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Abstract 

Helichrysum argyrosphaerum is a poisonous plant responsible for livestock losses in 

southern Africa. Helichrysum species primarily affect the central nervous system when 

ingested by livestock. However, previous attempts to identify the toxins produced by 

these plants resulted in only tentative identification of some chemical constituents. 

This study aimed to isolate and characterize compounds from the flowers of H. 

argyrosphaerum and to determine the in vitro acetylcholinesterase inhibitory activity 

and cytotoxicity of the methanol (MeOH) and dichloromethane (DCM) flower extracts 

and isolated compounds. Several flavonoid glycosides (tentatively identified as 

apigenin-O-glycosides) as well as an unknown chlorogenic acid analogue were 

isolated from the methanol extract of H. argyrosphaerum flowers using semi-

preparative high-performance liquid chromatography (HPLC). The chemical 

structures of three isolated compounds were elucidated as apigenin, chamaemeloside, 

and a novel compound, 14-acetyl chamaemeloside, based on their high-resolution 

mass spectrometry (HRMS) and nuclear magnetic resonance spectroscopy (NMR) 

data. Interestingly, both the MeOH and DCM H. argyrosphaerum flower extracts as 

well as 14-acetyl chamaemeloside induced acetylcholinesterase activity. In the 

cytotoxicity assay, neither the MeOH and DCM extracts nor 14-acetyl-

chamaemeloside exhibited toxicity against HeLa cells. This research marks the initial 

report of acetylcholinesterase activity and cytotoxicity in both H. argyrosphaerum 

MeOH and DCM flower extracts, as well as the isolated compound, 14-acetyl-

chamaemeloside, against HeLa cells. Consequently, these findings will contribute to 

future toxicological studies and aid in developing preventative agents that can be used 

in the treatment of animals poisoned by H. argyrosphaerum. 
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CHAPTER 1  

Introduction   

1.1 Background 

 

Southern Africa has a diverse and abundant plant life which consists of a variety of 

plants that could potentially poison animals and humans (1). Poisonous plants are one 

of the major causes of livestock health problems worldwide and therefore, cause 

significant economic losses (2). Plant toxins are naturally occurring secondary 

metabolites that serve as defense mechanisms for plants against a variety of pathogens 

and herbivores (3).  

 

Helichrysum argyrosphaerum belongs to the Asteraceae family and is widely 

distributed in Namibia (4). The plant has been reported to be toxic to farm animals like 

cattle and sheep, causing encephalopathy (alteration of brain function or structure) 

when eaten in large amounts (5). Symptoms in sheep include blindness, ataxia, and 

paresis/paralysis while in cattle, it manifests as stiffness and paralysis (5). In a recent 

study, several potentially toxic compounds were tentatively identified in the plant, 

including the compound, chamaemeloside (6). It has also been reported that H. 

argyrosphaerum has antibacterial and antifungal activities (7). 

 

1.2 Statement of the problem 

Although H. argyrosphaerum is known to be poisonous to livestock, its toxic 

components are still unknown. Although several compounds produced by H. 

argyrosphaerum have previously been tentatively identified, there are no reported 
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studies on the isolation and characterization of its potentially toxic compounds. In 

addition, there are no reports of the in vitro acetylcholinesterase inhibitory activity and 

cytotoxicity determination of H. argyrosphaerum extracts or isolated compounds. 

1.3 Objectives 

The aim of this study was to isolate and characterize compounds from H. 

argyrosphaerum, as well as to determine the acetylcholinesterase and cytotoxic 

activity of the methanol (MeOH) and dichloromethane (DCM) extracts, as well as 

the isolated compounds. 

 

The objectives of this study were:  

a) To isolate and characterize compounds from H. argyrosphaerum that were 

previously tentatively identified as potentially toxic.  

b) To determine the effects of the flower extracts of H. argyrosphaerum and 

isolated compounds on the in vitro acetylcholinesterase activity.  

c) To determine the in vitro cytotoxicity of H. argyrosphaerum flower extracts 

and isolated compounds against HeLa cells. 

1.4 Significance of study 

Identifying potentially toxic compounds from H. argyrosphaerum is crucial for 

understanding the poisoning mechanisms. This knowledge will pave the way for 

developing strategies to overcome poisoning incidents. Acetylcholinesterase (AChE) 

is an enzyme that is crucial for the proper functioning of the nervous system, and 

abnormalities in this enzyme, such as excessive activity or inhibition of the enzyme 

may lead to a range of neurotoxic effects. Investigating the AChE activity and 

cytotoxicity of H. argyrosphaerum will enhance our understanding of the mechanisms 
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by which poisoning occurs in livestock. Additionally, examining the potentially toxic 

compounds isolated from H. argyrosphaerum will provide further insights into these 

mechanisms. This will be the first step towards developing preventative agents for 

livestock poisoning by H. argyrosphaerum.  

1.5 Limitations of the study 

The samples had to be sent to laboratories at Stellenbosch University for nuclear 

magnetic resonance (NMR) analysis, since there are no such instruments in Namibia. 

This caused some delays in generating data.  

1.6 Delimitations of the study 

The research study was only based on the extracts of H. argyrosphaerum collected 

from Windhoek (Döbra Farm Plot 46) in Namibia, and only focused on the in vitro 

acetylcholinesterase and cytotoxic activity of extracts and one isolated compound. 

Cytotoxicity studies were only carried out against the HeLa cell line. 
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CHAPTER 2  

LITERATURE REVIEW 

2.1 Plants toxins and effect on livestock 

There are about 600 indigenous poisonous plant species in southern Africa and about 

80 of those are found in Namibia. During extreme climate conditions, animals are 

forced to feed on poisonous plants which would otherwise be avoided in favourable 

conditions (8,9). For example, when there is plenty of grass to graze on, farmers keep 

their livestock on guard against these poisonous plants and monitor them closely after 

grazing. Monitoring is done by inspecting animals that are lagging or have any unusual 

behaviour. Animals that are suspected of plant poisoning are then isolated from others 

and treated accordingly (10). Providing the animals with the appropriate vitamin 

supplements and feeds will strengthen their defences against potential infections from 

dangerous plants. 

 

Once farmers are familiar with specific toxic plants, it is easier to identify symptoms 

and relate them to a specific plant. There are many factors involved in plant toxicity 

which may range from the growth stage (in some plants, toxicity is higher in mature 

plants than in younger plants), the plant part (some toxic agents are usually in higher 

concentrations in some plant parts compared to other plant parts), and the amount 

ingested by the animal over a certain period of time (11).  

 

The research involving the characterization of specific compounds responsible for the 

toxicity in plants is important in finding specific ways to reverse toxicity caused by 

specific plant species. For example, the plant Delphinium exaltatum is poisonous to 
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cattle and the toxicity was found to be due to norditerpene alkaloids present in the plant 

(12). After much research, it was found that administering physostigmine to animals 

poisoned by this plant was highly effective (13).  

The plant toxins block nicotinic acetylcholine receptors (nAChR), which stop the 

neurotransmitter from activating muscle and nerve cells. Cattle then exhibit clinical 

symptoms of poisoning when the larkspur toxins start to affect muscles and nerves 

(14). Therefore, cholinergic drugs such as physostigmine or neostigmine are used in 

the treatment of poisoned cattle (12,14). Neostigmine blocks acetylcholinesterase, the 

enzymes responsible for neutralizing the larkspur toxins in nerves and muscles. This 

approach maintains the animal's muscle function and allows sufficient time for the 

toxic alkaloids to be eliminated from its body (14).  

 Overall, the plant genus Delphinium (larkspur) is known to contain high alkaloid 

levels, making them particularly poisonous (15). Active ingredients such as Picloram 

and metsulfuron-methyl are used in herbicides against larkspur (16,17). Picloram 

herbicides are labelled for geyer, prairie, and tall larkspur, while metsulfuron-methyl 

containing herbicides were tested and used against Delphinium occidentale and tall 

larkspur (16). 

 

2.2 Biological activities of the Genus Helichrysum  

Plants belonging to the genus Helichrysum are usually scented perennial shrubs with 

dense leaves and durable flower heads (18). These shrubs are members of the asteroid 

family, which has roughly 600 species of flowering plants (19). The genus is 

distributed in Europe, Asia and Africa, with the highest diversity in South Africa, 

where about 500 recognised species exist. Plants from the genus Helichrysum have 

been used for several ailments, like stomach pain, gall bladder problems, jaundice, 
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colds, wound healing, diabetes, mellitus, skin infections and asthma (20). Most of 

these plants are sources of biologically active biochemicals like flavonoids, 

acetophenones, phloroglucinols, pyrones, diterpenes and sesquiterpenes that have 

antibacterial, antiviral, antifungal, antioxidant, anti-inflammatory and anti-diabetic 

properties (19). For example, flavonoids isolated from H. gymnocephalum were found 

to have antiplasmodium properties (21). 

 

In another study, flavonoids from H. chasmolycicum were reported to have 

antimicrobial and antioxidant activity (22). Furthermore, it was found that H. italicum 

extracts are primarily composed of non-volatile polyphenolic compounds with 

antioxidative, anti-inflammatory, antimicrobial and anticarcinogenic properties, as 

well as cytoprotective activity towards normal cells and cytotoxic activity against 

cancer cells (23). Other activities include strong cytotoxic activity of H. zivojinii tested 

against HeLa, em-x and K562 cells. In addition to the plant extracts’ remarkable 

selectivity in their antitumor effects on cancer cells compared to healthy peripheral 

blood mono nuclear cells (PBMC) (24). 

2.3 Helichrysum argyrosphaerum 

Helichrysum argyrosphaerum commonly known as wild everlasting, is an annual 

shrub that grows flat on the ground up to 150 mm high (25). It has simple dark green 

leaves covered in fine hair (4). As illustrated in Figure 2.1, The flowers appear round 

like a bowl with transparent brats, of which the outer rows are shiny and slippery, 

while the outer centres rose can be pink, yellow or white, depending on the growth 

stage (25). This shrub grows in hot, dry and sandy areas in open woodland and 

grassland. It is widespread in Namibia, Angola, Botswana, Malawi, Zambia, 
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Zimbabwe, Lesotho, and South Africa (4,25). Helichrysum argyrosphaerum has been 

reported to be toxic to livestock such as sheep and cattle (5). Animals that graze on 

pastures with a prevalence of H. argyrosphaerum exhibit signs of encephalopathy. In 

sheep, it causes blindness, ataxia, paresis, and paralysis, while in cattle, it manifests a 

stiffness and posterior paralysis (1). In a different study, plant samples were fed to 

sheep to better understand the plant’s toxicity to animals (26). The results from this 

experiment showed symptoms in sheep that are consistent with the literature. 

According to the feeding experiment results, paralysis occurs from a status spongiosis 

of the brain, spinal cord, ocular fascicles, and nerves, which occurred by consuming 

significant amounts of H. argyrosphaerum. The lack of overt blindness was likely due 

to the lesion not progressing to the point where this symptom could occur, as the 

overall pathological picture resembled normal amaurosis and paresis. Additionally, it 

was demonstrated that while fresh and dry plant material were hazardous during the 

flowering stage, they were most likely not toxic during a later growth phase (26). 

 

 

Figure 2.1: Helichrysum argyrosphaerum (27). 
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2.4 Flavonoids with AChE activity 

Flavonoids are the most abundant polyphenols present in plant foods and are 

characterised by a 15-carbon skeleton consisting of a benzopyrone ring with phenolic 

or poly-phenolic groups at various positions (28,29), as illustrated in Figure 2.2. In 

plants, they are responsible for colour, fragrance, and flavour, therefore attracting 

pollinators to plants. Flavonoids also regulate cell growth, and can operate as signal 

molecules, UV filters and reactive oxygen species (ROS) scavengers (30). In addition, 

flavonoids have been found to have anticancer, antimicrobial, antiviral and 

antiangiogenic, antimalarial, antioxidant, neuroprotective, antitumor, antiproliferative 

properties, as well as AChE inhibition activity (27,30). 

O
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Figure 2.2: Basic structure of flavonoids. 

 

Flavonoids have been studied for their AChE activity. Over the years, flavonoids that 

inhibit AChE have been promising natural chemicals for the treatment of degenerative 

Alzheimer’s disease (AD) (32). This is because inhibition of AChE is a new 

therapeutic strategy for the management of neurogenerative disorders such as AD (33). 

Other flavonoids with AChE inhibitory activity include apigenin, baicalein, naringin, 

silymarin, rutin and naringenin (34). 
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Flavonoids have also been studied for their ability to increase AChE activity. For 

example, a group of flavonoids having osteogenic effects in bones were examined for 

their ability to induce AChE expression. Five flavonoids, including baicalin, calycosin, 

genistin, hyperin, and pratensein, significantly enhanced AChE expression at the 

mRNA, protein, and enzymatic levels (35). In a different study, the induction of AChE 

was completely blocked by pre-treatment with G15 (a selective G protein-coupled 

receptor 30 [GPR 30] antagonist), and five of twenty-four commonly found flavonoids 

tested for their induction on AChE activity had a strong effect, namely daidzin, 

alpinetin, irisflorentin, cardamonin, and lysionotin (36). Another study reported that 

–)-Epigallocatechin-3- gallate, a flavonoid, was found to increase AChE activity while 

also maintaining acetylcholine (ACh) levels in synaptic neurons by enhancing Choline 

Acetyltransferase (ChAT) activity (37). In rats, co-administration of caffeic acid with 

malathion boosted AChE activity (38). Moreover, In vitro experiments on rats 

demonstrated that caffeic acid increased AChE activity in the cerebral cortex, 

cerebellum, hypothalamus, whole blood, and lymphocytes (40). 

 

Research was done on the structural activity relationship (SAR) between flavonoids 

and AChE activity. It was found that hydroxylation of the A and B rings of flavonoids 

increases inhibitory activity against AChE, while methoxylation may increase or 

decrease activity depending on the class of flavonoids (40). 
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2.5 Apigenin glycosides 

Apigenin is a dietary flavonoid that belongs to the subgroup of flavones. It is 

commonly found in plants like parsley, chamomile, celery, artichokes, and oregano 

(41). There have been several studies that have reported apigenin to have strong 

therapeutic potential against several diseases (42,43). This is attributed to its 

antioxidant, anti-inflammatory, chemotherapeutic, hepatotoxicity, antigenotic and 

anticarcinogenic activity amongst other effects (44). Apigenin is considered to have 

low toxicity as it is commonly associated with health benefits. However, there is no 

direct evidence on the effects of apigenin glycosides on livestock (44,45). 

The flavonoid apigenin (Figure 2.3) exists in its glycosylated form in nature (46). 

Apigenin glycosides are formed by a combination of apigenin with sugars (30). These 

flavonoids are first metabolised to the free form of apigenin prior to intestinal 

absorption (46). Glycosylation facilitates transport across the membrane, improving 

solubility, distribution, and metabolism in flavonoids (30).  
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Figure 2.3: The structure of apigenin. 

Apigenin glycosides are critical in plant development and physiology, particularly in 

interactions with other living organisms (47). Apigenin C-glycosides exert strong anti-
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inflammatory properties and were found to reduce pulmonary oedema and 

microvascular permeability. Furthermore, the Ingenuity Pathway Analysis on mice 

serum showed that apigenin C-glycosides activated networks of protective proteins 

and pathways that involve inflammatory regulators and elements to apoptosis, such as 

c-Jun N-terminal kinase (JNK) pathway, the extracellular signal-regulated kinase 1/2 

cascade (ERK1/2), and Caspase-3/7 (48). 

In particular, Apigenin C-glycoside, well known as vitexin, was found to possess 

pharmacological effects, such as antioxidant, anti-inflammatory, anticancer, 

antinociceptive, neuroprotective effects, anti-stress (heat and oxidative stress), and 

antitumor (49). Another Apigenin glycoside, Apigenin-7-glycoside, protects against 

LPS-induced acute lung damage by inhibiting MAPK phosphorylation and 

downregulating oxidative enzyme production (50). Another study reported on the 

inhibitory activity of apigenin 7-O-glucoside, which was found to have low inhibition 

of AChE of 30% at 5-50 µg/mL. It was also found to have antibacterial activity against 

S. aureus and E. faecalis (51). 

2.6 In vitro neurotoxicity determination: Acetylcholinesterase (AChE) assay 

Since H. argyrosphaerum affects the central nervous system (5), an AChE activity 

assay is one of the methods that can be used to determine neurotoxicity. AChE is an 

enzyme that helps to maintain normal function of the nervous systemm. The key role 

of AChE is to terminate impulse signalling at cholinergic synapses by hydrolyzing 

acetylcholine, a naturally occurring neurotransmitter, into choline and acetic acid 

(52,53). 

During neurotransmission, ACh is released from the nerve into the post synaptic cleft 

and binds to ACh receptors on the post synaptic membrane, relaying the message (52). 



12 
 

AChE, also embedded on the post synaptic membrane, then terminates the signal by 

hydrolysing the ACh (52,53). AChE inhibitors inhibit the breakdown of ACh, thus, 

ACh accumulates at the neuromuscular junctions and synapses, therefore causing 

symptoms of both muscalinic and nicotinic toxicity (52,54). Some of these symptoms 

include cramps, increased salivation, muscular weakness, paralysis, diarrhoea, and 

blurry vision (54). The acetylcholinesterase inhibition assay is used to detect AChE 

activity. It detects the ability of substances to increase or inhibit AChE. AChE 

inhibition leads to the accumulation of ACh and subsequently, the inhibition of 

cholinergic neurotransmission (55). The Ellman’s assay method is the most common 

and measures the rate of thioline production from ACh in the presence of AChE (56). 

It uses 5,5’-dithiobis (2-nitrobenzoic acid) (DTNB) to measure the amount of 

thiocholine formed, which is equivalent to the AChE activity (56).  

 

In some cases, substances increase AChE activity instead of inhibiting it. Cholinergic 

deficit brought on by increased ACh breakdown due to enhanced AChE activity is 

associated with common symptoms such as memory loss, disorientation, hypo- or 

hyperactivity, ataxia, reductions in heart and muscle power and tone, and decreased 

exocrine secretions (57). Increased levels of AChE are also associated with long term 

stress responses and as a response the brain initiates compensatory mechanisms that 

would restore functional balance by increasing the cholinergic state (58). It was found 

that compensatory elevation of ACHE levels and activity results in a rapid hydrolysis 

of Ach and a consistent suppression of cholinergic neurotransmission. Suggestions are 

that stress induced AChE activation reduces ACh levels, which in turn activates brain 

pro inflammatory cytokine interleukin (1L-1) (59). 1L-1 plays an important role in 

stress induced activation of the hypothalamus-pituitary-adrenal axis and secretion of 
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glucocorticoids, that mediates the effects of stress on memory function and 

neuroplasticity, which at low concentrations have positive effects and negative 

outcomes at elevated levels (59).  

 Similar symptoms as stress are also seen in transgenic mice overexpressing AChE, 

such as abnormal behaviour following circadian light or dark shift, intensified long-

term potentiation (LTP), development of neuropathologies, learning and memory 

decline, progressive muscle weariness and progressive neuromuscular junction 

degeneration (58,59). 

 Further research is required as the build-up of ACHE may interact with B amyloid 

plagues and, therefore, cause more neuro toxicity than B amyloid (58,59). Interestingly, 

AChE expression was discovered in cells outside the nervous and hematopoietic 

systems. Cells that do not normally express or express low levels of AChE exhibit 

elevated levels of the enzyme when undergoing apoptosis (60). This could either be 

by promoting or suppressing cell death.  

Irregular expression of ACHE has been discovered in a variety of tumour forms, 

implying that AChE is involved in tumorigenesis (61). It can then be theorised that 

certain AChE inhibitors may be effective in the treatment of cancers that express high 

AChE activity (62). In contrast, reduced AChE activity has been discovered in 

squamous cell carcinoma of the head and neck, chronic lymphoid leukaemia, 

hepatocellular carcinoma, gastric, lung and prostate cancer It can then also be theorised 

that using AChE enhancers may be an effective treatment approach for treatment of 

cancers with AChE decrease (62).    
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2.7 In vitro cytotoxicity determination using MTT assay 

Cytotoxicity is the ability of a substance to cause cell death or damage to live cells. 

Cytotoxicity assays assess how toxic a particular substance, such as a plant extract, 

drug or chemical compound, can be to living cells (63). Researchers use different 

cytotoxicity assays to determine the substance’s cytotoxicity level, and some 

substances are more cytotoxic than others (64). This assay is usually required for 

preclinical screening of potential drugs and plant extracts (65). Generally, most plants 

are traditionally used to treat different ailments, hence the importance of studying how 

cytotoxic they can be. Cytotoxicity assays are also carried out to discover new 

chemotherapeutics for the treatment of cancer (66). This is because cytotoxic agents 

disrupt nucleic acid and protein production in cancer cells (67). Examples of cytotoxic 

drugs include alkylating drugs such as treosulfan, cytotoxic antibiotics such as 

mitoxantrone and vinca alkaloids like vinorelbine (68).  

For this study, the 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetrazolium bromide 

(MTT) assay was used to determine the in vitro cytotoxicity of extracts and isolated 

compounds of H. argyrosphaerum. The MTT assay is one of the most widely used 

colorimetric assays for determining cell densities because it is safe, simple, cost 

effective and animal cell lines (69). This assay is based on the ability of mitochondrial 

enzymes in live cells to reduce water soluble yellow tetrazolium salt to its insoluble 

formazan (70). When the formed formazan is dissolved in acidified isopropyl, it turns 

purple. The healthy cells absorb purple formazan which exhibits a distinctive 

absorbance at 570 nm. The intensity of the purple color indicates the vitality of the 

cells and therefore indicates the cell viability (71). 
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2.8 HPLC screening of toxic plant extracts 

Separation techniques such as high-performance liquid chromatography (HPLC) are 

used to isolate compounds. HPLC separates components in a mixture depending on 

their relative affinities for the mobile and stationary phases (72).  It is a widely used 

analytical tool in Chemistry and Biochemistry for the separating, identifying, and 

quantifying components in a mixture (73). This is because it is extremely sensitive and 

allows the detection of many metabolites in a single analysis (74). A soluble compound 

is injected into the mobile phase and passed through a column (that is packed with the 

stationary phase) at a high pressure. As the mobile phase passes through the column, 

the different components in the sample interact with the stationary phase at varying 

degrees, leading to their separation (75). Researchers have widely used HPLC for the 

screening of toxic plants.  

In a study by Mroczek et al. (76), a procedure that combined gradient HPLC with diode 

array (DAD) and thermabeam electron impact mass spectrometry (EI-MS), was used 

to screen for toxic pyrrolizidine alkaloids (PAs) in plant samples from several selected 

plants. Since the identified alkaloids are predicted to have carcinogenic and 

hepatotoxic properties, consumption of all examined plants was advised to be avoided. 

In a different study, HPLC-MS/MS was used for the detection of selected metabolites 

produced by Penicillium spp.in walnuts, hazelnuts, almonds, and chestnuts. Forty-one 

Commercial samples were analysed and the results showed that 71% of these were 

contaminated by Penicillium toxins (77). 

2.9 Semi preparative HPLC isolation of compounds 

Semi-preparative HPLC is used to isolate and purify compounds in a sample mixture 

on a small scale. The compounds are separated based on their affinities for the 
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stationary phase and are collected as fractions from the column. These fractions can 

then be further purified by repeating the same procedure as many times as required. 

Semi-preparative HPLC aids in the separation, fractionation, and purification of 

chemical compounds, making it possible to isolate and characterize potentially toxic 

compounds present in complex mixtures (78–80).  

For example, A recent study used column chromatography and preparative HPLC for 

the chromatographic separation of phenolic compounds from N. multifida leaves and 

sixteen compounds were isolated, including luteolin-7-O-(3′′,6′′-di-O-acetyl)-β-D-

glucopyranoside, a novel flavonoid. O-glycosides of luteolin and apigenin, rosmarinic 

acid, salvianolic acids A and B, and schizotenuin A were among the compounds that 

were identified. Then, it was discovered that the extract and a few of the phenolic 

compounds could inhibit acetylcholinesterase (81).  

Another study used several isolation methods, including preparative HPLC to isolate 

11 compounds (one of which is novel) from the ethanol extracts of the roots of 

Thalictrum cultratum and T. baracalense. The new compound, dehydrothalflavin, was 

later found to be an isoquinoline alkaloid (82) 

2.10  Chemical Structure Elucidation 

One dimensional (1D) and two-dimensional (2D) NMR spectroscopy techniques are 

some of the most powerful tools used for the elucidation of the chemical structures of 

molecules. 1D NMR spectroscopy is a technique that reveals details about the 

chemical environment of magnetically active nuclei in molecules and are plotted as 

signal strength versus applied frequency. This in turn gives information on the 

chemical structure and the dynamics of the molecule with the magnetically active 

nuclei (83). Over the years, 1D NMR has been used for various applications including 
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identification of organic compounds, study of molecular structure, studying the purity 

and state of molecules, metabolomics, quantitative NMR, and selective excitation of 

individual peaks (83–86). 

NMR spectra generated through 1D NMR are easy to interpret for simple molecules. 

However, it is limited to resolving complex molecular structures because of 

overlapping signals in the spectrum (86). 1D NMR include 1H NMR, which measures 

the properties of hydrogen nuclei, and 13C NMR, which measures the magnetic 

properties of carbon nuclei (85). 13C NMR provides detailed information about the 

carbon atoms in a molecule, such as the number and types of carbon atoms present, 

and how they are connected to other atoms in a molecule (87). In contrast, 1H NMR is 

more sensitive than 13C NMR. This is because hydrogen is more abundant in organic 

molecules compared to carbon (88). Therefore, a combination of these techniques has 

been used to provide more detailed information about the structure of a molecule. 

 

Since using 1D NMR for structure elucidation includes limited resolution in complex 

cases, a combination of both 1D and 2D and MR is preferred. This is because 2D NMR 

such as correlation spectroscopy (COSY) and heteronuclear single quantum 

correlation (HSQC) provides additional information on the coupling between nuclei 

allowing for the elucidation of more complex molecular structures (89). When several 

metabolites are present, these approaches are highly essential in metabolomics because 

they assist in distinguishing which peaks are related or are part of the same spin system 

on the same molecule (90). 2D NMR also increases signal dispersion, thereby 

overcoming spectral overlap in 1D NMR. Hence, it enables the structural elucidation 

of metabolites that are too complex to be determined by 1D NMR (90).  
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By using 2D NMR, structure and relative configuration can be established by 

identifying signals that indicate proximity or connectedness between nuclei that are 

close together in space or scalarly connected by chemical bonds (86). Two varieties of 

2D NMR exist:  Homonuclear NMR, in which the transfer of magnetization occurs 

from one nucleus to another of the same type, usually 1H to 1H, and Heteronuclear 

NMR, in which transfer of magnetization occurs from one nucleus to another of a 

different type, typically 1H to 13C. Overall, these techniques include COSY, HSQC, 

NOESY (Nuclear Overhauser effect spectroscopy), HMBC (Heteronuclear multiple 

bond correlation), and many more (86,90).  

 

In this study, COSY, HMBC and HSQC 2D NMR techniques were used. COSY is a 

homonuclear method that involves tracing atomic interactions via strongly linked 

bonds. Magnetization is transferred via J coupling with coupling distances ranging 

from geminal, vicinal and (rarely) long range coupling (90). HSQC is a heteronuclear 

2D NMR technique that measures single bond correlation between the spins of two 

distinct types of nuclei such as 1H to 13C, thus, it provides information about the 

connectivity of atoms in a molecule. Similar to HSQC, HMBC is also a heteronuclear 

NMR technique. However, it measures the correlation between the spins of two 

distinct types of nuclei that are two to three bonds away from each other, such as 1H 

to 13C over two bonds.    

 

One application of NMR is that structures of purified metabolites can be confirmed by 

using both 1D and 2D NMR, commonly 1H, 13C, COSY, HMBC and HSQC techniques 

(91). In a continuous study on Lamiaceae family by Topcu G and Ulubelen A (92) 

diterpenoids isolated from selected plants were structurally elucidated using 1D and 
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2D animal techniques, namely 1H, 13C, APT (Attached proton test), DEPT 

(Distortionless Enhancement by Polarization Transfer), NOESY, COSY, HMBC and 

HSQC. Most recently, NMR analysis in connection with matrix-assisted laser 

desorption or ionisation-time-of-light mass spectrometry (MALDI-TOF MS), was 

used for the illustration of lignin interunit linkages and functionalities. This led to 

insights on fundamental aspects of lignin polymerization processes (93).  
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CHAPTER 3        

MATERIALS AND METHODS 

3.1 Chemicals and Materials                      

Merk HPLC grade chemicals (acetonitrile (ACN), DCM and MeOH) were used for 

the preparation of extracts and for preparation of chromatography compounds. Other 

chemicals used for preparation of extracts such as hexane and formic acid were 

analytical grade. High purity milli-Q water was used for chromatography and double 

distilled water was used for the acetylcholinesterase inhibition and cytotoxicity assay. 

The acetylcholinesterase inhibitor screening kit was purchased from Sigma-Aldrich 

(Germany) with a substrate, Ellman’s reagent (5,5 -Dithiobis(2-nitrobenzoic acid) 

(DTNB), and 10× Tris-HCL buffer (PH 10). Purified enzyme AChE and 

physostigmine were kept at -20℃. HeLa cells were purchased from Cellonex (SA) and 

maintained in 10% DMEM.  

3.2 Instrumentation 

A Perkin Elmer Flexar HPLC consisting of a quaternary pump, degasser, autosampler 

and photodiode array detector was used for HPLC screening. A Chromera software 

(version 3.34.1.5904) was used for instrument control and for acquiring data. For semi-

preparative HPLC, an Agilent 1100 series with of a quaternary pump, degasser, 

autosampler and a variable wavelength detector was used for isolation. An Agilent 

ChemStation (Rev.A.10.02[1757]) was used for instrument control and data 

acquisition. Before any chromatography analysis, all the samples were filtered using 

Millipore vacuum pump (model WP6122050) (Merck, Germany), Whatman® filter 
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paper (150 mm) and Millipore MillexHV Hydrophilic PVDF 0.45 µm pore size 

syringe filters that were purchased from Merck (Germany). 

The reverse phased liquid chromatography (RPLC) was performed on a Phenomenex 

Kinetex C18 column with dimensions 150 mm × 4.6 mm and packed with 2.6 µm 

particles, while semi-preparative HPLC separations were performed on a Supelco 

Ascentic C18 column (250 mm × 10 mm) packed with 5.0 µm particles. The absorbance 

values of the acetylcholinesterase and cytotoxicity activity assays were measured at 

412 nm and 550 nm (respectively) using a Spectra Max M2 Spectrophotometer. The 

50% inhibitory concentrations (IC50 values) were computed using Graph pad prism 6 

software.  

3.3 Sample collection and processing 

Ethical clearance (Apendix I) was obtained from the University of Namibia Ethics 

Committee (REC) in accordance with the University of Namibia’s Research Ethics 

Policy and Guidelines. The plant material was collected (research/collection certificate 

number: RCIV00022018 (Appendix II) from Döbra Farm Plot 46. Helichrysum 

argyrosphaerum flowers were already dry when the plant material was collected. The 

dried plant materials were ground into powder and stored in separate beakers covered 

in foil. 

3.4 Preparation of extracts 

The flowers of H. argyrosphaerum were extracted using sequential extractions with 

solvents of increasing polarity: Hexane, dichloromethane, and methanol. Briefly, 

according to Van Wyk ((94), 200mL of hexane was added to 10 g of the sample in a 

250 mL Erlenmeyer flask and, using a magnetic stirrer, stirred for 24 hours. The flasks 

were covered with foil and shaken at room temperature. Filtration was then carried out 
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by using a Buchner funnel.  Afterwards, filtrates were transferred into 250 mL round 

bottom flasks and concentrated using a rotary evaporator. The retained dry plant 

residue was then added to 200 mL of dichloromethane for the next extraction, using 

the same procedure. 

For storage purposes, the dried extracts of hexane, DCM and MeOH were dissolved 

and transferred into pre-weighed 4 mL vials and dried using nitrogen gas. 

Subsequently, the masses of the hexane, dichloromethane and methanol extracts were 

determined and recorded as 0.3024 g, 0.127 g, and 1.2682 g respectively. The DCM 

and MeOH extracts were then subjected to chemical characterisation using HPLC and 

semi preparative HPLC, as well as acetylcholinesterase and cytotoxic activity assays. 

3.5 HPLC screening of extracts and determination of fraction purity 

A Reversed-Phase Liquid Chromatography (RPLC) method was developed to analyse 

the MeOH and DCM extracts of H. argyrosphaerum flowers. The extracts were 

prepared at a 10 mg/mL concentration and filtered into pre-weighed 1.8 mL HPLC 

vials using 0.45 µm nylon syringe filters. A flow rate of 1.00 mL/min and an injection 

volume of 20 µl was used throughout. These experiments were performed on a 

Phonemenex Kinetex C18 column of length 150 mm and a diameter of 4.6 mm packed 

with 2.6 µm particles. The mobile phase A consisted of either 5% MeOH or 5% ACN 

with 0.1% formic acid (FA), while solvent B consisted of either 100% mlMeOH or 

100% ACN with 0.1% FA. The column pressure was monitored and kept below 400 

bars for all the runs. Data was acquired at 210, 254, 280 and 320 nm. 

 

The purity analysis was done on 100 µL volumes pipetted out of the round bottom 

flasks with isolated fractions. These were then pipetted into 150 µL glass inserts that 
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were carefully placed into HPLC vials. The method used to isolate fractions on the 

semi preparative column was translated onto the analytical column using the equations 

below to yield a 0-30% B run in 11 mins gradient with a flowrate of 0.84mins. 

 

 Equation 1                                F2 = F1 × (
𝜋𝑟2

𝜋𝑟1
)2 

Equation 2                                   F2 = G1 × 
𝐿2

𝐿1
                  

F1 = initial flow rate, F2 = final flow rate, G1 = initial gradient, G2 = final 

gradient, r1 = initial column radius, r2 = final column radius, L1 = initial 

column length, L2 = final column length (6). 

3.6 Semi preparative HPLC method development 

The isolation of selected compounds, tentatively identified in the MeOH extract of the 

flowers of H. argyrosphaerum, was carried out according to previously established 

protocols (6,95,96), with minor modifications. A 100 mg/mL solution of the sample 

was prepared and 20 µl of the sample was injected to isolate the compounds at a flow 

rate of 4 mL/min.  The mobile phase consisted of 5% MeOH, 0.1% FA for mobile 

phase A and 100% MeOH, 0.1% FA for mobile phase B. A 20-min gradient was 

applied from 30-80% B in 18 mins, 100% B for 1 min and back to the starting 

conditions for 5 mins. As the sample eluted out of the column, targeted constituents of 

the sample were collected in pre-weighed round bottom flasks according to their 

respective peaks. The collected fractions were then concentrated using a rotary 

evaporator and fully dried using a freeze dryer. The fractions were transferred into pre-

weighed vials for compound purity analysis, NMR analysis, acetylcholinesterase 

inhibition, and cytotoxic activity assays. 
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3.7 Elucidation of the chemical structures of the isolated compounds 

The compounds isolated from H. argyrosphaerum were sent to the Central Analytical 

Facility at Stellenbosch University in South Africa (see the APPENDICES section for 

all the relevant permits) and NMR experiments were carried out on an Agilent 600 

MHZ Inova NMR spectrometer fitted with an inverse detection 5 mm dual channel 

probe and a pulse field gradient coil. The experiment was carried out according to 

Masike et al (74). Of the isolated compounds, only compounds 5 (purified, 1.2 mg), 6 

(11 mg), and 7 (1 mg) were subjected to NMR analysis. The compounds were 

dissolved in DMSO-d6, and the 1H and 13C NMR experiments were performed at 25℃. 

Compound 6 was further analysed using correlation spectroscopy (COSY), 

heteronuclear single quantum correlation (HSQC), and Heteronuclear multiple bond 

correlation (HMBC) NMR experiments. MestReNova (version 10.0.1-14719) 

software was used to process the NMR data. 

3.8 Acetylcholinesterase assay 

The effect of H. argyrosphaerum MeOH and DCM flower extracts, and an isolated 

compound against the AChE enzyme was carried out according to the AChE assay kit 

provided by Sigma-Aldrich (Germany). Stock solutions of the samples were prepared 

in dimethyl sulphoxide (DMSO) and diluted to a final concentration of 1 mg/mL for 

flower extracts and 200µg /mL for the isolated compound. In short, 45 μL of AChE 

Reference Enzyme was introduced into individual wells. The Assay Buffer and 

background control wells served as the negative control, while physostigmine, a 

recognized inhibitor of AChE, functioned as the positive control. DMSO (5 μL) was 

added to the control wells and one AChE well. Afterwards, 5 μL of the samples were 
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added to the remaining AChE wells, followed by a 15-min incubation period. 

Subsequently, 150 μL of a reaction mixture comprising DTNB, substrate, and assay 

buffer was administered to each well and thoroughly mixed. The absorbance was then 

measured at 412 nm after 10 min using a SpectraMax M2 spectrophotometer 

(Molecular devices, USA). This experimental procedure was conducted thrice, with 

each trial performed in triplicate. 

3.9 Cell culture 

HeLa (human cervical cancer cells) were obtained from Cellonex (SA). The cells were 

cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) (Cellonex (SA)) and 

supplemented with 10% fetal bovine serum (FBS). The cells were incubated at 37°C 

and 5% CO2 in a humidified atmosphere.  

3.10  In vitro cytotoxicity assay 

The cytotoxicity of the H. argyrosphaerum extracts and an isolated compound was 

assessed using tetrazolium dye (MTT) as described by Liu et al. (97) with minor 

modifications. In short, HeLa cells were seeded in triplicates in 96 well tissue culture 

treated plates at 1 ×104 cells per well and incubated with 200 µg/mL of extract and 

compound concentrations for 48 hours at 37 ℃ in a humidified incubator with 5% 

carbon dioxide (CO2). Auranofin was used as a positive control for cytotoxicity, 

whereas wells with untreated cells, background control, and media only were used as 

controls for the samples. Acid propanol was used to dissolve formed formazan crystals 

and absorbance readings were done at 570 nm after 40 mins.  Each experiment was 

repeated four times, with the trials conducted in triplicate. The 50% cytotoxic 

concentrations (IC50 values) of the DCM extract and auranofin were computed using 

Graph Pad prism 6 software.  
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CHAPTER 4  

Results and Discussion 

4.1 Semi preparative HPLC fractionation of the methanol extract of the 

flowers of H. argyrosphaerum  

The main aim was to develop a method that provided a good separation of compound 

peaks.  A 30-min gradient (0-100% B in 30 mins) was used and this method resulted 

in a pressure buildup of up to 400 bars and therefore the run was automatically 

terminated. This method was then repeated using ACN instead of methanol (5%ACN 

and 0.1% FA) as mobile phase A, and solvent B consisted of 100% ACN with 0.1% 

FA. This run was a success (Figure 4.1) with well resolved peaks. Therefore, ACN 

was the mobile solvent of choice. The chromatogram of H. argyrosphaerum with 

peaks tentatively identified by Namate (6) was similar to that obtained in this research 

by HPLC screening. Therefore, a comparison of the UV data, retention times and 

overview of the chromatograms lead to identifying which peaks are similar. The peaks 

were then also numbered according to the 8 major compounds tentatively identified 

by Namate (6). Subsequently the compounds of interest were isolated from the extract 

using semi-preparative HPLC. This was done by translating the method used from the 

analytical column to the semi preparative column. 

The 30-min gradient used to screen the extracts was modified to reduce the analysis 

time and use less solvent during semi preparative HPLC separation. The semi-

preparative HPLC column has a larger diameter compared to the analytical column. 

Therefore, the flow rate used was 4 mL/min, with MeOH as the solvent of choice and 

the pressure did not exceed 400 bar. 
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Figure 4.1: HPLC chromatogram obtained at 320 nm for the RPLC analysis of the 

MeOH extract of the flowers of   using a gradient of 0-100% B in 30 mins and a mobile 

phase containing 0.1 % FA in 5 % ACN (phase A) / 0.1 % FA in 100% ACN (phase 

B). 

In the first analysis, the 30-min gradient (0-100%B) was used with a high injection 

volume of 100 µL. This analysis yielded extremely broad peaks; therefore, a 20 µL 

injection volume was used after that. To get the peaks to elute early and reduce analysis 

time, the gradient was changed to 20-100% B (Figure 4.2(A)). The results showed 

peaks that still eluted from 10 mins. Following these results, the gradient was changed 

to 30-100% B in 25 mins, and the results were promising, with peaks eluting from 5 

mins (Figure 4.2 (B)). 

Since the isolation of compounds requires repeating the runs multiple times to collect 

the fractions, there was a need to reduce the analysis time further. This was done by 

changing the gradient to 30-80% B in 18 mins, and to 100% B from 19-20 mins to 

remove the rest of the sample, and finally going back to the starting conditions for 5 

mins. This method yielded promising results, with the peaks starting to elute from 
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about 2 mins, and a gradient time of 18 mins (Figure 4.2 (C)). Subsequently, 50 

portions of a solution of the MeOH flower extract were analysed using the optimized 

method and the relevant fractions were collected. Since compound 1 was already 

positively identified as chlorogenic acid by Namate it was not deemed necessary to 

isolate it. In addition, compound 8 was not clearly visible in the semi-preparative 

separations (Figure 4.2) and therefore only compounds 2 – 7 were isolated. The 

masses of the resulting isolated fractions are displayed in Table 4.1. 

 

Figure 4.2: Stacked Stacked HPLC-UV chromatograms of the method development 

from semi preparative isolation of compounds from the MeOH flower extracts of H. 

argyrosphaerum. A gradient of 20-100% B was initially used (A), Followed by a 30-

100% B in 25 mins (B). A gradient of 30-80% B in 18 mins, then to 100% B from 19-

20 mins (C), was used to isolate compounds. 
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 Table 4.1: Masses of fractions isolated from MeOH extract of H. argyrosphaerum 

flowers. 

Fractiona Mass (mg) 

2 5.9 

3 7.1 

4 6.0 

5 9.5 

6 16.0 

7 2.1 

8 2.4 

aFractions are named according to the compounds that were targeted for isolation 

 

To make sure that the resulting fractions were pure compounds, purity checks were 

done using the analytical column. The method used on the semi preparative column 

was translated onto the analytical column using the following fractions to yield a 0-

30% B in 11 mins gradient with a flowrate of 0.84 mL/min. This method was 

subsequently used to analyze the six different fractions, which are presented in Figures 

4.3 & 4.4.  

Out of the six fractions isolated, only fractions 6 and 7 appeared to have pure peaks. 

Fraction 5 also looked promising as it only had 2 peaks (of compounds 5 and 6), 

therefore a purification of this fraction was considered. The other fractions (fractions 

2, 3 and 4) had a mixture of many compounds with very low yield (Table 4.1); and 

therefore, no further analysis or purification was carried out on them (Figure 4.3.). 
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Figure 4.3:  Stacked HPLC-UV chromatograms of (A) fraction 2, (B) fraction 3, and 

(C) fraction 4 isolated from the MeOH flower extract of H. argyrosphaerum. A 

gradient of 30-80% B in 18 mins and changing to 100% B from 19-20 mins was 

used.  

 

Figure 4.4: Stacked HPLC-UV chromatograms of (A) fraction 5, (B) fraction 6 and 

(C) fraction 7 isolated from the MeOH flower extract of H. argyrosphaerum. A 
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gradient of 30-80% B in 18 mins and changing to 100% B from 19-20 mins was 

used.  

4.2 Further semipreparative HPLC purification of fraction 5 

For further purification of fraction 5, an isocratic method of 50% A and 50% B with 

an injection volume of 5µL was used to try to get a better separation between 

compounds 5 and 6. This resulted in broad peaks that were tailing, as shown in Figure 

4.5 (A). To resolve this, a gradient method with a relatively flat gradient was employed, 

i.e., 0-60% B (10 µL injection volume). This method resulted in poorly separated peaks 

with longer retention times Figure 4.5 (B). With the aim of reducing the analysis time 

and improving separation, a gradient method with an isocratic step was developed 

instead, i.e., 0-50% B in 6 mins, and remained there for 17 mins. Due to a pressure 

spike observed in the trial analysis (results not shown), the flow rate was reduced to 

3.5 mL/min. This method yielded a good separation as shown in Figure 4.5 (C) and 

was therefore used to purify fraction 5. Subsequently, 37 portions of a fraction 5 

solution were analyzed using the optimized method, resulting in the collection of 

fractions 5’ and 6’. The isolated fractions had masses of 1.2 mg and 1.1 mg, 

respectively. Utilizing the analytical method, the purity of these fractions was 

determined to be 78.2% and 72.9% respectively (Figures 4.6 and Figure 4.7). 
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Figure 4.5: HPLC chromatogram of fraction 5 purification method development. In 

A, an isocratic method of 50% B in 20 mins. The peaks in (B) are a result of a 0-60% 

B gradient in 20 mins. a combination of an isocratic and gradient method was used in 

(C), with 0-50% B in 6 to 23 mins and then going back to 0% B for 7 mins, The 

method used in the purification of compound 5. 
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Figure 4.6: HPLC Fraction 5’ purity chromatogram after purification of fraction 5 

by using a combination of an isocratic and gradient method with 0-60% B in 6 to 23 

mins and then going back to 0% B for 7 mins, using a 20µl injection. The purity of 

this fraction was determined to be 78.2%. 

 

Figure 4.7:  HPLC Fraction 6’ chromatogram after purification of fraction 5 by 

using a combination of an isocratic and gradient method with 0-60% B in 6 to 23 

mins and then going back to 0% B for 7 mins, using a 20 µL injection. The purity of 

this fraction was determined to be 72.9%. 
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4.3 Elucidation of the chemical structures of compounds 5, 6 and 7. 

Studies done on the genus Helichrysum reported that secondary metabolites from the 

genus can be categorized structurally as flavonoids and chalcones, phenolic acids, 

terpenes and essential oils, pyrones, benzofurans (bitalin esters) and phloroglucinols 

(98). The isolated compounds that were successfully elucidated were found to be 

flavonoids, with each compound having an apigenin moiety. 

Compound 6 was previously tentatively identified as an apigenin 7-O-glycoside, with 

a molecular formula of C29H30O15 (6). The presence of an apigenin moiety is evident 

in the 1H-NMR spectrum of compound 6 (Figure 4.8). Two doublets in the aromatic 

region, each integrating for 2 protons (indicating the presence of a characteristic para-

disubstituted ring) could be assigned to H-3’, H-5’ (δ 6.95, d, J = 8.5) and H-2’, H-6’ 

(δ 7.96, d, J=8.9), in the B-ring of apigenin. Hence, the doublets observed in the region 

below 7 ppm could be assigned to H-8 (δ 6.47, d, J = 4.2) and H-6 (δ 6.82, d, J = 8.5) 

that are part of the A ring of apigenin. The remaining proton resonance in this region 

of the spectrum can be assigned to H-3 (δ 6.88, s). In addition, the hydroxyl protons 

observed at δ 10.38 (s,1H) and δ 13.00 (s,1H) could be assigned to OH groups in the 

C-4’ and C-5 positions, respectively, supporting the suggestion that it is a 7-O 

substituted apigenin moiety.  

In the research article by Tschan G (95), most hydroxyl groups were not identified in 

the NMR spectra. Similarly, not all hydroxyl groups were identified for compounds 5 

and 6 in this study. Difficulties in identifying hydroxyl groups or their absence in 1H 

NMR data can be attributed to factors such as pH, temperature, and the nature of the 

solvent, which significantly influence the resolution of phenol OH signals. Under 

certain conditions, phenol OH signals can be obscured, making it challenging to 

identify all hydroxyl groups in complex polyphenol natural products (99). Additionally, 



35 
 

some OH groups may be difficult to detect due to overlapping signals, rapid chemical 

exchange with the solvent (DMSO-d6), or other intermolecular interactions  (99,100). 

 

In the literature, the closest analogue to compound 6 is chamaemeloside (Figure 4.13), 

reported by Tschan et al (95). The difference in molecular formula, i.e., C2H3O, infers 

an extra acetyl group to compound 6. The 13C, 1H NMR, supported by COSY, HSQC 

and HMBC data, was relatively similar to that of chamaemeloside. This was also 

verified by comparing the spectra of compound 6 with the 1H NMR and 13C NMR 

spectra of chamaemeloside predicted using MestReNova. The 1H NMR of compound 

6 (Figure 4.8), carbons and protons assigned to the apigenin structure are presented in 

Figure 4.9 and Table 4.2.  

Figure 4.8: 1H NMR of compound 6 isolated from the MeOH flower extracts of H. 

argyrosphaerum. 
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Figure 4.9 Compound 6, 14-acetyl chamaemeloside. 

 

Table 4.2 : 1H and 13C chemical shifts for compound 6 (δ at 600 MHz) in DMSO-d6 

at 25℃ 

Position δH δC OH 

1 - -  

2 - 164.35  

3 6.88 103.16  

4 - 182  

5 - 161.21 13 

6 6.82 94.47  

7 - 162.50  

8 6.47 99.34  

9 - 156.94  

10 - 105.52  

11 5.24 99.23  

12 3.39 72.85 5.72 

13 3.56 73.28 5.52 

14 4.67 70.55  

15 4.05 71.14  

16 4.04 61.96  

17  170.26  

18 2.61, 2.53 45.24  

19  68.66  

20 1.18 27.42  

21 2.42, 2.63 45.09  

22  172  

23  169.72  

24 2.07 20.80  
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1’ - 121.48  

2’ 7.95 128.56  

3’ 6.95 115.92  

4’ - 161.40 10.38 

5’ 6.95 115.92  

6’ 7.95 128.56  

 

The chemical shifts of the carbons ranging from δ 61.96 – δ 73.28 as well as the 

resonance at δ 99.23 in the 13C-NMR spectrum of compound 6 are reminiscent of a 

hexose sugar, with the latter resonance corresponding to the anomeric carbon, C-11. 

The 1H NMR spectra displayed 6 hydrogen signals between δ 3.39 – 5.24 ppm (δ 5.24 

ppm being the resonance of the anomeric proton) that were assigned to carbons C-11 

– C-16 through the HSQC data (Figure 4.12) of compound 6. The COSY data also 

confirmed correlation of δ 4.67 (t, J = 9.5 Hz, 1H) with both δ 3.57 (t, J = 9.2 Hz, 1H) 

and δ 4.05 (s, 1H), as well as correlation between δ 3.57 and δ 3.38 (m, 1H) (Figure 

4.10). This confirms the presence of a glucose moiety, similar to the one present in the 

structure of chamaemeloside.  
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Figure 4.10: COSY correlations for compound 6 in DMSO-d6 at 25℃ 

The remaining 13C NMR signals indicated the presence of two carbonyl groups, one 

for a free acid (172 ppm) and an ester function (170.26 ppm), a tertiary alcohol (68.66 

ppm), two methylene groups (45.24, 45.09 ppm) and a methyl group (27.42 ppm). 

These groups resembled the 3-hydroxy-3-methyl-glutaryl acid moiety that is also part 

of the structure of chamaemeloside (96). This was also confirmed by the HMBC data 

(Figure 4.11).   

The remaining two carbons were found to be an ester carbonyl (169.74 ppm), and a 

methyl group (20.80 ppm). The HMBC experiment revealed a correlation of both H-

14 (δ 4.67, t, J = 9.5 Hz, 1H) and the methyl group protons, H-24 (δ 2.07) coupled with 

the carbon resonance at δ 169.74 ppm. Therefore, the carbonyl (169.74 ppm), and 

methyl groups (20.80 ppm) were deduced to be part of an acetyl group at position C-
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14. In conclusion, the novel molecular structure of compound 6 was determined as 14-

acetyl chamaemeloside (Figure 4.8).  

 

Figure 4.11: HMBC correlations for compound 6 in DMSO-d6 at 25℃ 

 

The HSQC experiment correlated all the proton resonances with those of each 

corresponding carbon, and their multiplicity (Figure 4.13). The experiment displayed 

18 correlations that are in line with the proposed structure of compound 6. The 

remaining carbons were assigned with the use of long-range proton-carbon 

correlations in the HMBC experiment. 
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Figure 4.12: HSQC correlations for compound 6 in DMSO-d6 at 25℃ 

 

Compound 5 was previously tentatively identified as chamaemeloside (6). The 1H 

NMR spectrum (Table 4.4) of compound 5 displayed the characteristic signals of 

apigenin nucleus: aromatic protons at H- 3’, H-5’ (δ 7.95, d, J = 8.4 Hz, 2H), and H-

2’, H-6’ (δ 6.95, d, J = 8.4 Hz, 2H, and a hydroxyl group at δ 10.21 that shows the 

presence of the C ring structure. The two signals at H-6 (δ 6.43, S, 1H) and H-8 (δ 6.85 

(S, 1H) indicate the presence of the A ring.  The 1H NMR spectrum of compound 5 

also revealed the anomeric proton of glucose moiety at 5.09 (s, 1H), showing the 

configuration of glucose, with the remaining glucose protons appearing in the range of 

δ 3.52–4.37 ppm. The 13C NMR spectrum showed an ester carbonyl resonance 

at δC 165.7, and a set of signals from 157.58-164.65 ppm that represent carbonyls 

present in the structure, a set of carbon signals present in the glucose moiety at δ 69.41-

76.68 ppm and a methyl group at δ 28.46 ppm. Other 1HNMR and 13C NMR are 
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assigned as shown in Table 4.4. These signals confirm that compound 5 is indeed 

chamaemeloside. 
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Figure 4.13: Chamaemeloside (compound 5). 

 

Table 4.3: 1H and 13C chemical shifts for compound 5 (δ at 600 MHz) in DMSO-d6 

at 25℃ 

Position δH δH δC OH 

2 - 164.58  

3 6.77 100.13  

4 - 182.24  

5 - (n.d.) 12.99 

6 6.17 99.46  

7 - 163.16  

8 6.46 94.54  

9 - 157.58  

10 - 103.71  

11 5.08 76.60  

12 3.13-3.52 69.41  

13 3.52 73.47  

14 4.34 70.18  

15 4.01 74.48  

16  63.56  

17  171.05  

18/21 2.27, 2.18 46.62  

19 - 70.25  

20 1.13 28.46  
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(n.d) not detected due to low concentration. 

Compound 7 was previously tentatively identified by Namate (6) as apigenin. The 1H 

NMR of compound 7 revealed doublets at δ 7.96 – 7.90 (2H) and δ 7 6.97ppm and a 

distinct hydroxyl (H-4’) at δ 10.67 ppm. This indicates the presence the aromatic C 

ring. Furthermore, a hydroxyl (H-5) at δ 12.96 (s), two doublets δH at H-8 (δ 6.46, d, 

J = 2.1 Hz, 1H) and H-6 (δ 6.17, d, J = 2.1 Hz, 1H) indicates the presence of the A -

ring. 

The 13C NMR of compound 7 also displayed spectra similar to that of apigenin, and 

assignments of carbons to protons are based on the chemical shifts and comparison to 

1H NMR and 13C NMR of apigenin predicted by MestReNova and from literature (101). 

The 13C -NMR spectrum exhibited the presence of δC (161.90, 99.46,165.44, and 

94.54) for the A -ring, δC (103.21, 182.09, 103.86, 161.90, and 164.) for the B -ring, 

and δC (116.46, 121.59, 130.56, and 165) for the C -ring of apigenin. These 

assignments are summarized in Table 4.5.   

 

22 - 174.64 10.21 

1’ - 121.48  

2’ 6.94 129.02  

3’ 7.94 116.51  

4’ - 161.87 8.42 

5’ 7.94 116.51  

6’ 6.94 129.02  
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Figure 4.14 The structure of apigenin (compound 7) 

 

Table 4.4: 1H and 13C chemical shifts for compound 7 (δ at 600 MHz) in DMSO-d6 

at 25℃. 

 

4.4 Acetylcholinesterase activity 

The in vitro AChE activity of the MeOH and DCM flower extracts of H. 

argyrosphaerum, as well as isolated compound 6 was assessed and results depicted in 

Position δH δH  δC  OH 

2 - 164  

3 6.77 103.21  

4 - 182.09  

5 - 161.90 12.96 

6 6.17 99.46  

7 - 165.44 8.42 

8 6.46 94.54  

9 - 103.86  

10 - 161.90  

1’ - 121.59  

2’ 6.94 130.56  

3’ 7.95 116.46  

4’ - 165 10.67 

5’ 7.95 116.46  

6’ 6.94 130.56  
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Figures 4.15 & 4.16. Physostigmine, a well-known AChE inhibitor, was included as 

a standard control. Physostigmine inhibited AChE, having an AChE activity of 0.8% 

at the highest tested concentration of 1000 µg/mL. Although the DCM extract showed 

a 91% AChE activity, it was the only sample to show any inhibitory activity against 

AChE (Figures 4.15 & 4.16). The MeOH extract exhibited AChE activity of 127%, 

which implies an increase in AChE activity. Compound 6 was tested at 0.2 mg/mL and 

had an AChE activity of 105%, as shown in Figure 4.16. The increase in AChE 

activity by the MeOH flower extract of H. argyrosphaerum could be attributed to 

compound 6 and other compounds present in the plant.  

 

Figure 4.15: % AChE activity of H. argyrosphaerum MeOH and DCM flower 

extracts with physostigmine as a standard control. 
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Figure 4.16: % AChE activity of compound 6 isolated from H. argyrosphaerum 

flower extract. Physostigmine was used as a standard control. 

Increased AChE activity has been studied and reported in several studies (58,102,103). 

In this study, the MeOH flower extract from H. argyrosphaerum increased 

acetylcholinesterase (AChE) activity. This enhancement could be due to the presence 

of allosteric activators in the extract, which bind to AChE at sites other than the active 

site, inducing conformational changes that boost enzyme activity (104).  

Increased ACh breakdown as a result of elevated AChE activity results in a cholinergic 

deficit, which is linked to typical symptoms including memory impairments, 

disorientation, hypo- or hyperactivity, ataxia, decreases in heart and muscular power 

and tone, reduced exocrine secretions (57). Some of the symptoms exhibited by cattle 

and sheep poisoned by high consumption of H. argyrosphaerum are consistent with 

excess AChE activity, namely ataxia, disorientation, and hypotonus (muscle 

weakness). ACh deficiency is one of the features of AD, and is responsible for the 
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majority of the symptoms, including memory loss and as well as a decline in cognition 

(105).   

4.5 Colorimetric MTT (tetrazolium) assay 

The in vitro cytotoxic impact of MeOH and DCM flower extracts derived from H. 

argyrosphaerum, as well as the isolated compound 6, was assessed through the 

utilization of the MTT assay against the HeLa cell line. Auranofin, a known cytotoxic 

compound, was used as a positive control against the HeLa cell line and showed CC50 

value of 2.468 ± 0.0065 µg/mL. The percentage growth inhibition on HeLa cells was 

found to be increasing as the concentration of samples increased. HeLa cells treated 

with the MeOH flower extract at the highest tested concentration of 200 μg/mL had a 

survival rate of more than 50% as indicated in Figure 4.17. The results showed that 

the MeOH extract of H.argyrosphaerum flowers were relatively nontoxic towards 

HeLa cells after an incubation period of 48h.  

 

 
Figure 4.17:  Helichrysum argyrosphaerum MeOH flower extract cytotoxic effect on 

HeLa cell line. Cells only wells and Auranofin were used as controls for this 

experiment. 

 

HeLa cells were exposed to H. argyrosphaerum DCM flower extract at a concentration 

of 200 μg/mL, and the cells displayed low viability of 26.58% as depicted in Figure 
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4.18. At the lowest concentration of 3.125 μg/mL, DCM extract had more than 80% 

cell viability after 48 hours of exposure. The H. argyrosphaerum DCM extract had a 

CC50 of 60.94 +- 8.05 µg/mL. CC50 values less than 20 µg/mL indicate cytotoxicity, 

21-40 µg/mL indicate minimal cytotoxicity, and higher than 41 µg/mL indicate non-

cytotoxicity (106). Therefore, the DCM extract is considered to be nontoxic towards 

HeLa cells. Although the DCM extract exhibited higher cytotoxicity in comparison to 

the MeOH and DCM extract, it had a CC50 higher than 41 µg/mL. 

 

 

Figure 4.18:  Helichrysum argyrosphaerum DCM flower extract cytotoxic effect on 

HeLa cell line at various concentrations from 200 µg/mL. The DCM extract was 

more cytotoxic in comparison to the MeOH extract and the isolated compound, with 

a CC50 of 60.94 +- 8.05 µg/mL. 

 
 

The isolated compound showed the lowest cytotoxicity against the HeLa cell line in 

comparison to the MeOH and DCM extracts. It was found that at the maximum 

concentration tested of 100 µg/mL, cell viability was determined to be 86.07% a 

depicted in Figure 4.19. Low cytotoxicity against HeLa cells does not indicate safety 
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for grazing animals. It suggests that the toxic compounds in the plant may not be 

specifically harmful to the HeLa cells in vitro. Therefore, the response of animal cells 

to the plant compound may differ from that of HeLa cell. For instance, Acetate extracts 

from 16 plants whose leaves are known to be harmful to cattle were tested for 

cytotoxicity using brine shrimp lethality assay. Thirteen of these plants were found to 

have no lethal effect against the brine shrimp larvae, although these plants are 

poisonous to animals. 

 

Figure 4.19:  The cytotoxic effect of the compound isolated from H. 

argyrosphaerum on HeLa cell line at various concentrations from 100 µg/mL. Unlike 

the H.argyrosphaerum MeOH and DCM flower extracts, the isolated chemical 

displayed the low cytotoxicity against HeLa cell line.  

 

The current study is the first to report on the cytotoxic activity of H. argyrosphaerum 

MeOH and DCM flower extracts, as well as the isolated compound on HeLa cells. 

According to Heyman (107), various species of Helichrysum (water–methanol 

extracts), including H. acutatum, H. callicomum, H. erbaceum, and H. psilolepsi, have 

been reported to exhibit low cytotoxicity against Vero cells.  In a similar study, 

Oyetunde et al. (108) reported the low cytotoxicity of H. acutatum against tumor cell 
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lines Caco-s and HepG2, and the standard cell line Hek-2-293. Interestingly, another 

study by Lourens et al (109), reported H. acutatum to be cytotoxic against the 

cancerous cell line, MCF-7. This suggests the cytotoxic effects of samples may vary 

depending on the cell line used and the type of extracts used. This could be a result of 

selective cytotoxicity. Therefore, further cytotoxicity assays on different cell lines 

need to be conducted on the H. argyrosphaerum flower extracts as well as isolated 

compounds. 
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CHAPTER 5  

CONCLUSION  

This research delved into the chemical characterization of H. argyrosphaerum MeOH 

and DCM flower extracts, employing HPLC and semi-preparative HPLC to isolate 

three pure compounds. Through thorough analysis via 1D and 2D NMR, the chemical 

structures of these compounds were elucidation, namely apigenin, chamaemeloside, 

and a novel compound, 14-acetyl chamaemeloside. Further exploration of the MeOH 

and DCM extracts, alongside 14-acetyl chamaemeloside, revealed high 

acetylcholinesterase activity and noncytotoxic effects towards HeLa cells. Increased 

acetylcholinesterase (AChE) activity could potentially contribute to the toxicity of H. 

argyrosphaerum in cattle and sheep. The isolated compound also displayed high AChE 

activity, raising questions about its contribution to the elevated AChE levels in the 

flower extracts.  

This study not only contributes valuable insights into the chemical composition of H. 

argyrosphaerum but also highlights the potential role of AChE in the observed toxic 

effects, paving the way for future investigations into the intricate relationship between 

the isolated compounds and the overall toxicity of this plant. 
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CHAPTER 6  

RECOMMENDATIONS 

Further research is recommended to expand the investigation into the broader 

toxicological effects of the identified compounds on various cell lines and animal 

models. This includes evaluating additional cytotoxic pathways and the overall safety 

profiles of both the extracts and isolated compounds, as well as assessing other 

potential cytotoxic pathways to ensure comprehensive safety evaluation. Additional 

research efforts should prioritize the identification of specific compounds accountable 

for the observed acetylcholinesterase (AChE) activity in both the methanol (MeOH) 

and dichloromethane (DCM) extracts. Furthermore, there is a need for a deeper 

understanding of how elevated AChE activity potentially contributes to animal 

poisoning induced by H. argyrosphaerum. Most research surrounding AChE focuses 

on its inhibition rather than induction. Extracts and compounds may show an increase 

in AChE activity, making AChE inhibitor controls unsuitable for interpreting 

activation levels. Therefore, it is important to have a control that enhances AChE 

activity in addition to an AChE inhibitor control. 
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Table 0.1 : Major compounds tentatively identified in the MeOH extract of H. 

argyrosphaerum flowers (6). 

Peak   

number 

Retention 
time 

Constituent  Mass 
of 
[M+H
]+ 

[M+H]+  

ion   

formula 

Mass 
of  
major   

product   

ion 

Product  

ion   

formula 

1  7.12  Chlorogenic acida 355.102

1  

C16H19O

9  

163.040

2  

C9H7O3 

2  12.01  1’→3-Lactone-4,5-di-O-

caffeoylquinic acid  

499.123

8  

C25H23O

11  

163.039

3  

C9H7O3 

3  13.36  Apigenin-7-O-
glucuronopyranoside 
or  Apigenin-7-O-
galacturonopyranoside 

447.091

1  

C21H19O

11  

271.059

1  

C15H11

O5 

4  13.68  Apigenin-4’-O-glucopyranoside  433.113

4  

C21H21O

10  

271.059

5  

C15H11

O5 

5  15.31  Apigenin-7-O-glucoside-[6”-
O-(4-carboxyl-3- 
methylbutanoyl)] 

577.154

5  

C27H29O

14  

271.059

8  

C15H11

O5 

6  16.52  Unknown apigenin-7-O-

substituted diglycoside  

619.166

3  

C29H31O

15  

271.060

3  

C15H11

O5 

7  17.56  Apigenin  271.059

7  

C15H11O

5  

153.019

3  

[1,3A]+  

8  18.51  Feruloylquinic acid derivative  877.403

9  

unknown  177.055

1  

C10H11

O4  

 

 

 

 

 

 

 

 


