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ABSTRACT
Medicinal plants are widely used in southern Africa to treat pain associated with
chronic inflammatory diseases such as rheumatoid arthritis. Anti-inflammatory
activity was evaluated using methods such as the inhibitory activity on the synthesis
of pro-inflammatory enzymes and cytokines.
Crude acetone extracts of Peltophorum africanum (PA) had the best inhibitory
activity on 15-lipoxygenase (15-LOX) (IC50=12.42 µg/mL) among 25 plant species
selected for evaluation. The IC50 value recorded for quercetin (positive control) was
8.73±1.42 µg/mL. This prompted the selection of PA for further investigation. The
crude acetone extract was separated into 4 fractions. The n-hexane fraction inhibited
the activity of 15-LOX (IC50=0.01 µg/mL) better than quercetin, the positive control.
Based on this result, the n-hexane fraction was further separated into 16 fractions
(F1-F16). Of the 16 fractions, F3 had the best inhibitory activity on 15-LOX
(IC50=0.09±0.00 µg/mL), prompting a further separation of F3 into F3.1-F3.8, of
which F3.3 had the best total activity (75.0 L). Subsequent fractionation of F3.3
yielded F3.3.1-F3.3.8, leading to the isolation of two compounds (CP), glutinol (CP1)
and CP2 from F3.3.2.
Fraction F3.3 also had the best anti-inflammatory activity on COX-2 (IC50=0.67
µg/mL) compared to glutinol (IC50=1.22 µg/mL), CP2 (IC50=1.71 µg/mL) and F3.3.0
(IC5 =1.30 µg/mL), respectively. A similar trend was observed in investigation of the
inhibition of NO synthesis in RAW 264.7 cells by F3.3, glutinol, CP2 and F3.3.0.
Inducible COX-2 and NO are crucial signalling molecules that exacerbate
inflammation.
Glutinol, CP2 and F3.3.0 had low cytotoxicity on RAW 264.7 cells, with CP2
indicating the lowest cytotoxicity (IC50=207.88 µg/mL) compared to hydrogen
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peroxide, the positive control (4.60 µg/mL). Glutinol, CP2, and F3.3.0 reduced the
synthesis of interleukin 1β (IL-1β) from RAW 264.7 cells (1.18, 1.32 and 0.92 ng/mL),
respectively, compared with untreated cells (5.29 ng/mL). Similarly, glutinol, CP2 and
F3.3.0 inhibited the production of IL-2 and TNF-α by RAW 264.7 cells (0.41, 0.60,
0.74 and 0.11, 0.27, 0.24 ng/mL) respectively compared with untreated cell lines (1.9
and 0.30 ng/mL).
The mechanism of anti-inflammatory action of F3.3, glutinol, CP2 and F3.3.0
appeared to be via the inhibition of transcription factor nuclear factor kappa B (NFκB), which is responsible for stimulating the synthesis of the tested cytokines.
Unfortunately, there was insufficient material at the end of the bioassays to
conclusively elucidate the structure of CP2.
Extracts of PA had good anti-inflammatory activity, and the isolated compound,
glutinol may be useful as a template for the development of new anti-inflammatory
drugs.
Keywords: Peltophorum africanum, COX-1/COX-2, 15-LOX, NO, IL-1β, TNF-α, NFκB
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Chapter 1

CHAPTER 1: INTRODUCTION
1.1 OVERVIEW OF INFLAMMATORY PAIN-RELATED CONDITIONS
Inflammation is part of the complex of body’s defence mechanism against infections
and injury. It also forms part of tissue repair process. There are five cardinal signs
associated with inflammation, namely, redness, heat, swellings, pain and loss of
function. Inflammation may be completed within a few hours or several days (acute
inflammation), or may be severe and persistent for several months or years (chronic
inflammation). Chronic inflammation is a key factor in the pathogenesis of many
degenerative

diseases

like

rheumatoid

arthritis,

type-II

diabetes

mellitus,

arteriosclerosis, cancer and Alzheimer’s disease (Aletaha et al., 2009). Severe
chronic inflammation also reinforces maladaptive changes in the nervous system
capable of exaggerating pain sensation (Souza et al., 2004; Wang et al., 2005).

Pain results from intense stimuli that are potentially or actually damaging to tissue,
also called noxious stimulus (Woolf, 2011). This type of pain is mediated via the
nociceptive system to detect pain stimuli in high-threshold peripheral and central
neurons with pain receptors (nociceptors). Nociceptive pain is an essential,
protective and adaptive process from harmful environment and external agents to
the host. However, in chronic inflammation, nociceptive pain results from tissue
injury caused by inflammation, damage to tissues of the nervous systems
(neuropathic pain and or alterations in the physiology of the nervous system
(functional pain). Nociceptive pain arises either without an apparent peripheral
stimulus, or as a result of hypersensitivity to a known peripheral stimulus. This is due
to either a decreased pain threshold in neurons (allodynia) or increased pain

1

Chapter 1

threshold, where noxious stimulus produces an exaggerated or prolonged pain
(hyperalgesia) (Souza et al., 2004; Wang et al., 2005).

During inflammation, several inflammatory mediators are released at the site of injury
and interact with nociceptors which transmit pain signals through the nervous
system. Increased release of pro-inflammatory mediators at the affected site may
lead to increased pain sensations in affected individuals, as seen in osteoarthritis
(Jurenka, 2009; Farid et al., 2010).

Non-steroidal anti-inflammatory drugs (NSAIDs) like ibuprofen, aspirin and naproxen
are used to eliminate inflammation and

thus, reduce pain sensitization.

Unfortunately, many NSAIDs are associated with adverse side effects, including
gastric ulcers, renal and cardiovascular problems (Meek et al., 2010; Sostres et al.,
2013). Alternatively, many plant derived anti-inflammatory remedies may be capable
of reducing inflammation by down-regulating the synthesis of pro-inflammatory
mediators or modulating the inflammatory pathways with fewer or no significant
adverse effects (Bukoye and Musbau, 2011; de Melo et al., 2015). Therefore, a
plausible alternative therapeutic strategy for treating inflammatory-pain sensitization
may be the use of plant-derived substances.

1.1.1 Processes involved in inflammatory pain conditions

Acute inflammation is initiated by immune cells such as macrophages, dendritic cells
and Kupfer’s cells. These cell types possess specialized receptors on their surfaces
known as pattern recognition receptors (PRRs). Upon infections, tissue injury or
burns, immune cells undergo activation that enhances the ability of PRRs to
recognise pathogen-associated molecular pattern (PAMPs) preserved on most
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pathogens (Walsh et al., 2013). When PRRs bind to PAMPs, the immune cells are
activated to release inflammatory mediators (cytokines, plasma proteins and growth
factors) to sustain the inflammatory process and recruit more cells to the site of injury
or infection (Castellheim et al., 2009). One of the released mediators is bradykinin, a
vasoactive protein that increases sensitivity to pain. Upon successful removal of the
causative agents, the inflammatory response is quickly abated, and repair
mechanism is initiated by an active, co-ordinated process of resolution of the
inflammatory episode (Walsh et al., 2013).

In chronic inflammation, the inflammatory response is sustained, prolonged and
propagated further, causing damage to adjacent tissues and organs. This often leads
to sustained painful sensations and may cause deformity in affected areas in
extreme cases like rheumatoid arthritis. The progression of rheumatoid arthritis is
attributed to continuous inflammatory activity that causes tendon tethering, erosion
and destruction of the joint surface. These events impair range of movement and
lead to bone deformity (Aletaha et al., 2009).

1.1.2 Peripheral sensitization
At the site of infections, damage or injury, mediators such as potassium and
hydrogen ions (K+, H+), bradykinin, histamine, 5‐hydroxytryptamine (5‐HT),
adenosine triphosphate (ATP) and nitric oxide (NO) are also released from resident
immune cells (Nau et al., 2013). In addition, there is activation of the arachidonic
acid pathway, leading to the production of prostanoids and leukotrienes, as well as
recruitment of more immune cells by chemo-attractants. Recruited immune cells
release further mediators including cytokines and growth factors. Some of these
mediators activate peripheral nociceptors directly and lead to spontaneous pain,
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whereas others act indirectly via inflammatory cells to stimulate the release of
additional pain‐inducing (algogenic) agents (Xie et al., 2012). Importantly,
inflammatory mediators also act to modify the response properties of primary
afferent neurones to subsequent stimuli (peripheral sensitization). This may arise as
a result of changes to the sensitivity of receptor molecules themselves, or via
modulation of voltage‐gated ion channels (Latremoliere and Woolf, 2009).
1.1.3

Bradykinin

Bradykinin is released upon tissue injury and makes an important early contribution
to the inflammatory cascade. When given experimentally to human subjects, it
produces pain, inflammation and increased pain sensation (hyperalgesia) (Wang et
al., 2005). Bradykinin and kallidin, together with their degradation products des‐Arg9
bradykinin and des‐Arg9 kallidin, have complex effects on primary afferent neurones,
including both activation and sensitization by direct and indirect pathways.
Bradykinin B2 receptors, which specifically bind bradykinin and kallidin, are
constitutively and abundantly expressed on both neurones and non‐neuronal cells.
Consistent with these findings, the selective and high affinity B2 receptor antagonist,
Bradyzide, blocks inflammatory hyperalgesia in animal models (Souza et al., 2004).
In contrast to bradykinin, des‐Arg9 bradykin selectively activates B1 receptors.
Interestingly, B1 receptor agonists produce pain only during inflammation,
suggesting that enhanced expression of the B1 receptor or sensitization of the
receptor is required (Golias et al., 2007; Hamza et al., 2010).
1.1.4

Cytokines

Cytokines play important roles in the initiation and maintenance of inflammatory
diseases as mediators of cell-cell interactions. They are produced as signaling

4

Chapter 1

molecules by immune cells to co-ordinate and direct the process of inflammation. In
addition to their enhancing and inhibitory effects on immune and inflammatory cells,
cytokines exert considerable influence over sensory neurons (Zhang and An, 2007).
Similar to other mediators, cytokines may act directly on nociceptors by stimulating
the release of agents such as prostaglandins (Meotti et al., 2012). In acute
inflammation, cytokines appear to induce sensitization via receptor‐associated
kinases and phosphorylation of ion channels whereas in chronic inflammation, there
is transcriptional up‐regulation of receptors and secondary signaling become more
important. (Meotti et al., 2012).
To date, most studies have focused on the role of pro‐inflammatory cytokines such
as tumor necrosis factor alpha (TNF-α), interleukin‐1 (IL‐1), IL‐6 and the chemokine
IL‐8 in inflammation (de Oliveira et al., 2011). Intradermal injections of these agents
generally produce both mechanical and thermal hyperalgesia while antibodies
against TNF-α reduce hyperalgesia in inflammatory models (Wijngaarden et al.,
2008). Furthermore, the use of novel anti‐TNF therapies in rheumatoid arthritis is
accompanied by substantial reductions in pain scores (Wijngaarden et al., 2008).
Interleukin-6 knockout mice have reduced mechanical and thermal hyperalgesia in
response to inflammatory stimuli or after chronic nerve constriction (Hennigan and
Kavanaugh, 2008).
1.1.5

Prostaglandins

Prostaglandins are important mediators of inflammation, fever and pain. They are
synthesized by the constitutive enzyme, cyclo‐oxygenase‐1 (COX‐1), and its isoform
enzyme COX‐2, which is induced in peripheral tissues by cytokines, growth factors
and other inflammatory stimuli. Although prostaglandins contribute to pain by directly
activating nociceptors, they are generally considered to be sensitizing agents
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(Taylor-Clark et al., 2008). Four principal bioactive prostaglandins are generated in
vivo: prostaglandin (PGE2), prostacyclin (PGI2), prostaglandin D2 (PGD2) and
prostaglandin F2α (PGF2α) from arachidonic acid (AA) (Ricciotti and FitzGerald,
2011). Prostaglandins are well known for their pro-inflammatory activities, but their
potential role as agents of resolution of inflammation is more controversial (Ricciotti
and FitzGerald, 2011).
Although, prostaglandins are generated by the actions of COX isoenzymes, COX-1
and COX-2 do not exert the same nociceptive effect on cells. In response to AA
overload, the body increases its production of COX-2 and 5-lipoxygenase (5-LOX) to
degrade AA (Mehta and Mason, 2010). The products of 5-LOX-mediated
degradation of AA (such as leukotriene B4, 5-HETE, and hydroxylated fatty acids)
cause tissue destruction, chronic inflammation, and increased resistance of tumor
cells to apoptosis (programmed cell destruction) (Taylor-Clark et al., 2008; Mehta
and Mason, 2010; Ricciotti and FitzGerald, 2011). The constitutive COX-1 causes
the production of thromboxane A2, which can promote abnormal arterial blood
clotting (thrombosis), resulting in heart attack and stroke (Nath et al., 2009).
Alternatively, the breakdown product of COX-2 activity (prostaglandin E2) promotes
chronic inflammation (Mehta and Mason, 2010).
1.1.6

Growth factors

Neurotrophic growth factors, including nerve growth factor (NGF), make significant
and long‐lasting contributions to the changes of neuronal sensitivity observed during
inflammation (Seidel et al., 2013). Nerve growth factor (NGF) mRNA and/or the
encoded protein have been identified in various cell types including fibroblasts,
keratinocytes, Schwann cells and a range of immune cells. A large number of
inflammatory mediators, particularly IL‐1β and TNF-α, act to increase NGF
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production (Udenigwe et al., 2008). Consistent with this, increased levels of NGF
have been reported in animal models of inflammation and in human disorders
including rheumatoid arthritis, cystitis, asthma and osteoarthritis (Seidel et al., 2013).
The importance of NGF in mediating inflammation‐induced hyperalgesia was
highlighted by a number of studies, showing very significant reductions in enhanced
responses using a variety of anti‐NGF strategies (Udenigwe et al., 2008;
Hochstrasser et al., 2013), including the use of novel sequestration antibodies (Kidd
and Urban, 2001; Pitchford, 2007). In human subjects, NGF produces cutaneous
hyperalgesia at the injection site, and widespread deep pain which persists for
several days (Osikowicz et al., 2013). It is probable that these sensitizing effects are
at least partially mediated by direct effects on nociceptors themselves and via
mediators released by NGF‐activated mast and other inflammatory cells (Bennett et
al., 1998; Osikowicz et al., 2013). During acute stages of an inflammatory response,
neuronal tyrosine kinase A (trkA) activation leads to tyrosine phosphorylation of
intracellular targets, including ion channels. In addition to their classic trophic
actions, neurotrophins can be synthesized by neurones and influence synaptic
transmission (Artico et al., 2007). In particular, brain-derived neurotrophic factor
(BDNF) is synthesized by small dorsal root ganglion (DRG) neurones, packaged in
dense‐cored vesicles, and transported within axons into terminals in the dorsal horn
of the spinal cord (Araldi et al., 2013). Brain-derived neurotrophic factor (BDNF) has
potent effects on spinal cord neurones and has been implicated in the central
sensitization associated with inflammation. Production of BDNF is increased by
exogenous NGF and by inflammation, which can be reduced or reversed by
treatment with antibodies to NGF (Araldi et al., 2013).
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1.1.7

Neurogenic factors

The nervous system acts in concert with the immune and endocrine systems to
constitute an interactive, communicative network. Neuropeptides such as substance
P and calcitonin gene-related peptide (CGRP) are released from distal and central
terminals of small diameter peptidergic neurons (Durham, 2006; Molyva, 2010).
Substance P acts primarily on post‐capillary venules to produce plasma
extravasation, whereas CGRP acts on arterioles to produce vasodilation (Durham,
2006). A synergistic interaction between these peptides has been observed, and it is
probable that neuropeptides released from peripheral terminals make largely indirect
contributions to nociceptor activity during inflammation (Durham and Vause, 2010).
Substance P degranulates mast cells to stimulate histamine release, and also induce
the release of PGE2 and collagenase from synoviocytes which may stimulate the
release of cytokines from macrophages (Ho et al., 2002; O’Connor et al., 2004).
1.2 CONTROL OF PERIPHERAL SENSITIZATION (INFLAMMATORY PAIN)
Inflammatory pain-related conditions are commonly treated with NSAIDs such as
aspirin and ibuprofen. This is done to prevent the synthesis of pro-inflammatory
molecules such as PGE2 and LTB4 from AA (Figure 1.1). However, some of these
drugs present with undesirable side effects. To circumvent this challenge, selective
inhibitors of enzymes such as COX was proposed as suitable alternatives (Nath et
al., 2009). Unfortunately, preliminary data also suggests that these inhibitors pose
significant cerebrospinal and cardiovascular risks (Hippisley-Cox and Coupland,
2005). Furthermore, steroidal analgesics such as opioids and cannabinoids are
sparingly used for pain relief because of their dependency capabilities (Furlan et al.,
2006). Hence, the therapeutic choice of a mitigating agent against inflammatory
pain-related conditions should be a well-balanced strategy on the scale of costs and
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availability on the one side, and risks and benefits on the other (Smallwood, 2005).
One of the prominent modulators of inflammation are lipoxins produced by 15lipoxygenase (15-LOX) from AA (Figure 1.1). Some plant-derived molecules such as
baicalein have potent anti-15 LOX activity (Lapchak et al, 2007). Such compounds
could be developed as alternative means to treat diseases caused by 15-LOX
pathway of inflammation. Thus, the present study was a model of 15-LOX activity
guided fractionation and identification of the bioactive molecules in extracts of the
leaf of Peltophorum africanum.

FIGURE 1.1: Metabolic pathways of arachidonic acid. Hydroperoxyeicosatetraenoic
acid (HPETE), -hydroxyeicosatetraenoic acid (HETE), thromboxane (TXA 2),
prostaglandins (PGE2) and prostacyclins (PGI2) (Rovenský and Payer, 2009)
1.2.1

The use of non‐steroidal anti‐inflammatory drugs for pain relief

Non‐steroidal anti‐inflammatory drugs (NSAIDs) act to inhibit COX enzymes and
reduce the formation of prostaglandins. Whilst the non‐selective inhibition of COX-1
produces a significant anti-hyperalgesic effect and emphasizes the importance of
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prostaglandins in inflammatory hyperalgesia, clinical use is limited by serious
gastrointestinal side effects (Sostres et al., 2013). The recent introduction of
selective COX‐2 inhibitors (celecoxibs) provides a potential strategy to reduce these
effects (Figure 1.2). The analgesic efficacy of selective COX‐2 inhibitors in
rheumatoid arthritis appears similar to that of non‐selective inhibitors, although more
data is required to substantiate this observation (Sostres et al., 2013).

FIGURE 1.2: The molecular structure of celecoxib (celebrex) (Anaizi, 2015)

Another possible solution to mitigate against the adverse side effects of NSAIDs was
the use of selective receptor blockade. The most promising approach uses
antagonists of the prostanoid receptors such as the EP receptor subfamily, which are
present on sensory neurones and are activated by PGE 2 (Jones et al., 2009). Other
receptors such as IP receptors may also contribute to the development of
inflammatory hyperagesia, once activated by the inflammatory prostanoid PGI 2.
There is evidence for the pro‐inflammatory effects of both PGE2 and PGI2 in the joint
and selective blockade of EP/IP receptors that provides an effective antihyperalgesic strategy in animal models (Jones et al., 2009). Another alternative was
offered by nitric oxide‐releasing derivatives of NSAIDs. Development of nitro‐aspirin
and various combination of NSAIDs with nitric oxide allows greater anti‐nociceptive
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and anti‐inflammatory effects in inflammatory models of pain compared with the
parent NSAIDs, without damage in the gastrointestinal tract (Kodela et al., 2012;
Nath et al., 2009).
1.2.2 Opiates
Opiates are used for treating severe acute pain. Their usage is associated with
adverse side effects and abuse (Barnett and Rapaka, 1989). These include
compounds such as codeine and heroine, as well as morphine, methadone and
meperidine (Figure 1.3). Opioid agonists developed for peripheral use (e.g.
loperamide) show anti-nociceptive activity in experimental arthritis (Cook and
Nickerson, 2004). Potentially, peripherally acting opioid compounds may provide
pain relief in inflammatory conditions by systemic or topical application.

FIGURE 1.3: The molecular structure of some opiates (Barnett and Rapaka, 1989).

1.2.3

Cannabinoids

A novel approach to inhibiting peripheral sensitization is provided by cannabinoids
occurring naturally in medicinal plants such as Cannabis sativa, in the form of
cannabidiol and its derivatives (Figure 1.4). Topical application of cannabinoid
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receptor agonists blocks nociception in inflammatory models of pain (Richardson et
al., 2008). Consistent with this finding, the natural endogenous ligand of cannabinoid
receptors, anandamide, when given systemically, exerts analgesic effects. There are
two types of cannabinoid receptor, CB1 and CB2. The former is expressed on
central and peripheral neurones as well as on non‐neuronal cells, whereas the latter
is of non‐neuronal origin and is present on immune cells. Activation of the CB1
receptor is negatively coupled to adenylate cyclase and blocks excitability and
activation of primary afferents (Richardson et al., 2008; Yang et al., 2015). Activation
of the CB2 receptor may produce anti-nociceptive effects via inhibition of immune
cell functions (Ashton and Glass, 2007; Yang et al., 2015).

FIGURE 1.4: Molecular structures of some cannabinoids (Appendino et al., 2008)

In addition to central activity in pain pathways, the strong peripheral presence of CB1
receptors in primary afferent neurons offers an alternative site for analgesic
intervention. Although there is no doubt about the central anti-nociceptive effects of
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cannabinoids on their own and in co‐operation with the opioid system, the preferred
route is the development of peripherally acting CB1 receptor antagonists, thereby
prohibiting central side effects (Appendino et al., 2008).
1.2.4

Antioxidants

Antioxidants are molecules that prevent the oxidation of other molecules. This is
achieved via their free radical scavenging and metallic ions chelating activities due to
the reducing power of antioxidants. Biological oxidative processes in cells often
result in the production of reactive oxygen species, peroxynitrite and hydrogen
peroxide that must be removed to maintain healthy metabolic balance. When not
removed, oxidants cause oxidative stress, leading to damage and death to healthy
cells. Oxidative stress leads to damage to cell structure and cell function by overly
reactive oxygen-containing molecules often leading to chronic inflammation (Reuter
et al., 2010). Oxidative stress plays a significant role in many human diseases,
including cancers (Reuter et al., 2010). Antioxidants are widely used in dietary
supplements and have been investigated for the prevention of diseases such as
cancer and coronary heart disease. Although initial studies suggested that
antioxidant supplements might promote health, it later emerged from large clinical
trials with a limited number of antioxidants detected no benefit and even pointed that
excess supplementation with certain putative antioxidants may be harmful (Harvard
TH Chan, 2015).

1.3

CONTROL OF CENTRAL SENSITIZATION

Whilst pain hypersensitivity after an inflammatory stimulus is contingent to a large
degree on peripheral sensitization, other mechanisms are also involved. Sustained
or repetitive activation of primary afferent fibres produces substantial changes to the
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function and activity of central neurogenic pathways (Latremoliere and Woolf, 2009;
Woolf, 2011). In addition to glutamate, which dominates communication between the
periphery and the spinal cord, substance P and BDNF are also released from central
terminals of primary afferents during inflammatory conditions (Li et al., 2008). They
serve to act as co‐transmitters and induce long‐lasting changes in spinal excitability,
a process called central sensitization (Woolf, 2011). During prolonged inflammation,
activation of kinases produces transcriptional changes (Karin, 2005; Page et al.,
2009). The net result is that the responsiveness of dorsal horn cells, both to existing
inputs and to previously sub‐threshold inputs, is increased, producing: (i)
exaggerated responses to normal stimuli; (ii) expansion of receptive field size; and
(iii) reduction in the threshold for activation by novel inputs (e.g. from
mechanoceptive A fibres) (Woolf, 2011). The most plausible theory for central
sensitization suggests that the N-methyl-D-Aspartate (NMDA) receptor occupies a
central position in this phenomenon (Petrenko et al., 2003). The receptor
anatagonists, N-methyl-D-Aspartate are anti-nociceptive, but the therapeutic
applicability of present antagonists is limited by the ubiquitous expression of the
receptor (Overland, 2010). A number of endogenous mediators, including PGE, NO,
opioids and adrenergic agonists, also influence the excitability of spinal neurons
(Petrenko et al., 2003). Whereas PGE and NO appear to facilitate spinal excitability
while α2 adrenergic and opioid receptor agonists produce analgesia by presynaptic
inhibition of C‐fibre neurotransmitter release and post‐synaptic hyperpolarization of
second‐order neurons synergistically (Overland, 2010; Chabot-Doré et al., 2013).
The complex mechanisms underlying the modulation of mechanical, thermal and
chemical transduction have started to emerge through the characterization of
receptors, ion channels and neurotransmitter/modulator proteins. Changes in the
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sensitivity of nociceptive neurons underlie development of the tissue hypersensitivity
associated with inflammation. Recognition of the necessity for new strategies for the
management of inflammation-related pain propels the development of innovative
drugs with fewer side‐effects, such as ion channel blockers and selective inhibitors of
COX‐2 (Cerella et al., 2010; Biava et al., 2012).

1.4

ETHNOPHARMACOLOGICAL RELEVANCE OF PLANT EXTRACTS

Extracts derived from medicinal plants have been used for a very long time for
management and prevention of many diseases. Despite the rise of synthetic
chemistry as an integral part of lead discovery process, natural products still play a
major role as starting material for drug discovery (Salim et al., 2008; Katiyar et al.,
2012). According to Newman and Cragg (2007), of the 974 small molecules used as
therapeutic drugs, 63% were natural product-derived or semi-synthetic derivatives of
natural products. The number continues to increase annually, such that 48.6% of
anti-cancer drugs are either natural products or plant-derived entities (Newman and
Cragg, 2007).

Despite the implied potential of natural products, only a fraction of medicinal plant
species has been tested for bioactivity (Salim et al., 2008). Despite its existence and
continued use over many centuries, traditional medicine is yet to be officially
recognized in most countries. According to a report by the World Health
Organisation, 80% of Africa’s population relies on medicinal plant for their healthcare
needs (WHO, 2003). The report further stated that 75% of people living with
HIV/AIDS use traditional medicine for therapeutic purpose in South Africa. Plantderived substances are used as therapeutics in many communities in developed
countries for primary health care needs. As much as 50% of the populations of
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Europe and North America used plant-derived substances as supplements or
primary therapeutics (WHO, 2003). This observation led to the isolation of several
important anti-inflammatory and analgesics such as campothecin, digoxin and
morphine from plant sources (Salim et al., 2008).

Factors such as availability, low cost and traditional beliefs are among the reasons
for continued popularity of this form of health care. Although, the efficacy of plantderived extracts for disease treatment has been known for centuries, the first
isolation of bio-active compound from a medicinal plant species was only achieved in
the 19th century (Salim et al., 2008). Emergence of drug-resistant organisms, ease of
accessibility of traditional medicines and exorbitant costs of conventional health care
systems in developing countries are some of the factors that continues to promote
and sustain interest in alternative form of medical care (Cerella et al., 2010).

1.5

PLANT PARTS USED AND MODES OF ADMINISTRATION

The chemistry of plants involves the presence of therapeutically important
constituents usually associated with many inert substances (coloring agents,
cellulose, lignin and many others). The active principles are extracted from the plants
and purified for therapeutic utility for their selective pharmacological activity. These
compounds usually exert peculiar, unique and specific active physiological effects
responsible for their therapeutic and pharmacological functions. The plant parts used
vary profoundly, depending on the species and knowledge of the users. Generally,
all parts of medicinal plants are used, depending on the disease to be treated, the
knowledge of the users and the amounts of materials needed. McGaw and Eloff
(2008) observed and reported that methods of preparation as well as application and
dosages are critical factors to account for when evaluating a traditional remedy.
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1.6 IMMUNO-MODULATORY AND PAIN-RELIEVING EFFECTS OF MEDICINAL
PLANTS

Immune modulation is the ability of an agent (synthetic drugs, antibodies, plant
extracts) to alter the responsiveness of the immune system to a stimulant. An
immuno-modulatory agent may suppress or stimulate immune response. As a
therapeutic strategy, plant-derived substances have been used for many centuries to
modulate the immune system (Okoye et al., 2014). Medicinal plants with immunemodulatory activities include Panax ginseng, Viscum album, Tinospora cordifolia,
Boerhaavia diffusa, Withania somnifera, Ocimum sanctum and Curculigo, Orchioides
among others (Okoye et al., 2014). Inflammation is associated with painful
symptoms in diseases such as arthritis and other disorders of the immune system
(Stein and Machelska, 2011), hence, immune-modulatory agents have an important
role to play in pain modulation. Also, because pain is one of the symptoms
associated with inflammation, it is plausible to assume that herbal remedies with
anti-inflammatory activity will possess inherent anti-nociceptive activity.

1.7

ROLE OF PLANTS AS SOURCES OF POTENT ANTI-INFLAMMATORY

COMPOUNDS

Chronic inflammation is associated with disease progression in many degenerative
diseases. Anti-inflammatory agents in current use pose gastric, renal and
cardiovascular risks. This limitation has prompted the search for alternative sources
of potent anti-inflammatory drugs. Plant-derived remedies remain an abundant
source of cheaper and alternative therapeutic agent for mankind. Since the advent of
chemical characterization of natural compounds, the number of plant-derived
pharmacological active compounds continues to rise (Fürst and Zündorf, 2014).

17

Chapter 1

Ethnobotanical observation of plant use in early centuries led to the discovery and
isolation of prominent plant-derived compounds such as morphine, quinine,
colchicine, atropine and theophylline (Fürst and Zündorf, 2014). Compounds derived
from plants, such as vincristine, galantamine, and artemisinin are used clinically to
treat diseases in humans. In particular, anti-inflammatory compounds such as
curcumin, colchicine, resveratrol, capsaicin, epigallocatechin-3-gallate (EGCG) and
quercetin continue to gain attention for their therapeutic potential. South Africa’s
plant biodiversity account for 10% of World’s higher plant species (van Wyk and
Gericke, 2000), hence the potential for drug discovery from plant sources is huge.

1.8 METHODS

FOR

EVALUATING

PLANT

EXTRACTS

FOR

ANTI-

INFLAMMATORY ACTIVITIES

Several methods are available for evaluating the anti-inflammatory activity of plant
extracts. Because oxidative stress caused by free radicals is thought to contribute to
inflammatory episodes (Reuters et al., 2010), plant extracts are often evaluated for
both antioxidant and anti-inflammatory activities. Methods such as the 2,2-diphenyl1-picrylhydrazyl (DPPH), the ferric reducing ability of plasma (FRAP) and the 2, 2′azinobis (3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) are the most frequently
used methods of in vitro free radical scavenging assessments (Adebayo et al.,
2015). The anti-inflammatory assessment of plant extracts is varied and wide. Plant
extracts are often assessed for their in vitro inhibitory activity on mediators of
inflammation. Inflammatory mediators include enzymes (COX/LOX, acetyl choline
esterase, iNOS), cytokines (TNF-α, IL-6, IL-1β), chemotactic factors (IL-8), free
radicals (NO), growth and transcription factors (NF-κB, p53). In vivo models of anti-
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inflammatory assessments of plant extracts include the carrageenan paw oedema
and Freund’s adjuvant-induced arthritis models (Cook and Nickerson, 2004).

1.9 AIM AND OBJECTIVES OF THE THESIS

The aim of this study was to evaluate extracts of indigenous medicinal plants used in
southern Africa for treatment of pain-related conditions for anti-inflammatory activity.
It was also aimed at validating the anecdotal claims for use of the selected plant
species as anti-nociceptive and anti-inflammatory remedies in traditional practice.

This was achieved based on the following objectives;


to develop a list of medicinal plants used for treatment and management of
inflammatory-pain conditions in southern Africa using ethno-botanical survey
and literature sources;



to select 25 plant species from the list and collect the leaves to prepare
acetone extracts form dried ground leaf material;



to evaluate the anti-inflammatory activities of crude acetone extracts of the
selected plant species in vitro;



to select the most active extract for bio-assay guided isolation of bio-active
compound/s;



to perform solvent-solvent fractionation of the most active crude acetone
extract and perform another anti-inflammatory screening tests on the
fractions;



to select the most active fraction/s for compound isolation;



to identify, isolate and determine the molecular structure of the compounds
responsible for the observed anti-inflammatory activities;
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to perform series of biological assays to determine and understand the
potential targets and mechanisms of action of the isolated compound/s in
vitro;



to evaluate any cytotoxic effects of isolated compounds in vitro.
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CHAPTER 2: LITERATURE REVIEW

2.1. EPIDEMIOLOGY OF INFLAMMATORY-PAIN RELATED CONDITIONS
Inflammation related symptoms are common in those suffering from chronic
diseases such as arteriosclerosis, arthritis and cancer (Laird et al., 2013; Weisman
et al., 2013; Hamilton et al, 2014). The prevalence of inflammatory back pain was
estimated to be 5-5.6% in the United States (Weisman et al., 2013). The estimate did
not differ significantly from a similar study in the United Kingdom, although the
results largely depend on the criteria used (Hamilton et al., 2014). Inflammationrelated pain is the most common symptom in cancer (Laird et al., 2014), and it is
thought to contribute significantly to disease progression. Chronic inflammation is
also implicated in the progression of diseases such as type II diabetes mellitus,
obesity and osteoarthritis, hence when combined, the prevalence of inflammation
related conditions is high (Weisman et al., 2013).

Data in literature on the epidemiology of inflammatory pain related conditions in
South Africa is scanty (Ally and Visser, 2010). The prevalence of chronic pain was
estimated by Igunbor et al (2011) at 42.9% in Baziya, a rural community in the
Eastern Cape Province of South Africa. In a developing country with limited access
to health care, huge unemployment and increasing poverty, this data represents a
burden on public health care system. Current therapeutic strategies to treat
inflammation-related painful conditions are associated with adverse side effects and
escalating costs, hence the need for cheaper, effective and safer pharmacotherapies. Reports suggest that chronic inflammatory diseases are more prevalent in
urban centres than rural communities (Figure 2.1) probably because many of the
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cases are not properly reported or documented in rural communities or could be
attributed to differences in lifestyles (Igunbor et al, 2011).

FIGURE 2.1: Prevalence of rheumatic fever and rheumatic heart disease in South
Africa (Cilliers, 2014)

2.2 LIMITATIONS OF CURRENT ANTI-INFLAMMTORY DRUGS
Non-steroidal anti-inflammatory drugs such as ibuprofen are widely used for treating
inflammation and painful symptoms. However, these drugs are associated with
serious gastrointestinal, renal (Sostres et al., 2013) and cardiovascular complications
(Meek et al., 2010). For these reasons, selective COX-2 was proposed as an
alternative drug of choice to treat inflammatory pain. Unfortunately, selective COX-2
inhibitors such as celecoxib presents with increased risk of heart attack and stroke
(Mehta and Mason, 2010). Disease modifying anti-rheumatic drugs (DMARDs),
glucocorticoids and several biological agents have been used recently to mitigate the
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painful conditions in rheumatoid arthritis, but not without undesirable effects (Iwalewa
et al., 2007).

2.3

BENEFITS OF PLANT-DERIVED REMEDIES

Plant derived anti-inflammatory remedy presents with a time tested and cheaper
alternative therapeutic strategy for inflammatory painful condition. One of the most
effective and potent natural anti-inflammatory remedies is curcumin, abundant in
turmeric roots (Basnet and Skalko-Basnet, 2011). Extensively studied for its antiinflammatory activities and safety profile, curcumin inhibits a broad range of proinflammatory mediators such as COX-2, LOX-5, TNF-α and NF-kB (Chainani-Wu,
2003; Jorenka, 2009), making it a more desirable anti-inflammatory agent than
NSAIDs and selective COX-2 inhibitors. Natural products such as curcumin, green
tea, and various flavonoids such as resveratrol found in red wines are commonly
used to suppress the activity of COX-1 and COX-2 (Udenigwe et al., 2008; Csiszar,
2011).
Extracts of Devil’s claw (Harpagophytum procumbens) is used widely by the Khoisan
people of southern Africa to treat indications such as backache, headache, and
arthritis among others (Grant et al, 2007). Anti-inflammatory and anti-oxidant activity
of extracts derived from H. procumbens (Figure 2.2a) has been reported in some
studies (Grant et al., 2007; Gyurkovska et al., 2011). Ginger root (Zingiber officinale)
is another spice that is commonly used to relief arthritic pain. The anti-inflammatory
activity of its extracts was reported by Fatehi-Hassanabad et al., (2005), Karna et al.,
(2012) and Mashhadi et al., (2013). It contains zingibain, gingerols, shogaols,
paradols and zingerone (Mashhadi et al., 2013). Zingibain and gingerols are strong
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analgesic and anti-oxidants respectively, with gingerols having additional anti-cancer
effect (Park et al., 2006).

2.4 PHARMACOLOGICAL PROPERTIES OF MEDICINAL HERBS
Anti-oxidant, free radical scavenging, anti-nociceptive, anti-inflammatory and anticancer activities of medicinal herbs have been reported. These activities are
attributed to naturally occurring secondary metabolites present in medicinal plants.
Flavonoids, alkaloids, phytosterols are few examples of plant’s secondary
metabolites responsible for the pharmacological activity of plant derived extracts and
compounds (Iwalewa et al., 2007).

2.4.1 Anti-inflammatory and anti-nociceptive activities

In addition to conventional drugs, some medicinal plants such as Arnica montana
(containing helenalin), and willow bark extracts, which contain salicin, the precursor
molecule for aspirin, have anti-inflammatory activities. Other medicinal plants with
anti-inflammatory activities include pomegranate (Punica granatum), green tea
(Camellia sinensis), cat's claw (Uncaria tometosa and Uncaria guianensis, Indian
olibanum (Boswellia serrata) (Figure 2.2b), and pineapple bromelain (Ananas
comosus) (Akhtar and Haqqi, 2012). Cannabichromene, a cannabinoid extracted
from Cannabis sativa, also has an anti-inflammatory effect (Russo, 2008; Izzo et al.,
2012). The potent anti-tumour agent, Honokiol (Fried and Arbiser, 2009) is a smallmolecule polyphenol isolated from the genus Magnolia. Mognolol was isolated from
the bark of Magnolia officinalis and used successfully as an inverse agonist at the
CB2 receptor (Rempel et al., 2013). Extracts of black seed (Nigella sativa) have antiinflammatory activity due to its high thymoquinone content (Chehl et al., 2009;
Paarakh, 2010; Fahmy et al., 2014). One of the active ingredients in St. John's
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wort's, hyperforin, has been found to be a potent COX-1 and 5-LOX inhibitor, with
anti-inflammatory activity several fold that of aspirin (Koeberle et al., 2011).
Parthenolide is a sesquiterpene lactone with demonstrated anti-inflammatory activity
(Zhang et al., 2014).

a

b

FIGURE 2.2: Some medicinal plants with known anti-inflammatory and antinociceptive activities. (a) The fruit of Harpagophytum procumbens, Devil’s claw and
(b) fresh leaves of Boswellia serrata, Indian frakincense

2.4.2 Antioxidant and free radical scavenging activities

Human cells are continuously exposed to exogenous oxidants as well as to those
produced endogenously during normal physiological processes. Antioxidants act to
scavenge and neutralize free radicals and oxidants as a form of protective
mechanism against tissue damage. Oxidants such as the reactive oxygen species
(ROS) and in particular oxygen centred free radicals, are involved in several
diseases (MacNee, 2005). Antioxidant defences defects are common in these
diseases. Therefore, it is possible to limit oxidative damage and ameliorate disease
progression with antioxidant supplementation (Rennard, 2004; Violi and Cangemi,
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2005). Interest on the use of naturally occurring antioxidants has surpassed that of
synthetic antioxidants, since the latter are suspected to cause or promote negative
health effects (Calviello et al., 2005).

The link between free radical scavenging and anti-inflammatory activities of extracts
of medicinal plants is well established. Animal studies were conducted to assess the
antioxidant properties of a number of medicinal extracts. The antioxidant potential of
Hypericum perforatum, containing many polyphenolic compounds, was evaluated on
splanchnic artery occlusion (SAO) shock-mediated injury (De Paola et al., 2005) and
also against elevated brain oxidative status induced by amnestic dose of
scopolamine in rats (El-Sherbiny et al., 2003). Some medicinal plant extracts were
tested for their ability to protect against carbon tetrachloride-2-acetylaminofluorene
(2-AAF) and galactosamine-induced liver damage, and also aflatoxin B1 (AFB1)induced genotoxicity. It was reported that extract of Garcinia kola seeds (Farombi,
2000; Farombi, et al., 2005), a decoction of Trichilia roka root (Germano et al.,
2001), extracts of Entada africana (Sanogo et al., 1998) and Thonningia sanguinea
(Gyamfi and Aniya, 1998; Gyamfi et al., 1999) possessed protective abilities. The
antioxidant properties of plant extracts against potassium bromate (KBrO3)-induced
kidney damage showed the ability of G. kola seed extract to protect the kidneys
(Farombi et al., 2002).

2.4.3 Potential risks and benefits of combined therapeutic approach

Traditional medicines are increasingly used to treat chronic diseases in humans and
animals, recognised by the WHO as an essential and often an underestimated part
of primary health care (WHO, 2013). In addition, traditional medicines have become
a popular form of therapy, partly because they are perceived as being natural and
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therefore harmless. In reality, little is known about the relative safety of herbal
remedies compared to synthetic drug treatments. Gqaleni et al., (2007) noted that
South Africa is among the few nations to integrate traditional and alternative medical
practices into the legislative framework. However, the potential risk of adverse and
often fatal consequence of concurrent use of traditional medicines with conventional
drugs cannot be ignored (Ahmad et al., 2011).

The use of herbs along with western medication may mimic, magnify, or antagonise
the effect of conventional drugs. Reported cases of herb-drug interactions include:
bleeding when warfarin, an anti-coagulant is used with ginkgo (Ginkgo biloba), garlic
(Allium sativum), Devil’s claw (H. procumbens) and Ginger (Zingiber officinale) (Ge
et al., 2014). Mild serotonin syndrome has been observed in patients using St John's
wort (Hypericum perforatum) with serotonin-reuptake inhibitors, with decreased
bioavailability of digoxin, theophylline, cyclosporin, and phenprocoumon (Digitale et
al., 2007). Mania is induced in depressed patients taking anti-depressants and
Panax ginseng (Sullivan et al., 2000), Some side effects recorded in literature are:
Exacerbation of extrapyramidal effects with neuroleptic drugs and betel nut (Areca
catechu) (Sullivan et al., 2000); increased risk of hypertension when tricyclic
antidepressants are combined with yohimbine (Pausinystalla yohimbe) (EFSA,
2009); potentiation of oral and topical corticosteroids by liquorice (Glycyrrhiza
glabra). Other adverse events include hypertension after co-administration of ginkgo
and a diuretic thiazide, hypokalemia after liquorice and anti-hypertensives and after
phenprocoumon, a long acting anti-coagulant drug and St. John's wort (Izzo et al.,
2012). However, many reports of herb-drug interactions are sketchy and lack
necessary laboratory analysis and empirical data to support or validate these
observations. Evidently, some herbs or herb preparations are capable of increasing
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the bio-availability and pharmacological activity of conventional drugs (Dhamananda,
2000).

Postscript

In the next chapter, an ethno-botanical survey of medicinal plant species used to
treat inflammatory-pain related conditions in southern Africa was conducted and the
anti-inflammatory activity of their crude extracts on 15-LOX was evaluated in the
Phytomedicine Programme of the University of Pretoria, Onderstepoort.
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CHAPTER 3: THE ANTI -INFLAMMATORY AND ANTIOXIDANT ACTIVITY OF 25
PLANT SPECIES USED TRADITIONALLY TO TREAT PAIN IN SOUTHERN

AFRICA

Preface

*The work described in this section has been published as a research article;

RESEARCH ARTICLE Open Access
This paper was designated as highly accessed by BMC-CAM within four months of
publication, an average of 500 accesses per month.

3.1

BACKGROUND

Medicinal plants have long been recognised as important sources of therapeutically
active

compounds.

Evidence

based

research

supports

the

medical

and

pharmacological benefits of plant-derived compounds, with increasing interest in the
identification and characterization of bioactive compounds from natural sources
(Sandoval, et al., 2002). One of the earliest recorded approaches for treating
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inflammation and pain was the application of extracts from willow leaves by Celsius
in 30 AD (Vane and Botting, 1987). This observation led to the discovery of acetyl
salicylic acid, the active component of aspirin, a major anti-inflammatory drug widely
used in clinical practice, along with many other non-steroidal anti-inflammatory drugs
(NSAIDs) in current use (Yuan et al., 2006).
Non-steroidal anti-inflammatory drugs are commonly prescribed for treatment of pain
and inflammatory conditions such as rheumatoid arthritis, osteoporosis and
Alzheimer’s disease. However, because many NSAIDs are associated with side
effects such as gastrointestinal bleeding and suppressed function of the immune
system (Hougee, 2008), attention has shifted to alternative pharmacotherapies
(Conforti et al., 2008; Burhmann et al., 2011). Recent studies on Zingiber officinale,
ginger, suggest that it might be as effective as some NSAIDs in the treatment of
inflammation and related pain (Black et al., 2010; Shah et al., 2011). In South Africa
the use of plants to treat many diseases is widely practiced. According to Iwalewa et
al., (2007), more than 115 plant species of 60 families are used in South Africa to
treat pain-related inflammatory disorders in humans and animals. The bioactive
principles in these plant species have been linked to secondary metabolites such as
phenolic compounds (curcumins, flavonoids and tannins), saponins, terpenoids and
alkaloids (Iwalewa et al., 2007; Hodzic et al., 2009). Biological and therapeutic
properties

attributed

to

these

plant

metabolites

include

antioxidant,

anti-

inflammatory, antimicrobial and anticancer activities (Hodzic et al., 2009). The
mechanisms of action of many phenolic compounds such as flavonoids, tannins and
curcumins are thought to be via their free radical scavenging activities or the
inhibition of pro-inflammatory enzymes such as cyclo-oxygenases (COX) and
lipoxygenases (LOX) in the inflammatory cascades (Sadik et al., 2003; Lee et al.,
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2003). Flavonoids are a group of polyphenols thought to inhibit the biosynthesis of
prostaglandins, end-products in the COX and LOX pathways of immunologic
responses (Nilvetjdis et al., 2001).
There are three known isomeric-forms of COX i.e. COX-1 and COX-2, with a
recently described third isomeric-form, COX-3 that is selectively inhibited by
acetaminophen and related compounds (Chandrasekharan et al., 2002; Botting,
2003). The selective inhibition of COX-2 is more desirable because the inhibition of
COX-1 in the gastric mucosa is associated with the undesirable effects of NSAIDs
(Bezakova et al., 2007). COX-2 is induced as an early response to pro-inflammatory
mediators and stimuli such as endotoxins and cytokines (Chedea and Jisaka, 2005).
Upon induction, COX-2 synthesizes prostaglandins that contribute to inflammation,
swelling and pain (Brand-Williams et al., 1995). Consequently, dual COX-2/LOX
inhibitor compounds could potentially be developed into safer and more effective
drugs for the treatment of inflammation since they could potentially inhibit
biosynthesis of prostaglandins and leukotrienes respectively from arachidonic acid
(Bezakova et al., 2007; De Wet, 2011), without the undesirable effects of NSAIDs.
Lipoxygenases are lipid-peroxidizing enzymes involved in the biosynthesis of
leukotriene from arachidonic acid, mediators of inflammatory and allergic reactions.
These enzymes catalyse the addition of molecular oxygen to unsaturated fatty acids
such as linoleic and arachidonic acids (Porta and Rocha, 2002). There are four main
iso-enzymes already described, namely, 5-LOX, 8-LOX, 12-LOX and 15-LOX,
depending on the site of oxidation in the unsaturated fatty acids (Porta and Rocha,
2002). The common substrates for LOX are linoleic and arachidonic acids. For many
in vitro studies, soy bean LOX is used due to difficulties in obtaining human LOX for
bioassays (Skrzypczak-Jankun et al., 2003).
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During inflammation, arachidonic acid is metabolized via the COX pathway to
produce prostaglandins and thromboxane A2, or via the LOX pathway to produce
hydroperoxy-eicosatetraenoic acids and leukotrienes (Akula and Odhav, 2008). The
LOX pathway is active in leucocytes and many immune-competent cells including
mast cells, neutrophils, eosinophils, monocytes and basophils. Upon cell activation,
arachidonic acid is cleaved from cell membrane phospholipids by phospholipase A2
and donated by LOX activating protein to LOX, which then metabolises arachidonic
acids in a series of reactions to leukotrienes, a group of inflammatory mediators
(Radmark and Samuelsson, 2009). Leukotrienes act as phagocyte chemo-attractant,
recruiting cells of the innate immune system to sites of inflammation. For instance, in
an asthmatic attack, it is the production of leukotrienes by LOX that causes the
constriction of bronchioles leading to broncho-spasm (Shah et al., 2011; Bezakova et
al., 2007). Therefore, the selective inhibition of LOX is an important therapeutic
strategy for asthma (Shah et al., 2011; Bezakova et al., 2007; Schneider and Bucar,
2005). Inhibitors of the activities of LOX could provide potential therapies to manage
many inflammatory and allergic responses. Medicinal plants may therefore be
potential sources of inhibitors of COX-2/LOX that may have fewer side effects than
NSAIDs (Schneider and Bucar, 2005).
Nitric oxide (NO) is a short-lived free radical that mediates many biological
processes. One of the functions of NO is to enhance the bactericidal and
tumouricidal activities of activated macrophages (Stuehr and Nathan, 1989; Nathan
and Hibbs, 1991). Excessive production of NO could however potentially lead to
tissue damage and activation of pro-inflammatory mediators (MacMicking et al.,
1997; Guzik et al., 2003). The potential of extracts from medicinal plants to scavenge
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these free radicals and modulate inflammatory reactions has been demonstrated
(Kanno et al., 2006; Lee et al., 2010).
The objective of this study was to determine the anti-inflammatory activity of extracts
in relevant bioassays in order to validate their use for pain relief and to identify plants
that could be investigated in more detail.

3.2

METHODOLOGY

Analytical grade chemicals were purchased from various suppliers in South Africa,
and were used for the bioassays in the laboratory. Preparation of plant materials
Fresh leaves of the selected plants species were collected from the Manie van der
Schijff Botanical Garden, University of Pretoria in March 2012. The plant materials
were dried at room temperature in a well-ventilated room for a week. After drying, the
materials were ground to fine powder using a MacSalab Model 200 grinder and
stored in closed honey jars in the dark. Herbarium specimens for each of the plant
species were prepared and deposited at HGWJ Schweickerdt Herbarium, University
of Pretoria. Herbarium voucher specimen numbers (PRU voucher numbers) are
provided in Table 3.1.

3.2.1 Preparation of crude extracts for biological assays
Ground leaf powders (3 g) were extracted in 30 mL of 70% acetone in clean honey
jars and vigorously shaken for 3 hr (Labotec model 20.2 shaker). The crude acetone
extracts were filtered through Whatman No. 1 filter papers into pre-weighed honey
jars, and then left open overnight for solvent evaporation. The honey jars were
weighed again to determine the percentage yield of the crude extracts. For the
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biological assays, the crude extracts were reconstituted in dimethyl sulphoxide
(DMSO) at a concentration of 10 mg/mL.

3.2.2 Determination of total phenolics and flavonoids
Total phenolics were estimated according to the method of Folin-Ciocaiteau
described by Makkar (1999), with slight amendments. In brief, 25 µL of crude extract
was oxidized with 250 µL Folin-Ciocaiteau’s reagent for 5 min. The reaction was
stopped with 750 µL 20% anhydrous sodium carbonate. The volume was made up to
5 mL with distilled water and incubated in the dark for 2 hr at room temperature. After
incubation, the absorbance was read at 760 nm with a spectrophotometer (Model
T60, Separation Scientific). The phenolic content was extrapolated from a standard
curve of gallic acid (200 mg gallic acid dissolved in DMSO and serially diluted in
DMSO). The results were expressed as mg/g gallic acid equivalent (GAE).
Flavonoid content of the extracts was evaluated using the methods of Yadav and
Agarwala, (2011), also amended slightly. Crude extracts (100 µL) were dissolved in
300 µL methanol, to which 20 µL 10% aluminium chloride was added. A further 20
µL of 1 M sodium acetate was added to the solution. The resultant solution was
made up to 1 mL with distilled water. This was incubated at room temperature for 30
min. After incubation, the solution was carefully transferred into a microplate reader
and the absorbance read at 450 nm (SpectraMax 190, Molecular devices), using
quercetin (10 mM) as standard. The flavonoid content of each extract was expressed
as mg/g quercetin equivalent (QE).
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3.2.3 The 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay methods
The DPPH radical-scavenging activity was determined using the method of BrandWilliams et al., (1995). Ascorbic acid and Trolox (a water soluble analogue of vitamin
E) were used as positive controls, methanol as negative control and extract without
DPPH as blank. Results were expressed as percentage reduction of the initial DPPH
absorption in relation to the control. The concentration of extract leading to 50%
reduction of DPPH (IC50) was also determined.

3.2.4 The 2, 2’-azinobis (3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) radical
scavenging assay methods
The ABTS radical scavenging capacity of the samples was measured with
modifications of the 96-well microtitre plate method described by Re et al (1999).
Trolox and ascorbic acid were used as positive controls, methanol as negative
control and extract without ABTS as blank.
The percentage of ABTS. + Inhibition was calculated using the formula:
( )

[

]

,

where, OD represents the optical density or absorbance. The IC50 values were
calculated from the graph plotted as inhibition percentage against the concentration.

3.2.5 The ferric reducing ability of plasma (FRAP) assay methods
The FRAP assay was carried out according to the procedure of Benzie and Strain
(1996) with slight modification. The FRAP assay depends upon the ferric
tripyridyltriazine (Fe (III)-TPTZ) reduction to the ferrous tripyridyltriazine (Fe (II)TPTZ) by a reductant at low pH. Ferrous (II)-TPTZ has an intensive blue colour and
can be monitored at 593 nm. Briefly, the FRAP reagent was prepared using an
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acetate buffer (pH 3.6), 10 mM TPTZ solution in 40 mM hydrochloric acid and 20 mM
iron (III) chloride solution in proportions of 10:1:1 (v/v), respectively. Twenty-five
microliters of sample were added to 175 µL of the FRAP reagent. The absorbance of
the reaction mixture was recorded at 593 nm (SpectraMax 190, Molecular devices)
after 5 min. The standard curve was plotted using iron (II) sulphate solution (400.078 µg/mL), and the results were expressed as μg Fe (II)/g of extract. All the
measurements were taken in triplicate and the mean values were calculated.

3.2.6 Inhibition of 15-lipoxygenase (15-LOX)
The soy bean 15-LOX (Sigma Aldrich) was made into a working solution of 200
units/mL and kept on ice. A volume of 12.5 µL of test sample or control (dissolved in
DMSO) was added to 487.5 µL of 15-LOX in a 96-well microtitre plate and incubated
at room temperature for 5 min. After incubation, 500 µL substrate solutions (10 µL
linoleic acid dissolved in 30 µL ethanol, made up to 120 mL with 2 M borate buffer at
pH 9.0) was added to the solution. After 5 min incubation at room temperature, the
absorbance was measured with the microplate reader at 234 nm (SpectraMax 190,
Molecular devices). Quercetin (1 mg/mL) was used as a positive control, while
DMSO was used for negative control (100% enzyme activity or no enzyme
inhibition). The percentage enzyme inhibition of each extract compared with negative
control as 100% enzyme activity was calculated using the equation;
(

)

(

)

The results were expressed as IC50, i.e. concentration of the extracts and controls
that resulted in 50% 15-LOX inhibition plotted on a graph.
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3.2.7 Inhibition of nitric oxide (NO) production
The assessment of NO production was done in three stages, (1) cell culture of RAW
264.7 cell lines and stimulation with lipopolysaccharide (2) evaluation of NO
production using Griess reagents and (3) evaluation of cytotoxicity using MTT assay.

3.2.7.1

Cell culture

The RAW 264.7 macrophage cells obtained from the American Type Culture
Collection (Rockville, MD, USA) were cultured in plastic culture flasks in Dulbecco’s
Modified Eagle’s Medium (DMEM) containing l-glutamine supplemented with 10%
foetal calf serum (FCS) and 1% PSF (penicillin/streptomycin/fungizone) solution
under 5% CO2 at 37 °C, and were split twice a week. Cells were seeded in 96 wellmicrotitre plates and were activated by incubation in medium containing LPS (5
μg/mL) and various concentrations of extracts dissolved DMSO.

3.2.7.2

Measurement of nitrite

Nitric oxide released from macrophages was assessed by the determination of nitrite
concentration in culture supernatant using the Griess reagent. After 24 hr incubation,
100 μL of supernatant from each well of cell culture plates was transferred into 96well microtitre plates and equal volume of Griess reagent was added. The
absorbance of the resultant solutions in the wells of the microtitre plate was
determined with a microtitre plate reader (SpectaMax 190 Molecular devices) after
10 min at 550 nm. The concentrations of nitrite were calculated from regression
analysis using serial dilutions of sodium nitrite as a standard. Percentage inhibition
was calculated based on the ability of extracts to inhibit nitric oxide formation by cells
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compared with the control (cells in media without extracts containing triggering
agents and DMSO), which was considered as 0% inhibition.

3.2.7.3

Cell viability

To ensure that the observed nitric oxide inhibition was not due to cytotoxic effects,
the cytotoxicity was also determined against vero Monkey kidney cells as previously
described by Mosmann (1983), with slight modifications. After removal of media, the
cells were topped up with 200 μL DMEM. To each well, 30 μL of 15 mg/mL 3-(4, 5dimethylthiazol-2-yl)-2, 5-diphenyl tetra-zoliumbromide (MTT) was added. The cells
were incubated at 37 °C with 5% CO2. After 2 hr, the medium was carefully
discarded and the formed formazan salt was dissolved in DMSO.
The absorbance was read at 570 nm (SpectraMax 190, Molecular devices). The
percentage of cell viability was calculated with reference to the control (cells without
extracts containing LPS taken as 100% viability). All the experiments to measure
nitric oxide inhibition were conducted three times in triplicate.

3.2.7.4

Cytotoxicity assessments

The cytotoxicity of the extracts (dissolved in acetone) against Vero monkey kidney
cells was assessed by the MTT reduction assay as previously described (Mosmann,
1983) with slight modifications. Cells were seeded at a density of 1 × 10 5 cells/mL
(100 μL) in 96-well microtitre plates and incubated at 37 °C and 5% CO2 in a
humidified environment. After 24 h incubation, extracts (100 μL) at varying final
concentrations were added to the wells containing cells. Doxorubicin (40–0.38 μM)
was used as a reference compound. A suitable blank control with equivalent volume
of acetone was also included and the plates were further incubated at 37 °C for 48 hr
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in a CO2 incubator. The medium was removed by aspiration and cells were then
washed twice with PBS, followed by suspension in fresh medium (200 μL). Then, 30
μL of MTT (5 mg/mL in PBS) was added to each well and the plates were incubated
at 37 °C in 5% CO2 for 4 hr. The medium was removed by aspiration and 100%
DMSO (100 μL) added to dissolve the formed formazan crystals. The absorbance
was measured on SpectraMax 190 (Molecular devices) microtitre plate reader at 570
nm. The percentage of cell growth inhibition was calculated based on a comparison
with untreated cell. The selectivity index (SI) values were calculated by dividing
cytotoxicity LC50 values by the MIC values (SI = LC50/MIC).

3.2.8 Statistical analysis
All results are presented as the means of triplicate experiments. Differences between
test extracts in these experiments was assessed for significance using analysis of
variance (ANOVA) and student t-test, where probability (p≤0.05) was considered
significant.

3.3

RESULTS AND DISCUSSION

The results obtained in this study are presented below using Tables and Figures for
ease of interpretation and data comparison.

3.3.1 Crude yield of extracts
Tulbaghia violacea yielded 22% of crude acetone extract from 3 g plant material, the
highest yield of all the plant species in this study. This plant grows as a bulbous
rhizome, which had to be cut into pieces for proper drying. The presence of reserve
materials might account for the high yield of extract from the plant unlike the other
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plant species in the study, whose leaves could be easily dried when left open in the
drying room for three days (Table 3.1).
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TABLE 3.1: Percentage crude extract yield from 3 g of the selected plant species
Plant species

Family Name

Herbarium specimen No.

Common names

Medicinal uses

Yield (mg)

Yield (%)

Acacia burkei

Fabaceae

PRU/120581/1/Adebayo SA

Black monkey thorn

Painful back and eye (Hodzic et al.,

110

3.7

Acacia sieberiana

Fabaceae

PRU/120582/1/Adebayo SA

Paperback thorn

210

7.0

520

17.3

pain

340

11.3

rheumatism

190

6.3

50

1.7

120

4.0

Headaches (McGaw et al., 1997)

350

11.6

Pain alleviation (Jager et al.., 1996)

120

4.0

Analgesics, fever rheumatism (Owolabi

60

2.0

2009)
Fever, back aches and pain (Hodzic et
al., 2010)
Acokanthera

Apocynaceae

PRU/120583/1/Adebayo SA

Bushman's poison

Headaches and pain (Hutchings and

oppositifolia
Bridelia micrantha

van Staden, 1994)
Phyllanthaceae

PRU/120584/1/Adebayo SA

Coast gold leaf

Anti-inflammatory,

abdominal

(Nguyem et al., 2009)
Clausena anisata

Rutaceae

PRU/120585/1/Adebayo SA

Maggot-killer

Dichrostachys

Fabaceae

PRU/120586/1/Adebayo SA

Sickle bush

Abdominal

pain,

fever,

(Hutchings et al., 1994)
Analgesic (McGaw et al., 1997; Jager

cinerea
Ekebergia capensis

et al., 1996)
Meliaceae

PRU/120587/1/Adebayo SA

Cape ash

Headaches,

backaches

and

cough

(Hutchings et al., 1996)
Erythrophleum

Fabaceae

PRU/120588/1/Adebayo SA

Thornless tree

Anacardiaceae

PRU/120589/1/Adebayo SA

Wild

lasianthum
Harpephyllum
caffrum
Kigelia africana

plum

or

bush

mango
Bignoniaceae

PRU/120590/1/Adebayo SA

Sausage tree

and Omogbai, 2007)
Melianthus comosus

Melianthaceae

PRU/120591/1/Adebayo SA

Honey flower

Rheumatism (McGaw et al., 1997)

260

8.7

Peltophorum

Fabaceae

PRU/120592/1/Adebayo SA

African/weeping wattle

Chronic pains (Ojewole, 2004)

100

3.3

Pittosporaceae

PRU/120593/1/Adebayo SA

Cheesewood

Abdominal pains (Hutchings et al.,

140

4.6

80

2.7

africanum
Pittosporum
viridiflorum
Plumbago auriculata

1996)
Plumbaginaceae

PRU/120594/1/Adebayo SA

Plumbago
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(Hutchings et al., 1996)
Polygala fruticosa

Polygalaceae

PRU/120595/1/Adebayo SA

Butterfly bush

Venereal diseases (Jager et al., 1996)

570

19.0

Ptaeroxylon obliquum

Ptaeroxylaceae

PRU/120596/1/Adebayo SA

Sneezewood

Headaches (Jager et al., 1996)

200

6.7

Rhus chirindensis

Anacardiaceae

PRU/120597/1/Adebayo SA

Red currant

Arthritis, pain (Ojewole, 2004)

200

6.7

Sclerocarya birrea

Anacardiaceae

PRU/120598/1/Adebayo SA

Marula

Anti-inflammatory,

150

5.0

fever

(Ojewole,

2004)
Tecomaria capensis

Bignoniaceae

PRU/120599/1/Adebayo SA

Cape honey suckle

Abdominal pains (McGaw et al., 1997)

170

5.7

Terminalia

Combretaceae

PRU/120600/1/Adebayo SA

Lebombo cluster leaf

Aches, wounds and infections (Masoko

210

7.0

70

2.3

170

5.7

660

22.0

150

5.0

220

7.3

phanerophlebia

and Eloff, 2007)

Trichilia dregeana

Meliaceae

PRU/120601/1/Adebayo SA

Thunder tree

Terminalia prunioides

Combretaceae

PRU/120602/1/Adebayo SA

Lowveld cluster leaf

Stomach

ailment

and

backaches

(Hutchings et al., 1996)
Abdominal pains, backaches (Masoko
and Eloff, 2007)
Tulbaghia violacea

Alliaceae

PRU/120603/1/Adebayo SA

Wild garlic

Pain relief and fever (Kubec et al.,
2002)

Warburgia salutaris

Canellaceae

PRU/120604/1/Adebayo SA

Pepper-bark tree

Headaches, influenza and fever (van
Wyk et al., 1997)

Zanthoxylum

Rutaceae

PRU/120605/1/Adebayo SA

Small knobwood

capense
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3.3.2 Total phenolics and flavonoid contents
The high extract yield from T. violacea did not correlate well with its total phenolics
and flavonoid content. This may be due to high concentrations of carbohydrates as
reserve material in the rhizome. Terminalia phanerophlebia and Terminalia
prunioides with lower crude extract yield of 7% and 5.7% respectively contained
more total phenolics than T. violacea (Figure 3.1). The highest amounts of total
phenolic compounds were harvested from T. phanerophlebia (86 mg/g GAE)
followed by T. prunioides (79 mg/g GAE) and M. comosus (64.7 mg/g GAE). In terms
of flavonoid contents, the three highest yields were obtained from D. cinerea (0.54
mg/g QE), T. phanerophlebia (0.53 mg/g QE) and S. birrea (0.52 mg/g QE),
respectively (Figure 3.1). The overall results suggest that generally, there was poor
correlation between total phenolics and flavonoid contents in the selected plant
species (R2 =0.05); however, T. phanerophlebia seems to be an exception. Not much
study has been done on phyto-chemical screening of the leaves of T.
phanerophlebia, but available literature data indicates the presence of triterpenoids
and tannins (Hodzic et al., 2009). The dried leaves of the plant are generally used as
decoction in water for treatment of rheumatism, stomach pains and diarrhoea
(Olorunnisola et al., 2011). The high content of total phenolics and flavonoids,
possibly tannins, triterpenoids and other secondary metabolites may be responsible
for its therapeutic uses.
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Plant species

FIGURE 3.1: Relationship between total phenolic and flavonoid contents. Results
indicated that there was no correlation between the total phenolic content and
flavonoid content of the extracts tested (R2=0.05)

Data from literature sources on the secondary metabolites present in the leaves of T.
prunioides is scarce. It’s antibacterial (Eloff, 1999), thin layer chromatography profile
and antifungal activity (Masoko et al., 2005), and antioxidant activity (Masoko and
Eloff, 2007) has been reported. However, the dried leaves are used as decoction
traditionally for the relief of stomach pains. Our study indicated that it contained
relatively high amounts of phenolic compounds, possibly flavonoids, tannins and
terpenoids, this may be responsible for the antimicrobial and antioxidant activity. The
third plant species in terms of high phenolic content among the selected plants was
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M. comosus. Potential anti-fungal and lipoxygenase inhibitory properties of this plant
species have already been reported, possibly due to its flavonoids and cardiac
glycosides content (Thring and Wietz, 2006). Phenolic compounds, especially
flavonoids are well known for their anti-oxidant properties as well as lipoxygenase
enzyme inhibitory activities (Albano et al., 2012).

3.3.3 Anti-inflammatory activities
The main objective of the study was to evaluate the anti-inflammatory activity of the
selected extracts using the anti-15 LOX model of inhibition. As illustrated in Figure 2,
crude extracts harvested from two of the plant species tested, P. africanum
(IC50=12.42 µg/mL) and Z. capense (IC50=14.92 µg/mL), had promising 15-LOX
inhibitory activities compared with quercetin (IC50=8.75 µg/mL) positive control.

120.000
IC 50 (µg/mL)

100.000
80.000
60.000
40.000
20.000
Acacia burkei
Acacia sieberiana
Acokanthera oppositifolia
Bridelia micranta
Clausena anisata
Dichrostachys cinerea
Ekebergia capensis
Erythrophleum lasianthum
Harpephyllum caffrum
Kigelia africana
Meliathus comosus
Peltaphorum africanum
Pittosporum viridiflorum
Plumbago auriculata
Polygala fruticosa
Ptaeroxylum obliquum
Rhus chirindensis
Sclerocarya birrea
Tecomaria capensis
Terminalia phanerophlebia
Trichilia dregeana
Terminalia prunoides
Tulbaghia violaceae
Warburgia salutaris
Zanthoxylum capense
Quercetin

0.000

FIGURE 3.2: Inhibitory activities of crude plant extracts on 15-LOX. The extract with
the highest inhibitory activity on 15-LOX was obtained from P. africanum (IC50 =
12.42 µg/mL) compared with quercetin control (IC50= 8.75 µg/mL)
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The lipoxygenase group of enzymes (5, 8, 12 and 15-LOX) plays a role in many
inflammatory disorders. The iso-form enzyme, 15-LOX is an important enzyme
involved in the synthesis of leukotrienes from arachidonic acids. Biologically active
leukotrienes are mediators of many pro-inflammatory and allergic reactions,
therefore the inhibition of the synthesis of leukotrienes by 15-LOX is considered as
one of the therapeutic strategies in the management of inflammatory conditions
(Chedea and Jisaka, 2005; Schneider and Bucar, 2005). Assessment of extracts
derived from more than 180 different plant species indicated their potential dual
COX/LOX inhibitory capacity (Schneider and Bucar, 2005). Extracts or compounds
from plants inhibiting the pro-inflammatory activities of these enzymes are potential
leads or templates for the development of potent anti-inflammatory drugs (Adebayo
et al., 2013). Further work is required to properly characterize the compound(s)
responsible for the anti-inflammatory principles in these plant species, and also
understand their mechanisms of action. However, the three plants extracts with
promising inhibitory activity on 15-LOX were selected for further investigation.

3.3.4 Inhibition of NO production by the three extracts with promising 15-LOX
inhibitory activity
The inhibitory activity of the extracts on NO production by induced RAW 264.7
macrophage cell lines is presented in Table 3.2. Clausena anisata crude acetone
extracts had the best inhibitory activity on NO production (96.90% inhibition/ 71.28%
cell viability) at 6.25 µg/mL compared with P. africanum (91.33%/ 65.71%), Z.
capense (62.23%/ 82.45%) and quercetin (91.08%/ 73.76%) respectively (Table
3.2). Extracts with good inhibitory activity on NO production as well as low
cytotoxicity is more desirable. Release of NO promotes inflammation, therefore
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extracts that could act as scavengers of NO, or inhibitors of its production, especially
with corresponding low cytoxicity could be used to mitigate the propagation of
inflammation by NO. The inhibition of NO production by extracts derived from
medicinal plants are due to the inhibition of inducible NO synthase activity and/or its
expression (Lee et al., 2010; Lee et al., 2007).

TABLE 3.2: Inhibitory activities of Peltophorum africanum (PA), Clausena anisata
(CA) and Zanthoxylum capense (ZC) on the LPS-activated NO production in RAW
264.7 macrophages cell lines [Values are expressed as mean ±SD]
Samples

Concentration (µg/mL)

NO (µM)

% NO inhibition

% Cell viability

PA

25

0.60±0.02

92.32

66.64

12.5

0.39±0.14

94.92

79.71

6.25

0.67±0.42

91.33

65.71

3.12

1.97±0.24

74.62

60.93

25

0.94±0.07

87.86

3.43

12.5

0.38±0.25

95.17

63.31

6.25

0.24±0.14

96.90

71.29

3.12

0.55±0.08

92.94

80.31

25

1.06±0.58

86.38

72.79

12.5

1.31±0.51

83.16

90.14

6.25

2.94±0.46

62.23

82.45

3.12

5.22±0.67

32.88

79.24

25

0.35±0.10

95.54

49.33

12.5

0.30±0.08

96.16

60.69

6.25

0.69±0.05

91.08

73.76

3.12

2.50±0.48

67.93

73.10

CA

ZC

Quercetin

3.3.5 Antioxidant activities
Phytochemical evaluation of extracts derived from P. africanum has yielded bergenin
Mebe and Makhunga, 1992) and betulinic acid (Theo et al., 2009). Secondary
metabolites are stored in various parts of the plant; however, coumarins constitute
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the major compounds in the leaves (Mazimba, 2014). The plant is widely used
traditionally for treating wounds, back and joint pains and dysentery, among others
(Bizimenyera et al., 2005), but reported biological activities of the extracts are limited
to antimicrobial activity (Bizimenyera et al., 2006). The bioactive compounds
responsible for the observed effects have not been properly characterized and the
probable mechanisms of action have not been explored. In the case of Z. capense,
biological activities such as anti-mycobacterial (Luo et al., 2013) and anti-proliferative
effects (Mansoor et al., 2013) have been reported, subsequent to a previous bioassay guided isolation of six alkaloids from the roots of the plant (Luo et al., 2012).
Extracts of P. africanum had the best antioxidant activity among the three extracts
that were tested (Table 3.3). With IC50 of 4.67± 0.31 and 7.71± 0.36 µg/mL using the
DPPH and ABTS assays respectively, the results were comparable to that of Trolox
positive controls (2.74± 0.08 and 7.21± 0.42 µg/mL). This is consistent with the
findings of Bizimenyera, (2007). An extensive review of extracts of African medicinal
plants with potent anti-oxidant activities by Atawodi (2005) indicated that the
mechanism(s) of action extracts was by free radical scavenging. In addition, the
synergistic effects of natural products also enhance their antioxidant activities
(Bizimenyera, 2007). These results suggest that the bioactive constituent(s) of PA
had both antioxidant and anti-inflammatory activities. Antioxidants acts by
scavenging free radicals such as reactive oxygen species, hydroxyl radicals and NO
while anti-inflammatory mediators act by modulating the activities of proinflammatory enzymes and cytokines. Accumulation of free radicals result in cellular
injury, and are thought to be the cause of many diseases.
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TABLE 3.3: Cytotoxicity, antioxidant activity, total phenolics and total flavonoids
content of acetone extracts of Clausena anisata (CA), Peltophorum africanum (PA)
and Zanthoxylum capense (ZA); AA= ascorbic acid or vitamin C [values are
expressed as mean ±SD]
Vero IC50

DPPH IC50

ABTS IC50

FRAP IC50 (µgFe

TPC (mg

TFC (mg

Samples

(µg/mL )

(µg/mL )

(µg/mL )

(II)/g)

GAE/g)

QE/g)

CA

23.19±0.58

119.36±3.78

64.08±2.61

146.52±11.97

109.63±7.62

159.01±1.88

4.67±0.31

7.71±0.36

434.54±29.82

255.26±28.69

80.00±8.06

138.78±13.24

132.10±8.10

93.96±7.68

372.27±16.06

38.59±6.65

Trolox

2.74±0.08

7.21±0.42

Nd

Nd

Nd

AA

2.92±0.14

13.57±0.44

Nd

Nd

Nd

103.45±0.4

PA

1

ZC

>1000

3.3.6 Cytotoxicity
The results indicated that extracts of Z. capense had the lowest cytotoxic effect on
vero Monkey kidney cell lines (Table 3.3) among those tested (IC50>1000 µg/mL).
Peltophorum africanum extracts also had a relatively low toxicity of 103 µg/mL that
was comparable to an earlier report (Bizimenyera, 2007). The safety of herbal
remedies remains a concern because few reports exist on the safe use of these
products. Many extracts have been shown to contain potentially harmful substances
that could impact adversely on human health when consumed (Watt and BreyerBrandwijk, 1962). Although, our study suggests that extracts of Z. capense had low
toxicity on vero cell lines (≥1000 µg/mL) (Table 3.3), this observation was not
confirmed using an in vivo model of assessment.

3.4

CONCLUSIONS

This study provides further scientific evidence for the use of P. africanum, Z.
capense and C. anisata as anti-inflammatory and pain relief remedies in traditional
medicine. The presence of bioactive secondary metabolites with potent inhibitory
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properties on 15-LOX in these plant species is further proof of their potential value.
Further work is required to isolate, identify and characterize the bioactive compounds
that are responsible for the observed biological activities.

Postscript
In the next chapter, the crude acetone extracts of PA was separated into fractions by
solvent-solvent fractionation. The separated fractions were evaluated for their antiinflammatory activity in order to determine the fraction with bioactive constituents on
15-LOX.
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CHAPTER 4: BIO-ACTIVE FRACTIONS DERIVED FROM PELTOPHORUM AFRICANUM
HAD GOOD INHIBITORY ACTIVITY ON

15-LIPOXYGENASE

Preface

In Chapter 3, crude acetone extracts of PA had the best anti-inflammatory activity
among the 25 plant species that were evaluated, hence it was selected for further
investigation. The findings in this chapter were prepared in the form of a manuscript for
possible publication in the South African Journal of Botany as;

Fractions derived from Peltophorum africanum leaf extracts had good anti15lipoxygenase activity

SA Adebayo, LC Bekker, LJ Shai and JN Eloff

South African Journal of Botany (draft manuscript)

4.1

BACKGROUND

Extracts of Peltophorum africanum (PA) are widely used in southern Africa for treating
infections, inflammatory and painful conditions in both humans and livestock.
Peltophorum africanum Sond is a member of Fabaceae family (Figure 4.1). Decoctions
made from different parts of the plant, including the bark, leaves, root, fruits and seeds
are used by traditional healers for treating pain, venereal diseases, arthritis and
stomach aches (Mongalo, 2013; Mazimba, 2014). Bioactive compounds such as
betulinic acid, bergenin, flavonoids, saponin and phyto-steroids have been reported
from extracts derived from the plant (Theo et al., 2009; Mebe and Makhunga, 1992).
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Some of these compounds have antimicrobial and antioxidant activities (Naidoo et al.,
2013), with little information reported on their potential anti-inflammatory activity.

FIGURE 4.1a: The Peltophorum africanum Sond. (Fabaceae) tree (from Seedshelf,
2015), showing the leaves and the pod (Figure 4.1b) (from Toptropicals, 2015)

Lipoxygenases (LOX) are a group of enzymes involved in the hydroperoxidation of
polyunsaturated fatty acids, including arachidonic and linoleic acids to hydroperoxides.
Accumulation of peroxyl free radicals perpetuates vascular oxidative stress,
inflammation and pain, especially in conditions such as atherosclerosis, rheumatoid
arthritis and cancer where 15-LOX is thought to play a significant role (Weinstein et al,
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2005). Plant extracts are considered important sources of therapeutically active
compounds (Newman et al, 2003) with promising anti-inflammatory and analgesic
activities (Owoyele et al., 2004; Mohammed et al., 2014).
Although earlier reports suggested that the bioactive constituents of PA are
concentrated in the bark and roots of the plant (Mongalo, 2013), especially the ethyl
acetate and methanol extracts, this study indicated that the n-hexane fraction of the leaf
contained compounds with good 15-LOX inhibitory activity. The aim of this chapter was
to determine the inhibitory activity of fractions of PA on 15-LOX.

4.2

METHODOLOGY

4.2.1 Collection of plant material
The leaves of PA were collected into plant collection mesh bags, from the Botanical
Gardens of the Faculty of Veterinary Sciences, University of Pretoria in September
2013, authenticated by a botanist, Dr Lita Pauw. The leaves were allowed to dry at
room temperature for two weeks in a well-ventilated room. After complete drying, the
plant material was ground into fine powder using a MacSalab model 200 grinder and
stored in closed and labelled honey jars. The honey jars were kept in a dark cupboard
for storage until used. An herbarium voucher specimen was prepared and deposited at
HGWJ Schweickerdt Herbarium, University of Pretoria with PRU number 120792.

4.2.2 Preparation of crude acetone extracts
Ground leaf powder (1031.18 g) was dissolved in 10.3 L of 70% acetone in water in
clean extraction bottles and vigorously shaken for 3 h (Labotec model 20.2 shaker). The
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crude acetone extracts were filtered through Whatman No. 1 filter papers into preweighed honey jars, and then left open overnight for solvent evaporation. The honey
jars were weighed again to determine the percentage yield of the crude extracts.

4.2.3 Solvent-solvent fractionation of crude acetone extracts
The crude acetone extract yield from 1031.18 g of ground leaf powder of PA was
251.207 g (24.39%) with 10.3 L of 70% acetone in water. Approximately 30.3 g of crude
acetone yield was transferred into a clean honey jar and a small volume of 70% acetone
was added to it. The extract was dissolved and mixed thoroughly in 70% acetone, then
poured into a separatory funnel. Equal volumes (303 mL) of n-hexane and distilled
water was added to the extract in a separatory funnel. The resultant mixture was mixed
gently and the upper n-hexane fraction was collected into clean pre-weighed honey jars.
The process was repeated thrice with n-hexane/distilled water mixture. The n-hexane
was allowed to evaporate at room temperature in the drying room and the yield was
determined. The remaining water fraction was further mixed with an equal volume of
chloroform in a separatory funnel for collection of the chloroform fraction. This was
followed by ethyl acetate/distilled water mixtures (1:1) using separatory funnels. The
yield for all the fractions viz; n-hexane, chloroform, ethyl acetate and water fractions
were determined after complete solvent evaporation. The yield for each fraction was reconstituted at 10 mg/mL in 100% dimethyl sulphoxide (DMSO) and used in a bioassay
to determine their inhibitory activity on 15-LOX. After preliminary assays on the acetone
extract and the fractions, the n-hexane fraction was selected for further purification
based on its considerable inhibitory activity on 15-LOX. Analytical grade chemicals were
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purchased from various suppliers in South Africa, and were used for the bioassays in
the laboratory.

4.2.3.1

Extraction of 4-fractions from the crude acetone extracts

Solvent-solvent fractionation method was used to fractionate the acetone extract based
on polarity of the compounds. A total of 4 fractions were separated (section 4.2.3). The
flow chart used for the solvent-solvent fractionation is presented in Figure 4.2a.

FIGURE 4.2a: The flow-chart used for the solvent-solvent fractionation of the crude
acetone extracts
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4.2.3.2

Bio-assay guided fractionation of the n-hexane fraction

A bio-assay guided method was used to determine the sub-fractions with anti-15 LOX
activity. The n-hexane fraction was separated into 8 sub-fractions using an open column
chromatograpghy with 100% hexane with sequential increase in polarity with 5% ethyl
acetate, until 100% ethyl acetate. Figure 4.2b illustrates the flow chart of the bio-assay
guided fractionation of the n-hexane fraction.

FIGURE 4.2b: The flow-chart used for the three bio-assay guided fractionation phases
using silica gel open column chromatography of the n-hexane fraction, with 100% nhexane and sequential 5% increasing polarity with ethyl acetate until 100% ethyl
acetate
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Fraction 3 (F3) had the best anti-15 LOX activity and was subjected to further silica gel
column chromatographic fractionation to yield fractions F3.1-F3.8. Among these
fractions, F3.3 had the best anti-15 LOX activity and this fraction was further purified in
a follow up column chromatography to yield 8 sub-fractions F3.3.1-F3.3.8. Because the
TLC chromatogram indicated the presence of at least two compounds in F3.3.2
(Chapter 5, sub-section 5.3.3), this sub-fraction was further purified to yield two
compounds (CP1 and CP2) and the remaining sub-fractions (F3.3.1, F3.3.3-F3.3.8)
were pooled together as F3.3.0. Sub-fraction F3.3.0 was dried and included for testing
in the bioassays.

4.2.4 Thin-Layer Chromatographic (TLC) profile of n-hexane fraction of P. africanum
The TLC profile of n-hexane fraction of PA was determined as follows: The stationary
phase consisting of aluminium sheet 20 X 10 cm (TLC Silica gel 60 F254, Merck,
Germany) was used. The samples (10 µL) were spotted onto 3 different silica gel plates
at a concentration of 10 mg/mL using a micro-pipette. The spots were allowed to dry at
room temperature and the plates were placed into 3 different separation tanks, each
containing a mobile phase (solvent system) as follows: (a) Benzene, ethanol and
ammonia (90:10:1) respectively, called the BEA solvent system, (b) Chloroform, ethyl
acetate and formic acid (50:40:10) called the CEF solvent system and (c) Ethyl acetate,
methanol and distilled water (50:6.75:5), called the EMW solvent system. The TLC
plates were removed when each of the solvent systems reached about 1 cm from the
top and were allowed to dry at room temperature. The plates were observed under
ultra-violet (UV) light at 254 and 366 nm after drying to visualize any fluorescing
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compounds. After UV observation, the silica gel plates were developed by spraying with
a solution of vanillin (0.1 g vanillin dissolved in 28 mL absolute methanol, after which 1
mL of concentrated sulphuric acid was added). The silica gel plate was allowed to dry
after spraying at room temperature, after which it was heated at 110 oC for the
compounds to be visible on the silica gel plate.

4.2.5 Assessment of inhibitory effects of extracts on 15-LOX
The ferrous ion (Fe2+) oxidation xylenol orange (FOX) methods is based upon oxidation
of Fe2+ (reagent) to ferric ions (Fe3+) by oxidizing agents (sample) which then binds with
xylenol orange (reagent) to produce a complex colour which absorbs maximally at 560
nm. The intensity of the resultant colour is proportional to the amounts of the oxidizing
agents (sample) present. In brief, 20 µL of plant extracts was added to 50 µL of 15-LOX
100 µg/mL, Sigma-Aldrich) in a well of a 96-well microtitre plate and incubated for 5 min
at 25 oC. After incubation, 50 µL of substrate (10 µL linoleic acid, with 30 µL absolute
ethanol added and made up to 40 mL with borate buffer) was added to the mixture and
the microtitre plate was further incubated for 20 min at 25 OC. After the second
incubation period, 100 µL of FOX reagent (made of 90 mL absolute methanol and 10
mL distilled water, 166.66 µL concentrated sulphuric acid, 7.6 mg xylenol and 2.8 mg
ferrous sulphate) was added to each well and the microtitre plate was incubated again
at 25 OC for 25 min. After incubation, the microtitre plate was placed in a microtitre plate
reader and the absorbance read at 560 nm. Quercetin, vitamin C and indomethacin (all
at a concentration of 1 mg/mL) were used as positive controls, representing a known
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LOX inhibitor, an anti-oxidant and a COX inhibitor, respectively. The experiments were
done in triplicate at three different times.

4.2.6 Gas chromatographic-mass spectrometric (GC-MS) technique
The samples were dissolved in ethyl acetate and ran on a Shimadzu QP 2010S GC-MS
(Shimadzu Corporation, Kyoto, Japan). Separation was achieved with a Thermo
Scientific TG-5MS capillary column, (30 m X 0.25 mm X 0.25 µm film Thermo-scientific,
Runcorn, UK). Different phyto-constituents were identified using NIST 2005 and
ChemSpider® mass spectrum database, comparing the spectra of the unknown
components with spectra of known components stored in the library.

4.2.7 Statistical analysis
All results are presented as the means of independent triplicate experiments.
Differences between values obtained in these experiments were assessed for
significance using analysis of variance (ANOVA) and student t-test, where probability
(p≤0.05) was considered significant.

4.3

RESULTS AND DISCUSSION

Although the methanol/water fraction had the highest yield, the ethyl acetate and nhexane fractions had better anti 15-LOX activities with IC50 values of 1.70 and 0.006
µg/mL respectively, compared with crude acetone extract (0.72 µg/mL) and quercetin
positive control (35.36 µg/mL) (Table 4.1).
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The total activity of a plant extract (or fraction) is a function of the quantity of the extract
or fraction and the bioactivity (Eloff, 2004). It is calculated by dividing the quatity of a
fraction by the biological activity in the same units and indicates the volume to which the
fraction can be diluted and still have a biological activity. This can be used to determine
loss of bioactivity due to chemical change or physical loss or to determine if any
synergism is present.
There was a loss of 23% of the mass in the solvent solvent fractionation of the
crudeacetone extract. This may be attributed either to the formation of a pellicle
between fractions or the loss of volatile compounds during the drying of the fraction.
The n-hexane fraction had the best total activity of 453 333 L (Table 4.1), meaning that
if the n-hexane fraction is diluted to 453 333 L, it would still retain its potency. The
fraction with the lowest total activity value was the chloroform fraction with a value of
1.02 L. It is remarkable that the total activity of the n-hexane fraction was 10.8 times
higher than the total activity of the crude extract. Unless there was a mistake made in
the bioassay, it means that compounds inhibiting the biological activity in the crude
acetone were removed by the solvent-solvent fractionation.
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TABLE 4.1: The extract yield of crude acetone, n-hexane, chloroform, ethyl acetate and
water fractions and their inhibitory activity on 15-LOX. Total activity was calculated by
diving the fraction yield in mg by the IC50 of 15-LOX inhibition in mg/mL

Sample

Yield (g)

Percentage IC50 (µg/mL)

Total

yield (%)

(L)

15-LOX inhibition

Activity

Crude acetone extracts

30.3

-

0.72

42 083

n-Hexane fraction

2.72

8.98

0.006

453 333

Chloroform fraction

0.13

0.43

127.71

1.012

Ethyl acetate fraction

0.34

1.21

1.70

200.0

Water fraction

20.26

66.87

4.26

4 756

Quercetin (1 mg/mL)

-

-

35.36

-

Vitamin C (1 mg/mL)

-

-

102.87

-

Indomethacin (1 mg/mL)

-

-

59.88

-

There is a good correlation at least in part between antioxidant and anti-inflammatory
activity of plant extracts (Atawodi, 2005; Iwalewa et al., 2007). Hexane is a non-polar
solvent that is expected to extract non-polar compounds including alkaloids, triterpenes,
steroids and volatile oils (Adesina et al., 2012). When the n-hexane fraction was
sequentially eluted from a silica gel open chromatography column with increasing
polarity of n-hexane/ethyl acetate mixture, 16 fractions (F1-F16) were collected into
separate honey jars. The TLC profile of the fractions was determined as shown in
Figure 4.3. As expected most of the phyto-constituents of the n-hexane fraction were
non-polar, hence better compound separation was observed in the non polar BEA
separation system (F1-F8). When observed under UV light, 2 fluorescing compounds
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were only visible at 366 nm wavelength. The remaining fractions (F9-F16) were
separated in EMW mobile system.

FIGURE 4.3: Chromatograms of the n-hexane fraction (F1-F16) of PA fractionated by
column chromatography. The TLC plate was developed in BEA 90:10:1 (F1-F8) and in
EMW 60:6.75:5 (F9-F16) solvent systems

4.3.1 Bioactivity of crude acetone extract and fractions of PA on 15-LOX
The 16 fractions obtained from n-hexane fraction of PA were subjected to in vitro anti-15
LOX assay and their anti-inflammatory activity was determined. The results indicated
that F3 had a 150 to 10 000 times higher anti 15-LOX activity (IC50= 0.09±0.00 µg/mL)
than the other fractions. This fraction (F3) also had a 100 times higher activity than
quercetin the positive control (8.73±1.42 µg/mL) (Table 2). These results indicate that
F3 contains much higher concentration of compounds with anti-inflammatory activity
and the rest of the study focused on this fraction.
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Extracts and fractions derived from PA are known to possess good biological activities.
The IC50 value of betulinic acid, a compound extracted from the ethyl acetate stem bark
extracts of PA against human immunodeficiency virus-1 (HIV-1) was 0.002 µg/mL
compared with glycyrrhizin (IC50=0.58 mg/mL) positive controls (Theo et al., 2009).
Bizimenyera et al (2005) found that the n-hexane leaf extract of PA had very low
antimicrobial activity (MIC=2.5 mg/mL) while the acetone leaf extracts had better
activity. (0.16-1.25 mg/mL). This probably means that different compounds are
responsible for antimicrobial and anti-inflammatory activities.

Table 4.2: The anti-15 LOX activity of 16 fractions obtained by open column
chromatography of the n-hexane leaf extract of PA
Samples

IC50 (µg/mL) ± SD

Quercetin

8.73±1.42

F1

87.09±3.36

F2

14.38±4.84

F3

0.09±0.00

F4

79.44±0.80

F5

36.64±3.73

F6

40.79±1.11

F7

89.15±1.21

F8

78.95±1.49

F9

74.66±0.44

F10

75.60±1.77

F11

76.46±0.56

F12

75.05±1.43

F13

74.33±0.42

F14

74.56±0.10

F15

74.61±0.17

F16

75.96±1.75
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The link between free radical scavenging and anti-inflammatory activity is well
established. Certain phyto-compounds with good antioxidant activity tend to have
corresponding anti-inflammatory effects (Atawodi, 2005). The antioxidant activities of
extracts derived from PA have been reported elsewhere (Bizimenyera et al., 2007).
Free radical scavenging compounds are thought to mediate inflammation by removing
potential stimuli for the inflammatory process, such as reactive oxygen species
(Atawodi, 2005).

4.3.2 GC-MS analysis of fraction F3
Fraction F3 had remarkable activity and a n-hexane extract of F3 was subjected to GCMS. Fraction F3 contained compounds with tertension times between between 7.5 and
37.0 min (Figure 4.4a). To get more clear information parts of the chromatogram was
expanded (Figures 4.4a to 4.4i).
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FIGURE 4.4a: GC-MS chromatogram retention times 7 to 35 min

FIGURE 4.4b: GC-MS chromatogram retention times 7 to 11 min
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FIGURE 4.4c: GC-MS chromatogram retention times 12 to 16 min

FIGURE 4.4d: GC-MS chromatogram retention times 15.5 to 19.5 min
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FIGURE 4.4e: GC-MS chromatogram retention times 18.5 to 21.5 min

FIGURE 4.4f: GC-MS chromatogram retention times 21 to 25 min
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FIGURE 4.4g: GC-MS chromatogram retention times 24.5 to 27.5 min

FIGURE 4.4 h: GC-MS chromatogram retention times 26.5 to 29.5 min
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FIGURE 4.4i: GC-MS chromatogram retention times 29.5 to 35 min

Overall, the constituent compounds in F3 are long chain aliphatic carboxylic acids, (both saturated and unsaturated) and their
derivatives including alcohols, aldehyde as well as benzene carboxylic acid ester, steroids and vitamins as indicated in Table 4.3.
Only compounds with a > 80% agreement with the database library are shown in Table 4.3. This may be too lenient and there
cannot be too much confidence in identifying the compounds with less than 90% agreement with the database. The other results
are presented in Appendix B (Table B1).
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TABLE 4.3: Compounds tentatively identified by GC-MS analysis of F3 with more than 80% fit with NIST 2005 and ChemSpider®
mass spectrum databases. Reported biological activities of some of the compounds are indicated as well as their physical and
chemical properties

Compound name

Molecular

% fit to

Retention

Area Height

Molecular

formula

library

time (min)

(%)

(%)

weight (g)

C14H22O

83

7.187

0.29

0.31

206

Reported biological activities

Fraction F3.1
a

Phenol, 3,5-bis(1, 1-dimethylethyl)-

Antioxidant (Ajayi et al., 2011), antibacterial (Abdullah et
al., 2011)

d

Phenol, 4,4'-(1,2-diethyl-3-methyl-1,3-

C20H26O2

81

7.673

0.77

0.83

298

propanediyl) bis (benzestrol)

Non-steroidal estrogen antagonist (Diczfalusy et al.,
1959)

e

Phenol, 4-(1,1-dimethylpropyl)

C11H16O

92

9.272

0.60

0.80

164

Estrogenic (USEPA, 2009)

h

3-Eicosene, (E)

C20H40

81

10.132

0.48

0.49

281

A volatile oil found in most plants with reported antimicrofouling effects (Plougueme et al., 2010)

F3.2
d

Hexadecanoic acid, methyl ester

C17H34O2

87

13.349

0.49

0.95

270

Anti-microbial (McGaw et al., 2002; Hua et al., 2006),
anti-fungal, antioxidant (Hema et al., 2011)

g

Octadecanoic acid, methyl ester

C19H38O2

81

13.727

1.56

1.76

298

Anti-tumour, anti-inflammatory (Bhattacharya et al.,
2006)

h

6-methyl-2-phenyl- Quinoline

C16H13N

83

13.784

0.39

0.61

219

Derivatives have potent anti-microbial activities
(Eswaran et al., 2009)

j

Ý.-Tocopherol

C28H48O2

82

13.977

0.10

0.19

417

k

trans-Vitamin A aldehyde

C20H28O

88

14.030

0.60

0.93

284

Anti-inflammatory, anti-oxidant, anti-tumour (Duke,
1998)
Maintenance of epithelial tissues to prevent infections,
growth and differentiation (Talwar and Srivastava ,
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2002)
m

α.-Tocopherol

C29H50O2

81

14.496

46.94 8.33

431

Anti-oxidant, anti-inflammatory (Nirubama et al., 2014)

n

Vitamin K1 (phylloquinone)

C31H46O2

89

14.612

1.06

1.23

451

Anti-hemorrhagic (Duke, 1998)

F3.3
b

Naphthalene, dibutyl dihydro-

C18H26

81

16.718

0.33

0.31

242

N/A

e

Pseduosarsasapogenin-5,20-dien

C28H44O3

80

17.906

0.57

0.89

429

N/A

C32H52O2

88

18.247

-0.03 0.04

469

Antioxidant and anti-inflammatory (Conforti et al., 2009;

methyl ether
g

9, 19-Cyclolanost-24-en-3-ol, acetate,

Fingolo et al., 2013)

(3-β)F3.4
d

β-Sitosterol

C29H50O

88

20.953

2.27

2.36

415

Anti-inflammatory and anti-pyretic (Patra et al., 2010)

C20H26O2

87

23.375

0.60

0.55

298

Non-steroidal estrogen antagonist

F3.5
d

Phenol, 4,4'-(1,2-diethyl-3-methyl-1,3propanediyl)bis-

g

Ethyl iso-allocholate

C26H44O5

81

24.243

0.23

0.30

436

Anti-bacterial, anti-inflammatory (Mohan et al., 2011)

h

3-α.-(Trimethylsiloxy)cholest-5-ene

C30H54OSi

88

24.497

1.07

0.90

459

N/A

C13H17N3OS

83

25.782

17.28 14.39

263

Anti-inflammatory (Kharb et al., 2010)

C14H28O

88

28.175

0.17

0.23

212

N/A

F3.6
b

3-(4-Buthoxybenzylthio)-1, 2, 4-(4H)triazole
F3.7

b

Oxirane, dodecylF3.8

b

1, 2-bis(p-acetoxyphenyl) ethanedione

C18H14O6

82

29.948

1.79

1.44

326

N/A

d

4-Methyl-2-tert-octylphenol

C15H24O

91

31.059

0.82

0.69

220

Anti-tumour (Che et al., 2014)

g

3-Fluorobenzoic acid, 2-pentadecyl ester

C22H35FO2

81

33.205

0.41

0.39

351

N/A

*N/A=No activity reported
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The data presented in this work have demonstrated the anti-15-LOX activity of nhexane fraction of PA. In an effort to further identify some of the compounds, the
retention times of 15.5 and 19.5 min was selected and 7 compounds with significant
peaks were identified (Figure 4.5), some of them with previously reported
pharmacological and biological activities. These compounds were identified using
NIST 2005 and ChemSpider® mass spectrum database by mass spectra data
comparison. Cyclohexanol, 5-methyl-2-(1-methylethyl)-, (1-α, 2-β, 5-β.)-is an isomer
of the well-known methacamphor or peppermint camphor with anti-oxidant and antitumour activities (ChunYan et al., 2010). Limited data is available in literature on the
pharmacological effects of cyclohexanol, 5-methyl-2-(1-methyl, 1-α, 2-β, 5-β) unlike
its related isomer. Medicinal plants are known to produce bioactive metabolites for
defense and survival purpose, many of which have been exploited for
pharmacological activities in humans and animals. These classes of compounds
include but not limited to alkaloids, saponins, phenolics, steroids and essential oils
with demonstrated therapeutic activities.
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FIGURE 4.5: GC-MS chromatogram indicating 7 significant peaks of the compounds between retention times 15.5 and 19.0 min.
The compounds were identified using NIST 2005 and ChemSpider ® mass spectrum database by mass spectra data comparison
The anti-inflammatory activity of plant extracts is thought to be due to the presence of phenolics, terpenoids, fatty acids, methyl
esters, steroids among others (Olagunju et al., 2006; Kumar et al., 2010). The structures of the 7 compounds identified by GC-MS
reference are shown in Figures 4.5a-4.5g, indicating that some of the compounds are phenolics, saponins and steroids.

73

Chapter 4

4.6a

4.6c

4.6b

4.6d

4.6e
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4.6f

4.6g

FIGURE 4.6a-4.6g: Structures of the compounds based on results of GC-MS analysis
Figure (4.6a)-Cyclohexanol, 5-methyl-2-(1-methyl ethyl) (1α, 2β, 5β), Figure (4.6b)-Naphthalene, dibutyl dihydro-, Figure (4.6c)-2,
3-hexanedio, Figure (4.6d)-Ergost-25-ene-3, 5, 6, 12-tetrol, (3β, 5α, 6β, 12β, Figure (4.6e)-Pseduosarsasapogenin-5, 20-dien
methyl ether, Figure (4.6f)-1-Naphthalene propanol, α.-ethyldecahydro-5-(hydroxymethyl)-α, 5, 8α -trimethyl-2-methylene, Figure
(4.6g)-9, 19-Cyclolanost-24-en-3-ol, acetate, (3β)
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It is unlikely that compounds 4.6c and 4.6d could have similar retention times on GC.
This question the identification based on the similarity with the database of lower
than 90%.
To determine the mechanism of action of F3 was beyond the scope of this
investigation. Future work would explore potential additive, synergistic, antagonistic
or potentiating effects among the 7 compounds. The GC-MS data for the identified
compound is presented in Table 5.

TABLE 4.4: The GC-MS analysis data profile of the 7 compounds with significant
peaks with retention times 15.5-19.5 min analysed with Shimadzu QP 2010S GC-MS
(Shimadzu Corporation, Kyoto, Japan). RT (retention time), ST (start time), ET (end
time) A (area), H (height)
Peak

RT

SF3a

ST

ET

A

A (%)

H

H (%)

A/H

19.706 19.675 19.742 7381706

15.51

3965554 26.24

1.86

SF3b

29.964 29.942 30.008 755581

1.59

418797

2.77

1.81

SF3c

35.262 35.208 35.333 721612

1.52

199402

1.32

3.62

SF3d

35.426 35.400 35.458 268248

0.56

129097

0.85

1.89

SF3e

35.533 35.475 35.608 15058331 31.64

4257497 28.17

3.55

SF3f

36.080 36.042 36.133 650785

239722

2.71

SF3g

36.234 36.158 36.317 14963404 31.45

1.37

1.59

3768635 24.93

3.97

The bio-activity of derivatives and isomers of some of the volatile compounds
identified in Figures 4.3 and 4.4 are known, and it’s plausible that they exert same
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biological effects. Future work is aimed at understanding the mechanism of action
and molecular targets of the identified compounds.

4.3.3 Further fractionation of F3

Because F3 had such a high activity it was further fractionated by column
chromatography into 8 subfractions and the biological activity of the subfractions was
determined
Anti-15 LOX assay was also performed on F3.1-F3.8 to determine their inhibitory
effects on 15-LOX. Of these 8 sub-fractions, F3.8 had the best anti 15-LOX activity
(IC50=1.14±0.023 µg/mL), better than F3 (IC50=1.13±0.042 µg/mL) and quercetin
positive controls (IC50=1.35±0.01 µg/mL) (Table 4.5). However, when the total activity
of each sub-fraction was evaluated, F3 had the best bioactivity among the subfractions tested with a total activity 75,000 mL, although with similar IC 50 values with
many of the sub-fractions (Table 4.5). The results obtained prompted further
investigation of the constituents of F3 by GC-MS analysis of the sub-fraction.
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TABLE 4.5: The inhibitory activity of F3 and F3.1-F3.8 on 15-LOX and their total
activity values. All the sub-fraction inhibited the activity of 15-LOX better than the
quercetin positive controls
Samples

Extracts yield (mg)

IC50(µg/mL)±SD

Total activity (L)

Quercetin

-

1.35±0.009

F3.1

7

1.16±0.006

6 034

F3.2

60

1.16±0.003

51 724.

F3.3

87

1.16±0.009

75 000

F3.4

40

1.16±0.004

34 483

F3.5

41

1.16±0.006

35 345

F3.6

6

1.16±0.008

5 172

F3.7

23

1.15±0.005

20 000

F3.8

3

1.14±0.023

2 632

F3

-

1.13±0.042

-

The activity of fraction F3 (IC501.13±0.042 µg/mL) was lower when measured here
than what was previously found (IC50 0.09±0.00 µg/mL) in Table 4.2. It may be that
some changes have taken place during storage or handling between the two
measurements, although the fraction was stored in a freezer. The activities of the
other fractions were very similar although the total activity differed substantially.
Upon GC-MS analysis of F3.3, 7 compounds with significant peaks were identified
based on comparison with databases of NIST 2005 and Chem spider®. The results
indicated that the compounds that contributed to the initial overall bioactivity of F3 in
Table 4.2 are probably triterpenes, essential oils, vitamins and volatile oils with
known antioxidant and anti-inflammatory effects (Conforti et al., 2009; ChunYan et
al., 2010).
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Because GC-MS did not give such good results and it does not appear as if any real
fractionation took place because all fractions had the same activity (Table 4.5). No
futher work using GC-MS was undertaken and efforts were made to isolate a
sufficient quantity of the bioactive compound to determine the structure by NMR and
MS studies.

4.4

CONCLUSIONS

Our results may lend credence to the anecdotal claims for the traditional use of this
plant species for treating inflammation and pain-related conditions. It is however
unlikely that the non-polar bioactive compounds present in the n-hexane extract
would become available in water as the main extractant available to traditional
healers. Action of microbes on the water extract may have an effect on solubilizing
non-polar compounds. The results also demonstrated that n-hexane fraction of PA
contained compounds with good inhibitory activity against 15-LOX, which is reported
here for the first time in literature.

Postscript
The next chapter described futher purification of F3.3 by column chromatography
and evaluation of the anti-inflammatory activity of isolated compounds and fractions
derived from F3.3 of PA leaf extract.
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CHAPTER 5: ANTI -INFLAMMATORY ACTIVITY OF FRACTIONS AND ISOLATED
COMPOUNDS FROM PELTOPHORUM AFRICANUM

Preface

In this chapter, the anti-inflammatory activity of semi-purified fraction and isolated
compounds derived from F3.3 was investigated using the inhibition of proinflammatory enzymes model of assessments.

5.1

BACKGROUND

Pro-inflammatory enzymes such as inducible cyclooxygenases (COX-2) and nitric
oxide synthase (iNOS) are important mediators of inflammation. Cyclooxygenases
promote inflammation through the synthesis of prostaglandins, which, in turn,
propagate inflammation. Non-steroidal anti-inflammatory drugs are COX-2 inhibitors,
but their use is associated with hepatic and renal risks (Hougee, 2008). Nitric oxide
is a signalling molecule produced by iNOS, an enzyme with a key role in the
pathogenesis of inflammation (Lee et al., 2007). Under normal physiological
conditions, NO has anti-inflammatory effects. However, over-production and release
of NO by endothelia and immune-competent cells is implicated in the pathogenesis
of inflammatory diseases involving the joints, lung and gut (Lee et al., 2010).

5.2

LITERATURE REVIEW

The painful symptoms that are associated with chronic inflammatory diseases are
treated with both steroidal glucocorticoids, which can reduce cytokine-induced gene
expression and non-steroidal agents that target COX-1/COX-2. Undesirable adverse
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effects associated with these agents include gastric ulceration, renal toxicity, joint
destruction and cardiovascular disorders (Sostres et al., 2013). Of the two COX
isoforms, the inhibition of COX-2 is more desirable because the inhibition of COX-1
in the gastric mucosa causes ulcers. Cannabidiolic acid, isolated from Cannabis
sativa significantly inhibits COX-2 activity in a comparable manner to celecoxib, a
non-steroidal, selective COX-2 agent (Takeda et al., 2006). In addition, the inhibition
of COX-arachidonic acid pathway leads to a shunting of the fatty acid to the LOXarachidonic acid metabolism pathway, leading to the synthesis of pro-inflammatory
leukotrienes, which are important propagators of inflammation. This observation led
to the search for dual LOX/COX inhibitors with a higher safety profile (Jacob and
Kumar, 2015).
The role of NO in the immune system comprises both regulatory and effector
functions. The regulatory function involves the inhibition of lymphocyte proliferation
and modulation of the cytokine response. The latter function includes the bactericidal
and tumouricidal activities (Wallace, 2005; Nath et al., 2009). Nitric oxide can induce
expression of the Th2 cytokine IL-4, whilst supressing the expression of Th1
cytokines, IFN-ɣ and IL-2 (oh et al, 2009). The apoptosis-inducing activity of NO also
affects Th1 cells, as Th1 cells are more prone to undergo apoptosis than Th2 cells
(Tripathi et al., 2007). During inflammation, the production of NO is regulated by the
activation of transcription factors and the release of pro-inflammatory cytokines from
macrophages. Activation of the iNOS gene promoter is an important mode of iNOS
regulation by cytokines, which has been studied most thoroughly in mouse
macrophages and in human hepatocyte and epithelial cell lines (Tripathi et al.,
2007). Transcription factors involved in promoting inflammation include NF-kβ, AP-1,
the signal transducer and activator of transcription (STAT), interferon regulatory
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factor-1 (IRF-1), IL-6, IL-1, IL-8 and TNF-α (Kim et al., 2009; Oh et al., 2009). Nitric
oxide also inhibits IL-12 synthesis by activated macrophages, thereby indirectly
suppressing the expansion of Th1 cells. At low concentrations, NO selectively
enhances the induction of Th1 cells and has no effect on the Th2 cells. Nitric oxide
exerts this effect in synergy with IL-12 during Th1 cell differentiation and has no
effect on fully committed Th1 cells (Iwalewa et al., 2007; Masilamani et al., 2012).
Under certain conditions, endogenously produced NO can up-regulate TNF-α
production in human phagocytes (Yan et al., 1997). The production by macrophages
of a variety immuno-modulatory cytokines (e.g., IL-12, IL-1) can be inhibited by NO
(Kim et al., 2009). The addition of a NO-releasing moiety to several non-steroidal
anti-inflammatory drugs (NSAIDs) greatly reduces their toxicity while enhancing their
efficacy and potency (Wallace et al., 2005; Nath et al., 2009). The potential for plantderived remedies to alleviate painful conditions associated with inflammation has
been described in some studies (Gautam et al., 2010; Masilamani et al., 2012).

5.3

METHODOLOGY

5.3.1 Plant materials
Collection of plant leaf material of PA and preparation of extracts for bioassay was
described in Chapter 4 (4.2.1-4.2.2). Fresh leaf material was collected from the same
tree in April 2015 and was prepared same the way as recorded in Chapter 4, section
4.2.1-4.2.2. Our preliminary results indicated that F3 and F3.3 actively inhibited the
activity of 15-LOX (Chapter 4). Hence F3.3 was the focus of the next stage of the
investigation. Therefore, constituents of F3.3 were separated by open column
chromatography in an effort to futher purify F3.3 and possibly identify or isolate the
active compounds.
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5.3.2 Open column chromatography
The sub-fraction (F3.3) yield was 0.878 g from 220.56 g of n-hexane fraction of
ground dried leaf of PA (1000 g). This represents a yield of 0.4% from the n-hexane
fraction. Column chromatography is a widely used technique for the separation of
compounds in mixtures such as plant extracts.

FIGURE 5.1: Further purification of F3.3 to yield F3.3.1-F3.3.8, compounds 1 and 2
and F3.3.0 using open column chromatography

The column was packed with 87.8 g of silica gel in suspension with n-hexane and
poured into an open glass column for good compound separation (Figure 5.1).
Compound separation was initiated with 100% n-hexane, with polarity increased
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stepwise by adding ethyl acetate (95:5, 90:10), and the column was washed with
methanol after collecting the separated fractions into clean test-tubes.

5.3.3. Thin-layer chromatography (TLC) fingerprinting
The TLC is a method for analysis of mixtures through adsorption. This method can
be used to determine the diversity of compounds in mixtures such as plant extracts.
The fractions were collected into clean vials and the solvent was evaporated at room
temperature to determine the yield. The TLC fingerprinting methods was used as a
guide for further purification of F3.3 and isolation of compounds from F3.3.2. Fraction
F3.3 contained several compounds that were separated into F3.3.1-F3.3.8 (Figure
5.2). It was observed from the TLC plate that F3.3.2 contained at least two
compounds in significant amounts and this led to further purification of F3.3.2 to yield
compounds CP1 and CP2 (Figure 5.3). The remaining fractions (F3.3.1, F3.3.3,
F3.3.4, F3.3.5, F3.3.6, F3.3.7 and F3.3.8) were combined as F3.3.0 and was tested
along with the isolated compounds in subsequent bioassays.

FIGURE 5.2: The thin-layer chromatography profile for F3.3 and F3.3.1-F3.3.8 in
BEA solvent system (90:10:1)
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This was used as the blue-print for the isolation of CP1 and CP2 from F3.3.2. After
complete solvent evaporation F3.3.2, CP1 and CP2 were reconstituted to 10 mg/mL
with acetone and spotted onto a silica gel plate (Aluminium sheet 20 X 20 cm, TLC
Silica gel 60 F254, Merck, Germany) at 10 µL using a micropipette. The silica gel
plate was developed in n-hexane/ethyl acetate (9:1). The dried silica gel plate was
placed under UV at 254 and 366 nm to visualize any fluorescing compounds. None
of the 2 isolated compounds fluoresced at those wavelengths. The plate was
sprayed with vanillin (0.1 mg vanillin dissolved in 28 mL methanol, with 1 mL
concentrated sulphuric acid slowly added) in order to visualize the compounds by
gently heating the silica gel plate to 110 OC. Compound 1 appeared bluish on the
TLC plate while CP2 appeared purplish, with different intensities (Figure 5.3). There
appeared to be a higher concentration of CP2 than CP1 based on the intensities of
the colours of the compounds on the TLC plate. Plant steroids, terpenoids and some
essential oils synthesized as secondary metabolites commonly appear purple on
TLC place developed in vanillin (Ahmad et al., 2011). It is plausible to assume that
isolated CP1 and CP2 belong to one or more of these classes of natural compounds
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FIGURE 5.3: The TLC profile of F3.3.2, CP1 and CP2 developed in n-hexane/ethyl
acetate (9:1) mobile system

The compound yield from 60 mg of F3.3.2 was 21 mg for CP1 and 24 mg for CP2
respectively. The Rf value for each of the compounds was calculated by dividing the
distance travelled by the compound by the solvent front (distance travelled by the
solvent). The Rf value for the compounds were 0.31 (CP1) and 0.44 (CP2) in nhexane/ethyl acetate (9:1) solvent system respectively (Figure 5.3).

5.3.4

13

C and 1H nuclear-magnetic resonance (NMR)-procedures and structural

elucidation of isolated compounds
The NMR analysis was conducted on CP1 and CP2 at the Chemistry department of
the Tshwane University of Technology, Pretoria by Dr Khosi Gamedze. The
experiments were performed on an NMR spectrometer operating at 100.52 MHz for
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13

C and 399.76 MHz for 1H respectively using deuterated chloroform (CDCl3) as

solvents. Structure elucidation and identification of isolated compounds was done by
Prof Ladislaus Mdee of the Department of Pharmacy, University of Limpopo, South
Africa. The NMR spectra for CP1 and CP2 are provided in Appendix C while detailed
data and structural elucidation of the most active compound (CP1) for antiinflammatory activity is provided in Chapter 6, sub-section 6.3.8.

5.3.5 Cyclooxygenase (COX1/COX 2) assays
The Cayman COX colorimetric inhibitor screening assay kit (Cayman, item No.
701050) was used for the assessments of the inhibitory activity of F3.3, F3.3.0, CP1
and CP2 (dissolved in 100% DMSO) on COX-1 and COX-2 by following the
manufacturer’s guidelines. In brief, 160 µL of assay buffer, 10 µL of heme and 10 µL
of enzyme (COX-1/COX-2) was added to appropriate well in a 96-well microtitre
plate. Thereafter, 10 µL of inhibitor (F3.3, F3.3.0, CP1 and CP2) were added to
appropriate wells, DMSO was used for negative controls. Indomethacin (1 mg/mL)
dissolved in 100% DMSO was used for positive controls and the samples were
tested at 10 mg/mL (F3.3 and F3.3.0) and 1 mg/mL (CP1 and CP2) dissolved in
100% DMSO respectively. The microtitre plate was shaken carefully and incubated
at 25

O

C for 5 min. After the incubation period, 20 µL of colorimetric substrate

solution and 20 µL of arachidonic acid (substrate) were added to appropriate wells.
The microtitre plate was carefully shaken and incubated at 25 OC for exactly 2 min.
After the incubation period, the absorbance was read at 590 nm using MutiskanGO
(Thermo scientific, Finland). The experiment was conducted in triplicate and
repeated so that each value represents the average of six determinations. The
percentage inhibition was plotted against the concentrations of the inhibitors
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(samples) to determine the IC50 (concentrations that resulted in 50% inhibition of
enzyme activity) for each sample.

5.3.6 Nitric oxide inhibitory assays
The methods for the assessments of the inhibition of NO production as well as
possible cytotoxicity of fractions was described in Chapter 3 (section 3.2.7).

5.4

RESULTS AND DISCUSSION

The preliminary TLC results indicated that CP1 and CP2 are probably triterpenes,
essential oils or plant steroids. Compounds 1 and 2 as well as F3.3.0 inhibited the
activity of COX albeit non-selectively. These classes of natural compounds have
been reported to possess anti-inflammatory and anti-nociceptive activities (Iwalewa
et al., 2007).

5.4.1 COX-1/COX-2 inhibition by F3.3, F3.3.0, CP1 and CP2
Cyclooxygenases

(COX-1/COX-2)

are

responsible

for

the

synthesis

of

prostaglandins from arachidonic acid, a prominent molecule responsible for the
propagation of inflammation (Gonzalez et al., 2011; Aggarwal et al., 2012; Adebayo
et al., 2015). The resolution of uncontrolled inflammatory response requires antiinflammatory agents to inhibit the activity of these mediators. The inhibition of the
COX-2 isoform is more desirable because the inhibition of COX-1 in the gastric
mucosa is associated with the unwanted adverse effects of NSAIDs. Fraction F3.3
significantly inhibited COX-2 (IC50=0.67 µg/mL) better than CP1 (IC50=1.22 µg/mL),
CP3 (IC50=1.71 µg/mL) and F3.3.0 (IC50=1.3 µg/mL), respectively (Table 5.1).
Fraction F3.3 had better COX-2 inhibitory activity than indomethacin, the positive
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control (IC50=1.33). In addition, F3.3 also inhibited the activity of COX-1 with an IC50
of 0.7 µg/mL. However, because F3.3 inhibited both enzymes, this is an indication
that it is a non-specific inhibitor of COX. Similar trend was observed in the activity of
CP1, CP2 and F3.3.0, which were all non-specific inhibitors of COX. Also,
indomethacin was also non-specific in its inhibition of the isoforms of COX used in
this study. The COX inhibitory activity of F3.3 could be attributed to a synergistic
effect of CP1, CP2 and F3.3.0, because F3.3 is a combination of CP1, CP2 and
F3.3.0. The additive or synergistic effect of naturally occurring compounds has been
reported previously (Adwan and Mhanna, 2008). Fraction F3.3 was a better inhibitor
of COX than isolated CP1, CP2 and F3.3.0. Fractions or compounds with specific
inhibition of COX-2 are considered as promising candidate for anti-inflammatory drug
development.

TABLE 5.1: The inhibitory activity (expressed as IC50 values) of F3.3, F3.3.0, CP1
and CP2 on COX-1/COX-2. The bioactive F3.3 significantly inhibited COX-1 (p=0.01)
and COX-2 (p=0.002) better than indomethacin positive controls respectively

Samples

COX-1 (µg/mL)

COX-2 (µg/mL)

INDO

1.27

1.33

F3.3

0.7

0.67

CP1

1.25

1.22

CP2

0.93

1.71

F3.3.0

0.88

1.3
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5.4.2 Nitric Oxide inhibitory assay results
The NO inhibitory assay was done to evaluate the activity of CP1, CP2, F3.3 and
F3.3.0 on NO production in LPS stimulated RAW 264.7 macrophage cell line. The
results indicated that CP2, F3.3 and F3.3.0 significantly inhibited NO production in a
dose dependent manner (Figure 5.4). In particular, F3.3, CP2 and F3.3.0
significantly inhibited NO synthesis by RAW 264.7 cells at 100 µg/mL (Figure 5.4).
The synthesis of NO by the cells was resumed as the concentrations of the test
compound reduced from 30 µg/mL to 2 µg/mL in a dose response manner. Although,
CP1 inhibited NO production at 100 µg/mL compared to untreated cells, it was not as
active as F3.3, CP2 and F3.3.0 with regards to the inhibition of NO production by
RAW 264.7 cells used in this study.

FIGURE 5.4: Dose-response bar chart indicating the activity of F3.3, F3.3.0, CP2
and CP1 from top to bottom respectively on NO production in RAW 264.7
macrophage cell line at increasing concentrations of 2, 10, 30 and 100 µg/mL
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respectively. The positive controls (POS) represented untreated cells that were
stimulated in the same manner as the tests. Fraction F3.3 inhibited NO production at
100, 30 and 10 µg/mL (negative bar charts) in a dose-dependent manner.
The results indicated that the combined compounds in F3.3 inhibited NO production
in RAW 264.7 macrophage cell lines better than individual compound in isolation.
Nitric oxide is a signalling molecule and a potent mediator of the inflammatory
process. Furthermore, NO also mediates a variety of biological actions ranging from
vasodilatation, neurotransmission, inhibition of platelet adherence and aggregation,
as well as the macrophage- and neutrophil-mediated killing of pathogens (oh et al.,
2009). Various inflammatory mediators, such as bradykinin and histamine, produce
vasodilation through stimulation of endothelial release of NO (Wallace, 2005). In the
context of inflammation, the endothelium plays a particularly important role in
regulating the passage of blood. However, the most studied function of NO is the
enhancement of bactericidal ability of macrophages to kill pathogens.
Because excessive production and release of NO can exacerbate inflammation,
compounds that inhibit NO synthesis could be beneficial. Some plant-derived
bioactive compounds with inhibitory activity on NO synthesis includes 4-Omethylhonokiol (Oh et al., 2009), fraxinellone (Kim et al., 2009), 6-gingerol (Lee et
al., 2009), tanshinone IIA (Fan et al., 2009), and arctigenin (Zhao et al., 2009). The
molecular basis of action of these compounds are thought to be via the inhibition of
iNOS expression (Yang et al., 2006).

5.5

CONCLUSIONS

The results indicated that F3.3 had the best NO inhibitory activity among the
samples tested. This indicated that, the bioactive compounds present in F3.3 act
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synergistically to exert their anti-NO synthesis activity. The mechanism of action was
presumed to be due to the inhibition of the activity of iNOS, the inducible enzyme
responsible for NO synthesis during inflammation.
Postscript
In the next chapter, we investigated the possible molecular mechanism(s) of action
of F3.3, F3.3.0, CP1 and CP2, as well as their molecular targets in inflammation.
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CHAPTER 6: M ECHANISM OF ANTI -INFLAMMATORY ACTION OF SEMI-PURIFIED
FRACTIONS AND ISOLATED COMPOUNDS FROM PELTOPHORUM AFRICANUM

Preface
In chapter 5, the anti-NO synthesis activity of F3.3, F3.3.0, CP1 and CP2 was
investigated. In this chapter, the possible molecular mechanisms of the antiinflammatory activity of F3.3, F3.3.0, CP1 and CP2 was explored.

6.1

BACKGROUND

In chronic inflammation, the release of pro-inflammatory cytokines by activated
lymphocytes and macrophages is largely responsible for perpetuating the
inflammatory process, often leading to irreversible tissue damage and permanent
functional impairment. However, this complex process involves the coordinated
activity of transcriptional factors and gene expressions in activated immune cells.
Although, the complete process of the signalling pathways and gene expressions are
not fully understood, recent work has attempted to explain the molecular basis of
inflammatory response (Gonzalez et al., 2011; Aggarwal et al., 2012).
Activities of transcription factors such STAT-1, STAT-3 and NF-κB, the activation of
specific kinases (JAK, p38, JNK, ERK1/2) and the release of pro-inflammatory
cytokines like IFN-γ; TNF-α; IL-1β, IL-6 and IL-8 have been implicated in the
pathogenesis of chronic inflammatory conditions. Nuclear factor kappa B (NF-κB) is
involved in the regulation and synthesis of pro-inflammatory cytokines such as TNFα; IL-1β and IL-6 (Kim et al., 2009; Lee et al., 2009; Verma et al., 2009).
In such a context, one of the objectives of this project was to investigate the
mechanism(s) of anti-inflammatory action of the isolated compounds. This was done
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by assessing the inhibitory activity of the semi-purified fractions and isolated
compounds on the synthesis of pro-inflammatory cytokines by LPS-induced RAW
264.7 cell line.
Understanding the molecular basis of action of plant derived compounds could assist
in the identification of specific target candidate for the development of potent and
safer anti-inflammatory drugs.

6.2

METHODOLOGY

6.2.1 Plant materials
The collection and preparation of plant materials for bioassays was described in
Chapter 4 (4.2.1-4.2.2).

6.2.2 Cell culture
The RAW 264.7 macrophage cell lines (American Type Culture Collection, Rockville,
MD, USA) was used to determine the molecular mechanism of action of isolated
compounds and fraction. The cells were cultured in plastic culture flasks in
Dulbecco’s Modified Eagle’s Medium (DMEM) containing L-glutamine supplemented
with 10% foetal calf serum (FCS) and 1% PSF (penicillin/streptomycin/fungizone)
solution under 5% CO2 at 37 °C, and were split twice a week. The cells were seeded
into a 96-well microtitre plate at 2 x 106 cells/well (200 µL) prior to the
commencement of each bioassay. The cytokine induction from RAW 264.7 cell lines
was done according to the methods of Abrham et al., (2010), but slightly amended.
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6.2.3 Interleukin -1β assays
For the evaluation of the inhibitory activity of the subfractions and isolated
compounds on IL-1β production, the RAW 264.7 cells were incubated with test
fraction/compound (20 µL) for 30 min under 5% CO2 at 37 °C. After the incubation
period, 5 µg/mL lipopolysaccharide (LPS) was added to appropriate well and the
microtitre plate was further incubated under 5% CO2 at 37 °C for 24 hr. The fractions
and isolated compounds were tested at 10 mg/mL and 1 mg/mL respectively. At the
end of the incubation period, 100 µL of the supernatant of each culture well was
carefully removed into labelled Eppendorf tubes and stored at -80 °C until assayed
for IL-1β. Each test sample was diluted in 1 X assay diluent A (1:10) provided in the
kits before the commencement of the assay. The amounts of IL-1β present in each
culture supernatant was determined using IL-1β ELISA kits (Biolegend, UK).
For IL-β bioassay, an aliquot of 100 µL of diluted capture antibody from the ELISA
kits was added to all the wells of a 96-well microtitre plate, sealed and incubated for
24 hr between 2-8 °C. After the incubation period, the microtitre plate was washed
thrice with 300 µL wash buffer, followed by blocking by adding 200 µL assay diluent
A. The microtitre plate was sealed and incubated at room temperature for 1 hr on a
plate shaker. After the incubation period, the microtitre plate was washed thrice and
50 µL of assay buffer D was added to the standard and sample wells only. Then, 50
µL of standards/samples were added to appropriate wells, the microtitre plate was
sealed and incubated at room temperature for 2 hr on a plate shaker. The microtitre
plate was washed thrice and 100 µL of diluted detection antibody solution was added
to all the wells. The microtitre plate was sealed and incubated at room temperature
for 1 hr on a plate shaker. After the incubation period, the microtitre plate was
washed thrice and 100 µL Avidin-HRP solution was added to all the wells, the
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microtitre plate was sealed and incubated at room temperature for 30 min on a plate
shaker. After the incubation period, the microtitre plate was washed properly (5
times) to remove any residual antibody, and 100 µL substrate solution was added to
each well and the microtitre plate incubated at room temperature in the dark for 30
min. After the incubation period, 100 µL stop solution was added to each well and
the absorbance of the resultant coloured solution was read at 450 and 570 nm within
15 min. The absorbance was corrected by removing the absorbance at 570 nm from
that of 450 nm. The concentrations of IL-1β in each well was extrapolated from the
standard curve of IL-1β.

6.2.4 Evaluation of the inhibitory activity of on other Th1 and Th2 cytokines
The Bio-plex system (BioRad, USA) simultaneously detects the amounts of 8-12
cytokines in a sample/control. The Bio-plex Luminex system at the Department of
Immunology, Faculty of Health Sciences, University of Pretoria was used for the
evaluation. For the bioassay, Bio-plex Pro-human cytokine Th1/Th2 assay kits
(BioRad, USA) was used. The RAW 264.7 cell line treated with fractions/compounds
were tested as described in the previous section and the supernatant for cytokine
assay was prepared in a similar manner by storing at -80 °C until use. The Bio-plex
systems was prepared and calibrated according to prescribed methods by the
manufacturer before use. At the start of the experiments, the 1 X beads was
vortexed for 10-20 sec and 50 µL was added to each well of a 96-well microtitre
plate. After this, the microtitre plate was washed twice with 100 µL Bio-plex wash
buffer and 50 µL of samples/controls and standards were added to appropriate wells.
The microtoitre plate was sealed with aluminium foil and incubated on a shaker at
850 rpm at room temperature for 30 min. Approximately 10 min to the end of the
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incubation period, the 10 X detection antibodies was vortexed for 5 sec to collect the
liquid and diluted to 1 X by adding 300 µL (10 X) to 2,700 µL detection antibody
diluent to a total volume of 3 mL for a 96-well microtitre plate. After the 30 min
incubation, the plate was washed thrice with 100 µL wash buffer and 25 µL of the
prepared 1 X detection antibody was added to each well. The microtitre plate was
covered again with aluminium foil and incubated on a shaker at room temperature for
30 min. While the incubation was on-going, the Bio-plex Manager Protocol was
prepared by entering the value of the standard concentrations. With 10 min left for
the incubation period, the 100 X SA-PE was vortexed for 5 sec and diluted to 1 X (by
adding 60 µL to 5,940 µL). The microtitre plate was washed thrice with 100 µL buffer
to remove any residual antibodies. The 1 X SA-PE was vortexed and 50 µL was
added to all the wells. The microtitre plate was sealed with aluminium foil and
incubated at room temperature for 10 min on a shaker. The microtitre plate was
washed thrice after the incubation period with 100 µL wash buffer. The beads were
re-suspended in 125 µL assay buffer. The microtitre plate was sealed with aluminium
foil and placed on a shaker at room temperature for 30 sec. The Bio-Plex system
was calibrated using a low RP1 and low PMT voltage target value setting. After the
incubation period, the aluminium seal was removed and the microtitre plate was read
using the Bio-Plex Manager 4.0 software. The concentrations of the assayed
interleukin in the culture supernatant was obtained using the Bio-Plex Manager 4.0
software.

6.2.5 Cytotoxicity assessment on RAW 264.7 macrophage cell line
To determine that the results obtained from the bioassays were not due to
cytotoxicity of the subfractions and isolated compounds on the cell line used, the
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samples were also evaluated for potential cytotoxicity using the MTT assay. The
RAW 264.7 cell line were seeded at 2 X 106 cells/per well (200 µL) in a 96-well
microtitre plate. The microtitre plate was place in the incubator in 5% CO2 at 37 °C
for 1 hr. After the incubation period, 50 µL of culture supernatant was carefully
removed from appropriate well and replaced with 50 µL test samples or positive
controls (1 mM hydrogen peroxide solution). The cells were incubated in 5% CO2 at
37 °C for 48 hr. At the end of the incubation period, 10 µL MTT (5 mg/mL in DMEM)
was added to each well and the microtitre plate was further incubated in 5% CO2 at
37 °C for 2 hr. After incubation, 20 µL isopropanol (with 0.04 M hydrochloric acid)
was added to each well to dissolve the formazan precipitate that was formed in the
wells. The absorbance of the solution on the microtitre plate was read at 570 nm.
The lethal dose (LD50) for each sample was calculated as the concentration that
resulted in 50% viability of the cell line in the micro-titre plate wells. The experiment
was done at three different times in triplicates.

6.3

RESULTS AND DISCUSSION

Inflammation is mediated by the activities of cytokines released from cells of the
immune systems in response to infections, external injuries or in auto-immune
situations. This was achieved in vitro by incubating RAW 264.7 macrophage cell
lines with bacterial LPS, a major structural component of the outer wall of Gramnegative bacteria. The amounts of cytokines released into the cell cultured medium
was quantified using ELISA (IL-1β) and multiplex kits (IL-2, IL-5, GC-CSM, TNF-α)
respectively.
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6.3.1 Results of IL-1β assay
Interleukin-1β (IL-1β) is a pro-inflammatory cytokine produced by endothelia cells, B
cells, and fibroblast cells (Verma et al., 2009). The synthesis and release of IL-1β
induces inflammatory responses, eodema, and promotes the synthesis of PGE, as
well as the induction of acute phase reaction.
The results indicated that all the samples tested (F3.3, F3.3.0, CP1 and CP2)
significantly inhibited the production of IL-1β in LPS activated RAW 264.7
macrophage cell line. Fraction F3.3.0 (0.92 ng/mL) had the best inhibitory activity on
RAW 264.7 cells with compared with untreated positive controls (5.29 ng/mL) (Figure
6.1). Interleukin 1β is a potent pro-inflammatory cytokine produced by activated Th1
cells and macrophages, thus the inhibition of IL-1β is desirable in inflammatory
conditions to alleviate the associated painful symptoms.

FIGURE 6.1: The inhibitory activity of F3.3, CP1, CP and F3.3.0 (pooled rest of
fractions) on IL-1β synthesis (ng/mL) in LPS activated RAW 264.7 macrophage cells.
Untreated cells are activated RAW 264.7 macrophage cells without treatment
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6.3.2 Results of IL-2 assay
Interleukin-2 (IL-2) is secreted by stimulated Th Cells (CD4+), cytotoxic T Cells
(CD8+), and large granular lymphocytes as a pro-inflammatory cytokine. It promotes
proliferation (colonal expansion) and differentiation of additional CD4 + Cells, B Cells,
and activates macrophages and oligodendrocytes (pro-inflammatory activity).
Although, the primary function of IL-2 was originally thought to be the regulation of T
regulatory (Treg) cells (Malek, 2003). Interleukin-2 (IL-2) is secreted by stimulated Th
cells (CD4+), cytotoxic T cells (CD8+), and large granular lymphocytes as a proinflammatory cytokine. It promotes the proliferation (colonal expansion) and
differentiation of additional CD4+ cells, B cells, and activates macrophages and
oligodendrocytes (pro-inflammatory activity). Although, the primary function of IL-2
was originally thought to be the regulation of T regulatory (T reg) cells (Malek, 2003).
The results indicated that CP1, CP2 and F3.3.0 also reduced the synthesis of IL-2
(0.41, 0.6 and 0.74 ng/mL) respectively, whereas F3.3 did not affect IL-2 synthesis
(1.87 ng/mL) when compared with untreated cells (1.9 ng/mL). This result suggests
that the compounds had better inhibitory activity on IL-2 when in isolation (Figure
6.2). The results compare favourably with the findings of Abrham et al., (2010).
Interleukin-2 is a pro-inflammatory cytokine that is capable of exacerbating
inflammation.
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FIGURE 6.2: The inhibitory activity of F3.3, CP1, CP2 and F3.3.0 on IL-2 synthesis
in LPS activated RAW 264.7 macrophage cell lines

6.3.3 Results of IL-5 assay
lnterleukin 5 (IL-5) is one of the Th2 type cytokine response that includes IL-4, 5, and
13 (Singh et al., 2010). Interleukin-5 (IL-5) induces terminal differentiation of
activated B cells into antibody-forming cells and enhances proliferation and
differentiation of eosinophil precursors into mature eosinophils (Kouro and Takatsu,
2009). Over-expression of IL-5 significantly increases eosinophil CD4+ T cells
numbers and antibody levels in vivo, hence it has pro-inflammatory activity (Kouro
and Takatsu, 2009). The results indicated that the tested samples inhibited IL-5
synthesis from RAW 264.7 cells in a similar manner to IL-2 synthesis (Figure 6.3).
Compounds 1, CP2 and F3.3.0 significantly (p=0.014) inhibited IL-5 synthesis (0.19,
0.25 and 0.19 ng/mL) respectively better than F3.3 (0.35 ng/mL) compared to
untreated cells (0.4 ng/mL).
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FIGURE 6.3: The inhibitory activity of F3.3, CP1, CP2 and F3.3.0 on IL-5 synthesis
in LPS stimulated RAW 264.7 macrophage cell lines. Compounds 1, 2, and F3.3.0
significantly reduced the synthesis of IL-5 (p= 0.014) compared with untreated
positive controls

6.3.4 Results of IL-12 assay
Interleukin-12 (IL-12) is recognized as a master regulator of adaptive type 1, cellmediated immunity, the critical pathway involved in protection against neoplasia and
many viruses (Mendez-Samperio, 2013). It is a pro-inflammatory cytokine that
enhances Th1 type responses in macrophage and natural killer (NK) cells by
inducing the release of IFN-γ. In addition to its noted effects in the priming of Th1 cell
responses and IFN-γ production by T and NK cells, more recent studies support its
critical role as a third signal for CD8+ T cell differentiation, and its ability to serve as
an important factor in the reactivation and survival of memory CD4 + T cells. This is
particularly relevant in the repolarization of CD4+ T cells from dysfunctional antitumor
Th2 into Th1 cells in cancerous cells. However, cytokines such as IL-10 and
transforming growth factor-β1 can negatively regulate IL-12 production, which is
predominantly produced by cells of the innate immune system (Ashman et al., 2011).
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The expression of IL-12 during infection regulates innate responses and determines
the type of adaptive immune responses. Also, IL-12 induces IFN-γ production and
triggers CD4+ T cells to differentiate into Th1 cells (Hamza et al., 2010). The results
indicated that both CP1 and F3.3.0 had better inhibitory activity (0.19 ng/mL) on IL12 synthesis than CP2 and F3.3 (0.25, 1.34 ng/mL) when compared with untreated
cells (1.52 ng/mL) respectively (Figure 6.4).

FIGURE 6.4: The inhibitory activity of F3.3, CP1, CP2 and F3.3.0 on IL-12 synthesis
in LPS stimulated RAW 264.7 macrophage cell lines

6.3.5 Results of IL-13 assay
Interleukin-13 (IL-13) has both structural and functional similarities to IL-4 by
promoting B-cell differentiation, and the inhibition of the synthesis of proinflammatory cytokines from macrophages (anti-inflammatory activity) (Singh et al.,
2010). Only CP2 appears to inhibit IL-13 synthesis (0.21 ng/mL) whereas F3.3, CP1
and F3.3.0 (0.29, 0.41 and 0.29 ng/mL, respectively) did not affect IL-13 synthesis
when compared with untreated (0.34 ng/mL) RAW 264.7 cell lines (Figure 6.5).
Interestingly, CP1 appears to enhance IL-13 synthesis (0.41 ng/mL) and release,
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which is a beneficial process to limit inflammation and initiate the repair process.
This suggests that CP1 also has anti-inflammatory activity and may promote the
process of inflammatory resolution.

FIGURE 6.5: The activities of F3.3, CP1, CP2 and F3.3.0 on IL-13 synthesis in LPS
stimulated RAW 264.7 macrophage cell line

Compounds and fractions with anti-inflammatory activity could be beneficial to
ameliorate the painful symptoms associated with chronic inflammation.

6.3.6 Results of granulocyte-macrophage colony stimulating factor (GM-CSF)
Granulocyte-macrophage colony-stimulating factor (GM-CSF) is an important
hematopoietic growth factor and immune modulator (Shi et al., 2006). This cytokine
has profound effects on the functional activities of various circulating leucocytes. It is
produced by a variety of cell types including T cells, macrophages, endothelial cells
and fibroblasts upon receiving an immune stimulus (Shi et al., 2006). Other
substances such as bacterial LPS, IL-1β, IL-6, and TNF-α, are potent inducers of
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GM-CSF. Over-expression of GM-CSF leads to severe inflammation (Alderuccio et
al., 2002; Hamilton and Anderson, 2004), hence the activity of GM-CSF is proinflammatory.

FIGURE 6.6: The activities of F3.3, CP1, CP2 and F3.3.0 on GM-CSF synthesis in
LPS stimulated RAW 264.7 macrophage cell lines (p=0.01)

The results indicated that F3.3.0 significantly suppressed the production of GM-CSF
from RAW 264.7, better than CP1, CP2 and untreated positive controls (p=0.01)
respectively (Figure 6.6). This results support previous report by Verma et al.,
(2009), where plant-derived compounds showed good inhibition of GM-CSF
synthesis in RAW 264.7 cells.

6.3.7 Results of tumour necrosis factor-α (TNF-α) assay
Tumour necrosis factor-α (TNF-α) is a pro-inflammatory cytokine produced by a
variety of immuno-competent cells including macrophages, Th1/Th2 cells, dendritic
cells and neutrophils (Verma et al., 2009). Tumor necrosis factor (TNF), along with
IL-1β, and IL-6 are potent, pro-inflammatory cytokines (Popa et al., 2007; Verma et
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al., 2009) capable of cell recruitment and propagation of inflammation. Increased
concentrations of TNF-α are found in acute and chronic inflammatory conditions
such as trauma, sepsis, infections and rheumatoid arthritis (Popa et al., 2007).
The results indicated that CP1 (0.11 ng/mL) significantly (p=0.002) reduced the
secretions of TNF-α by RAW 264.7 cells compared with F3.3, CP2 and F3.3.0 (0.3,
0.27, 0.24 ng/mL) and untreated cells (0.3 ng/mL) respectively (Figure 6.7).
Compounds that are capable of suppressing the synthesis and release of TNF-α are
potential candidate that could be used as templates for potent anti-inflammatory
drugs.

FIGURE 6.7: The inhibitory activity of F3.3, CP1, CP2 and F3.3.0 on the synthesis of
TNF-α in LPS stimulated RAW 264.7 macrophage cell lines (p=0.002)

6.4

CYTOTOXICITY ASSESSMENTS

Cytotoxicity assessment of plant extracts, fractions and isolated compound is a
measure of the safety profile of the samples when exposed to a particular cell line in
culture. All the samples tested were had low cytotoxicity on RAW 264.7 cell lines
compared with the hydrogen peroxide positive controls (p=0.03). Compound 2 was
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the least cytotoxic samples among those tested (IC50=207.88 µg/mL) compared with
the H2O2 positive controls (IC50=4.60 µg/mL) (Figure 6.8). The results also indicated
that the biological activities of the isolated fraction and samples were not due to
cytotoxicity of the samples on RAW 264.7 macrophage cell lines.

FIGURE 6.8: Cytotoxicity assessments of F3.3 (92.25 µg/mL) and CP1 (124.91
µg/mL), CP2 (207.88 µg/mL), F3.3.0 (131.41 µg/mL) respectively, compared with
H2O2 (4.60 µg/mL) positive controls in RAW 264.7 macrophage cell line in vitro
(p=0.03)

In addition, the results also indicated that the biological activities of the isolated
fraction and samples were not due to cytotoxicity of the samples on RAW 264.7
macrophage cell lines. This was evaluated using the selectivity index (SI), to
ascertain that the observed anti-inflammatory activity was not due to a general
metabolic toxic effect on the RAW 267.4 cell line (Table 6.1). A higher SI value is
indicative of selective anti-inflammatory (biological) activity while a low SI value
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indicates higher cellular toxicity (Adamu et al., 2014). The SI for F3.3, F3.3.0, CP1
and CP2 ranged between 0.02 and 0.32.
TABLE 6.1: The selectivity index (SI) of F3.3, CP1, CP2 and F3.3.0 as a measure of
their anti-inflammatory activity relative to the value of their cytotoxicity on RAW 264.7
cell lines

Sample

LD50 (µg/mL)

Selectivity index (SI=LD50/value of bioactivity)

on RAW cells

IL-1β

IL-2

IL-5

IL-12

IL-13

GM-CSF

TNF-α

F3.3

92.25

0.15

0.29

0.02

0.02

0.03

0.21

0.19

CP1

124.91

0.19

0.16

0.13

0.09

0.3

0.09

0.16

CP2

207.88

0.32

0.21

0.16

0.1

0.16

0.17

0.04

F3.3.0

131.41

0.20

0.1

0.14

0.1

0.04

0.16

0.05

H2O2

4.60

-

-

-

-

-

-

-

6.5

STRUCTURAL ELUCIDATION OF THE MOST ACTIVE COMPOUND

Based on the overall results of anti-inflammatory activity and cytotoxicity of F3.3,
F3.3.0, CP1 and CP2, CP1 was determined to be the most promising candidate. The
1 and 2 dimensional NMR-analysis was conducted to determine the structure of
CP1, and DEPTH-NMR analysis was used to further confirm the structure.
Unfortunately, there was insufficient material for CP2 at the end of the bioassays to
conclusively determine its structure.
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6.5.1-Isolation and characterization of compomunds
Isolation of CP1, CP2 from F3.3.2 (60 mg) was described in Chapter 5, sub section
5.5.3, which was carried out using a small column packed with silica gel with 100%
n-hexane. In brief, compounds were eluted with 100% hexane with increasing
polarity with 5% ethyl acetate resulting in sequential elution of CP1 (21 mg) and CP2
(24 mg) respectively. The NMR spectral obtained for each of the compound is
presented in Appendix C. The initial NMR spectral data for CP2 indicated the
presence of impurities (Appendix C), and futher attempt at purification did not yield
enough material for structural elucidation. Compound 1 (CP1) had the most
promising anti-inflammatory activity and safety profile, and the NMR-spectral was
clearer, probably due to the purity of the compound isolated. The spectral data for
CP1 was compared with data reported by Sule et al., (2011) and was found to be
similar to that of glutinol (Table 6.2)
.
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TABLE 6.2:

13

C-NMR of CP1 (Glutinol) showing the chemical shift similarities with

those obtained by Sule et al., (2011)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

Chemical shift
206.98
141.58
122.06
76.32
49.66
47.40
43.03
40.80
39.28
38.93
37.81
35.99
35.05
34.81
34.58
34.50
33.08
32.38
32.05
32.01
30.92
30.33
30.06
29.68
28.93
28.23
27.79
25.44
23.61
19.60
18.41
18.19
16.19

Type of carbon
C=O
q
CH
CH-O
CH
CH
CH
q
q
CH2
q
CH2
CH2
q
CH2
CH3
CH2
CH3
CH2
CH3
CH3
CH2
q
CH3
q
CH2
CH3
CH2
CH3
CH3
CH2
CH3
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Carbon no
Acetone
5
6
3
10
8
18
4
13
22
14
16
19
9
11
29
21
30
15
28
Acetone
12
17
?
24
20
2
23
7
26
27
1
25

Glutinol (Sule et al, 2011)
141.6
122.1
76.3
49.7
47.5
43.1
40.8
39.3
39.0
37.8
36.0
35.1
34.9
34.6
34.5
33.1
32.4
32.1
32.01
30.4
30.1
29.0
28.2
27.8
25.5
23.7
19.6
18.4
18.2
16.2
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6.5.2 Physical properties and reported biological activities of glutinol
Glutinol was obtained as a white crystalline solid, highly non-polar with a reported
molecular formula of C30H50O (Sule et al., 2011). This is the first report of the
isolation of glutinol from the n-hexane fraction of PA. The structure of glutinol (Figure
6.9) has been published in some literature reports (Freire et al., 1991; Sule et al.,
2011; Rosandy et al., 2013) in addition to its anti-inflammatory activity (Freire et al,
1991; Zulfiker et al., 2010). The mechanism of anti-inflammatory action of glutinol is
thought to be similar to the action of NSAIDs such as indomethacin (Freire et al.,
1991; Freire et al., 1993). Such mechanism of action inhibits the synthesis of
prostaglandin and leukotrienes, hence a peripheral mechanism of pain inhibition
(Ferdous et al., 2008).

FIGURE 6.9: The structure of glutinol isolated from PA, a known pentacyclic
triterpene with anti-inflammatory activity
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6.6

CONCLUSIONS

All the samples tested in this study; F3.3, CP1, C2 and F3.3.0 significantly inhibited
the synthesis of some pro-inflammatory cytokines such as IL-1β, IL-2 and TNF-β
without affecting the synthesis of IL-13, which is an anti-inflammatory cytokine. The
results indicated that F3.3, CP1, CP2, and F3.3.0 are potential candidates that could
be used for treating inflammation propagated by the actions of these proinflammatory cytokines. The cytotoxicity assessments of the tested sample are
further proof of their safety profile. Isolated CP1 had the best anti-inflammatory
activity overall, and was determined to be glutinol, a known pentacyclic triterpene
with anti-inflammatory activity (Freire et al., 1991; Zulfiker et al., 2010). This is the
first reported isolation of glutinol from PA and the finding confirms the results in
Chapter 5, section 5.4.

Postscript
The overall findings of this research project was summarized in the next chapter and
the main findings and challenges faced during the course of the study were
highlighted.
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CHAPTER 7: SUMMARY AND CONCLUSION

The aim of the study was to evaluate the anti-inflammatory activity of medicinal
plants used to treat inflammation and associated pain in southern Africa. To achieve
the aim of the study, an ethno-botanical survey of medicinal plant species used to
treat indications such as pain, backaches, arthritis etc. was conducted, of which 25
plant species were selected for evaluation.

The set objectives of the study were achieved as follows;

7.1

ETHNOBOTANICAL SURVEY OF PLANT SPECIES USED TO TREAT

INFLAMMATORY PAIN IN SOUTHERN AFRICA

The preliminary objective of the study was to identify and select some medicinal
plant species used for treating pain related inflammatory conditions in southern
Africa. Consequently, 25 plant species were selected for evaluation, with the extracts
of PA found to possess the most anti-inflammatory activity using 15-LOX model of
assessments. Thus, the extracts of the leaf of PA were selected for further
investigation.

7.2

ANTI-INFLAMMATORY

AND

ANTI-OXIDANT

ACTIVITY

OF

CRUDE

ACETONE EXTRACTS AND FRACTIONS OF PA

The second objective was to evaluate the anti-inflammatory activity of fractions and
isolated compounds from the leaf of PA. The hexane fraction was found to
significantly inhibit the activity of 15-LOX in vitro. Consequently, isolated compounds
CP1 and, CP2, were shown to possess anti-inflammatory activity by inhibiting the
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production of potent inflammatory mediators such as NO, COX, 15-LOX and proinflammatory cytokines from RAW 264.7 macrophage cell line. These results
indicated that the isolated compounds could be developed or used as templates for
the development of potent anti-inflammatory remedies.

7.3

ISOLATION OF BIOACTIVE FRACTION AND COMPOUNDS FROM THE

LEAF OF PA

The bioassay-guided isolation and identification methods was followed for the
identification and isolation of bio-active compounds glutinol from the leaf of PA.
Interestingly, the compounds were isolated from the n-hexane fraction of PA. A
review on PA indicated that bio-active secondary metabolites synthesized by PA are
concentrated in the ethyl acetate fraction (Mongalo, 2013), although this study
proved to be an exception. Bioactive semi-purified fraction and isolated compounds
with promising anti-inflammatory activities were extracted from the n-hexane fraction.
The isolated compounds were analysed using techniques such as TLC fingerprinting
and NMR. The NMR spectra of CP1 was determined to be that of glutinol, a known
pentacyclic triterpene with proven anti-inflammatory activity (Freire et al., 1991;
Freire et al., 1993).

7.4

ANTI-INFLAMMATORY ACTIVITY OF GLUTINOL, F3.3, F3.3.0, AND CP2

DERIVED FROM THE LEAF OF PA

Glutinol, F3.3, F3.3.0 and CP2, demonstrated varying inhibitory activity on COX1/COX-2, 15-LOX as well as in the inhibition of the synthesis of NO from RAW 264.6
macrophage cell lines. However, the inhibition of COX was non-specific. Inhibition of
COX-1 in the gastric mucosa is one of the adverse side effects attributed to
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convention NSAIDs. Although, the specificity and biological activity of the
compounds may be enhanced after purification, synthesis and molecular remodelling of the isolated compounds.

7.5

MECHANISMS OF ANTI-INFLAMMATORY ACTION OF GLUTINOL, F3.3,

F3.3.0, AND CP2 DERIVED FROM THE LEAF OF PA

The isolated compounds, glutinol and CP2, as well as the semi-purified fractions
F3.3 and F3.3.0 significantly inhibited the synthesis of pro-inflammatory cytokines
such as IL-1β, IL-2, TNF-α by RAW 264.7 macrophage cell lines. Because the
synthesis and release of nearly all pro-inflammatory cytokines is thought to be
regulated by NF-κB (Verma et al., 2009; Abrham et al., 2010), the mechanism of
anti-inflammatory action of the compounds was believed to involve the inhibition of
the transcription factor, NF-κB. Glutinol is reported to have anti-inflammatory activity
with a possible peripheral mechanism of pain inhibition (Freire et al., 1993; Ferdous
et al., 2008). The present study indicated that the peripheral mechanism of pain
inhibition was probably due to the inhibition of NF-κB at the molecular level.

To our knowledge, this is the first report on the molecular mechanism of antiinflammatory action of glutinol isolated from PA.

7.6

RESEARCH PROBLEM AND PROJECT OBJECTIVES

All experiments reported in this study were done in vitro. The mechanisms of action
of many synthetic drugs and plant extracts in vivo are different and very complex.
The metabolism, pharmaco-dynamics and bio-availability of a drug candidate, as
well as potential cytotoxicity in vivo play an important role on the efficacy of any drug
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candidate. Hence, there is a need to validate all results in in vivo model of
assessments.
7.7

GENERAL CONCLUSIONS

Inflammation play a key role in the pathogenesis of many diseases such as
rheumatoid arthritis, arteriosclerosis, myocarditis, infections, cancer, metabolic
disorders, and many more. Activated immune cells are responsible for the synthesis
and release of pro-inflammatory cytokines such as IL-1β, IL-6, as well the activities
of enzymes such as COX-2 and iNOS which exacerbate inflammation. Isolated
fraction and compounds from PA indicated their potent anti-inflammatory activity via
the inhibition of some of these mediators. The mechanisms of anti-inflammatory
action of the isolated compounds and the semi-purified fractions are presumed to be
via the inhibition of the expression of transcription factors such as NF-κB, which is
responsible for the synthesis and release of pro-inflammatory cytokines such as IL1β, IL-6 and TNF-α by activated macrophages (Verma et al., 2009). This observation
was reported earlier by Kim et al., (2009) and Lee et al., (2009).
The cytotoxicity evaluation of the isolated compounds and semi-purified fractions
further supports the observation that the pharmacological activity of the tested
samples was not due to cytotoxicity of the samples on the stimulated RAW 264.7 cell
line.
The results indicated that the n-hexane fraction of PA possess compound with antiinflammatory activity, and the isolated compound, glutinol with a known antiinflammatory activity and safety profile could be developed as potential drug
candidate, or template for the production of anti-inflammatory drugs.
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7.8

RECOMMENDATIONS


There is a need to perform in vivo studies in model organisms to validate the
results (anti-inflammatory and cytotoxicity).



The purity and enhancement of bioactivity of the compound may be explored
if the isolated compounds could be synthesized in the laboratory for further
studies.



There is a need to validate the inhibitory activity of the fractions and
compounds on NF-κB in order to confirm the molecular basis of their action.



The possibility of developing a plant-based product to alleviate painful
conditions associated with inflammation could be explored using the
information and results from this study.
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TABLE A1: List of some of the materials and reagents used in the study
Materials

Supplier (s)

Catalogue Number

Trypan Blue solution

Sigma-Aldrich

T 8154

96-well culture plates

LASEC

Binocular microscope

Olympus

BioPlex pro-human cytokine kits

BioRad

M50-00005L3

COX inhibitor screening kits

Cayman

760114

DMEM

Sigma-Aldrich

F 4375-100 G

DMSO

Highveld Biologicals

CAT 224

Eppendorf tubes

LASEC

PGRE 616201

Foetal calf serum

Sigma-Aldrich

Hank’s balanced salt solution

Sigma-Aldrich

H 9269

Improved Neubauer Chamber

LASEC

GLASC

CO₂ incubator

22

M

0610030
Interleukin 1-β ELISA kits

Biolegend

437004

Isopropanol

Sigma-Aldrich

I 9516

Lipopolysaccharide

Sigma-Aldrich

L 6529

LASEC

GLASC 23 M 2250

(From E. coli 055:B5*G)
MultiscanGO

REC
Phosphate Buffered Saline

Highveld Biologicals

CAT 210

Pipette Starter kits

LASEC

IGLF 167700 PRO

Pipette tips (20 µℓ, 100 µℓ and 200 LASEC
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µℓ)

YRS/1000 CRS

Refrigerator at -80 ⁰ C
RPMI-1640

Sigma-Aldrich

SpectraMax 190

Molecular devices

Sterile Universal containers (50 mℓ)

LASEC

Streptomycin-Gentamycin mix

Sigma-Aldrich

P 4458

Weight balance

Shimadzu

AY 22O
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TABLE B1: Compounds identified from F3.1-F3.8 by GC-MS analysis with ˂ 80% fit with the database library

Compound name

Fraction

Molecular formula % fit to

Retention

library

time (min)

79

7.300

Area (%) Height

Molecular

(%)

weight (g)

0.06

326

Reported biological activities

F3.1
b 4-(1, 1, 3, 3-

C19H25F6NO2

0.03

Antioxidant and anti-microbial (Mushtaq
et al., 2013)

tetramethylbutyl) phenyl
(ester
c Benzene, 1-ethoxy-4-[2-(4-

C21H34O

73

7.545

0.31

0.41

303

(Luk et al., 2004)

pentylcyclohexyl)ethyl]
f

Phthalic acid, isobutyl

Non-toxic thermotropic liquid crystals

C23H36O4

69

9.371

91.78

1.96

377

undecyl ester

A component of most plant derived
volatile oils with potential anti-microbial
property (Xu et al., 2013)

g Sulfurous acid, dodecyl 2-

C15H32O3S

73

9.618

41.47

1.83

293

N/A

C14H22O

66

13.067

54.06

3.79

206

Antimicrobial (Abdullah et al., 2011),

propyl ester

F3.2
a Phenol, 2,4-bis(1,1-

antioxidant (Ajayi et al., 2011)

dimethylethyl)
b Carbonodithioic acid, O-(2-

C22H18O2S2

71

13.219

04.06

3.90

378

N/A

C23H36O4

66

13.301

0.92

1.16

377

N/A

e Oxirane, octyl-

C10H20O

72

13.402

1.03

1.38

156

N/A

f

C20H40O2

77

13.581

0.74

0.62

312

Saturated fatty acid formed by

oxo-1,2-diphenylethyl)
c Phthalic acid, butyl undecyl
ester

Eicosanoic or arachidic acid
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hydrogenation of arachidonic acid
i

1-Naphthalenepropanol, α.-

C20H36O2

69

13.877

54.56

4.07

291

N/A

Cholest-5-en-3-ol (3-β)-

C27H46O

62

14.437

0.18

0.25

387

Precursor of vitamin D and bile

o Methyl 3,11-bis (acetyloxy)-

C25H38O7

65

14.911

0.10

0.16

451

N/A

C10H20O

71

16.288

0.87

1.01

156

Antioxidant, anti-tumour (ChunYan et

ethyldecahydro-5(hydroxymethyl)l

12-hydroxyandrostane-17carboxylate
F3.3
a Cyclohexanol, 5-methyl-2(1-methylethyl)-, (1-α, 2-β, 5-

al., 2010)

β)c 2,3-hexanediol

C6H14O2

79

17.364

0.96

0.97

118

Male pheromones in beetles (Lacey et
al., 2009)

d Ergost-25-ene-tetrol, (3-β,5-

C28H48O4

64

17.806

11.13

10.05

449

N/A

C20H36O2

72

18.043

0.29

0.37

291

N/A

C11H16O2

62

19.463

0.91

1.15

180

Antimicrobial (Natarajan et al., 2014)

b 9-Eicosene

C20H24

51

20.149

0.40

0.55

281

Antimicrobial (Kuppuswamy et al., 2013)

c 22-Dihydrobrassicasterol

C28H48O

73

20.869

6.02

6.22

401

N/A

C9H1802S

76

21.500

0.24

0.23

190

N/A

α,6-β,12-β)f

1-Naphthalenepropanol, α.ethyldecahydro-5(hydroxymethyl)-α,5, 8atrimethyl-2-methyleneF3.4

a 2, 6, 6-Trimethyl-2hydroxycyclohexylidene)
acetic acid lactone

F3.5
a 3-n-Pentylthiolane S,S-
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dioxide
b 2,6,10-Dodecatrien-1-ol,

C17H28O2

65

22.144

0.17

0.16

264

3,7,11-trimethyl-,

Antioxidant, anti-microbial and antifungal (Vimalavady and Kadavul, 2013)

c 4-Methyl-2-tert-octylphenol

C15H24O

59

22.388

1.55

1.54

220

Anti-cancer (Che et al., 2014)

e 2-Piperidinone, N-[4-bromo-

C9H16ONBr

67

23.698

3.48

3.47

233

Anti-bacterial (Selim et al., 2013)

C24H38O4

54

23.770

1.30

1.49

391

Anti-androgenic (Huang et al., 2012)

C11H16O2

69

25.095

1.27

1.47

180

Anti-microbial, antiodxidant (Tang et al.,

n-butyl]f

1,2-Benzenedicarboxylic
acid, bis(2-ethylhexyl) ester
F3.6

a 2(4H)-Benzofuranone, 5, 6,

2008, Akhari et al., 2012)

7, 7a-tetrahydro-4, 4, 7atrimethyl
c o-Toluic acid, 1-

C19H24O2

79

26.316

1.51

1.69

284

N/A

C17H34O

62

26.375

1.42

1.64

254

N/A

C12H18O2

76

27.606

2.25

1.97

194

N/A

C26H54

79

28.756

0.26

0.30

367

N/A

C22H42O4

71

28.798

-0.10

0.31

371

N/A

C22H43NO

60

29.194

2.69

2.34

338

Anti-diarrhea (Hamberger and

adamantylmethyl ester
d (R)-(-)-(Z)-14-Methyl-8hexadecen-1-ol
F3.7
a 1,3-Cyclohexadiene-1carboxylic acid, 2, 6, 6trimethyl-, ethyl ester
c Heneicosane, 11-(1ethylpropyl)d Hexanedioic acid, dioctyl
ester
e 13-Docosenamide, (Z)-

Stenhagen, 2003)
F3.8
a m-Anisic acid, cyclobutyl

C12H14O3

71

29.662

156

1.27

1.03

206

N/A
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ester
c 1-Ethoxy-4-isopropyl

C11H16O

66

30.514

3.32

2.67

164

N/A

e 1-Iodo-2-methylnonane

C10H21I

73

32.139

0.74

0.68

268

Anti-microbial (Kanchana et al., 2014)

f

C13H23NO3

66

32.701

-0.01

0.14

241

N/A

C32H54O4

62

34.378

0.03

0.04

503

Anti-microbial (Mohan et al., 2011)

benzene

4-t-Butyl-2-(1-methyl-2nitroethyl) cyclohexanone

h 7,8-Epoxylanostan-11-ol, 3acetoxy-
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APPENDIX C
NMR-spectra of CP1
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NMR-spectra data of CP2
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