9,000 more for hospitalisation costs than non-diabetic
patients in 2009 according to study which is R27,000 (2,250 USD) per hospitalisation compared
to R18,000 (1,500 USD) for non-diabetic patients (Manyema et al., 2015, Ncube-Zulu and
Danckwerts, 2004). This is the global context where the total health expenditure is projected to
be between 1.1 to 2 billion USD in 2030 (Zhang er al., 2010). Poor management of DM can

lead to neurological, cardiovascular, retinal and renal complications (Rahmatullah er al., 2012).

Plants used for medicinal properties in the fight against DM have shown to be able to alleviate
one or more symptoms. A total cure for the disease still eludes the medical fraternity though
(Rahmatullah et al., 2012). Medicinal plants have also shown to be effective in delaying
complications of the diseases and rectifying metabolic abnormalities. The use of plants for

medicinal purposes has the advantage of having few or no side effects (Shukia et al., 2000).

1.4. Aims

This study is aimed at an investigation into cytotoxicity effects, anti-inflammatory, antioxidant,
antimicrobial and antidiabetic properties of the selected South African plants for medicinal
purposes. Essentially, plant species that demonstrate one of the following properties namely:
antidiabetic, antioxidants and anti-inflammatory will be useful towards the treatment and

management of DM and other cardiovascular diseases.
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1.5. Objectives

The objectives of the study were:

()  To evaluate — inhibitory
I concertation
|

(ii) To evaluate the cytotoxicity and anti-inflammatory effects of selected South African
medicinal plants against C2C12 cells and RAW 264.7 cells.

(iii) To estimate the preliminary scgeening of phytochemicals, phenolic content,

k-alnylelse I e
I south African [ for medicinal purposes.

flavonoid content, antioxidants

1.6. Research Questions

1. Does the selected plant species possess either bactericidal or bacteriostatic?

2. How many of the selected plant species possess anti-inflammatory effects?

3. Do the selected plant species possess any cytotoxicity effects against C2C12 cells and
RAW 26477

4. How many phytochemicals can be found in the selected plant species?

5. Which plant species consists of the highesth
i

6. Does [JJJ] sclected plant species possess either antioxidant or alpha-amylase inhibition

effects?

1.7. Significance of the study

African traditional medicine (ATM) has been used in ancient times for the treatment of various
ailments (Atanasov et al., 2015). The ATM has been reported to be used by a lot of people in
Africa as primary healthcare (Abdullahi, 2011). Despite the availability and affordability of
ATM, communities strongly believe that ATM is much safer compared to conventional drugs
(Sofowora et al., 2013, Deutschlédnder er al., 2009). However, very few medicinal plants have
been validated for their safety and efficacy to substantiate their use in the ATM system
(Mahomoodally, 2013). Recently, more researchers have developed an interest in the
authentication of ATM, and this has been triggered by drug resistance that has been a growing
problem with conventional drugs (Zhang et al., 2018, Mahomoodally, 2013, Mills et al., 2005).

Essentially a search for alternative medicine is imperative. Medicinal plants have been shown
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to contribute meaningfully in the pharmacology industry toward drug discovery (Atanasov et

al.,2015, Leonti and Casu, 2013).

Developments have been focusing on drug discovery due to secondary metabolites found on
medicinal plants that can be used for the treatment and management of malaria, cancer,
diabetes, cardiovascular diseases and neurological affliction (Pan et al., 2013, Ginsburg and
Deharo, 2011). Interestingly, the selected plant species have been reported for their use in ATM
by traditional healers, however, safety and efficiency is lacking (Nkala eral., 2019). This study
aimed to make a significant contribution toward the body of knowledge concerning the ability
of the selected medicinal plants to possess the following properties: antioxidant, anti-
inflammatory, antidiabetic and antimicrobial capabilities. Importantly, plant species must not
be toxic to ensure their safety. The medicinal plant that possesses these bioactive serves as a
good candidate for the treatment and management of diabetes and other cardiovascular diseases

(Gothai et al., 2016, Choudhury et al., 2017).
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1.8. Research Methodology

151, Sample
I The voucher specimen number is =

I <rounded [l 2 powder

1.8.2 The determination of minimal inhibitory concentration (MIC) and minimal
bactericidal concentration (MBC)

The microplate dilution method was used to determine the ability of plant extracts to inhibit or
kill pathogenic organisms with minimal inhibitory concentrations (MIC’s) and minimal

bactericidal concentration (MBC), which was developed by (Eloff, 1998).

1.8.3 The evaluation of the cytotoxicity and anti-inflammatory effects of selected South
African medicinal plants against C2C12 cells and RAW 264.7 cells.

The cytotoxicity effect of plant extracts was assessed against C2C12 cells and RAW 2647 cells
using Alamar Blue cell viability assay (Rampersad, 2012, Zachari er al., 2013), and crystal

violet cell viability assay (Feoktisova et al., 2016, Sliwka et al., 2016). Furthermore, the anti-
inflammatory effects were determined by th:_ production
. nitric oxide (NO) was assessed using Griess assay (Promega), against RAW 264.7 cells
which was previously described by (Lim er al., 2018).

1.8.4 The estimation of the preliminary screening of phytochemicals, phenolic content,

flavonoid content, antioxidants -amylase [N (- D
South African [ for medicinal purposes.

The phytochemical analysis was conducted with standard methods and the following
phytochemicals were analysed: Tannins, Saponins, Flavonoids, Quinones, Phenols,
Terpenoids, Alkaloids, Glycosides, Cardio glycosides _Coumarins, Betacynanin, Anthocyanin,
and Steroids (Rajesh et al., 2014, Mujeeb er al., 20 14).L phenol [ determined
I v hich [ previously described by (Skerget er al., 2005). Essentially, the
flavonoids total content was analysed with a method that was previously described by
(Pranoothi er al., 2014). The antioxidant activity was analysed using DPPH radical-scavenging
assay as previously described by (Blois, 1958). Furthermore, the DPPH results were confirmed
with ABTS radical scavenging assay which was previously described by (Re er al.. 1999). The
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ability of medicinal plants to inhibit alpha-amylase was analysed as previously described by

(Saha and Verma, 2012).

1.8.5 Datah

I wriplicates [ - I
. incar

regression analysis was used to calculate the ICsq values.

1.9. Limitations of the research
This study is aimed at an investigation into cytotoxicity, anti-inflammatory, antioxidant,
antimicrobial and anti-diabetic properties of selected South African plants for medicinal

purposes using in vitro testing.

1.10. Organisation of Research Dissertation

This dissertation will be organised as follows:

1.10.1. Chapfter 1 — Introduction

This chapter introduces a laboratory study on the medicinal plants used to treat and manage
diabetes and other cardiovascular diseases. In this introductory chapter, the rationale for this
study is explained and an overview of the dissertation is provided. The Chapter starts by
presenting the context within which this study was conducted as well as the researcher's
background. It then proceeds to explain the rationale and objectives of the study. The theoretical
background used in this study. Finally, an overview of how the study was conducted is

provided.

1.10.2. Chapter 2 — Literature Review (published paper)
This chapter presents a review article titled “A review on selected African medicinal plants with
effective in the management of type Il diabetes mellitus.” This manuscript was published by

ACTA Scientific Pharmaceutical Sciences, 3(8), 2019.

1.10.3. Chapter 3 — Objective 1 (published)

This chapter presents the first objective, and a manuscript was published titled "The in vitro
evaluation of some South African plant extracts for minimum inhibitory concentration and
minimum bacterigidal concentration against selected bacterial strains." This manuscript was

(7), 2019.

published by the
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1.10.4. Chapter 4 — Objective 2 (accepted for publication)

This chapter presents findings from the second objective, and a manuscript has been accepted
for publication in January of 2020. A manuscript is titled “The evaluations of cytotoxicity and
anti-inflammatory effects of selected South African medicinal plants against C2C12 cells and
RAW 264.7 cells”. The manuscript was accepted by the International Journal of Scientific and

Research Publications, 2020,

1.10.5. Chapter 5 — Objective 3 (in press)

This chapter presents the third and final objective of this study, and a manuscript has been
submitted to a journal for consideration. This chapter focuses on the estimation of
preliminary screening of phytochemicals, phenolic content, flavonoid content, amioxidamsﬁ
B -anoyissc [ it I south African [ for medicinal

purpose.

1.10.6 Chapter 5 — Conclusion and recommendations

In this chapter the conclusions derived from the findings of this study on the use of traditional
medicine for the treatment and management of diabetes and other cardiovascular diseases. The
conclusions were based on the plant biological activities analysed in this study. The

implications of these findings and the resultant recommendations will also be explained.
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1.11. Summary

South Africa is home to thousands of plant species, and each species have unique and beneficial
bioactive compounds (Street and Prinsloo, 2013). The use of medicinal plants in the African
traditional medicine (ATM) practice is due affordability as compared to conventional drugs and
most importantly, it has been reported to have lesser side effects (Mahomoodally, 2013).
Furthermore, it is imperative to validate medicinal plant safety and efficiency as to contribute

with data on their safety for human uses within the ATM (Ngcobo er al., 2011).

The present study highlights in vitro biological activity determined from the selected medicinal
plants and the following activities were validated namely: antimicrobial, phytochemicals, total
phenolic content, total flavonoid content, antioxidant, and alpha-amylases. In addition to this,
the cytotoxicity of medical plants was validated together with anti-inflammatory capabilities.
Interesting, plant species exhibited good antioxidant, anti-inflammatory and anti-diabetic
properties are the potential to be used in the treatment and management of diabetes. Chapter
two covers a review article published on ACTA Scientific Pharmaceutical Sciences and the
manuscript focus on selected South African plants with effectiveness in the management of

Type II Diabetes Mellitus.
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CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS
5.1. Introduction

People from the Southern African region have been using the fauna and flora of the region in
their homes for millennia to treat all sorts of ailments and complaints with great success. This
knowledge transfer was done through "apprenticeships" and oral communication. However, the
challenge remains that these medicines have not been tested through comprehensive evidence
based scientific or clinical study. There is a fallacious view that herbal medicines are harmless
and free of side effects because they are "natural". In recent times, there have been several cases
of hepatic injury and even death associated with their use (Popata et al., 2002). Administration
of the traditional Zulu remedy impila (Callilepis laureola) in high doses results in severe or
fatal hepatotoxicity and. in some cases, nephrotoxicity (Popat et al., 2001). Patients poisoned
with impila characteristically show severe hypoglycaemia as a precursor to catastrophic
hepatocellular necrosis (Seedat and Hitchock, 1971, Frenzel and Teschke, 2016, Bye and
Dutton, 1991). Therefore, this study aimed an investigation into cytotoxicity, antimicrobial,
anti-inflammatory, antioxidant, and alpha-amylase properties of selected South African plants

for medicinal purposes.

This chapter summarises the research findings of this study concerning the research objectives.
The conclusions are based on the results which are discussed in Chapters 3 to 5 of this study.
The recommendations, centred on the findings and conclusions are provided. Lastly, the

limitations of this research and suggestions for further research are offered.
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5.2. A summary of the objectives

This study is aimed at an investigation into anti-inflammatory, antioxidant, antimicrobial,
phytochemicals, and anti-diabetic properties of selected South African plants for medicinal
purposes. Necessarily, plant species that demonstrate one of the following properties, namely:
antidiabetic, antioxidants, and anti-inflammatory, will be useful towards the treatment and

management of DM and other cardiovascular diseases.

The objectives of the studywere:
(iv)  To evaluate — inhibitory
I concertation [
(v) To evaluate the cytotoxicity and anti-inflammatory effects of selected South African

medicinal plants against C2C12 cells and RAW 264.7 cells.
(vi) To estimate the preliminary SCE ning of phytochemicals, phenolic content,

ramylasc [N
I south African [ for medicinal purposes.

flavonoid content, antioxidants,

5.3. Conclusions are drawn from research findings

The selected South African plant species have demonstrated some degree of antimicrobial
activities, antioxidant, anti-inflammatory, and a-amylase inhibition effects. In addition to this,
cytotoxicity of medicinal plants against C2C12 cells and RAW 264.7 cells were validated. The
results of this study suggest that Schiuhria pinnata>Lippia javanica>Clerodendrum
myricoides=Erythrina [lysistemon exhibited good antimicrobial, anti-inflammatory, and

antioxidant properties amongst the nine studies plant species.

Therefore, the presence of phenolic, flavonoids, antioxidants, and wc-amylase properties are
potential solutions towards the management of diabetes and other chronic inflammatory
diseases. Furthermore, the selected plant may serve as a promising therapeutic agent for
inflammatory diseases and authenticates their use in traditional medicine. Below are the

conclusions that could be drawn from this study:
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5.3.1. Antimicrobial activities

the [l selected |G (%clca crispa

(leaf), Eulea natalensis (leaf), Schkuhria pinnata (leaf), Ziziphus mucronata (leaf), Ziziphus

mucronata (fruits), Lippia javanica (leaf), Vernonia oligocephalg (leaf), Clerodendrum
myricoides (leaf), and Erythrina [ysistemon (leaf)), was investigated

and bactericidal effects [ EEEEG—_—_——

I (icaf)
B ccntamycin (I However,
extracts || N 25 domonas [ s <
I piant species [l exhibitod |
B os- D i D il et

5.3.2. Cytotoxicity and anti-inflammatory effects

The cytotoxicity and anti-inflammatory effects of plant extracts were validated against C2C12
cells and RAW 264.7 cells. It was observed that none of the plants' extracts exhibited cytotoxic
effects at the concentrations used against RAW 264 .7 cells. However, a degree of cytotoxicity
in all plant extracts against C2C12 cells at higher levels was observed. All plant extracts
demonstrated some degree of anti-inflammatory effect. Howewver, plant extracts exhibited
marked anti-inflammatory activities were Clerondendrum myricoides> Lippia javanica>
Erythrina lysistemon> Schiuhria pinnata=Vemonia oligocephala. The present findings suggest
that these plants’ extracts may serve as a promising therapeutic agent for inflammatory diseases

and authenticates their use in traditional medicine.

5.3.3 Phytochemicals screening, antioxidants, and alpha-amylase effects

The phytochemicals, total phenolic content, total flavonoid content, antioxidants, and alpha (a)-
amylase effects were evaluated for the selected South African plant extracts. All plant extracts
exhibited flavonoids, phenolics, coumarins, and terpenoids. The other seven phytochemicals
were present, not in all plant extracts. Interestingly, all plant extracts showed total phenolic and
total flavonoid content; however, total phenolic content was observed to be higher to Erythrina
lysistemon> FEuclea crispa > Euclea natalensis >Ziziphus mucronata. The highest total
flavonoid was seen for Vernonia oligocephala>Schiuhria pinnata>Clerodendrum myricoides.

The antioxidant and o-amylase inhibition was observed in four plant species, namely:
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Schkuhria pinmata>Lippia javanica>Clerodendrum myricoides>Erythrina lysistemon. These
findings suggest that the presence of phenolic, flavonoids, antioxidants, and e-amylase
properties are potential solutions towards the management of diabetes and other chronic

inflammatory diseases.

5.4. Future Recommendations

The medicinal plant possesses natural occurring bioactive compounds such as antimicrobial,
antioxidant, anti-inflammatory, and anti-diabetic properties (Gothai et al., 2016). South Africa
is rich in plant diversity, and the number of these plants species lack authentication
scientifically, however, they have been used in ATM since the ancient times (Street and
Prinsloo, 2013, Kamsu-Foguem and Foguem, 2014). This study demonstrated that certain plant

species:

1. showed no cytotoxicity effects,

2. exhibited antimicrobial properties in all pathogenic organisms used,

3. anti-inflammatory properties,

4, antioxidant activities,

5. the presence of phytochemicals, total phenolic, and total flavonoid properties, and
6. antidiabetic properties were also observed.

The results of this study substantiate the use of these plants within the ATM system. However,
attention should be given to those plant extracts that demonstrated cytotoxicity effects against
a cell line, and they should be used with caution. Interestingly, plant species may show
cytotoxicity effects, and on the other hand, it may exhibit anti-inflammatory effects. This could
be due to synergistic interaction since medicinal plants are typically used for the treatment of

more than one aliments (Kudumela et al., 2018, Naz er al., 2017, Sigidi et al., 2016).

Future studies should seek to identify the typical modes of action of these active extracts.
Furthermore, the biologically active properties observed in this plant extracts should be further

verified by in vivo studies.
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