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Abstract 
 

In this study, secondary metabolites isolated from Erythrina caffra, a medicinal plant 

indigenous to South Africa, were investigated. E. caffra is well-known for its healing properties 

and it is traditionally used for treating bacterial infections like tuberculosis (TB), abscesses, 

tooth aches and ear infections. Its extracts have also been used to treat cancer. Though many 

studies have been done on this plant, most of them tended to focus solely on the isolated 

compounds. In the present study however, extracts, fractions and isolated compounds from E. 

caffra were evaluated for their anticancer, anti-oxidant, anti-enzymatic, antibacterial and 

cytotoxicity.  

The methanol crude extract (B1) from the stem bark of E. caffra was used to extract alkaloidic 

fractions (B2 and B3) using ethyl acetate and n-butanol respectively, a third fraction (B4) was 

also extracted using ethyl acetate this fraction was called a neutral fraction. The neutral fraction 

(B4) was fractionated and through a sequence of column chromatography three active 

secondary metabolites were isolated. The isolated compounds included Lupeol (1), 

stigmasterol (2) and 5,7-Dihydroxy-4'-methoxy-3',5'-diprenylflavanone (3). These isolated 

compounds were characterized and identified using spectroscopic techniques including IR, 

NMR and high-resolution Mass Spectrometry. Using the cell line HCC-70, isolated from a 

primary ductal carcinoma, in vitro anticancer assays were carried out on the crude extract from 

the bark, fractions, isolated compounds and an unseparated mixture of two compounds. These 

samples were also evaluated for their anti-oxidant, anti-enzymatic, antibacterial and 

cytotoxicity activities. The crude extract inhibited the cell viability by over 30% and had no 

effect on the HeLa cells at concentrations of 20µM.  

Abyssinone V’ 4-methyl-ether (3) and the mixture of stigmasterol (2) and an unidentified 

compound exhibited potent anticancer activity against the HCC-70 cell line with IC50 of 

18.05µM and 9.04µM respectively. Antibacterial assays were also carried out on the crude 

extracts, fractions and concoctions made from the fractions with the best activity combined 

with the ones that performed poorly. The concoctions were prepared as two separate series (S 

and N series). The crude extract inhibited more than 80% of the Staphylococcus aureus cells 

at a concentration of 20µM with only minimal damage to the HeLa cells. In the concoctions 

however, the N series managed to inhibit over 96% of the S. aureus while exhibiting no 

cytotoxicity towards HeLa cells. The extract and its fractions also showed good anti-oxidant 

activities. 
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Molecular docking of these compounds was done on the Human estrogen receptor (PDB 

ID:3ERT) and Abyssinone V’ 4-methyl-ether (3) showed the best docking score of -6.6 

Kcal/mol, for the simulation against Epidermal growth factor receptor (PDB ID: 1M17) 

Stigmasterol (2) showed the best docking score of -3.8 Kcal/mol. In silico docking on 3ERT 

and 1M17 were done to test the binding affinity of the isolated compounds to the proteins 

which are well known to be overexpressed in some types of cancer. 

Flavonoids isolated from Erythrina species have been reported to possess good antiplasmodial 

activity. However, due to the minute amounts isolated in the present study in-vitro assays could 

not be carried out. Nevertheless, in-silico assays were conducted on the most prominent 

protozoal parasite which causes malaria in the majority of African countries. 

In-silico simulations were done against Plasmodium falciparum protein (PDB ID: 7KJH), of 

the tested compounds Abyssinone V’ 4-methyl-ether (3) was found possess the best docking 

score of -4.4 Kcal/mol. The molecular docking of 7KJH was done to assess the inhibitory 

potential of the isolated compounds on protozoal parasites.  

Pharmacokinetic properties of the isolated compounds were also assessed in silico to assist in 

evaluating the drug likeness of these compounds. The compounds showed a percent human 

oral absorption of 100% except for Abyssinone V’ 4-methyl-ether (3), which showed 93.83%, 

this indicates a remarkable oral bioavailability. Stigamsterol (2) exhibited a Caco-2 cell 

permeability (QPPCaco) greater than 500 which indicates outstanding results for good 

intestinal absorption. The compounds also displayed a blood-brain partition co-efficient 

(QPlogBB) ranging from -1.433 to 0.128 suggesting they will have less potential to cross the 

blood-brain barrier, thus reducing any CNS related toxicity.  

Molecular networking of the crude extracts and the fractions was done through GNPS which 

allowed the identification of known compounds including one isolated in the present study, 

Abyssinone V’ 4-methyl-ether (3). Possible derivatives that have not been isolated from this 

plant before were also putatively identified. 
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Chapter 1. Introduction 
 

1.1. Medicinal plants as antimicrobial and anticancer agents 

 

Throughout history, medicinal plants have been a source of hope for humanity in the fight 

against infectious diseases. Medicinal plants have been found to possess antimicrobial 

properties that help combat certain illnesses. They are known as broad-spectrum antimicrobial 

agents, which means that they can target a wide range of microorganisms (Etkin, 2005). 

Researchers have extracted chemical constituents from medicinal plants that have been 

demonstrated to be effective in treating different types of infections (Mahady, 2005) . This has 

generated significant interest in exploring the biological activities of medicinal plants, leading 

to a multitude of studies being conducted in this area. 

Not only have medicinal plants been used for threating antimicrobial diseases but they have 

also been used to treat cancers. Studies have found these plants to have a wide range of 

biological properties and, as a consequence, a new approach was taken called ‘combination 

chemotherapy’(Tyagi et al., 2002). This approach uses nontoxic phytochemicals or less toxic 

phytochemicals in combination with chemotherapeutic agents to amplify its effectiveness as 

well as to have reduced cytotoxicity to normal tissues (Tyagi et al., 2002).  

An exuberant number of compounds from natural products have been used as frameworks for 

numerous clinically proven drugs in treating various types of infectious diseases (Mahady, 

2005). This section will shed more light on applications of medicinal plants in general including 

the plant investigated in this study. A large number of compounds isolated from natural sources 

has been evaluated for their activities in vitro. 

 

1.1.1. Traditional applications of medicinal plants 

 

The utilization of medicinal plants dates back to the beginning of human civilization (Fabricant 

and Farnsworth, 2001). Medicinal plants were first used by our ancestors as remedies to 

assuage a wide range of ailments from mere joint pains to liver troubles (Avhad, Tiwari and 

Ushir, 2019). For many decades medicinal plants were mostly used for their health benefits on 

both humans and livestock by numerous communities around the world. Each part of the plant 

contains compounds having different medicinal properties (Bruschi et al., 2014). A typical 
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example of this is Erythrina Abyssinica which is commonly used in traditional medicine to 

treat snake bites, cough, sexually transmitted diseases (STD’s) etc. Some parts of the plants are 

used to treat peptic ulcers, flowers to treat dysentery whereas its bark is used as an anthelmintic 

and to treat asthma and meningitis respectively (Aerts, 2009). This knowledge was of course 

mostly confidential and kept among traditional healers in ancient times also the administration 

of these medicines was somewhat arbitrary (Cowan, 1999). However, as civilizations 

progressed times changed and the knowledge was passed on from generation to generation 

either in writing or simply by word of mouth, thus building vast libraries of medicinal plants 

with known traditional applications (Mishra et al., 2011; Ningthoujam et al., 2012; 

Fredriksson, 2021).  

A large number of studies has been done to better understand the biological properties of 

medicinal plants (Tyagi et al., 2016). To ameliorate the pharmacological properties of the parts 

of the plants with poor biological activity were often combined with the parts that have 

moderate activity, the resulting concoction would occasionally give remarkable 

pharmacological properties due to the stupendous synergistic effect (Aerts, 2009). Over 80% 

of the world’s population have been estimated to rely on traditional medicine for primary health 

care, this is especially true for developing countries (low and middle income) countries (WHO, 

2019). The increase in the use of traditional medicine (TM) as primary health care has been 

noted and is mostly due to them being easily accessible, affordable and because they are 

deemed effective (Tugume et al., 2016). A minority of these people is more interested in 

autarchy than the medicinal care (Cowan, 1999).  

The emergence of antibiotic resistant infectious diseases has rendered commonly used drugs 

ineffective making it harder to treat common disease thus leading to increased morbidity and 

mortality (WHO, 2020). This has in turn increased the need for novel effective drugs to fight 

against microbial diseases. This has led to extensive investigations on plant extracts and 

chemical constituents from medicinal plants with known antimicrobial properties, which has 

significantly affected therapeutic treatment (Tyagi et al., 2016). The main reasons for using 

medicinal plants as sources of therapeutic agents are: 

 

• To use isolated bioactive compounds as drugs e.g., morphin, vinblastine and 

vincristine; 

• To produce novel or known compounds or known structures of bioactive 

compounds as lead compounds using chemical synthesis to provide 
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patentable synthetic analogues with higher activity and/or lower toxicity e.g., 

oxycodone, taxotere and verapamil; 

• To use them as pharmacological tools e.g., mescaline, yohimbine, lysergic 

acid diethylamide (LSD); 

• To use parts or the whole plant as herbal medication. Only about 6% of the 

known plants in the world have been screened for biological activities and 

15% has been evaluated phytochemically (Joshi and Kaur, 2016). Even 

though most plants have been extensively investigated, there are plants that 

require thorough investigation of their composition and corresponding 

activities. The use of medicinal plants is not only limited to being used as 

therapeutic agents; they can also be used as preservatives during food 

processing to prevent food borne microorganisms. 

Various medicinal plants contain different classes of compounds that have biological activity. 

However, for the purposes of this study, we will only focus on four specific classes of 

compounds: alkaloids (1.1.2), polyphenols (1.1.3), flavonoids (1.1.4), and terpenoids (1.1.5). 

 

1.1.2. Alkaloids 

 

Alkaloids are a class of organic compounds that are structurally diversified and containing a 

heterocyclic nitrogen atom. These compounds are naturally occurring and they are mostly 

derived from amino acids. This class of compounds is most basic in nature as a consequence 

of the nitrogen atom; however, it also includes some compounds that are neutral even weakly 

acidic. These compounds were first discovered in 1819 by Carl F.W. Meissner (Kaur and 

Arora, 2015), they make up about 40% of a plants’ secondary metabolites. On account of their 

physiological effects and pharmacological properties, these compounds have been used 

frequently throughout history (Ziegler and Facchini, 2008). Alkaloids are not always 

heterocycles as there are also non-heterocyclic alkaloids (Barnes, 2010). 

Previous reports showed that as many as 12 000 alkaloids have been isolated from various 

genera of the plant kingdom (Dey et al., 2020). Alkaloids are classified into different categories 

namely, indole, tropane, piperidine, purine, imidazole, pyrrolizidine, pyrrolidine, 

quinolizidine, quinoline and isoquinoline alkaloids (Figure 1). Each of the aforementioned 

categories can be distinguished from one another by their different structures, presence, or 

absence of certain moieties which leads to each of them having its unique chemistry ultimately 
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influencing their diverse pharmacological properties (Yan and Liu, 2019). For instance, an 

indole alkaloid can be easily identified by the presence of 5-hydroxytryptamine or 5-HT 

whereas a tropane alkaloid has 8-azabicyclo [3.2.1] octane core structure (Ziegler and Facchini, 

2008). There are more than 2000 different compounds that belong in the indole category, 

including vincristine, vincamine, and vinblastine which are intensively researched for their 

biological and pharmacological properties (Kainsa et. al, 2012). Compounds like vinblastine 

and vincristine are mostly used as anticancer drugs (Aryan, 2018). 
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Figure 1. Different classes of alkaloids  

  

A large number of alkaloids have been isolated from plants of different families including the 

genus Erythrina. Erythrina alkaloids have also been found to exhibit excellent biological and 

pharmacological properties (Fahmy et al., 2020). These compounds can be easily identified by 

their unique core structure as they consist of a tetracyclic spiroamine skeleton. These are also 

divided into 3 categories namely, dienoid, alkenoid, and lactonic alkaloid (Figure 2). These 

compounds are distributed throughout the plant's bark, seeds, leaves, and flowers. However, 

they are usually isolated in very small amounts. A great deal of literature reports the astounding 

pharmacological properties of these alkaloids which corroborate with the traditional uses of the 

Erythrina species. Alkaloids isolated from the seed, bark and flower of these species have been 

reported to have remarkable antimicrobial and anticonvulsant activities (Wanjala et al., 2002; 

de Ávila et al., 2018; Ahmed et al., 2020).  

 

 
 

Figure 2. Three categories of Erythrina alkaloids 
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Over the past decade, there has been a controversy about the biosynthetic pathway of Erythrina 

alkaloids. However, a study conducted on Erythrina crista-galli using a series of experiments 

has demonstrated that (S)-norreticuline plays a vital role as a precursor in the biosynthesis of 

Erythrina alkaloids (Tan et al., 2017). 

 

1.1.3. Polyphenols 

 

Phenols, also known as polyhydroxyphenols are naturally occurring organic compounds with 

a wide range of complex structures however they can also be synthesized. These organic 

compounds can be mainly characterized by the large number of phenol structural units they 

have. Basic units of polyphenols like a phenolic ring can be generally classified as phenolic 

acids or phenolic alcohols. The classification of these complex structures mainly depends on 

the phenolic ring strength, the main classes of these compounds consist of phenolic acids, 

flavonoids, stiblins, lignans and phenolic alcohols (Dragovic-Uzelac et al., 2007; Quideau, 

2009). 

These compounds are unique for their biological properties, consisting of wide range of 

biological properties. They are commonly found in the human diet and originate from plants 

like fruits and vegetables mostly in minute amounts. They can however be found in other plants 

like the Erythrina species. Their different classes have been found to possess good antibacterial 

activity, anti-oxidant as well as antiplasmodial activities (Table 1) (Nkengfack et al., 1997; 

Daglia, 2012; Tjahjandarie et al., 2014). 

 

Table 1. Some classes of phenolic compounds with associated activities (Abbas et al., 2017). 

Bioactive Compounds  Activities and pathogens 

 
Flavan-3-ol 

Antibacterial 

Vibiro Cholerae, 

Strptococcus. mutans; 

Campylobacter. jejuni, 

Clostridium perfringens, 



 7 

 
Flavonol 

Escherichia coli, Bacillus 

Cereus, Helicobacter 

pylori, Staphylococcus 

aureus, Lactobacillus 

acidophilus, Actinomyces 

naeslundii, Prevotella 

oralis, Porphyromonas 

gingivalis, Prevotella 

melaninogenica, 

Fusobacterium nucleatum, 

Chlamydia pneumonia  

Antiviral  

Adenovirus, Enterovirus, 

Flu virus 

Antifungal 

Candida albicans, 

Microsporum gypseum, 

Trichophyton 

mentagrophytes,  

Trichophyton rubrum 

 
Condensed tannins  

Antibacterial 

Staphylococcus aureus, 

Escherichia coli, 

Streptococcus mutans 

Antiviral 

Influenza A virus, type-1 

herpes simplex virus 
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Hydrolyzable tannins  

Antibacterial  

Salmonella species, 

Staphylococcus 

helicobacter, Escherichia 

coli, Bacillus clostridium, 

Campylobacter lysteria 

Antiviral 

Epsein-Barr virus, Herpes 

virus, Herpes simplex 

virus-1 and herpes simplex 

virus-2 

Antifungal 

Candida parapsilosi  

 

 

 
 

 
Phenolic acids 

Antibacterial 

Staphylococcus aureus, 

Listeria monocytogens, 

Escherichia coli, 

Pseudomonas aeruginosa 



 9 

 
Neolignan  

Antibacterial 

Different strains of 

Mycobacterium 

tuberculosis  

 

 

1.1.4. Flavonoids 

 

Flavonoids are a diverse group of polyphenolic compounds which are naturally occurring. 

These compounds can be found in almost every plant (Kumar and Pandey, 2013). The first 

flavonoid (rutin) was first isolated in 1930 by Dr. Albert Szent-Gyorgyi. The basic flavonoid 

structure consists of a 15-carbon skeleton with two benzene rings (A & B) connected by a 

heterocyclic pyran ring (C) (Figure 3). Depending on the position where the aromatic ring 

is connected to the benzopyrano (chromano) moiety these compounds can be classified into 

various classes such as flavones (e.g apigenin, chrysin, and 6-hydroxyflavone), flavonols 

(e.g myricetin, fisetin, and kaempferol) and flavanone (e.g., Abyssinone V-4’ methyl ether 

and hesperetin), flavan-3-ols (e.g., Catechin and epigallocatechin gallate), isoflavones (e.g., 

Daidzin and genistin) and anthocyanins (e.g., Malvidin and cyanidin). 

These different classes of flavonoids differ from one another in many ways including the 

pattern of substitution of the C-ring. However, the main difference between compounds of 

the same class is determined by the substitution pattern of the A and B rings (Tomás-

Barberán, 2001). The position at which a substituent connects to the chromone skeleton 

divides the flavonoid class into different categories (flavonoid and isoflavonoids). For a 

flavonoid, the chemical structure consists of a 2-phenylchromen-4-2H-1-one core skeleton 

whereas for isoflavonoids their chemical structure consists of 3-phenylchromen-4-2H-1-one 

(Figure 3).  

 

 

 



 10 

 
 

Figure 3. Different groups of flavonoids  

 

Flavonols can be distinguished from flavanones by the hydroxy group at position-3 and the 

double bond present between C2-C3 (Figure 3) (Narayana et al., 2001). There are three 

different ways to name flavonoids, the most commonly used method of naming is trivial 

naming which occasionally signifies the flavonoid class or plant source. A typical example of 

this can be seen in compounds like tricin and hypolaetin, where the ending ‘-etin’ denote a 

flavanol and a compound with the ending ‘-inidin’ denotes an anthocyanidin. Another way of 

naming flavonoid is the systematic naming using this way of naming a flavan would be named 

2,4-dihydro-2-phenyl-2H-1-benzopyran, however this method of naming is at times 

complicated and thus seldomly used. Lastly, flavonoids can also be named using a hybrid 

naming method known as semi-systematic/semi-trivial. In this method the name of the 

compound consists at least one part systematic and one part trivial. Compounds like flavone 

would be named 3,5,7,3’, 4’-pentahydroxyflavone or 3,3’,4’,5,7-pentahydroxyflavone (Figure 

4) (Tomás-Barberán, 2001).  
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Figure 4. Semi-trivial naming of a flavone  

 

These compounds have drawn the attention of many researchers due to the vast range of their 

pharmacological properties such as enzyme inhibition, antimicrobial activity (Havsteen, 1983; 

Tomás-Barberán, 2001), anti-oxidant activity (Middleton and Kandaswami, 2017) and 

cytotoxic antitumor activity (Harborne and Williams, 2000). Their ability to inhibit various 

enzymes has been hypothesized to be as a consequence to the interaction of enzymes with 

different parts of the flavonoid molecule (Havsteen, 1983; Harborne and Williams, 2000; 

Middleton, Kandaswami and Theoharides, 2000). The biological activities of several plants 

including E. caffra are mostly due to a high flavonoid content in that specific plant (Atanassova 

and Georgieva, 2011).  

 

1.1.5. Terpenoids 

Terpenoids also known as terpenes are one of the largest and diversified group of naturally 

occurring compounds. These compounds are a class of natural products that are derived from 

mevalonic acid (MVA) (Figure 5) (Bergman, Davis and Phillips, 2019) which are made up of 

many isoprene (C5) structural units (Sobral et al., 2014).  

 

 
Figure 5. Melavonic acid 

 

Depending on the number of the isoprene units present in their structures they can be classified 

as monoterpene (C10), sesquiterpenes (C15), triterpenes (C30), tetraterpenes (C40), and 

polyterpenes (>C40) (Table 2). 
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Table 2: Classes of terpenoids (Tong, 2013) 

Classificati

on  

Carbon 

atoms  

(Isopren

e units) 

Chemical structure 

Hemiterpen

es 

5 (1) 

 
Monoterpen

es 

10 (2) 

 

Sesquiterpe

nes 

15 (3) 

 

Diterpenes 20 (4) 

 

Sesterterpen

es  

25 (5) 

 

Triterpenes 30 (6) 

 

Sesquaterpe

nes 

35 (7) 
 

Tetraterpene

s 

40 (8) 
 

 

There are thousands of these compounds isolated from natural sources over the years. In most 

cases these compounds can be found in various oxygen-containing derivatives (Figure 6) 

(Tong, 2013). Terpenoids are naturally produced via a biosynthetic pathway that is known as 

the mevalonate pathway which includes mevalonic acid as an intermediate. This pathway exists 

in the cytoplasm and secondary metabolites like sterols, sesquiterpenes and triterpenes are 
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largely produced through this pathway. In this pathway acetyl-CoA is the starting primary 

metabolite which goes through a chain of reactions to ultimately convert three molecules of 

acetyl-CoA to mevalonic acid (Figure 7) (Habtemariam, 2019). 
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Figure 6: Some of the oxygen containing derivatives of terpenoids 

 

 

 
Figure 7: Biosynthetic pathway of terpenoids (Habtemariam, 2019) 

 

Terpenoids have been found to have good antitumor activity. Their peculiar structural features 

have attracted the interests of many medicinal chemists (Yang et al., 2020). Studies have 
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revealed that some terpenoids have strong antibacterial activities (Figure 8) (Sobral et al., 

2014; Chen, da Fonseca and Schönthal, 2015; Oturanel et al., 2017). Some compounds in this 

class have also been found to consist of excellent antitumor activity (Figure 9) (Sebei et al., 

2015; Shahbazi, 2015; Wang et al., 2016).  

 

 

 
Figure 8: Some structures of terpenes with antibacterial activity. 
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Figure 9: Some structures of terpenoids with antitumor activity. 

 

 

1.2. Microbial and cancer diseases 

1.2.1. Bacterial disease 

 

There are many human diseases that are caused by bacteria. Common examples include 

tuberculosis, pneumonia, endocarditis, osteomyelitis etc. Bacteria that cause diseases in 

humans are regarded as pathogenic bacteria. However, not all bacteria are pathogenic, a 

considerable amount of bacteria are present on top of the skin and inside our bodies and 

completely are harmless to humans (Reynolds et al., 2012), these bacteria are known as “good 
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bacteria”, in fact some bacteria have been found to be beneficial to humans (Linares et al., 

2016).  

It has been found that an average human being can live with pathogens without getting sick, 

the human microbiome is reported to comprise of up to trillions of microorganisms (Sender et 

al., 2016). The intrinsic immunity provided by the body’s defense mechanism allows us to 

sustain that many bacteria (Paludan et al., 2021). 

Pathogenic bacteria however can be very deadly as they are able to infiltrate the body tissues 

and fluid by substantially overwhelming the body’s natural defenses (Laing, 2019). Bacteria 

can enter the human body in number of ways including ingestion, inhalation, wounds and 

through sexual transmission (Yates et al., 2016; Kurtz et al., 2017; Smolarczyk et al., 2021). 

Once they enter the body they can damage the host cells through direct or indirect effects 

(Guerrant et al., 1999). Most bacteria are intracellular pathogens which means that they need 

to invade the cell in order to multiply (Uribe-Querol and Rosales, 2020). They do this by 

utilizing the bacterial adhesion factors or adhesins in their surface to attach to proteins located 

at the host cells. This ultimately causes the cell to engulf the bacterium forming a thin layer 

around the bacterium. When the thin layer, called a vesicle, separates from the membrane it 

becomes a phagosome which can destroy the bacteria. However, the bacteria avoid this by 

using specific enzymes to break the membrane of the phagosome and escape into the cytoplasm 

(Haas, 2007).  

In the cytoplasm these bacteria are free to undergo the cell division and proliferate, the newly 

formed cells go on to invade the neighboring healthy cells and continue causing cell damage. 

Some bacteria have been known to proliferate inside the cell causing the cell to burst (Ribet 

and Cossart, 2015; Turco and Winkler, 2021). 

Modern medicine has been used to treat these diseases for decades. However, they seem to 

have developed resistance against commonly used drugs making them even more dangerous. 

Even diseases like skin infections, which is caused by Staphylococcus aureus, will in time be 

difficult to treat (Rao et al., 2022). 

 

1.2.2. Staphylococcus aureus 

 

Staphylococcus aureus (S. aureus) is one of the most well-known and widespread Gram-

positive pathogenic bacteria. It is the major cause of a wide variety of infectious diseases in 

humans and animals making it hard to estimate the number of mild infections like skin infection 
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and likely hundreds of thousands of more intense infectious diseases globally a year (Klevens, 

2007; Temkin et al., 2018; Limmathurotsakul et al., 2019). These infections may range from 

simple, easy to treat infection to more severe and life-threatening illnesses like osteomyelitis 

(Rasigade et al., 2014; Schaumburg et al., 2015; Gimza and Cassat, 2021; Pimentel de Araujo 

et al., 2021).  

Staphylococcus is the major human pathogen that has one of the highest morbidity rates among 

pathogenic bacteria (Eisenstein, 2020). It is also a leading cause of bacteremia, pneumonia and 

device related infections, where microbial pathogens stick onto am indwelling implant causing 

a foreign body reaction which ultimately leads to an infection (Limmathurotsakul et al., 2019; 

Bai et al., 2022; Samura et al., 2022). Bacteremia caused by Staphylococcus aureus has been 

reported to have a higher number of deaths as compared to the acquired immune deficiency 

syndrome (AIDS), tuberculosis (TB) and hepatitis (Hal et al., 2012). It is a significant threat to 

people with serious skin disease like epidermolysis bullosa or chronic diabetic foot and venous 

ulcers. While the mild Staphylococcus infections may not be life-threatening, they are 

accompanied by pain. 

Like many other bacteria, Staphylococcus aureus can be mostly found in skins of unhealthy 

patients. They can enter the human body through a compromised skin barrier and become 

pathogenic causing a wide range of illnesses (Figure 10Error! Reference source not found.) 

( L. S. Miller and Cho, 2011; Nowicka and Grywalska, 2019; Eisenstein, 2020;). They have to 

go through our innate immune system and if they manage to overwhelm the defensive 

mechanisms of the immune system, the bacteria can spread to other tissues and ultimately lead 

to death. This is a more significant threat to patients with a compromised immune system like 

children and the elderly (Regev-Yochay et al., 2004; Nowicka and Grywalska, 2019). 

This bacterium has managed to mutate over the years as a consequence of its fast adaptation 

skills (Gajdács, 2019). Staphylococcus aureus excretes biofilms, which are extracellular 

polymeric substances (EPS) that help it to withstand and diminish the effects of antimicrobial 

drugs (Kaplan et al., 2018) (Figure 11). The EPS mainly consist of organic matter of the 

biofilm and different polymeric substances such as extracellular DNA (eDNA), protein and 

polysaccharides (Donlan, 2002; Idrees et al., 2020) (Figure 11). The EPS is commonly known 

as the polysaccharide intercellular adhesin (PIA) on account that the bacteria cells use it for 

intercellular adhesion. The cationic PIA plays a very important role in colonizing the cell, 

forming the biofilm and biofilm-related infection, immune evasion and resistance to 

antimicrobials (Reffuveille et al., 2017; Nguyen, Nguyen and Otto, 2020). This raises the need 

for alternative therapeutic drugs preferably from naturally occurring sources as these not only 
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have a long-standing history of being proven to be effective but they are also easily accessible 

and efficient (Veeresham, 2012). 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Different diseases caused by Staphylococcus aureus (Missiakas and Winstel, 

2021). CNS- Central nervous system 
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Figure 11. Biofilm formation (Schilcher and Horswill, 2020) 

 

1.2.3.  Cancer  

 

Cancer is one of the diseases with high mortality rate worldwide. In 2020 it was reported to be 

responsible for approximately 10 million deaths (WHO, 2022). The word cancer is an inclusive 

term used to refer to a number of complex diseases affecting every part of the body and 

potentially life-treating, which arises due to an uncontrollable division and spread of some of 

the body cells to surrounding tissues. Cancer is not a modern era disease. Earliest reports dates 

back to ancient Egypt, 3000 BC, showing that even then cancer was a burden disease. The word 

cancer was first coined by Hippocrates in 400BC. He used the term ‘karkinos’ or ‘crab’ to 

describe a malignant tumour. The network of blood vessels on a tumour resembles the claws 

of a crab reaching out to its surrounding (Faguet, 2015). 
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It is of great significance that we understand how this uncontrollable cell division occurs. To 

do that one must first understand the normal functions of cell growth and reproductions as the 

transformation of a healthy to a cancerous cell does not occur overnight. By obtaining certain 

genetic mutations or genetic changes a normal cell can slowly transform into a cancerous cell. 

The changes are called the drivers of cancer, there are three known drivers of cancer namely; 

proto-oncogenes, tumour suppressor genes and DNA repair genes. Modifying the functions 

and regulations of these genes essentially leads to the uncontrollable and rapid cell division 

which in turn causes neoplasm. The growth of these neoplastic cells is completely independent 

of the growth factors and regulatory mechanisms that govern a normal tissue (Hoda and Hoda, 

2005). The uncontrollable growth of these neoplastic cells often leads to a formation of mass. 

However, this is not always the case. When a mass forms it is commonly called a tumour. There 

are different kinds of tumour, they all have different sizes and they are altogether different to 

other swellings (Pérez, Raimondi and Itoiz, 2005; McLaughlin and Shafritz, 2011). 

When a tumour mass occurs on or near the surface of the skin it can be easily felt as a lump, 

however there are some tumours located deep within the body. These types of tumours are very 

difficult to examine. Typical examples of these are internal organ tumours (Östman and 

Augsten, 2009; Iyer and Chaichana, 2018). The growth and aggressiveness of the tumours is 

mainly controllable by the biological cross-talk between the parenchyma which consist of 

neoplastic cells and the reactive stroma composed of immune cells, fibroblasts endothelial cells 

and specialized mesenchymal cells (Schäfer and Werner, 2008; Kojima et al., 2010). The role 

played by the stromal cells in the tumour microenvironment in cancer development has been 

fairly researched to bring about sufficient knowledge about cancer. Recent research has 

revealed the important roles played by the tumour stromal cells that it is responsible for 

initiation, progression and metastasis. It has also been reported that the most frequent 

component of tumour stroma is cancer associated fibroblasts (CAF), this is especially true for 

breast and pancreatic cancer (Hoda and Hoda, 2005; Östman and Augsten, 2009).  

There are different kinds of cancer and the most common types of cancer are breast cancer, 

prostate cancer, lung cancer colon and rectal cancer (Siegel et al., 2022). This study will mainly 

focus on breast cancer. 

1.2.3.1. Breast cancer 

Among the various types of cancers breast cancer is one of the diseases that has a highest 

mortality rate. In 2020 it has accounted for 685 000 deaths. The WHO reported that by the end 
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of the year 2020 there were 7.8 million women alive who were diagnosed with breast cancer 

in the previous 5 years making it the most widespread cancer of all the cancers.  

There are more lost disability adjusted life years (DALY’s) by women to breast cancer globally 

than any other type of cancer (WHO, 2022). Breast cancer occurs globally in women at any 

age after puberty, however the chances of having it as a woman increase with increasing age. 

Breast cancer is a heterogenous disease caused by an uncontrollable growth of cells in the 

breast. There are different types of breast cancer. The kind of breast cancer depends on which 

cells in the breast have turned cancerous (DeSantis et al., 2015; Ginsburg et al., 2020; 

Mccormack et al., 2020; Stoltenberg et al., 2020).  

A breast mainly consists of 3 parts: lobules, ducts and connective tissue (Figure 12Error! 

Reference source not found.). Each of these different parts have different functions: the 

lobules are the epithelial structures that produce milk, the ducts are tubes that transport the milk 

to the nipple and the connective tissue (which is made up of fibrous and fatty tissue) holds 

everything together. Breast cancer can arise in any of these different parts, however most breast 

cancers arise in the ducts or lobules (Weigelt, Geyer and Reis-Filho, 2010). Empirical evidence 

from previous scientific reports also suggest that breast cancer is, in fact, a group of different 

diseases with differing risk factors, physical signs and symptoms, pathological features, and 

therapeutic response which affect the same organ (Li, Uribe and Daling, 2005; Weigelt, Geyer 

and Reis-Filho, 2010). Breast cancers can be classified based on their histological grade 

(Eliston and Ellis, 1991) histological type (Ellis et al., 1992). Histological grade is an 

evaluation of the degree of growth and differentiation of a tumour and reflects its 

aggressiveness (Eliston and Ellis, 1991). Histological grade has been integrated in multiple 
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scientific reports including but not limited to Mook and colleagues and Armando and 

colleagues (Mook et al., 2009; Esquivel et al., 2018; D’Angelo et al., 2021). 

Figure 12. Three main parts of the outer breast. 

https://www.breastaugmentation101.com/parts-of-outer-breasts/ 

 

There is evidence showing the correlation between the grade and the transcriptomic features of 

breast cancers and microarray-based genomic signatures for the histological grade (Ivshina et 

al., 2006; Sotiriou et al., 2006; Sotiriou and Pusztai, 2009; Weigelt, Baehner and Reis-Filho, 

2010). The histological type examines the growth pattern of the tumours with specific structural 

and cytological patterns that are responsible for different symptoms and physical signs. Breast 

cancer histology reveals different classifications of breast cancer like ductal carcinoma in-situ 

(DCIS), lobular carcinoma in-situ (LCIS), metastatic breast cancer (MBC) etc each with 

different clinical presentations (Irvin, Muss and Mayer, 2011; Taffurelli, 2018; Wen and Brogi, 

2018; Lin et al., 2021). However, for the scope of this project only ductal carcinoma in-situ 

(DCIS) will be further expounded.  

 

When the cells that line the milk ducts of the breast have become cancerous, but have not spread 

to the surrounding tissue in the breast this type of breast cancer is known as ductal carcinoma 

in-situ (DCIS) (Figure 13) 
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Figure 13. Illustration of Ductal Carcinoma In-Situ (DCIS). 

https://www.cancer.gov/publications/dictionaries/cancer-terms/def/ductal-carcinoma-in-situ 

Some scientific reports suggest that the formation or development of these cancers (DCIS and 

IDC) starts from hyperplasia, which occurs because of the disruption of the normal processes 

that cause the development and growth of normal cells leading to an overproduction of normal 

looking cells. This then continues until a surplus of normal-looking cells are produced and 

stack upon each other forming an abnormal appearance this process is known as atypical 

hyperplasia. This is not yet cancer, however it increases the chances of a patient developing 

cancer in the future. The normal looking (abnormal) cells continue to develop into a more 

advanced condition and multiply advancing into in situ cancer. In this state the cancer is still 

confined within the milk ducts. When these abnormal cells amass within the duct and continue 

to multiply and advance to became an even more aggressive cancer known as invasive ductal 

cancer (IDC) (Figure 14). Over 70 – 80% of all breast cancer is as a result of IDC (Eliyatkin 

et al., 2015). 
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Figure 14. Ductal hyperplasia and invasive ductal cancer (Irshad, 2014) 

 

Studies done by researchers show that about 7% of women diagnosed with atypical hyperplasia 

may develop breast cancer 5 years after being diagnosed with ADH (Hartmann et al., 2014). 

The number of women that may be affected has been observed to almost double as the number 

of years after diagnosis increases. Researchers have found that for every 100 women disgnosed 

with hyperplasia about 30 of them can be expected to develop breast cancer within 25 years. 

(Hoda and Hoda, 2005; Hartmann et al., 2014; Hartmann et al., 2015) . Some studies however 

claim there is no direct proof that epithelial hyperplasia and atypical hyperplasia (ADH) are 

direct precursors to ductal carcinoma in situ or invasive carcinoma (Rosai, 1991; Tavassoli, 

1998). Thus, rejecting the use of the terms intraepithelial neoplasia and ductal intraepithelial 

hyperplasia which insinuate the continuous progression from epithelial hyperplasia to ductal 

carcinoma in situ (Sloane et al., 1999) (Figure 14). 
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Breast cells consists of proteins called hormone receptors. These hormones are essential for 

cell growth in the breast. The hormone receptors commonly found in breast cells are known as 

estrogen receptor (ER), progesterone (PR) and human epidermal growth factor receptor 2 

(HER2). HER2 is overexpressed in 20% of all breast cancer (Maennling et al., 2019). When 

these different types of breast cancer arise, there is usually an over-expression of some or all 

of these hormones in the infected breast (Gebre-Medhin et al., 2001). Though a majority of 

breast cancers show an upregulation of ER and PR there are some that show none. 

 

The type of breast cancer that have receptors (protein) for estrogen and progesterone are known 

as ER and PR positive breast cancers. There are also some breast cancers that are positive to 

all 3 hormones. Those types of breast cancer are known as triple positive breast cancers. These 

types of cancers have proteins in their cells for all the hormones (ER, PR and HER2). They use 

these hormones to help them grow, multiply and spread. These types of breast cancers have 

proteins which can be easily treated by simply lowering the levels of that specific hormone or 

by stopping it using target specific drugs like tamoxifen. In a case of estrogen positive breast 

cancer drugs like tamoxifen are used to block estrogen from connecting to the cancer cells and 

this in turn stops them from growing and dividing further. 

 

There are many accepted and experimental therapies for these types of cancers  (Rosai, 1991). 

There is however a type of breast that does not have estrogen or progesterone (ER and PR) 

receptors in its cells and also doesn’t have any receptors for the protein HER2, this type of 

breast cancer accounts for about 10-15% of all breast cancers. This cancer is known as triple 

negative breast cancer (TNBC). This invasive breast cancer tends to be commonly found in 

black women under the age of 40 years (Huo et al., 2009; Stead et al., 2009; Jhan and 

Andrechek, 2017; Li et al., 2017; Siddharth and Sharma, 2018;). Triple negative breast cancer 

(TNBC) is more aggressive and has a faster growth rate with exacerbated risk of metastasizing, 

it is non-responsive to the commonly used drugs to treat cancer thus its treatment options 

include chemotherapy, surgery and/or radiation therapy (Al-Mahmood et al., 2018).  
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1.3. Previous reported biological activity of Erythrina caffra extracts and 

compounds 

 

The genus Erythrina, a member of the Fabaceae family, subfamily of Papilionideae consists of 

over 108 species of red or orange flowered trees, shrubs and herbaceous plants. The genus is 

mostly found along the tropical and the sub-tropical regions of the world (Raven, 1974). 

Erythrina species are famous for their good biological activities. These species are used 

traditionally to treat a number of diseases like tuberculosis, malaria, inflammation, anaemia 

and jaundice (Saidu et al., 2000; Lee et al., 2009; Schultz et al., 2020). Numerous studies have 

conducted biological testing and have confirmed the traditional uses of the Erythrina species 

(Musau, Mbaria and Gakuya, 2006; Lillian Mukandiwa, 2012).  

 

Erythrina caffra which is commonly known as a coral tree (English); “kuskoraalboom” 

(Afrikaans); “umsinsi” (Zulu); “umsintsi” (Xhosa) with the scientific name Erythrina caffra 

Thunb. is a medium-sized to large deciduous subtropical tree that is indigenous to South Africa. 

Its warm red to scarlet-coloured flowers which mostly appear in from winter to spring are what 

makes this tree more distinctive. It is mostly found in the warm frost-free coastal regions of the 

Eastern cape and in the light frost coastal regions of Northern KwaZulu-Natal. This species can 

be found in different type of soils from wet, well-drained, humus-rich to dry, clayey soils in 

most cases. The size of this tree is determined by the climate and the soil type (Hutchings, 

1997; Macintyre, 2020).  

 

As other  species in its genus, E. caffra is also popular for its strong biological activities (Kone, 

Solange and Dosso, 2011). The bark of E. caffra is traditionally used by the indigenous people 

of South Africa to treat a myriad of diseases like sores, tuberculosis, respiratory infections, 

arthritis, abscesses and toothache (Chukwujekwu et al., 2016; O. O. Olajuyigbe, 2012). While 

infusions of the leaves can be used to treat ear infections, they are also used as a paste for 

urinary infections and venereal diseases. The decoctions of the roots are used for sprains.  

 

Various crude extracts from the bark of this plant have shown to possess strong antibacterial, 

antifungal and antitumor activity in-vitro. The acetone extract from E. caffra stem bark was 

found to consist of moderately good antibacterial activity against Staphylococcus aureus and 

good antifungal activities (Olajuyigbe, 2012). Impressive antibacterial activities were also 
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found in the ethanol and ethyl acetate extracts (Pillay et al., 2001; Olajuyigbe and Afolayan, 

2012). The ethanol extract was also found to consist of good anticancer activity (Hsu et al., 

2016). Compounds isolated from this plant have also shown remarkable antibacterial and anti-

oxidant activities. Flavonoids isolated from the stem bark of E. caffra have been tested in-vitro 

and proved to possess strong antibacterial activities (Olajuyigbe and Afolayan, 2012) Error! 

Reference source not found.. Flavonoids like Error! Reference source not found.a isolated 

from E. caffra have been also reported to have good antibacterial activity (Chukwujekwu et 

al., 2011; Desta, Sewald and Majinda, 2016; Farhadi et al., 2019). Compounds like Error! 

Reference source not found.c have also been found to consist of anticancer activity (Desta, 

Sewald and Majinda, 2016).Previous reports show the promising antibacterial, antifungal and 

anticancer activity of various extracts from different parts of E. caffra individually. However, 

no studies have been found to report the biological activity of concoctions from different parts 

of E. caffra. In the present study anticancer, antibacterial, anti-oxidant, anti-enzymatic 

activities and the cytotoxicity of different E. caffra extracts, fractions, concoctions and isolated 

compounds were tested against medically important pathogens. 

 

Quantitative phytochemical analyses done by previous investigators on E. caffra extracts has 

revealed that this species is a rich source of natural products (El-Masry et al., 2010a; Wintola 

et al., 2021). A myriad of different classes of compounds have been previously isolated from 

this species including alkaloids (hyperphorine), flavonones (euchrenone b10), isoflavonones 

(alpinumisoflavone), triterpenoids (oleanolic acid), sterols (stigmasterol) and hydroxycinnamic 

acids (coumaric acids). These are the classes of compounds with some of the previously 
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isolated compounds from this species (Amer et al., 1991; El-Masry et al., 2010a; Desta and 

Majinda, 2014). 

 

Figure 15. Some bioactive compounds isolated from Erythrina caffra 
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1.4. Study objectives  

 

The aim of this study was to conduct an investigation for the anticancer, anti-oxidant, anti-

enzymatic, antibacterial activity and cytotoxicity of the crude extracts, fractions, concoctions 

and isolated compounds of E. caffra as well as to characterize and identify the isolated 

compounds  

The objectives of the study were to: 

 

a) Extract alkaloidic fractions (B2 and B3) and a neutral fraction (B4) 

from the crude stem bark extract of E. caffra (B1). 

b) Isolate the compounds through column and Preparative Thin Layer 

Chromatography and characterize them using LC-ESI-MS, NMR and 

IR. 

c) Carry out the biological assay on the isolated compounds to test their: 

i. Activity against cancer cells (HCC-70). 

ii. Activity against bacterial pathogens. 

d) Carry out biological assays on the crude extracts and fractions from E. caffra 

to test their: 

i. Activity against cancer cells (HCC-70). 

ii. Anti-oxidant activity. 

iii. Anti-enzymatic activity. 

iv. Activity against bacterial pathogens. 

v. Cytotoxicity against HeLa cells. 

e) Visualize the interrelationship between extracts and fractions using 

their MS data and putatively identify potential derivatives available in 

the samples through molecular networking (using Cytoscape). 

f) Study the interaction of some of the isolated compounds with the 

pathogens’ proteins through molecular docking. 
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Chapter 2. Results and discussion  
 

2.1. Extraction and fractionation 

The brown crude extract from the stem bark (B1, 20.795 g) was used to extract two alkalodic 

fractions (B2 and B3) and a neutral fraction (B4) (Table 3). The neutral fraction (B4) was then 

separated by gradient elution using a column chromatography yielding a number of 

subfractions which were pooled based on their TLC profiles to obtain 8 subfractions. 

 

Table 3. Fractions obtained from the crude extract from the stem bark 

Name of fraction Mass (g) Solvent used (%) 

B1 20.79 Methanol 

B2 0.155 Ethyl acetate 

B3 0.161 n-butanol 

B4 20.08 Ethyl acetate 

 

2.2. Phytochemical screening 

 

In order to better understand the behaviour of the fractions and extracts from E. caffra they 

were phytochemically screened for their respective phytochemicals using the methods outlined 

in Section  3.4. Table 4 shows the results obtained from the phytochemical screening of the E. 

caffra extract and fractions. In Table 4 the screening of B1 did not give a positive response to 

the alkaloidic test even though it is a crude extract from which the alkaloidic fractions were 

taken. This might be because, in the crude extract the alkaloids were a relatively significantly 

small proportion such that they were present below the limit of detection of this very crude 

technique and could not give a positive test. However, B2 and B3 gave a strong positive test 

for alkaloids, this might be because since the B2 and B3 fractions were concentrated alkaloidic 

fractions with the major steroid components removed. The alkaloids were overexpressed such 

that they could give a positive test for alkaloids. The other fractions tested negative for 

alkaloids.  
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Table 4: Phytochemical screening of E. caffra extracts and fractions 

Fractions and 

extracts 

Classes of secondary metabolites 

 Steroids  Alkaloids  Phenolics Flavonoids  

B1 + - + + 

B2 - + + - 

B3 - + + + 

B4 - - - + 

SA2 + - + + 

(+): positive for the tested class, (-): negative for the tested class. 

 

Further separation of the neutral fraction (B4) yielded three compounds which were dried, 

weighed and tested for their melting points. The obtained results are shown in Table 5. 

Compound Isolated mass  Melting point 

1 17.1 210-215℃ 

2 21.3 210-215℃ 

3 65.2 145-146℃ 

 

2.3. Structure elucidation of isolated compounds 

 

The neutral fraction was identified for further study because it the results from its 

phytochemical screening exhibited different classes of compounds which had a potential of 

being bioactive. Compounds of different classes were isolated from the neutral fractions (B4) 

of the crude extract. The first two compounds were faintly visible in TLC analyses under UV 

however, when the TLC plate was sprayed with an acid reagent, they were more prominent. 

These were characterized as terpenoid and steroid, respectively. Compound 1 was found to be 

a pentacyclic triterpenoid, whereas compound 2 was characterized as a type of 3β sterol. 

Terpenoids are known to give dark purple spots when sprayed with a vanillin-sulphuric acid 

solution (Gogoi et al., 2016).  

 

Table 5: Compounds isolated from Erythrina caffra  
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Compound 3 was characterized as a flavanone and was visible under UV light due to the 

presence of the high conjugation within its structure. This meant that this compound absorbed 

within the visible region of the electromagnetic spectrum (Pavia et al., 2000) and were visible 

on the TLC plates altogether, indicating the presence of aromatic rings. 

 

To elucidate the structures of the isolated compounds, their HR-ESI-MS, NMR (1H, 13C, DEPT 

135, COSY, HMBC, HSQC, and NOESY) as well as IR spectral data were obtained and 

interpreted. 

 

2.3.1. Structure elucidation of compound 1  

 

Compound 1 was isolated as a white amorphous powder with a melting point of 210-215°C. 

 

HR-ESI-MS of compound 1 (Appendix 3.1: Mass spectrum for compound 1) detected in the 

positive mode at m/z = 427.1622 [M+H]+ (calculated for C30H51O+: 427.3934). Corresponding 

to the molecular formula C30H50O. The molecular formula indicated the presence of six degrees 

of unsaturation.  

 

The IR spectrum of compound 1 (Appendix 1.1.1: Infrared for compound 1) presented strong 

absorption bands at 3372.8 (OH stretch), 2917.4  (aliphatic C-H stretch), 1713.3 (C=C 

aliphatic) this data correlated with  (Emaikwu et al., 2020). 
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The 13C NMR (Error! Reference source not found.) and DEPT 135 spectra (Appendix 2.1.1: 

DEPT-135) of compound 1 exhibited thirty carbon atoms, including two olefinic carbon signals 

at 150.8 (C-20) and 109.2 (C-29) and one oxymethine at dC 78.9 (C-3). 

 

The 13C NMR data further revealed signals for six quaternary carbons at δc 38.5 (C-4), 40.7 

(C-8), 37.0 (C-10), 42.7 (C-14), 42.8 (C-17), and 150.8 (20); eleven methylenes (CH2) at δc 

38.7, 27.3, 18.2, 34.1, 20.8, 25.0, 27.2, 35.4, 29.5, 39.8, 109.2 and seven methyl (CH3) groups 

at δc 27.8, 15.4, 15.8, 15.9, 14.4, 17.8 and 19.1. The experimental values were compared with 

the published values, and they were consistent with the compound previously reported to be 

lupeol (Gandagule et al., 2018; Imam et al., 2007). 

 

The chemical shifts at δc 109.2 and 150.8 (C-29 and C-20) indicated the presence of both an 

olefinic methylene group and a quaternary carbon, respectively (Shwe et al., 2019). The 

chemical shift at δc 78.9 was assigned as an oxymethine due to it appearing more downfield as 

a consequence of high deshielding effect caused by the oxygen atom from the hydroxyl group. 
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Figure 16. 13C NMR spectrum (in CDCl3) of compound 1 

 

On the 1H NMR spectrum (Error! Reference source not found.) of compound 1, the protons 

of the methyl group at δH 1.68 (H-30) showed a signal more downfield than it is expected of a 

methyl group, however this unusual behavior is indicative of an adjacent aliphatic olefin (C=C) 

group near the methyl group which causes it to resonate downfield (Shwe et al., 2019). 

 

 
Figure 17. 1H NMR spectrum (in CDCl3) of compound 1 

 

The protons resonating at δH 4.50 and 4.62 (H-29a and 29b) were the most deshielded in the 

spectrum and were assigned as the exo methylene hydrogens from the double bond between C-

29 and C-20 (δC 109.2 and 150.8).  This was mainly due to the deshielding effect of the alkene 

group. The π electrons in the alkene group have higher electron density compared to sigma 

bonds which in turn produces a larger internal magnetic field which ultimately leads to peaks 

appearing downfield (higher chemical shift). However, it seems like this magnetic field was 

shared non-uniformly as the protons have different chemical shifts (Yuan et al., 2022). These 
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two protons were not isochronous, they behaved like diastereotopic protons. They seemed to 

have undergone a geminal splitting giving off two doublets, this showed that they were not 

chemically equivalent (Abel, 2020). This is expected since one is trans to the ring and the other 

is cis. 

 

 

The rest of the protons were assigned to their respective carbons with the help of the HSQC 

spectrum. The HSQC spectrum (Appendix 2.2.4: HSQC) showed that the proton at δH 5.30 

(br.s, 3-OH) was most likely from the hydroxyl group as it was not correlated to any of the 

carbon atoms present on the HSQC (Appendix 2.2.4: HSQC) .  

 

In the COSY spectrum (Appendix 2.2.2: COSY)the following correlations were found 

between the proton at δH 1.20 (H-9) and the protons at δH 1.40 and 1.25 (H-11); as well as the 

proton at δH 1.30, 1.91 (H-21), 2.31 (H-19). These correlations indicate that protons H-9 and 

H-11 couple each other, also proton H-19 and H-21 couple each other. The correlation between 

the protons at δH 1.65 and δH 1.36 revealed coupling between the H-13 and H-18. The COSY 

also showed a correlation between the two protons at δH 4.50 and 4.62 (H-29a and H-29b).  

The HMBC spectrum (Appendix 2.2.3: HMBC) showed that the singlet assigned to the methyl 

group at δH 0.89 (H-23) was correlating with the carbon atom at δC 38.5 (C-4), it also showed 

correlation from the singlet at δH 0.76 (H-24) to the carbon atom at δC 38.5 (C-4), confirming 

that this was a quaternary carbon. The proton at δH 1.45 (H-19) displayed a strong correlation 

with the carbon signal at δC 150.8 (C-20) and the carbon signal at δC 29.5 (C-21). The 

correlation on the HMBC spectrum from the proton at δH 1.45 (H-19) to the carbon signal at 

δC 150.8 (C-20) suggested that there is a bond between C-19 and C-20.  

The HMBC spectrum also further depicted correlations from the proton at δH 1.25 (H-9) to the 

carbon resonating at δC 37.0 (C-10), the singlet at δH 0.83 (H-25) to the carbon resonating at δC 

37.0 (C-10) and the proton at δH 0.67 (H-5) to the carbon at δC 37.0 (C-10) confirming that C-

10 is connected to C-5 as well as C-9. The proton at δH 1.17 (H-22) as well as the singlet at δH 

0.79 (H-28) showed strong correlation to the carbon atom at δC 42.8 (C-17) suggesting that C-

17 is probably bonded both to C-22 and C-28 as well as C-16. More correlations indicated by 

the HMBC are shown in Error! Reference source not found..  
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Table 6. The 1H (400MHz) and 13C (400MHz) spectral data of compound 1 measured in 

CDCl3; d  in ppm, J in Hz.  

Position dH (multiplicity, J in Hz) 13C (dc) COSY HMBC 

1 0.89(o, 1H), 1.57 (o, 1H) 38.7 1.53, 165 37.0, 27.3 

2 1.53, 1.65(o, 1H) 27.3 1.53, 3.12 38.7, 79.9 

3 3.12(dd, J = 11.2, 5.0) 79.9 1.53, 1.65 27.3, 38.5 

4 - 38.5 - - 

5 0.62(o, 1H) 55.1 1.36, 1.53 38.5, 18.2, 37.0 

6 1.36(, 1H), 1.53(o, 1H) 18.2 1.39 55.1, 34.1 

7 1.39(o, 1H) 34.1 1.36, 1.53 18.2, 40.7 

8 - 40.7 - - 

9 1.17(o, 1H) 50.3 1.20, 1.40 40.7, 37.0, 20.8 

10 - 37.0 - - 

11 1.20(o, 1H), 1.40(o, 1H) 20.8 1.07, 1.55 50.3, 25.0 

12 1.07(o, 1H), 1.55 (o, 1H) 25.0 1.65, 1.20 20.8, 37.9 

13 1.65(o, 1H) 37.9 1.27, 1.07 25.0, 42.7, 48.1 

14 - 42.7 - - 

15 1.05(o, 1H), 1.60 (o, 1H) 27.2 1.33, 1.46 42.7, 35.4 

16 1.33(o, 1H), 1.46(o, 1H) 35.4 1.05, 1.60 27.2, 43.0 

17 - 42.8 - - 

18 1.27(o, 1H) 48.1 1.65, 2.31 37.9, 42.0, 47.8 

19 2.31(o, 1H) 47.8 1.27, 1.30, 

1.91 

48.1, 150.8, 

29.5 

20 - 150.8 - - 

21 1.30 (o, 1H), 1.91(m, 1H) 29.5 2.31, 1.17, 

1.37 

47.8, 39.8 
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22 1.17(o, 1H), 1.37(o, 1H) 39.8  42.8, 29.5 

23 0.89(s, 3H) 27.8 - 38.5 

24 0.69(s, 3H) 15.4 - 38.5 

25 0.76(s, 3H) 15.9 - 37.0 

26 1.03(s, 3H) 15.8 - 40.7 

27 0.87(s, 3H) 14.4 - 42.7 

28 0.79 17.8 - 42.8 

29 

 

4.50(d, J = 1.0, 1H) 

4.62(d, J = 2.1, 1H) 

109.2 4.50, 4.62 150.8 

30 1.61(s, 3H) 19.1 - 150.8 

s = singlet, d = doublet, o = overlap, m = multiplet 

 

A study by Shwe and colleagues (Shwe et al., 2019) has reported spectral data of lupeol that is 

similar to the one presented in this study Table 7.  

 

Table 7. 13C-NMR Data of compound 1 and lupeol (Shwe et al., 2019) 

Position Compound 1 δc Lupeol δc 

1 38.7 38.9 

2 27.3 27.3  

3 79.9 78.9  

4 38.5 38.7  

5 55.1 55.3  

6 18.2 18.3  

7 34.1 34.3  

8 40.7 40.8 

9 50.3 50.4 

10 37.0 37.2 

11 20.8 20.9 

12 25.0 25.1 

13 37.9 38.1  

14 42.7 42.8  

15 27.2 27.4 
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16 35.4 35.6 

17 42.8 42.9 

18 48.1 48.3 

19 47.8 47.9 

20 150.8 150.9 

21 29.5 29.8 

22 39.8 39.9 

23 27.8 27.9 

24 15.4 15.4 

25 15.9 16.1 

26 15.8 15.9 

27 14.4 14.6 

28 17.8 17.9 

29 109.2 109.1 

30 19.1 19.3 

 

The structure of compound 1 was found to be identical to that of lupeol, a pentacyclic 

triterpenoid (Shwe et al., 2019; Emaikwu et al., 2020) (Figure 18). This compound has been 

previously isolated from most Erythrina species including but not limited to Erythrina 

senegalensis (Tchuente Djoko et al., 2021) Erythrina excelsa (Kwamou et al., 2015) and 

Erythrina caffra (Chukwujekwu et al., 2016) 
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Figure 18. Structure of compound 1  

 

2.3.2. Structure elucidation of compound 2 

 

Compound 2 was isolated as a white solid; melting point was 161-165°C.  

HR-ESI-MS of compound 2 (Appendix 3.2: Mass spectrum for compound 2) detected in the 

positive mode at m/z = 413.2669 [M+H] + (Calculated for C29H49O+: 412.3778) corresponding 

to the molecular formula of C29H48O. The molecular formula depicted the presence of six 

degrees of unsaturation.  

 

The IR spectrum of compound 2 (Appendix 1.1.2: Infrared for compound 2) presented strong 

absorption bands at 3396 (OH stretch), 2925 (C-H stretch), 2851.8, 1647.7 (C=C stretch) and 

1045 (C-O stretch).  

The 13C NMR (Error! Reference source not found.) and DEPT spectra (Appendix 2.2.1: 

DEPT-135) indicated compound 2 to have twenty-nine carbon atoms. The NMR data further 

revealed that three of these carbons were quaternary carbon atoms at δC 140.9 (C-5), 36.6 (C-

10) and 42.4 (C-13); nine were methylene groups at δC 37.4 (C-1), 32.1 (C-2), 42.4 (C-4), 31.8 

(C-7), 21.2 (C-11), 39.8 (C-12), 24.5 (C-15), 29.3 (C-16) and 25.6 (C-28); ten methines and 
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six methyl groups. The spectral data of compound 2 was compared with literature values and 

found to be consistent with reported stigmasterol (Pateh et. al., 2009).  

In the 13C NMR spectrum (Error! Reference source not found.), the carbon atom at δC 72.0 (C-

3) confirmed the presence of a hydroxyl group attached to compound 2. The chemical shifts at 

δC 140.9, 121.9, 138.5 and 129.4 (C-5, C-6, C-22 and C-23 respectively) were indicative of the 

presence of two double bonds in the structure of compound 2, as they were highly deshielded. 

This was further supported by the HSQC spectrum (Appendix 2.2.3: HMBC) which exhibited 

strong correlations from these carbons to protons that were highly deshielded for instance the 

proton at δH 5.34 (H-6) with the carbon atom at δC 121.9 (C-6). The HSQC also displayed a 

correlation from the proton at δH 3.53 (H-3) to the carbon atom at δC 72.0 (C-3) indicating that 

these two atoms are bonded and no correlation found from the proton at δH 6.21 (3-OH) to any 

carbon atom indicated that it is bonded to a heteroatom. 

 

Figure 19 13C NMR spectrum (in CDCl3) of compound 2 

In the 1H NMR (Error! Reference source not found.) the signal at δH 6.21 can be assigned to 

hydroxyl proton. The HMBC (Appendix 2.2.3: HMBC) showed a strong correlation from the 
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proton at δH 1.60 (H-2/H-4) to the carbon atom at δC 72.0 (C-3) suggesting that these atoms are 

two bonds apart, this signal could belong to either H-4 or H-2. This was corroborated by the 

strong correlations shown between the proton at δH 1.60 with the one at δH 3.52 (H-3) in the 

COSY spectrum. The HMBC spectrum revealed a strong correlation from the proton at δH 1.60 

to the carbon atom at δC 140.9 (C-5), indicating that the proton at δH 1.60 belongs to H-4. More 

correlations indicated by the HMBC are shown in   
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Table 8. 

 

 

Figure 20. 1H NMR spectrum (in CDCl3) of compound 2 

Correlations depicting 1H-1H coupling and more correlation from HMBC which led to the 

identification of compound 2 are displayed in   
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Table 8 below. 
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Table 8. The 1H (400MHz) and 13C (400MHz) spectral data of compound 2 measured in 

CDCl3; d  in ppm, J in Hz 

Position dH (multiplicity, J in 

Hz) 

13C (dc) COSY HMBC 

1 - 38.7 - 32.1, 36.6 

2 - 32.1 3.52 38.7, 72.0 

3 3.52 (ddd, 4.5, 4.2, 3.8) 72.0 - 32.1, 42.4 

4 - 42.4 - 72.0, 140.9 

5 - 140.9 - - 

6 5.35 (t, 6.0, 1H) 121.9 - 140.9, 31.8 

7 - 31.8 5.35 121.9, 31.8 

8 - 31.8 - 31.8, 50.3, 56.9 

9 - 50.3 - 31.8, 36.6, 21.2 

10 - 36.6 - - 

11 - 21.2 - 50.3, 39.8 

12 - 39.8 - 21.2, 42.4 

13 - 42.4 - - 

14 - 56.9 - 31.8, 42.4, 24.5 

15 - 24.5 - 56.9, 29.3 

16 - 29.3 - 24.5, 56.2 

17 - 56.2 - 42.4, 29.3, 40.7 

18 0.70 (s, 3H) 12.2 - 36.6 

19 1.00 (s, 3H) 18.9 - 42.4 

20  40.7 5.01 56.2, 21.4, 138.5 

21 0.93 (d, 6.5, 3H) 21.4  40.7 

22 5.01 (m, 1H) 138.5 5.15 40.7, 129.4 

23 5.15 (m, 1H) 129.4 - 138.5, 45.9 

24  46.0 5.15 129.4, 29.9, 25.6 

25 - 29.9 0.82, 0.80 46.0, 20.0, 19.6 

26 0.82(d, 1.5, 3H) 20.0 - 29.9 

27 0.80 (d, 7.0, 3H) 19.6 - 29.9 

28  25.6 0.84 46.0, 12.1 
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29 0.84(t, 3.7, 3H) 12.1 - 25.6 

 

The structure of compound 2 (Error! Reference source not found.) was found to be identical 

to that of stigmasterol a 3ß sterol which is a member of phytosterols (Glastonbury, 2013). This 

compound has been previously isolated from Erythrina species like Erythrina indica 

(Nkengfack et al., 2001), Erythrina stricta (Singh et al., 1981), as well as Erythrina 

poeppigiana (Noudou, Nkengfack and Mbazoa, 2018). Spectral data which are similar to the 

one observed in   
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Table 9 have been reported before (Chaturvedula and Prakash, 2012). This helped with 

assigning the chemical shifts of compound 2.  
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Table 9. 13C-NMR Data of compound 2 and stigmasterol (Chaturvedula et al., 2012) 

Position Compound 2 δc Stigmasterol δc 

1 38.7 37.6 

2 32.1 32.1 

3 72.0 72.1 

4 42.4 42.4 

5 140.9 141.1 

6 121.9 121.8 

7 31.8 31.8 

8 31.8 31.8 

9 50.3 50.2 

10 36.6 36.6 

11 21.2 21.5 

12 39.8 39.9 

13 42.4 42.4 

14 56.9 56.8 

15 24.5 24.4 

16 29.3 29.3 

17 56.2 56.2 

18 12.2 12.2 

19 18.9 18.9 

20 40.7 40.6 

21 21.4 21.7 

22 138.5 138.7 

23 129.4 129.6 

24 46.0 46.1 

25 29.9 29.6 

26 20.0 20.2 

27 19.6 19.8 

28 25.6 25.4 

29 12.1 12.1 
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Using HMBC (Appendix 2.2.3: HMBC) and the HSQC (Appendix 2.2.4: HSQC) correlations 

the structure of compound 2 was confirmed to be as suggested in Error! Reference source 

not found.. 

 
Figure 21. Structure of compound 2 
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2.3.3. Structure elucidation of compound 3  
 

This compound was isolated as a yellow amorphous solid with a melting point range of 146-

149 ℃. 

HR-ESI-MS of compound 3 (Appendix 3.3: Mass spectrum of compound 3) detected in the 

positive mode at m/z = 423.1176 [M+H] + (calculated for C26H31O5+:423.2166) corresponding 

to the molecular formula C26H30O5. The molecular formula depicted the presence of twelve 

degrees of unsaturation.  

 

The IR spectrum of compound 3 (Appendix 1.1.3: Infrared for compound 3) revealed strong 

absorption bands at 3266 (OH stretch), 2962 (C-H stretch) and 1726 (C=O stretch) these data 

corresponded with data obtained by previous investigators (Yenesew et al., 1998) 

 

 

The 13C NMR spectrum (Figure 22) and DEPT spectrum () showed a total of twenty-six carbon 

atoms present in the structure of compound 3. These included four methyl groups (C-4”, C-5”, 

C-4’”and C-5’”), one methoxy group OCH3 at δC 60.7; three methylene groups at δC 42.9 (C-

3), 28.2 (C-1”) and δC 28.2 (C-1’”), seven methine groups (C-2, C-6, C-8, C-2’, C-6’, C-2”, C-

2’”) and eleven quaternary carbons (C-4, C-5, C-7, C-9, C-10, C-1’, C-3’, C-3”, C-4’, C-5’, C-

3’”) .  

Amongst these signals, the carbon atom at δC 79.1 was identified as C-2 as it was more 

downfield due to the high deshielding effect caused by the oxygen atom directly bonded to C-

2. In addition to this, the signal appearing at δC 42.9 (C-3) suggests that it is not a methyl group 

as it is more downfield compared to the other methyl groups and the signal at δC 196.0 (C-4) 

is characteristic of a ketone or an aldehyde. However, since there is no signal appearing far 

downfield in the 1H NMR spectrum this indicates that this is a ketone, and the signal at δC 42.9 

(C-3) is an α-carbon to the carbonyl carbon at δC 196.0 (C-4). This huge downfield shift is as 

a result of the induce electron circulation in the π bond.  The signals at δC 28.2 (C-1”/1”’), 

122.4 (C-2”/2”’), 132.6 (C-3”/3”’), 25.6 (C-4”/4”’) and 17.7 (C-5”/5”’), they were indicative 

of isoprenyl moieties (Tsafack et al., 2018). 

 



 51 

 
 

Figure 22. 13C NMR spectrum (in CDCl3) of compound 3 

 

In the 1H NMR spectrum (Error! Reference source not found.), the signal displayed at δH 

7.09 (s, H-2’/6’) were characteristic of 3’4’ and 5’ substituted B cycle of flavonoids. And the 

two resonances at δH 5.96 (d, J = 2.2, H-6/8) were characteristic of protons of the ring A of 

flavonoids.  

 

The HSQC spectrum (Appendix 2.3.4: HSQC) displayed lots of strong correlations like the 

proton at dH 2.68 (H-3eq), 3.01 (H-3ax) correlating with the carbon atom at dC 42.9 (C-3), the 

proton at dH 7.02 (H-2’/6’) correlating with dC 125.7 (C-2’/6’) which were in accordance with 

dihydroflavone-like structure. The proton at dH 3.38 (H-1”) correlating with the carbon at dC 

28.2 (C-1”), the proton at dH 5.28 (H-2”) correlating with the carbon dC 122.4 (C-2”), the proton 

at dH 1.68 (H-4”) correlating with the carbon at dC 25.6 (C-4”) and the proton at dH 1.66 (H-

5”) with the carbon at dC 17.7 (C-5”), supporting the presence of the isoprenyl moiety in the 

structure of compound 3. 
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Figure 23: 1H NMR spectrum (in CDCl3) of compound 3 

 

The COSY spectrum (Error! Reference source not found.) revealed a considerable number 

of proton-proton couplings, including the coupling between the proton at dH 5.23 (H-2) and 

2.68 (H-3) suggesting that these protons are adjacent to each other. The resonance at dH 5.96 

(H-6/8) in the 1H NMR (Error! Reference source not found.) did not have any correlations 

in the COSY spectrum (Error! Reference source not found.) suggesting that the 

corresponding proton is bonded to a carbon atom that is in between quaternary carbons.  

 

The HMBC spectrum (Appendix 2.3.3: HMBC) showed that the proton at dH 2.68 (H-3eq) 

was correlating with the carbon atom at dC 196.3 (C-4) suggesting that the carbonyl carbon was 

close to C-3. It also exhibited a strong correlation between a proton at dH 5.96 (H-6) and a 

carbon atom at dC 164.4 (C-5). Strong correlations are also present from the proton at dH 5.96 

(H-8) to the carbon at dC 163.1 (C-9). The lack of correlations to C-9, C-4, C-5, C-7 and C-10 

from any proton in HSQC (Appendix 2.3.4: HSQC) suggest that these carbon atoms are not 

connected to any protons. 
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The HMBC spectrum (Appendix 2.3.3: HMBC) also revealed correlations from the proton at 

dH 5.23 (H-2) to the carbon at dC 133.6 (C-1’), this was indicative of a bond between C-2 and 

C-1’. The proton at dH 7.02 (H-2’) was correlating with C-1’ suggesting that this proton was 

probably close to C-1’. Another correlation from the proton at dH 3.38 (H-1”) and the carbon 

at dC 135.5 (C-3’) and was observed in the HMBC spectrum (Appendix 2.3.3: HMBC) 

suggesting that C-3’ might be bonded to C-1”. The correlation exhibited from the proton at 

3.68 (4-OCH3) to the carbon at 156.7 (C-4’) supported the fixation of the methyl group on the 

hydroxyl at C-4’. This correlation was again seen between H-1”’ and C-5’ also between C-5’ 

and H-6’ suggesting that C-5’ might be bonded to both C-1’” and C-6’. The symmetrical spot 

of the proton at 7.02 (H-2’/6’) with the carbon at 126.0 (H-2’/6’) indicated the symmetry in the 

ring B. More correlations observed in the HMBC spectrum are presented in Table 10. 

 

Table 10. The 1H (400MHz) and 13C (400MHz) spectral data of compound 3 measured in 

CDCl3; d  in ppm, J in Hz. 

 

Position dH (multiplicity, J 

in Hz) 

13C (dc) COSY HMBC 

2 5.23 (o, 1H) 79.5 3.01 43.3 ,133.8 

3 3.01 (dd, J = 

17.0, 13.0 Hz, 

1H) 

2.68 (dd, J = 

17.2, 3.1 Hz, 1H) 

43.3 5.23 196.3, 79.5 

4 - 196.3 - - 

5 - 164.4 - - 

6 5.96 (d, J = 2.2, 

1H) 

96.7 - 164.4 

7 - 165.7 - - 

8 5.96 (d, J = 2.2, 

1H) 

95.6 - 165.7 

9 - 163.4 - - 

10 - 103.3 - - 
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1’ - 133.8 - - 

2’ 7.02 (s, 1H) 126.0 - 43.3 

3’ - 135.5 - - 

4’ - 156.7 - - 

5’ - 135.5 - - 

6’ 7.02 (s, 1H) 126.0 - 133.8 

1” 3.32 (d, J = 7.1, 

2H) 

28.5 5.23 126.0, 135.5 

2” 5.23 (o, 1H) 122.6 3.32 28.5 ,132.1 

3” - 132.1 - - 

4” 1.68 (s, 3H) 26.0 - 132.1 

5” 1.66 (s, 3H) 18.0 - 132.1 

1’’’ 3.32 (d, J = 7.1, 

2H) 

28.5 5.23 18.0, 122.6 

2’’’ 5.23 (o, 1H) 122.6 3.32 28.5 

3’’’ - 133.1 - - 

4’’’ 1.68 (s, 3H) 26.0 - 133.1 

5’’’ 1.66 (s, 3H) 18.0 - 133.1 

OMe 3.68 (s, 3H) 61.1 - - 

5-OH 12.00 (s, 1H) - - - 

 

Yenesew and colleagues (Yenesew et al., 1998) have reported spectral data which are similar 

to the one presented in this study (Table 11), it was used to help assign the chemical shifts. 

 

Table 11. 13C-NMR Data of compound 3 and abyssinone V 4’-methyl ether (Yenesew et al., 

1998) 

Position Compound 3 δc Abyssinone V 4’-methyl 

ether δc 

2 79.5 79.3 

3 43.3 43.0 

4 196.3 196.3 

5 164.4 164.2 

6 96.7 96.6 
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7 165.7 165.3 

8 95.6 95.6 

9 163.4 163.3 

10 103.3 103.0 

1’ 133.8 133.7 

2’ 126.0 125.9 

3’ 135.5 135.4 

4’ 156.7 156.4 

5’ 135.5 135.4 

6’ 126.0 125.9 

1” 28.5 28.4 

2” 122.6 122.5 

3” 132.1 133.0 

4” 26.0 25.7 

5” 18.0 17.9 

1’’’ 28.5 28.4 

2’’’ 122.6 122.5 

3’’’ 133.1 133.0 

4’’’ 26.0 25.7 

5’’’ 18.0 17.9 

OMe 61.1 60.9 

 

The data above suggests that the structure of compound 3 (Error! Reference source not found.) 

was more like that of abyssinone V 4’-methyl ether, a flavanone commonly found in Erythrina 

species (Ombito et al., 2018), (Tueche et al., 2018); (Yenesew et al., 2000). 
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Figure 24. Structure of compound 3 

 

2.4. Biological assays  

The biological screening of the isolated compounds, their respective extracts and fractions was 

conducted. The isolated compounds, extracts and fractions were evaluated for their anticancer 

activity using the triple-negative HCC-70 breast cancer cell line (Error! Reference source not 

found. and Figure 26), anti-oxidant activity (Figure 27). They also were assessed for their 

enzymatic inhibition potential ( 

Figure 28), antibacterial activity on Staphylococcus aureus, E. coli and cytotoxicity on HeLa 

cells (Figure 29 and Error! Reference source not found.). Activities of isolated compounds 

are reported as minimal half-inhibitory concentration values (IC50)  

 

2.4.1. In vitro Anticancer  

The isolated compounds 1, 2, 3 and the intractable mixture SN6(compound 2 mixed with an 

unknown), extracts and fractions were screened for potential anticancer activity using the 

triple-negative HCC70 breast cancer cell line, the results of this assay are presented in Error! 

Reference source not found.. Activities of the isolated compounds are reported as minimal 

half-inhibitory concentration values (IC50) and in all cases these values were determined in at 

least three independent experiments. 
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Figure 25. In vitro anticancer activity of isolated compounds and compound mixture. Where 

1 represents lupeol (compound 1), 2 represents stigmasterol (compound 2) and 3 represents 

abyssinone v-4’methyl ether (compound 3). SN6 is the unseparated mixture of compound 2 

and an unknown compound and paclitaxel (Ptx) is the positive control. 

 

The IC50 values were calculated based on the molecular weights of the structures of the isolated 

compounds. The anticancer evaluation results of the isolated compounds presented as IC50 in 

Error! Reference source not found. proved to be potent against the cancer cell line with the 

best IC50 values in the range of 18.05 µM and 9.045 µM. Among the isolated compounds 

compound 3 showed the best results inhibiting half of the cell growth with 18.05 µM.  This 

was followed by compound 2 which inhibited half the cell growth with 67.59 µM. Compound 

1 did not perform well having the highest IC50 (80.78µM). However, when the cancer cells 

were treated with the unseparated mixture of compound 2 and an unknown compound (SN6), 

the mixture managed to inhibit 50% of the cell growth with 9.045 µg/ml proving to be more 

toxic to the cancer cells compared to the individual activity of the other compounds. This may 

be suggestive of a synergistic effect of the two compounds, where the combination of the two 

compounds may affect different pathways making the treatment more effective (Cheon, 2021). 

A plethora of recent studies have reported the beneficial effect of the synergistic interaction of 

therapeutic agents, especially natural compounds as they are easily accessible and inexpensive, 

for treatment of multi-resistant bacterial infections or virulent malignancies like cancer ( 

Pezzani et al., 2019; Gupta, 2021; Li et al., 2021; Castañeda et al., 2022). This can also be 
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commonly found in modern medicine where cocktails of drugs are used to effectively treat 

multi-resistant cancer types (Gilad et al., 2021). 

 

The crude extract from the bark (B1) and fractions thereof (B2, B3 and B4) performed poorly 

in inhibiting the cancer cells (Figure 26) with the neutral fraction having effect at all on the 

cells. The crude extract from the bark however managed to kill over 30% of the cancer cells. It 

seems like there was not enough synergistic interactions within these fractions and extract to 

effectively inhibit the growth of cancer cells.  

 

 

 
Figure 26. Anticancer activity of E. caffra extracts and fractions. Where B1 is the stem bark 

crude extract, B2 is the ethyl acetate alkaloidic fraction, B3 is the butanolic alkaloidic 

fraction and B4 is the neutral fraction. 

 

2.4.2. Anti-oxidant activity 

 

Many diseases have been linked to the overproduction of free radicals (Pham-Huy, He and 

Pham-Huy, 2008; Auten and Davis, 2009; Bhat et al., 2015). The excessive production of free 

radicals and oxygen reactive species (ROS) has been found to cause oxidative stress (Lobo et 

al., 2010; Yang et al., 2011) which in consequence is linked with a variety of diseases like 

diabetes, Alzheimer’s disease and cancer (Hussain et al., 2003; Polidori et al., 2007; Asmat et 
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al., 2016).Furthermore synthetic anti-oxidants have been found to be dangerous for human 

health and that high doses might even cause DNA damage (Lourenço, Moldão-Martins and 

Alves, 2019; Amarachukwu Uzombah, 2022). Consequently, the need for the use of naturally 

occurring anti-oxidants has greatly regarded as a safe and effective alternative to prevent ROS 

induced diseases. 

 

The extracts and fractions of E. caffra were further evaluated for their radical-scavenging 

capacity and total anti-oxidant activity using DPPH; this, was done by determining the 

disappearance of free-radicals using a spectrophotometer. The results are presented in Figure 

27. When conducting the anti-oxidant activity of the extracts, ascorbic acid was used as a 

positive control. 

 

 

 
Figure 27. Anti-oxidant activity of E.caffra extract and fractions 

The crude extract from the bark showed relatively good anti-oxidant activity as compared to 

the other extracts with AO50 (amount required to provide atleast 50% anti-oxidant activity) of 

239.83 µg/mL. As the concentration of the extract and fractions increased the anti-oxidant 
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activity also seemed to increase. However, after the concentration at reached 500 µg/mL the 

activity seemed to have decreased slightly and after that it reached a plateau. This trend was 

observed in the extract and fractions used in the study. But this varied between extracts and 

fractions, for example the n-butanol alkaloidic fraction (B3) seemed to have a better AO50 of 

227.05 µg/mL and had a higher plateau as compared to the other fractions and extract. It also 

seemed to be closer in activity to the control (ascorbic acid). This was not expected alkaloids 

been reported to have good anti-oxidant activity (Maiza et al., 2007; Yin et al., 2016; Gan et 

al., 2017).  

 

The same behaviour was observed in the neutral fraction which had an IC50 of 247.58 µg/mL 

and mostly consisted of flavonoids, which are also known for their anti-oxidant activity. Both 

these fractions display more anti-oxidant activity at high concentrations as compared to the 

crude extract, this might be because the fractions were highly concentrated in flavonoids and 

alkaloids respectively and so this causes the fractions to display more anti-oxidant activity 

(Kefayati et al., 2017; Kiani, Arzani and Mirmohammady Maibody, 2021). 

 

The crude extracts and fractions from E. caffra seem to possess promising anti-oxidant activity 

and might be a good alternative for preventing ROS. In addition to this, the E.caffra extract has 

displayed no cytotoxicity towards the HeLa cells (Figure 29) this makes it an even better 

alternative.   

   

 

2.4.3. Anti-enzymatic: α-Amylase and α-Glucosidase  

The extracts and fractions from E. caffra were evaluated for their enzymatic activity on α-

amylase and α-glucosidase enzymes. The results of the in vitro experiment as percentage 

inhibition are presented in  

Figure 28. 
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Figure 28. Enzymatic activity compound 1 and extracts from E. caffra on α-amylase and α-

glucosidase. B1 represents the crude stem bark extract, B2 is the ethyl acetate alkaloidic 

fraction, B3 is the butanol alkaloidic fraction, ECSC is the E. caffra seed carp, ECS is the 

E.caffra seed and ECF is the E. caffra flower. 

 

Most of the E. caffra extracts and fractions seemed to be good inhibitors of the α-amylase 

enzyme with the n-butanol alkaloidic fraction (B3) from the bark extract exhibiting promising 

results and inhibiting over 49% of the α-amylase activity. However, it showed poor results 

against α-glucosidase and only inhibited about 17% of the enzyme’s activity. The crude extract 

from the seed (ECS) also showed promising inhibition percentage, inhibiting over 47% of the 

enzyme’s activity, but it also showed poor results for the α-amylase enzyme, in fact it did not 

inhibit its activity at all.  

 

This trend was observed in the extracts and fractions, they seem to inhibit the α-amylase 

enzyme relatively well but somehow, they were either not inhibiting the α-glucosidase or they 

did so to a much lesser extent. This is indicative of enzyme selectivity, in which an enzyme is 

more selective as to which substrate binds to it (Hedstrom, 2010). 
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2.4.4. Antibacterial assays and cytotoxicity  

Due to the small amounts of the isolated compounds, the antibacterial assays and related 

cytotoxicity assay were only conducted on the E. caffra crude extracts and fractions. The results 

presented in percentage viability of the cells is reported (Figure 29). 

 

 

 

Figure 29. Effects of E. caffra extracts, fractions and compound 1 on S. aureus, E. coli and 

cytotoxicity. A 20 µM of each sample was used in each assay and viability reported in %was 

used to measure the activity of each sample. B1 represents the crude stem bark extract, B2 is 

the ethyl acetate alkaloidic fraction, B3 is the butanol alkaloidic fraction, B4 is the neutral 

fraction, compound 1 is lupeol, SN6 is an unseparated mixture, ECF is the E. caffra flower, 

ECS is the E.caffra seed, and ECSC is the E. caffra seed carp. 

The extracts and fractions were studied for their antibacterial activity and displayed diverse 

degrees of inhibition activity against the tested bacteria and HeLa cells (Figure 29). It is evident 

from the results in Figure 29 that the tested Staphylococcus aureus bacteria was highly 

susceptible to three crude extracts (B1, ECF and ECS) and two fractions from the bark extract 

(B4 and SN6). The percentage of viability showed that there were significant differences 
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between the highly active extracts and fractions. Varying degrees of cytotoxicity against the 

HeLa cells were displayed across all the extracts and fractions used. However, the extracts and 

fractions used did not show any significant activity against the bacteria E. coli. 

 

Among the tested samples fraction B4 exhibited the strongest antibacterial activity against 

staphylococcus aureus (99% inhibition at 50µM). Compared to other extracts from Erythrina 

plants, this extract displayed one of the highest levels of antibacterial activity (Chitopoa et. al., 

2019; Sadgrove et al., 2020). This fraction was the one  that led to the isolation of  terpenoids 

and flavonoids in this study, therefore the antibacterial activity displayed by this fraction can 

be partly attributed to the presence of terpenes and flavonoids as they have been reported to 

have good antibacterial activity (Chukwujekwu et al., 2011; Fahmy et al., 2018) . This 

impressive antibacterial activity however, was probably due to the synergistic effect caused by 

the myriad of secondary metabolites present in this fraction (Desalegn Amenu, 2014). The 

cytotoxicity displayed by this fraction was relatively high, reducing the viability of the HeLa 

cells by more than 50% at a concentration of 50 µM, this may be due to some of the flavonoids 

present in this fraction (Yibralign Desta et. al., 2017). This fraction did not show any activity 

against the E. coli bacteria.  

 

The results also indicated that SN6 (unseparated mixture of compound 2 and an unknown 

compound which was confirmed through validation via TLC) was highly bacteriostatic (a 

chemical agent that stops bacteria from reproducing) against Staphylococcus aureus inhibiting 

over 98% of the cell activity. This mixture displayed extremely high levels of toxicity against 

since HeLa cells, since this mixture is separated from the neutral fraction, the high toxicity may 

be due to high levels of flavonoids as it tested positive for flavonoids (Table 4). Researchers 

are highly interested in natural compound mixtures that are believed to have multiple specific 

targets (Aung et al., 2017). This mixture also displayed extremely low inhibition for the E. coli. 

From these results, it can be seen that the further separation of the B4 fraction to obtain the 

SN6 mixture was detrimental to the antibacterial potential of SN6, as it did not only inhibit the 

bacteria cell growth very well but it also eliminated almost all of the HeLa cells. This 

counterproductive effect is the only factor that makes this mixture nonviable for any therapeutic 

consideration.  

The crude extract from the seed carp (ECSC) displayed impressive antibacterial activity. It 

inhibited more than 80% of the Staphylococcus aureus cell growth at a concentration of 50 

µM. It showed very little toxicity against the HeLa cells and no activity for the E. coli bacteria. 
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The crude extract from the flower (ECF) also displayed good antibacterial activity against 

Staphylococcus aureus inhibiting more than 70% of the cell growth, this extract also showed 

minimal damage to the HeLa cells.  

The crude extract from the bark (B1) showed moderately good antibacterial activity against 

Staphylococcus aureus inhibiting over 60% of the cell growth at a concentration of 50 µM. 

This extract did not cause any damage to the HeLa cells. It was also not active against the E. 

coli bacteria.   

The rest of the extracts either did not inhibit the bacteria cell growth or they did so poorly. They 

only behaved similar in the HeLa cells with some killing as many as 10% of the HeLa cells. 

Compound 1 also performed poorly, inhibiting less than 20% cell growth of the Staphylococcus 

aureus cells.  

These results were overall satisfactory as the extracts with the best antibacterial activity were 

found to be ones with less cytotoxicity and relatively good antibacterial activity. These extracts 

were found to be potential viable candidates for therapeutic considerations (Katiyar et al., 2012; 

Sama Fonkeng et al., 2015; Elisha et al., 2017; Chitopoa et. al., 2019). 
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Figure 30. Effects of different concoctions from E. caffra extracts and fractions and on S.  

aureus, E. coli and cytotoxicity. S1 is a mixture of B4 (8 µL) and B2 (16 µL), S2 is a mixture 

of B4 (8 µL) and B3 (16 µL), S3 is a mixture of B4 (8 µL) and ECSC (16 µL, N1 is a mixture 

of B4 (50µL) and B2 (50µL), N2 is a mixture of B4 (50µL) and B3 (50µL) and N3 is a mixture 

of B4 (50µL) and ECSC (50µL). 

The results obtained from testing antibacterial activity of the concoctions of different E. caffra 

extracts and fractions are presented in Error! Reference source not found.. The concoctions 

were prepared as outlined below. The mixtures seem to have performed exceptionally well as 

N3 inhibited more than 97% growth of S. aureus at (IC50 = 25µg/ml).  This mixture also showed 

minimal damage to the HeLa cells. However, it did not show any activity against the E. Coli. 

S3 also displayed excellent activity against S. aureus inhibiting over 96% of the bacterial cells 

with reduced damage to the HeLa cells. B2, which showed no activity when tested alone against 

the bacterial cells, showed a remarkable change when mixed with B4 with no damage to the 

HeLa cells whatsoever. The same can be said about ECSC, which also had low activity against 

S. aureus but when combined with B4, displayed better activity against S. aureus. It is also 
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worth mentioning that S1 behaved remarkable better in inhibiting the E. coli bacterial cells 

inhibiting over 48% of the E. Coli cells, which is a feat that each fraction did not even get close 

to. Figure 29 shows that both fractions B2 and B4 had no effect on E. coli. This trend can be 

observed through the mixtures in Error! Reference source not found..  

 

From the results on Error! Reference source not found., it can be seen that combining the 

extracts and fractions from different parts of E. caffra is not only effective in enhancing the 

activity of the mixture against a specific bacterium but can also significantly decrease its 

cytotoxicity, increasing its likelihood for practical therapeutic uses. To the best of our 

knowledge, this approach has not been tried before on E. caffra.   

 

2.5. Molecular networking 

 

The E. caffra bark crude extract, the fractions, as well as the seed seed extract were analysed 

using RP-LC-ESI-MS/MS. The resulting data were processed through a feature-based 

molecular networking workflow providing an overview of similarity between the MS2 spectra 

of all detected ion features as well as a list of library matches to public repository spectra. The 

finished GNPS (  

https://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=a773a662ce054e809045b29351a829a4) 

was visualized in Cystoscape (Ver 3.9.1). The nodes in the molecular network were organized 

into seven groups (A-G) based on molecular connectivity.  
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Figure 31. Clusters of interest of the feature-based molecular network of two chemically 

distinct extracts and fractions from Erythrina caffra. The putative annotations are as follows: 

(A) Isoquinoline alkaloids and Isoflavonoids; (B) Isoquinoline and amide derivatives; (C) 

Sesquiterpenes and triterpenoids; (D) Indole alkaloids; (E) Carpachromenes; (F) Isoflavonoids 

and flavonoids; (G) Prenylated flavanones. Node contributions correspond to peak area per 

sample. Increasing node size corresponds to greater peak area averaged across all extracts and 

fractions. Increasing edge width indicates greater spectral similarity. Isolated compounds are 

indicated by a blue border.  

 

 

Group A: Isoquinoline alkaloids and Isoflavonoids 

Group A of the molecular network in Error! Reference source not found. consists of features 

annotated as analogs of dehyrdronuciferine (m/z 298.1433) with the mass difference of ≈ +4 

a.m.u. to the parent compound most likely being due to substitution of one carbon with an 

oxygen resulting in [C18H20NO3]+ (-3.42 ppm). Interestingly, there haven’t been any prior 

reports on the isolation or identification of dehydronuciferine or closely related analogs from 
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this source. All the features in this group were dominated by contributions from the alkaloidic 

fraction (B2), which is consistent with the nature of the fraction. The main feature in this group 

had small contributions from the crude extract (B1), the seed extract (EC seed), n-butanol 

alkaloidic fraction (B3) and the neutral fraction (B4). In addition, the feature at m/z 266.1176 

was matched to 6,7-dimethoxy-1-phenyl-3,4-dihydro-isoquinoline and annotated as a 

desaturated analog ([C17H16NO2]+, -1.89 ppm) Error! Reference source not found..  

Isoquinoline alkaloids from the genus Erythrina have been studied before (Rambo et al., 2019), 

however there haven’t been any prior reports on the isolation or identification of 

dehydronuciferine or closely related analogs. The nodes of group A and B are connected to 

each other by the feature at m/z 296.1281 (putatively [C18H18NO3]+, -1.92 ppm), however, a 

spectral match to library entries was not found for this feature.  

Group B: Isoquinoline and amide derivatives 

The features in group B are related to those of group A and appear to be distinguished by the 

additional presence of C and O atoms. The feature at m/z 314.1389 ([C18H20NO5]+, -1.06 ppm) 

was matched to 6,7-dimethoxy-1-phenyl-3,4-dihydro-isoquinoline (Error! Reference source 

not found.), similarly to the feature at m/z 266.1176 in group A (Figure 39). Furthermore, the 

feature at m/z 344.1489 (putatively [C19H22NO5]+, -2.61 ppm) produced an analog match to 4-

epivulgarin ([C15H21 O4]+), suggesting some shared structural motifs. 

Group C: Sesquiterpenes and triterpenoids 

In this cluster a feature at m/z 209.1539 ([C13H21O2]+, -2.18 ppm) was matched to costunolide 

([C15H21O2]+, sesquiterpene lactone) with a mass difference of -24.00 amu (Error! Reference 

source not found.). Another feature at m/z 203.1799 ([C15H23]+, -0.37 ppm) was annotated as 

a derivative of bisabolol ([C15H27O-H2O]+, sesquiterpene) with a mass difference of 2.02 amu 

to the precursor m/z of the library entry (in source dehydration suspected) (Error! Reference 

source not found.). The features at m/z 309.2414 ([C19H33O3]+, -5.08 ppm) and m/z 295.2265 

([C18H31O3]+, -2.78 ppm) were annotated as derivatives of linoleic acid ([C18H31O2]+, omega-

3 fatty acid), respectively. Another feature at m/z 221.19 was annotated as carophyllene 

epoxide with an exact match ([C15H25O]+, -2.44 ppm) (Error! Reference source not found.). 

The feature at m/z 425.3779 ([C30H49O]+, -1.04 ppm) was matched to the triterpenoid 

allobetulinol ( [C29H50O2-H2O]+), while the neighbouring feature at m/z 407.3674 ([C30H47]+, -
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0.92 ppm) was matched to the tritepenoid uvaol ([C30H51O2]+) (Error! Reference source not 

found.). Both these features were most abundant in the n-butanol alkoidic fraction. 

Group D: Indole alkaloids 

This cluster is mostly dominated by features that were annotated as indole alkaloids. The 

feature at m/z 219.1125 ([C12H15N2O2]+, -3.89 ppm) was annotated as abrine. This feature was 

an exact match and abrine and its derivatives are very common among Erythrina species 

(Harborne, 1993; Kestwal and Bhide, 2007; El-Masry et al., 2010b). Contributions to this 

feature are exclusively from the crude extract and the alkaloidic fractions (B2 & B3), this is 

consistent with the nature of the fractions. This annotated tryptophan derivative had a dominant 

product ion at m/z 118.06 corresponding to the loss of the branch (-C3H5NO2). A reference 

spectrum for abrine (Figure 40) was found to have 15 shared peaks (cosine 0.85) with the 

detected spectrum.  

Group E: Carpachromene derivatives 

This group was found to consist of carpachromene derivatives, the feature at m/z 337.1072 

([C20H17O5]+, -1.18 ppm) was matched to carpachromene with 193 shared peaks (cosine 0.87). 

All the features in this group had contributions only from the crude extract and the neutral 

fraction (Error! Reference source not found.).   

Group F: Isoflavonoids and flavonoids 

The features in this group were annotated as isoflavonoids and flavonoids. Importantly, 

putative flavonoids were detected in all samples. The feature at m/z 419.1844 ([C23H27O5]+, -

3.46 ppm) was annotated as a derivative of kuwanon E ([C25H29O6]+). The reference spectrum 

of kuwanon E (Error! Reference source not found.) was found to share many peaks, but most 

importantly showed a dominant product ion at m/z 179.03 which matches the neutral loss of 

5,7-dihydroxychroman-4-one. Almost half of the contributions on this feature were from the 

crude extract (B1) and from the neutral fraction (B4). All the other features on this cluster were 

annotated as isoflavonoids and flavonoid derivatives with a majority of the contributions 

coming from the crude extract and neutral fraction which is consistent with the previous reports 

(Andayi et al., 2006; Kuete et al., 2014). 
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The feature at m/z 423.2164 ([C26H31O5]+, -1.77 ppm) was identified as the isolated abyssinone 

V 4’-methyl ether. This annotation was corroborated by spectral matching to reference 

fragmentation spectra obtained from isolated compound material (Error! Reference source 

not found.). This feature was detected in all the samples with large contributions from the 

neutral fraction (B4) which is consistent with the nature of this fraction as this compound was 

isolated from the neutral fraction. The fragmentation spectrum of the m/z 423.2164 node was 

found to exhibit similar product ion distributions with major neutral loss corresponding to 

C9H7O4 (m/z 179.03), this feature also showed a more pronounced m/z 153.02 fragment. 

Similarly, the feature at m/z 439.2115 ([C23H31O6]+, -1.28 ppm) corresponds to the isolated 

burttinone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.6. Docking studies  

2.6.1. Docking results for isolated compounds  
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All three compounds isolated from the bark of E. caffra in this study were docked against 

different proteins including plasmodium falciparum protein, human estrogen receptor and 

epidermal growth receptor (Error! Reference source not found., Error! Reference source not 

found. and Figure 34) and their docking scores were obtained and reported below. Their 

pharmacokinetic properties were accessed and reported in 

 

Figure 32. The 3D representation of the protein (7KJH) plasmodium falciparum protein Pf12P 

bound to nanobody B9 
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Figure 33. The 3D representation of the protein (ID:3ERT) human estrogen receptor 

 

 

Figure 34. The 3D representation of the protein (ID:1M17) Epidermal growth factor receptor 

tyrosine kinase domain with 4-anilinoquinazoline inhibitor erlotinib. 
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Table 12. Docking results for isolated compounds docked into protein Plasmodium 

falciparum protein pf12p (PDB ID: 7kjh) 

Compounds Docking score 

(Kcal/mol) 

Glide emodel 

(Kcal/mol) 

Glide energy 

(Kcal/mol) 

Abyssinone 4-V' 

methyl ether 

-4.4 -56.8 -45.1 

Lupeol -3.6 -57.4 -42.8 

Stigmasterol -3.5 -45.3 -37.6 

 

The results reported in Table 12 were obtained from in silico docking of the compounds with 

Plasmodium falciparum protein (7KJH). The three compounds were individually prepared for 

docking using the method outlined in Docking procedures 3.7, the Abyssinone V’4-methyl 

ether was found to be the best compound which had the lowest energy conformations with 

docking score of -4.4 kcal/mol when docked into the protein (7KJH) Plasmodium falciparum 

protein pf12p bound to nanobody b9. The binding affinity of the complexes formed between 

the compounds and the proteins are shown in Table 12.  The binding affinities range from -3.5 

to -4.4 kcal/mol. The more negative the docking scores, the more the ligand is favourable and 

forms the most stable complex, this is shown by Abyssinone V' 4-methyl ether molecule with 

the docking score of -4.4 kcal/mol. The least binding molecule is shown by the one which is 

the least negative, stigmasterol with the docking score of -3.5 kcal/mol. Abyssinone V' 4-

methyl ether was found to be best compound to inhibit this protein. 
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Figure 35. 2D representation of the interaction of the protein (1M17) Epidermal growth factor 

receptor tyrosine kinase domain with 4-anilinoquinazoline inhibitor erlotinib and the best 

binding inhibitor   

 

 

 

 

 

Table 13. Docking results for compounds docked into protein (1M17) Epidermal growth factor 

receptor tyrosine kinase domain with 4-anilinoquinazoline inhibitor 

 

 

 

The results reported in Table 13 were obtained from in silico docking of the compounds with 

epidermal growth factor receptor (1M17). The four compounds were individually prepared for 

docking using the method outlined in Docking procedures below 3.7. Stigmasterol was found 

to be the best compound as it had the low energy conformations with docking score of -3.788 

kcal/mol when docked into the protein Epidermal growth factor receptor tyrosine kinase 

domain (1M17) which is a protein that is expressed in some types of cancers. The binding 

energy of the complexes formed between the compounds and the proteins are shown in Table 

13. The binding energies range from -2.3 to -3.788 kcal/mol. The more negative the values, the 

Compounds Docking score Glide emodel 

(Kcal/mol) 

Glide energy 

(Kcal/mol) 

Abyssinone 4 V'-methyl 

ether 

-3.276 -40.184 -33.994 

Lupeol -2.354 -30.108 -26.058 

Stigmasterol -3.788 -40.326 -34.390 
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more the ligand is favourable and forms the most stable complex, this is shown by stigmasterol 

molecule with the docking score of -3.788 kcal/mol. The less binding molecule has the least 

negative docking value, lupeol with the docking score of -2.3 kcal/mol. Stigmasterol was found 

to be best compound to inhibit this protein. 
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Figure 36. 2D representation of the interaction of the protein (3ERT) human estrogen receptor 

and the best binding inhibitor, Abyssinone 4 V’-methyl ether  

Table 14. Docking results for compounds docked into protein (ID:3ERT) human estrogen 

receptor 

 

The results reported in Table 14 were obtained from in silico docking of the compounds. The 

compounds were individually prepared for docking using the method outlined in  3.7 the best 

compound was found to have the low energy conformations with docking score of -4.027 

Kcal/mol when docked into protein (ID:3ERT) human estrogen receptor which is a receptor 

that is expressed in some ER positive cancers. The binding energy of the complexes formed 

between the compounds and the proteins are shown in Table 14. The binding energies range 

from -2.2 to -6.6 Kcal/mol. The more negative the values, the more the ligand is favourable 

and forms the most stable complex, this is shown by Abyssinone V 4’-methyl ether molecule 

with the docking score of -6.6 kcal/mol. The less binding molecule has the least negative 

Compounds Docking score 

 (Kcal/mol) 

Glide emodel 

(Kcal/mol) 

Glide energy 

(Kcal/mol) 

Abyssinone 4 V’-methyl 

ether 

-6.6 -28.7 -27.5 

Lupeol -3.4 -23.0 -29.1 

Stigmasterol -2.2 -31.7 -32.0 
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docking value which is stigmasterol with the docking score of -2.3 kcal/mol. Abyssinone 4 V’-

methyl ether was found to be best compound to inhibit this protein. These results seem to be in 

correlation with the in vitro anticancer studies in Error! Reference source not found. even 

though the type of cancer cell line used was a triple negative cancer. 

 

2.6.2. Adsorption Distribution Metabolism Excretion Toxicity (ADMET) results  

 

In drug design, the desired drug properties need to be checked before the compounds are taken 

further in the drug discovery pipeline. With this in mind, the ADMET predictions for the 

structures were assessed using the Qikprop module (v3.1, Schrödinger 2021-1) to predict their 

drug-like behaviour. The toxicity and synthetic accessibility were investigated. After the 

compounds were prepared by LigPrep (v3.1, Schrodinger 2021-1) they were exported to 

Qikprop. They were utilized for the calculations of pharmacokinetic parameters and the 

remarkable descriptors and pharmaceutically important properties of all the structures such as 

molecular weight, number of hydrogen bond donors (HBD), number of hydrogen bond 

acceptors (HBA), Human intestinal absorption, percent Human oral absorption, blood-brain 

partition coefficient (QPlogBB), Caco-2 Cell permeability (QPPCaco), Human serum albumin, 

MDCK(Madin Darby canine kidney cells) and the parameters of Lipinski’s rule of 5 were 

assessed. 

Table 15 shows the results of the ADMET predictions which were assessed using Qikprop 

v3.1. Generally, an orally active compound should not have more than three violations of the 

Lipinski rule. The isolated compounds presented in Table 15 were found not to violate the rule 

more than three times, hence this indicates that they had good drug likeness properties. Most 

of the compounds seem to violate one rule except burttinone. This compound was found to be 

the most likely to be orally active compound. The molecular weights of the compounds were 

found to be less than 500 g/mol. The blood-brain partition coefficient (QPlogBB) was also low 

ranging from -1.837 to 0.128 suggesting that they will have less potential to cross the blood 

brain barrier, this indicates that any CNS-related toxicity would be reduced (Matondo et al., 

2022). The results obtained were within the acceptable range (< 0.90ml/g) (Thalman et al., 

2019) and this indicated that they are likely to be orally active compounds. The Human 

intestinal absorption had a value of 1 which further corroborates the remarkable oral 

bioavailability of the compounds. 
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The human oral absorption was 100% except for the Abyssinone V 4’-methyl ether.   The Caco-

2 cell permeability (QPPCaco), a model for gut-blood barrier which is a prediction for non-

active transport was greater than 500 and this indicates outstanding results for good intestinal 

absorption. Commercial drugs such as dopamine and serotonin are CNS negative because they 

are too polar to cross the blood-brain barrier (Khan et al., 2019). 

For a drug to be clinically approved one of the parameters that is checked is the aqueous 

solubility parameter (QPlogS) and the acceptable value for this parameter is <0.5. The isolated 

compounds were found to be in the range of -7.8 to -7.1. The accepted range for the predicted 

skin permeability is -8.0 to -1.0, and the isolated compounds showed excellent predicted skin 

permeability values that ranged from -1.9 to -3.7. Furthermore, the prescribed range for the 

human serum albumin binding (QPlogKhsa) is -1.5 to 2.0, and the isolated compounds were 

reported to have values in the range 1.1 to 1.8.  MDCK cell permeability also showed 

favourable results with values that fall within the prescribed range of 500 and 50 nm/sec(Irvine 

et al., 1999; Hosey and Benet, 2015) 
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Chapter 3. Experimental  
 

3.1. Materials and equipment 

n-Hexane, petroleum ether (PE) supplied by Holpro analytics division, ethyl acetate (EtOAc), 

methanol (MeOH)) and n-butanol (n-BuOH) were supplied by MINEMA chemicals (Pty) Ltd., 

Dichloromethane (DCM) and deuterated chloroform (CDCl3) were supplied by Sigma-Aldrich 

Chemie GmbH, Germany. These solvents were used in this research project for the extraction 

and isolation processes and as the mobile phase for thin layer chromatography (TLC) as well 

as in bioassay and NMR experiments. Acetone, which was supplied by Merk chemicals (Pty) 

Ltd, was mainly used to clean the apparatus as well as to wash samples. The hexane was further 

distilled in the Chemistry Department Laboratory at Rhodes University and the other solvents 

were used as received unless specified. 

 

Column chromatography was used to separate compounds. Various sizes of columns ranging 

from 10 to 40 mm in diameter were used. Silica gel used was: technical grade, pore size 60 Å, 

70-230 mesh, 63-200 µm supplied by Sigma-Aldrich Chemie GmbH, Germany. This was used 

as a stationary phase with a small layer of acid-washed sand supplied by Minema Chemicals 

(Pty) Ltd added on top to help protect the packed silica in the column. Various samples and 

fraction were concentrated using Büchi Rotavapor R-205.  

Pre-coated TLC sheets (ALUGRAM® Xtra SIL G/UV254 with the layer of 0.20 mm silica gel 

60 with fluorescent indicator UV254 (20 x 20 cm) supplied by Macherey-Nagel GmbH & Co. 

KG company from Germany), were used to run the TLC. An ultraviolet (UV) lamp, model 

CM-10A with short and long-wavelength UV of 254 and 365 nm respectively were used to 

visualise and observe the plate. Dragendorf’s reagent was used to identify alkaloids in the 

alkaloidic fractions.An acid spray was used to view spots that were not visible under UV light.  

 

NMR experiments were run on a Bruker 600 MHz and 400MHz NMR spectrometer and were 

referenced using the following residual protonated solvent signals: 1H NMR chemical shift: 

7.26 ppm for CDCl3, 13C NMR chemical shift: 77.00 ppm for CDCl3 (Gottlieb et. al., 1997). A 

Perkin-Elmer FT-IR Spectrum 100 spectrometer was used to run the IR spectra and Bruker 

Compact QToF mass spectrometer using an electrospray ionization probe (Bruker, Bremen, 

Germany) coupled to a Dionex Ultimate 3000 chromatogram from Rhodes University was used 
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to record the mass spectra. Melting points of the isolated compounds were measured using a 

Reicheter 281313 apparatus. 

 

3.2. Experimental methods 

3.2.1. Plant collection and extraction 

The plant materials (stem bark, flower, seed and seed carp) were collected at Rhode University, 

behind the information technology (IT) Department building (Struben building) on the 2nd of 

December 2014. The plant was identified by Mr. Tony Dold a Botanist/Curator from the 

Selmar Schonland Herbarium (GRA), located inside the Albany Museum, where a voucher 

specimen of E. caffra (1xaviersiwenoundou/GRA) was deposited. 

The plant materials were dried at ambient temperature and finely ground. Extraction was 

performed by maceration for 72 hours at room temperature with six different solvents (n-

hexane, CHCl3, EtOAc, MeOH, EtOH and H2O) respectively. 

3.2.2. Alkaloids extraction using acid-base method   

 

A sample (20.795 g) of the crude extract from the bark (ECS-MeOH) which was renamed as 

B1, was grinded, powdered and suspended in distilled water (50 mL) and was sonicated for 30 

minutes to improve the interaction between solvent and plant material and enhance mass 

transfer from the plant material. It was further treated with sulphuric acid (until pH = 2) and 

partitioned with ethyl acetate (100 mL). The organic layer was separated using a separatory 

funnel to afford a neutral ethyl acetate fraction (B4). The resulting aqueous layer was treated 

with potassium hydroxide (until pH = 9) and partitioned with ethyl acetate (100 mL) three 

times that yielded the basic ethyl acetate alkaloidic fraction (B2) after extraction of organic 

layer through a separatory funnel. The fraction was collected and concentrated under reduced 

pressure in a rotary evaporator to yield 154 mg of the basic ethyl acetate fraction. In addition, 

the remaining aqueous layer was partitioned with n-butanol (100 mL), repeated three times to 

afford the n-butanol alkaloidic fraction (B3). The n-butanol fraction (B3) obtained after being 

dried was 160.6 mg (Table 3). 

3.3. Fractionation of crude extract and purification 

3.3.1. Purification of the neutral fraction  

A portion of fraction B4 (4 g) was purified via column chromatography and the 25 subfractions 

collected were combined into eight subfractions based on their retention factor. The third 
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fraction (S3), fourth (S4) and fifth (S5) subfractions were combined as they had the same 

profile (i.e., same spots). The combination of these fractions was called subfraction A (SA) 

with a mass of 0.9988 g. The ratio of the solvent system used to elute the column was P.E: 

EtOAc (9:1), the first subfractions collected (SA1 and SA2) were yellow in colour. Only 8 

subfractions were collected from this column (SA1 to SA8). The TLC plates of these fractions 

showed various colours which are characteristic of different classes of compounds. This was 

achieved by spraying the developed TLC plate with a spray reagent and heating it at 105°C. 

Since there was a small amount of SA1 and it did not show any dominant characteristic colours, 

this fraction was not chosen for further purifications. 

SA2 which is the second subfraction from SA was further purified by gradient elution using 

column chromatography. A column chromatography of SA3 was also conducted using gradient 

elution. This column afforded a mixture of the two spots which was combined and was given 

a generic name SA3-Mx with a mass of 129.5 mg.  

TLC was used to check the presence of compounds throughout the extraction and isolation 

processes. The TLC plates of the non-alkaloidic fractions were first viewed under short 

wavelength UV of 254 nm and long wavelength UV of 365 nm. The spots that observed under 

UV were marked. To observe the spots that were not visible under UV the TLC plates of the 

fractions were then sprayed with an acid solution. This 1:1 solution was prepared by combining 

98% of sulphuric acid with water (Arramon et al., 2002). The TLC plate was heated at 105 °C 

after being sprayed with the acid solution. The same method was followed for the alkaloidic 

fractions (B2 and B3), after the TLC plates of the alkaloidic fractions were observed under UV 

they were subsequently sprayed with a dragendorf’s reagent for the identification of alkaloids. 

A positive test is indicated by an orange spot and a negative test is indicated by the absence of 

an orange spot. The dragendorf’s reagent was prepared by mixing a solution of 0.8 g bismuth 

nitrate pentahydrate in 40 mL of distilled water and 10 mL of glacial acetic acid and a solution 

of 8.0 g potassium iodide in 20 mL of distilled water (Abdul-Hameed et al., 2021). 

SA2 was further purified by gradient elution using column chromatography. This column was 

started with 195 mg of SA2, it was first eluted with 100% Petroleum ether to elute any non-

polar compounds in the sample. This was followed by a series of increasing polarity until all 

the compounds were eluted. A total of 141 subfractions were pooled based on their TLC 

profiles to give 4 different compounds. This allowed the successful isolation of the target 

compound SA2-Prp which weighed 17.1 mg although the quantities of the other compounds 

isolated were too small to analyse, so more attention was placed only on one compound (i.e., 

SA2-Purp or compound 1). The subfractions were collected in 6.9 mL vials and the isolated 
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compound was characterized. The class of compounds isolated was confirmed by spraying the 

TLC with an acid spray and compound 1 showed a purple colour. This is indicative of steroids. 

The TLC plate for the fraction SA3 had two dominant spots which showed an orange and black 

colour after being sprayed with an acid solution and heated at 105°C; these colours are 

characteristic of flavonoids and terpenoids. SA3 (286 mg) was purified via column 

chromatography. Elution of the non-polar/less polar compounds was accomplished by using, 

100% P.E. The column was continued with increasing polarity using the solvent system P.E: 

EtOAc. The column also afforded 129 mg of a mixture of the orange and black spots; this 

mixture was named SA3-Mx.  

SA3-Mx (125.2 mg) was dry loaded into a column chromatography and further purified and 

eluted with gradient elution using P.E: EtOAc (1:0-10:1). This column afforded SA3-Mx-Blk 

(compound 2) which showed a black spot. This compound was concentrated, dried, and 

weighed 21.3 mg. This compound was characterized using spectroscopic techniques (NMR, IR 

and MS) 

Preparative thin layer chromatography (PTLC) was used to conduct the rapid separation of 

SA4. The PTLC was prepared by mixing silica gel and a small amount of calcium sulphate 

with water. The mixture was spread as a thick slurry on a 20 cm x 20 cm clean glass plate. The 

resulting coated plate was dried and activated by heating in an oven for 30 minutes at 110°C. 

A line was drawn at the bottom of the PTLC plate (Sherma and Fried, 1987). The sample was 

carefully spotted on top of the line. To develop the PTLC a mobile phase consisting of the 

solvents DCM: EtOAc (9:1) was used which gave good separation between the compounds of 

interest. The PTLC plate was developed and then allowed to dry and observed under UV254. 

The region of interest was marked, scrapped off, dissolved in DCM, filtered, and concentrated 

with a rotary evaporator and allowed to dry. The compound obtained was named SA4-Or 

(compound 3) and yielded a mass of 65.2 mg.  

All isolated compounds were air-dried, weighed, and IR, NMR, and MS experiments were 

carried out on each one of them. The melting point of each compound was also taken. The 

phytochemical tests were performed on all extracts, fractions and some compounds. The 

unsaturation index or index of hydrogen deficiency for each compound was calculated (Zhang 

et al., 2014).  
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3.4. Phytochemical screening 

3.4.1. Tests for alkaloids  

The following methods are used to test the presence of alkaloids in an extract. 

(a) Dragendorf’s test 

A dragendorf’s reagent is prepared as follows: 

  

A small amount of bismuth nitrate pentahydrate (0.85 g) is dissolved in 40 mL of distilled water 

(solution A). Solution A is mixed with 10 mL of glacial acetic acid to make solution B. To 

prepare solution C 8.0 g of potassium iodide is dissolved in 20 ml of distilled water. Solution 

B is then mixed with solution C (dragendorf’s, solution D). A few drops of the dragensdorf 

reagent (solution D) are then added to 1 mL of extract. The formation of an orange precipitate 

indicates the presence of alkaloids (Pandey and Tripathi, 2014; Raal et al., 2020)(Abdul-

Hameed et al., 2021) 

 

3.4.2. Test for terpenes  

 

To test for presence of terpenes in an extract 0.5 mL of chloroform is added to 1 mL of the 

extract followed by a few drops of concentrated sulphuric acid, a reddish brown precipitate 

indicates the presence of terpenoids in the extract (Rami, Sipai and Patel, 2013). 

Another test for terpenes is the Liebermann-Burchard’s test, this test is done by mixing 2 mg 

of the extract with 1 mL of acetic anhydride in a glass vial. The mixture is heated until it boils 

then cooled in ice. A few drops of concentrated sulphuric acid are added along the sides of the 

vial. A pink colour indicates the presence of terpenoids (Xiong, Wilson and Pang, 2007).  

3.4.3. Tests for phenols 

 

There are different methods that can be followed to test for aromatic compounds in an extract. 

Generally, the extract can be dissolved in 5 mL of distilled water followed by a few drops of 

neutral 5% ferric chloride solution. A dark green colour indicates the presence of aromatic 

compounds (Wankhar et al., 2015). To test for flavonoids, 4 mL of the extract is mixed with 

1.5 mL of 50% methanol solution then warmed. To the warmed solution magnesium ribbon is 

added followed by a few 5- drops of concentrated hydrochloric acid. A red colour indicates the 
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presence of flavonoids and an orange colour indicates the presence of flavones (Saikia et al., 

2013). 

3.4.4. Test for flavonoids 

About 1 g of the crude extract is dissolved with 100 ml of methanol. Then 1 ml of the stock 

solution is placed in a test tube and added a few drops of NaOH solution. An intense yellow 

colour appeared in the test tube. Upon adding a few drops of diluted acids, the solution turns 

colourless this indicates the presence of flavonoids (Hossain et al., 2013).  

 

3.4.5. Liquid chromatography-mass spectrometry analysis and identification 

methods 

 

The analysis of the crude extracts, fractions and isolated compounds from the stem bark was 

carried out in LC-MS/MS mode with a Dionex UHPLC (Thermo Fisher Scientific, Sunnyvale, 

CA, USA) equipped with a Kinetex polar C-18 column (3.0 × 100 mm, 2.6 µm; Phenomenex, 

Torrance, CA, USA) at a flowrate of 0.300 mL/min using mixtures of water and acetonitrile 

(MeCN), both adjusted with 0.1% formic acid (FA). The water was prepared using a MilliQ 

filtration system (Merck Millipore, Johannesburg, South Africa) and LC-MS grade acetonitrile 

was purchased from Merck Millipore (Johannesburg, South Africa); formic acid was acquired 

from Sigma-Aldrich (Johannesburg, South Africa).  

 

The LC-MS/MS data was recorded on a Bruker Compact QToF using an ESI-source in positive 

mode coupled to a Dionex Ultimate 3000 chromatograph using a gradient mobile-phase 

program employing water and acetonitrile (Kalinski et al., 2019). 

 

The ESI-source parameters were set as follows in positive mode: end plate offset 500 V, 

capillary voltage 4500 V, nebulizer pressure 3.5 bar, dry gas flow 9.0 L/min and dry 

temperature 200 °C). An m/z window of 100 to 2000 was analysed and MS2 spectra were 

recorded in data-dependent acquisition mode, selecting the three most intense precursor ions 

for acquisition of MS2 spectra at a quadrupole isolation width of 1.5 m/z and collision energy 

of 40.0 eV. 
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3.5. Bioassay methods 

The anticancer, anti-oxidant, anti-enzymatic, antibacterial and cytotoxicity assays on the crude 

extract, fractions and pure compounds were carried out. The anticancer assay was performed 

by Dr. Jo-Anne de la Mare, the anti-oxidant assay was performed by the author, the anti-

enzymatic assay was carried out by PhD scholar Mabate Blessing, the antibacterial and 

cytotoxicity were performed by Ms. Michelle Isaacs. 

 

3.5.1. Anticancer assays   

Cytotoxicity of the compounds were evaluated against the HCC70 triple negative breast cancer 

cell line. Paclitaxel (Ptx), a known chemotherapeutic was also tested and used as a positive 

control. Cytotoxicity and IC50 were determined by the resazurin assay according to the method 

described by Mbaba (Mbaba et al., 2020). Breast cells (HCC70-CRL-2315-ATCC) were 

seeded at a density of 5000 cells/ well and allowed to attached overnight in an incubator at 

37℃ and 9% CO2. Subsequently the cells were treated with the compounds (concentration 

range 15.63 to 500 nM); or with a vehicle control (2% (v/v) DMSO); or positive control 

paclitaxel (0.16 to 500 nM) for 96 hours at 37℃ in a 9% CO2 incubator. After 96 hours 

exposure, 0.54 nM of resazurin solution was added and the cells were incubated for 2-4 hours 

at 37℃ in a 9% CO2 incubator. The fluorescence was then measured on a Spectramax 

spectrophotometer (excitation and emission wavelength set at 560 nm and 590 nm, 

respectively). The experiment was performed in triplicate and the data were analysed using 

GraphPad Prism Inc, (USA) with half-maximal inhibitory concentration (IC50 values) 

determined by non-linear regression. 

 

3.5.2. Anti-oxidant activity 

Radical-scavenging activity of plant extracts against stable DPPH (1,1-diphenyl-2-picryl 

hydrazyl radical) was determined spectrophotometrically. The DPPH assay was carried out as 

described by (Samarth et al., 2008). Ascorbic acid was used as a positive control. Stock 

solutions of crude extracts were prepared as 1 mg/mL in methanol. Fifty microlitres of different 

concentration samples were added to 5 ml of 0.004% methanol solution of DPPH. After 30 

minutes of incubation in the dark at room temperature, the absorbance was read against a blank 

at 517 nm. The assay was carried out in triplicate and percentage of inhibition was calculated 

using the following formula: 
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% inhibition = !"#!!!"  ×	100 

 

where AB = Absorbance of blank; AA = Absorbance of test. 

 

3.5.3. Anti-enzymatic Assay 

α-Amylase Activity 

The inhibition potential of the E. caffra extracts, isolates and the control (acarbose) were 

investigated and compared using the α-amylase activity assay. In brief, 2% (w/v) potato starch 

dissolved in 0.05 M of sodium phosphate buffer solution (pH~7.0) was mixed with variable 

concentrations of potential inhibitors ranging from 0.01–1 mg/mL. The reaction was started by 

adding porcine α-amylase (10 units/mL in a total reaction volume of 400 µL). The reaction 

mixture was incubated at 37◦C for 20 min with gentle agitation at 70 rpm. The amount of 

reducing sugars produced was measured according to the DNS method (Miller, 1959). A 

control reaction was prepared using the same procedure replacing the inhibitor sample with 

distilled water. Extrapolation of absorbance values was performed against a glucose standard 

calibration curve (Mabate et al., 2021). The α-amylase inhibition was expressed as a relative 

product (reducing sugar (RS)) percentage according to the following formula:  

Enzyme inhibition % = $%	'()(*+(,	-.	/012'0)#$%	'(*)(+(,	-.	2(+2	'(*/2301	$%	'()(*+(,	-.	/012'0) 	x	100 

 

α-Glucosidase Activity Assay 

The inhibition of α-glucosidase activity was determined by dissolving the substrate, 10 mM p-

nitrophenyl-α-D-glucopyranoside (pNPG), in 0.05 M sodium phosphate buffer (pH~7.0) in the 

presence of varied concentrations (0.01–1 mg/mL) of potential inhibitors. The reaction was 

started by adding α-glucosidase (0.1 units/mL) to a total reaction volume of 400 µL. Each 

concentration was tested in triplicate The reaction mixture was incubated at 37◦C for 20 min 

and terminated by the addition of 400 µL of 2 M Na2CO3 solution. The reaction mixture with 

water instead of the inhibitors was used as a negative control. The absorbance of the released 

p-nitrophenol was measured at 405 nm. The amount of p-nitrophenol produced was 

extrapolated from a p-nitrophenol standard curve (Mabate et al., 2021). The α-glucosidase % 

inhibition was calculated as relative product (p-nitrophenol (pN)) percentage as follows:  

Enzyme inhibition % = (56	'()(*+(,	-.	/012'0)#56	'()(*+(,	-.	2(+2	'(*/2301)56	'()(*+(,	-.	/012'0) 	x	100 
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3.5.4. Antibacterial activity  

 

To assess the overt effect of the compounds on the growth of S. aureus cells, they are incubated 

at a fixed concentration of 50 µM or 50 µg/ml in 96-well plates containing S. aureus for 6 

hours.  

To assess the overt effect of the compounds on the growth of E. coli cells, they are incubated 

at a fixed concentration of 50 µM or 50 µg/ml for in 96-well plates containing E. coli for 6 

hours. The numbers of cells remaining viable after exposure to the compound are determined 

by using the resazurin based reagent and reading resorufin fluorescence in a multiwell plate 

reader. These experiments were run three times. 

 

Preparation of concoctions  

All concoctions used in the study had at fixed concentration of 24µg/ml prepared as follows at 

concentration of: 

For the S series 

• S1 – 8 µL of the neutral fraction (B4) (50 µg/ml) was combined with 16 µL of the ethyl 

acetate fraction (B2) (50 µg/ml); 

• S2 – 8 µL of the neutral fraction (B4) (50 µg/ml) was combined with 16 µL of the n-

butanol alkaloidic fraction (B3) (50 µg/ml); 

• S3 – 8 µL of the neutral fraction (B4) (50 µg/ml) was combined with 16 µL of the 

ECSC (50 µg/ml). 

 

And for the N series: 

• N1 – 16 µL of the neutral fraction (B4) (50 µg/ml) was combined with 16 µL of the 

ethyl acetate alkaloidic fraction (B2) (50 µg/ml); 

• N2 – 16 µL of the neutral fraction (B4) (50 µg/ml) was combined with 16 µL of the n-

butanol alkaloidic fraction (B3) (50 µg/ml); 

• N3 – 16 µL of the neutral fraction (B4) (50 µg/ml) was combined with 16 µL of the 

ECSC (50 µg/ml) (Kemboi et al., 2022). 
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3.5.5. Cytotoxicity 

 

To assess the cytotoxicity of the extracts fractions and isolated compounds they are incubated 

at a fixed concentration of 50 µM or 50 µg/ml for in 96-well plates containing HeLa cells for 

24 hours. The numbers of cells surviving drug exposure are determined by using the resazurin 

based reagent and reading resorufin fluorescence in a multiwell plate reader. 

 

3.6. Molecular networking method parameters 

 

The raw data collected from the LC-MS were converted to mzXML format using the Bruker 

Compass software (Bruker, Bremen, Germany). The converted files were processed in 

MZmine 2 (ver. 2.40) (Pluskal et al., 2010). Mass lists were created using the mass detection 

module with a noise level of 1000 counts for MS1 and 40 counts for MS2. The chromatogram 

builder module was used to create peak lists with a minimum retention time of 0.05 min, a 

minimum peak height of 5000 counts and an m/z tolerance of 0.02. The peak lists were 

deconvoluted using the local minimum search algorithm with the following parameters: 

chromatographic threshold 0.01%, search minimum in retention time range 0.2 min, minimum 

relative height 0.1%, minimum absolute height 5000 counts, minimum ratio of peak top/edge 

2, and peak duration range 0.02–4 min. For MS2 scan pairing, the m/z range was set to 0.02 and 

the retention time range to 0.5 min. Next, the deconvoluted peak lists were aligned using the 

Join aligner module with an m/z tolerance of 0.05, a retention time tolerance of 1.5 min and 

weighting for m/z and retention time both set to 100. This ‘globally’ aligned peak list was then 

subjected to gap-filling and filtered to exclude all features present in the solvent control 

samples, as well as those without associated MS2 spectra and peak IDs were reset, followed by 

export of a .csv table and .mgf file. The mgf file was then uploaded to GNPS (Wang et al., 

2016; Aron et al., 2020) and a job was submitted using the feature molecular network workflow 

with the following parameters: Precursor and fragment ion mass tolerance = 0.02 Da, minimum 

cosine = 0.7, minimum matched fragment ions = 6, maximum number of edges per node = 6, 

minimum peak intensity = 40. The data was not filtered. The acquired data from the network 

was visualized using Cytoscape (ver.3.7.1) (Shannon et al., 2003). 
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3.7. Docking procedures 

 

The 2D structures of the compounds (ligands) were prepared using Marvin sketch (Ver. 21.10), 

explicit hydrogens were added and cleaned in 3D then exported subsequently to maestro (v3.1, 

Schrödinger 2021-1) for further examination. The molecular docking was done for the three 

compounds isolated from E. caffra stem bark. 

 

The ribbon structure of Plasmodium falciparum protein Pf12p (PDB ID: 7KJH) and that of 

Epidermal growth factor receptor (PDB ID: 1M17) were obtained from the Protein Data Bank 

(PDB) (Stamos, Sliwkowski and Eigenbrot, 2002; Dietrich et al., 2021). These proteins were 

used in this study and each protein was docked with three compounds. 

 

The quality of the proteins was examined using Schrödinger Ramachandran plots prior to the 

screening. Molecular docking was performed within a program called KNIME. It includes 

different kinds of nodes that perform various functions and they come from a variety of 

software vendors together with community, native KNIME and open-source nodes. The 

workflow that controls the flow of data and information for molecular docking is shown below. 
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Figure 37. KNIME analytics platform flow diagram for Molecular docking. 

 

In This workflow a protein is read by the PDB Reader node 1. Then the protein is exported to 

maestro (v3.1, Schrödinger 2021-1) it is then prepared using the Molecule-to-MAE node 8 and 

Protein Preparation Wizard note 3 which helps to prepare the protein properly (i.e., correcting 

the missing hydrogens, correct the charge states and bond order). Subsequently, the glide grid 

was prepared using the glide grid generation node 3. After protein preparation, a Glide grid is 

then generated from the protein receptor using the Glide Grid Generation node. The settings of 

the KNIME Grid Generation node were to generate the grid box at the centre of the ligand at 

the active site of the protein and the box allowed the ligands to fit within the active site during 

molecular docking. This portion was to prepare the protein for Glide docking. 

  

The ligands were put into the workflow using the PDB reader 5 connected to a table reader 

node 14 which helps in naming the ligands properly after they are read. Then, the Molecule-

to-MAE node 7 exported the ligands to maestro and finally, the ligands were prepared in 

maestro before the glide grid docking. The ligand preparation is a necessary tool in the 
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Schrödinger software because it minimizes the energy, improves the incorrect valences and the 

protonation of the ligands. Finally, the molecular docking was done by the glide ligand node 

4.  The results and the 3D structure of the protein-ligand docking were then viewed using Table 

viewer node 9. Results and the protein interaction 2D diagram were view by maestro using the 

run maestro node 10. 
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Chapter 4. Conclusion  
 

The main goal of this study was to conduct a thorough investigation for the anticancer, anti-

oxidant, anti-enzymatic, antibacterial activity and cytotoxicity of the crude extracts, fractions, 

concoctions and isolated compounds of E. caffra as well as to characterize and identify the 

isolated compounds.  

 

In the course of this work, three compounds were isolated from the bark extract of E. caffra 

and characterized using spectroscopic techniques of FT-IR, NMR (1H, 13C, DEPT-135, HMBC, 

HSQC, COSY, NOESY) and LC-ESI-MS. These compounds were identified as lupeol (1) (a 

terpenoid), stigmasterol (2) (a terpenoid), and a flavanone namely 5,7-dihydroxy-4'-methoxy-

3',5'-diprenylflavanone (3) (Abyssinone V’ 4-methyl-ether, a flavanone) 

 

The crude extract, fractions and isolated compounds were evaluated for their anticancer 

activity. The extract and fractions performed poorly and inhibited up to 30% of the cancer cells 

lines (HCC-70) at a concentration ranging from 15.63 to 50.0 nM. However, the isolated 

compounds displayed good activities against the cancer cell line (HCC-70) with the best 

compound (abyssinone V’4-methyl ether) having IC50 of 18.05 µM. However, when the cell 

line was tested against a mixture of compound 2 and an unknown compound (SN6), the 

anticancer activity of the mixture was more potent than that of the individual compounds with 

an IC50 of 9.045 µg/ml. Furthermore, this showed the power of the synergistic effect of the two 

compounds which increased the potency significantly. The extracts did not perform well 

probably because of the lower concentration of active compounds in the whole extract. 

 

Inspired by the results above concoctions of extracts and fractions were formed and evaluated 

for their antibacterial activity. Most of these concoctions had activities that were significantly 

increased with minimal to no damage to the HeLa cells. However, when they were tested 

against the same bacteria individually, some of them performed poorly. The crude extract from 

the bark and its fractions were tested for their anti-oxidant activity, the crude from the bark 

displayed high anti-oxidant activity at lower concentration but less activity at higher 

concentrations. However, the n-butanol alkaloidic fraction had a steady increase in activity 
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with increasing concentration. These two samples were the showed good anti-oxidant 

activities. 

 

The crude extracts and fractions were also tested for their enzymatic activity on α-Amylase and 

α-glucosidase. They performed moderately good with the n-butanol alkaloidic fraction 

displaying promising results and inhibiting over 49% of the α-Amylase activity  

 

Molecular docking simulations of the isolated compounds were carried out and performed on 

the three different proteins (Plasmodium falciparum, human estrogen receptor and epidermal 

growth receptor) to assess the binding abilities of the isolated compounds against the proteins 

of receptor positive cancer and against a protein for a malaria strain. Abyssinone 4 V’-methyl 

ether proved to be the best inhibitor for the human estrogen receptor out of all the isolated 

compounds with a docking score of -6.6 kcal/mol. The molecular docking led to speculations 

that the isolated compounds (specifically those with the best docking scores) could be useful 

as alternative drugs for other types of cancer (receptor positive). The pharmacokinetic 

properties (ADMET), obtained through in silico modelling, of these compounds confirmed 

these speculations by proving that these compounds could be potentially good candidates for 

different kinds of therapies.  

 

Through the data obtained from molecular networking, over 20 secondary metabolites were 

putatively identified, using their fragmentation spectra, including one isolated in this study. 

Some of these secondary metabolites like abrine have already been isolated from this plant and 

from many other Erythrina species. The data also showed the approximate contributions of 

each extract and fraction in a node corresponding to a specific precursor mass showing the 

approximate amount that might be present in a specific extract or fraction. In conjunction with 

molecular networking, future work could be done in identifying those extracts with potentially 

new compounds and isolating them for the evaluation of their biological activities. Based on 

their activities they could be used as frameworks for designing a library of bioactive 

compounds which could be evaluated both in silico and in vivo for their pharmacokinetic 

properties. Alternatively, the structure-activity relationships could be examined for these 

compounds.  
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Chapter 6. Appendices 
Appendix 1: Infrared 

Appendix 1.1.1: Infrared for compound 1 

 

 

 

 

 

 

 

 

 

 

 

 

 



 126 

Appendix 1.1.2: Infrared for compound 2 

 

 

Appendix 1.1.3: Infrared for compound 3 

 

 

 

 



 127 

 

Appendix 2: Nuclear Magnetic resonance spectra Spectroscopy 

Appendix 2.1: NMR for compound 1 

Appendix 2.1.1: DEPT-135 
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Appendix 2.2.2: COSY 
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Appendix 2.2.3: HMBC 
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Appendix 2.2.4: HSQC 
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Appendix 2.2: NMR spectra for Compound 2 

 

Appendix 2.2.1: DEPT-135 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 132 

 

 

 

 

 

 

 

Appendix 2.2.2: COSY 
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Appendix 2.2.3: HMBC 
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Appendix 2.2.4: HSQC 
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Appendix 2.3: NMR spectra for compound 3 

Appendix 2.3.1: DEPT-135 
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Appendix 2.3.2: COSY  
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Appendix 2.3.3: HMBC 
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Appendix 2.3.4: HSQC 
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Appendix 3: Mass spectra 

Appendix 3.1: Mass spectrum for compound 1 
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Appendix 3.2: Mass spectrum for compound 2 
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Appendix 3.3: Mass spectrum of compound 3 
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Appendix 4: Fragmentation spectra 

 

 

Figure 38. MS2 spectra of the feature 266.1176 annotated as a derivative of 6,7-dimethoxy-
1-phenyl-3,4-dihydro-isoquinoline  
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Figure 39. MS2 spectra of the feature 314.1389 annotated as a derivative of 6,7-dimethoxy-
1-phenyl-3,4-dihydro-isoquinoline  
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Figure 40. MS2 spectra of the feature 219.1125 annotated as abrine. 
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Figure 41. MS2 spectra of the feature 337.1072 annotated as carpachromene derivative. 
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Figure 42. MS2 spectra of the feature 209.1539 annotated as costunolide 
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Figure 43. MS2 spectra of the feature 203.1799 annotated as bisabolol 
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Figure 44. MS2 spectra of the feature 221.19 annotated as carophyllene epoxide 
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Figure 45. MS2 spectra of the feature 407.3674 annotated as a uvaol derivative. 
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Figure 46. MS2 spectra of the feature 419.1844 annotated as a Kuwanon E derivative 
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Figure 47. MS2 spectra of the feature 423.2164 annotated as Abyssinone V 4’-methyl ether 
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 Table 15: Pharmacokinetic parameters of the isolated compounds 

 

Compounds mol MW donor

HB 

accpt

HB 

QPlogPo

/w 

QPPCaco QPlogB

B 

QPlogS QPlogKp QPPMDC

K 

QPlog

Khsa 

HumanO

ralAbsor

ption 

PercentHu

manOralA

bsorption 

RuleOfFi

ve 

Abssinone 

4-V' methly 

ether 

422.520 1.000 4.000 5.557 439.675 -1.433 -7.819 

 

-2.971 203.525 1.339 

 

1  

93.834 

 

1 

Burttinone 438.519 2.000 4.750 4.920 216.440 -1.837 -7.258 -3.470 94.608 1.105 1 100.000 0 

Lupeol 426.724 1.000 1.700 6.796 4565.777 0.128 -7.705  

-1.914 

2553.920 1.892 1 100.000 

 

1 

Stigmasterol 420.504 1.000 3.750 5.614 758.344 -1.159 -7.102  

-2.162 

366.860 1.218 1 100.000 1 


