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Abstract 
 

Diabetes mellitus is recorded as a significant health crisis in South Africa and various 

medicinal plants are used for the management of diabetes. However, the chemistry 

and bioactivity associated with these plants' antidiabetic activity are still lacking. 

Cissampelos capensis L.f. and Strychnos henningsii Gilg are among the plants 

utilised to manage diabetes in the Eastern Cape Province, South Africa. C. capensis 

and S. henningsii are known for their isoquinoline – and indole alkaloids, 

respectively. Other phytochemical groups associated with antidiabetic activity are the 

phenols, flavonoids, and terpenes. Thus, this study aimed to evaluate in-depth the 

phytochemical profiling, alkaloidal identification, and structural characterisation of 

phytochemicals isolated from these plants. Also, subsequent in vitro antidiabetic 

screening of the crude extracts and isolated compounds from both plants was done.  

 

The phytochemical profiling was performed by employing a qualitative and 

quantitative approach through high-performance thin layer chromatography (HPTLC) 

and UV-spectrometry. Further analysis for the identification of alkaloids was done by 

using LCMS. Fractionation and purification of crude extracts were achieved through 

crystallisation and various chromatographic techniques. NMR, HRMS, UV/Vis, FTIR, 

and XRD spectroscopic techniques were used to characterise isolated compounds. 

In vitro antidiabetic activity screening involved the investigation of cytotoxicity, 

antioxidant activity, alpha-amylase – and/or alpha-glucosidase inhibition (particular to 

type II diabetes).      

 

C. capensis and S. henningsii extracts tested positive for alkaloids, phenolics, 

flavonoids, and terpenes through HPTLC screening. Quantitative estimation by UV-

spectrometry of these phytochemical groups detected the highest concentration of 

alkaloids, followed by flavonoids, phenolics, and terpenes content. The in vitro 

antidiabetic biological screening of the various crude extracts suggested that the 

presence of alkaloids, flavonoids, phenolics, and terpenes fostered favourable 

biological activity.  

 

The LCMS of the known alkaloidal constituents from C. capensis detected the 

presence of ten alkaloids, including glaziovine, lauroscholtzine, pronuciferine and 
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salutardine. Seven known alkaloids and one triterpene were detected from S. 

henningsii, including holtsiine, 23-hdroxyspermostrychnine, henningsiine, and the 

triterpene, friedelin. These findings suggest that C. capensis and S. henningsii have 

similar phytochemical constituents compared to the species reported in literature. 

However, the distribution of the phytochemicals in the various plant parts differed 

from previous accounts. The LCMS analysis further detected the presence of 

unknown mass signals in the various crudes of C. capensis and S. henningsii, 

suggesting the possibility of novel phytochemical constituents. 

 

Five proaporphine alkaloids, namely glaziovine, pronuciferine, cissamaline, 

cissamanine, and cissamidine, were isolated from the methanolic leaves, total 

tertiary alkaloidal (TTA) leaves and TTA stems of the crude extracts of C. capensis. 

Glaziovine and pronuciferine are isolated from the stems for the first time, while the 

latter three alkaloids are novel. Structural elucidation of the novel proaporphine 

alkaloids were assisted by the biogenesis of glaziovine and pronuciferine. From the 

methanolic bark extract of S. henningsii, five novel pentacyclic triterpenes were 

isolated and characterised. Namely, hennings-C17-al, hennings-C16-al, 

henningsinol, henningsinate, and henningsinal. This finding deviated from the 

previously reported indole alkaloidal profile and extends to the known phytochemical 

profile of S. henningsii.  

 

The in vitro antidiabetic screening of the five proaporphine alkaloids isolated from C. 

capensis showed inhibitory potential on alpha-amylase assay. The five pentacyclic 

triterpenes isolated from S. henningsii showed inhibitory potential on both alpha-

amylase and alpha-glucosidase assays. Additional in vitro and in vivo analyses are 

required to determine the mechanism of action of these compounds. 

 

Although there were no alkaloid compounds isolated from the S. henningsii extracts, 

the findings presented in this study substantially contribute to understanding the 

chemistry associated with the antidiabetic activity of C. capensis and S. henningsii. 

The isolated compounds are potential targets in developing lead compounds in the 

management of diabetes, particularly type II. Furthermore, the isolation of the eight 

novel compounds contributes to the gap in the literature regarding single compounds 

isolated from medicinal plants traditionally used in the treatment of diabetes.   
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CHAPTER 1: Introduction 

 

1.1. General introduction 

 

The practice of botanical medicine is one of humankind's oldest professions. It forms 

the basis of various sophisticated traditional medicine systems that treat a broad 

spectrum of illnesses and diseases.1,2 The World Health Organisation (WHO) 

defines these traditional medicine as “The sum total of the knowledge, skills, and 

practices based on the theories, beliefs, and experiences indigenous to different 

cultures, whether explicable or not, used in the maintenance of health, as well as in 

the prevention, diagnosis, improvement or treatment of physical and mental 

illnesses.”3 The Charaka, Sushruta, and Samhita are the earliest records of the 

Indian Ayurvedic system, documenting approximately 1000 drugs used, dating 

before 1000 BCE.4,5 While the first Chinese Materia Medica record dates to 1100 

BCE,6 and a famous Egyptian record known as the “Ebers Papyrus” dates back to 

1500 BCE.7 

 

The earliest ethnobotanical record of medicinal plant uses was written in cuneiform 

on clay tablets from Mesopotamia (2600 BCE), documented oils from Commiphora 

species (myrrh) and Cupressus sempervirens (Cypress) which persist today in the 

treatment of inflammation, colds, and coughs.1 Several other ethnobotanical records 

have been compiled over centuries, and various cultures are still reliant on traditional 

medicinal plants for their primary healthcare.8,9 However, there is little scientific 

knowledge recorded to verify the continued use of the majority of these medicinal 

plants. The information is particularly deficient in the secondary metabolite chemistry 

and in some cases, the primary metabolite chemistry of these plants. Furthermore, 

the scientific evidence regarding the efficacy and safety of these remedies' continued 

therapeutic use is lacking.10,11 Therefore, the study of medicinal plants is crucial to 

validate their traditional usage.12 Consequently, most pharmaceutical studies around 

the world, in recent years, have focused on the ethnobotanical approach to drug 

discovery.12,13  
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Examples of the earliest drugs derived from plants include the isolation of the 

cardiotonic glycoside digitoxin (1.1), the alkaloid morphine (1.2), and an alcoholic β-

glucoside salicin (1.3) from Digitalis purpurea L., Papaver somniferum L. and Salix 

alba L., respectively.14 Acetylsalicylic acid (1.4) is an anti-inflammatory agent derived 

from salicin and the most famous example of synthesis from natural products.14 

During the last 30 years, approximately 50% of the approved drugs were directly or 

indirectly from natural products.1 Despite the great advances in the pharmaceutical 

industry in novel drug discovery from natural products, a large majority of the plant 

biodiversity remains untapped.15,16 Thus, there is a strong cause for the research of 

medicinal plants used traditionally to treat illness and disease.    
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1.2. Medicinal plant use in South Africa 

 

The WHO estimates that more than 80% of people in developing countries depend 

on medicinal plants for their primary health care needs.17 The use of traditional 

medicine is especially high in these regions because of their cultural- and traditional 

importance and due to the comparable cost of western medicine.12,15,16,18 Therefore, 

medicinal plants remain a crucial contributor to the primary healthcare system of a 

large percentage of the world’s population. 

 

South Africa (or Republic of South Africa) is the southernmost country in the African 

continent, as shown in Figure 1.1, with more than 59 million people. South Africa is a 

country that has a strong history of traditional medicine, with biodiversity of 30 000 

indigenous plant species,19 and an approximate 3000 plant species used in 

medicinal practices.20 This history of traditional medicine is further demonstrated by 

looking at Zulu traditional practitioners, who reportedly used 1032 plant species from 

147 families, making up approximately 25% of the KwaZulu-Natal flora.21 The 

isolation of natural products from medicinal plants is an essential part of the search 

for novel drugs against illness and disease. However, a large majority of these 

species remain poorly explored.22 

 

The focal points of natural product research in South Africa are broad, not only in the 

significance of medicinal plants to various communities but also aiding in the 

validation of pharmacological activities of these plants, while concerned with the 

quest of novel drug discovery.23  
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Figure 1.1: Map of South Africa highlighting the Eastern Cape Province. 

1.2.1. The diabetic crisis and the Eastern Cape Province 
 

Diabetes mellitus is a disease branded by high blood sugar levels, where the body  

cannot effectively control the metabolism of glucose, the primary source of energy.24 

It is described as a clinical syndrome characterised by inappropriate hyperglycaemia 

caused by the relative or absolute deficiency of insulin (type I) or the resistance to 

the action of the hormone at the cellular level.24,25 As diabetes mellitus progresses, it 

can negatively affect vital organs such as the eyes, liver, and kidneys,26–28 and can 

further lead to secondary complications such as foot ulcers and impaired wound 

healing, amongst others.29 

 

In the current times, there has been a noted increase in the prevalence of diabetes 

mellitus worldwide.24 In 2017, a study revealed that ̴ 425 million adults were living 

with diabetes mellitus and further projections suggest a rise to 629 million adults by 

the year 2045 if the necessary and adequate measures are not implemented against 

this desease.30–32 Existing records suggest that diabetes is a significant health crisis 

in Africa, as well as South Africa.33 

 

The Eastern Cape Province is estimated to have the highest percentage of residents 

living in poverty (72.9%) in South Africa,24 with the majority of the population being 

rural (63.4%).34 These remote rural communities suffer from a lack of aqequate 

public healthcare infrastructure. According to the Public Service Accountability 

Monitor (PSAM) this is due to a lack of strategic planning, reporting that the Eastern 

Cape Health Department failed to identify its infrastructure refurbishment needs and 

shifted from building new infrastructure between 2019 and 2020.35  
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Due to these public healthcare inadequacies, many rural Eastern Cape residents rely 

on medicinal plants for the treatment and cure of illness and disease. Furthermore, 

the majority of these residences depend on medicinal plants to treat common 

diseases, like diabetes, due to their affordability, availability, perceived effectiveness, 

and low side effects, compared to western medicines.36–38 

 

In a recent review, Odeyemi et al., provides a thorough assessment of the 

therapeutic profile of available medicinal plants that are utilised in the management 

of diabetes in the Eastern Cape Province.24 The findings suggested that almost all 

the medicinal plants investigated were non-toxic and inhibited oxidative stress as 

part of their hypoglycaemic activity, exposing the lack of isolation of the bioactive 

secondary phytochemicals from these plants.24  

 

1.2.2. Phytochemistry: Alkaloids as a response to diabetes in the 

Eastern Cape Province 
 

Phytochemistry (Phyto [Greek] meaning plant) is the study of naturally occurring 

phytochemicals, bioactive (or not) chemical compounds found in plants that provide 

health benefits to humans, which are not found in macro-and micronutrients.39 

General the chemicals in the plant that protect its cells from stress, environmental 

hazards, UV exposure, pathogen attack, and drought are called phytochemicals.40,41 

These phytochemicals accumulate in different parts of the plant, i.e., the fruits, 

flowers, seeds, leaves, stems, rhizomes, or roots.42  

 

Secondary metabolites from plants are said to be bioactive when they possess 

biological properties, including; antimicrobial- and antioxidant activity, immune 

system stimulation, modulation of detoxification enzymes, modulation of hormone 

metabolism, and anticancer properties.43 These secondary metabolites can further 

be classified as alkaloids, terpenes, phenolics, tannins, flavonoids, saponins, 

glycosides, plant steroids, lignans, and curcumins, etc.44  

 

Alkaloids are one of the most diverse groups of secondary metabolites and contain 

heterocyclic nitrogen atoms that are basic. They are found in living organisms and 
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are diverse in their structural arrangement, biosynthetic pathways, and 

pharmacological activities. Traditionally, alkaloids are isolated from plants and have 

been used for hundreds of years in medicines and some are still prominent today.45 

The classification of alkaloids according to heterocyclic ring systems present in the 

molecule are; pyrrolidine alkaloids, pyridine alkaloids, pyrrolidine-pyridine alkaloids, 

pyridine-piperidine alkaloids, quinoline alkaloids, and isoquinoline alkaloids.46 

 

In the review by Odeyemi et al., investigating the literature on medicinal plants used 

for the traditional management of diabetes in the Eastern Cape, when looking into 

the pharmacology and toxicology found that: Alkaloids were the most mentioned 

group of molecules found in nine families of plants used.24 This finding was attributed 

to the vast medicinal properties of alkaloids, such as inhibition of carbohydrate 

digesting enzymes, antioxidants, enhancement of glucose uptake in cells, and 

enhancement of insulin release.24 Isolated alkaloids that have been reported for their 

anti-diabetic activities include hypoglycin (1.5), mahanimbine (1.6), and vindolicine 

(1.7).47–50 This review is a significant contribution towards the understanding of the 

research around medicinal plants for the treatments of diabetes in the Eastern Cape. 

It offers a call toward further research into the secondary bioactive phytochemicals 

from these medicinal plants, with a particular focus on the isolation and identification 

of bioactive antidiabetic secondary metabolites towards novel drug discovery.  
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This project is aimed at the identification, isolation, and biological evaluation of 

natural products from two Eastern Cape medicinal plants, Cissampelos capensis L.f. 

(Menispermaceae), and Strychnos henningsii Gilg (Loganiaceae). Both plant species 

are important in the management of diabetes to residents of the Eastern Cape, 

South Africa. The specific aims of this study are listed in Section 1.3 and in Section 

1.4, a brief description of the organization of this thesis is presented. 
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1.3. Aims of this study 

 

The primary aim of this proposed research study is the identification and 

characterisation of alkaloidal compounds within the anti-diabetic indigenous 

medicinal plants, Cissampelos capensis and Strychnos henningsii, from the Eastern 

Cape while subsequently testing the anti-diabetic activity of these compounds. 

 

The aims of this study were: 

 

• To determine the phytochemical profile of C. capensis and S. henningsii 

plants from the Eastern Cape, through HPTLC and quantitative UV-

spectrometry. 

 

• To identify the known alkaloidal chemical profile of C. capensis and S. 

henningsii employing LCMS methods. 

 

• To isolate and characterise alkaloidal compounds and other arising 

phytochemicals within C. capensis and S. henningsii.  

 

• To screen crude extracts and isolated compounds of C. capensis and S. 

henningsii, for their antidiabetic activity through in vitro biological assays.  
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1.4. Organisation of the thesis 

 

Following the current chapter (Chapter 1), this thesis will contain four more chapters. 

In Chapter 2, an introduction of the Menispermaceae family is shared, followed by a 

literature review on C. capensis (not excluding the Cissampelos L. genus), and the 

phytochemical profile, isolation, and structural characterisation from C. capensis are 

presented. Similarly, in Chapter 3, the Loganiaceae family is introduced, followed by 

a literature review on S. henningsii (not excluding the Strychnos genus), and the 

phytochemical profile, isolation, and structural characterisation from S. henningsii. 

Chapter 4 presents a literature review on the biological activity of C. capensis and S. 

henningsii with a focus on the antidiabetic studies conducted and the finding of the in 

vitro biological assays. General conclusions about the research findings and future 

recommendations will be discussed in Chapter 5. 
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CHAPTER 2: The phytochemistry of Cissampelos capensis 

 

2.1. Introduction 

 

The Menispermaceae family is part of the Ranunculales order and is divided into 

eight tribes and three subtribes.51 It is composed of approximately 68 genera with 

some 440 species worldwide.52 Species from the family are distributed in all 

continents, favouring tropical climate regions. The plants of the family are described 

as perennial, woody, and being predominantly climbing shrubs with anomalous stem 

structures.51 Composed of unisex flowers, alternating leaves and seeds that might 

(or not) be endosperm. The family is well-documented in South Africa and forms 

seven genera comprising some thirteen species, three of which being endemic to 

South Africa, as shown in Figure 2.1.53–56 

 

Figure 2.1: Outline of the South African Menispermaceae family (endemic species 

bold). 

The Aims of this chapter are: 

- to present a brief overview of the documented ethnobotanical uses and the 

phytochemical profile of some Menispermaceae species. 

- to summarise the reported traditional uses, biological activities and provide an 

overview of the phytochemical studies undertaken for the Cissampelos L. 

genus and specifically for C. capensis. 

- to present the findings from the phytochemical investigation of C. capensis 

undertaken in the current study.   
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2.2. Ethnobotanical uses of Menispermaceae in South Africa 

 

This section will explore de Wet’s dissemination of the ethnobotanical importance of 

Menispermaceae in South Africa.55 The Menispermaceae family comprises seven 

genera namely, Albertisia Becc., Antizoma Miers, Cissampelos L., Cocculus DC., 

Stephania Lour., Tiliacora Colebr., and Tinospora Miers. These genera further 

provide thirteen species of plants to the family, where one genus (Antizoma) and one 

species (C. capensis) are endemic to South Africa (refer to Figure 2.1).55,57  

 

While conducting a literature survey on the thirteen species occurring in Africa and 

southern Africa, de Wet found that only four genera (Albertisia, Antizoma, 

Cissampelos and Tinospora) had over two citations for a specific medical use. The 

Cissampelos genus was by far the most medically used species, while no medicinal 

uses for the genus Cocculus are recorded in the region. Only two citations recorded 

medicinal uses of the genus Tinospora, while only one reference is made to the 

Stephania genus.55  

 

Many similarities are recorded between the ailments treated by the Cissampelos 

genus in South Africa, Africa, and the world. Some of the most important uses, 

according to de Wet, are in the treatment of stomach problems, menstrual problems, 

pregnancy-related problems, wounds, ulcers, and its use as a diuretic. The least 

documented genus was Tinospora and is mostly used to treat diabetes, fever, 

malaria, wounds, ulcers, arthritis, and rheumatism.   

 

An ethnobotanical survey on the thirteen South African species in the north-eastern 

parts of KwaZulu-Natal and the eastern parts of the Karoo, de Wet, confirms the 

medicinal importance of the Menispermaceae family in South Africa.55 These 

recorded findings confirm previous documentation and add new uses to the species 

of the Menispermaceae family. The recorded findings reveal C. capensis was the 

most medicinally useful species, followed by Cissampelos mucronate. Both 

Antizoma species, Albertisia delagoensis, and all the Cissampelos species, were the 

most recorded to treat stomach problems. In blood purification, C. capensis and 

Stephania abyssinica were highlighted as very important. There was little to no 
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importance attributed to the three Tinospora species medicinally. Furthermore, De 

Wet, reported that no medicinal record for Cocculus hirsutus was found but that the 

species was recorded for their magical properties along with C. capenis, C. torulosa, 

S. abyssinica, and Tinospora fragosa. Finally, the conclusion was made that 

disparities in medicinal uses could be attributed to the geographical distribution of 

the Menispermaceae family in South Africa.55 
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2.3. The phytochemical profile of Menispermaceae in South Africa 

 

In many regions of the world, the Menispermaceae family is renowned for its 

medicinal uses, which are attributed to their rich diversity of isoquinoline alkaloids.51 

The family contains 22 different alkaloid types derived from the benzylisoquinoline 

alkaloids. Among these, the bisbenzylisoquinoline, aporphine, and protoberberine 

types were most abundant in the chemical profile of Menispermaceae.51,55 Emphasis 

was given to the significant majority of alkaloids derived from the 

benzyltetrahydroisoquinoline nucleus and tubocurarine (2.1) is one of the most 

important members of this alkaloid group.51 
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Studying the phytochemical profile of Menispermaceae, de Wet isolated the major 

alkaloids from the seven species of the genera Albertisia, Antizoma, and 

Cissampelos.55,56,58,59 Seventeen alkaloids were isolated namely (with types of 

alkaloids noted in brackets);  bulbocapnine, dicentrine, lauroscholtzine [Aprophine], 

crotsparine, glaziovine, pronuciferine [Proaporphine], reticuline [Benzyltetrahydro-

isoquinoline], 12-O-methylcurine, cissacapine, cyleaneonine, cyleanine, insulanoline, 

insularine, O-methylcocsoline, cocsuline, cocsoline 

[Bisbenzyltetrahydroisoquinoline], and salutaridine [Morphinane]. De Wet, achieved 

the isolation of these alkaloids through an analytical alkaloidal extraction method, 

followed by fractionation through column chromatography and employing preparatory 

thin layer chromatography (PTLC) to isolate the alkaloids.55 Reference standards 
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were also used in high-performance liquid chromatography (HPLC) to identify 

alkaloids. 

2.4. The genus Cissampelos L. 

 

The Cissampelos genus is widely utilised in traditional medicines worldwide as 

established in reports about its therapeutic capacity in several cultures.60 A recent 

review by de Silva et al., details the biological activities, ethnobotanical and 

phytochemical aspects of the genus.60 Findings from the review suggest that the 

genus medicinal uses included the treatment of liver, gastric, renal and pregnancy 

disorders. Extracts from the roots, leaves, stems, and rhizomes exhibited several 

biological activities including, anti-inflammatory, antimicrobial, antipyretic, and 

antidiarrheal.  

 

The review highlighted that the most frequently studied species worldwide included 

C. sympodialis, C. pareira, C. mucronate, and C. capensis where the isoquinolines 

were the main alkaloid type, while observing a paucity in the phytochemical 

characterisation and pharmacological potential of the genus.60 De Silva et al., 

concluded that broader biological investigation coupled with the isolation and 

characterisation of compounds are needed to further explore the genus's promising 

biological activity towards novel drug discovery. 

 

The Cissampelos genus is one of seven genera of the Menispermaceae indigenous 

to southern Africa, known for its rich diversity of isoquinoline alkaloids.56 The genus 

comprises C. capensis, C. hirita, C. mucronate, and C. torulosa.61 It is reported to be 

a predominantly medicinally used genus from the family, used in the treatment of 

stomach problems, menstrual problems, diabetes, wounds and ulcers to name a 

few.55  
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2.5. Cissampelos capensis 

 

2.5.1. Introduction  

 

Cissampelos capensis L.f. is the only endemic species, from the Cissampelos 

genus, in southern Africa and grows in winter rainfall region.56 The plant is described 

as a rambling shrub with thick divergent branches and twining stems.56 The costal 

population’s leaves are larger and less glaucous than the xerophytic adaptations 

found inland62–64 as depicted in Figure 2.2. C. capensis holds special significance in 

the ethnomedicinal practices of the Khoisan peoples.2,61,65 It  is commonly known as 

dawidjiewortel (Afrikaans) and mayisake (Xhosa).56,66  

 

 

Figure 2.2: Cissampelos capensis L.f. PEU 25069 (Legit. J. Block & N. Latolla) 

 

2.5.2. Traditional medicinal uses 

 

The wide range of medicinal uses of C. capensis is believed to be because of the 

rich diversity of isoquinoline alkaloids present in the Menispermaceae family. In 

southern Africa, a wide range of ailments are predominantly treated with 

preparations of the roots and rhizomes, though the stems and leaves are also 

used.2,61,65,67–71 These ailments include but are not limited to, the treatment of 

menstrual problems, blood purification, colic, snakebites, diabetes, male fertility, 

stomach and skin cancers.     
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2.5.3. Phytochemistry and bioactivity of C. capensis 

 

In southern Africa, the research on the phytochemistry of C. capensis has mostly 

targeted the alkaloids. Previous reports suggest that the plant's biological activity is 

because of its rich diversity of alkaloids, especially the predominance of 

bisbenzyltetrahydroisoquinoline alkaloids in the rhizomes.56 Although qualitative 

screening of the phytochemical profile of the plant has been done , no quantitative 

estimation of the total phytochemical content has been reported.66 However, the 

quantitative estimations of 13 known alkaloids have been performed on the leaves, 

stems and rhizomes of C. capensis through analytical verification and confirmation 

HPLC analysis.56 To date, 21 chemical constituents have been identified or isolated 

from the southern African C. capensis species. 

 

Ayers et al., isolated two alkaloids, (S)-dicetrine (2.2) and (S)-neolitsine (2.3), from 

methanolic extracts of the aerial shoots of C. capensis.72 de Wet et al., further, 

reported on the identification, isolation and quantitative HPLC analysis of 13 

alkaloids from C. capensis.56 The isolation of the alkaloids was done from the 

alkaloidal extracts of the stems, rhizomes and leaves, being subjected to column 

chromatography and PTLC. From the inland leaves, dicetrine (2.2), glaziovine (2.4), 

lauroscholtzine (2.5) and pronuciferine (2.6) were isolated, while isolating 

bulbocapnine (2.7), salutardine (2.8) from the coastal leaves and cycleanine (2.9) 

from the costal rhizomes of C. capensis.55  

 

Furthermore, analytical investigation of previously isolated alkaloids from the 

Menispermaceae family was performed through HPLC analysis which confirmed, 

cissacapine (2.10), crotsparine (2.11) and insularine (2.12) from Antizoma 

angustifolia58, while confirming 12-O-methylcurine (2.13) and reticuline (2.14) from 

Cissampelos hirta55 and insulanoline (2.15) from Antizoma miersiana.59 

 

Most recently, three more alkaloids were reported by Babajide et al., where the novel 

alkaloids, dihydromorphinandienone alkaloid (2.16) and dimethoxyaprophine alkaloid 

(2.17), were isolated from a total tertiary alkaloidal (TTA) extraction of the C. 

capensis aerial shoots.73 Re-isolating, 8,14-dihydromorphinandienone alkaloid (2.18) 
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from a methanolic aerial shoots extract, previously isolated from Cissampelos 

sympodialis (species does not appear in the southern African Cissampelos genus).  

 

Babajide et al., further extends the phytochemistry of C. capensis by isolating three 

novel flavonoids, 6-C-methylquercetin-3,3’,7,8-tetramethylether (2.19), methylene-

dioxyisoflavanone (2.20) and 6-C-methylquercetin-3-methylether (2.21).73 The 

flavonoids (2.19) and (2.20) were isolated from methanolic extracts of the aerial 

shoots, while (2.21) was isolated from a methanolic extract of the roots. 

 

The rich alkaloidal phytochemical profile and recently isolated flavonoid supports the 

medical applicability of C. capensis.56,72,73 The plant is widely recognised in southern 

Africa for its great importance as one of the major medicinal herbs used in treating a 

variety of ailments, thus making it a great candidate for bioactivity studies.  

 

C. capensis has been reported to possess antiplasmodial activity in an evaluation of 

selected South African medicinal plants for antimalarial properties.74 An alkaloidal 

crude extract from the rhizomes and leaves of C. capensis showed cytotoxicity 

against breast, melanoma and renal cancer cells.75 The two aporphine alkaloids (2.2) 

and (2.3), mentioned above, exhibited potent anthelmintic activity.72 Antimicrobial 

activity evaluations of C. capensis revealed that methanolic and TTA (aerial shoots 

and roots) extracts favoured antibacterial activity.73  

 

In the Eastern Cape Province, C. capensis is highlighted as an important medicinal 

plant used for the traditional management of diabetes. In a review on this topic, 

Odeyemi et al., reported the pharmacology and toxicology of various plants, 

including C. capensis.24 The review identified phenolics, terpenes, flavonoids and 

alkaloids as potential bioactive molecules for antidiabetic studies. The review 

findings are discussed in Chapter 4, which presents the antidiabetic screening 

related to C. capensis.  
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2.6. Results and discussion 

 

2.6.1. Introduction  

 

This section aims to present the phytochemical constituents of C. capensis L.f. (PEU 

25069 (Legit. J. Block & N. Latolla)), an inland species collected in the mountainous 

areas of Joubertina in the Eastern Cape. There is no report of this species from this 

geographical area yet. Thus, this study will provide an opportunity for new insights 

into the species. 

 

The aim of this study was the isolation and characterisation of phytochemicals from 

C. capensis, particularly, as it relates to the potential antidiabetic bioactive molecules 

(alkaloids, phenolic, flavonoids—and terpenes) outlined by Odeyemi et al.24 The 

study was conducted on the methanolic extracts of the leaves (MCCL), stems 

(MCCS) and rhizomes (MCCR), along with the total tertiary alkaloidal extracts of 

these various plant parts (TTA CCL/ TTA CCS/ TTA CCR). The phytochemical 

screening of C. capensis was performed through high performance thin layer 

chromatography (HPTLC) coupled with various derivatisation spray reagents for the 

qualitative detection of the targeted phytochemical groups. Then, quantitatively 

determined the estimated equivalence content (mg/ 10 mg crude material) towards 

known standards for each targeted phytochemical group by UV-spectrometry. The 

identification of known phytochemical constituents followed this through liquid 

chromatography mass spectrometry (LCMS) analysis. Finally, reporting on the 

chemical components isolated and characterised from C. capensis through various 

spectral means. Because of the low harvesting of the rhizomes plant material due to 

plant conservation restriction, the MCCR and TTA CCR extracts were limited to 

quantitative-, qualitative- and biochemical analysis.  
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2.6.2. Phytochemical profiling and alkaloid identification 

 

The phytochemical profile of C. capensis has been described as having a rich 

diversity of alkaloid groups. These alkaloid groups have been identified as the 

bisbenzyltetrahydroisoquinoline, benzyltetrahydro-isoquinoline, aporphine, morphin-

ane, and proaporphine type alkaloids.55,56,72,73 Additionally, flavonoids have been 

added to the phytochemical profile of C. capensis.73 However, it is important to 

establish the other classes of phytochemicals present in C. capensis, particularly 

those groups that have been associated with the antidiabetic activity of the species 

in the Eastern Cape.24 

 

2.6.2.1. HPTLC Profiling of C. capensis  

 

The phytochemical screening of the C. capensis crude extracts for the detection of 

alkaloids, phenols, and triterpenes was performed through HPTLC with a DCM-

MeOH (9:1) solvent system, derivatisation spray reagents, and viewed under white 

light, as shown in Figure 2.3 a. The presence of alkaloids was detected in all crude 

extracts as depicted in chromatogram D by the orange bands observed through 

Dragendorff spray reagent. Similarly, phenols was detected in all the crude extracts 

as shown in chromatogram E by the blue or greenish bands observed through 

iron(III) chloride spray reagent. However, the presence of triterpenes was only 

detected in the methanolic extracts as shown in chromatogram F by the dull brown 

bands observed through tin(IV) chloride spray reagent derivatisation. The tin(IV) 

chloride spray reagent also detects the presence of phenols which are again 

detected in the TTA extracts as depicted in chromatogram F.   
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Figure 2.3 a: Phytochemical screening of alkaloids, phenols, and triterpenes from 

the various crude extracts of C. capensis.  

[HPTLC profiling (solvent system, DCM- MeOH [9:1]) of the methanolic extracts of the leaves (MCCL), 

stems (MCCS) and rhizomes (MCCR), along with the total tertiary alkaloidal extracts of these various 

plant parts (TTA CCL/ TTA CCS/ TTA CCR) is depicted in the figure above. The different depictions in 

A-C represent the visualisation of different chromatograms in: A- white light, B- short-wavelength UV 

light, C- long-wavelength UV light. Chromatograms D-F represents the different derivatisation in white 

light: D- Dragendorff spray reagent for alkaloids derivatisation, E- iron(III) chloride spray reagent for 

phenols derivatisation, and F- tin(IV) chloride spray reagent for triterpenes derivatisation.] 

The phytochemical screening for the detection of flavonoids, terpenes, and 

triterpenes from the C. capensis crude extracts was performed using HPTLC with a 

DCM-MeOH (9:1) solvent system, derivatisation spray reagents, and viewed under 

long-wave UV light, as shown in Figure 2.3 b. Flavonoid detection was not 

conclusive and only detected in the methanolic crude extracts as depicted in 

chromatogram G through aluminium chloride spray reagent. Through comparisons 

with chromatogram C, the resulting dulling of bands observed for the methanolic 

extracts in chromatogram G could suggest the presence of flavonoids. Terpenes 
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presence was only detected in the methanolic extracts as shown by the peach bands 

in chromatogram H through antimony(III) chloride spray reagent. The presence of 

triterpenes was reaffirmed in the MCCL and MCCS under long-wave UV light by the 

violet bands observed in chromatogram I. The observed phytochemical screening 

results are comparable to those obtained by Babajide et al., who detected alkaloids, 

flavonoids, and phenolics from methanolic extracts.66 The strong visual response in 

chromatogram D supports the literature around the rich alkaloid phytochemical 

profile of C. capensis.  

 

 

Figure 2.3 b: Phytochemical screening of flavonoids, terpenes, and triterpenes from 

the various crude extracts of C. capensis.  

[HPTLC profiling (solvent system, DCM- MeOH [9:1]) of the methanolic extracts of the leaves (MCCL), 

stems (MCCS) and rhizomes (MCCR), along with the total tertiary alkaloidal extracts of these various 

plant parts (TTA CCL/ TTA CCS/ TTA CCR) of C. capensis is depicted in the figure above. The 

different depictions in A-C represent the visualisation of different chromatograms in: A- white light, B- 

short-wavelength UV light, C- long-wavelength UV light. Chromatograms G-I represents the different 

derivatisation in long-wavelength UV light: G- aluminium chloride spray reagent for flavonoids 
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derivatisation, H- antimony(III) chloride spray reagent for terpenes derivatisation, and I- tin(IV) 

chloride spray reagent for triterpenes derivatisation.] 

2.6.2.2. Quantitative estimation of total phytochemical content of C. capensis  

 

To conclude the phytochemical content, phytochemical screening alone is not 

sufficient, further quantitative analysis was required to confirm total content. Thus, 

UV-vis Spectrophotometry was used to quantitatively estimate the total 

phytochemical content. The estimated total phytochemical content (mg/ 10 mg crude 

material) was reported as equivalence to known standards (atropine, gallic acid, 

quercetin, and linalool) and recorded in Table 2.1. To the best of our knowledge, 

there has been no attempt at the estimation of the total phytochemical group 

contents for C. capensis besides the estimations of isolated alkaloidal variation by de 

Wet et al.56 

 

The total alkaloid content in the various crude samples yielded the highest content 

(mg/ 10 mg crude material), followed by the total flavonoid, phenolic and then 

terpene content. The highest content of alkaloids was observed in the TTA CCL 

extract (8,043 ± 0,052), while the lowest alkaloid content was recorded for the MCCS 

extract (1,462 ± 0,155). The highest phenolic content was recorded for TTA CCS 

(1,660 ± 0,078) and the lowest phenolic content observed in MCCL (0,672 ± 0,017). 

The total flavonoid and terpene content was only performed on the methanolic 

extracts as the TTA extracts was specific for alkaloid extraction. The highest total 

flavonoid content was recorded in MCCR (3,898 ± 0,019) with the lowest content in 

MCCL (0,905 ± 0,065). Finally, the highest total terpene content was recorded in 

MCCL (0,0619 ± 0,0077) while the lowest content was observed in MCCS (0,0431 ± 

0,0041).  

 

The estimated phytochemical group content of the rhizomes, the plant part mostly 

used in traditional medicines, produced results that fell between the leaves and 

stems findings. The high flavonoid content observed in MCCR also supports the use 

of rhizomes in traditional medicine. These observations are further supported by the 

rich alkaloidal profile explored by De Wet et al.,55,56 and the three flavonoids isolated 

by Babajide et al.,73 from the South African C. capensis species in the last decade.  
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Table 2.1: Estimation of total phytochemical group content in C. capensis by UV-

Spectrometry 

[Estimation of total phytochemical group content of the methanolic extracts of the leaves (MCCL), 

stems (MCCS) and rhizomes (MCCR), along with the total tertiary alkaloidal extracts of these various 

plant parts (TTA CCL/ TTA CCS/ TTA CCR) is depicted in the table below] 

 

 Quantitative Phytochemical Analysis 

Alkaloid 

Content 

[Atropine 

equivalence] 

(mg/ 10 mg 

crude) 

Phenol Content 

[Gallic acid 

equivalence] 

(mg/ 10 mg 

crude) 

Flavonoid 

Content 

[Quercetin 

equivalence] 

(mg/ 10 mg 

crude) 

Terpene Content 

[Linalool 

equivalence] 

(mg/ 10 mg crude) 

MCCL 7,215 ± 0,052 0,672 ± 0,017 0,905 ± 0,065 0,0619 ± 0,0077 

TTA CCL 8,043 ± 0,052 0.857 ± 0,055   

MCCS 1,462 ± 0,155 0,937 ± 0,056 1,960 ± 0,022 0,0431 ± 0,0041 

TTA CCS 5,210 ± 0,056 1,660 ± 0,078   

MCCR 2,420 ± 0,135 1,175 ± 0,067 3,898 ± 0,019 0,0575 ± 0,0069 

TTA CCR 6,333 ± 0,324 1,583 ± 0,079   
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2.6.2.3. LCMS analysis of C. capensis  

 

Plant extracts are very complex in their nature, and compounds of interest could be 

present in low to trace amounts. This complexity compels the search for more 

reliable techniques that HPTLC and UV/Vis to identify the present content. LCMS 

has proven to be one of the most reputable technique for the qualitative and 

quantitative identification of phytochemical constituents. Therefore, LCMS was used 

to screen the various extracts (methanolic and TTA extracts), and compounds were 

identified by comparing detected and literature mass values as reported in Table 2.2. 

It should be noted that LCMS analysis delivered a preliminary result of the presence 

of known phytochemicals. Isolation and characterisation are required to confirm the 

structure of the identified compound, as the observed mass signal could potentially 

be that of an isomeric structure.  

 

Upon investigation of each crude extract of C. capensis, nine, eight and seven 

alkaloids were detected in the leaves, stems, and rhizomes, respectively. The 

identified alkaloids were, glaziovine (2.4), lauroscholtzine (2.5), pronuciferine (2.6), 

salutardine (2.8), cycleanine (2.9), insularine (2.12), 12-O-methylcurine (2.13), 

reticuline (2.14), insulanoline (2.15), and 8,14-dihydromorphinandienone alkaloid 

(2.18). Six of the detected alkaloids (2.4, 2.5, 2.6, 2.9, 2.12, and 2.13) were 

commonly detected in the leaves, stems, and rhizomes of C. capensis. The detected 

alkaloids include three bisbenzyltetrahydroisoquinoline (2.9, 2.13, 2.15), three 

morphinane (2.8, 2.12, 2.18), two proaporphine (2.4, 2.6), and one each of the 

aporphine (2.5) and benzyltetrahydroisoquinoline (2.14) alkaloid types (refer to 

Section 2.5.3 for the chemical structures). However, no flavonoid mass signals were 

observed as described by Babajide et. al.73 The lack of flavonoid detection could be 

as a result of the significantly larger alkaloid content observed or as a result of 

potentially novel flavonoids present as unknown mass signals were observed. 

 

The LCMS analysis findings in Table 2.2, are reported as the electrospray positive 

[M+H]+ ion of the chemical constituent. There are only three alkaloids (2.4 - 2.6) that 

were detected in all the extracts for both method A and B, except 2.5 not being 

detected in either method for the TTA CCS extract. The analysis of 2.4 and 2.5 with 

an MS m/z 298.2 (C18H19NO3) and 342.2 (C20H23NO4), respectively, are depicted in 
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Figure 2.4 a. Analysis of insulanoline (2.15), depicted in Figure 2.4 b, with an MS m/z 

607.3 (C37H38N2O6), was only detected in the rhizome extracts. While analysis of 

salutardine (2.8) with an MS m/z 328.2 (C19H21NO4), also in Figure 2.4 b, was only 

detected in the TTA CCL extract of C. capensis.  

 

The alkaloids pronuciferine (2.6) and cycleanine (2.9) are both detectable by the MS 

m/z 312.2 signal, the analysis each signal showed the detected m/z 623,2 for (2.9) 

and is absent in the analysis of (2.6) as shown in Figure 4.4 c. It should also be 

noted that reticuline (2.14) and 8,14-dihydromorphinandienone alkaloid (2.18) have a 

similar molecular formula (C19H23NO4) with an MS m/z 330.2, however, this peak 

mostly appeared twice which suggests detection of two isomeric compounds of this 

mass potentially distinguishing between (2.14) and (2.18). Additional analytical 

LCMS analysis spectra can be found in Appendix A-1. 
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Table 2.2: Identification of known alkaloids from C. capensis through analytical LCMS analysis 

[the detected alkaloids (with their respective MS m/z reported as the electrospray positive [M+H+] ion of the chemical constituent) in the methanolic extracts 

of the leaves (MCCL), stems (MCCS) and rhizomes (MCCR), along with their total tertiary alkaloidal extract counterparts (TTA CCL/ TTA CCS/ TTA CCR) are 

depicted in the table below for Method A and B as outline in the experimental section 2.8.1 below. KEY: + (detected), - (not detected)] 

   
MCCL 

 
TTA CCL 

 
MCCS 

 
TTA CCS 

 
MCCR 

 
TTA CCR 

Detected MS 
([M+H]+ ion) 

(g/mol) 

MS recorded in 
literature55,56,73 

(g/mol) 

A B A B A B A B A B A B 

2.4 (298,2) 297,1 + + + + + + + + + + + + 

2.5 (342,2) 341.0 + + + + + + - - + + + + 

2.6 (312,2) 311,4 + + + + + + + + + + + + 

2.8 (328,2) 327,4 - - + + - - - - - - - - 

2.9 (312,2-  
2 charges 623.3) 

622,7 - + + + - + + + + + + + 

2.12 (311- 
2 charges 621.3) 

620,7 + + - - + + + + + + + + 

2.13 (305,2-  
2 charges 609.3) 

608,7 - + - - - + + + - + + + 

2.14 (330,2) 329,4 - - + + - - + + - - - - 

2.15 (304,1- 
2 charges 

607,3 

606,7 - - - - - - - - + + + + 

2.18 (330,2) 329,2 - - + + - - + + - - - - 
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The findings from the analytical LCMS analysis identified ten alkaloidal constituents 

previously reported by de Wet et al.,55,56 and Babajide et al.73 De Wet et al., reported 

on the alkaloidal variation of inland species of C. capensis from the Graaf-Reinet 

(Eastern Cape), Clanwilliam (Western Cape) and Ladismith (Western Cape) 

localities, reporting on 13 alkaloids- seven, six and seven alkaloids were detected in 

the leaves, stems, and rhizomes, respectively.56 Four (2.2, 2.7, 2.10, and 2.11) out of 

the 13 alkaloids described by De Wet et al., were not detected in this study, while an 

additional alkaloid (2.18) reported by Babajide et al., was detected. However, more 

alkaloids were detected in the leaves (nine) and stems (eight) of the inland species 

collected in Joubertina compared to that of the inland species discussed by De Wet 

et al.56 The variation of alkaloids in the leaves, stems, and rhizomes in this study, 

reported six alkaloids in common while, De Wet et al.,56 only reported three common 

alkaloids. From the six common alkaloids detected (2.4, 2.5, 2.6, 2.9, 2.12, and 2.13) 

in this study, De Wet et al.,56 reported (2.9) in all the plant parts, (2.12) from the 

stems and rhizomes, (2.6 and 2.13) from the rhizomes, and (2.4 and 2.5) from the 

leaves. This suggests that the alkaloidal variation in the various plant parts of the 

Joubertina species are more similarly distributed compared to the inland species 

previously reported on. Furthermore, some of the detected alkaloids have been 

reported toxic and this will have implications on the medicinal uses of this C. 

capensis species.56  
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Figure 2.4 a: The crudes and extrapolated alkaloid LCMS chromatogram for the discussed alkaloids 2.4 and 2.5 
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Figure 2.4 b: The crudes and extrapolated alkaloid LCMS chromatogram for the discussed alkaloids 2.8 and 2.15 
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Figure 2.4 c: The crude and extrapolated alkaloid LCMS chromatogram for the discussed alkaloids 2.6 and 2.9 
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2.6.3. Isolation and characterisation of chemical constituents 

 

2.6.3.1. Introduction  

 

The plant materials of Cissampelos capensis were collected in the mountainous 

rural areas of Joubertina in the Eastern Cape. Following air drying and milling, the 

plant material was subjected to methanolic and total tertiary alkaloidal (TTA) 

extractions, as described in Section 2.8.3. The TTA leaves (TTA CCL), TTA stems 

(TTA CCS) and methanolic leaves (MCCL) extracts were fractionated as described 

in Figure 2.5 to afford, glaziovine (2.4), pronuciferine (2.6), cissamaline (2.22), 

cissamanine (2.23) and cissamidine (2.24).  

 

The isolated compounds are proaporphine alkaloids, which are formed directly from 

the benzyltetrahydroisoquinolines, synonymous with C. capensis.51,56,76 To the best 

of our knowledge, compounds 2.22, 2.23 and 2.24 are novel and have not been 

reported before. The compounds 2.4 and 2.6 were previously isolated from the 

leaves by De Wet et al.,77 and are isolated here from the stems of C. capensis for 

the first time.  
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Figure 2.5: The extraction and isolation process of 2.4, 2.6, 2.22, 2.23, and 2.24 

from the various C. capensis crude extracts. 

 

The novel alkaloids isolated from the TTA CCL (2.23 and 2.24) and TTA CCS 

(2.22) extracts were analysed through HPTLC using ninhydrin spray derivatisation, 

detected the presence of 2.22, 2.23, and 2.24 in all the TTA extracts and the 

methanolic extracts, as depicted in Figure 2.5. Albeit the tentative detection of 2.23 

in the methanolic leaves extract and 2.24 in the methanolic rhizomes extract.  
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Figure 2.6: HPTLC detection of compounds 2.22, 2.23 and 2.24 in the various C. 

capensis crude extracts. 

[[HPTLC profiling (solvent system, DCM- MeOH [8.5:1.5]) of the methanolic extracts of the leaves 

(MCCL), stems (MCCS) and rhizomes (MCCR), along with the total tertiary alkaloidal extracts of 

these various plant parts (TTA CCL/ TTA CCS/ TTA CCR) is depicted in the figure above. The 

detection of amine containing alkaloids viewed under a white light medium as depicted in 

chromatogram by the brown to orange bands observed through ninhydrin spray reagent 

derivatisation.] 

 

The novel proaporphines alkaloids were characterised through spectral comparison 

with the existing constituents, glaziovine (2.4), pronuciferine (2.6) and crotsparine 

(2.4). The biogenesis of 2.4 and 2.6 described in Figure 2.7, was helpful in the 

characterisation of compounds 2.22, 2.23 and 2.24. The first step in the biogenesis 

reaction mechanism details the oxidation 1-(4-hydroxybenzyl)-1,2,3,4-tetrahydro-6-

methoxy-2-methylisoquin-olin-7-ol (A) resulting in the loss of two hydrogen 

molecules to form the double carbonyl containing radical (B), which aided to the 

characterisation of the three novel proaporphine alkaloids. The structural 

determination of these compounds is discussed in the subsequent sections.    
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Figure 2.7: The biosynthetic pathway of glaziovine (2.4) and pronuciferine (2.6), the 

proaporphine alkaloids of C. capensis, based on mechanistic considerations.  
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2.6.3.2. Glaziovine (2.4) 

N

H3CO

HO

O

CH3

2.4
 

Compound 2.4 was isolated from the TTA CCS and TTA CCL extracts of C. 

capensis and appeared as a brown spot on TLC after staining with ninhydrin 

implying an amine-containing compound.78 Strong UV absorption peaks were 

observed at λmax 211, 234, and 289 nm (Figure 2.7), similar to the data reported for 

glaziovine.79 A pseudo-molecular ion peak at m/z 298.1454 [M+H]+, which agrees 

with a molecular formula of C18H19NO3, was observed in the HRMS spectrum 

(Appendix A-8).  

 

Figure 2.8: UV/Vis absorption spectrum of compound 2.4 

Compound 2.4 was suggested to be glaziovine and a comparison of its 13C and 1H 

NMR data to the two isolated constituents are shown in Table 2.3. The isolated 

constituents were analysed in CDCl3 (leaves) and CD3OH (stems) as compound 

decomposition was observed in the TTA CCL constituent, thus, to avoid material 

loss CD3OH was identified as a better alternative. A brief discussion on the 

structural elucidation of the TTA CCS isolated constituent follows as this is 

glaziovine’s first reported isolation from the stems of C. capensis.  
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Table 2.3: 13C and 1H NMR chemical shifts (δ, ppm) comparison of glaziovine (2.4) and the TTACCL and TTACCS isolated 

constituent 

[The isolated constituents were analysed in CDCl3 (leaves) and CD3OH (stems) as compound decomposition was observed in the TTA CCL constituent, thus, 

to avoid material loss CD3OH was identified as a better alternative.] 

 
Position 

Glaziovine (2.4)56 
Reference (CDCl3) 

Compound 2.4 (TTACCL) 
(CDCl3)  

Compound 2.4 (TTACCS) 
(CD3OD) 

δ C δ H δ C δ H δ C δ H 

1 140.9 − 140.82 − 141.85 − 

2 147.4 − 147.19 − 148.52 − 

3 109.8 6.54 (s) 109.74 6.51 (s) 110.06 6.63 (s) 

3a 134.5  134.55 − 133.61 − 

4 27.1 2.91 (ddd) (Jvalue= 16.8, 
11.4, 6.6 Hz) 

27.27 2.88 (m) 26.44 2.87 (m) 

2.73 (dd)  
(Jvalue= 16.8, 4.5 Hz) 

2.73 (dd) 
(Jvalue= 16.9, 4.8 Hz) 

2.57 (dd) 
(Jvalue= 16.8, 5.1 Hz) 

5 55.0 3.09 (dd) 
(Jvalue= 12.0, 6.0 Hz) 

55.09 3.06 (dd) 
(Jvalue= 11.7, 6.6 Hz) 

54.69 3.09 (dd) 
(Jvalue= 11.9, 6.6 Hz) 

2.46 (dt) 
(Jvalue= 11.7, 5.4 Hz) 

2.44 (dt) 
(Jvalue= 11.8, 5.3 Hz) 

2.51 (dt) 
(Jvalue= 11.9, 5.4 Hz) 

6a 65.7 3.42 (dd) 
(Jvalue= 10.5, 6.0 Hz) 

65.81 3.52 (s) 65.48 3.52 (s) 
 

7 47.1 2.42 (dd)  
(Jvalue= 12.0, 6.3 Hz) 

47.26 2.32 (s) 46.20 2.32 (s) 

2.19 (dd) 
(Jvalue= 11.7, 10.8 Hz) 

2.18 (t) 
(Jvalue= 10.7 Hz) 

2.16 (t) 
(Jvalue= 10.8 Hz) 

7a 50.7 − 50.79 − 51.08 − 

7b 122.9 − 123.70  − 124.11 − 

7c 124.0 − 123.02 − 122.12 − 

8 153.4 6.96 (dd)  
(Jvalue= 9.9, 3.0 Hz) 

153.28 6.80 (dd) 
(Jvalue= 10.0, 2.8 Hz) 

155.45 6.93 (dd) 
(Jvalue= 10.0, 2.8 Hz) 

9 128.7 6.34 (dd)  
(Jvalue= 9.9, 1.8 Hz) 

128.74 6.32 (dd) 
(Jvalue= 9.9, 1.8 Hz) 

127.57 6.32 (dd) 
(Jvalue= 9.9, 1.8 Hz) 

10 186.4  186.28 − 187.38 − 

11 127.5 6.29 (dd)  
(Jvalue= 9.9, 1.8 Hz) 

127.58 6.92 (dd) 
(Jvalue= 9.9, 1.8 Hz) 

126.34 6.18 (dd) 
(Jvalue= 9.9, 1.8 Hz) 

12 149.7 6.81 (dd)  
(Jvalue= 9.9, 2.7 Hz) 

149.61 6.94 (dd) 
(Jvalue= 10.0, 2.8 Hz) 

151.51 7.09 (dd) 
(Jvalue= 10.0, 2.8 Hz) 

OCH3 56.5 3.78 (s) 56.55 3.75 (s) 55.56 3.74 (s) 

NCH3 43.5 2.34 (s) 43.61 2.32 (s) 42.04 2.32 (s) 
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The 2D NMR experimentation further confirmed the structural elucidation of 

compound 2.4. The observed HMBC correlation confirms the regioselective 

substitution of the methoxy group (δH 3.74) to C-2 (δC 148.52), while the hydroxy 

substituted C-1 (δC 141.85) correlates to the H-3 (δH 6.63) and H-3 further 

correlates to C-3a (δC 133.61) and C-4 (δC 26.44). The N-CH3 proton (δH 2.32) 

showed HMBC correlation to C-5 (δC 54.69), C-6a (δC 65.48), and C-7b (δC 

124.11), confirming its regioselective substitution. The attachment of the D-ring was 

also confirmed by HMBC correlations of both H-9 (δH 6.32) and H-11 (δH 6.18) to C-

7a (δC 51.08), respectively. The D-ring assignment was further supported by the 

COSY correlation of H-9 (δH 6.32) to H-8 (δH 6.93) and H-11 (δH 6.18) to H-12 (δH 

7.09). The NMR spectral data discussed for the structural elucidation of compound 

2.4 can be found in Appendix A-2. 
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Figure 2.9: Selected HMBC (black arrows) and COSY (grey arrows) correlations of 

compound 2.4 (TTA CCS). 

The NMR, UV/Vis and HRMS data of compound 2.4 (TTACCS 3-2) agree with the 

data for glaziovine (2.4) and its isolation and characterisation from the stems of C. 

capensis are reported for the first time.  

Glaziovine has also been isolated from the following list of families and plants: 

Annonaceae; Annona purpurea80, Desmos tiebaghiensis81, Guatteria sogotiana82, 

Neostenanthera gabonensis83, A. cherimolia84. Berberidaceae; Berberis 

brandisiana85, Unonopsis duckeida86. Euphorbiaceae; Corton sparsiflorus87,88. 

Fumariaceae; Corydalis claviculata89. Lauraceae; Ocotea brachybotra90, Litsea 
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cubeba91, Nectandra salicifolia92. Menispermaceae; Pachygone ovata93, Stephania 

venosa94, Antizoma angustifolia58, C. capensis leaves56. Papaveraceae; Papaver 

caucasicum, P. persicum, P. triniaefolium, P. fugax and P. polychaetum95,96, 

Meconopsis cambrica97.  

 

2.6.3.3. Pronuciferine (2.6) 

N

H3CO

H3CO

O

CH3

2.6

 

Compound 2.6 was isolated from the TTA CCS, TTA CCL and MCCL extracts of C. 

capensis. They appeared as a brown spot after staining with ninhydrin, implying the 

compounds contained an amine.78 Strong UV absorption peaks were observed at 

λmax 213, 235, 282 and 367 nm (Figure 2.10), similar to the data reported for 

pronuciferine.79 A pseudo-molecular ion peak at m/z 321.1530 [M+H]+, was 

observed in the HRMS spectrum, which agrees with a molecular formula of 

C19H21NO3 (Appendix A-8).  

 

Figure 2.10: UV/Vis absorption spectrum of compound 2.6 (TTA CCS). 

Compound 2.6 was suggested to be pronuciferine and 13C and 1H NMR comparison 

to the three isolated compounds are shown in Table 2.4. The isolated constituents 

were analysed in CDCl3 (leaves) and CD3OH (stems) as compound decomposition 
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was observed in the TTA CCL constituent, thus, to avoid material loss CD3OH was 

identified as a better alternative. The isolation of pronuciferine was previously 

reported from the leaves by De Wet et al.,56 and was isolated from the stem of C. 

capensis for the first time. A brief discussion follows on the TTA CCS constituent 

below.  

 

The 2D NMR data further supported the elucidation of TTACCS, while subsequently 

concluding on the lacking 1H and 13C NMR direct correlations through the HSQC 

experiment. The reported NMR data was also ambiguous on the position of C-1 and 

C-2 assigning C-1/2 to a single chemical shift (δC 153.3). HMBC correlation aided at 

distinguishing between these carbons by the correlations observed to the attached 

methoxy groups. A methoxy group proton (δH 3.70) correlated to C-1 (δC 153.49), 

while the second methoxy group proton (δH 3.49) correlated to C-2 (δC 144.20). The 

COSY correlation of the N-CH3 proton (δH 2.30) to H-6a (δH 3.35) confirms its 

regioselective substitution. The D-ring arrangement was observed through the 

HMBC correlations of H-12 (δH 6.94) and H-8 (δH 7.10) to C-10 (δC 187.18) and to 

each other respectively. While H-9 (δH 6.17) and H-11 (δH 6.29) both correlate to C-

7a (δC 51.32) support the D-ring arrangement. Additional COSY correlation 

between H-8 (δH 7.10) to H-9 (δH 6.17) and H-11 (δH 6.29) to H-12 (δH 6.94) 

confirmed the D-ring arrangement. The NMR spectral data discussed for the 

structural elucidation of compound 2.6 can be found in Appendix A-3. 
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Figure 2.11: Selected HMBC (black arrows) and COSY (red arrows) correlations of 

compound 2.6 (TTACCS). 
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Table 2.4: 13C and 1H NMR chemical shifts (δ, ppm) comparison of pronuciferine (2.26) and the TTACCS, TTACCL, and MCCL 

constituent  

[The isolated constituents were analysed in CDCl3 (leaves) and CD3OH (stems) as compound decomposition was observed in the TTA CCL constituent, thus, 

to avoid material loss CD3OH was identified as a better alternative.]  

 
Position 

Pronuciferine (2.6)56 
Reference (CDCl3) 

Compound 2.6 (TTA CCS), 
(CD3OD)  

Compound 2.6 (TTA CCL), 
(CDCl3) 

Compound 2.6 (MCCL) 
(CDCl3) 

δ C δ H δ C δ H δ C δ H δ C δ H 

1 153.3 
(C1/2) 

 153.49 − 153.41 − 153.40 − 

2   144.12 − 144.50 − 144.43 − 

3 111.7 6.61 (s) 111.73 6.69 (s) 111.77 6.61 (s) 111.79 6.64 (s) 

3a 134  133.68 − 134.60 − 134.36 − 

4 27.5  26.62 2.85 (m) 27.46 2.95 (m) 27.45 2.90 (m) 

2.77 (dd) 
(Jvalue= 17.2, 5.3 Hz) 

2.79 (dd) 
(Jvalue= 16.9, 4.7 Hz) 

2.73 (dd) 
(Jvalue= 16.9, 4.8 Hz) 

5 54.9  54.42 3.06 (dd) 
(Jvalue= 12.0, 6.3 Hz) 

54.91 3.06 (dd) 
(Jvalue= 11.8, 6.8 Hz) 

54.91 3.04 (dd) 
(Jvalue= 11.8, 6.6 Hz) 

2.49 (dt) 
(Jvalue= 11.9, 5.7 Hz) 

2.47 (dt) 
(Jvalue= 11.8, 5.4 Hz) 

2.43 (dt) 
(Jvalue= 11.8, 5.4 Hz) 

6a 65.7  65.29 3.35 (dd) 
(Jvalue= 10.5, 6.2 Hz) 

65.70 3.39 (dd) 
(Jvalue= 10.5, 5.9 Hz) 

65.70 3.38 (dd) 
(Jvalue= 10.4, 6.0 Hz) 

7 47.5  46.31 2.30 (s) 47.48 2.31 (s) 47.48 2.29 (s) 

 2.15 (t) 
(Jvalue= 10.8 Hz) 

2.17 (t) 
(Jvalue= 10.6 Hz) 

2.16 (t) 
(Jvalue= 10.8 Hz) 

7a 51.2  51.32 − 51.20 − 51.20 − 

7b 127.7  127.80 − 127.78 − 127.78 − 

7c 132.7  132.02 − 132.73 − 132.71 − 

8 150.0 7.02 (dd)  
(Jvalue= 10.2, 2.7 Hz) 

151.69 7.10 (dd) 
(Jvalue= 10.0, 2.8 Hz) 

150.13 6.96 (dd) 
(Jvalue= 10.0, 2.9 Hz) 

150.13 6.94(dd) 
(Jvalue= 10.0, 2.8 Hz) 

9 128.2 6.27 (dd)  
(Jvalue= 10.2, 2.1 Hz) 

126.34 6.17 (dd) 
(Jvalue= 10.0, 1.8 Hz) 

128.23 6.33 (dd) 
(Jvalue= 10.0, 1.8 Hz) 

128.21 6.31 (dd) 
(Jvalue= 10.0, 1.8 Hz) 

10 186.1  187.18 − 186.27 − 186.27 − 

11 127.4 6.38 (dd)  
(Jvalue= 9.9, 2.0 Hz) 

127.36 6.29 (dd) 
(Jvalue= 9.9, 1.7 Hz) 

127.42 6.22 (dd) 
(Jvalue= 10.0, 1.8 Hz) 

127.40 6.19 (dd) 
(Jvalue= 10.0, 1.8 Hz) 

12 153.5 6.86 (dd)  
(Jvalue= 9.9, 2.7 Hz) 

155.16 6.94 (dd) 
(Jvalue= 10.0, 2.8 Hz) 

153.59 6.81 (dd) 
(Jvalue= 10.0, 2.9 Hz) 

153.60 6.79 (dd) 
(Jvalue= 10.0, 2.8 Hz) 

OCH3 61.1 3.78 (s) 59.97 3.49 (s) 61.05 3.52 (s) 61.04 3.51 (s) 

OCH3 56.3 3.57 (s) 55.36 3.70 (s) 56.30 3.73 (s) 56.30 3.72 (s) 

NCH3 43.6 2.34 (s) 41.98 2.30 (s) 43.51 2.35 (s) 43.50 2.29 (s) 
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The NMR data along with the UV/Vis and HRMS data of TTACCS 2-3 has led to the 

characterisation of compound 2.6 (TTACCS 2-3) as pronuciferine (2.6) isolated 

from the stems of C. capensis for the first time. Previous accounts include being 

isolated from the southern African leaves of C. capensis.56  

 

Pronuciferine has also been isolated from the following list of families and plants: 

Annonaceae; Xylopia buxifolia, X. danguyella98, Anomianthus dulcis99 and Orophea 

hexandra100. Euphorbiaceae; Croton linearis101, C. sparsiflorus87. Lauraceae; 

Ocotea glaziovii102 and Cryptocarya chinensis103. Menispermaceae; Sinomenium 

acutum104, Stephania sasakii105, S. glabra106–108, Cocculus laurifolius88, S. 

sutchuenensis109, S. cephalantha110 and C. capensis leaves56. Monimiaceae; 

Glossocalyx brevipes111. Nymphaeaceae; Nelumbo nuciferira112–114. Papaveraceae; 

Papaver oreophilum115, P. caucasicum, P. persicum, P. triniaefolium, P. fugax and 

P. polychaetum95,96, Meconopsis cambrica97,116, P. lacerum.117,118 Ranunculaceae: 

Thalictrum pedunculatum119, T. cirrhosum.120 

 

2.6.3.4. Cissamaline (2.22) 

N

O

H3CO

O

2.22  

Compound 2.22 was isolated from the TTA CCS extract of C. capensis and 

appeared as a brown spot after staining with ninhydrin, implying an amine-

containing compound.78 Strong UV absorption peaks were observed at λmax 214, 

239 and 286 nm in Figure 2.12. A pseudo-molecular ion peak at m/z 312.1602 

[M+H]+, was observed in the HRMS spectrum, which agrees with a molecular 

formula of C19H22NO3 (Appendix A-8). 
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Figure 2.12: UV/Vis absorption spectrum of compound 2.22 

The 13C and 1H NMR of compound 2.22 bared similarity to the proaporphine 

alkaloids, glaziovine (2.4), pronuciferine (2.6) and crotsparine (2.11), from the 

southern African Menispermaceae family.56,58,59 However, the observation of an 

additional strong carbonyl group (δC 208.68) and methyl (δC 29.26) did not fit the 

known proaporphine alkaloids. After comparison against various NMR databases 

compiled from the Mensipermaceae family, proaporphine alkaloid and neighbouring 

families alkaloids the closest relation to the data was the aforementioned 

proaporphine alkaloids.76,121–124  

 

The first step in the biosynthetic pathway of glaziovine (2.4) and pronuciferine (2.6), 

showcased an intermediate with two carbonyl substituents to its structure (Figure 

2.13),121 this intermediate structure with the NMR 2D data obtained assisted in the 

elucidation of compound 2.22. A discussion on the elucidation follows and the 13C 

and 1H NMR data comparison to glaziovine (2.4) shown in Table 2.5. Compound 

2.22 was compared to glaziovine (2.4) as the biosynthetic pathway (Figure 2.7) 

describes the formation of 2.4 after the C-ring formation in the intermediate B. 

Making glaziovine (2.4) structurally closer related to compound 2.22 than 

pronuciferine (2.6). 
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Figure 2.13: An excerpt from the biosynthetic pathway of glaziovine (2.4) and 

pronuciferine (2.6).   
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Table 2.5: 13C and 1H NMR chemical shifts (δ, ppm) comparison of glaziovine (2.4), 
and compound 2.22  
[Note that Table 2.5 shows the comparison of the similarities between glaziovine (2.4) and 
compound 2.22 where the differences are highlighted in blue] 

 
Position 

Glaziovine (2.4) 
(CDCl3) 

Compound 2.22  
(CD3OD)  

 δ C δ H δ C δ H 

1 140.9 − 208.68 − 

2 147.4 − 153.54 − 

3 109.8 6.54 (s) 111.72 6.68 (s) 

3a 134.5  132.05 − 

4 27.1 2.91 (ddd) (Jvalue= 16.8, 
11.4, 6.6 Hz) 

26.60 2.85 (m) 

2.73 (dd)  
(Jvalue= 16.8, 4.5 Hz) 

2.77 (dd) 
(Jvalue= 17.2, 6.5 Hz) 

5 55.0 3.09 (dd) 
(Jvalue= 12.0, 6.0 Hz) 

54.44 3.08 (dd) 
(Jvalue= 11.7, 6.4 Hz) 

2.46 (dt) 
(Jvalue= 11.7, 5.4 Hz) 

2.50 (dt) 
(Jvalue= 11.5, 5.1 Hz) 

6a 65.7 3.42 (dd) 
(Jvalue= 10.5, 6.0 Hz) 

65.31 3.52 (d) 
(Jvalue= 10.1 Hz) 

7 47.1 2.42 (dd)  
(Jvalue= 12.0, 6.3 Hz) 

46.30 2.30 (s) 

2.19 (dd) 
(Jvalue= 11.7, 10.8 Hz) 

2.14 (t) 
(Jvalue= 11 Hz) 

7a 50.7 − 51.28 3.41 (s) 

7b 122.9 − 144.21 − 

7c 124.0 − 59.90 3.49 (s) 

8 153.4 6.96 (dd)  
(Jvalue= 9.9, 3.0 Hz) 

154.98 6.93 (d) 
(Jvalue= 10.0 Hz) 

9 128.7 6.34 (dd)  
(Jvalue= 9.9, 1.8 Hz) 

127.38 6.28 (d) 
(Jvalue= 9.8 Hz) 

10 186.4  187.03 − 

11 127.5 6.29 (dd)  
(Jvalue= 9.9, 1.8 Hz) 

126.37 6.16 (d) 
(Jvalue= 9.8 Hz) 

12 149.7 6.81 (dd)  
(Jvalue= 9.9, 2.7 Hz) 

151.52 7.09 (d) 
(Jvalue= 10.0 Hz) 

OCH3 56.5 3.78 (s) 55.32 3.69 (s) 

NCH3 43.5 2.34 (s) 41.93 2.30 (s) 

7c-CH3 − − 29.26 2.05 (s) 

 

Compared to glaziovine (2.4), compound 2.22 comprises three rings, A-B 

connected to the D-ring by a methylene group (-CH2). The regioselective 

substitution of the functional groups – carbonyl group at C-1 (δC 208.68), methoxy 

group (δC 55.32) at C-2 (δC 153.54), and the N-CH3 (δC 41.93) to the A and B-rings 

were observed through HMBC correlation as shown in Figure 2.14. The carbonyl C-

1 (δC 208.68) position was confirmed by the correlation of the 7c-CH3 proton (δH 

2.05) with the carbonyl group. The C-7c (δC 59.90) position was confirmed by the H-

7c (δH 3.49) correlation to C-7b (δC 144.21). The C-2 (δC 153.54) position was 

supported by the methoxy proton (δH 3.69) correlation. The A-ring arrangement was 

completed through the H-3 (δH 6.68) correlations to C-7b (δC 144.2) and C-3a (δC 

132.05), while establishing the connection to the B-ring by C-4 (δC 26.60). The B-
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ring chemical shifts remained unchanged, aside from the influence experienced 

because of the addition of the electronegative carbonyl group at C-1. 

 

The methylene bridging C-7 (δC 46.30) position was supported by Ha-7 (δH 2.30) 

HMBC correlations to C-6a (δC 65.31), C-5 (δC 54.44) and C-3a (δC 132.05), while 

Hb-7 (δH 2.14) correlated to the 7c-CH3 (δC 29.26). The chemical shifts of the D-ring 

compared to glaziovine (2.4) remain unchanged. Selected COSY correlations have 

also been highlighted (Figure 2.14), H-7a (δH 3,41) to H-6a (δH 3.52), H-7c (δH 3.49) 

to H-6a (δH 3.52) and Ha,b-7 (δH-a 2.30; δH-b 2.14), confirms the structure of 

compound 2.22. The NMR spectral data discussed for the structural elucidation of 

compound 2.22 can be found in Appendix A-4.             
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Figure 2.14: Selected HMBC (black arrows) and COSY (red arrows) correlations of 

compound 2.22. 

 

The NMR data along with HRMS data for compound 2.22 have led to the 

characterisation of the novel proaporphine alkaloid, cissamaline. 
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2.6.3.5. Cissamanine (2.23) 

N

O
H

H3CO

HO

O
2.23  

Compound 2.23 was isolated from the TTA CCL extract of C. capensis and 

appeared as a brown spot on TLC after staining with ninhydrin showing an amine-

containing compound.78 Strong UV absorption peaks were observed at λmax 212, 

233, 284 and 364 nm (figure 2.14), similar to the observed values of compound 

2.22. A pseudo-molecular ion peak at m/z 301.1421 [M+H+], agreeing with a 

molecular formula of C17H19NO4, was observed from the nominal MS spectrum 

(Appendix A-8).  

 

Figure 2.15: UV/Vis absorption spectra of compound 2.23. 

Compound 2.23 displayed spectral data similarities to compound 2.22, as shown in 

Table 2.6 below. However, upon inspection of the NMR data, deviations from 

compound 2.22 were observed. The major changes observed were the presence of 

an oxymethine carbon (δc 73.41), the lack of the N-CH3 (δc 41.93) and no HMBC 

correlations at (δH 2.02) to the C-1 carbonyl group was observed. Through 2D NMR 
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data, the structural elucidation of compound 2.23 was determined. The discussion 

follows below.  
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Table 2.6: 13C and 1H NMR chemical shifts (δ, ppm) comparison of compound 2.22 

and 2.23 

[Note that Table 2.5 shows the comparison of the similarities between compound 2.22 and 
compound 2.23 where the differences is highlighted in blue] 

 
Position 

Compound 2.22  
(CD3OD)  

Compound 2.23  
(CDCl3) 

δ C δ H δ C δ H 

1 208.68 − 208.84 − 

2 153.54 − 154.23 − 

3 111.72 6.68 (s) 111.80 6.91 

3a 132.05 − 132.83 − 

4 26.60 2.85 (m) 23.64 3.26 (s) 

2.77 (dd) 
(Jvalue= 17.2, 6.5 Hz) 

3.02 (dd) 
(Jvalue= 17.4, 5.3 Hz) 

5 54.44 3.08 (dd) 
(Jvalue= 11.7, 6.4 Hz) 

65.57 3.85 (s) 

2.50 (dt) 
(Jvalue= 11.5, 5.1 Hz) 

3.69 (dd) 
(Jvalue= 12.4, 6.2 Hz) 

6a 65.31 3.52 (d) 
(Jvalue= 10.1 Hz) 

56.09 3.26 (s) 

7 46.30 2.30 (s) 38.71 2.95 (m) 

2.14 (t) 
(Jvalue= 11 Hz) 

2.40 (m) 

7a 51.28 3.41 (s) 59.86 3.63 (s) 

7b 144.21 − 144.64 − 

7c 59.90 3.49 (s) 73.41 
(C-OH) 

5.15 (dd) 
(Jvalue= 9.5, 6.3 Hz) 

8 154.98 6.93 (d) 
(Jvalue= 10.0 Hz) 

154.04 7.12 (q) 
(Jvalue= 10.7, 2.8 Hz) 

9 127.38 6.28 (d) 
(Jvalue= 9.8 Hz) 

127.61 6.42 (dd) 
(Jvalue= 10.0, 2.0 Hz) 

10 187.03 − 186.83 − 

11 126.37 6.16 (d) 
(Jvalue= 9.8 Hz) 

126.52 6.29 (dd) 
(Jvalue= 10.0, 2.0 Hz) 

12 151.52 7.09 (d) 
(Jvalue= 10.0 Hz) 

151.24 7.12 (q) 
(Jvalue= 10.7, 2.8 Hz) 

OCH3 55.32 3.69 (s) 55.39 3.85 (s) 

NCH3 41.93 2.30 (s) − − 

7c -CH3 29.26 2.05 (s) − − 

The structural elucidation of compound 2.23 was determined through HMBC and 

COSY experimentation, as shown in figure 2.15. The decision of the N-H 

substituent to the B-ring was informed by the structural comparisons of 2.4, 2.6 and 

2.11, where the N-H substituent in crotsparine (2.11) was determined based on the 

absence of the N-CH3 carbon shift (± δC 41.93).58,59  

The 2D NMR correlations are shown in Figure 2.16 below. The position of the 

hydroxy substituted C-7c (δC 73.41) was confirmed through the HMBC correlation 

with various neighbouring protons including Hb-5 (δH 3.69), H-6a (δH 3.26) and Ha-7 

(δH 2.29). The 7c-OH proton (δH 5.15) displayed HMBC correlation to C-9 (δC 
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127.61) and COSY correlation to Ha,b-7 (δH 2.95, 2.40) and Hb-4 (δH 3.02) 

confirming the position of C-7c.  

The assignment of methine carbons C-7a (δC 59.86) and C-6a (δC 56.09) was 

determined by comparing their proton HMBC correlations. The proton at H-6a (δH 

3.26) correlated to its neighbouring carbons C-7b (δC 73.41) and C-5 (δC 65.57) by 

a J2 HMBC correlation. If the chemical shift was assigned to C-7a the C-5 

correlation would be more (J4) and thus less likely. Further, HMBC correlation of H-

3 (δH 6.91) confirmed the position of C-4 (δC 23.64) and C-7c (δC 144.64). While Ha-

7 (δH 2.95) correlated to the C-8 (δC 154.04) and Hb-7 (δH 2.40) correlated to C-12 

(δC 151.24) and C-3a (δC 132.83), confirming the arrangement of the D-ring and the 

position of C-3a.  

The observed COSY correlation supported the HMBC data as, Ha,b-5 (δH 3.85, 

3.69) correlated to Hb-4 (δH 3.02) and H-6a (δH 3.26), Ha-7 (δH 2.40) correlated to H-

6a (δH 3.26) and H-11 (δH 6.29) correlated to H-12 (δH 7.12). The NMR spectral 

data discussed for the structural elucidation of compound 2.23 can be found in 

Appendix A-5. 
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Figure 2.16: Selected HMBC (black arrows) and COSY (red arrows) correlations of 

compound 2.23. 

The NMR data, along with the HRMS data for compound 2.23 has led to the 

structural characterisation of the novel proaprorphine alkaloid, cissamanine.  
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2.6.3.6. Cissamidine (2.24) 

N

HO
H

H3CO

O

2.24  

Compound 2.24 was isolated from the TTA CCL extract of C. capensis and 

appeared as a brown spot on TLC following treatment with ninhydrin, which implied 

an amine containing compound.78 The UV absorption spectrum (Figure 2.17) of 

compound 2.24 showed λmax at 208, 236, 286 and 370 nm. A pseudo-molecular ion 

peak at m/z 287.4275 [M+H+], was observed in the nominal MS spectrum, which 

agreed with a molecular formula of C17H21NO3 (Appendix A-8). 

 

Figure 2.17: UV/Vis absorption spectrum of compound 2.24. 

The NMR data of the proaporphine alkaloid, compound 2.24, was consistent with 

that reported for compounds 2.22 and 2.23. However, major deviations showed the 

absence of the C-1 carbonyl group and C-3a (± δC 132.7). Through comparison to 

compound 2.22 and 2.23 (Table 2.7) and employing COSY and HMBC NMR data, 

and nominal MS analysis the structural elucidation of compound 2.24 was 

determined below. 
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Table 2.7: 13C and 1H NMR chemical shifts (δ, ppm) comparison of compound 2.22, 

2.23 and 2.24 

[Note that Table 2.7 shows the comparison of the similarities between compound 2.22, 2.23, and 

2.23 where the differences are highlighted in blue. The isolated constituents were analysed in CDCl3 

(leaves) and CD3OH (stems) as compound decomposition was observed in the TTA CCL 

constituent, thus, to avoid material loss CD3OH was identified as a better alternative.]  

 
Position 

Compound 2.22  
(CD3OD)  

Compound 2.23  
(CDCl3) 

Compound 2.24 
(CDCl3) 

δ C δ H δ C δ H δ C δ H 

1 208.68 − 208.84 − 70.56 
(C-OH) 

3.57 (br, s) 

2 153.54 − 144.64 − 148.92 − 

3 111.72 6.68 (s) 111.80 6.91 109.76 6.58 (s) 

3a 132.05 − 132.83 − 146.79 − 

4 26.60 2.85 (m) 23.64 3.26 (s) 24.91 3.48 

2.77 (dd) 
(Jvalue= 17.2, 6.5 Hz) 

3.02 (dd) 
(Jvalue= 17.4, 5.3 Hz) 

2.93 

5 54.44 3.08 (dd) 
(Jvalue= 11.7, 6.4 Hz) 

65.57 3.85 (s) 54.65 3.70   

2.50 (dt) 
(Jvalue= 11.5, 5.1 Hz) 

3.69 (dd) 
(Jvalue= 12.4, 6.2 Hz) 

3.15  

6a 65.31 3.52 (d) 
(Jvalue= 10.1 Hz) 

56.09 3.26 (s) 65.49 4.33 (br, s) 

7 46.30 2.30 (s) 38.71 2.95 (m) 42.95 2.97 

2.14 (t) 
(Jvalue= 11 Hz) 

2.40 (m) 2.43 

7a 51.28 3.41 (s) 59.86 3.63 (s) 50.85 3.41 (s) 

7b 59.90 3.49 (s) 144.64 − 141.97 − 

7c 144.21 − 73.41 
(C-OH) 

5.15 (dd) 
(Jvalue= 9.5, 6.3 Hz) 

29.69 1.18 (s) 

1.18 (s) 

8 154.98 6.93 (d) 
(Jvalue= 10.0 Hz) 

154.04 7.12 (q) 
(Jvalue= 10.7, 2.8 Hz) 

151.22 6.89 (d) 
(Jvalue= 8.0 Hz) 

9 127.38 6.28 (d) 
(Jvalue= 9.8 Hz) 

127.61 6.42 (dd) 
(Jvalue= 10.0, 2.0 Hz) 

129.46 6.35 (d) 
(Jvalue= 9.9 Hz) 

10 187.03 − 186.83 − 185.50 − 

11 126.37 6.16 (d) 
(Jvalue= 9.8 Hz) 

126.52 6.29 (dd) 
(Jvalue= 10.0, 2.0 Hz) 

128.68 6.26 (d) 
(Jvalue= 9.9 Hz) 

12 151.52 7.09 (d) 
(Jvalue= 10.0 Hz) 

151.24 7.12 (q) 
(Jvalue= 10.7, 2.8 Hz) 

146.79 6.73 (d) 
(Jvalue= 9.8 Hz) 

OCH3 55.32 3.69 (s) 55.39 3.63 (s) 56.55 3.80 (s) 

NCH3 41.93 2.30 (s) − − − − 

7c -CH3 29.26 2.05 (s) − − − − 

 

The ring arrangement and regioselective substitution of compound 2.24 were 

determined through HMBC and COSY experiments, as shown in figure 2.17. The 

HMBC correlation observed for H-12 (δH 6.73) with C-8 (δC 151.22) and C-10 (δC 

185.50), along with, the COSY correlation of H-8 (δH 6.89) to H-9 (δH 6.35) and H-11 

(δH 6.26) to H-12 (δH 6.73) confirmed the formation of the D-ring as previously 

observed in 2.22 and 2.23. The proton at H-9 (δH 6.35) and H-11 (δH 6.26) 

correlated respectively to methine C-7a (δC 50.85), completing the D-ring.  
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The position of C-2 (δC 148.92) was confirmed by the HMBC correlation of the 

OCH3 proton (δH 3.80) to C-2 (δC 148.92) and the H-3 (δH 6.58) correlation 

confirmed C-7b (δC 141.97). COSY correlation of OCH3 (C2) (δH 3.80) to -OH (C1) 

(δH 3.47) suggested a hydroxy substituent on C-1 with the chemical shift of (δC 

70.56). The position of C-7b (δC 42.95) is confirmed through the correlation Ha,b-7b 

(δH 2.43, 2.97) to H-6 (δH 4.33). For the proposed structure, C-3a as quaternary 

carbon was also suggested as signal δC 146.79, from the 13C-NMR spectra this 

signal appears to integrate two carbons. The NMR spectral data discussed for the 

structural elucidation of compound 2.24 can be found in Appendix A-6. 
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Figure 2.18: Selected HMBC (black arrows) and COSY (red arrows) correlations of 

compound 2.24. 

The m/z for the pseudo-molecular ion 287.4275 for the M+ (C17H21NO3) can further 

support the proposed structure. That notwithstanding, the mass spectrum reported 

is that of a nominal mass and not HRMS. For the nominal mass spectrum we 

observe, the most stable peak or base peak is m/z 257 which will be obtained by 

the cleavage of the methoxy group from the M+ ion. The mass at m/z 178.9445 was 

obtained from the loss of C-1 hydroxy group, followed by the cleavage of the D-ring 

(the cyclodienone). This fragmentation further supported the suggested structure 

without the N-methylation, the proposed pattern is below. 
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The NMR data comparison between compounds 2.22, 2.23 and 2.24, supporting 

2D NMR data as well as nominal MS data has led to the characterisation of the 

novel proaporphine alkaloid,cissamidine.  

 

2.7. Conclusion 

 

This investigation revealed that all the extracts tested positive for alkaloids and 

phenolics, while flavonoids, terpenes and triterpenes were almost indiscernible and 

only detected in the methanolic extracts. Confirmatory quantitative estimations 

(equivalence to known standards) of the detected phytochemical groups yielded the 

highest detected concentration for alkaloids, followed by the flavonoids and 

phenolics content, while the terpenes content was the lowest. Furthermore, the 

rhizomes, use predominately in medicinal practices, detected high flavonoid 

content, which confirms its importance in medicinal use.  

 

LCMS analysis detected nine, eight and seven alkaloids from the leaves, stems and 

rhizomes, respectively. The lack of flavonoid detection could be because of the 

significantly larger alkaloid content observed or because of potentially novel 

flavonoids present as unknown mass signals were observed. 

 

Finally, the isolation and characterisation of five proaporphine alkaloids, where 

three are novel, significantly extends this group of alkaloids. The isolated 
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proaporphine alkaloids could offer new pathways in the management of diabetes, 

however, biological analysis to further substantiate this is required. Thus, the 

antidiabetic screening of C. capensis is reported and discussed in Chapter 4 of this 

document. 

 

2.8. Experimental 

 

2.8.1. General  
 

The phytochemical profiling and screening of the plant crude material was achieved 

using a semi-automated CAMAG (Switzerland) HPTLC system comprising an 

automated TLC Sampler 4 (ATS4) attached to a nitrogen line, automated 

developing chamber 2 (ADC2), visualizer and documentation device (visulaiser 2) 

and derivitiser, as well as TLC plate heater III. VisionCATS 2.5 software was used 

to control the apparatus and capture the results. A 4 µL volume of each extract (10 

mg/mL) was applied to the HPTLC plates (20 cm x 20 cm, silica gel 60, F254, Merck 

Ltd) with a 25 µL sampler needle. DCM-MeOH (9:1) was used as a developing 

solvent system. Visualisation was achieved through the visualizer 2, capturing 

images of the HPTLC plates under white light and UV radiation (254 or 365 nm). 

Derivatisation of the various phytochemical groups was achieved with a range of 

TLC spray reagents for alkaloids (Dragendorff reagent/ ninhydrin reagent), 

phenolics (Iron(III) chloride), flavonoids (Aluminium chloride), terpenes 

(Antimony(III) chloride) and triterpenes (Tin(IV) chloride) and heating was on the 

Heater III.  

 

The Dragendorff reagent stock solution was prepared by dissolving 1.7 g bismuth 

nitrate in 80 mL water and 20 mL glacial acetic acid (GAA), followed by the addition 

of 100 mL of 50% w/v potassium iodide solution. And mixing 25 mL stock solution 

to 175 mL water and 50 mL GAA achieved the working spray. After treatment, the 

HPTLC plate was heated to dry at 100 °C and inspected under white light, where 

yellow/orange/red bands were observed, were a positive test.126 The iron(III) 

chloride spray was prepared by dissolving 5.0 g iron (III) chloride in 100 mL of 0.5 

M hydrochloric acid (HCl), after treatment and drying at 100 °C, the observation of 

blue/greenish bands confirmed phenolics.127 The aluminium chloride spray solution 
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was prepared by dissolving 0.5 g aluminium chloride in 100 mL absolute ethanol 

(EtOH), detection was determined by heating at 100 °C and the observation of 

yellow fluorescence at 365 nm UV radiation was a positive test.128 Antimony (III) 

chloride spray was prepared by dissolving 25.0 g antimony (III) chloride in 75 mL 

chloroform (CHCl3). After treatment, the plate was heated for 10 minutes at 100 °C 

and inspected under white light for violet spots.129 Finally, the tin (IV) chloride spray 

reagent was prepared by mixing 10 mL standard tin (IV) chloride solution to 160 mL 

of an aqueous mixture (GAA: CHCl3) (5:5), after application, the plate was heated 

at 100 °C for 10 minutes, and observation for changes was made in white and 365 

nm radiation UV.130 

 

High-resolution LCMS was performed at the Central Analytical Facilities, MS Unit at 

Stellenbosch University. The analysis was carried out on the Water Synapt G2 

qTOF mass spectrometer using Method A and Method B respectively, samples 

were introduced by ESI probe, detected by an ESI positive source with a 15 V cone 

voltage. Both methods employed the Waters BEH C18 column, 2.1 x 100 mm, 1.7 

µm, with Acetonitrile (ACN) and Water as a solvent system (both solvents lines 

contained 0.1% formic acid). Method A (0.400 mL/min flow rate) was a generalised 

method while Method B (0.350 mL/min flow rate) was developed for alkaloid 

analysis. The composition of each solvent versus time is shown in table 2.8. 

Table 2.8: Solvent composition versus time for LCMS Method A and B 

 

The data was analysed following the ‘Processing msE data from a Waters Synapt 

G2 qTOF mass spectrometer’ document compiled and revised by M. Taylor (2020), 

employing mzMine open MS software for data analysis and ChemCalc for accurate 

mass element composition calculation (https://www.chemcalc.org/mf-finder). 

 

Method A Method B 

Time %ACN %Water Time %ACN %Water 

0.00 100.0 0.0 0.00 95.0 5.0 

0.50 100.0 0.0 1.00 95.0 5.0 

12.00 0.0 100.0 1.10 90.0 10.0 

12.50 0.0 100.0 8.00 70.0 30.0 

13.00 100.0 0.0 8.10 60.0 40.0 

15.00 100.0 0.0 10.00 20.0 80.0 

https://www.chemcalc.org/mf-finder
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1D (1H, 13C and DEPT135) and 2D (HSQC, HMBC and COSY) NMR spectra were 

recorded on the Bruker Avance III 400. All proton and carbon chemical shifts are 

quoted relative to the relevant solvent signals (CDCl3 [δH 7.26, δC 77.0 ppm], 

CD3OD [δH 3.33, δC 49.0 ppm]). Proton-proton coupling constants (Jvalue) are 

reported in Hertz (Hz). All experiments were conducted at 300 K unless specified 

otherwise.  

 

Infrared spectra were obtained on the Attenuated Total Reflectance-Fourier 

Transform Infrared (ATR-FTIR) TENSOR 27 spectrophotometer, fitted with a 

Diamond/ZnSe internal reflectance element capable of single bounce mode.  

 

2.8.2. Plant material 
 

The plant material of C. capensis was collected by Mr. J. Block from the rocky 

mountainous slopes of Joubertina, Eastern Cape (-33.814558, 23.844843). 

Authentication of the plant as Cissampelos capensis L.f. was performed by Prof E. 

Campbell at the Botany Department at the Nelson Mandela University. The 

specimen was awarded the identification code PEU 25069 and stored in the 

university herbarium. 

 

2.8.3. Extraction and isolation 
 

The leaves, stems and rhizomes of C. capensis were subjected to two extraction 

methods, the methanolic extraction to afford the MCCL, MCCS and MCCR extracts 

and their TTA counterparts (TTA CCL, TTA CCS and TTA CCR). For the 

methanolic extract, the various materials were air-dried, ground into a powder and 

then extracted with an organic mixture of MeOH- CHCl3 (8:2) at room temperature 

for 48 hours. The resulting mixture was subjected to filtration and concentrated 

under vacuum to yield the methanolic extract. TTA extraction was achieved by the 

various ground plant materials being extracted with EtOH at room temperature for 

four days. After filtration and concentration under vacuum, the resulting extract was 

dissolved with 3% v/v HCl, filtered over celite and extracted with CHCl3. The 

aqueous phase was then alkalised with a concentrated ammonium solution to pH 9 

and extracted with CHCl3. The organic phase was then washed with distilled water, 
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dried with anhydrous sodium sulphate, and finally concentrated under vacuum to 

yield the various TTA extracts of C. capensis. For plant material quantities and 

crude yields refer to Figure 2.5 in Section 2.6.3.1 of this document. 

 

The bulk crude sample of about 13.0 g was dissolved in MeOH and mixed with 

silica gel (Kieselgel 60, 230-400 mesh) dried and packed over a clean silica gel 

packed Buchner funnel (20 x 15 cm) attached to a vacuum filtration system to 

conduct vacuum liquid chromatography (VLC). Normal-phase chromatography was 

then applied, employing a gradient solvent system (DCM- MeOH). Where 10 

fractions were collected at different solvent ratios (10:0; 9.8:0.2; 9.5:0.5; 9:1; 

8.5:1.5; 8:2; 7:3; 6:4; 5:5 and 0:10). TLC (Kieselgel 60 F245 aluminium plates) 

inspection resulted in eight fractions being adopted: Fraction 1, Fraction 2, Fraction 

3, Fraction 4,…, Fraction 8. Fractions of interest (based on weight) were then 

subjected to column chromatography employing a gradient solvent system (DCM-

MeOH), where several sub-fractions were formed, and subjected to preparatory 

TLC (prepTLC) to yield compound 2.4, 2.6, 2.22, 2.23 and 2.24. Refer to Figure 2.5 

in Section 2.6.3.1 of this document, on the extraction to the isolation process of 

each compound, with annotations of solvent systems and techniques employed 

towards isolation, highlighting only the fractions from which the compounds were 

isolated. 
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2.8.4. Physical data of the isolated compounds 

 

Physical data HRMS and IR data can be found in Appendix A-8. 

 

Glaziovine (2.4), was isolated as a brown powder; 1H NMR (400 MHz, CD3OD): δH 

7.09 (1H, dd, J = 10.0, 2.8 Hz, H-12), 6.93 (1H, dd, J = 10.0, 2.8 Hz, H-8), 6.63 (1H, 

s, H-3), 6.32 (1H, dd, J = 9.9, 1.8 Hz, H-9), 6.18 (1H, dd, J = 9.9, 1.8 Hz, H-11), 

3.74 (3H, s, H-OCH3), 3.52 (1H, s, H-6a), 3.09 (1 H, dd, J = 11.9, 6.6 Hz, Ha-5), 

2.87 (1H, m, Ha-4), 2.51 (1H, dt, J = 11.9, 5.4 Hz, Hb-5), 2.57 (1H, dd, J = 16.8, 5.1 

Hz, Hb-4), 2.32 (4H, s, Ha-7, NCH3), 2.16 (1H, t, J = 10.8 Hz, Hb-7); 13C NMR (100 

MHz, CD3OD): δC 187.38 (C-10), 155.45 (C-8), 151.51 (C-12), 148.52 (C-2), 141.85 

(C-1), 133.61 (C-3a), 126.34 (C-11), 124.11 (C-7b), 127.57 (C-9), 122.12 (C-

7c),110.06 (C-3), 65.48 (C-6a), 55.56 (OCH3), 54.69 (C-5), 51.08 (C-7a), 46.20 (C-

7), 42.04 (NCH3), 26.44 (C-4); λmax 211, 234 and 289 nm; m/z 298.1454 [M+H]+ 

(calculated for C18H19NO3: 297.35); IR (cm-1) 3358 (O-H), 2947 (C=C-H), 1652 

(C=O). 

 

Pronuciferine (2.6), was isolated as a deep orange powder; 1H NMR (400 MHz, 

CD3OD): δH 7.10 (1H, dd, J = 10.0, 2.8 Hz, H-8), 6.94 (1H, dd, J = 10.0, 2.8 Hz, H-

12), 6.69 (1H, s, H-3), 6.29 (1H, dd, J = 9.9, 1.7 Hz, H-11), 6.17 (1H, dd, J = 10.0, 

1.8 Hz, H-9), 3.70 (3H, s, 1-OCH3), 3.49 (3H, s, 2-OCH3), 3.35 (1H, dd, J = 10.5, 

6.2 Hz, H-6a), 3.06 (1H, dd, J = 12.0, 6.3 Hz, Ha-5), 2.85 (1H, m, Ha-4), 2.77 (1H, 

dd, J = 17.2, 5.3 Hz, Hb-4), 2.49 (1H, dt, J = 11.9, 5.7 Hz, Hb-5), 2.30 (4H, s, Ha-7, 

NCH3), 2.15 (1H, t, J = 10.8 Hz, Hb-7); 13C NMR (100 MHz, CD3OD): δC 187.18 (C-

10), 155.16 (C-12), 153.49 (C-1), 151.69 (C-8), 144.12 (C-2), 133.68(C-3a), 132.02 

(C-7c), 127.80 (C-7b), 127.36 (C-11), 126.34 (C-9), 111.73 (C-3), 65.29 (C-6a), 

59.97 (2-OCH3), 55.36 (1-OCH3), 54.42(C-5), 51.32 (C-7a), 46.31 (C-7), 41.98 

(NCH3), 26.62 (C-4); λmax 213, 235, 282 and 367 nm; m/z 321.1530 [M+H]+ 

(calculated for C19H21NO3: 311.37); IR (cm-1) 3355 (O-H), 2945 (C=C-H), 1658 

(C=O). 

 

Cissamaline (2.22), was isolated as a deep purple powder; 1H NMR (400 MHz, 

CD3OD): δH 7.09 (1H, d, J = 10.0 Hz, H-12), 6.93 (1H, d, J = 10.0 Hz, H-8), 6.68 



52 

(1H, s, H-3), 6.28 (1H, d, J = 9.8 Hz, H-9), 6.16 (1H, d, J = 9.8 Hz, H-11), 3.69 (3H, 

s, OCH3), 3.52 (1H, d, J = 10.1 Hz, H-6a), 3.49 (1H, s, H-7c), 3.08 (1H, dd, J = 11.7, 

6.4 Hz, Ha-5), 2.85 (1H, m, Ha-4), 2.77 (1H, dd, J = 17.2, 6.5 Hz, Hb-4), 2.50 (1H, dt, 

J = 11.5, 5.1 Hz, Hb-5), 2.30 (4H, s, Ha-7, NCH3), 2.14 (1H, t, J = 11 Hz, Hb-7), 2.05 

(3H, s, 7c-CH3); 13C NMR (100 MHz, CD3OD): δC 208.68 (C-1), 187.03 (C-10), 

154.98 (C-8), 153.54 (C-2), 151.52 (C-12), 144.21 (C-7b), 132.05 (C-3a), 127.38 

(C-9), 126.37(C-11), 111.72 (C-3), 65.31 (C-6a), 55.32 (OCH3), 54.44 (C-5), 59.90 

(C-7c), 51.28 (C-7a), 46.30 (C-7), 41.93 (NCH3), 29.26 (7c-CH3), 26.60 (C-4); λmax 

214, 239 and 286 nm; m/z 312.1602 [M+H]+ (calculated for C19H22NO3: 312.38); IR 

(cm-1) 3383 (O-H), 2925 (C=C-H), 1658 (C=O); IUPAC name: 1,2,3,4-tetrahydro-6-

methoxy-2,8-dimethyl-1-((4-oxocyclohexa-2,5-dienyl)-methyl)isoquinolin-7(8H)-one. 

 

Cissamanine (2.23), was isolated as an orange powder; 1H NMR (400 MHz, 

CDCl3): δH 7.12 (2H, q, J = 10.7, 2.8 Hz, H-8, H-12), 6.91 (1H, s, H-3), 6.42 (1H, dd, 

J = 10.0, 2.0 Hz, H-9), 6.29 (1H, dd, J = 10.0, 2.0 Hz, H-11), 5.15 (1H, dd, J = 9.5, 

6.3 Hz, 7c-OH), 3.85 (1H, s, Ha-5), 3.69 (1H, dd, J = 12.4, 6.2 Hz, Hb-5), 3.63 (1H, 

s, H-7a), 3.26 (2H, s, Ha-4, H-6a), 3.02 (1H, dd, J = 17.4, 5.3 Hz, Hb-4), 2.95 (1H, 

m, Ha-7), 2.40 (1H, m, Hb-7) ; 13C NMR (100 MHz, CDCl3): δC 208.84 (C-1), 186.83 

(C-10), 154.23 (C-2), 154.04 (C-8), 151.24 (C-12), 144.64 (C-7b), 132.83 (C-3a), 

127.61 (C-9), 126.52 (C-11), 111.80 (C-3), 73.41 (C-7c), 65.57 (C-5), 59.86 (C-7a), 

56.09 (C-6a), 55.39 (OCH3), 38.71 (C-7), 23.64 (C-4); λmax 212, 233, 284 and 364 

nm; m/z 301.1421 [M+H]+ (calculated for C17H18NO4: 300.33); IR (cm-1) 3344 (O-H), 

2945 (C=C-H), 1660 (C=O); IUPAC name: 1,2,3,4-tetrahydro-8-hydroxy-6-methoxy-

1-((4-oxocyclohexa-2,5-dienyl)methyl)isoquinolin-7(8H)-one. 

 

Cissamidine (2.24), was isolated as a dark brown powder; 1H NMR (400 MHz, 

CDCl3): δH 6.89 (1H, d, J = 8.0 Hz, H-8), 6.73 (1H, d, J = 9.8 Hz, H-12), 6.58 (1H, s, 

H-3), 6.35 (1H, d, J = 9.9 Hz, H-9), 6.26 (1H, d, J = 9.9 Hz, H-11), 4.33 (1H, s, H-

6a), 3.70 (1H, o, Ha-5), 3.80 (3H, s, OCH3), 3.57 (1H, br s, C1-OH ), 3.48 (1H, o, 

Ha-4), 3.41 (1H, s, H-7a), 3.15 (1H, o, Hb-5), 2.97 (1H, o, Ha-7), 2.93 (1H, o, Hb-4), 

2.43 (1H, o, Hb-7), 1.18 (2H, s, Ha,b-7c); 13C NMR (100 MHz, CDCl3): δC 185.50 (C-

10), 151.22 (C-8), 148.92 (C-2), 146.79 (C-12), 141.97 (C-7b), 129.46 (C-9), 128.68 

(C-11), 109.76 (C-3), 70.56 (C-1), 65.49 (C-6a), 56.55 (OCH3), 54.65 (C-5), 50.85 
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(C-7a), 49.97 (C-3a), 42.95 (C-7), 29.69 (C-7c), 24.91 (C-4); λmax 208, 236, and 370 

nm; m/z 287.4275 [M+H]+ (calculated for C17H20NO3: 286.34); IR (cm-1) 3405 (O-H), 

2918 (C=C-H), 1661 (C=O); IUPAC name: 4-((1,2,3,4,7,8-hexahydro-7-hydroxy-6-

methoxyisoquinolin-1-yl)methyl)cyclohexa-2,5-dienone. 

 

2.8.5. Estimation of total phytochemical group content 

 

Estimation of total alkaloidal content by UV-spectrometry  

The method used was based on the analysis conducted by Ajanal et al.131 Where 

10 mg crude material was dissolved in 10 mL 2N HCL, 1 mL of this solution was 

filtered into a separating funnel and washed with 10 mL CHCl3 in triplicate. The pH 

of the solution was then neutralised with 0.1 sodium hydroxide (NaOH), followed by 

the addition of 5 mL bromocresol green (BCG) solution and 5 mL of a phosphate 

buffer (pH 4.7) to the solution. The mixture was then shaken, and the alkaloid 

complex was extracted with 1, 2, 3 and 4 mL CHCl3 through vigorous shaking. The 

extract was diluted in a 10 mL volumetric flask with CHCl3.  

 

A standard curve for the estimation of atropine (known alkaloid standard) 

equivalence was prepared (figure 2.19) to estimate the total alkaloid content of the 

various crude extracts. This was achieved by accurately measured aliquots (0.4, 

0.6, 0.8, 1 and 1.2 mL) of atropine standard solution (1 mg in 10 mL) into different 

separating funnels. Then 5 mL of BCG and the phosphate buffer solutions were 

added and shaken to extract 1, 2, 3 and 4 mL with CHCl3. The subsequent extracts 

were collected and made to volume with CHCl3 in a 10 mL volumetric flask.  

The absorbance of the complex in CHCl3 was measured at 470 nm in UV-

spectrometry against the blank prepared as above without atropine. The 

SHIMADZU UV-1800 system was used to record the UV/Vis measurements. All 

analyses were performed in triplicate, and the method validation data can be found 

in Appendix A-7. 
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Figure 2.19: Atropine standard curve 

 

Estimation of total phenolic content by UV-spectrometry  

The total phenolic content was assessed by employing the method described by 

Makkar et al.,132 with minor modifications. An extract aliquot (0.2 mL) (10 mg of the 

crude material was dissolved in 10 mL methanol (MeOH)) was added to a test tube 

and topped to 2 mL with distilled water. To this mixture, 2.5 mL of Folin- Ciocalteu 

reagent (1 M) was added, followed by the addition of 7.5 mL sodium carbonate 

solution. The test tube was closed off and vortexed and incubated for 40 minutes 

under dark conditions and the absorbance recorded at 760 nm on the SHIMADZU 

UV-1800 system. Method validation data can be found in Appendix A-7 and the 

total phenolic content was estimated as Gallic acid equivalence, and the standard 

curve produced shown in figure 2.20. All analyses were performed in triplicate. 

 

Figure 2.20: Gallic acid standard curve 

 

y = 0.0551x + 0.0004
R² = 0.9928

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0 0.5 1 1.5

A
b
s
o
rb

a
n
c
e

Volume (mL)

Atropine Standard Curve

y = 0.0206x + 0.0052
R² = 0.9719

0

0.05

0.1

0.15

0 2 4 6

A
b
s
o
rb

a
n
c
e

Volume (mL)

Gallic Acid Standard Curve



55 

Estimation of total flavonoid content by UV-spectrometry  

The total flavonoid content of the crude material was determined using the method 

described by Tambe et al.,133 with minor modifications. The crude material (10 mg) 

was dissolved in 10 mL of distilled water and 1 mL was filtered into a 10 mL 

volumetric flask. This was diluted with a further 4 mL of water, followed by the 

addition of 0.3 mL of 1.45 M sodium nitraite solution (NaNO2). The mixture was 

then vortexed and after 5 minutes, 0.3 mL of a 0.75 M aluminium chloride solution 

(AlCl3) and 4.4 mL of 2 M NaOH were added, respectively. The mixture was 

subjected to thorough mixing, and the absorbance was measured at 510 nm 

against a blank using the SHIMADZU UV-1800 UV spectrophotometer. 

 

A standard curve of the estimation of quercetin equivalence was developed and 

shown in figure 2.21. To prepare the stock solution of quercetin, 25 mg of the 

standard was dissolved by 25 mL MeOH. To a 10 mL volumetric flask, 1 mL was 

quantitatively transferred and made to volume with MeOH. Aliquots of 0.5, 1.0, 1.5, 

2.0, 2.5 and 3 mL were prepared similarly to the crude materials outline above. A 

blank was prepared without the addition of the AlCl3 solution and analyte. The 

absorbance was recorded similarly as the crude and all analysis was repeated in 

triplicate. Method validation information was documented in Appendix A-7. 

 

Figure 2.21: Quercetin standard curve 
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Estimation of total terpene content by UV-spectrometry  

The total terpene content of the crude material was estimated by employing a 

slightly changed method from Indumathi et al.134 A crude sample of 0.8 g was 

dissolved in 10 mL MeOH. Half of the mixture was filtered into a test tube and 

mixed with 2 mL CHCl3 and 3 mL concentrated sulphuric acid (H2SO4) in an ice 

bath for 15 minutes. The resulting mixture was then incubated at room temperature 

in the dark for 2 hours. The supernatant was then decanted without disturbing the 

red-brown precipitate formed. The precipitate was dissolved and 1.5 mL MeOH and 

shaken until all the material was dissolved. The total terpene content was measured 

at 538 nm and performed in triplicate. 

 

A standard curve for the estimation of linalool equivalence was developed and 

shown in figure 2.22. A mass of 0.2 mg linalool was dissolved in 10 mL MeOH to 

prepare a stock solution. Aliquots of 0.5, 1.0, 1.5, 2.0 and 2.5 mL of the stock 

solution were added to the test tube, and the process outlined for the crudes above 

was repeated to create the different serial dilutions. Finally, the terpenoid content 

was also measured at 538 nm to construct the standard curve. All analyses were 

performed in triplicate, and the method validation data can be found in Appendix A-

7. 

 

Figure 2.22: Linalool standard curve 
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CHAPTER 3: The phytochemistry of Strychnos henningsii 

 

3.1. Introduction 

 

The Loganiaceae family forms part of the Gentianales order, comprising 16 genera, 

with an estimated 460 species.135 Species from the family are distributed tropical or 

subtropical, with several genera spreading into warm-temperate regions of the 

southern hemisphere.136 The Loganiaceae family is described as trees, shrubs, or 

woody vines.137 Its leaves are almost always opposite, entire or finely toothed and 

display a prominent midrib.136 Comprising bisexual flowers with superior ovaries and 

are actinomorphic with 4- or 5-merous parts. Loganiaceae is further divided into four 

tribes with 11 species in the southern African Strychnos L. genus, as shown in figure 

3.1.135,136  

 

Figure 3.1: Outline of the different southern African Loganiaceae tribes (with an 

expansion of the Strychnos L. genus) 
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The Aims of this chapter are: 

- to present a brief overview of the documented ethnobotanical uses and  

phytochemical profile of some Loganiaceae species. 

- to summarise the reported traditional uses, biological activities, and to provide 

an overview of the phytochemical studies undertaken for the Strychnos L. 

genus and specifically for S. henningsii. 

- to present the findings from the phytochemical investigation of S. henningsii 

undertaken in the current study. 

 

3.2. Ethnobotanical uses of Loganiaceae in South Africa 

 

The Loganiaceae family contains a variety of ethnobotanical important plant species. 

Around the world, the Neuburgia and Norrisia species are used as timber for house 

flooring, while other members are used for food or as ornamentals and in traditional 

medicine as remedies for a wide variety of ailments.138–141 Among these, the most 

well-known and economically important genus is Strychnos.141 This genus is known 

worldwide for its source of curare (plant extract used as arrow poison), for fish 

poisoning and a variety of medicinal uses. Decotions are used to treat various 

ailments including as a stimulant (roots of M. hirsute), against colds and fever (roots 

of M. brunonis), in the management of diabetes (bark of S. henningsii), anthelmintic 

(members of Spigelia L. genus) of and snakebites (fruit of S. spinosa). 2,24,142–145 

Another poisonous genus of the family, Spigelia, has been used against parasitic 

intestinal worms but could be fatal to humans.146    

 

In South Africa, the timber of several species is utilised in various woodwork, carvery 

and as a source of food. In contrast, the roots and bark of species like S. spinosa, S. 

pungens, S. henningsii and S. decussata are used in traditional medicine.2,147,148 The 

Strychnos species are poisonous due to their curare nature and their persisted use 

as food and medicines pose a risk. However, few cases of poisoning are known.147–

149 
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3.3. The phytochemical profile of Loganiaceae in South Africa 

 

The Gentianales order is distinctively known for secoiridoids, which are a precursor 

to complex indole alkaloids.135 These secoiridoids are found in the Loganieae and 

Strychneae but absent in the Antonieae and Spigelieae tribes of Loganiaceae.150 

However, complex indole alkaloids like the toxic compound strychnine (3.1) are 

largely restricted to the Strychneae tribe but also found in Rubiaceae, Gelsemiaceae, 

and Apocynaceae.135 Antonieae and Spigelieae have, however, been sources of 

loganine-type iridoids compounds, triterpene saponins.151,152 A more detailed 

account of the phytochemistry of Loganiaceae is reported by Bisset.153 Apart from 

the alkaloid found in the family, diterpenes, triterpene saponins, and aluminium 

accumulation are also reported.135,153 However, the available knowledge on most of 

the pytochemistry is scattered and lacking of secondary metabolite isolation. The 

Strychnos L. is the most explored genus from the Strychneae tribe, as an important 

source of medicine and pharmacological tools worldwide.154,155 An overview of the 

Strychnos L. genus is presented in Section 3.4.  

N

O

H

H

H

N

O

3.1   
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3.4. The genus Strychnos L. 

 

The Strychnos genus is pantropically comprised of about 200 species and 

subdivided into three geographically separated groups of species in Central and 

South America, Asia (including Australia) and Africa (75 species).156 The genus 

belongs to the Loganiaceae family and is found as climbing or erect shrubs, lianas, 

or trees.157 The Strychnos genus is widely known as plants producing the most 

famous poison strychnine (3.1). Which is one of the many indolomonoterpenic 

alkaloids present in the Strychnos species.156  

 

In Africa, there are both muscle-paralysing and muscle-stimulating Strychnos 

species used in hunting poisons. It should be noted that the strychnine prevalence is 

quite rare in Strychnos species and there are some harmless species, like one of the 

first species discovered in Africa judiciously named S. innocua.156 To the best of our 

knowledge, strychnine has only been isolated from the African species, S. 

icaja.158,159 This is, of course, not to say strychnine and related alkaloids are not 

present in the other species. Because the complete chemical composition of many of 

these Strychnos species is still unexplored.156 

 

The Strychnos species contains alkaloids, diterpenoids and triterpenoids, used as 

poisons for weapons, especially in Africa.156,160 S. usambarensis is one species 

utilised in arrow poison, despite not containing strychnine it was found to behave like 

a good curare.161,162 In Africa, the genus is important as a reputable remedy against 

snakebites and poisonings, and medicinal uses include the treatment of diabetes, 

stomach problems, ulcers, wounds, inflammation, leprosy, cholera, chronic malaria 

and rabies.24,156,157  

 

In southern Africa, the fruit pulp of Strychnos species is commonly used as food, 

while the seeds of species like S. madagascariensis and S. spinosa are bitter and 

toxic.147,148 The fruit, leaves and bark of the Strychnos species (particularly S. 

henningsii) are commonly used in traditional medicinal practices and known for their 

poisonous nature.62,147,149 The southern African genus is said to contain the indole 

alkaloids type toxins.62 The alkaloids of Strychnos have been described by two 
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completely different ways of toxic mechanisms; strychnine and its derivatives which 

induce convulsion (tetanizing Strychnos), while the quaternary alkaloids series have 

a paralytic action (curarizing Strychnos).156 Angenot et al., outline the differences 

between these two groups in a review on the toxicity of some Strychnos species and 

their alkaloids.156 Many alkaloids have been isolated from S. henningsii, S. 

madagascariensis and S. spinosa, however, little is known about the major chemical 

constituents, their concentrations in various plant parts, and toxicity.62 Section 3.5 

presents the the phytochemistry of S. henningsii. 
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3.5. Strychnos henningsii 

 

3.5.1. Introduction  

 

Strychnos henningsii Gilg. is a species of the Strychnos genus and member of the 

Loganiaceae family.135,136 It is described as a small evergreen tree or shrub with 

leathery leaves.163 The fruit is oblong and turns brown when ripen, while the bark is 

crowned compact with dark green and glossy foliage163 as depicted in figure 3.2. 

Strychnos henningsii is commonly known as “Hardepeerhout” (Afrikaans) and 

“Umnonono” (Xhosa) while growing along the coastal edges from the Eastern Cape, 

then Kwa-Zulu Natal in South Africa and into Mozambique 164–166. 

 

Figure 3.2: The leaves (left) and bark (right) of Strychnos henningsii Gilg. PEU 

6856.167 

 

3.5.2. Traditional medicinal uses 

 

S. henningsii is used in traditional medicine to treat various ailments in southern 

Africa.163 The bark has been recommended to treat various diseases by traditional 

health practitioners. These diseases include, but are not limited to, abdominal pain, 

gastrointestinal pain, snake bite, gynaecological complaints, rheumatism, malaria 

and diabetes.21,143,168 The bark has also been documented to have significant use in 

wound healing and as a mouth antiseptic.168 
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3.5.3. Phytochemistry and bioactivity of S. henningsii 

 

The Strychneae tribe has unique, complex alkaloids, that share a common indole 

alkaloidal carbon framework. The study of the African Strychnos indole alkaloids has 

been of much interest for the last 50 years. 169 The phytochemical profile of the 

Strychnos genus indicates the alkaloids are the most diverse class of secondary 

metabolites reported and suggest the possibility of novel alkaloid discovery.170,171 

These alkaloids are of a wide variety of structures and are reported to be responsible 

for the respective plant bioactivity in traditional medicine. 171–173 

 

Strychnos henningsii is one of the most important Strychnos species from the African 

continent.174 Many compounds have been isolated from S. henningsii, however, the 

respective biological activity of some of these has not been investigated.175 Similarly 

to the plants in its genus, the phytochemistry of S. henningsii centres around its 

indole alkaloids. A significant contribution to the phytochemical profile is that of 

Massiot et al., reporting on 17 alkaloids from the African S. henningsii through 

spectral means and chemical correlation.174 Several alkaloids were identified through 

spectra and chemical data on previously isolated alkaloids from the Strychnos 

genus.155,176–180 

 

To the best of our knowledge, 22 phytochemical constituents have been isolated and 

identified from the African S. henningsii species. Angenot et al., isolated the 

crystalline triterpenoid, friedelin (3.2), as a white powder residue from the methanolic 

extract of the stem bark material collected in the Democratic Republic of Congo.181 

Massiot et al., have identified and isolated 21 alkaloids by analytical alkaloid 

extraction of the root bark, stem bark and leaves plant material collected in 

Tanzania.174 From the stem bark, four alkaloids, namely holstiine (3.3), splendoline 

(3.4), 23-hydroxy-spermostrychnine (3.5) and 19-epi-23-hydroxyspermostrychnine 

(3.6) were separated and identified. The root bark showed (3.3) – (3.5) as well as 

retuline (3.7). Finally, from the leaves, 14 alkaloids were separated and identified, 

namely; (3.4), (3.5), henningsiine (3.8), deshydroxyacetylhenningsiine (3.9), O-

acetylhenningsiine (3.10), 3-hydroxyhenningsiine (3.11), henningsiine-N(4)-oxide 

(3.12), spermostrychnine (3.13), 23-hydroxyspermostrychnine-N(4)-oxide (3.14), 17-
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23-dihydroxyspermo-strychnine (3.15), henningsamide (3.16), O-

acetylhenningsamide (3.17), deshydroxy-acetylhenningsamide (3.18) and 

cyclostrychnine (3.19). 

 

The Dictionary of Alkaloids refers to four more compounds associated with S. 

henningsii, from the African Strychnos species.182 The two derivatives of retuline 

(3.7), retuline Nb-oxide (3.20) and tsilanimbine (3.21), isolated from the stem bark 

and twigs of S. henningsii.183,184 Along with henningsoline (3.22) and Na-acetyl-11-

methoxy-strychnosplendine (3.23) from the stem bark of S. henningsii.185–187     

 

This rich indole alkaloid phytochemical profile has been attributed to the medicinal 

applications of S. henningsii. It is widely recognised in South African traditional 

medicine as an essential plant in managing illness and disease, suggesting a great 

candidate for bioactivity studies. 

 

Biological studies with crude extracts of S. henningsii from Africa included anti-

plasmodial, antidiabetic, anti-hyperglycaemia and anti-oxidant assays.174,175,188 

Several bioactivity studies have been conducted on S. henningsii in South Africa, 

specifically the Eastern Cape species. An aqueous bark extract of S. henningsii 

showed both in vivo and in vitro antioxidant activity from the reported literature.163 

Further investigation of the toxicological effects of the aqueous stem bark extract in 

Wistar rats reported that sub-acute administration of S. henningsii appears to be 

relatively non-toxic to the animals.189 The most recent study on the in-vitro anti-

hyperglycemia properties of the aqueous stem bark extract suggested that the 

extract improves glycemic control, but this is not without reservation (discussed in 

Chapter 4).188 

 

In the Eastern Cape Province, S. henningsii is highlighted as an important medicinal 

plant used for the traditional management of diabetes. In a recent review by 

Odeyemi et al., the pharmacology and toxicology of various plants, including S. 

henningsii is discussed for the management of diabetes.24 Phenolics, terpenes, 

flavonoids and alkaloids were identified as potential bioactive molecules for 

antidiabetic studies from S. henningsii. Findings of the review are discussed in 

chapter 4,  where the antidiabetic activity screening of S.henningsii is presented. 
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3.6. Results and discussion 

 

3.6.1. Introduction  

 

This section aims to present the phytochemical constituents of Strychnos henningsii 

Gilg. (PEU 6856), an inland species collected in the mountainous rural areas of King 

Williams Town in the Eastern Cape. Oyedemi et al.,163,188–191 have reported the 

phytochemical groups and biological activity of an aqueous extract of S. henningsii 

from the Eastern Cape. However, the location harvested from differs and the 

investigations were conducted on methanolic and total tertiary alkaloidal (TTA) 

extracts of S. henningsii. Thus, the study findings will provide an opportunity for new 

insights into the species. 

 

The aim was the isolation and characterisation of phytochemicals from S. henningsii, 

particularly, as it relates to the potential antidiabetic bioactive molecules (alkaloids, 

phenolics, flavonoids and terpenes) as outline by Odeyemi et al.24 The study was 

conducted on the methanolic extracts of the bark (MSHB), along with the total 

tertiary alkaloidal extracts of the bark (TTA SHB) material of S. henningsii. The 

phytochemical profile of S. henningsii was conducted through high performance thin 

layer chromatography (HPTLC) coupled with various derivatisation spray reagents 

for the qualitative detection of the targeted phytochemical groups. Then 

quantitatively determined the estimated equivalence content (mg/ 10 mg crude 

material) towards known standards for each targeted phytochemical group by UV-

spectrometry. Followed by the identification of known phytochemical constituents 

through analytical liquid chromatography mass spectrometry (LCMS) analysis. 

Finally, reporting on the chemical constituents isolated and characterised from 

Strychnos henningsii through various spectral means.    
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3.6.2. Phytochemical profiling and alkaloid identification  

 

The phytochemical profile of S. henningsii has been described as consisting of a 

wide variety of alkaloid structures. In particular, indole alkaloids have been identified 

as the predominant type of alkaloids in the African species.174 Therefore, we were 

motivated to investigate the profile of alkaloids as well as other classes of 

phytochemicals that may be present in S. henningsii, particularly those that have 

been associated with  antidiabetic activity of the species in the Eastern Cape 

region.24 The phytochemical classe associated with antidiabetic activity include; 

alkaloids, phenols, flavonoids, and terpenes (with the inclusion of triterpenes 

because of the previous isolation of friedelin (3.2) and their antidiabetic 

activity192,193). 

 

3.6.2.1. HPTLC Profiling of S. henningsii  

 

The preliminary phytochemical screening of the S. henningsii crude extracts to 

detect alkaloids, phenols, and triterpenes was performed through HPTLC with a 

DCM-MeOH (9:1) solvent system, derivatisation spray reagents, and viewed under 

white light, as shown in Figure 3.3 a. Alkaloids were detected in both crude extracts 

(methanolic and TTA extracts), as depicted in chromatogram D by the orange bands 

observed through Dragendorff spray reagent. Similarly, phenols were detected in 

both extracts, as shown in chromatogram E by the blue or greenish bands observed 

through iron(III) chloride spray reagent. The presence of triterpenes was only 

detected in the methanolic extracts as shown in chromatogram F by the purple 

bands observed through tin(IV) chloride spray reagent.  
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Figure 3.3 a: Phytochemical screening of alkaloids, phenols, and triterpenes from 

the various crude extracts of S. henningsii.  

[HPTLC profiling (solvent system, DCM-MeOH [9:1]) of the methanolic extracts of the bark (MSHB), 

along with the total tertiary alkaloidal extracts of the bark (TTA SHB) S. henningsii is depicted in the 

figure above. The different depictions in A-C represent the visualisation of different chromatograms in: 

A- white light, B- short-wavelength UV light, C- long-wavelength UV light. Chromatograms D-F 

represents the different derivatisation under white light: D- Dragendorff spray reagent for alkaloids 

derivatisation, E- iron(III) chloride spray reagent for phenols derivatisation, and F- tin(IV) chloride 

spray reagent for triterpenes derivatisation.] 

 

The preliminary phytochemical screening for the detection of flavonoids, terpenes, 

and triterpenes from the S. henningsii crude extracts was performed employing 

HPTLC with DCM-MeOH (9:1) solvent system, derivatisation spray reagents, and 

viewed under long-wavelength UV light, as shown in Figure 3.3 b. The presence of 

flavonoids was only detected in the methanolic crude extracts as depicted in 

chromatogram G by the dull yellow bands observed through aluminium chloride 
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spray reagent. Similarly, terpenes presence was only detected in the methanolic 

extracts as shown by the dusty pink bands observed in chromatogram H through 

antimony(III) chloride spray reagent. The presence of triterpenes in the methanolic 

extract were reaffirmed through long-wavelenght UV light as depicted by the 

appearance of the intense greenish fluorescence in chromatogram I through tin(IV) 

chloride spray reagent. 

 

 

Figure 3.3 b: Phytochemical screening of flavonoids, terpenes, and triterpenes from 

the various crude extracts of S. henningsii.  

[HPTLC profiling (solvent system, DCM- MeOH [9:1]) of the methanolic extracts of the bark (MSHB), 

along with the total tertiary alkaloidal extracts of the bark (TTA SHB) of S. henningsii is depicted in the 

figure above. The different depictions in A-C represent the visualisation of different chromatograms in: 

A- white light, B- short-wavelength UV light, C- long-wavelength UV light. Chromatograms G-I 

represent the different derivatisation under long-wavelength UV light: G- aluminium chloride spray 

reagent for flavonoids derivatisation, H- antimony(III) chloride spray reagent for terpenes 

derivatisation, and I- tin(IV) chloride spray reagent for triterpenes derivatisation.] 

 

The findings of the phytochemical screening is consistent with the literature reported 

on S. henningsii. Literature suggests that the Strychnos species contain alkaloids 

and triterpenoids156,160 and Oyedemi et al., garnered positive results for the 

estimation of total flavonoid and total phenol content for aqueous bark extracts of S. 



70 

henningsii.163 Furthermore, one account of a triterpenoid, friedelin, was isolated from 

the methanolic stem bark of Congolese (central Africa) S. henningsii species.181 

However, no positive detection or isolation of terpenes has been reported from the 

southern African S. henningsii species.  

 

3.6.2.2. Quantitative estimation of total phytochemical content of S. henningsii  

 

Phytochemical screening alone is not sufficient to conclude the phytochemical 

content, further quantitative analysis was required to confirm total content. Therefore, 

UV-vis Spectrophotometry was used for quantitative estimation of the total 

phytochemical content. The estimated total phytochemical content (mg/ 10 mg crude 

material) was reported as equivalence to known standards (atropine, gallic acid, 

quercetin, and linalool) and recorded in Table 3.1. To date, the total flavonoid and 

total phenol estimation for the aqueous stem bark extracts of the Eastern Cape S. 

henningsii species have been determined by Oyedemi et al.163 To the best of our 

knowledge, no record was found for the estimation of the total alkaloid and total 

terpene content determination of S. henningsii. Furthermore, no analysis on 

methanolic and TTA extractions of the bark material are recorded in the Eastern 

Cape and southern African, at large.  

 

The estimation of total alkaloid content in both crude samples yielded the highest 

content (mg/ 10 mg crude material), followed by the total flavonoid-, total phenolic-, 

and then total terpene content. There was no significant difference in the estimated 

total alkaloid content for MSHB extract (3,399 ± 0,400) and the TTA SHB (3,379 ± 

0,202) estimation. However, the estimated total phenolic content of MSHB (0,758 ± 

0,044) was higher than the TTA SHB (0,465 ± 0,031) estimation. The estimated total 

flavonoid content for MSHB (1,551 ± 0,050) was double that of the estimated total 

phenolic content of MSHB.  

 

Oyedemi et al., determined the total phenol- and total flavonoid content of the 

aqueous extracts of the stem bark material, their findings suggest a ten-times greater 

estimated total phenol content (48 mg/g) compared to the estimated total flavonoid 

content (4.8 mg/g).163 Compared to the findings of this study, the total flavonoid 

content was determined to be double that of the total phenolic content. Oyedemi et 
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al., further reported that the phenolic compounds, especially flavonoids and phenols 

have shown significant antioxidant activity.163 Thus, the bark methanolic extract of S. 

henningsii is expected to show high antioxidant activity, which has been associated 

with antidiabetic activity.194 This finding also supports the medicinal use of the bark 

material in diabetes management in the Eastern Cape. The in vitro antidiabetic 

screening of S. henningsii is presented in Chapter 4 of this document.  

 

Table 3.1: Estimation of total phytochemical group content in S. henningsii by UV-

Spectrometry 

[Estimation of total phytochemical group content of the methanolic extracts of the bark (MSHB), along 

with the total tertiary alkaloidal extracts of the bark (TTA SHB) is depicted in the table below] 

 Quantitative Phytochemical Analysis 

Alkaloid 

Content 

[Atropine 

equivalence] 

(mg/ 10 mg 

crude) 

Phenol Content 

[Gallic acid 

equivalence] 

(mg/ 10 mg 

crude) 

Flavonoid 

Content 

[Quercetin 

equivalence] 

(mg/ 10 mg 

crude) 

Terpene Content 

[Linalool 

equivalence] 

(mg/ 10 mg crude) 

MSHB 3,399 ± 0,400 0,758 ± 0,044 1,551 ± 0,050 0,114 ± 0,0698 

TTA SHB 3,379 ± 0,202 0.465 ± 0,031   
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3.6.2.3. LCMS analysis of S. henningsii  

 

Plant extracts are highly complex, and the compounds of interest could be present in 

low amounts. Therefore, this complexity compels the search for more reliable 

techniques than HPTLC and UV/Vis to identify the present content. LCMS has 

proven to be one of the most reliable techniques for the qualitative and quantitative 

identification of phytochemical constituents. Therefore, LCMS was used to screen 

the two extracts (methanolic and TTA extracts), and compounds were identified by 

comparing detected and literature mass values as reported in Table 3.2. It should be 

noted that LCMS analysis delivered a preliminary result of the presence of known 

phytochemicals. Isolation and characterisation are required to confirm the detected 

compound(s) structure, as the observed mass signal could potentially be that of 

isomeric structures. 

 

Through the investigation of both extracts, six alkaloids were identified in the 

methanolic extract (MSHB), seven in the Total tertiary alkaloidal extract (TTA SHB), 

and a single triterpenoid, friedeline (3.2), in both extracts. The identified alkaloids 

were, holstiine (3.3), 23-hydroxyspermostrychnine (3.5), henningsiine (3.8), O-acetyl-

henningsiine (3.10), 3-hydroxyhenningsiine (3.11), henningsoline (3.22) and Na-

acetyl-11-methoxystrychnosplendine (3.23). The detected alkaloids were all indole 

alkaloids which are synonymous with S. henningsii.  

 

From the LCMS analysis reported in Table 3.2, the finding is reported as the 

electrospray positive [M+H]+ ion of the chemical constituent. Six of the seven 

identified alkaloids were detected in both extracts except for (3.10) which was only 

detected in the TTA SHB extract. Henningsiine (3.8) and two of its derivative 

alkaloids, (3.10) and (3.11) were also detected in the analysis. Based on the peak 

area, (3.3), (3.8), (3.10) and (3.22) were prominent, while (3.5), (3.11) and (3.23) 

were detected at low concentrations. The analysis of the major alkaloids, holstiine 

(3.3) with an observed MS m/z 383,2 (C22H26N2O4) and henningsoline (3.22) with an 

MS m/z 399,2 (C22H26N2O5) from both methods of MSHB is depicted in Figure 3.4 a. 

While the analysis of henningsiine (3.8) with an observed MS m/z 353,2 

(C21H24N2O3) and O-acetylhenningsiine (3.10) with an MS m/z 395,2 (C23H26N2O4) 

from method B of TTA SHB is depicted in figure 3.4 b. The analysis of friedeline 
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(3.2), is depicted in Figure 3.4 c, with an MS m/z 427.2 (C30H50O) and was detected 

in both extracts.  

 

Table 3.2: Analytical verification and confirmation of known alkaloids from S. 

henningsii through LCMS analysis 

[the detected alkaloids (with their respective MS m/z [M+H+]) in the methanolic extract of the bark 

(MSHB), along with the total tertiary alkaloidal extract (TTA SHB) is depicted in the table below for 

Method A and B as outline in the experimental, section 2.8.1.3] 

  MSHB TTA SHB 

Detected MS 

([M+H]+ ion) 

(g/mol) 

MS recorded in 
literature174,181 

(g/mol) 

A B A B 

3.2 (427.2) 426,0 + + + + 

3.3 (383,2) 382,458 + + + + 

3.5 (355,2) 354,448 + + + + 

3.8 (353,2) 352,432 + + + + 

3.10 (395,2) 394,469 - - + + 

3.11 (369,2) 368,432 + + + + 

3.22 (399,2) 398,458 + + + + 

3.23 (385,2) 384,474 + + + + 

 

The findings of the analytical LCMS analysis, albeit consistent with those reported by 

Massiot et al., also propose slight variation in plant materials where these alkaloids 

are reported from.174 Four out of the six alkaloids were previously isolated from stem 

bark materials (analytical alkaloids extract), while (3.8, 3.10, and 3.11) were only 

reported from the leaves of S. henningsii. The triterpenoid (3.2) was detected in both 

the extracts, however, at a significantly lower content in the TTA extract by peak 

area comparison to the methanolic extracts. Which possibly explains why terpenes 

and triterpenes were not qualitatively and quantitatively determined in the TTA 

extract. Further reports on toxicity of some of strychnine-like alkaloids pose a 

problem for their utilisation in the management of diabetes. However, we can only 

conclude on this through isolation and characterisation of these alkaloids. 

Furthermore, the presence of unknown mass peaks suggests the possibility for novel 
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phytochemical isolation. Additional analytical LCMS analysis spectra can be found in 

Appendix B-1. 
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Figure 3.4 a: The crudes and extrapolated alkaloid LCMS chromatogram for the discussed alkaloids 3.3 and 3.22. 
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Figure 3.4 b: The crude and extrapolated alkaloid LCMS chromatogram for the discussed alkaloids 3.8 and 3.10. 
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Figure 3.4 c: The crude and extrapolated alkaloid LCMS chromatogram for the discussed triterpenoid 3.2. 
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3.6.3. Isolation and characterisation of chemical constituents 
 

3.6.3.1. Introduction  

 

The bark of S. henningsii was collected in the mountainous rural areas of King 

Williams Town in the Eastern Cape. After air drying and milling, the bark material 

was extracted with MeOH-CHCl3 (8:2) , as described in Section 3.8.3. This extract 

was fractionated by vacuum liquid chromatography (VLC) followed by column 

chromatography as illustrated in Figure 3.5. Purification by preparatory thin layer 

chromatography  afforded five new compounds hennings-C17-al (3.26), hennings-

C16-al (3.27), henningsinol (3.28), henningsinate (3.29), and henningsinal (3.30). 

Hennings-C17-al (3.26) was isolated as crystals (30 mg) in the VLC process. 

 

Figure 3.5: The extraction and isolation process of compounds 3.26, 3.27, 3.28, 

3.29, and 3.30 from S. henningsii.  

 

The MSHB fractions where the novel compounds (3.26 – 3.30) were isolated from 

were analysed through HPTLC using a tin(IV) chloride spray derivatisation, and did 

not detected the presence of compounds (3.26 – 3.30) in the TTA SHB extracts, as 

depicted in Figure 3.6. 
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Figure 3.6: HPTLC detection of compounds 3.26, 3.27, 3.28, 3.29, and 3.30 in the 

various S. henningsii crude extracts. 

[[HPTLC profiling (solvent system, DCM- MeOH [9.7:0.3]) of the methanolic and TTA bark extracts is 

depicted in the figure above. The detection of triterpenes are viewed under white light (A) and long-

wavelength UV light (B) as depicted in chromatogram by the violet and peach bands observed 

through tin(IV) chloride spray reagent derivatisation.] 

 

The isolated compounds are pentacyclic triterpenes of the ursane skeleton-type and 

share similarities with the betulin derivatives.192 Literature reflects one account of a 

crystalline triterpenoid, friedeline (3.2), isolated from a methanolic stem bark extract 

of an African S. henningsii species.181 Therefore, spectral data of ursolic acid (3.24) 

and betulinic acid (3.25) were used to assist in the structural elucidation of the 

isolated compounds, as these were structurally related as seen from the NMR data. 

To the best of our knowledge, the five pentacyclic triterpenes have not yet been 

reported from S. henningsii. The structural determination of these compounds is 

discussed in the subsequent section. 

HO

OH

O

HO

OH

O

3.24 3.25  
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3.6.3.2. Hennings-C17-al (3.26) 

O

O

H

O

3.26  

Compound 3.26 was isolated from the methanolic bark extract (MSHB) of S. 

henningsii. When MSHB extract was subjected to vacuum liquid chromatography 

(VLC), a colourless elute with a DCM-MeOH (98:2) mobile phase afforded cyrstals 

after slow evaporation in a fume hood overnight. The colourless platelet crystals 

were of the orthorhombic system and space group P212121 (no. 19) as seen from X-

ray diffraction (XRD).  

Discussing the crystal structure of hennings-C17-al (3.26) C32H50O3, we will refer to 

Figure 3.7. The asymmetric unit cell contains one molecule of compound 3.26 with 

all bond lengths and angles within the expected ranges and similar to those of a 

related compound previously published in the literature.195–197 In comparison with the 

pentacyclic triterpene ursane derivate, ursolic acid (3.24), the hydroxyl group is 

replaced with an acetoxy group and the carboxyl group has been replaced with a 

formyl group. The structure generated a RMSD of 0.1427 with a MaxD of 0.2937 Å 

compared to the ursolic acid structure at room temperature, ignoring the functional 

groups.198 The hydrogen interactions are all weak, with the shortest intramolecular 

interaction being C22−H22∙∙∙O3 of length 2.702(7) Å, and the shortest intermolecular 

interaction C30−H30B∙∙∙O1 of length 3.443(6) Å. The analysis of the Hirshfeld 

surface with Crystal Explorer,199 revealed the dominance of the H∙∙∙H contact area at 

86.6%, whereas the O∙∙∙H reciprocal contact surface area is only 13.2%. Hitherto, 

the literature shows only 14 examples of these pentacyclic triterpene ursane 

derivatives having been reported.195–197 The crystal compound 3.26 was reported for 

the first time, no known record describing it was found and these results have since 

been published.200  
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Figure 3.7: A partially labelled generated structural plot of compound 3.26.   

 

Compound 3.26 formed a purple spot on thin layer chromatography (TLC) after 

treatment with antimony(III) chloride, showing that it was a triterpene.129 The 

compound showed strong UV absorption peaks at λmax 206 and 211.5 nm, which is 

closely related to the strongest UV absorption peak observed in urosolic acid at λmax 

210 nm (Figure 3.8).201 

 

Figure 3.8: UV/Vis absorption spectrum of compound 3.26. 

The NMR spectral assignment of compound 3.26 was performed through 

comparison with ursolic acid (3.24) as reported by Seebacher et al., as shown in 

Table 3.3.202 The crystal structure was determined through XRD and in agreement 

with a molecular formula C32H50O3. The 1H, 13C, and DEPT NMR spectra of 

compound 3.26, confirmed the skeleton was similar to ursolic acid (3.24). 

Furthermore, the 13C NMR spectrum of compound 3.26 exhibited the additional 
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formyl (δC 207.4), acetoxy groups (δC 171.03), and acetoxy methyl (δC 21.06, δH 

0.87), as depicted in Figure 3.7. The NMR spectral data discussed for the structural 

elucidation of compound 3.26 can be found in Appendix B-2. 

 

The XRD and the NMR comparison to ursolic acid agreed for the assignment of 

compound 3.26 as the novel pentacyclic triterpene, hennings-C17-al. 

 

3.6.3.3. Hennings-C19-al (3.27) 

O

H

O

O

3.27

 

Compound 3.27 appeared as a violet spot on TLC after staining with antimony(III) 

chloride, implying that the compound was a triterpene.129 Strong UV absorption 

peaks were observed at λmax 206 and 211,5 nm (Figure 3.9) similar to the observed 

values of compound 3.26. A pseudo-molecular ion peak at m/z 469.3680 [M+H]+, 

which agrees with a molecular formula of C31H48O3, was observed in the HRMS 

spectrum. 

 

Figure 3.9: UV/Vis absorption spectrum of compound 3.27. 
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Compound 3.27 bared similarity to compound 3.26 as shown through comparison in 

Table 3.3 below. However, upon inspection of the NMR data, a deviation from the 

ursane type was observed. Normally, the ursane derivatives comprises of five six-

membered rings forming the 30-carbon skeleton of the pentacyclic triterpene.192 

Compound 3.27 forms four six-membered rings and one five-membered ring like the 

betuline derivatives. The proposed structure is discussed below using 1D and 2D 

NMR data to support the composition of this novel pentacyclic triterpene. 

The DEPT135 (showcasing six -C, seven -CH, eight -CH2, and eight -CH3 carbons) 

and HSQC NMR experimentation, along with m/z indicating the C31H48O3 formula, 

supported the skeletal structure of the proposed structure. The functional group 

regioselective substitution in the molecule was determined by HMBC and COSY 

NMR (Figure 3.10). The acetoxy group position at C-3 (δC 80.89) on the A-ring, was 

observed by HMBC correlations between H-3 (δH 4.41) with the carbonyl C-30 (δC 

171.03) which. The formyl group position at C-19 (δC 38.98) on the E-ring similarly, 

was observed by the correlation of H-20 (δH 9.25) with C-18 (δC 52.60), C-16 (δC 

23.54) and C-27 (δC 23.18). Observed HMBC correlations of H-5 (δH 0.75), H-9 (δH 

1.44), and H-11a,b (1.84, 1.01), respectively, confirms the formation on the A, B, and 

C rings.  

 

The D-ring position was deduced by the H-18 (δH 1.92) to C-17 (δC 39.82) and C14 

(δC 42.15), H-15b (δH 1.17) to C-16 (δC 23.54), H-16a (δH 1.56) to C17 (δC 39.82), and 

finally the H-28 (δH 1.01) to C-16 (δC 23.54) and C22 (δC 31.86) HMBC correlations.  

The five-membered E-ring arrangement confirmed through the observed correlations 

of H-22a, 19 (δH 1.26, 0.88) to C-17 (δC 39.82), H-19 (δH 0.88) to C-21 (δC 38.78), 

and H-21 (δH 1.32) to C-29 (δC 17.20). COSY correlation further supported the 

arrangement of the E-ring by the observed H-19 (δH 0.88) to H-21 (δH 1.32) and H-20 

(δH 9.25) to H-18 (δH 1.92), respectively. The NMR spectral data discussed for the 

structural elucidation of compound 3.27 can be found in Appendix B-3. 

 

The NMR data along with the HRMS data for compound 3.27 has led to the 

characterisation of the novel pentacyclic triterpene, hennings-C19-al. 
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Figure 3.10: Selected HMBC (black arrows) and COSY (red arrows) correlations of 

compound 3.27. 
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Table 3.3: 13C and 1H NMR chemical shifts (δ, ppm) comparison of 3.24, 3.26 and 
3.27  

[Note that Table 3.3 shows the comparison of the similarities between ursolic acid (), compound 3.26. 
and compound 3.27 where the differences are highlighted in blue and the number of 3.27 is altered to 
show the difference] 

 
Position 

Ursolic acid (3.24) 
Reference (CDCl3)

202 
Compound 3.26 

(CDCl3) 
Compound 3.27 

(CDCl3) 

δ C δ H δ C δ H δ C δ H 

1 39.2 1.00 38.36 1.01 (s) 38.38 1.01 (s) 

1.58 1.57 (s) 1.57 

2 28.2 1.81 29.69 1.18 (s) 26.85 1.01 (s) 

1.81 0.88 1.72 (d) 
(Jvalue= 4.2 Hz) 

3 78.2 3.44 (dd) 80.90 4.42 (t)  
(Jvalue= 7.32 Hz) 

80.89 4.41 (t)  
(Jvalue= 7.2 Hz) 

4 39.6 − 37.68 − 37.67 − 

5 55.9 0.88 (d) 55.29 0.78 55.29 0.75 (s) 

6 18.8 1.58 18.15 1.46 18.15 1.44 

1.39 1.30 1.32 (s) 

7 33.7 1.58 33.03 1.43 33.03 1.42 (s) 

1.39 1.26 1.25 

8 40.1 − 39.82 − 50.15 − 

9 48.1 1.65 47.49 1.45 47.49 1,44 

10 37.5 − 36.83 − 36.83 − 

11 23.7 1.96 23.30 1.84 (dd)  
(Jvalue= 2.48, 8.28 

Hz) 

23.30 1.84 (dd)  
(Jvalue= 2.48, 8.28 

Hz) 

1.96 1.54 1.01 

12 125.7 5.49 (s) 126.10 5.18 (s) 126.09 5.23 (s) 

13 139.3 − 137.83 − 137.837 − 

14 42.6 − 42.15 − 42.15 − 

15 28.8 1.22 26.85 1.18 (s) 30.16 1.48  

2.33 (t) 1.18 (s) 1.17 (s) 

16 25.0 2.14 (t) 22.68  1.18 23.54 1.84 (d) 
(Jvalue= 2.76 Hz) 

2.01 0.79 1.56 

17 48.1 − 50.15 − 39.82 − 

18 53.6 2.63 (d) 52.60 2.10 (s) 52.60 1.92 (s) 

19 39.5 1.49 38.98 1.25 38.98 0.88 

20 39.4 1.05 38.79 1.01 (s) 207.46 9.25 (s) 

21 31.1 1.40 23.54 1.56 38.78 1.32 

1.49 1.01 

22 37.4 1.97 31.86 1.18 (s) 31.86 1.18 

1.97 1.47 1.26 

23 28.8 1.24 (s) 28.07 0.79 28.07 0,79 

24 16.5 1.02 (s) 15.56 0.87 15.57 0.87 

25 15.7 0.92 (s) 16.73 0.79 16.73 0.78 

26 17.5 1.06 (s) 16.68 0.79 16.68 0.79 

27 24.0 1.24 (s) 23.18 1.56 21.07 0.88 

28 179.7 − 207.48 9.25 (s) 23.18 1.01 (s) 

29 17.5 1.02 (d) 17.20 0.72 (s) 17.20 0.69 (s) 

30 21.4 0,97 (d) 21.29 1.97 (s) 171.03 − 

31 − − 171.03 − 21.29 1.97 (s) 

32 − − 21.06 0.87 − − 
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3.6.3.4. Heningsinol (3.28) 

O
3.28

O

H

 

Compound 3.28 appeared as a violet spot on TLC following treatment with antimony 

(III) chloride, which suggests a triterpene.129 The UV absorption spectrum (Figure 

3.11) of this compound showed λmax at 205, 212 and 216 nm. A pseudo-molecular 

ion peak at m/z 480.3776 [M+H]+ was observed in the HRMS spectrum, which 

agreed with a molecular formula of C32H47O3. 

 

Figure 3.11: UV/Vis absorption spectrum of compound 3.28 

The NMR data of the pentacyclic triterpene, compound 3.28, was consistent with that 

of compound 3.26 and recorded in Table 3.4. The 13C NMR spectrum with signals δC 

138.74 and 124.94 ppm indicated the compound belongs to the ursane class of 

triterpenoid. However, the 13C NMR spectrum showed that the signals at δC 62.81 

ppm were as a result of an impurity and δC 69.95 ppm was not supported by the 

HMBC as no correlation was found for it.  Thus, the possibility of an angular peak 

methyl group at C-17 (δC 36.77) than that of OH group. The proton signal at δH 1.2 

correlating with the carbon signal at δC 138.74 confirms the ethylene substitution on 

C-19. The proposed structure is further supported by the m/z and DEPT135 NMR 

data (showing five -C, nine -CH, seven -CH2, and seven -CH3 carbons). The 6-
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membered E-ring arrangement was confirmed by a combination of HMBC and 

COSY correlation, as shown in Figure 3.12. A C-17 methyl group will strengthen the 

argument for the occurrence of compound 3.30 biosynthetically, which will entail the 

oxidation of the C-17 methyl group to an aldehyde (see figure below). The NMR 

spectral data discussed for the structural elucidation of compound 3.28 can be found 

in Appendix B-4. 
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Figure 3.12: Selected HMBC (black arrow) and COSY (red arrow) correlation of 

compound 3.28 

 

The presented NMR data along with the HRMS data for compound 3.28 has led to 

the characterisation of the novel pentacyclic triterpene, henningsinol. 

 

3.6.3.5. Henningsinate (3.29) 

O

3.29

O

 

Compound 3.29 stained violet on TLC treated with antimony(III) chloride, this 

showed the triterpene nature of this compound.129 The UV absorption spectrum 

showed a λmax of 206, 209.5 and 214 nm (Figure 3.13). From the HRMS spectrum, a 

pseudo-molecular ion peak observed at m/z 468.3915 [M+H]+, agreed with the 

molecular formula of C32H51O2, was observed.  
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Figure 3.13: UV/Vis absorption spectrum of compound 3.29 

The NMR data of compound 3.29 was consistent with the data produced for 

compound 3.28. A comparison of the data was shown in Table 3.4 below. A careful 

inspection of the 13C NMR spectrum showed signals for only the C-12 (δC 124.94) 

and C-13 (δC 138.78) respectively. This indicated that the compound lacked the 

angular ethylene substituent at C-19 and m/z 468 [M+] further supports this. 

DEPT135 NMR data also supports the proposed structure (showing five -C, seven -

CH, nine CH2, and nine CH3 carbons). The proposed biosynthetic pathway of 

compound 3.29, 3.28, and 3.30 is shown in Figure 3.14. The NMR spectral data 

discussed for the structural elucidation of compound 3.29 can be found in Appendix 

B-5. 
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Figure 3.14: The proposed biosynthetic pathway of compound 3.29, 3.28, and 3.30 

The comparative analysis of compound 3.29 and compound 3.28 1H, 13C NMR, and 

DEPT135 data, along with the observed HRMS data for compound 3.29 has led to 

the characterisation of the novel pentacyclic triterpene, henningsinate.  
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Table 3.4: 13C and 1H NMR chemical shifts (δ, ppm) comparison of 3.28 and 3.29 

[Note that Table 3.3 shows the comparison of the similarities between compound 3.26. and 3.27 
where the differences is highlighted in blue] 

 
Position 

Compound 3.28 
CDCl3 

Compound 3.29 
CDCl3 

δ C δ H δ C δ H 

1 38.46 1.56 38.48 1.56 (s) 

1,02 (s) 1.02 (s) 

2 29.69 1,18 (s) 29.67 1,18 (s) 

1,18 (s) 1,18 (s) 

3 80.90 4.43 (t)  
(Jvalue= 8.76 Hz) 

80.92 4.43 (t)  
(Jvalue= 8.16 Hz) 

4 37.71 − 37.71 − 

5 55.25 0.74 
(Jvalue= 5.4 Hz) 

55.27 0.80 (s) 

6 18.20 1.45 18.21 1.45 

1.34 (s) 1.35 (s) 

7 32.75 1.45 32.76 1.48 

1.30 1.30 (s) 

8 40.02 − 40.04 − 

9 47.59 1,48 47.61 1,47 (d) 
(Jvalue= 9.04 Hz) 

10 36.77 − 36.78 − 

11 23.38 1.84 (dd)  
(Jvalue= 2.3, 8.8 Hz) 

23.38 1.84 (d)  
(Jvalue= 8.7 Hz) 

1.02 (s) 1.02 (s) 

12 124.94 5.06 (s) 124.94 5.06 (s) 

13 137.74 − 138.76 − 

14 42.03 − 42.05 − 

15 25.98 1.09 25.99 1.70 

0.90 (d)  
(Jvalue= 5.9 Hz) 

0.91 (d) 
(Jvalue= 5.0 Hz) 

16 23.29 1.82 (d) 
(Jvalue= 2.3 Hz) 

23.39 1.84 (d) 
(Jvalue= 8.7 Hz) 

1.02 (s) 1.02 (s) 

17 36.77 − 38.00 − 

18 39.34 0.86 39.34 0.87 (d) 
(Jvalue= 6.9 Hz) 

19 54.02 1.31 54.04 1.31 (s) 

20 39.42 1.30 39.42 1.30 (s) 

21 23.58 1.56 23.58 1.56 (s) 

1.02 (s) 1.84 (d) 
(Jvalue= 8.7 Hz) 

22 35.18 1.45 35.18 1.45 

1.30 1.30 (s) 

23 28.05 0.79 (d) 
(Jvalue= 3.4 Hz) 

28.05 0.80 (s) 

24 15.74 0.90 (s) 
 

15.73 0.90 (d) 
(Jvalue= 5.04 Hz) 

25 16.72 0.79) 16.71 1.02 (s) 

26 16.76 0.79 16.77 0.78  
 

27 23.27 1.02 (s) 23.27 1.02  

28 21.31 1.97 (s) 21.26 1.97 (s) 

29 129.74 8.02 (s) 17.36 0.75 

30 122.2 5.11 (s) 21.26 1.97 (s) 

31 17.37 1.06 170.98 − 

32 171.01 − 17.37 1.06 

33 21.31 1.97 (s) − − 
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3.6.3.6. Henningsinal (3.30) 

O

H

O

3.30

H

O

 

Compound 3.30 appeared as a violet spot on TLC in normal light after treatment with 

antimony(III) chloride, implying a triterpene.129 The UV absorption spectrum (Figure 

3.15) of this compound showed λmax at 208, 215 nm. A pseudo-molecular ion peak at 

m/z 494.1973 [M+H]+, observed in the HRMS spectrum, agreed with a molecular 

formula of C33H49O3. 

 

Figure 3.15: UV/Vis absorption spectrum of compound 3.30 

The 13C and 1H NMR data was consistent with that of the compound 3.26 discussed 

above, however, two vinyl quaternary carbons prompted us to consider a similar 

substitution on C-19 like in compounds 3.28 with the ethylene substitution instead. 

Table 3.5 shows the 1H and 13C NMR data of compound 3.30 compared to 

compound 3.26. The 13C NMR spectrum revealed 33 major carbon signals (some 

impurities were discernible), which were shown by the DEPT experiment to be seven 

methyl, five quaternary carbons, one formyl group, one acetoxy group and two vinyl 

quaternary carbons. The supporting HMBC and COSY correlations of compound 

3.30 is shown in Figure 3.16. Similarly to compound 3.28, the proton signal at δH 1.2 

correlating with the carbon signal at δC 138.74 confirms the ethylene substitution on 

C-19. COSY correlation of H-18 (δH 2.01) to H-19 (δH 1.30), and H-31 (δH 1.97), 
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respectively located the ethylene substituent. HMBC correlation of H-16 (δH 1.01) to 

C-17 (δC 47.91), C-14 (δC 42.03), C-18 (δC 52.58), C-19 (δC 54.02) and C-8 (δC 

40.04), confirmed the six-membered arrangement of the D-ring and the positions of 

the correlating carbons. The NMR spectral data discussed for the structural 

elucidation of compound 3.30 can be found in Appendix B-6. 
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Figure 3.16: Selected HMBC (black arrow) and COSY (red arrow) correlations of 

compound 3.30 

 

The comparative analysis of compound 3.30 and compound 3.26 1H and 13C NMR 

data, along with the presented COSY/ HMBC NMR correlations and HRMS data for 

compound 3.30 has led to the characterisation of the novel pentacyclic triterpene, 

henningsinal.



92 

Table 3.5: 1H and 13C NMR chemical shifts (δ, ppm) comparison of compounds 3.26 

and 3.30 

[Note that Table 3.5 shows the comparison of the similarities between compound 3.26. and 3.30 

where the differences are highlighted in blue] 

 
Position 

Compound 3.26 Compound 3.30 

δ C δ H δ C δ H 

1 38.36 1.01 (s) 38.46 1.56 

1.56 (s) 1,01 (d) 
(Jvalue= 8.84 Hz) 

2 29.69 1.18 (s) 29.67 1,18 (s) 

0.88 1,18 (s) 

3 80.90 4.42 (t)  
(Jvalue= 7.32 Hz) 

80.92 4.43 (t)  
(Jvalue= 6.4 Hz) 

4 37.68 − 37.70 − 

5 55.29 0.78 55.29 0.79 

6 18.15 1.46 18.20 1.45 

1.30 1.30 

7 33.03 1.43 32.74 1.45 

1.26 1.26 

8 39.82 − 40.04 − 

9 47.49 1.45 47.58 1,45 

10 36.83 − 36.76 − 

11 23.30 1.84 (dd)  
(Jvalue= 2.48, 8.28 

Hz) 

23.37 1.84 (d)  
(Jvalue= 8.5 Hz) 

1.54 1.01 (d) 
(Jvalue= 8.8 Hz) 

12 126.10 5.18 (s) 124.93 5.06 (s) 

13 137.83 − 137.97 − 

14 42.15 − 42.03 − 

15 26.85 1.18 (s) 25.98 1.09 

1.18 (s) 1,70 (d)  
(Jvalue= 4.5 Hz) 

16 22.68 1.18 23.27 1.84 (d) 
(Jvalue= 8.5 Hz) 

0.79 1,01 (d) 
(Jvalue= 8.8 Hz) 

17 50.15 − 47.91 − 

18 52.60 2.10 (s) 52.58 2.10 (s) 

19 38.98 1.25 54.02 1.30 

20 38.79 1.01 (s) 30.60 1.42 (d) 
(Jvalue= 4.9 Hz) 

2.01 (s) 

21 31.86 1.18 (s) 23.56 1.84 (d) 
(Jvalue= 8.5 Hz) 

1.47 1.56 

22 23.54 1.56 35.18 1.45 

1.01 1.34 

23 28.07 0.79 28.05 0,79 

24 15.56 0.87 15.74 0.91 (d) 
(Jvalue= 5.8 Hz) 

25 14.10 0.79 16.72 0.79 

26 16.68 0.79 16.76 0.79 

27 23.18 1.56 21.17 1.97 (s) 

28 207.48 9.25 (s) 207.0 9.69 (s) 

29 17.20 0.72 (s) 138.76 - 

30 21.29 1.97 (s) 69.93 3.47 (d) 
(Jvalue= 10.6 Hz) 

3.13 (d) 
(Jvalue= 10.7 Hz) 

31 171.03 − 21.30 1.92 

32 21.06 0.87 171.04 − 

33 − − 17.37 0.74 (d) 
(Jvalue= 4.7 Hz) 
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3.7. Conclusion 

 

This investigation yielded positive tests for alkaloids and phenolics, while flavonoids, 

terpenes and triterpenes were only detected in the methanolic extracts as expected. 

Confirmatory quantitative estimation (equivalence to known standards) of the 

detected phytochemical groups yielded the highest detected concentrations for 

alkaloids, followed by flavonoids, phenolics and lastly terpenes. Identification of 

known phytochemical constituents through LCMS analysis was performed detected 

seven known alkaloids and one triterpene.  

 

Finally, reporting on the isolation and characterisation of five novel pentacyclic 

triterpenes which offer a significant contribution towards the largely alkaloidal 

chemical profile of S. henningsii. Furthermore, could offer novel pathways in the 

management of diabetes, however, biological analysis to further substantiate this is 

required and pursued in Chapter 4 of this document. Although, S. henningsii is 

predominantly known for its alkaloid content, several were identified throught LCMS 

but not isolated as single compounds. This could be due to the loss of material in the 

process of fractionation and purification which resulted in minute material for further 

analysis.  
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3.8. Experimental  

 

3.8.1. General  

 

The general experimental procedure is discussed in Section 2.8.1 (Chapter 2) of this 

thesis. 

 

X-Ray diffraction (XRD) studies were performed on a Bruker Kappa Apex II 

diffractometer with graphite monochromated Mo Kα radiation (λ= 0.71073 Å).at 200 K 

APEXII was used for data collection, and SAINT for cell refinement and data 

reduction. The structure was solved using SHELXT- 2014 and refined by least-

squares procedures using SHELXL-2017/1 with SHELXLE as a graphical interface. 

Data were corrected for absorption effects using the numerical method implemented 

in SADABS. 

 

3.8.2. Plant material 

 

In the bulk extraction process, the bark of Strychnos henningsii was collected by Mr 

M. Mngoma from the Kwelerana forest of the Pirie Mission village, in the rural 

mountainous King Williams Town, Eastern Cape (-32.780580, 27.244648). 

Authentication of the plant as S. henningsii was performed by Prof E. Campbell at 

the Botany Department at the Nelson Mandela University. The specimen was 

awarded the identification code PEU 6856 and stored in the university herbarium.  

 

3.8.3. Extraction and isolation 

 

The bark material of S. henningsii was subjected to two extraction methods: a 

methanolic extraction (MSHB) and a total tertiary alkaloidal extraction (TTA SHB). 

For the TTA SHB extract, bark material was air dried, ground into a powder (200 g) 

and then extracted with absolute EtOH at room temperature for four days. After 

filtration and concentration under vacuum, the extract was dissolved with 3% HCl, 

filtered over celite and extracted with CHCl3. The aqueous phase was then 

alkalinised with a concentrated ammonium solution to pH 9 and extracted with 
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CHCl3. The organic phase was then washed with distilled water, dried with 

anhydrous sodium sulphate, and finally concentrated under vacuum to yield 

approximately 4.0 g TTA SHB crude. Because of the low yields of this extraction 

method, the TTA SHB extract was limited to qualitative−, quantitative− and 

biochemical analysis. For MSHB extract, bark material was air dried, ground into a 

powder (300 g) and then extracted with a MeOH- CHCl3 (8:2) mixture at room 

temperature for 48 hours. The resulting mixture was subjected to filtration and 

concentrated under vacuum to yield the methanolic extract. This yielded 15 g of the 

MSHB crude extract.  

The MSHB crude extract (13 g) was dissolved in MeOH and mixed with silica gel 

(Kieselgel 60, 230-400 mesh) dried and packed over a clean silica gel packed 

Buchner funnel (20 x 15 cm) attached to a vacuum filtration system to conduct 

vacuum liquid chromatography (VLC). Normal-phase chromatography was employed 

using a gradient solvent system (DCM- MeOH) where 10 fractions were collected at 

(10:0, 9.8:0.2, 9.5:0.5, 9:1, 8.5:1.5, 8:2, 7:3, 6:4, 5:5 and 0:10) solvent ratio and after 

TLC (Kieselgel 60 F245 aluminium plates) inspection five major fractions were 

decided upon; (Fraction 1, Fraction 2, Fraction 3, Fraction 4, and Fraction 5). The 

VLC fractions were then subjected to column chromatography, which gave rise to 

additional sub-fractions. PrepTLC was then executed to yield compounds 3.26, 3.27, 

3.28, 3.29 and 3.30. Figure 3.5 depicts the extraction to the isolation process of each 

compound, with annotations of solvent systems and techniques employed towards 

isolation, highlighting only the fractions from which the compounds were isolated.  

 

3.8.4. Physical data of the isolated compounds 

 

Physical data, HRMS and IR data can be found in Appendix B-7. 

 

Hennings-C17-al (3.26), was isolated as colourless platelet crystals; 1H NMR (400 

MHz, CDCl3): δH 9.25 (1H, s, H-28), 5.18 (1H, s, H-12), 4.42 (1H, t, J = 7.32 Hz, H-3), 

2.10 (1H, s, H-18), 1.97 (3H, s, H-30), 1.84 (1H, dd, J = 2.48, 8.28 Hz, Ha-11), 1.56 

(5H, o, Ha-1, Ha-21, H-27), 1.54 (1H, o, Hb-11), 1.47 (1H, o, Ha-22), 1.46 (1H, o, Ha-

6), 1.45 (1H, o, H-9), 1.43 (1H, o, Ha-7), 1.30 (1H, o, Hb-6), 1.26 (1H, o, Hb-7), 1.25 

(1H, o, H-19), 1.18 (5H, s, Ha-2, Ha,b-15, Ha-16, Hb-22), 1.01 (2H, s, Hb-1, H-20, Hb-
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21), 0.88 (Hb-2), 0.87 (6H, o, H-24, H-32), 0.79 (10H, o, Hb-16, H-23, H-25, H-26), 

0.78 (1H, o, H-5), 0.72 (3H, s, H-29) ; 13C NMR (100 MHz, CDCl3): δC 207.48 (C-28), 

171.03 (C-31), 137.83 (C-13), 126.10 (C-12), 80.90 (C-3), 55.29 (C-5), 52.60 (C-18), 

50.15 (C-17), 47.49 (C-9), 42.15 (C-14), 39. 82 (C-8), 38.98 (C-19), 38.79 (C-20), 

38.36 (C-1), 37.68 (C-4), 36.83 (C-10), 33.03 (C-7), 31.86 (C-22), 29.69 (C-2), 28.07 

(C-23), 26.85 (C-15), 23.54 (C-21), 23.18 (C-27), 23.30 (C-11), 22.68 (C-16), 21.29 

(C-30), 21.06 (C-32), 18.15 (C-6), 17.20 (C-29), 16.73 (C-25), 16.68 (C-26), 15.56 

(24); λmax 207 and 211.5 nm; formula weight for C32H50O3: 482.72; IR (cm-1) 2922 

(C=C-H), 2851 (C-H), 1730 (C=O); IUPAC name: (1S,2R,4aS,6aS,6bR,10S,12aR)-

4a-formyl-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12b,13,14b-icosahydro-

1,2,6a,6b,9,9, 12a-heptamethyl-picen-10-yl acetate. 

 

Hennings-C19-al (3.27), was isolated as colourless platelet crystals; 1H NMR (400 

MHz, CDCl3): δH 9.25 (1H, s, H-20), 5.18 (1H, s, H-12), 4.42 (1H, t, J = 7.32 Hz, H-3), 

2.10 (1H, s, H-18), 1.97 (3H, s, H-31), 1.84 (1H, dd, J = 2.48, 8.28 Hz, Ha-11), 1.56 

(5H, o, Ha-1, Ha-21, H-27), 1.54 (1H, o, Hb-11), 1.47 (1H, o, Ha-22), 1.46 (1H, o, Ha-

6), 1.45 (1H, o, H-9), 1.43 (1H, o, Ha-7), 1.32 (2H, o, Hb-6, H-21), 1.26 (2H, o, Hb-7, 

Hb -22), 1.25 (1H, o, H-19), 1.18 (5H, s, Ha-2, Ha,b-15, Ha-16, Hb-22), 1.01 (2H, s, Hb-

1, H-20, Hb-21), 0.88 (4H, o, Hb-2, H-27), 0.87 (9H, o, H-24, H-32, H-25), 0.79 (13H, 

o, Hb-16, H-23, H-25, H-26, H-28), 0.78 (1H, o, H-5), 0.72 (3H, s, H-29) ; 13C NMR 

(100 MHz, CDCl3): δC 207.48 (C-20), 171.03 (C-30), 137.83 (C-13), 126.10 (C-12), 

80.90 (C-3), 55.29 (C-5), 52.60 (C-18), 50.15 (C-17), 47.49 (C-9), 42.15 (C-14), 39. 

82 (C-8), 38.98 (C-19), 38.78 (C-21), 38.36 (C-1), 37.68 (C-4), 36.83 (C-10), 33.03 

(C-7), 31.86 (C-22), 29.69 (C-2), 28.07 (C-23), 26.85 (C-15), 23.54 (C-21), 23.18 (C-

28), 23.30 (C-11), 22.68 (C-16), 21.29 (C-31), 21.06 (C-27), 18.15 (C-6), 17.20 (C-

29), 16.73 (C-25), 16.68 (C-26), 15.57 (C-24); λmax 207 and 211.5 nm; formula 

weight for C32H50O3: 469.3680; IR (cm-1) 2922 (C=C-H), 2851 (C-H), 1730 (C=O); 

IUPAC name: 1-formyl-2,3,3a,4,5,5a,5b,6,7,7a,8,9,10,11,11a,11b,12,13b-octadeca 

hydro-2,3a,5a,5b,8,8,11a-heptamethyl-1H-cyclopenta[a]chrysen-9-yl acetate 

 

Henningsinol (3.28), was isolated as an off white semisolid; 1H NMR (400 MHz, 

CDCl3): δH 8.02 (1H, s, H-29), 5.55 (1H, s, H-30), 5.09 (1H, s, H-12), 4.61 (1H, s, 17-

OH), 4.43 (1H, t, J = 8.76 Hz, H-3), 1.97 (3H, s, H-28/H-32), 1.84 (1H, dd, J = 8.28, 

2.48 Hz, Ha-11) ,1.82 (1H, d, J = 2.28 Hz, Ha-16), 1.56 (3H, s, Ha-1, Ha-21), 1.34 (1H, 
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s, Ha-6), 1,48 (1H, o, H-9), 1.45 (3H, o, Ha-6, Ha-7, Ha-22), 1.31 (1H, s, H-19), 1.30 

(3H, o, Hb-7, H-20, Hb-22), 1,18 (2H, s, Ha,b-2), 1.06 (3H, o, H-32), 1.09 (1H, o, Ha-

15), 1.02 (9H, s, Hb-1, Hb-11, Hb-16, H-27), 0.91 (1H, d, J = 5.0 Hz, Hb-15), 0.90 (4H, 

d, J = 5.92 Hz, Hb-15, H-24), 0.86 (1H, o, H-18), 0.79 (6H, d, J = 3.4 Hz, H-25, H-26), 

0.78 (3H, o, H-26), 0.74 (1H, d, J = 5.4 Hz, H-5); 13C NMR (100 MHz, CDCl3): δC 

171.01 (C-32), 137.74 (C-13), 129.74 (C-29), 124.94 (C-12), 122.2 (C-30), 80.90 (C-

3), 55.25 (C-5), 54.02 (C-19), 47.59 (C-9), 42.03 (C-14), 40.02 (C-8), 39.42 (C-20), 

39.34 (C-18), 38.46 (C-1), 62.81 (C-17), 37.71 (C-4), 36.83 (C-10), 35.18(C-22), 

32.75 (C-7), 29.69 (C-2), 28.05 (C23), 25.98 (C-15), 23.58 (C-21), 23.29 (C-16), 

23.38 (C-11), 23.27 (C-27), 21.31 (C-28/C-33), 18.20 (C-6), 17.37 (C-31), 16.76 (C-

26), 16.72 (C-25), 15.74 (C-24); λmax 205, 212 and 216 nm; m/z 480.3776 [M+H]+ 

(calculated for C32H47O3: 479.71); IR (cm-1) 2925 (C=C-H), 2855 (C-H), 1722 (C=O); 

IUPAC name: 1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12b,13,14b-icosahydro-

2,4a,6a,6b,9,9,12a-heptamethyl-1-vinylpicen-10-yl acetate 

 

Henningsinate (3.29), was isolated as an off white semisolid; 1H NMR (400 MHz, 

CDCl3): δH 5.17 (1H, s, H-29), 5.11 (1H, s, H-30), 5.06 (1H, s, H-12), 4.43 (1H, t, J = 

8.16 Hz, H-3), 3.46 (1H, d, J = 10.6 Hz, Ha-30), 3.12 (1H, d, J = 10.8 Hz, Hb-30), 1.97 

(3H, s, H-28/H-33), 1.84 (3H, d, J = 8.7 Hz, Ha-11, Ha-16, Hb-21), 1.70 (1H, o, Ha-15), 

1.56 (3H, s, Ha-1, H-17, Ha-21), 1.48 (1H, o, Ha-7), 1,47 (1H, d, J = 9.04 Hz, H-9), 

1.45 (1H, o, Ha-22), 1.31 (1H, s, H-19), 1.30 (3H, o, Hb-7, H-20, Hb-22), 1,18 (2H, s, 

Ha,b-2), 1.06 (3H, o, H-31), 1.02 (9H, s, Hb-1, Hb-11, Hb-16, H-25, H-27), 0.91 (1H, d, 

J = 5.0 Hz, Hb-15), 0.90 (3H, d, J = 5.04 Hz, H-24), 0.87 (1H, d, J = 6.9 Hz, H-18), 

0,80 (4H, s, H-5, H-23), 0.78 (3H, o, H-26); 13C NMR (100 MHz, CDCl3): δC 170.98 

(C-32), 138.76 (C-13), 125.72 (C-29), 124.94 (C-12), 122.2 (C-30), 80.92 (C-3), 

69.93 (C-30), 55.27 (C-5), 54.04 (C-19), 47.61 (C-9), 42.05 (C-14), 40.04 (C-8), 

39.42 (C-20), 39.34 (C-18), 38.48 (C-1), 38.00 (C-17), 37.71 (C-4), 36.78 (C-10), 

35.18(C-22), 32.76 (C-7), 29.67 (C-2), 28.05 (C23), 25.99 (C-15), 23.58 (C-21), 

23.39 (C-16), 23.38 (C-11), 23.27 (C-27), 21.31 (C-28/C-33), 18.21 (C-6), 17.37 (C-

31), 16.77 (C-26), 16.71 (C-25), 15.73 (C-24); λmax 206, 209.5 and 214 nm; m/z 

468.3915 [M+H]+ (calculated for C32H51O2: 467.74); IR (cm-1) 2926 (C=C-H), 2870 

(C-H), 1721 (C=O); IUPAC name: 1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a, 

12b,13,14b-icosahydro-1,2,4a,6a,6b,9,9,12a-octamethylpicen-10-yl acetate 
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Henningsinal (3.30), was isolated as an off white semisolid; 1H NMR (400 MHz, 

CDCl3): δH 9.69 (1H, s, H-28), 5.06 (1H, s, H-12), 4.43 (1H, t, J = 6.4 Hz, H-3), 3.47 

(1H, d, J = 10.6 Hz, Ha-30), 3.13 (1H, d, J = 10.7 Hz, Hb-30), 2.10 (1H, s, H-18), 2.01 

(1H, s, Hb-20), 1.97 (5H, s, H-27, H-28, H-31), 1.84 (3H, d, J = 8.5 Hz, Ha-11, Ha-16, 

Ha-21), 1,70 (1H, d, J = 4.5 Hz, Hb-15), 1.56 (2H, s, Ha-1, Hb-21), 1.45 (4H, o, Ha-6, 

Ha-7, H-9, Ha-22), 1.42 (1H, d, J = 4.9 Hz, Ha-20), 1.34 (1H, o, Hb-22), 1.30 (2H, o, 

Hb-6, H-19), 1.26 (1H, o, Hb-7), 1,18 (2H, s, Ha,b-2), 1.09 (1H, o, Ha-15), 1.01 (3H, d, 

J = 8.84 Hz, Hb-1, Hb-11, Hb-16), 0.91 (3H, d, J = 5.8 Hz, H-24), 0.79 (10H, o, H-5, 

H-23, H-25, H-26), 0.74 (3H, d, J = 4.7 Hz, H-33); 13C NMR (100 MHz, CDCl3): δC 

207.0 (C-28), 171.04 (C-32), 138.76 (C-29), 137.97(C-13), 124.93 (C-12), 80.92 (C-

3), 69.93(C-30), 55.29 (C-5), 54.02 (C-19), 52.58 (C-18), 47.91 (C-17), 47.58 (C-9), 

42.03 (C-14), 40.04 (C-8), 38.46 (C-1), 37.70 (C-4), 36.76 (C-10), 35.18 (C-22), 

32.74 (C-7), 30.60 (C-20), 29.69 (C-2), 28.05 (C-23), 25.98 (C-15), 23.56 (C-21), 

23.37 (C-11),23.27 (C-16), 21.30 (C-31), 21.17 (C-27), 18.20 (C-6), 17.37(C-33), 

16.76 (C-26), 16.72 (C-25), 15.74 (C-24); λmax 208 and 215 nm; m/z 494.1973 

[M+H]+ (calculated for C33H49O3: 493.74); IR (cm-1) 2925 (C=C-H), 2870 (C-H), 1721 

(C=O); IUPAC name: 4a-formyl-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12, 

12a,12b,13,14b-icosahydro-2,6a,6b,9,9,12a-hexamethyl-1-vinylpicen-10-yl acetate 

 

3.8.5. Estimation of total phytochemical group content 

 

The estimation of total phytochemical content procedure is discussed in Section 

2.8.5 (Chapter 2) of this thesis. 
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CHAPTER 4: Antidiabetic Screening of Cissampelos 

capensis L.f. and Strychnos henningsii Gilg. 

 

4.1. Introduction 

 

Diabetes mellitus is a chronic disorder of the endocrine system due to the body’s 

inability to effectively control glucose metabolism, affecting carbohydrate, protein and 

lipid metabolism while simultaneously disrupting the body’s electrolyte balance.206 

The disorder is characterised by hyperglycemia, where blood sugar levels are 

elevated due to cells not producing enough insulin, or cells not responding to 

insulin.207 The latter, termed type II diabetes, also described as “adult-onset diabetes 

or noninsulin-dependent diabetes mellitus,” results from insulin resistance. This 

condition renders the cells unable to use insulin properly, contributing to 

hyperglycaemia.194 Thus, an approach to treat type II diabetes is to decrease 

postprandial hyperglycemia.208 Therapeutic strategies are attempted through the 

inhibition of carbohydrate hydrolysing enzymes like alpha-glucosidase and alpha-

amylase.209 Alpha-glucosidase and alpha-amylase are important enzymes involved 

in carbohydrate digestion.206 In particular, α-glucosidase catalyses the breakdown of 

starch and disaccharides into glucose, and α-amylase is involved in the breakdown 

of long chain carbohydrates.206 Thus, α-glucosidase and α-amylase inhibitors are 

presented as potential targets in developing lead compounds for the treatment of 

diabetes.210 

 

In a review article by Odeyemi et al., on medicinal plants used for the traditional 

management of diabetes in the Eastern Cape, South Africa, Cissampelos capensis 

and Strychnos henningsii are indicated as important in the treatment of diabetes.24 

The reviewers attribute this observed antidiabetic activity to the alkaloids, phenols, 

terpenes, and flavonoids found in both plant species. In the overall study, which 

explored 25 plant families used in the Eastern Cape, the findings related the 

antidiabetic activity to oxidative stress inhibition and low toxicity of the plants 

therapeutically used to manage diabetes. However, the lack of isolation and 

characterisation of their bioactive molecules were reported, and this is considered an 

impeding factor to novel lead compound discovery. 
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Thus, in this chapter, to screen the antidiabetic activity of C. capensis and S. 

henningsii we will: 

- present an overview of the reported antidiabetic activity of C. capensis and S. 

henningsii  

- evaluate the in vitro cytotoxicity through MTT viability assay, investigate the 

antioxidant potential through DPPH radical scavenging and ORAC assays, 

and share α-glucosidase inhibition findings for the various crudes of C. 

capensis and S. henningsii 

- evaluate the in vitro cytotoxicity through MTT viability assay, and share α-

amylayse – and α-glucosidase inhibition findings from the isolated 

compounds of C. capensis and S. henningsii 

 

4.2. Reported antidiabetic activity of Cissampelos capensis and 

Strychnos henningsii 

 

The phytochemistry and biological activities of C. capensis and S. henningsii were 

previously reviewed in Chapter 2, Section 2.5.3 and Chapter 3, Section 3.5.3, 

respectively. This chapter presents the antidiabetic activity of C. capensis and 

S.henningsii. 

 

C. capensis, endemic to southern Africa, is the only known used plant in the 

management of diabetes from its family in the Eastern Cape. Its medicinal 

applications are ascribed to its rich isoquinoline alkaloids and, more recently 

isolated, flavonoid constituents.56,73 To the best of our knowledge, there are no 

reports of hyperglycemic activity in animal models in literature. However, in an in vivo 

screening of several plants used for antidiabetic treatment in South Africa, by van de 

Venter et al., it was suggested that glucose uptake in Chang liver cells was 

encouraging for organic (DCM:MeOH [1:1]) and aqueous extracts of C. capensis 

leaves.211  

 

S. henningsii is known for its rich indole alkaloid phytochemical profile that emanates 

from the African continent.174 Further reports suggest phenolic, flavonoid and 

proanthocyanidin presence through estimation of total phytochemical group 
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content.163 It has been reported that an aqueous S. henningsii extract induced 

hypoglycemic action in streptozotocin-induced diabetic rats and improve 

complications in pathophysiological conditions associated with diabetes.190,191 The 

mode of action was attributed to the ability to protect pancreatic β-cells and 

potentiate insulin secretion.190 An in vitro antidiabetic study reported glucose uptake 

in 3T3-L1 cells independent of Peroxisome Proliferator-activated Receptor γ 

(PPARγ) and inhibition of the α-glucosidase enzyme.188  

 

4.3. Results and discussion 

 

The antidiabetic screening of C. capensis and S. henningsii reported in this section 

was performed in collaboration with Ms. Shanika Reddy under the supervision of 

Prof. Maryna van de Venter (Biochemistry and Microbiology Department, Nelson 

Mandela University). The α-amylase and α-glucosidase inhibition are utilised for the 

achievement of greater control over hyperglycemia in type 2 diabetes mellitus.206 It 

was essential to investigate the toxicity, α-glucosidase and/or α-amylase inhibition 

activity of the plant extracts and isolated phytochemical constituents in vitro before 

venturing into other systems (in vivo), as toxicity could override their therapeutic 

potential.212 In addition to this, the antioxidant potential was determined employing 

the DPPH and ORAC assays on the various crude extracts. This activity is closely 

linked to the antidiabetic activity of medicinal plants used in the treatment strategies 

against diabetes, as antioxidant activity is an indication of the ability to prevent or 

manage hard curable diseases.24,194 

 

In previous chapters, the phytochemical constituents of C. capensis and S. 

henningsii were explored, particularly those associated to the antidiabetic activities of 

these plants. This section presents the antidiabetic screening activity exhibited by 

the methanolic and total tertiary alkaloidal (TTA) extracts of C. capensis and S. 

henningsii, and the isolated phytochemical constituents discussed in Chapter 2 and 

3 respectively. These different extraction methods have not previously been 

subjected to the antidiabetic screening performed in this chapter. Thus, the findings 

of this section will contribute to the discussion on the antidiabetic activity of these 

plants towards novel lead compound discovery. 
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4.3.1. Antidiabetic screening of C. capensis and S. henningsii crude 

extracts 
 

This section presents and discusses the antidiabetic screening findings from the 

crude extracts of C. capensis and S. henningsii which includes the MTT cytotoxicity 

assay, ORAC and DPPH radical scavenging assays, and α-glucosidase inhibition 

assay. 

 

4.3.1.1. MTT cytotoxicity assay 

 

The MTT cytotoxicity assay was performed at 24 hours and 48 hours for both 

Cissampelos capensis and Strychnos henningsii extracts using Caco-2 cells. Caco-2 

cells are human colon epithelial cancer cells employed as a model of human 

intestinal absorption of drugs and other compounds.213  

 

After 24 hours, all C. capensis extracts presented cell viability above 60%, except for 

the TTA extracts at the highest concentration (500 µg/mL) of the leaves and 

rhizomes, as shown in Figure 4.1. Generally, the methanolic extracts presented 

slightly lower viability in comparison to their TTA counterparts post 24-hour 

treatments. The most cytotoxic extract was the TTA leaves (500 µg/mL)- showing 

lower cell viability than the cytotoxicity positive control, Melphalan (500 µM). 

 

Figure 4.1: Cytotoxicity of C. capensis extracts on Caco-2 cells 24 hours (A) and 48 

hours (B) post treatment, as measured using the MTT viability assay. (Results 

shown for methanolic and TTA extracts of leaves (MCCL/ TTA CCL), stems (MCCS/ 

TTA CCS) and rhizomes (MCCR/ TTA CCR) of C. capensis). Data points represent 

the Mean ± SD (n = 3). *P < 0.05; **P < 0.005.) 
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After 48 hours, the C. capensis crude extract generally displayed less cell viability 

with an increase in concentration, only showing cell viability above 50% at their 

lowest concentration, as shown in Figure 4.1. The methanolic stems and rhizomes 

extract exhibited cell viability similarly to the TTA leave extract.  

This was the first account of the cytotoxicity against the Caco-2 cells recorded for C. 

capensis. The results observed showed no cytotoxicity 24 hours post treatment, 

however, weak to moderate cytotoxicity was observed 48 hours post treatment in the 

methanolic stems, rhizomes, and TTA leaves extracts of C. capensis against the 

positive control. De wet et al., reported weak in vitro cytotoxicity from an analytical 

alkaloidal extract of the leaves rhizomes against MCF7 (breast), UACC62 

(melanoma) and TK10 (renal) cell lines.75 While, Babajide et al., presented very high 

toxicity in the Brine shrimp lethality assays performed for methanolic aerial shoots, 

rhizomes and TTA aerial shoots extracts of C. capensis. However, De wet et al., 

does suggest that because some species from different localities are chemically 

different, this might have an effect on the biological activity and potential toxicity of 

the plant.56  

 

The S. henningsii bark methanolic extract revealed cell viability above 90% and was 

considered as non-cytotoxic against Caco-2 cells at 24 hours post treatment, as 

shown in Figure 4.2. The TTA bark extract demonstrated significant, but slightly 

lower viability at 250 and 500 µg/mL, compared to the control cells, cell viability was 

still above 90% and thus the TTA bark extract was also considered as non-cytotoxic 

against the Caco-2 cells at 24 hours post treatment. 

 

The analysis was repeated and measured 48 hours post treatment, where both 

methanolic and TTA bark crude extracts of S. henningsii showed cell viability above 

90%, as shown by Figure 4.2.  
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Figure 4.2: Cytotoxicity of S. henningsii crude extracts on Caco-2 cells 24 hours (A) 

and 48 hours (B) post treatment, as measured using the MTT viability assay. 

(Results shown for methanolic and TTA crude extracts (MSHB/ TTA SHB) Data 

points represent the Mean ± SD (n = 3). *P < 0.05; **P < 0.005.) 

 

Literature on the cytotoxicity of S. henningsii from the Eastern Cape similarly 

reported the species as non-toxic in, in vivo – and in vitro cytotoxicity studies.188,189 

Oyedemi et al. reported  the toxicological effects of an aqueous extract of the stem 

bark in Wistar rats (sub-acute administration), which appeared to be relatively non-

toxic to the animals.189 In vitro MTT cytotoxicity assays of the aqueous extract 

demonstrated no cytotoxicity against Chang liver cells.188 This was also the first 

account of the in vitro MTT cytotoxicity assays against Caco-2 cells for S. henningsii 

extracts.  Furthermore, organic extracts (methanolic – and TTA extracts) tend to be 

more cytotoxic than aqueous extracts which can explain any cytotoxicity observed. 

 

4.3.1.2. ORAC and DPPH radical scavenging assay 

 

The antioxidant potential of C. capensis and S. henningsii crude extracts was 

assessed employing the ORAC and DPPH radical scavenging assays, respectively. 

The findings in each assay were summarised below. 

 

The ORAC assay was conducted concentrations of 5, 50, 100 µg/mL for each of the 

various crude samples. Similar trends were seen in the ‘before’ and ‘after’ 

background calculations for fluorescence, scavenging, and NET AUC. This analysis 

is attached in Appendix C-1 for comparison.   
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The ORAC percentage scavenging can be observed for the C. capensis crude 

extracts in Figure 4.3. The highest percentage inhibition was seen with the 

methanolic leaves and stems extracts (MCCL and MCCS) at 50 µg/mL. At the 

highest concentration, the highest percentage scavenging was observed for the 

methanolic leaves extract (95.79 ± 1.029 %). In general, the methanolic extracts 

showed better scavenging when compared to their TTA counterparts. To the best of 

our knowledge, no record of ORAC analysis for C. capensis was reported. This could 

be due to the focus on cytotoxicity reports on C. capensis due to its use for stomach 

and skin cancer in traditional medicine.56,73       

 

 

Figure 4.3: ORAC percentage (%) scavenging of the C. capensis crude samples. 

(Results shown for methanolic and TTA extracts of leaves (MCCL/ TTA CCL), stems 

(MCCS/ TTA CCS) and rhizomes (MCCR/ TTA CCR) of Cissampelos capensis). 

Data points represent the Mean ± SD (n = 3). *P < 0.05; **P < 0.005.) 

 

The ORAC percentage scavenging of S. henningsii can be seen in Figure 4.4. From 

the observed percentage scavenging, at the highest concentration, the methanolic 

bark extract exhibited the highest percentage scavenging (103.97 ± 3.237 %), just 

slightly above that of Trolox (101.38 ± 3.237 %). In general, the TTA extract revealed 

lower scavenging than the methanolic counterpart. To the best of our knowledge, 

ORAC assay has not been conducted on the southern African species of S. 

henningsii.  
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In literature by Oyedemi et al., on the in vivo and in vitro antioxidant activity of an 

aqueous stem bark extract of S. henningsii, moderate antioxidant activity was 

reported by using five assays including DPPH radical scavenging and nitric oxide 

radical scavenging; where the observed activity was linked to a low concentration of 

flavonoids detected in the extract.163 Therefore, the high percentage scavenging 

observed in our analysis may be attributed to the high total flavonoid content 

reported in section 3.6.2 (Chapter 3).   

 

 

Figure 4.4: ORAC percentage (%) scavenging and fluorescence of the S. henningsii 

crude samples. (Results shown for methanolic and TTA crude extracts (MSHB/ TTA 

SHB). Data points represent the Mean ± SD (n = 3). *P < 0.05; **P < 0.005.) 

 

The in vitro DPPH radical scavenging assay was performed using ascorbic acid as a 

positive control. Following the ORAC assay, the DPPH radical scavenging assay 

(DPPH (A)) was performed at 10, 30, 50 and 100 µg/mL. However, the results of the 

stems and rhizomes of C. capensis caused concern, due to the very high percentage 

activity observed. Thus, we repeated the analysis (DPPH (B)) for the stems and 

rhizomes of C. capensis extract at reduced concentrations of 1, 2, 5, 15, 30 and 50 

µg/mL.  

 

The results from DPPH (A) and DPPH (B) can be seen in Figure 4.5, depicting the 

DPPH radical scavenging and IC50 values of C. capensis crude extracts. The best 

inhibition was observed in TTA stems extract followed closely by the methanolic 

rhizome extracts, with an IC50 value of 3.36 ± 0.005 µg/mL and 3.82 ± 0.839 µg/mL 
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respectively. The lowest inhibition was observed in the TTA leaves extract; however, 

this was comparable to the IC50 value of the standard (ascorbic acid) used.  The 

lower activity observed in the leaves could be informed by the high concentration of 

alkaloids detected and identified (Section 2.6.2) in the leaves, some previously 

reported as toxic.56  

 

 

Figure 4.5: DPPH radical scavenging and IC50 values of the C. capensis crude 

extracts for the initial concentrations (DPPH (A)) and reduced concentrations (DPPH 

(B)). (Results shown for methanolic and TTA extracts of leaves (MCCL/ TTA CCL), 

stems (MCCS/ TTA CCS) and rhizomes (MCCR/ TTA CCR) of C. capensis). Data 

points represent the Mean ± SD (n = 3).) 

To the best of our knowledge, no DPPH radical scavenging results for C. capensis 

have been reported. The high scavenging percentage observed in the rhizome 

extracts confirms its importance and use in traditional medicine.56,68 A similar 

account can be found in the genus Cissampelos, where an alkaloidal fraction from 

the roots of C. pareira from India, reported a high percentage scavenging in the 

DPPH radical scavenging assay.214  
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The DPPH radical scavenging and IC50 values for the S. henningsii crude extracts 

can be seen in Figure 4.6. From the results, the methanolic bark extract performed 

better than its TTA counterpart. Where at the best inhibition was observed in the 

methanolic bark extract, with an IC50 value of 11.465 ± 0.055 µg/mL. However, the 

TTA bark extract exhibited an inhibition lower than the standard (ascorbic acid).  

 

 

Figure 4.6: DPPH radical scavenging and IC50 values of the S. henningsii crude 

extracts for the initial concentrations (DPPH (A)) assay. (Results shown for 

methanolic and TTA crude extracts (MSHB/ TTA SHB). Data points represent the 

Mean ± SD (n = 3).  

 

Odeyemi et al. reported on the in vitro and in vivo antioxidant activity of an aqueous 

stem bark extract of S. henningsii species from the Eastern Cape.163 The findings of 

their study suggested that the weak to moderate DPPH scavenging activity they 

observed, was due to the low total flavonoid content estimated in the aqueous stem 

bark extract of S. henningsii.163 Thus, the high flavonoid content detected in the 

methanolic bark extract of S. henningsii (Section 3.6.2) consequently resulted in the 

high scavenging percentage observed in this study. 
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4.3.1.3. α-Glucosidase inhibition screening 

 

The digestion of dietary carbohydrates in humans is aided by the small intestinal 

enzymes alpha-glucosidase and alpha-amylase.188 An important therapeutic 

approach to decrease postprandial glucose is the retardation of glucose absorption 

through inhibition of these carbohydrate hydrolysing enzymes.215 Alpha-glucosidase 

inhibition assay was used to screen plant extracts, as plant extracts demonstrating 

promising inhibition would be ideal for further investigation for the treatment of type II 

diabetes. The findings of the different plant extracts of C. capensis and S. henningsii 

are discussed below. 

 

In vitro alpha-glucosidase inhibition of the C. capensis crude extracts can be seen in 

Figure 4.7. Methanolic stem and rhizome crude extracts closely resembled the 

potent inhibition displayed by the positive control, while their TTA counterparts 

showed slightly lower inhibition. Comparatively, at the highest concentration, the 

methanolic rhizomes crude extract exhibited an 83.64 ± 0.972 % to that of EGCG at 

81.42 ± 1.796 %. The leaves exhibited inhibition that was very low comparatively.      

 

 

Figure 4.7: The α-glucosidase inhibition of the C. capensis crude extracts. (Results 

shown for methanolic and TTA extracts of leaves (MCCL/ TTA CCL), stems (MCCS/ 

TTA CCS) and rhizomes (MCCR/ TTA CCR) of C. capensis. Data points represent 

the Mean ± SD (n = 3). *P < 0.05; **P < 0.005.) 

Van de Venter et al., reported advantageous activity for glucose utilisation from an 

aqueous leaves extract of C. capensis, while conducting an antidiabetic screening 

and scoring of 11 plants traditionally used in South Africa.211 However, to date, there 

are no reported records of α-glucosidase inhibition for C. capensis.   
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The α-glucosidase inhibition of the S. henningsii crude extracts is shown in Figure 

4.8. From the findings, we observed the methanolic bark extract presented better 

inhibition compared to its TTA counterpart. However, the methanolic bark crude 

extract inhibition (31.6346 ± 0.883 % at 500 µg/mL) was significantly lower compared 

to the positive control, EGCG (81.4163 ± 1.796 % at 500 µM). 

 

 

Figure 4.8: The α-glucosidase inhibition of the S. henningsii crude extracts. (Results 

shown for methanolic and TTA crude extracts (MSHB/ TTA SHB). Data points 

represent the Mean ± SD (n = 3). *P < 0.05; **P < 0.005.) 

 

In the most recent study on the in vitro anti-hyperglycemic properties of a stem bark 

aqueous crude extract of S. henningsii, Oyedemi et al., showed that the extract had 

a significant inhibitory effect on α-glucosidase.188 This was corroborated by the 

inhibition observed by the methanolic bark extract in our analysis.  
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4.3.2. Antidiabetic screening of isolated phytochemical constituents 

from C. capensis and S. henningsii 

 

This section presents and discusses the antidiabetic screening findings from the 

isolated proaporphine alkaloids and pentacyclic triterpenes from C. capensis and S. 

henningsii, respectively, using the MTT cytotoxicity assay, α-amylase – and α-

glucosidase inhibition assays. The ten isolated phytochemicals include; glaziovine 

(2.4), pronuciferine (2.5), cissamaline (2.22), cissamanine (2.23), cissamidine (2.24), 

hennings-C17-al (3.26), hennings-C16-al (3.27), henningsinol (3.28), henningsinate 

(3.29), and henningsinal (3.30). 
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4.3.2.1. MTT cytotoxicity assay 

 

The MTT cytotoxicity assay was performed at 48 hours for the ten isolated 

compounds from C. capensis and S. henningsii using Caco-2 cells. After 48 hours, 

compounds 2.6, 2.22, 2.23, and 3.27 exhibited cell viability above 50% at 250 µM, 

while the remaining compounds exhibited lower cell viability as shown in Figure 4.9. 

The MTT cytotoxicity assay also included the analysis of positive controls used in our 

α-amylase – and α-glucosidase inhibition assays, acarbose and EGCG, respectively. 

The cytotoxicity of these were comparable to that of the isolated compounds at 

concentrations lower that 250 µM.  

 

 

 

Figure 4.9: Cytotoxicity of ten isolated compounds from C. capensis and S. 

henningsii on Caco-2 cells 48 hours post treatment, as measured using the MTT 

viability assay. (Results shown for CC-1 (2.4), CC-2 (2.6), CC-3 (2.22), CC-4 (2.23) 

and CC-5 (2.24) from C. capensis and SH-1 (3.26), SH-2 (3.27), SH-3 (3.28), SH-4 

(3.29) and SH-5 (3.30) from S. henningsii). Data points represent the Mean ± SD (n 

= 1). *P < 0.05; **P < 0.005.) 

 

Glaziovine (2.4) and pronuciferine (2.6) have been isolated before and have both 

been reported to possess cytotoxic effects at higher concentrations, which is similar 

to  the findings above.216,217 Literature further recorded limited tumour inhibition 

activity in vitro for compound 2.4 against 9-KB tumour test system.216 The remaining 

compounds are all novel, thus, this is the first account of their cytotoxicity. 
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4.3.2.2. α-Amylase – and α-glucosidase inhibition screening  

 

In vitro α-amylase – and α-glucosidase inhibition of the ten compounds isolated from 

C. capensis and S. henningsii can be seen in Figure 4.10. All compounds showed α-

amylase inhibition where compounds 2.4 – 2.24 from C. capensis showed overall 

better inhibition with the highest percentages inhibition recoded at 500 µM, where 

compound 2.6 performed best with 29.386 ± 1.134% inhibition. However, α-

glucosidase inhibition was only shown by compounds 3.26, 3.28 – 3.30 from S. 

henningsii, where compounds 3.28 – 3.30 displayed inhibition comparable to that of 

the positive control (EGCG). Compound 3.29 performed best at 500 µM with 93.347 

± 0.524%, which was  ̴3% higher than that of the positive control.  

 

 

 

Figure 4.10: The α-amylase – and α-glucosidase inhibition of the ten isolated 

compounds from C. capensis and S. henningsii. (Results shown for CC-1 (2.4), CC-2 

(2.6), CC-3 (2.22), CC-4 (2.23) and CC-5 (2.24) from C. capensis and SH-1 (3.26), 

SH-2 (3.27), SH-3 (3.28), SH-4 (3.29) and SH-5 (3.30) from S. henningsii). Data 

points represent the Mean ± SD (n = 3). *P < 0.05; **P < 0.005.) 

 

From the previously isolated compounds 2.4 and 2.6, no account of antidiabetic 

activity was recorded previously for compound 2.4 and was reported to have α-

amylase inhibition for the first time. Compound 2.6 has previously shown potent 

glucose consumption stimulatory activity in differentiated 3T3-L1 adipocytes.217 

Therefore, compound 2.6 has two separate antidiabetic targets which could 

potentially improve its efficacy in vivo. The remaining compounds are novel and their 

in vitro α-amylase – and α-glucosidase inhibition is reported for the first time here. 
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4.4. Conclusion 

 

In conclusion, we have presented an overview of the reported antidiabetic activity of 

two South African species, namely C. capensis and S. henningsii species. More 

specifically, we have reported on the cytotoxicity, antioxidant potential and alpha-

glucosidase inhibition; to screen various crude extracts of C. capensis and S. 

henningsii. The cytotoxicity, alpha-amylase – and alpha-glucosidase inhibition of the 

ten isolated compounds from C. capensis and S. henningsii were also screened, 

where some were highlighted as potential candidates for novel lead compound 

discovery.  

 

The MTT cytotoxicity assay 24 hours post-treatment revealed 90% cell viability for S. 

henningsii crude extracts, while the C. capensis crude extracts with cell viability 

above 60%. 48 hours post-treatment of S. henningsii extracts maintained 90% cell 

viability and the C. capensis revealed 50% and lower cell viability against the Caco2 

cells.  

 

The ORAC assays revealed, in general, that the TTA crude extracts of C. capensis 

and S. henningsii exhibited a lower scavenging activity than the methanolic 

counterparts. From the DPPH radical scavenging assay, the methanolic rhizomes 

crude extract of C. capensis performed better than the other extracts, confirming its 

importance in medicinal use. The S. henningsii methanolic and TTA bark crude 

extracts also outperformed the reported DPPH radical scavenging reported from an 

Eastern Cape aqueous stem bark extract.163 This increase in scavenging activity was 

attributed to the high estimated concentration of total flavonoid content detected in 

the methanolic S. henningsii bark crude extract. 

 

The alpha-glucosidase inhibition assay revealed that the methanolic stems and 

rhizomes crude extracts of C. capensis closely resembled the potent inhibition 

displayed by the positive control, EGCG, while their TTA counterparts displayed 

slightly lower inhibition. In general, the stems and rhizomes crude extracts exhibited 

the most potent inhibition, while the leaves displayed the weakest inhibition. For the 

S. henningsii, the methanolic bark crude extract presented better inhibition than the 
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TTA counterpart, however, the inhibition observed was significantly less than the 

positive control. 

 

The MTT cytotoxicity assay of the ten compounds isolated from C. capensis and S. 

henningsii showed cytotoxicity against Caco-2 cell 48 hours post treatment. 

However, the cytotoxicity of the isolated compounds was comparable to that of the 

positive controls used in alpha-amylase – and alpha-glucosidase inhibition assays 

below 250 µM. The ten compounds showed alpha-amylase inhibition with the 

proaporphine alkaloids (2.4 – 2.24) isolated from C. capensis showed overall better 

inhibition, where pronuciferine (2.6) showed the best inhibition. Only the pentacyclic 

triterpenes (3.26 – 3.30) isolated from S. henningsii showed alpha-glucosidase 

inhibition, where compounds 3.28 – 3.30 showed potent inhibition comparable to that 

of the respective positive control. 

 

From the findings observed in this chapter on the antidiabetic screening of C. 

capensis and S. henningsii, we can deduce preliminary confirmation of their 

medicinal use in the management of diabetes (type 2) within the Eastern Cape. The 

isolated proaporphine alkaloids and pentacyclic triterpenes exhibited favourable 

inhibition activity towards type 2 diabetes and could be possible novel lead 

compounds.  However, further in vitro and in vivo analysis is required to ascertain 

the complete mechanisms of antidiabetic activity of C. capensis and S. henningsii 

and their isolated compounds.  
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4.5. Experimental  

 

4.5.1 MTT cytotoxicity assay 
 

Cell culturing and maintenance 

Caco-2 cells were grown in TPP® tissue culture plates using low glucose Dulbecco’s 

Modified Eagle Medium (DMEM), containing glucose, L-glutamine and sodium 

pyruvate, supplemented with 10% Fetal Bovine Serum (FBS). The cells were grown 

in a controlled atmosphere (5% CO2 and 95% relative humidity) at 37°C. Cells were 

subcultured at a ratio of 1:3 upon reaching 80-90% confluency. Cells were detached 

using trypsin (0.25%) and routinely maintained with medium changes every 2 to 3 

days. 

 

MTT assay 

Caco2 cell viability was assessed by measuring the intracellular enzymatic 

conversion of the 3-(4,5-Dimethylthiazo-1-2-yl)-2,5-Diphenyltetrazolium bromide 

(MTT) substrate to the reduced formazan precipitate. Caco-2 cells were seeded in 

96-well microtiter plates at a density of 3000 cells/well using 100 µl aliquots in 

complete medium and incubated for 24 hours at 37 °C and 5% CO2 to allow for 

attachment. Cells were treated by adding 100 µl of plant extracts (solubilised in 

DMSO and diluted with DMEM:10% FBS) at three concentrations (125, 250 and 500 

µg/ml). The final concentration of DMSO never exceeded 0.25% at any 

concentration. Melphalan (500 µM) was used as a positive control.  

 

Treatments were incubated for 24 hours and 48 hours at 37°C and 5% CO2, and 

then aspirated and replaced with 0.5 mg/mL MTT reagent (prepared in complete 

medium). After 2 hours, contents were aspirated and replaced with DMSO to 

dissolve the formazan crystals. Absorbance was read at 540 nm using the BioTek 

PowerWave XS Microplate Reader (BioTek-Instruments, USA).  

 

 

 

 

Statistical analysis 
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Experiments were performed in quadruplicate and repeated three independent times 

(n=3), unless stated otherwise. SD of three independent experiments was calculated 

and is represented using error bars in graphs. Statistical significance was 

determined by means of the two-tailed student’s t-test, where p < 0.05 (*) and < 

0.005 (**) was deemed significant relative to the untreated control, unless stated 

otherwise. 

 

4.5.2 ORAC assay 

 

ORAC antioxidant activity was measured using the method described by Cao et al., 

with minor adjustments.218 In a 96-well plate, 25 µL of sample (prepared in DPBS at 

125, 250 and 500 µg/mL) was added to 150 µl fluorescein (4 μM) (diluted 1:1000 

using DPBS immediately before use) and left to equilibrate for 10 minutes at 37 °C. 

Trolox standard curve was included as the positive control. Immediately before 

reading fluorescence, 25 μL of 2,2’-azobis(2-methylprop-ionamidine dihydrochloride 

(38 mM) was added to initiate the reaction by producing ROS. Fluorescence was 

measured after 1 hour using the BioTek Synergy™ MX Microplate Reader (BioTek-

Instruments, USA) at ex 485 nm and em 528 nm.  

Percentage ORAC scavenging was calculated using the following formula: 

 

where F(sample) represents fluorescence values of test samples, F(control) 

represents absorbance values of blank samples containing buffer and reagents only. 

NET AUC values were calculated using the following formula: 

 

Where R1 is the fluorescence reading at the initiation of the reaction and Rn is the 

last measurement. 

 

 

 

 

 

4.5.3 DPPH radical scavenging assay 
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The antioxidant activity of Cissampelos capensis and Strychnos henningsii 

methanolic and TTA extracts was assessed by the DPPH assay. The DPPH radical 

scavenging activity was estimated based on the method Bidchol et al.219 

 

Samples were prepared in MeOH at different concentrations of 10, 30, 50 and 100 

µg/mL (DPPH (A)) and 1, 2, 5, 15, 30, 50, 100 µg/mL (DPPH (B)) were prepared to 

10 mL. Then 0.2 mL of 0,1 mmol/L methanol solution of DPPH was added to each 

concentration. The samples were then incubated for 30 min at room temperature in a 

dark cupboard to complete any reaction that was to occur. Then absorbance was 

measured by UV spectrophotometer at 517 nm against blank.  

 

A stock solution of extract was made by dissolving 30 mg in 30 mL of MeOH. 

Ascorbic acid was used as positive control and the activity of the extract was 

compared with it. The activity of the sample was calculated using:  

 

 

 

Where Abs(control) was the DPPH absorbance and Abs(sample) was the 

absorbance of the sample. 

 

The IC50 values were obtained from prepared inhibition curves. We also performed a 

student t-test (p<0.5 = *) for our IC50 values. 
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4.5.4 α-Glucosidase inhibition assay 
 

Alpha-glucosidase inhibition was measured using the method described by Akinloye 

et al., with slight modifications.220 In a 96-well plate, 5 μL of the sample (prepared in 

PBS at 125, 250 and 500 µg/mL) was incubated in the presence of 20 μL yeast α-

glucosidase from Saccharomyces cerevisiae enzyme (50 μg/mL) and 60 μL reaction 

buffer (67 mM potassium phosphate, pH 6.8 to which 3 mM reduced glutathione was 

added directly before use). The reaction was pre-incubated for 5 minutes at 37 °C 

followed by the addition of 10 μL of the substrate (10 mM p-Nitrophenyl α-D-

glucopyranoside) for 30 minutes at 37 °C. The reaction was stopped by the addition 

of 25 μL of sodium carbonate (100 mM). Epigallocatechin gallate (ECGC) was 

included as a positive control . The quantity of p-nitrophenol released was 

determined spectrophotometrically at 405 nm. The percentage α-glucosidase 

inhibition was calculated as follows: 

 

 

Statistical analysis 

Experiments were performed in quadruplicate and repeated one independent time 

(n=3). Statistical significance was determined by means of the two-tailed student’s t-

test, where p < 0.05 (*) and < 0.005 (**) was deemed significant relative to the 

respective positive control concentrations. 

 

4.5.5 α-Amylase inhibition assay 
 

Alpha-amylase inhibition was measured using a method described by Xiao et al.221 

In a 96-well microtiter plate, 15 μL of test sample and 5 μL porcine pancreatin (1 

mg/mL in 1X PBS buffer solution; prepared fresh and kept on ice) was incubated for 

10 minutes at 37 °C. An additional 20 μL starch solution (2 mg/mL in distilled boiled 

water; cooled to room temperature) was added to initiate the reaction. The reaction 

was allowed to proceed for 30 minutes at 37 °C. The reaction was stopped by the 

addition of 10 μL HCl (1 M in distilled water) and 75 μL iodine reagent (0.127 g 

iodine and 0.083 g potassium iodide in 100 mL distilled water). Acarbose (500 μM 

stock solution prepared and diluted in PBS) was included as a positive control. 

Controls containing enzyme only and substrate only controls were included for each 
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sample. Absorbance was measured at 580nm. The percentage α-amylase inhibition 

was calculated using the following formula: 

 

% 𝛼−𝑎𝑚𝑦𝑙𝑎𝑠𝑒 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛= (amylase 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙− amylase 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑡𝑒𝑠𝑡) x 100 

            𝑎𝑚𝑦𝑙𝑎𝑠𝑒 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙  

Where, 𝑎𝑚𝑦𝑙𝑎𝑠𝑒 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦= 𝐴580𝑛𝑚 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑒𝑛𝑧𝑦𝑚𝑒−𝐴580𝑛𝑚 𝑤𝑖𝑡ℎ 𝑒𝑛𝑧𝑦𝑚𝑒. 

Statistical analysis 

Experiments were performed in quadruplicate and repeated one independent time 

(n=3). Statistical significance was determined by means of the two-tailed student’s t-

test, where p < 0.05 (*) and < 0.005 (**) was deemed significant relative to the 

respective positive control concentrations. 
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CHAPTER 5: Conclusions 

 

Diabetes mellitus is recorded as a significant health crisis in Africa, as well as South 

Africa.33 The Eastern Cape Province is estimated to have the highest percentage of 

residents living in poverty,24 with the majority of the population being rural.34 Public 

healthcare inadequacies, cultural- and traditional beliefs render residents reliant on 

various medicinal plants to manage diabetes.36–38 These medicinal plants include, 

Cissampelos capensis L.f. (Menispermaceae) and Strychnos henningsii Gilg 

(Loganiaceae) in the management of diabetes in the Eastern Cape.24 This thesis 

reports the identification, isolation, and biological evaluation of phytochemicals from 

C. capensis and S. henningsii, the Eastern Cape medicinal plants. 

 

The phytochemical profile of C. capensis and S. henningsii has been associated with 

the isolation of isoquinoline – and indole alkaloids, respectively.56,73,174 Other 

isolation accounts include three flavonoids from C. capensis73 and a triterpene from 

S. henningsii181. Furthermore, the phytochemical groups associated with the 

antidiabetic properties of C. capensis and S. henningsii are; alkaloids, phenols, 

flavonoids, and terpenes.24 Thus, this study sought to qualitatively and quantitatively 

determine the phytochemical profile, identify known alkaloidal compounds, and 

isolate and characterise alkaloidal compounds and other arising phytochemicals of 

C. capensis and S. henningsii. In addition to screening the crude extracts and 

isolated compounds from C. capensis and S. henningsii, for their antidiabetic activity.  

 

Both C. capensis and S. henningsii tested positive for the presence of alkaloids, 

phenolics, flavonoids, and terpenes. Quantitative estimation of these phytochemical 

groups in the various crude extracts revealed the highest detected concentration was 

the alkaloids, followed by flavonoids, phenolics, and terpenes. Quantitative 

estimation for C. capensis, revealed the highest concentration of alkaloids were 

detected in the leaves, while the rhizomes detected the highest flavonoids content, 

and the stems detected the highest phenolics content. The rhizomes which are 

predominantly used in traditional medicine, showed contents of alkaloids and 

phenolics, slightly below the highest estimated, respectively—suggesting that the 

detected phytochemical groups contribute towards the medicinal use of C. capensis. 
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This was the first account of phytochemical content estimation presented for C. 

capensis. The methanolic bark extracts of S. henningsii reported significantly higher 

flavonoid content than previously reported from an aqueous extract by Babajide et 

al.163 They, also reported that the flavonoids contributed substantially towards the 

antioxidant activity163 which is linked to antidiabetic activity24,194. 

 

From C. capensis the presence of ten known alkaloidal constituents were detected, 

namely, glaziovine (2.4), lauroscholtzine (2.5), pronuciferine (2.6), salutardine (2.8), 

cycleanine (2.9), insularine (2.12), 12-O-methylcurine (2.13), reticuline (2.14), 

insulanoline (2.15), and 8,14-dihydromorphinandienone alkaloid (2.18). Where nine, 

eight, and seven of the alkaloids were identified in the leaves, stems, and rhizomes, 

respectively. The findings suggested that the alkaloidal variation in the leaves, 

stems, and rhizomes were more similarly distributed compared to previous reports 

for C. capensis by De Wet et al.56 From S. henningsii seven known alkaloids, 

holtsiine (3.3), 23-hdroxyspermostrychnine (3.5), henningsiine (3.8), O-

acetylhenningsiine (3.10), 3-hydroxyhenningsiine (3.11), henningsoline (3.22), Na-

acetyl-11-methoxy-strychnosplendine (3.23), and the triterpene, friedelin (3.2) were 

detected. Some of the alkaloids identified in S. henningsii are reported from the bark 

for the first time.174 The detection of the known alkaloids from C. capensis and S. 

henningsii suggests similarity in the alkaloidal profile to previously reported species. 

However, the distribution of the alkaloids in the different plant parts differed from 

those previously reported. This observed difference can have implication on the use 

of these different plant parts, particularly in the management of diabetes. 

Additionally, the observation of unknown mass detections also suggests the 

presence of unexplored novel phytochemical constituents.  

 

In vitro antidiabetic screening of the crudes extracts of C. capensis and S. henningsii 

revealed no cytotoxicity in S. henningsii crude extracts, while the C. capensis 

extracts exhibited weak (stems and rhizomes) to moderate (leaves) cytotoxicity. The 

weak to moderate cytotoxicity of the C. capensis crude extracts can be related to the 

detected alkaloids, some of which have been proven to be toxic.56 The low to 

moderate cytotoxicity, high antioxidant activity, and alpha-glucosidase inhibition 

observed in the crudes extracts of C. capensis and S. henningsii is consistent with 

the literature of the plants therapeutically used to manage diabetes, particularly type 
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II.24,194 Furthermore, the high antioxidant activity of the C. capensis and S. henningsii 

crude extracts can be related to their high flavonoid and phenolic content 

estimations. The presence of phenolic compounds such as flavonoids and phenols 

has been shown to possess significant antioxidants.222 The in vitro antidiabetic 

screening also supports that the antidiabetic activity observed is a result of the 

alkaloids, flavonoids, phenols, and terpenes presence the C. capensis and S. 

henningsii crude extracts, as reported by Odeyemi et al.24 This is apparent in the 

methanolic extract outperforming the TTA extracts, which only detected the presence 

of alkaloids and phenolics. Additionally, future in vitro and in vivo investigations are 

required to determine the mechanism of action in these crude extracts. 

 

The phytochemical isolation of the methanolic leaves, TTA leaves, and TTA stems 

extracts of C. capensis resulted in the characterisation of five proaporphine alkaloids 

from the isoquinoline group of alkaloids. Namely, glaziovine (2.4), pronuciferine (2.6), 

cissamaline (2.22), cissamanine (2.23), and cissamidine (2.24). The proaporphine 

alkaloids 2.4 and 2.6 are isolated from the stems for the first time, previously 

identified and isolated from the leaves and rhizomes respectively by De Wet et al.56 

The novel proaporphine alkaloids 2.22, 2.23, and 2.24 were detected in leaves, 

stems and rhizomes of C. capensis. Further supporting the more similar distribution 

of alkaloids in the various plant part of C. capensis than those species previously 

reported by De Wet et al.56 Furthermore, the novel proaporphine alkaloids arise from 

an intermediate in the biogenesis of 2.4 and 2.6 and significantly extends this group 

of alkaloids in C. capensis. Despite the high content of flavonoids determined in the 

rhizomes (lower in leaves and stems) these were not explored due to low extraction 

yields and concerns of overharvesting.  

 

The phytochemical isolation of the methanolic bark extract of S. henningsii resulted 

in the characterisation of five novel pentacyclic triterpenes from the ursane 

derivatives. Namely, hennings-C17-al (3.26) (crystalline), hennings-C16-al (3.27), 

henningsinol (3.28), henningsinate (3.29), and henningsinal (3.30). The isolation of 

these novel pentacyclic triterpenes were a deviation from the previously alkaloidal 

profile, with friedeline (3.2)162 as the only account of a triterpene reported from S. 

henningsii. This was a significant finding and extended the phytochemical profile of 

S. henningsii. Similar concerns of extraction yields and overharvesting persisted with 
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the TTA bark extract of S. henningsii, and thus it was not explored for isolation. For 

future work, isolation of alkaloids from S. henningsii should be prioritised.  

 

In vitro antidiabetic screening of the five proaporphine alkaloids and pentacyclic 

triterpenes from C. capensis and S. henningsii, respectively, revealed cytotoxicity. 

However, the observed cytotoxicity was comparable to that of the positive controls 

used in alpha-amylase – and alpha-glucosidase inhibition analysis. The cytotoxicity 

of the previously isolated proaporphine alkaloids (2.4 and 2.6) is consistent with 

previous reports.216,217 All isolated compounds exhibited alpha-amylase inhibition, 

with the proaporphine alkaloids (2.4 – 2.24) exhibiting better inhibition. Compound 

2.6 showed the best alpha-amylase inhibition, consistent with the potent glucose 

consumption previously reported.217 While only the pentacyclic triterpenes (3.26, 

3.28 – 3.30) exhibited alpha-glucosidase, with compounds 3.28 – 3.30 exhibiting 

potent alpha-glucosidase inhibition comparable to the positive control. The in vitro 

antidiabetic screening of the isolated compounds revealed ten potential targets in the 

development of lead compounds for the management of diabetes (type II). However, 

future in vitro and in vivo investigations are required to determine the mechanism of 

action and the antidiabetic evaluation of these novel compounds from C. capensis 

and S. henningsii towards drugs in the management of diabetes in the Eastern Cape 

and the world.  
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Appendix A-1: LCMS Spectral analysis of the additional known alkaloidal compounds of C. capensis 
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Appendix A-2: Compound 2.4 NMR Spectral Data  
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Appendix A-3: Compound 2.6 NMR Spectral Data  
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Appendix A-4: Compound 2.22 NMR Spectral Data  
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Appendix A-5: Compound 2.23 NMR Spectral Data  
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Appendix A-6: Compound 2.24 NMR Spectral Data  
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Appendix A-7: Validation Assays of Each Quantitative 

Phytochemical Estimation 
 

Atropine (Alkaloids) 

Parameter Value 

Accuracy 99,4958661 ± 3,631108174 

Slope 0,0551 

Intercept 0,0004 

Linearity range 0,2-1,2 mL 

Correlation coefficient (r) 0,9928 

SE of intercept 0,001831731 

SD of intercept 0,00448591 

LOD 0,26866605 

LOQ 0,81413956 

Gallic Acid (Phenols) 

Parameter Value 

Accuracy 98,83086357 ± 9,802312682 

Slope 0,0206 

Intercept 0,0052 

Linearity range 1-5 mL 

Correlation coefficient (r) 0,9719 

SE of intercept 0,006440684 

SD of intercept 0,014401369 

LOD 2,307015394 

LOQ 6,990955739 

Quercetin (Flavonoids) 

Parameter Value 

Accuracy 98,88888889 ± 10,77858771 

Slope 0,0195 

Intercept 0,0064 

Linearity range 0,5-3 mL 

Correlation coefficient (r) 0,9738 

SE of intercept 0,003114744 

SD of intercept 0,007628009 

LOD 1,290893775 

LOQ 3,911799318 

Linalool (Terpenes) 

Parameter Value 

Accuracy 96,8245614 ± 26,2407116 

Slope 0,019 

Intercept 0,0045 

Linearity range 0,5-2,5 mL 

Correlation coefficient (r) 0,9266 

SE of intercept 0,00512022 

SD of intercept 0,01144881 

LOD 1,98847838 

LOQ 6,02569207 
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Appendix A-8: Physical Data of Isolated Compounds (C. capensis) 
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Appendix B-1: LCMS Spectral analysis of the additional known alkaloidal compounds of S. 

henningsii 
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Appendix B-2: Compound 3.26 NMR Spectral Data  
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Appendix B-3: Compound 3.27 NMR Spectral Data  
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Appendix B-4: Compound 3.28 NMR Spectral Data  
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Appendix B-5: Compound 3.29 NMR Spectral Data  
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Appendix B-6: Compound 3.30 NMR Spectral Data  
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Appendix B-7: Physical Data of Isolated Compounds (S. henningsii) 
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Appendix C-1: Comparison of Fluorescence & NET AUC Before and After Background 
 

 


